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LMK04000 Family Low-Noise Clock Jitter Cleaner with Cascaded PLLS

Check for Samples: LMK04000, LMK04001, LMK04002, LMK04010, LMK04011, LMK04031, LMK04033

FEATURES
e Cascaded PLLatinum™ PLL Architecture » Support Clock Rates up to 1080 MHz
- PLL1 » Default Clock Output (CLKout2) at power up
— Phase Detector Rate of up to 40 MHz * Five Dedicated Channel Divider and Delay
— Integrated Low-Noise Crystal Oscillator Blocks
Circuit » Pin Compatible Family of Clocking Devices
— Dual Redundant Input Reference Clock * Industrial Temperature Range: -40 to 85 °C
with LOS « 3.15Vto 3.45 V Operation
- PLL2 « Package: 48 Pin WQFN (7.0 x 7.0 x 0.8 mm)
— Normalized [1 Hz] PLL Noise Floor of -
224 dBc/Hz APPLICATIONS
— Phase Detector Rate up to 100 MHz « Data Converter Clocking
— Input Frequency-Doubler « Wireless Infrastructure
— Integrated Low-Noise VCO * Networking, SONET/SDH, DSLAM
e Ultra-Low RMS Jitter Performance e Medical
— 150 fs RMS Jitter (12 kHz — 20 MHz) « Military / Aerospace
— 200 fs RMS Jitter (100 Hz — 20 MHz) e Test and Measurement

« LVPECL/2VPECL, LVDS, and LVCMOS outputs .« Video

DESCRIPTION

The LMKO04000 family of precision clock conditioners provides low-noise jitter cleaning, clock multiplication and
distribution without the need for high-performance voltage controlled crystal oscillators (VCXO) module. Using a
cascaded PLLatinum™ architecture combined with an external crystal and varactor diode, the LMK04000 family
provides sub-200 femtosecond (fs) root mean square (RMS) jitter performance.

The cascaded architecture consists of two high-performance phase-locked loops (PLL), a low-noise crystal
oscillator circuit, 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 generation. PLL1 can be configured
to either work with an external VCXO module or use the integrated crystal oscillator with an external crystal and
a 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 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 crystal used in PLL1.

The LMKO04000 family features dual redundant inputs, five differential outputs, and an optional default-clock upon
power up. The input block is equipped with loss of signal detection and automatic or manual selection of the
reference clock. Each clock output consists of a programmable divider, a phase synchronization circuit, a
programmable delay, and an LVDS, LVPECL, or LVCMOS output buffer. The default startup clock is available on
CLKout2 and it can be used to provide an initial clock for the field-programmable gate array (FPGA) or
microcontroller that programs the jitter cleaner during the system power up sequence.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PLLatinum is a trademark of Texas Instruments.

All other trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date. Copyright © 2008-2011, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas !

Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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Table 1. Device Configuration Information

NSID PROCESS ZVP%CJ:H/DLLJ\.I{ZECL LVDS OUTPUTS LVCMOS OUTPUTS VCO
LMKO04000BISQ BiCMOS 3 4 1185 to 1296 MHz
LMKO04001BISQ BiCMOS 3 1430 to 1570 MHz
LMKO04002BISQ BiCMOS 3 4 1600 to 1750 MHz
LMKO04010BISQ BiCMOS 5 1185 to 1296 MHz
LMKO04011BISQ BiCMOS 5 1430 to 1570 MHz
LMKO04031BISQ BiCMOS 2 1430 to 1570 MHz
LMKO04033BISQ BiCMOS 2 1840 to 2160 MHz

NSID CLKout0 CLKoutl CLKout2 CLKout3 CLKout4
LMKO04000BISQ 2VPECL / LVPECL LVCMOS x 2 LVCMOS x 2 2VPECL / LVPECL 2VPECL / LVPECL
LMKO04001BISQ 2VPECL / LVPECL LVCMOS x 2 LVCMOS x 2 2VPECL / LVPECL 2VPECL / LVPECL
LMKO04002BISQ 2VPECL / LVPECL LVCMOS x 2 LVCMOS x 2 2VPECL / LVPECL 2VPECL / LVPECL
LMKO04010BISQ 2VPECL / LVPECL 2VPECL / LVPECL 2VPECL / LVPECL 2VPECL / LVPECL 2VPECL / LVPECL
LMKO04011BISQ 2VPECL / LVPECL 2VPECL / LVPECL 2VPECL / LVPECL 2VPECL / LVPECL 2VPECL / LVPECL
LMKO04031BISQ LVDS 2VPECL / LVPECL LVCMOS x 2 2VPECL / LVPECL LVDS
LMKO04033BISQ LVDS 2VPECL / LVPECL LVCMOS x 2 2VPECL / LVPECL LVDS
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Functional Block Diagram
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Connection Diagram
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48-Pin WQFN Package
Top View

PIN DESCRIPTIONS

Pin Number Name(s) 110 Type Description
1 GND GND Ground (For Fout Buffer)
2 Fout (0] ANLG VCO Frequency Output Port
3 Vel PWR Power Supply for VCO Output Buffer
4 CLKuWire | CMOS Microwire Clock Input
5 DATAuWire | CMOS Microwire Data Input
6 LEuWire | CMOS Microwire Latch Enable Input
7 NC No Connection
8 Vee2 PWR Power Supply for VCO
9 LDObypl ANLG LDO Bypass, bypassed to ground with a 10 pF capacitor
10 LDObyp2 ANLG LDO Bypass, bypassed to ground with a 0.1 pF
capacitor
11 GOE | CMOS Global Output Enable
12 LD (@] CMOS Lock Detect and PLL multiplexer Output
13 Vee3 PWR Power Supply for CLKoutO
14 CLKoutO (@] LVDS/LVPECL Clock Channel 0 Output
15 CLKout0* (@] LVDS/LVPECL Clock Channel 0* Output
16 DLD_BYP ANLG DLD Bypass, bypassed to ground with a 0.47 pF
capacitor
17 GND GND Ground (Digital)
18 Vecd PWR Power Supply for Digital
4 Submit Documentation Feedback
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PIN DESCRIPTIONS (continued)

Pin Number Name(s) 1/0 Type Description
19 Vech PWR Power Supply for CLKin buffers and PLL1 R-divider
20 CLKinO | ANLG Reference Clock Input Port for PLL1 - AC or DC
Coupled @
21 CLKin0O* | ANLG Reference Clock Input Port for PLL1 (complimentary) -
AC or DC Coupled @
22 Vccb PWR Power Supply for PLL1 Phase Detector and Charge
Pump
23 CPoutl O ANLG Charge Pumpl Output
24 Vec7 PWR Power Supply for PLL1 N-Divider
25 CLKin1 | ANLG Reference Clock Input Port for PLL1 - AC or DC
Coupled @
26 CLKin1* | ANLG Reference Clock Input Port for PLL1 (complimentary) -
AC or DC Coupled @
27 SYNC* | CMOS Global Clock Output Synchronization
28 OSCin | ANLG Reference oscillator Input for PLL2 - AC Coupled
29 OSCin* | ANLG Reference oscillator Input for PLL2 - AC Coupled
30 V8 PWR Power Supply for OSCin Buffer and PLL2 R-Divider
31 Vee9 PWR Power Supply for PLL2 Phase Detector and Charge
Pump
32 CPout2 O ANLG Charge Pump2 Output
33 Vccl0 PWR Power Supply for VCO Divider and PLL2 N-Divider
34 CLKin0_LOS (@] LVCMOS Status of CLKinO reference clock input
35 CLKin1_LOS (@] LVCMOS Status of CLKin1l reference clock input
36 Bias | ANLG Bias Bypass. AC coupled with 1 pF capacitor to Vccl
37 Vccll PWR Power Supply for CLKoutl
38 CLKoutl (@] LVPECL/LVCMOS Clock Channel 1 Output
39 CLKoutl* (@] LVPECL/LVCMOS Clock Channel 1* Output
40 Vccl2 PWR Power Supply for CLKout2
41 CLKout2 (@] LVPECL/LVCMOS Clock Channel 2 Output
42 CLKout2* (@] LVPECL/LVCMOS Clock Channel 2* Output
43 Vccel3 PWR Power Supply for CLKout3
44 CLKout3 (@] LVPECL Clock Channel 3 Output
45 CLKout3* (@] LVPECL Clock Channel 3* Output
46 Vccld PWR Power Supply for CLKout4
47 CLKout4 (@] LVDS/LVPECL Clock Channel 4 Output
48 CLKout4* (@] LVDS/LVPECL Clock Channel 4* Output
DAP DAP DIE ATTACH PAD, connect to GND

(1) The reference clock inputs may be either AC or DC coupled.

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.
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Absolute Maximum Ratings Y@ ®®

Parameter Symbol Ratings Units
Supply Voltage ® Vee -0.3103.6 Y%
Input Voltage VN -0.3to (Vgc + 0.3) \%
Storage Temperature Range Tste -65 to 150 °C
Lead Temperature (solder 4 sec) T +260 °C
Differential Input Current (CLKinX/X*,
0SCin/OSCin®) Iy £5 mA

(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.

(2) If Military/Aerospace specified devices are required, please contact the Tl Sales Office/Distributors for availability and specifications.

(3) This device is a high performance RF integrated circuit with an ESD rating up to 8 KV Human Body Model, up to 300 V Machine Model
and up to 1,250 V Charged Device Model and is ESD sensitive. Handling and assembly of this device should only be done at ESD-free
workstations.

(4) 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.

(5) Never to exceed 3.6 V.

Package Thermal Resistance

Package 63a 83.pAD (Thermal Pad)

48-Lead WQFN @ 27.4° CIW 5.8° C/W

@

Specification assumes 16 thermal vias connect the die attach pad to the embedded copper plane on the 4-layer JEDEC board. These
vias play a key role in improving the thermal performance of the WQFN. It is recommended that the maximum number of vias be used in
the board layout.

Recommended Operating Conditions

Parameter Symbol Condition Min Typical Max Unit
Ambient _ °
Temperature Ta Vee =33V -40 25 85 C
Supply Voltage Vee 3.15 3.3 3.45 \%

Electrical Characteristics

(3.15V <=V, :<3.45V, -40 °C = T, < 85 °C. Typical values represent most likely parametric norms at Voc = 3.3V, T, =25
°C, at the Recommended Operating Conditions at the time of product characterization and are not guaranteed.)

Symbol Parameter Conditions Min Typ ‘ Max ’ Units
Current Consumption
lcc_Pp Power Down Supply Current 1 mA
LMK04000, LMK04001,
I(_ZI;IIKO4002 380 435
Supply Current with all clocks
lcc_ciks enabled, all delay bypassed, |LMKO04010, LMK04011 mA
Fout disabled. ¢ @ 378 435
I(_ZI;IIK04O31, LMKO04033 335 385
CLKin0/0* and CLKin1/1* Input Clock Specifications
Clock Input Frequency Manual Select mode 0.001 400
feLkin @ — MHz
Auto-Switching mode 1 400
(1) Load conditions for output clocks: LVPECL: 50 Q to Vcc-2 V. 2VPECL: 50 Q to Vc-2.36 V. LVDS: 100 Q differential. LVCMOS: 10 pF.
(2) Additional test conditions for Ic¢ limits: All clock delays disabled, CLKoutX_DIV = 510, PLL1 and PLL2 locked. (See Table 33 for more
information)
(3) CLKinO and CLKin1 maximum of 400 MHz is guaranteed by characterization, production tested at 200 MHz.
6 Submit Documentation Feedback Copyright © 2008-2011, Texas Instruments Incorporated
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Electrical Characteristics (continued)

(3.15V V=345V, -40 °C £ T, < 85 °C. Typical values represent most likely parametric norms at Ve = 3.3V, T, =25
°C, at the Recommended Operating Conditions at the time of product characterization and are not guaranteed.)

=011b

Symbol Parameter Conditions Min Typ Max Units
SLEWcLkin Zlew Rate on CLKin 20% to 80% 0.15 05 Vins
Inout Voltage Swin AC coupled to CLKinX;
sirrl)gle-endegd inputg’ CLKinX* AC coupled to Ground 0.25 2.0 Vpp
Vcikin (Bipolar input buffer (CLKinX_TYPE=0)
mode) Input Voltage Swing CLKinX and CLKinX* are both
. - ' driven, AC coupled. 0.5 3.1 Vpp
differential input (CLKinX_TYPE=0)
Vewkin-offset (Bipolar input (E;EK?E;%ZI\_/%?)%S between Each_pin AC coupled a4 mv
buffer mode) |CLKinX-CLKinX*| (CLKinX_TYPE=0)
Input Voltage Swing, single- AC coupled to CLKinX;
enpded inpugt] 9. sing CLKinX* AC coupled to Ground 0.25 2.0 Vpp
Veikin (MOS input buffer (CLKinX_TYPE=1)
mode) Input Voltage Swing CLKinX and CLKinX* are both
. - ' driven, AC coupled. 0.5 3.1 Vpp
differential input (CLKinX_TYPE=1)
) : DC coupled to CLKinX;
\r;%'é(é")'v“" (MOS input buffer |\, imum input voltage CLKinX* AC coupled to Ground 2.0 Vee \Y;
(CLKinX_TYPE=1)
) : DC coupled to CLKinX;
\r;%'é(é”)'v”- (MOS input buffer CLKinX* AC coupled to Ground 0.0 0.4 \Y;
(CLKinX_TYPE=1)
VeLkin-offset (MOS input DC c_)ffset voI_tag*e between Each pin AC coupled
buffer mode) CLKinX/CLKinX (CLKinX_TYPE=1) 294 mv
| CLKinX-CLKinX*| —
PLL1 Specifications
fop PLL1 Phase Detector 40 MHz
Frequency
Vepouts = Vecl/2, 25
PLL1_CP_GAIN = 100b
Vepouts = Vec/2, 50
PLL1 _CP_GAIN = 101b
Vepouts = Vec/2, 100
PLL1_CP_GAIN = 110b
PLL1 Charge Pump Source | Vcpoun = Vec/2,
lcPouts SOURCE Current Gk P PLL1_CP_GAIN = 111b 400 KA
PLL1_CP_GAIN = 000b NA
PLL1_CP_GAIN = 001b NA
chouu:VC(z/z, PLLl_CP_GA|N 20
=010b
Vepouti=Vee/2, PLLL_CP_GAIN 80

(4) In order to meet the jitter performance listed in the subsequent sections of this data sheet, the minimum recommended slew rate for all

input clocks is 0.5 V/ns. This is especially true for single-ended clocks. Phase noise performance will begin to degrade as the clock input
slew rate is reduced. However, the device will function at slew rates down to the minimum listed. When compared to single-ended
clocks, differential clocks (LVDS, LVPECL) will be less susceptible to degradation in phase noise performance at lower slew rates due to
their common mode noise rejection. However, it is also recommended to use the highest possible slew rate for differential clocks to
achieve optimal phase noise performance at the device outputs.
(5) This parameter is programmable

Copyright © 2008-2011, Texas Instruments Incorporated
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Electrical Characteristics (continued)

(3.15V V=345V, -40 °C £ T, < 85 °C. Typical values represent most likely parametric norms at Ve = 3.3V, T, =25
°C, at the Recommended Operating Conditions at the time of product characterization and are not guaranteed.)

Symbol Parameter Conditions Min Typ Max Units
chouu:VC(z/z, PLLl_CP_GA|N 25
=100b
Vepoutt=Vec/2, PLL1_CP_GAIN 50
=101b
chouu:VC(z/z, PLLl_CP_GA|N 100
=110b
PLL1 Charge Pump Sink Vepout1=Vec/2, PLL1_CP_GAIN )
Icpourn SINK Coment (5)9 p S 400 A
PLL1_CP_GAIN = 000b NA
PLL1_CP_GAIN = 001b NA
chouu:VC(z/z, PLLl_CP_GA|N 20
=010b
Vepoutt=Vec/2, PLL1_CP_GAIN 80
=011b

Charge Pump Sink / Source

lcpouts %MIS Mismatch

Vepour = Vec/2, T=25°C 3 10 %

Magnitude of Charge Pump 0.5V < Vepouts < Vee - 0.5 V

lcpout1 VTUNE Current vs. Charge Pump T, = 25 °C 4 %
Voltage Variation AT
Charge Pump Current vs.
0, 0,
lcpous S TEMP Temperature Variation 4 4
Charge Pump TRI-STATE
PLL1 Icpour TRI Leakage Current 0.5V < Vepout < Vee - 0.5V 5 nA
PLL2 Reference Input (OSCin) Specifications
PLL2 Ref Input I(E7§\I_PLL2_REF 2X=0 250
eference Inpu
foscin ® P MHz
EN_PLL2_REF 2X =1 50
) PLL2 Reference Clock o o
SLEWoscin minimum slew rate on OSCin 20% to 80% 0.15 0.5 Vins
. AC coupled; Single-ended
Voscin (Single-ended) Input_ V*oltage for OSCin or (Unused pin AC coupled to 0.2 2.0 Vpp
OSCin
GND)
Voscin (Differential) Differential voltage swing AC coupled 0.4 3.1 Vpp
Crystal Oscillator Mode Specifications
fxraL Crystal Frequency Range 6 20 MHz
ESR Crystal Effective Series 6 MHZ < Fyra, < 20 MHz 100 | Ohms
Resistance
ainarian (8) | Vectron VXBI1 crystal, 12.288
PxTtaL Crystal Power Dissipation MHZ, Regg < 40 Q 200 uw
Input Capacitance of ) o
Civ LMKO040xx OSCin port 4010 +85°C 6 pF
PLL2 Phase Detector and Charge Pump Specifications
fpp Phase Detector Frequency 100 MHz

(6) Foscin maximum frequency guaranteed by characterization. Production tested at 200 MHz.
(7) The EN_PLL2_REF2X bit (Register 13) enables/disables a frequency doubler mode for the PLL2 OSCin path.
(8) See Application Section discussion of Crystal Power Dissipation.

8 Submit Documentation Feedback Copyright © 2008-2011, Texas Instruments Incorporated
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Electrical Characteristics (continued)

(3.15V V=345V, -40 °C £ T, < 85 °C. Typical values represent most likely parametric norms at Ve = 3.3V, T, =25
°C, at the Recommended Operating Conditions at the time of product characterization and are not guaranteed.)

Symbol Parameter Conditions Min Typ Max Units
VCPOut2=VCC/21 PLL2_CP_GA|N
_ 100
= 00b
Vepoutz=Vee/2, PLL2_CP_GAIN 00
PLL2 Charge Pump Source | = 01b 4
lepoutSOURCE 9 p HA
Current Vepou=Vece/2, PLL2_CP_GAIN
_ 1600
=10b
Vepouz=Vec/2, PLL2_CP_GAIN 3200
=11b
VCPOut2=VCC/21 PLL2_CP_GA|N
_ -100
= 00b
Vepoutz=Vee/2, PLL2_CP_GAIN
. — -400
PLL2 Charge Pump Sink =01b
lepoutSINK Current © WA
urren VCPOut2=VCC/21 PLL2_CP_GA|N
_ -1600
=10b
Vepoutz=Vee/2, PLL2_CP_GAIN 3200
=11b
Charge Pump Sink/Source o
lepouz%eMIS Mism%tch P Vepouz=Vec/2, Ta = 25 °C 3 10 %
Magnitude of Charge Pump )
Icpout2VTUNE Current vs. Charge Pump ?.'S_VZZYSPOU‘Z <Vec-05V 4 %
Voltage Variation AT
Charge Pump Current vs.

0, 0,
lcpouz O TEMP Temperature Variation 4 4
Icpout2 TRI Charge Pump Leakage 0.5V < Vcpoutz <Vee - 05V 10 nA

PLL 1/f Noise at 10 kHz offset | PLL2_CP_GAIN = 400 pA -117
PN10kHz (19, Normalized to dBc/Hz
1 GHz Output Frequency PLL2_CP_GAIN = 3200 pA -122
i i PLL2_CP_GAIN =400 pA -219
PN1Hz Norm_ahz_ed P(?Sse Noise o K dBe/Hz
Contribution PLL2_CP_GAIN = 3200 pA 224
Internal VCO Specifications
LMKO040x0 1185 1296
. LMKO040x1 1430 1570
fvco VCO Tuning Range MHz
LMKO040x2 1600 1750
LMKO040x3 1840 2160
LMKO040x0, T = 25 °C, single- 3
ended
LMKO040x1, T = 25 °C, single- 3
ended
P VCO Output power to a LMKO040x2, T = 25 °C, single- 5 dBm
vco 50 Q load driven by Fout ended
LMKO040x3, T = 25 °C, single- 0
ended 1840 MHz
LMKO040x3, T = 25 °C, single- 5
ended 2160 MHz

(9) This parameter is programmable

(10) A specification in modeling PLL in-band phase noise is the 1/f flicker noise, Lpy| ficker(f), Which is dominant close to the carrier. Flicker
noise has a 10 dB/decade slope. PN10kHz is normalized to a 10 kHz offset and a 1 GHz carrier frequency. PN10kHz = Lpy| fiicker(10
kHz) - 20log(Fout / 1 GHz), where Lp(; sicker(f) is the single side band phase noise of only the flicker noise's contribution to total noise,
L(f). To measure Lp| icker(f) it is important to be on the 10 dB/decade slope close to the carrier. A high compare frequency and a clean
crystal are important to isolating this noise source from the total phase noise, L(f). Lp; | ficker(f) can be masked by the reference
oscillator performance if a low power or noisy source is used. The total PLL inband phase noise performance is the sum of Lp| | fiicker(f)
and Lpyp_fa(f)-

(11) A specification modeling PLL in-band phase noise. The normalized phase noise contribution of the PLL, Lp | fa(f), is defined as:
PN1HZ=Lp fia(f)-20l0g(N)-10log(fcomp)- Lpie fai(f) is the single side band phase noise measured at an offset frequency, f, in a 1 Hz
bandwidth and feomp is the phase detector frequency of the synthesizer. Lpy, () contributes to the total noise, L(f).
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Electrical Characteristics (continued)

(3.15V V=345V, -40 °C £ T, < 85 °C. Typical values represent most likely parametric norms at Ve = 3.3V, T, =25
°C, at the Recommended Operating Conditions at the time of product characterization and are not guaranteed.)

Symbol Parameter Conditions Min Typ Max Units
Fine Tuning Sensitivity LMKO040x0 7t09
(The range dlsplayed in the LMKO40x1 810 11
typical column indicates the
lower sensitivity is typical at LMK040x2 9to 14
Kvco the lower end of the tuning MHz/V
range, and the higher tuning
sensitivity is typical at the LMKO040x3 14 to 26
higher end of the tuning
range).
. After programming R15 for
Allowable Temperature Drift lock, no changes to output .
|ATcy| for Continuous Lock . - B 125 C
12) configuration are permitted to
guarantee continuous lock
Internal VCO Open Loop Phase Noise and Jitter
Offset = 1 kHz -66
LMKO40x0 Offset = 10 kHz -94
fyco = 1185 MHz Offset = 100 kHz -119
SSB Phase Noise dBc/Hz
PLL2 = Open Loop Offset = 1 MHz -139
Measured at Fout Offset = 10 MHz -158
Offset = 20 MHz -163
Offset = 1 kHz -64
LMKO40x0 Offset = 10 kHz -91
fvco = 1296 MHz Offset = 100 kHz -117
SSB Phase Noise dBc/Hz
PLL2 = Open Loop Offset = 1 MHz -138
Measured at Fout Offset = 10 MHz -157
L Offset = 20 MHz -161
Fout Offset = 1 kHz -61
LMKO40x1 Offset = 10 kHz -91
fvco = 1440 MHz Offset = 100 kHz -117
SSB Phase Noise dBc/Hz
PLL2 = Open Loop Offset = 1 MHz -138
Measured at Fout Offset = 10 MHz -158
Offset = 20 MHz -160
Offset = 1 kHz -58
LMKO40x1 Offset = 10 kHz -89
fyco = 1560 MHz Offset = 100 kHz -115
SSB Phase Noise dBc/Hz
PLL2 = Open Loop Offset = 1 MHz -137
Measured at Fout Offset = 10 MHz -157
Offset = 20 MHz -162

(12) Maximum Allowable Temperature Drift for Continuous Lock is how far the temperature can drift in either direction from the value it was
at the time that the RO register was last programmed, and still have the part stay in lock. The action of programming the RO register,
even to the same value, activates a frequency calibration routine. This implies the part will work over the entire frequency range, but if
the temperature drifts more than the maximum allowable drift for continuous lock, then it will be necessary to reload the RO register to
ensure it stays in lock. Regardless of what temperature the part was initially programmed at, the temperature can never drift outside the
frequency range of -40 °C to 85 °C without violating specifications.
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Electrical Characteristics (continued)

(3.15V V=345V, -40 °C £ T, < 85 °C. Typical values represent most likely parametric norms at Ve = 3.3V, T, =25
°C, at the Recommended Operating Conditions at the time of product characterization and are not guaranteed.)

Symbol Parameter Conditions Min Typ Max Units
Offset = 1 kHz -63
LMKO40x2 Offset = 10 kHz -91
fvco = 1600 MHz Offset = 100 kHz -115
SSB Phase Noise dBc/Hz
PLL2 = Open Loop Offset = 1 MHz -137
Measured at Fout Offset = 10 MHz -156
Offset = 20 MHz -161
Offset = 1 kHz -61
LMKO40x2 Offset = 10 kHz -90
fvco = 1750 MHz Offset = 100 kHz -114
SSB Phase Noise dBc/Hz
PLL2 = Open Loop Offset = 1 MHz -136
Measured at Fout Offset = 10 MHz -155
L Offset = 20 MHz -160
Fout Offset = 1 kHz -58
LMKO040x3 Offset = 10 kHz -88
fvco = 1840 MHz Offset = 100 kHz -113
SSB Phase Noise dBc/Hz
PLL2 = Open Loop Offset = 1 MHz -135
Measured at Fout Offset = 10 MHz -155
Offset = 20 MHz -158
Offset = 1 kHz -54
LMKO040x3 Offset = 10 kHz -84
fvco = 2160 MHz Offset = 100 kHz -110
SSB Phase Noise dBc/Hz
PLL2 = Open Loop Offset = 1 MHz -132
Measured at Fout Offset = 10 MHz -154
Offset = 20 MHz -157
Copyright © 2008-2011, Texas Instruments Incorporated Submit Documentation Feedback 11
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Electrical Characteristics (continued)

(3.15V V=345V, -40 °C £ T, < 85 °C. Typical values represent most likely parametric norms at Ve = 3.3V, T, =25
°C, at the Recommended Operating Conditions at the time of product characterization and are not guaranteed.)

Symbol Parameter ‘ Conditions Typ ‘ Max ‘ Units
Internal VCO Closed Loop Phase Noise and Jitter Specifications using an Instrumentation Quality VCXO
Offset = 1 kHz -111
13 Offset = 10kHz -119
LMK040x0 —
fuco = 1200 MHz Offset = 100 kHz -121
SSB Phase Noise Offset = 1 MHz -133 dBc/Hz
PLL2 = Closed Loop _ i
Measured at Fout Offset = 10 MHz 157
Offset = 20 MHz -162
Offset = 40 MHz -165
Offset = 1 kHz -110
a4 Offset = 10 kHz -117
LMK040x1 —
fuco = 1500 MHz Offset = 100 kHz -120
SSB Phase Noise Offset = 1 MHz -132 dBc/Hz
PLL2 = Closed Loop _ i
Measured at Fout Offset = 10 MHz 156
Offset = 20 MHz -160
L) Offset = 40 MHz -163
Fout Offset = 1 kHz 111
1) Offset = 10 kHz -118
LMKO040x2 —
fuco = 1600 MHz Offset = 100 kHz -120
SSB Phase Noise Offset = 1 MHz -132 dBc/Hz
PLL2 = Closed Loop _ i
Measured at Fout Offset = 10 MHz 156
Offset = 20 MHz -162
Offset = 40 MHz -165
Offset = 1 kHz -107
16) Offset = 10 kHz -114
LMK040x3 —
fuco = 2000 MHz Offset = 100 kHz -117
SSB Phase Noise Offset = 1 MHz -126 dBc/Hz
PLL2 = Closed Loop _ i
Measured at Fout Offset = 10 MHz 152
Offset = 20 MHz -156
Offset = 40 MHz -160

(13) For LMKO040x0, fyco = 1200 MHz. PLL1 is powered down. A 100 MHz Wenzel XO (model: 501-04623G) drives the OSCin input of
PLL2. PLL2 parameters: VCO_DIV =3, N2 =5, R2 = 1, Fpgt = 100 MHz, ICP2 = 1.6 mA, C1 =22 pF, C2 =5.6 nF, R2 = 1.8 kQ, LBW =
268 kHz, PM = 75°. Wenzel XO phase noise: 100 Hz: -132 dBc/Hz; 1 kHz: -147 dBc/Hz; 10 kHz: -159 dBc/Hz; 100 kHz: -167 dBc/Hz.
(14) For LMKO040x1, fyco = 1500 MHz. PLL1 is powered down. A 100 MHz Wenzel XO (model: 501-04623G) drives the OSCin input of
PLL2. PLL2 parameters: VCO_DIV =3, N2 =5, R2 = 1, Fpgt = 100 MHz, ICP2 = 1.6 mA, C1 =22 pF, C2 =5.6 nF, R2 = 1.8 kQ, LBW =
268 kHz, PM = 75°. Wenzel XO phase noise: 100 Hz: -132 dBc/Hz; 1 kHz: -147 dBc/Hz; 10 kHz: -159 dBc/Hz; 100 kHz: -167 dBc/Hz.
(15) For LMKO040x2, fyco = 1600 MHz. PLL1 is powered down. A 100 MHz Wenzel XO (model: 501-04623G) drives the OSCin input of
PLL2. PLL2 parameters: VCO_DIV =2, N2 =8, R2 = 1, Fpgt = 100 MHz, ICP2 = 1.6 mA, C1 =22 pF, C2 =5.6 nF, R2 = 1.8 kQ, LBW =
252 kHz, PM = 76°. Wenzel XO phase noise: 100 Hz: -132 dBc/Hz; 1 kHz: -147 dBc/Hz; 10 kHz: -159 dBc/Hz; 100 kHz: -167 dBc/Hz.
(16) For LMKO040x3, fyco = 2000 MHz. PLL1 is powered down. A 100 MHz Wenzel XO (model: 501-04623G) drives the OSCin input of
PLL2. PLL2 parameters: VCO_DIV =2, N2 = 10, R2 = 1, Fpgr = 100 MHz, ICP2 = 1.6 mA, C1 =22 pF, C2 =5.6 nF, R2 = 1.8 kQ, LBW
=434 kHz, PM = 69°. Wenzel XO phase noise: 100 Hz: -132 dBc/Hz; 1 kHz: -147 dBc/Hz; 10 kHz: -159 dBc/Hz; 100 kHz: -167 dBc/Hz.
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Electrical Characteristics (continued)

(3.15V V=345V, -40 °C £ T, < 85 °C. Typical values represent most likely parametric norms at Ve = 3.3V, T, =25
°C, at the Recommended Operating Conditions at the time of product characterization and are not guaranteed.)

Symbol Parameter Conditions Min Typ Max Units
LMK040x0 *3) BW = 12 kHz to 20 MHz 105
fVCO = 1200 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 110
LMKO040x1 @4 BW = 12 kHz to 20 MHz 100
fVCO = 1500 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 105
JFout (15) _ fs
LMKO040x2 BW =12 kHz to 20 MHz 95
fVCO = 1600 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 100
LMK040x3 (6) BW = 12 kHz to 20 MHz 105
fVCO = 2000 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 110
CLKout's Internal VCO Closed Loop Phase Noise and Jitter Specifications using an Instrumentation Quality VCXO
LMKO040x0 @7 Offset = 1 kHz -125
feLkout = 250 MHz Offset = 10 kHz -130
SSB Phase Noise _
Measured at Clock Outputs Offset = 100 kHz -132
Value is average for all output | Offset = 1 MHz -148
types Offset = 10 MHz -157
LMKO040x1 (18 Offset = 1 kHz -126
feLkout = 250 MHz Offset = 10 kHz -133
SSB Phase Noise _
Measured at Clock Outputs Offset = 100 kHz -136
Value is average for all output | Offset = 1 MHz -147
0 types Offset = 10 MHz -156 Bolk
CLKout _ C/Hz
LMKO040x2 (19 Offset = 1 kHz -127
feLkout = 250 MHz Offset = 10 kHz -133
SSB Phase Noise _
Measured at Clock Outputs Offset = 100 kHz -134
Value is average for all output | Offset = 1 MHz -145
types Offset = 10 MHz -157
LMKO040x3 20 Offset = 1 kHz -125
feLkout = 250 MHz Offset = 10 kHz -132
SSB Phase Noise _
Measured at Clock Outputs Offset = 100 kHz -135
Value Is average for all output | Offset = 1 MHz -145
types Offset = 10 MHz -156

(17) For LMKO040x0, fyco = 1250 MHz. PLL1 is powered down. A 100 MHz Wenzel XO (model: 501-04623G) drives the OSCin input of
PLL2. PLL2 parameters: VCO_DIV =5, N2 =5, R2 = 2, Fpgt = 50 MHz, ICP2 = 3.2 mA, C1 = 22 pF, C2 =5.6 nF, R2 = 1.8 kQ, LBW =
251 kHz, PM = 76°. Wenzel XO phase noise: 100 Hz: -132 dBc/Hz; 1 kHz: -147 dBc/Hz; 10 kHz: -159 dBc/Hz; 100 kHz: -167 dBc/Hz.
CLKoutX_DIV = Bypass. CLKout_DLY = OFF.

(18) For LMKO040x1, fyco = 1500 MHz. PLL1 is powered down. A 100 MHz Wenzel XO (model: 501-04623G) drives the OSCin input of
PLL2. PLL2 parameters: VCO_DIV =3, N2 =5, R2 = 1, Fpgt = 100 MHz, ICP2 = 1.6 mA, C1 = 22 pF, C2 =5.6 nF, R2 = 1.8 kQ, LBW =
268 kHz, PM = 75°. Wenzel XO phase noise: 100 Hz: -132 dBc/Hz; 1 kHz: -147 dBc/Hz; 10 kHz: -159 dBc/Hz; 100 kHz: -167 dBc/Hz.
CLKoutX_DIV = 2. CLKout_DLY = OFF.

(19) For LMKO040x2, fyco = 1750 MHz. PLL1 is powered down. A 100 MHz Wenzel XO (model: 501-04623G) drives the OSCin input of
PLL2. PLL2 parameters: VCO_DIV =7, N2 =5, R2 = 2, Fpgt = 50 MHz, ICP2 = 1.6 mA, C1 = 22 pF, C2 =5.6 nF, R2 = 1.8 kQ, LBW =
354 kHz, PM = 73°. Wenzel XO phase noise: 100 Hz: -132 dBc/Hz; 1 kHz: -147 dBc/Hz; 10 kHz: -159 dBc/Hz; 100 kHz: -167 dBc/Hz.
CLKoutX_DIV = Bypass. CLKout_DLY = OFF.

(20) For LMKO040x3, fyco = 2000 MHz. PLL1 is powered down. A 100 MHz Wenzel XO (model: 501-04623G) drives the OSCin input of
PLL2. PLL2 parameters: VCO_DIV =2, N2 = 10, R2 = 1, Fper = 100 MHz, ICP2 = 1.6 mA, C1 =22 pF, C2 =5.6 nF, R2 = 1.8 kQ, LBW
=434 kHz, PM = 69°. Wenzel XO phase noise: 100 Hz: -132 dBc/Hz; 1 kHz: -147 dBc/Hz; 10 kHz: -159 dBc/Hz; 100 kHz: -167 dBc/Hz.
CLKoutX_DIV = 4. CLKout_DLY = OFF.
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Electrical Characteristics (continued)

(3.15V V=345V, -40 °C £ T, < 85 °C. Typical values represent most likely parametric norms at Ve = 3.3V, T, =25
°C, at the Recommended Operating Conditions at the time of product characterization and are not guaranteed.)

Symbol Parameter Conditions Min Typ Max Units
LMKO040x0 @V BW = 12 kHz to 20 MHz 130
fCLKOUt = 250 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 135
LMKO040x1 22 BW = 12 kHz to 20 MHz 115
fCLKOUt =250 MHz
JeLkout Integrated RMS Jitter BW =100 Hz to 20 MHz 120 .
S
LVPECL/2VPECL/LVDS LMK040x2 @3) BW = 12 kHz to 20 MHz 130
fCLKOUt =250 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 135
LMKO040x3 24 BW = 12 kHz to 20 MHz 125
fCLKOUt =250 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 130
LMKO040x0 @V BW = 12 kHz to 20 MHz 140
fCLKOUt =250 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 145
LMKO040x1 22 BW = 12 kHz to 20 MHz 110
fCLKOUt =250 MHz
JeLkout Integrated RMS Jitter BW =100 Hz to 20 MHz 115 .
S
LvCMOS LMK040x2 @3) BW = 12 kHz to 20 MHz 130
fCLKOUt = 250 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 135
LMKO040x3 24 BW = 12 kHz to 20 MHz 120
fCLKOUt =250 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 125

CLKout's Internal VCO Closed Loop Jitter Specifications using a Commercial Quality VCXO

(21) For LMKO040x0, fyco = 1250 MHz. PLL1 is powered down. A 100 MHz Wenzel XO (model: 501-04623G) drives the OSCin input of
PLL2. PLL2 parameters: VCO_DIV =5, N2 =5, R2 = 2, Fpgt = 50 MHz, ICP2 = 3.2 mA, C1 = 22 pF, C2 =5.6 nF, R2 = 1.8 kQ, LBW =
251 kHz, PM = 76°. Wenzel XO phase noise: 100 Hz: -132 dBc/Hz; 1 kHz: -147 dBc/Hz; 10 kHz: -159 dBc/Hz; 100 kHz: -167 dBc/Hz.
CLKoutX_DIV = Bypass. CLKout_DLY = OFF.

(22) For LMKO040x1, fyco = 1500 MHz. PLL1 is powered down. A 100 MHz Wenzel XO (model: 501-04623G) drives the OSCin input of
PLL2. PLL2 parameters: VCO_DIV =3, N2 =5, R2 = 1, Fpgt = 100 MHz, ICP2 = 1.6 mA, C1 = 22 pF, C2 =5.6 nF, R2 = 1.8 kQ, LBW =
268 kHz, PM = 75°. Wenzel XO phase noise: 100 Hz: -132 dBc/Hz; 1 kHz: -147 dBc/Hz; 10 kHz: -159 dBc/Hz; 100 kHz: -167 dBc/Hz.
CLKoutX_DIV = 2. CLKout_DLY = OFF.

(23) For LMK040x2, fyco = 1750 MHz. PLL1 is powered down. A 100 MHz Wenzel XO (model: 501-04623G) drives the OSCin input of
PLL2. PLL2 parameters: VCO_DIV =7, N2 =5, R2 = 2, Fpgt = 50 MHz, ICP2 = 1.6 mA, C1 = 22 pF, C2 =5.6 nF, R2 = 1.8 kQ, LBW =
354 kHz, PM = 73°. Wenzel XO phase noise: 100 Hz: -132 dBc/Hz; 1 kHz: -147 dBc/Hz; 10 kHz: -159 dBc/Hz; 100 kHz: -167 dBc/Hz.
CLKoutX_DIV = Bypass. CLKout_DLY = OFF.

(24) For LMKO040x3, fyco = 2000 MHz. PLL1 is powered down. A 100 MHz Wenzel XO (model: 501-04623G) drives the OSCin input of
PLL2. PLL2 parameters: VCO_DIV =2, N2 = 10, R2 = 1, Fper = 100 MHz, ICP2 = 1.6 mA, C1 =22 pF, C2 =5.6 nF, R2 = 1.8 kQ, LBW
=434 kHz, PM = 69°. Wenzel XO phase noise: 100 Hz: -132 dBc/Hz; 1 kHz: -147 dBc/Hz; 10 kHz: -159 dBc/Hz; 100 kHz: -167 dBc/Hz.
CLKoutX_DIV = 4. CLKout_DLY = OFF.
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Electrical Characteristics (continued)

(3.15V V=345V, -40 °C £ T, < 85 °C. Typical values represent most likely parametric norms at Ve = 3.3V, T, =25
°C, at the Recommended Operating Conditions at the time of product characterization and are not guaranteed.)

Symbol Parameter Conditions Min Typ Max Units
LMKO040x0 @9 (29 BW = 12 kHz to 20 MHz 140 200
fCLKOUt = 250 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 185
LMKO040x1 @7 (29) BW = 12 kHz to 20 MHz 130 200
fCLKOUt =250 MHz
JeLkout Integrated RMS Jitter BW =100 Hz to 20 MHz 190 .
S
LVPECL/2VPECL LMK040x2 (28) (26) BW = 12 kHz to 20 MHz 150 200
fCLKOUt =250 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 190
LMKO040x3 29) (29) BW = 12 kHz to 20 MHz 145 200
fCLKOUt =250 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 200
LMKO040x1 @0 BW = 12 kHz to 20 MHz 130
fCLKOUt =250 MHz
3 Integrated RMS Jitter BW =100 Hz to 20 MHz 190
CLKout fs
LVDS LMKO040x3 (31 BW = 12 kHz to 20 MHz 145
fCLKOUt =250 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 200

(25) For LMKO040x0, Fyco = 1250 MHz. PLL1 parameters: Fper = 1 MHz, ICP1 = 100 pA, loop bandwidth = 20 Hz. A 100 MHz VCXO drives
the OSCin input of PLL2. PLL2 parameters: VCO_DIV =5, N2 =5, R2 = 2, Fpgr = 50 MHz, ICP2 = 3.2 mA, C1 =0 pF, C2 =12 nF, R2
= 1.8 kQ, LBW = 254 kHz, PM = 81°. CLKDIST parameters: CLKoutX_DIV = Bypass, CLKout_DLY = OFF. VCXO phase noise: 100 Hz:
-100 dBc/Hz; 1 kHz: -128 dBc/Hz; 10 kHz: -144 dBc/Hz; 100 kHz: -147 dBc/Hz.

(26) Max jitter specification applies to CH3 (LVPECL) output and guaranteed by test in production.

(27) For LMKO040x1, Fyco = 1500 MHz. PLL1 parameters: Fper = 1 MHz, ICP1 = 100 pA, loop bandwidth = 20 Hz. A 100 MHz VCXO drives
the OSCin input of PLL2. PLL2 parameters: VCO_DIV = 3, N2 =5, R2 = 1, Fpgr = 100 MHz, ICP2 = 1.6 mA, C1 =0 pF, C2 =12 nF, R2
=1.8 kQ, LBW =271 kHz, PM = 80°. CLKDIST parameters: CLKoutX_DIV = 2, CLKout_DLY = OFF. VCXO phase noise: 100 Hz: -100
dBc/Hz; 1 kHz: -128 dBc/Hz; 10 kHz: -144 dBc/Hz; 100 kHz: -147 dBc/Hz.

(28) For LMKO040x2, Fyco = 1750 MHz. PLL1 parameters: Fper = 1 MHz, ICP1 = 100 pA, loop bandwidth = 20 Hz. A 100 MHz VCXO drives
the OSCin input of PLL2. PLL2 parameters: VCO_DIV =7, N2 =5, R2 = 2, Fpgr = 50 MHz, ICP2 = 3.2 mA, C1 =0 pF, C2 =12 nF, R2
= 1.8 kQ, LBW = 360 kHz, PM = 79°. CLKDIST parameters: CLKoutX_DIV = Bypass, CLKout_DLY = OFF. VCXO phase noise: 100 Hz:
-100 dBc/Hz; 1 kHz: -128 dBc/Hz; 10 kHz: -144 dBc/Hz; 100 kHz: -147 dBc/Hz.

(29) For LMKO040x3, Fyco = 2000 MHz. PLL1 parameters: Fper = 1 MHz, ICP1 = 100 pA, loop bandwidth = 20 Hz. A 100 MHz VCXO drives
the OSCin input of PLL2. PLL2 parameters: VCO_DIV = 2, N2 = 10, R2 = 1, Fpgt = 100 MHz, ICP2 = 1.6 mA, C1 =0 pF, C2 = 12 nF,
R2 = 1.8 kQ, LBW = 445 kHz, PM = 76°. CLKDIST parameters: CLKoutX_DIV = 4, CLKout_DLY = OFF. VCXO phase noise: 100 Hz: -
100 dBc/Hz; 1 kHz: -128 dBc/Hz; 10 kHz: -144 dBc/Hz; 100 kHz: -147 dBc/Hz.

(30) For LMKO040x1, Fyco = 1500 MHz. PLL1 parameters: Fpgr = 1 MHz, ICP1 = 100 pA, loop bandwidth = 20 Hz. A 100 MHz VCXO drives
the OSCin input of PLL2. PLL2 parameters: VCO_DIV = 3, N2 =5, R2 = 1, Fpgr = 100 MHz, ICP2 = 1.6 mA, C1 =0 pF, C2 =12 nF, R2
=1.8 kQ, LBW =271 kHz, PM = 80°. CLKDIST parameters: CLKoutX_DIV = 2, CLKout_DLY = OFF. VCXO phase noise: 100 Hz: -100
dBc/Hz; 1 kHz: -128 dBc/Hz; 10 kHz: -144 dBc/Hz; 100 kHz: -147 dBc/Hz.

(31) For LMKO040x3, Fyco = 2000 MHz. PLL1 parameters: Fper = 1 MHz, ICP1 = 100 pA, loop bandwidth = 20 Hz. A 100 MHz VCXO drives
the OSCin input of PLL2. PLL2 parameters: VCO_DIV = 2, N2 = 10, R2 = 1, Fpgt = 100 MHz, ICP2 = 1.6 mA, C1 =0 pF, C2 = 12 nF,
R2 = 1.8 kQ, LBW = 445 kHz, PM = 76°. CLKDIST parameters: CLKoutX_DIV = 4, CLKout_DLY = OFF. VCXO phase noise: 100 Hz: -
100 dBc/Hz; 1 kHz: -128 dBc/Hz; 10 kHz: -144 dBc/Hz; 100 kHz: -147 dBc/Hz.
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Electrical Characteristics (continued)

(3.15V V=345V, -40 °C £ T, < 85 °C. Typical values represent most likely parametric norms at Ve = 3.3V, T, =25
°C, at the Recommended Operating Conditions at the time of product characterization and are not guaranteed.)

Symbol Parameter Conditions Min Typ Max Units
LMKO040x0 ©2) BW = 12 kHz to 20 MHz 150
fCLKOUt = 250 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 190
LMKO040x1 €0 BW = 12 kHz to 20 MHz 125
fCLKOUt =250 MHz
JeLkout Integrated RMS Jitter BW =100 Hz to 20 MHz 185 .
S
LvCMOsS LMK040x2 ©3) BW = 12 kHz to 20 MHz 150
fCLKOUt =250 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 190
LMKO040x3 1) BW = 12 kHz to 20 MHz 145
fCLKOUt =250 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 195
CLKout's Internal VCO Closed Loop Jitter Specifications using the Integrated Low Noise Crystal Oscillator Circuit
LMKO040x0 ¢4 BW = 12 kHz to 20 MHz 190
fCLKOUt = 245.76 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 230
LMKO040x1 @9 BW = 12 kHz to 20 MHz 200
fCLKOUt = 245.76 MHz
JeLkout Integrated RMS Jitter BW =100 Hz to 20 MHz 230 .
S
LVPECL/2VPECL/LVDS LMK040x2 36) BW = 12 kHz to 20 MHz 195
fCLKOUt = 245.76 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 230
LMKO040x3 @7 BW = 12 kHz to 20 MHz 245
fCLKOUt = 245.76 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 260

(32) For LMKO040x0, Fyco = 1250 MHz. PLL1 parameters: Fper = 1 MHz, ICP1 = 100 pA, loop bandwidth = 20 Hz. A 100 MHz VCXO drives
the OSCin input of PLL2. PLL2 parameters: VCO_DIV =5, N2 =5, R2 = 2, Fpgr = 50 MHz, ICP2 = 3.2 mA, C1 =0 pF, C2 =12 nF, R2
= 1.8 kQ, LBW = 254 kHz, PM = 81°. CLKDIST parameters: CLKoutX_DIV = Bypass, CLKout_DLY = OFF. VCXO phase noise: 100 Hz:
-100 dBc/Hz; 1 kHz: -128 dBc/Hz; 10 kHz: -144 dBc/Hz; 100 kHz: -147 dBc/Hz.

(33) For LMKO040x2, Fyco = 1750 MHz. PLL1 parameters: Fpgr = 1 MHz, ICP1 = 100 pA, loop bandwidth = 20 Hz. A 100 MHz VCXO drives
the OSCin input of PLL2. PLL2 parameters: VCO_DIV =7, N2 =5, R2 = 2, Fpgr = 50 MHz, ICP2 = 3.2 mA, C1 =0 pF, C2 =12 nF, R2
= 1.8 kQ, LBW = 360 kHz, PM = 79°. CLKDIST parameters: CLKoutX_DIV = Bypass, CLKout_DLY = OFF. VCXO phase noise: 100 Hz:
-100 dBc/Hz; 1 kHz: -128 dBc/Hz; 10 kHz: -144 dBc/Hz; 100 kHz: -147 dBc/Hz.

(34) For LMKO040x0, Fyco = 1228.8 MHz. PLL1 parameters: Fper = 1.024 MHz, ICP1 = 100 pA, loop bandwidth = 20 Hz. A 12.288 MHz
Vectron crystal (model: VXB1-1127-12M288000) and tuning circuitry is used with on-chip XO circuitry. PLL2 parameters: VCO_DIV = 5,
N2 =10, EN_PLL2_REF2X = 1, Fper = 24.576 MHz, ICP2 = 3.2 mA, C1 =0 pF, C2 =12 nF, R2 = 1.8 kQ, R3 = 600 Q, R4 =10 kQ, C3
= 150 pF, C4 = 60 pF, LBW = 109 kHz, PM = 43°, CLKoutX_DIV = 2, CLKout_DLY = OFF.

(35) For LMKO040x1, Fyco = 1474.56 MHz. PLL1 parameters: Fper = 1.024 MHz, ICP1 = 100 pA, loop bandwidth = 20 Hz. A 12.288 MHz
Ecliptek crystal (model: ECX-6465) and tuning circuitry is used with on-chip XO circuitry. PLL2 parameters: VCO_DIV = 3, N2 = 20,
EN_PLL2_REF2X =1, Fpgt = 24.576 MHz, ICP2 = 3.2 mA, C1 =0 pF, C2 =12 nF, R2 = 1.8 kQ, R3 =600 Q, R4 = 10 kQ, C3 = 150
pF, C4 = 60 pF, LBW = 103 kHz, PM = 44°, CLKoutX_DIV = 2, CLKout_DLY = OFF.

(36) For LMK040x2, Fyco = 1720.32 MHz. PLL1 parameters: Fper = 1.024 MHz, ICP1 = 100 pA, loop bandwidth = 20 Hz. A 12.288 MHz
Vectron crystal (model: VXB1-1127-12M288000) and tuning circuitry is used with on-chip XO circuitry. PLL2 parameters: VCO_DIV = 7,
N2 =10, EN_PLL2_REF2X = 1, Fpgr = 24.576 MHz, ICP2 = 3.2 mA, C1 =0 pF, C2 =12 nF, R2 = 1.8 kQ, R3 = 600 Q, R4 =10 kQ, C3
= 150 pF, C4 = 60 pF, LBW = 120 kHz, PM = 40°, CLKoutX_DIV = 2, CLKout_DLY = OFF.

(37) For LMKO040x3, Fyco = 1966.08 MHz. PLL1 parameters: Fper = 1.024 MHz, ICP1 = 100 pA, loop bandwidth = 20 Hz. A 12.288 MHz
Ecliptek crystal (model: ECX-6465) and tuning circuitry is used with on-chip XO circuitry. PLL2 parameters: VCO_DIV = 4, N2 = 20,
EN_PLL2_REF2X =1, Fpgt = 24.576 MHz, ICP2 = 3.2 mA, C1 =0 pF, C2 =12 nF, R2 = 1.8 kQ, R3 =600 Q, R4 = 10 kQ, C3 = 150
pF, C4 = 60 pF, LBW =91 kHz, PM = 47°, CLKoutX_DIV = 2, CLKout_DLY = OFF.
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Electrical Characteristics (continued)

(3.15V V=345V, -40 °C £ T, < 85 °C. Typical values represent most likely parametric norms at Ve = 3.3V, T, =25
°C, at the Recommended Operating Conditions at the time of product characterization and are not guaranteed.)

Symbol Parameter Conditions Min Typ Max Units
LMK040x0 @9 BW = 12 kHz to 20 MHz 195
fCLKOUt = 245.76 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 230
LMK040x1 @9 BW = 12 kHz to 20 MHz 195
fCLKOUt = 245.76 MHz
JeLKout Integrated RMS Jitter BW =100 Hz to 20 MHz 220 .
S
LVCMOS LMKO040x2 6) BW = 12 kHz to 20 MHz 195
fCLKOUt = 245.76 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 230
LMK040x3 ¢ BW = 12 kHz to 20 MHz 240
fCLKOUt = 245.76 MHz
Integrated RMS Jitter BW =100 Hz to 20 MHz 260
Digital Inputs (CLKuWire, DATAuWire, LEuWire)
Vi High-Level Input Voltage 1.6 Vce \%
Vi Low-Level Input Voltage 0.4 \%
IH High-Level Input Current Vin = Vce -5 25 MA
I Low-Level Input Current ViL=0 -5.0 5.0 HA
Digital Inputs (GOE, SYNC¥)
Vi High-Level Input Voltage 1.6 Vce \%
Vi Low-Level Input Voltage 0.4 \%
IH High-Level Input Current Vin = Vce -5.0 5.0 MA
I Low-Level Input Current ViL=0 -40.0 5.0 HA
Digital Outputs (CLKinX_LOS, LD)
VoH High-Level Output Voltage lon = -500 pA Vee - 0.4 \%
VoL Low-Level Output Voltage loL =500 pA 0.4 \%
Default Power On Reset Clock Output Frequency
CLKout2, LM040x0 50
¢ Default output clock frequency | CLKout2, LM040x1 62 MHz
Cliout-startup at device power on CLKout2, LM040x2 68
CLKout2, LM040x3 81
LVDS Clock Outputs (CLKoutX)
feLkout Maximum Frequency R, =100 Q 1080 MHz
T CLKoutX to CLKoutY LVDS-LVDS, T = 25 °C, 30 S
SKEW (39) FCLK =800 MHz, R|_= 100 Q P
Vobp Differential Output Voltage 250 350 450 mV
Change in Magnitude of Vop | R = 100 Q differential
AVop for complementary output termination, AC coupled to -50 50 mv
states receiver input,
Vos Output Offset Voltage _'IZ_C_LKZ ; §80 MHz, 1.125 1.25 1.375 %
Change in Vg for -
AVos complementary output states 35 Imv]
Isa Qutput short circuit current - Single-ended output shorted to 24 2 mA
Isg single ended GND, T=25°C
Qutput short circuit current - Complimentary outputs tied )
Isas differential together 12 12 mA

LVPECL Clock Outputs (CLKoutX) “9

(38) For Clock output frequencies > 1 GHz, the maximum allowable clock delay is limited to ¥2 of a period, or, 0.5/Fc| koutx-
(39) Equal loading and identical channel configuration on each channel is required for specification to be valid. Specification not valid for

delay mode.

(40) LVPECL/2VPECL is programmable for all NSIDs.
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Electrical Characteristics (continued)

(3.15V V=345V, -40 °C £ T, < 85 °C. Typical values represent most likely parametric norms at Ve = 3.3V, T, =25
°C, at the Recommended Operating Conditions at the time of product characterization and are not guaranteed.)

Symbol Parameter Conditions Min Typ Max Units
Maximum Frequenc
feLKout (1) quency 1080 MHz
LVPECL-to-LVPECL,
CLKoutX to CLKoutY T =25 °C, Fckx = 800 MHz,
Tskew “2) each output terminated with 40 ps
120 Q to GND.
Vou Output High Voltage \(/)Cgs' \Y
Fcik =100 MHz, T =25 °C ’
Termination = 50 Q to Vee -
VoL Output Low Voltage Vee-2V 182 \%
Vobp Output Voltage 660 890 965 mV
2VPECL Clock Outputs (CLKoutX)
Maximum Frequenc
feLKout (1) quency 1080 MHz
2VPECL-2VPECL, T=25 °C,
Tskew 8'2‘)KOUtX to CLKoutY FcLk = 800 MHz, each output 40 ps
terminated with 120 Q to GND.
VoH Output High Voltage \6055' \%
Fcik =100 MHz, T =25 °C :
Termination = 50 Q to Vee -
VoL Output Low Voltage Vee-2V 108 \%
Vob Output Voltage 800 1030 1200 mv
LVCMOS Clock Outputs (CLKoutX)
feLkout Maximum Frequency 5 pF Load 250 MHz
Vou Output High Voltage 1 mA Load Vee - 0.1 \%
VoL Output Low Voltage 1 mA Load 0.1 \%
loH Output High Current (Source) |Vcc=3.3V,Vpo=1.65V 28 mA
loL Output Low Current (Sink) Vec=3.3V,Vg=165V 28 mA
Skew between any two R, =50 Q, C_ =10 pF,
Tskew LVCMOS outputs, same T =25 °C, Fckx = 100 MHz. 100 ps
channel or different channel | “3
Vec/2 to Vee/2, Fok = 100
DUTYcLk Output Duty Cycle MCI-(l:z, T= 2050°C K 45 50 55 %
. ) 20% to 80%, RL =50 Q,
Tr Output Rise Time CL=5pF 400 ps
) 80% to 20%, RL = 50 Q,
Te Output Fall Time CL=5pF 400 ps
Mixed Clock Skew
Same device, T = 25 °C,
LVPECL to LVDS skew 550 MHz -230 ps
Tekew ChanX - ChanY LVDS to LVCMOS skew Same device, T = 25 °C, 770 ps
250 MHz
Same device, T = 25 °C,
LVCMOS to LVPECL skew 550 MHz -540 ps
Microwire Interface Timing
Tcs Data to Clock Set Up Time See Microwire Input Timing 25 ns
Tch Data to Clock Hold Time See Microwire Input Timing 8 ns

(41) For Clock output frequencies > 1 GHz, the maximum allowable clock delay is limited to ¥2 of a period, or, 0.5/Fc| koutx-

(42) Equal loading and identical channel configuration on each channel is required for specification to be valid. Specification not valid for
delay mode.

(43) Equal loading and identical channel configuration on each channel is required for specification to be valid. Specification not valid for
delay mode.

(44) Guaranteed by characterization.
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Electrical Characteristics (continued)

(3.15V V=345V, -40 °C £ T, < 85 °C. Typical values represent most likely parametric norms at Ve = 3.3V, T, =25
°C, at the Recommended Operating Conditions at the time of product characterization and are not guaranteed.)

Symbol Parameter Conditions Min Typ Max Units
TewH Clock Pulse Width High See Microwire Input Timing 25 ns
TewL Clock Pulse Width Low See Microwire Input Timing 25 ns
Tes ggcggoﬂﬁ;ch Enable See Microwire Input Timing 25 ns
Tces Clock to Enable Setup Time See Microwire Input Timing 25 ns
Tew Load Enable Pulse Width See Microwire Input Timing 25 ns

Serial Data Timing Diagram
MSB e LSB
DATAuUWire —( D27 XD26 X D25 X D24 X D23 K X DO X A3 X A2 X Al X A0 XXXXX

CLKuWire

h
'
E I _.1 tES lag—
|

1

—pi tEWH E<—
|

1 i
—» [CWH |-
Hi- ! >

LEuWire

Register programming information on the DATAuWire pin is clocked into a shift register on each rising edge of
the CLKuWire signal. On the rising edge of the LEuWire signal, the register is sent from the shift register to the
register addressed. A slew rate of at least 30 V/us is recommended for these signals. After programming is
complete the CLKuWire, DATAuWire, and LEuWire signals should be returned to a low state. If the CLKuWire or
DATAuWire lines are toggled while the VCO is in lock, as is sometimes the case when these lines are shared
with other parts, the phase noise may be degraded during this programming.

Charge Pump Current Specification Definitions

4

VOLTAGE
OFFSET
AV

Icpout (MA)

14
15

16— O
0 AV Vee/2 Vee- AV Vee
VCPOut V)
I1 = Charge Pump Sink Current at Vepoyt = Ve - AV
I2 = Charge Pump Sink Current at Vepoyt = Vec/2
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I3 = Charge Pump Sink Current at Vepgy = AV

14 = Charge Pump Source Current at Vepout = Vee - AV

I5 = Charge Pump Source Current at Vepout = Vec/2

16 = Charge Pump Source Current at Vepgy = AV

AV = Voltage offset from the positive and negative supply rails. Defined to be 0.5 V for this device.

Charge Pump Output Current Magnitude Variation vs. Charge Pump Output Voltage

1] = 13|
lepout VS Vepout = ——— — x 100%
1]+ 13|

[14] - [16]
=—x100%
[14] + 16|

Charge Pump Sink Current vs. Charge Pump Output Source Current Mismatch
[12] - |15

lepout Sink Vs lepgy ¢ Source = m x 100%

Charge Pump Output Current Magnitude Variation vs. Temperature

T, “l=250¢
lcpout Vs Ty = x100%
|
T, =25°C
hsl| =
St Ohr,= 2500
= x100%
s ’TA= 25°C
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Typical Performance Characteristics

Clock Output AC Characteristics

LVDS Vop LVPECL Vop
VS. VS.
Frequency Frequency
1.0 25
s 0.9 s
w o8 W 20
X _\—\ <
g o7 — 5 gk
S os g 15 \—LV2PECL Mode
a a
a 05 o
3 3 NS
Z o4 £ 1.0 -NORMAL Mode N
g o3 g ~N
o : [id
o oo02 i o5 §"
o o
0 01 o
0.0 0.0
0 300 600 900 1.2k 15k 1.8k 0 400 800 12k 16k 2k
FREQUENCY (MHz) FREQUENCY (MHz)
Figure 2. Figure 3.
LVCMOS Vpp
VS. Typical Dynamic Icc, LVCMOS Driver, Vec = 3.3V,
Frequency Temp =25 °C, CL=5 pF
so | |
g Noload | 10 pF Load 40 /
22 pF Load
< 4 o P 35
3 = 30
o A
o \ \\< <
d N~ E 20
\ ~
[a) Q
o 2 N~ L~ g 15
2 47 pF Load 10 Ve g
] PF Loa
T 5| A
3 o/
Z 9 100 pF Load
’ |
0 100 200 300 400 500 0 50 100 150 200 250 300 350 400
FREQUENCY (MHz) FREQUENCY (MHz)
Figure 4. Figure 5.
Clock Channel Delay Noise Floor Clock Output Noise Floor
VS. VS.
Frequency Frequency
-130 Delay = 2100 ps | iz -130
~ Il ]| ~
T -135 U P N 135
> Delay = 1800 ps y 1 S
g 140 H oo g 140 LVPECL (differential)
T 'z T = )
S a5 %% 9% S 15 I
x A /| x
3 -150 A7 A 3 -150 1 vDS (differential) p
T
o 155 // /:,& o 155 L1 P
w160 AT w160 — Y
2 65 /é/‘/,/i Delay = 450 ps 2 165 ) 7
=z ' =z ~
-170 Delay = 0 ps 170 ‘/’(—
AN P
Delay = 990 ps 1 LVCMOS
10 100 1000 10 100 1000
FREQUENCY (MHz) FREQUENCY (MH2)
Figure 6. Figure 7.

To estimate this noise, only the output frequency is required. Divide value and input frequency are not relevant.
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Typical Performance Characteristics (continued)

The noise of the delay block is independent of output type and only applies if the delay is enabled. The noise floor,

due to the distribution section accounting for the delay noise, can be calculated as: Total Output Noise = 10 x
|Og(100utput Buffer Noise/10 . q gDelay Noise FIoor/lO).

Typical LVDS Phase Noise, F¢ k = 250 MHz, RMS Jitter = 192 fs (100 Hz to 20 MHz)
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Figure 8.

Typical LVPECL Phase Noise, F¢ k = 250 MHz, RMS Jitter = 196 fs (100 Hz to 20 MHz)

-80

-90

-100 N

-110

-120 =

dBc

-130

-140

-150 1.

-160

-170
100 1000 10000 100000 1000000 10000000 100000000

OFFSET (Hz)

Figure 9.

Reference clock = 10 MHz, PLL1_R = 10, PLL1_N = 100, PLL1_CP_GAIN = 100 pA, PLL1 Loop BW = 20 Hz, VCXO
= 100 MHz Crystek CVPD-920-100, PLL2_R = 2, PLL2_N = 10, PLL2_CP_GAIN = 1600 pA, PLL2 Loop BW = 137
kHz, fyco = 1500 MHz, VCO_DIV = 3, CLKoutX_DIV = 2, CLK_DLY = OFF.
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Typical Performance Characteristics (continued)
Typical LVCMOS Phase Noise, Fc k = 250 MHz, RMS Jitter = 188 fs (100 Hz to 20 MHz)
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Figure 10.
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FEATURES

System Architecture

The cascaded PLL architecture of the LMK040xx was chosen to provide the lowest jitter performance over the
widest range of output frequencies and phase noise offset frequencies. The first stage PLL (PLL1) is used in
conjunction with an external reference clock and an external VCXO to provide a frequency accurate, low phase
noise reference clock for the second stage frequency 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. The “cleaned” reference clock frequency accuracy is combined with the low
phase noise of an external VCXO to provide the reference input to PLL2. The low phase noise reference
provided to PLL2 allows it to use wider loop bandwidths (50 kHz to 200 kHz). The chosen loop bandwidth for
PLL2 should take best 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 for PLL2. Ultra low jitter is achieved by
allowing the external VCXQ'’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.

Redundant Reference Inputs (CLKin0/CLKin0*, CLKin1/CLKin1¥)

The LMKO040xx has two LVDS/LVPECL/LVCMOS compatible reference clock inputs for PLL1, CLKinO and
CLKinl. The selection of the preferred input may be fixed to either CLKinO or CLKin1, or may be configured to
employ one of two automatic switching modes when redundant clock signals are present. The PLL1 reference
clock input buffers may also be individually configured as either a CMOS buffered input or a bipolar buffered
input.

PLL1 CLKinX (X=0,1) LOSS OF SIGNAL (LOS)

When either of the two auto-switching modes is selected for the reference clock input mode, the signal status of
the selected reference clock input is indicated by the state of the CLKinX_LOS (loss-of-signal) output. These
outputs may be configured as either CMOS (active HIGH on loss-of-signal), NMOS open-drain or PMOS open-
drain. If PLL1 was originally locked and then both reference clocks go away, then the frequency accuracy of the
LMKO04000 device will be set by the absolute tuning range of the VCXO used on PLL1. The absolute tuning
range of the VCXO can be determined by multiplying its' tuning constant by the charge pump voltage.

Integrated Loop Filter Poles

The LMKO040xx features programmable 3rd and 4th order loop filter poles for PLL2. When enabled, internal
resistors and capacitor values may be selected from a fixed range of values to achieve either 3rd or 4th order
loop filter response. These programmable components compliment external components mounted near the chip.

Clock Distribution

The LMKO040xx features a clock distribution block with a minimum of five outputs that are a mixture of LVPECL,
2VPECL, LVDS, and LVCMOS. The exact combination is determined by the part number. The 2VPECL is a
National Semiconductor proprietary configuration that produces a 2 Vpp differential swing for compatibility with
many data converters. More than five outputs may be available for device versions that offer dual LVCMOS
outputs.

CLKout Divide (CLKoutX_DIV, X =0 to 4)

Each individual clock distribution channel includes a channel divider. The range of divide values is 2 to 510, in
steps of 2. “Bypass” mode operates as a divide-by-1.

CLKout Delay (CLKoutX_DLY, X = 0 to 4)

Each individual clock distribution channel includes a delay adjustment. Clock output delay registers
(CLKoutX_DLY) support a nominal 150 ps step size and range from 0 to 2250 ps of total delay.
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Global Clock Output Synchronization (Sync*)

The SYNC* input is used to synchronize the active clock outputs. When SYNC* is held in a logic low state, the
outputs are also held in a logic low state. When SYNC* goes high, the clock outputs are activated and will
transition to a high state simultaneously with one another.

SYNC* must be held low for greater than one clock cycle of the Clock Distribution Path. After this low event has
been registered, the outputs will not reflect the low state for four more cycles. Similarly after SYNC* becomes
high, the outputs will simultaneously transition high after four Clock Distribution Path cycles have passed. See
Figure 11 for further detail.

Distribution
Path

SYNC*

CLKout0

CLKoutl

CLKout2 I |_

Figure 11. Clock Output synchronization using the SYNC* pin

Global Output Enable and Lock Detect

Each Clock Output Channel may be either enabled or put into a high impedance state via the Clock Output
Enable control bit (one for each channel). Each output enable control bit is gated with the Global Output Enable
input pin (GOE). The GOE pin provides an internal pull-up so that if it is un-terminated externally, then the clock
output states are determined by the Clock Channel Output Enable Register bits. All clock outputs can be
disabled simultaneously if the GOE pin is pulled low by an external signal.

Table 2. Clock Output Control

CLKou_tX EN_CLKOL_Jt GOE pin CLKoutX Output State
_EN bit _Global bit
1 1 Low Low
Don't care 0 Don't care Off
0 Don't care Don't care Off
1 1 High / No Connect Enabled

The Lock Detect (LD) signal can be connected to the GOE pin in which case all outputs are disabled
automatically if the synthesizer is not locked. See EN_CLKoutX: Clock Channel Output Enable and also System
Level Diagram for actual implementation details.

The Lock Detect (LD) pin can be programmed to output a ‘High’ when both PLL1 and PLL2 are locked, or only
when PLL1 is locked or only when PLL2 is locked.
FUNCTIONAL DESCRIPTION

Architectural Overview

The LMKO040xx chip consists of two high performance synthesizer blocks (Phase Locked Loop, internal
VCO/VCO Divider, and loop filter), source selection, distribution system, and independent clock output channels.

The Phase Frequency Detector in PLL1 compares the divided (R Divider 1) system clock signal from the
selected CLKinX and CLKinX* input with the divided (N Divider 1) output of the external VCXO attached to the
PLL2 OSCin port. The external loop filter for PLL1 should be narrow to provide an ultra clean reference clock
from the external VCXO to the OSCin/OSCin* pins for PLL2.
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The Phase Frequency Detector in PLL2 then compares the divided (R Divider 2) reference signal from the PLL2
OSCin port with the divided (N Divider 2 and VCO Divider) output of the internal VCO. The bandwidth of the
external loop filter for PLL2 should be designed to be wide enough to take advantage of the low in-band phase
noise of PLL2 and the low high offset phase noise of the internal VCO. The VCO output is passed through a
common VCO divider block and placed on a distribution path for the clock distribution section. It is also routed to
the PLL2_N counter. Each clock output channel allows the user to select a path with a programmable divider
block, a phase synchronization circuit, a programmable delay, and LVDS/LVPECL/2VPECL/LVCMOS compatible
output buffers.

Phase Detector 1 (PD1)

Phase Detector 1 in PLL1 (PD1) can operate up to 40 MHz. Since a narrow loop bandwidth should be used for
PLL1, the need to operate at high phase detector rate to lower the in-band phase noise becomes unnecessary.

Phase Detector 2 (PD2)

Phase Detector 2 in PLL2 (PD2) supports a maximum comparison rate of 100 MHz, though the actual maximum
frequency at the input port (PLL2 OSCin/OSCin*) is 250 MHz. Operating at highest possible phase detector rate
will ensure low in-band phase noise for PLL2 which in turn produces lower total jitter, as the in-band phase noise
from the reference input and PLL are proportional to N2

PLL2 Frequency Doubler

The PLL2 reference input at the OSCin port may be optionally routed through a frequency doubler function rather
than through the PLL2_R counter. The maximum phase comparison frequency of the PLL2 phase detector is 100
MHz, so the input to the frequency doubler is limited to a maximum of 50 MHz. The frequency doubler feature
allows the phase comparison frequency to be increased when a relative low frequency oscillator is driving the
OSCin port. By doubling the PLL2 phase comparison frequency, the in-band PLL2 noise is reduced by about 3
dB.

Inputs / Outputs

PLL1 Reference Inputs (CLKinO / CLKin0*, CLKinl1/ CLKin1¥*)

The reference clock inputs for PLL1 may be selected from either CLKinO and CLKinl. The user has the capability
to manually select one of the two inputs or to configure an automatic switching mode operation. A detailed
description of this function is described in the uWire programming section of this data sheet.

PLL2 OSCin / OSCin* Port

The feedback from the external oscillator being locked with PLL1 is injected to the PLL2 OSCin/OSCin* pins.
This input may be driven with either a single- ended or differential signal. If operated in single ended mode, the
unused input should be tied to GND with a 0.1 pF capacitor. Either AC or DC coupling is acceptable. Internal to
the chip, this signal is routed to the PLL1_N Counter and to the reference input for PLL2. The internal circuitry of
the OSCin port also supports the optional implementation of a crystal based oscillator circuit. A crystal, varactor
diode and a small number of other external components may be used to implement the oscillator. The internal
oscillator circuit is enabled by setting the EN_PLL2 XTAL bit.

CPoutl / CPout2

The CPoutl pin provides the charge pump current output to drive the loop filter for PLL1. This loop filter should
be configured so that the total loop bandwidth for PLL1 is less than 200 Hz. When combined with an external
oscillator that has low phase noise at offsets close to the carrier, PLL1 generates a reference for PLL2 that is
frequency locked to the PLL1 reference clock but has the phase noise performance of the oscillator. The CPout2
pin provides the charge pump current output to drive the loop filter for PLL2. This loop filter should be configured
so that the total loop bandwidth for PLL2 is in the range of 50 kHz to 200 kHz. See the section on uWire device
control for a description of the charge pump current gain control.
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Fout

The buffered output of the internal VCO is available at the Fout pin. This is a single-ended output (sinusoid).
Each time the PLL2_N counter value is updated via the uWire interface, an internal algorithm is triggered that
optimizes the VCO performance.

Digital Lock Detect 1 Bypass

The VCO coarse tuning algorithm requires a stable OSCin clock (reference clock to PLL2) to frequency calibrate
the internal VCO correctly. In order to ensure a stable OSCin clock, the first PLL must achieve lock status. A
digital lock detect is used in PLL1 to monitor its lock status. After lock is achieved by PLL1, the coarse tuning
circuitry is enabled and frequency calibration for the internal VCO begins.

The (DLD_BYP) pin is provided to allow an external bypass cap to be connected to the digital lock detect 1. This
capacitor will eliminate potential glitches at initial startup of PLL1 due to unknown phase relationships between
the Ncntrl and Rentrl.

Bias
Proper bypassing of this pin by a 1 pF capacitor connected to V¢ is important for low noise performance.

General Programming Information

LMKO040xx devices are programmed using several 32-bit registers. Each register consists of a 4-bit address field
and 28-bit data field. The address field is formed by bits 0 through 3 (LSBs) and the data field is formed by bits 4
through 31 (MSBs). The contents of each register are clocked in MSB first (bit 31), and the LSB (bit 0) last.
During programming, the LE signal should be held LOW. The serial data is clocked in on the rising edge of the
CLK signal. After the LSB (bit 0) is clocked in the LE signal should be toggled LOW-to-HIGH-to-LOW to latch the
contents into the register selected in the address field. Registers R0-R4, R7, and R8-R15 must be programmed
in order to achieve proper device operation. Figure 12 illustrates the serial data timing sequence.

DATAuWre _( D27 one X o X oze X 022 X'_ :X o X s X e N m X a0 XXW
5 LU Ly

CLKuWire

| —etCsie— I e !

—» fcES = ' ! —itCHi - 'tCWL . ! lES L
— ' 1 1
LEuWire
..... I'.
— IEWH lg—
|

Figure 12. uWire Timing Diagram

To achieve proper frequency calibration, the OSCin port must be driven with a valid signal before programming
Register 15. Changes to PLL2_R Counter or the OSCin port signal require Register 15 to be reloaded in order to
activate the frequency calibration process.

Recommended Programming Sequence

The recommended programming sequence involves programming R7 with the reset bit set to 1 (Reg. 7, bit 4) to
ensure the device is in a default state. If R7 is programmed again, the reset bit should be set to 0. Registers are
programmed in order with R15 being the last register programmed. An example programming sequence is
shown below:
* Program R7 with the RESET bit = 1 (b4 = 1). This ensures that the device is configured with default settings.
When RESET = 1, all other R7 bits are ignored.
— - If R7 is programmed again during the initial configuration of the device, the RESET bit should be cleared
(b4 = 0)
 Program RO through R4 as necessary to configure the clock outputs as desired. These registers configure
clock channel functions such as the channel multiplexer output selection, divide value, delay value, and
enable/disable bit.
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* Program R5 and R6 with the default values shown in the register map on the following pages.
e Program R7 with RESET = 0.
» Program R8 through R10 with the default values shown in the register map on the following pages.
* Program R11 to configure the reference clock inputs (CLKinO and CLKin1).
— -type, LOS timeout, LOS type, and mode (manual or auto-switching)
» Program R12 to configure PLL1.
— - Charge pump gain, polarity, R counter and N counter

e Program R13 through R15 to configure PLL2 parameters, crystal mode options, and certain globally asserted
functions.

The following table provides the register map for device programming:
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Table 3. Register Map 31-16

Register | 31 30 29 28 27 2% | 25 | 24 | 23 | 2 21 20 19 18 17 16
Data [31:16]
CLKoutO
RO 0 0 0 0 0 0 0 1 | PECL_| o0 0 0 0 CLKouto_Mux | EN-CLK
LVL out0
CLKoutl
e1 0 0 0 o 0 0 0 1 “PECL | CLKOUIB_STATE | CLKOUA_STATE | oo yux o] | EN-CLK
[1:0] [1:0] outl
LVL
CLKout2
=2 0 0 0 o 0 0 o 1 “PECL | CLKOUZB_STATE | CLKOUt2A_STATE | ¢\ oo yux (107 | EN-CLK
[1:0] [1:0] out2
LVL
CLKout3
R3 0 0 0 o 0 0 0 1 “PECL | CLKOUSB_STATE | CLKOUIBA_STATE | o\ oo yux (107 | EN-CLK
[1:0] [1:0] out3
LVL
CLKout4
R4 0 0 0 0 0 0 0 1 _PECL_ 0 0 0 0 | CLKoutd MUX [1:0] | EN-CLK
out4
LVL
R5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R6 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
R7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R9 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0
RC_DLD
R10 0 0 L Star 0 0 0 0 1 0 1 0 1 0 0 0 0
R11 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 1
Ri2 | PLLLC PLLL_CP_GAIN [2:0] PLLL_R Counter [11:0]
P_POL
R13 0 0 0 0 1 0 1 0 0 0 EN_PLL | N Fout| 0 E‘L\::g'lz’lg PD%VVﬁ'F’Q ENﬁEPI;Z_
2_XTAL - al, default = —x
default=1 0
R14 0 0 0 0SCin_FREQ [7:0] PLL_MUX [4:0]
R15 0 0 0 1 PLLZ—[‘;‘;]—GA'N VCO_DIV [3:0] PLL2_N Counter [17:0]
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Register Map 15-0

Register | 15 14 13 | 122 | 1 | 10 | o | 8 7 6 | 5 | a4 3 2 1 0
Data [15:4] A3 A2 Al AO
RO CLKoutO_DIV [7:0] CLKoutO_DLY [3:0] 0 0 0 0
R1 CLKoutl_DIV [7:0] CLKoutl_DLY [3:0] 0 0 0 1
R2 CLKout2_DIV [7:0] CLKout2_DLY [3:0] 0 0 1 0
R3 CLKout3_DIV [7:0] CLKout3_DLY [3:0] 0 0 1 1
R4 CLKout4 DIV [7:0] CLKout4_DLY [3:0] 0 1 0 0
R5 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
R6 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 0
R7 0 0 0 0 0 0 0 0 0 0 0 RESET 0 1 1 1
R8 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
R9 0 0 1 0 1 0 1 0 0 0 0 0 1 0 0 1
R10 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
CLKin1_ | CLKinO_
R11 0 0 0 0 BUFTYP | BUFTYP | LOS_TIMEOUT [1:0]| LOS_TYPE [1:0] CLKin_SEL [1:0] 1 0 1 1
E E
R12 PLL1_N Counter [11:0] 1 1 0 0
PLL2 CP | PLL1 CP
R13 TRI- TRI- PLL2_R4 LF [2:0] PLL2_R3_LF [2:0] PLL2_C3 _C4 LF [3:0] 1 1 0 1
STATE STATE
R14 PLL2_R Counter [11:0] 1
R15 PLL2_N Counter [17:0] 1
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Default Device Register Settings After Power On/Reset

Table 4 illustrates the default register settings programmed in silicon for the LMK040xx after power on or
asserting the reset bit.

Table 4. Default Device Register Settings after Power On/Reset

Field Name Default Default State Field Description Register Bit Location
Value (MSB:LSB)
(decimal)
CLKoutX_PECL_LVL 0 2VPECL disabled | This bit sets LVPECL clock level. Valid when RO to R4 23
the clock channel is configured as
LVPECL/2VPECL; otherwise, not relevant.
CLKoutXB_STATE 0 Inverted This field sets the state of output B of an R1to R3 22:21
LVCMOS Clock channel.
CLKoutXA_STATE 1 Non-Inverted This field sets the state of output A of an R1to R3 20:19
LVCMOS Clock channel.
EN_CLKoutX 0 OFF Clock Channel enable bit. Note: The state of RO to R4 16
CLKout2 is ON by default.
Reserved Registers O] @ R5,R6,R8 NA
R9,R10
RC_DLD1_Start 1 Enabled Forces the VCO tuning algorithm state R10 29
machine to wait until PLL1 is locked.
CLKin1_BUFTYPE MOS mode CLKin1 Input Buffer Type R11 11
CLKin0O_BUFTYPE MOS mode CLKinO Input Buffer Type R11 10
LOS_TIMEOUT 1 3 MHz (min.) Selects Lower Reference Clock input R11 9:8
frequency for LOS Detection.
LOS_TYPE CMOS Selects LOS output type @ R11 7:6
CLKin_SEL CLKin0 Selects Reference Clock source R11 5:4
PLL1 CP Polarity 1 Positive polarity | Selects the charge pump output polarity, i.e., R12 31
the tuning slope of the external VCXO
PLL1_CP_GAIN 6 100 pA Sets the PLL1 Charge Pump Gain R12 30:28
PLL1_R Counter 1 Divide =1 Sets divide value for PLL1_R Counter R12 27:16
PLL1_N Counter 1 Divide =1 Sets divide value for PLL1_N Counter R12 15:4
EN_PLL2_REF2X 0 Disabled Enables or disables the OSCin frequency R13 16
doubler path for the PLL2 reference input
EN_PLL2_XTAL 0 OFF Enables or Disables internal circuits that R13 21
support an external crystal driving the OSCin
pins
EN_Fout OFF Enables or disables the VCO output buffer R13 20
CLK Global Enable Enabled Global enable or disable for output clocks R13 18
POWER DOWN 0 Disabled (device is | Device power down control R13 17
active)
PLL2 CP TRI-STATE 0 TRI-STATE Enables or disables TRI-STATE for PLL2 R13 15
disabled Charge Pump
PLL1 CP TRI-STATE 0 TRI-STATE Enables or disables TRI-STATE for PLL1 R13 14
disabled Charge Pump
OSCin_FREQ 200 200 MHz Source frequency driving OSCin port R14 28:21
PLL_MUX 31 Reserved Selects output routed to LD pin R14 20:16
PLL2_R Counter 1 Divide =1 Sets Divide value for PLL2_R Counter R14 15:4
PLL2_CP_GAIN 2 1600 pA Sets PLL2 Charge Pump Gain R15 27:26
VCO_DIV 2 Divide = 2 Sets divide value for VCO output divider R15 25:22
PLL2_N Counter 1 Divide =1 Sets PLL2_N Counter value R15 21:4

(1) These registers are reserved. The Power On/Reset values for these registers are shown in the register map and should not be changed
during programming.
(2) If the CLKin_SEL value is set to either [0,0] or [0,1], the LOS_TYPE field should be set to [0,0].
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Register RO To R4

Registers RO through R4 control the five clock outputs. Register RO controls CLKoutO, Register R1 controls
CLKoutl, and so on. Aside from this, the functions of the bits in these registers are identical. The X in
CLKoutX_MUX, CLKoutX_DIV, CLKoutX_ DLY, and CLKoutX EN denote the actual clock output which may be
from O to 4.

CLKoutX_DIV: Clock Channel Divide Registers

Each of the five clock output channels (0 though 4) has a dedicated 8-bit divider followed by a fixed divide by 2
that is used to generate even integer related versions of the distribution path clock frequency (VCO Divider
output). If the VCO Divider value is even then the Channel Divider may be bypassed (See CLK Output Mux),
giving an effective divisor of 1 while preserving a 50% duty cycle output waveform.

Table 5. CLKoutX_DIV: Clock Channel Divide Values

CLKoutX_DIV [ 7:0] Total Divide Value
b7 b6 b5 b4 b3 b2 b1l b0
0 0 0 0 0 0 0 0 invalid
0 0 0 0 0 0 0 1 2
0 0 0 0 0 0 1 0 4
0 0 0 0 0 0 1 1 6
0 0 0 0 0 1 0 0 8
0 0 0 0 0 1 0 1 10
1 1 1 1 1 1 1 1 510

EN_CLKoutX: Clock Channel Output Enable

Each Clock Output Channel may be either enabled or disabled via the Clock Output Enable control bits. Each
output enable control bit is gated with the Global Output Enable input pin (GOE) and Global Output Enable bit
(EN_CLKout_Global). The GOE pin provides an internal pull-up so that if it is unterminated externally, the clock
output states are determined by the Clock Output Enable Register bits. All clock outputs can be set to the low
state simultaneously if the GOE pin is pulled low by an external signal. If EN_CLKout_Global is programmed to 0
all outputs are turned off. If both GOE and EN_CLKout_Global are low the clock outputs are turned off.

Table 6. EN_CLKoutX: Clock Channel Output Enable Control Bits

BIT NAME BIT=1 BIT=0 DEFAULT
EN_CLKout0 ON OFF OFF
EN_CLKoutl ON OFF OFF
EN_CLKout2 ON OFF ON
EN_CLKout3 ON OFF OFF
EN_CLKout4 ON OFF OFF

EN_CLKout_Global According to in(_jividual channel All EN_CLKout X = OFF
settings

Note the default state of CLKout2 is ON after power on or RESET assertion. The nominal frequency is 62 MHz
(LMKO040x1) or 81 MHz (LMKO040x3). This is based on a channel divide value of 12 and default VCO_DIV value
of 2. If an active CLKout2 at power on is inappropriate for the user’s application, the following method can be
employed to shut off CLKout2 during system initialization:

When the device is powered on, holding the GOE pin LOW will disable all clock outputs. The device can be
programmed while the GOE is held LOW. The state of CLKout2 can be altered during device programming
according to the user’s specific application needs. After device configuration is complete, the GOE pin should
be set HIGH to enable the active clock channels.
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CLKoutX_DLY: Clock Channel Phase Delay Adjustment

Each output channel has an output delay register that can be used to introduce a lag relative to the distribution
path frequency (VCO Divider output). These registers support a 150 ps stepsize and range from 0 to 2.25 ns of
total delay. When the channel phase delay registers are enabled, a nominal fixed delay of 300 ps of delay is
incurred in addition to the programmed delay. The Channel Phase Delay Adjustment Registers are 4 bits wide
and are programmed as follows:

Table 7. CLKoutX_DLY: Clock Channel Delay Control Bit Values

CLKoutX _DLY [3:0] DELAY (ps)

b3 b2 bl b0

0 0 0 0 0
0 0 0 1 150
0 0 1 0 300
0 0 1 1 450
0 1 0 0 600
0 1 0 1 750
0 1 1 0 900
0 1 1 1 1050
1 0 0 0 1200
1 0 0 1 1350
1 0 1 0 1500
1 0 1 1 1650
1 1 0 0 1800
1 1 0 1 1950
1 1 1 0 2100
1 1 1 1 2250

CLKoutX/CLKoutX* LVCMOS Mode Control

For clock outputs that are configured as LVCMOS, the LVCMOS CLKoutX/CLKoutX* outputs can be
independently configured by uWire CLKoutXA_STATE and CLKoutXB_STATE bits. The following choices are
available for LVCMOS outputs:

Table 8. CLKoutXA_STATE, CLKoutXB_STATE Control Bits for LVCMOS Modes

CLKoutXA_STATE CLKoutXB_STATE LVCMOS Modes
bl b0 bl b0
0 0 0 0 Inverted
0 1 0 1 Normal
1 0 1 0 Low
1 1 1 1 TRI-STATE

CLKoutX/CLKoutX* LVPECL Mode Control

Clock outputs designated as LVPECL can be configured in one of two possible output levels. The default mode
is the common LVPECL swing of 800 mVp-p single-ended (1.6 Vp-p differential). A second mode, 2VPECL, can
be enabled in which the swing is increased to 1000 mVp-p single-ended (2 Vp-p differential).

Table 9. LVPECL Output Format Control

CLKoutX_PECL_LVL Output Format
0 LVPECL (800 mVpp)
1 2VPECL (1000 mVpp)
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CLKoutX_MUX: Clock Output Mux

The output of each CLKoutX channel pair is controlled by its' channel multiplexer (mux). The mux can select
between several signals: bypassed, divided only, divided and delayed, or delayed only.

Table 10. CLKoutX_MUX: Clock Channel Multiplexer Control Bits

CLKout_MUX [1:0] Clock Mode
bl b0
0 0 Bypassed
0 1 Divided
1 0 Delayed
1 1 Divided and Delayed

Registers 5, 6

These registers are reserved. These register values should not be modified from the values shown in the register
map.

Register 7

Reset bit

This bit is only in register R7. The use of this bit is optional and it should be set to ‘0" if not used. Setting this bit
to a '1' forces all registers to their power on reset condition and therefore automatically clears this bit.

Registers 8, 9

These registers are reserved. These register values should not be modified from the values shown in the register
map.

Register 10

RC_DLD1_Start: PLL1 Digital Lock Detect Run Control bit

This bit is used to control the state machine for the PLL2 VCO tuning algorithm. The following table describes the
function of this bit.

Table 11. RC_DLD1_Start bit States

RC_DLD1_Start Description
1 The PLL2 VCO tuning algorithm trigger is delayed until PLL1 Digital Lock Detect is valid.
0 The PLL2 VCO tuning algorithm runs immediately after any PLL2_N counter update, despite the state of PLL1
Digital Lock Detect.

If the user is unsure of the state of the reference clock input at startup of the LMKO040xx device, setting
RC_DLD1_Start = 0 will allow PLL2 to tune and lock the internal VCO to the oscillator attached to the OSCin
port. This ensures that the active clock outputs will start up at frequencies close to their desired values. The error
in clock output frequency will depend on the open loop accuracy of the oscillator driving the OSCin port. The
frequency of an active clock output is normally given by:

Foscin

Few= 1 * (VCO_DIV « CLK_DIV)

If the open loop frequency accuracy of the external oscillator (either a VCXO or crystal based oscillator) is "X"
ppm, then the error in the output clock frequency (Fc k error) will be:

X * Foscin

F -—
CLK ETOT="2"* (VCO_DIV « CLK_DIV)
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Setting this bit to 0 does not prevent PLL1 from locking the external oscillator to the reference clock input after
the latter input becomes valid.

Register 11

CLKinX_BUFTYPE: PLL1 CLKinX/CLKinX* Buffer Mode Control

The user may choose between one of two input buffer modes for the PLL1 reference clock inputs: either bipolar
junction differential or MOS. Both CLKinX and CLKinX* input pins must be AC coupled when driven differentially.
In single ended mode, the CLKinX* pin must be coupled to ground through a capacitor. The active CLKinX buffer
mode is selected by the CLKinX_TYPE bits programmed via the uWire interface.

Table 12. PLL1 CLKinX_BUFTYPE Mode Control Bits

bl b0 CLKinl1_TYPE CLKinO_TYPE
0 0 BJT Differential BJT Differential
0 1 BJT Differential MOS
1 0 MOS BJT Differential
1 1 MOS MOS

CLKin_SEL: PLL1 Reference Clock Selection and Revertive Mode Control Bits

This register allows the user to set the reference clock input that is used to lock PLL1, or to select an auto-
switching mode. The automatic switching modes are revertive or non-revertive. In either revertive or non-
revertive mode, CLKinO is the initial default reference source for the auto-switching mode. When revertive mode
is active, the switching control logic will always select CLKinO as the reference if it is active, otherwise it selects
CLKinl1. When non-revertive mode is active, the switching logic will only switch the reference input if the currently
selected input fails.

Table 13 illustrates the control modes. Modes [1,0] and [1,1] are the auto-switching modes. The behavior of both
modes is tied to the state of the LOS signals for the respective reference clock inputs.

If the reference clock inputs are active prior to configuration of the device, then the normal programming
sequence described under General Programming Information can be used without modification. If it cannot be
guaranteed that the reference clocks are active prior to device programming, then the device programming
sequence should be modified in order to ensure that CLKiInO is selected as the default. Under this scenario, the
device should be programmed as described in General Programming Information, with CLKin_SEL bits
programmed to [0,0] in register R11. The other R11 fields for clock type and LOS timeout should be programmed
with the appropriate values for the given application. After the reference clock inputs have started, register R11
should be programmed a second time with the CLKin_SEL field modified to the set the desired mode. The clock
type field and LOS field values should remain the same.

Table 13. CLKin_SEL: Reference Clock Selection Bits

CLKin_SEL [1:0] Function
b1l b0
0 0 Force CLKinO / CLKinO* as PLL1 reference
Force CLKinl / CLKin1* as PLL1 reference

Non-revertive. Auto-switching. CLKinO is the default reference clock. If CLKinO fails, CLKin1
is automatically selected if active. If CLKinO restarts, CLKin1 remains as the selected
reference clock unless it fails, then CLKinO is re-selected.

Revertive. Auto-switching. CLKinO is the preferred reference clock and is selected when
active.

CLKinX_LOS

The CLKin0_LOS and CLKin1_LOS pins indicate the state of the respective PLL1 CLKinX reference input when
the CLKin_SEL bits are set set to either [1,0] or [1,1]. The detection logic that determines the state of the
reference inputs is sensitive to the frequency of the reference inputs and must be configured to operate with the
appropriate frequency range of the reference inputs, as described in the next section.
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PLL1 Reference Clock LOS Timeout Control

This register is used to tune the LOS timeout based upon the frequency of the reference clock input(s). The
register value controls the timeout setting for both CLKin0 and CLKinl. The value programmed in the
LOS_TIMEOUT register represents the minimum input frequency for which loss of signal can be detected. For
example, if the reference input frequency is 12.288 MHz, then either register values (0,0) or (0,1) will result in
valid loss of signal detection. If the reference input frequency is 1 MHz, then only the register value (0,0) will
result in valid detection of signal loss.

Table 14. Reference Clock LOS Timeout Control Bits

bl b0 Corresponding Minimum Input Frequency
0 0 1 MHz
0 1 3.0 MHz
1 0 13 MHz
1 1 32 MHz

LOS Output Type Control

The output format of the LOS pins may be selected as active CMOS, open drain NMOS and open drain PMOS,
as shown in the following table.

Table 15. Loss of Signal (LOS) Output Pin Format Type

LOS_TYPE [1:0] Functional Description
b1l b0
0 0 Reserved
0 1 NMOS open drain
1 0 PMOS open drain
1 1 Active CMOS

The LOS output signal is valid only when CLKin_SEL bits are set to either [1,0] or [1,1]. If the CLKin_SEL field is
programmed to either of the fixed inputs, [0,0] or [0,1], the LOS_TYPE bits should be set to [0,0].

Register 12

PLL1_N: PLL1_N Counter

The size of the PLL1_N counter is 12 bits. This counter will support a maximum divide ratio of 4095 and
minimum divide ratio of 1. The 12 bit resolution is sufficient to support minimum phase detector frequency
resolution of approximately 50 kHz when the VCXO frequency is 200 MHz.

For a 200 MHz external VCXO, the minimum phase detector rate will be PDmin = 200 MHz/4095 = 48.84 kHz

Table 16. PLL1_N Counter Values

N [17:0] VALUE
b11 b10 b6 b5 b4 b3 b2 bl b0
0 Not Valid
1
0 2
1 1 1 4095
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PLL1_R: PLL1_R Counter

The size of the PLL1 R counter is 12 bits. This counter will support a maximum divide ratio of 4095 and
minimum divide ratio of 1.

Table 17. PLL1_R Counter Values

R [11:0] VALUE
b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl b0
0 0 0 0 0 0 0 0 0 0 0 0 Not Valid
0 0 0 0 0 0 0 0 0 0 0 1 1
1 1 1 1 1 1 1 1 1 1 1 1 4095

PLL1 Charge Pump Current Gain (PLL1_CP_GAIN) and Polarity Control (PLL1 _CP_POL)

The Loop Band Width (LBW) on PLL1 should be narrow to suppress the noise from the system or input clocks at
CLKinX/CLKinX* port. This configuration allows the noise of the external VCXO to dominate at low offset
frequencies. Given that the noise of the external VCXO is far superior than the noise of PLL1, this setting
produces a very clean reference clock to PLL2 at the OSCin port.

In order to achieve a LBW as low as 10 Hz at the supported VCXO frequency (1 MHz to 200 MHz), a range of
charge pump currents in PLL1 is provided. The table below shows the available current gains. A small charge
pump current is required to obtain a narrow LBW at high phase detector rate (small N value).

Table 18. PLL1 Charge Pump Current Selections (PLL1_CP_GAIN)

PLL1_CP_GAIN [2:0] PLL1 Charge Pump Current Magnitude (HA)

b2 bl b0

0 0 0 RESERVED

0 0 1 RESERVED

0 1 0 20

0 1 1 80

1 0 0 25

1 0 1 50

1 1 0 100

1 1 1 400

The PLL1_CP_POL bit sets the PLL1 charge pump for operation with a positive or negative slope VCO/VCXO. A
positive slope VCO/VCXO increases frequency with increased tuning voltage. A negative slope VCO/VCXO
increases frequency with decreased tuning voltage.

Table 19. PLL1 Charge Pump Polarity Control Bits (PLL1_CP_POL)

PLL1_CP_POL DESCRIPTION
0 Negative Slope VCO/VCXO
1 Positive Slope VCO/VCXO
Register 13

EN_PLL2 XTAL: Crystal Oscillator Option Enable

If an external crystal is being used to implement a discrete VCXO, the internal feedback amplifier must be
enabled in order to complete the oscillator circuit.
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Table 20. EN_PLL2 XTAL: External Crystal Option

EN_PLL2 XTAL Oscillator Amplifier State
0 OFF
1 ON

EN_Fout: Fout Power Down Bit
The EN_Fout bit allows the Fout port to be enabled or disabled. By default EN_Fout = 0.

CLK Global Enable: Clock Global enable bit

In addition to the external GOE pin, an internal Register 13 bit (b18) can be used to globally enable/disable the
clock outputs via the uWire programming interface. The default value is 1. When CLK Global Enable = 1, the
active output clocks are enabled. The active output clocks are disabled if this bit is 0.

POWERDOWN Bit -- Device Power Down

This bit can power down the entire device. Enabling this bit powers down the entire device and all functional
blocks, regardless of the state of any of the other bits or pins.

Table 21. Power Down Bit Values

POWERDOWN Bit Mode
0 Normal Operation
1 Entire device powered down

EN_PLL2 REF2X: PLL2 Frequency Doubler control bit

When Fggcin is below 50 MHz, the PLL2 frequency doubler can be enabled by setting EN_PLL2_REF2X = 1. The
default value is 0. When EN_PLL2_REF2X = 1, the signal at the OSCin port bypasses the PLL2_R counter and
is passed through a frequency doubler circuit. The output of this circuit is then input to the PLL2 phase
comparator block. This feature allows the phase comparison frequency to be increased for lower frequency
OSCin sources (< 50 MHz), and can be used with either VXCOs or crystals. For instance, when using a pullable
crystal of 12.288 MHz to drive the OSCin port, the PLL2 phase comparison frequency is 24.576 MHz when
EN_PLL2_REF2X = 1. A higher PLL phase comparison frequency reduces PLL2 in-band phase noise and RMS
jitter. The PLL in-band phase noise can be reduced by approximately 2 to 3 dB. The on-chip loop filter typically is
enabled to reduce PLL2 reference spurs when EN_PLL2 REF2X is enabled. Suggested values in this case are:
R3 =600 Q, C3 =50 pF, R4 = 10 kQ, C4 = 60 pF.

PLL2 Internal Loop Filter Component Values

Internal loop filter components are available for PLL2, enabling the user to implement either 3rd or 4th order loop
filters without requiring external components. The user may select from a fixed set of values for both the resistors
and capacitors. Internal loop filter resistance values for R3 and R4 can be set individually according to Table 22
and Table 23.

Table 22. PLL2 Internal Loop Filter Resistor Values, PLL2_R3 LF

PLL2_R3_LF[2:0] RESISTANCE
b2 b1l b0
0 0 0 <600 Q
0 0 1 10 kQ
0 1 0 20 kQ
0 1 1 30 kQ
1 0 0 40 kQ
1 0 1 Invalid
1 1 0 Invalid
1 1 1 Invalid
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Table 23. PLL2 Internal Loop Filter Resistor Values, PLL2 R4 LF

PLL2_R4_LF [2:0] RESISTANCE

b2 bl b0

0 0 0 <200 Q

0 0 1 10 kQ

0 1 0 20 kQ

0 1 1 30 kQ

1 0 0 40 kQ

1 0 1 Invalid

1 1 0 Invalid

1 1 1 Invalid

Internal loop filter capacitors for C3 and C4 can be set individually according to the following table.

Table 24. PLL2 Internal Loop Filter Capacitor Values

PLL2_C3_C4_LF [3:0] Loop Filter Capacitance(pF)
b3 b2 bl b0
0 0 0 0 C3=0,C4=10
0 0 0 1 C3=0,C4=60
0 0 1 0 C3=50,C4=10
0 0 1 1 C3=0,C4=110
0 1 0 0 C3=50,C4 =110
0 1 0 1 C3 =100, C4 =110
0 1 1 0 C3=0,C4=160
0 1 1 1 C3 =50, C4 =160
1 0 0 0 C3 =100, C4=10
1 0 0 1 C3 =100, C4 =60
1 0 1 0 C3 =150, C4 =110
1 0 1 1 C3 =150, C4 =60
1 1 0 0 Reserved
1 1 0 1 Reserved
1 1 1 0 Reserved
1 1 1 1 Reserved

PLL1 CP TRI-STATE and PLL2 CP TRI-STATE

The charge pump output of either CPoutl or CPout2 may be placed in a TRI-STATE mode by setting the
appropriate PLLx CP TRI-STATE bit.

Table 25. PLL1 Charge Pump TRI-STATE bit values

PLL1 CP TRI-STATE

Description

1

PLL1 CPoutl is at TRI-STATE

0

PLL1 CPoutl is active

Table 26. PLL2 Charge Pump TRI-STATE bit values

PLL2 CP TRI-STATE

Description

1

PLL2 CPout2 is at TRI-STATE

0

PLL2 CPout2 is active
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Register 14

OSCin_FREQ: PLL2 Oscillator Input Frequency Register

The frequency of the PLL2 reference input to the PLL2 Phase Detector (OSCin/OSCin* port) must be
programmed in order to support proper operation of the internal VCO tuning algorithm. This is an 8-bit register
that sets the frequency to the nearest 1-MHz increment.

Table 27. OSCin_FREQ Register Values

OSCin_FREQ [7:0] VALUE
b7 b6 b5 b4 b3 b2 bl b0

0 0 0 Not Valid

0 0 1 1 MHz

0 1 0 2 MHz
1 1 0 1 0 250 MHz
0 0 1 0 0 1 Not Valid
1 1 1 1 1 1 1 1 Not Valid

PLL2_R: PLL2_R Counter

The PLL2 R Counter is 12 bits wide. It divides the PLL2 OSCin/OSCin* clock and is connected to the PLL2
Phase Detector.

Table 28. PLL2_R: PLL2_R Counter Values

R [11:0] VALUE
b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 bl bo
0 0 0 0 0 0 0 0 0 0 0 0 Not Valid
0 0 0 0 0 0 0 0 0 0 0 1 1
1 1 1 1 1 1 1 1 1 1 1 1 4095

PLL_MUX: LD Pin Selectable Output

The signal appearing on the LD pin is programmable via the uWire interface and provides access to several
internal signals which may be valuable for either status monitoring during normal operation or for debugging
during the hardware development phase. This pin may be forced to either a HIGH or LOW state, and may also
be configured as specified in Table 29.
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Table 29. PLL_MUX: LD Pin Selectable Outputs
PLL_MUX [4:0] LD Output
b4 b3 b2 bl b0
Hiz
Logic High
Logic Low

PLL2 Digital Lock Detect Active High

PLL2 Digital Lock Detect Active Low

PLL2 Analog Lock Detect Push Pull

PLL2 Analog Lock Detect Open Drain NMOS

PLL2 Analog Lock Detect Open Drain PMOS

Reserved

PLL2_N Divider Output / 2

Reserved

PLL2_R Divider Output / 2

Reserved

Reserved

PLL1 Digital Lock Detect Active HIGH

PLL1 Digital Lock Detect Active LOW

Reserved

Reserved

Reserved

Reserved

PLL1_N Divider Output / 2

Reserved

PLL1_R Divider Output / 2

PLL1 and PLL2 Digital Lock Detect

Inverted PLL1 and PLL2 Digital Lock Detect

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Prlrlrlkrlkr|kr|Pr|Pr|Pr|Pr|P|P|P|P|P|r|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o

Rrlkr|kr|kPr|P|P|Pr|kr|lo|lo|lo|o|o|o|o|o|r|r|kr|FP|kR|kr|kR|kr|Oo|o|o|o|o|o|o|o
Pk |kr|kr|lo|jo|jo|lo|r|kr|kr|r|o|o|o|o|r|r|r|kr|lo|lo|lo|o|r|r|r|r|o|jo|o|o
Pr|kr|lo|lo|r|kr|lo|lo|lrkr|kr|lo|o|r|r|o|lo|r|r|lo|jlo|r|kr|lo|o|r|r|o|o|r|r|o|o
r|lo|r|lo|r|lolr|lo|lr|lo|lr|o|r|o|r|o|r|o|lr|lo|lr|lo|lr|o|lr|o|r|o|r|o|r|o

Reserved
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Register 15

PLL2_N: PLL2_N Counter

The PLL2_N Counter is 18 bits wide. It divides the output of the VCO Divider and is connected to the PLL2
Phase Detector. Each time the PLL2_N Counter value is updated via the uWire interface, an internal algorithm is
triggered that optimizes the VCO performance.

Table 30. PLL2_N: PLL2_N Counter Values

N [17:0] VALUE
b17 b16 b6 b5 b4 b3 b2 b1l b0
0 Not Valid
1
2
1 1 1 1 1 1 1 1 1 262143

PLL2_CP_GAIN: PLL2 Charge Pump Current and Output Control

The PLL2 charge pump output current level is controlled with the PLL2_CP_GAIN register. The following table
presents the charge pump current control values.

Table 31. PLL2_CP_GAIN: PLL2 Charge Pump Current Selections

PLL2_CP_GAIN [1:0] CP_TRI Charge Pump Current (pnA)
b1l b0
X X 1 Hi-Z
0 0 0 100
0 1 0 400
1 0 0 1600
1 1 0 3200

VCO_DIV: PLL2 VCO Divide Register

A divider is provided on the output of the PLL2 VCO to enable a wide range of output clock frequencies. The
output of this divider is placed on the input path for the clock distribution section, which feeds each of the
individual clock channels. The divider provides integer divide ratios from 2 to 8.

Table 32. VCO_DIV: PLL2 VCO Divider Values

VCO_DIV [3:0] Divide Value

b3 b2 bl b0

0 0 0 0 Invalid

0 0 0 1 Invalid

0 0 1 0 2

0 0 1 1 3

0 1 0 0 4

0 1 0 1 5

0 1 1 0 6

0 1 1 1 7

1 0 0 0 8
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APPLICATION INFORMATION

System Level Diagram
The following diagram illustrates the typical interconnection of the LMKO040xx in a clocking application.
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Figure 13. Typical Application

Figure 13 shows an LMK04000 family device with external circuitry. The primary reference clock input is at
CLKin0/0*. A secondary reference clock is driving CLKin1/1*. Both clocks are depicted as AC coupled differential
drivers. The VCXO attached to the OSCin/OSCin* port is configured as an AC coupled single-ended driver. Any
of the input ports (CLKin0/0*, CLKin1/1*, or OSCin/OSCin*) may be configured as either differential or single-
ended. These options are discussed later in the data sheet.

The diagram shows an optional connection between the LD pin and GOE. With this arrangement, the LD pin can
be programmed to output a lock detect signal that is active HIGH (see Table 29 for optional LD pin outputs). If
lock is lost, the LD pin will transition to a LOW, pulling GOE low and causing all clock outputs to be disabled.
This scheme should be used only if disabling the clock outputs is desirable when lock is lost.
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The loop filter for PLL2 consists of three external components that implement two lower order poles, plus optional
internal integrated components if 3rd or 4th order poles are needed. The loop filter components for PLL1 must be
external components.

The VCO output buffer signal that appears at the Fout pin when enabled (EN_Fout = 1) should be AC coupled
using a 100 pF capacitor. This output is a single-ended signal by default. If a differential signal is required, a 50
Q balun may be connected to this pin to convert it to differential.

The clock outputs are all AC coupled with 0.1 pF capacitors. CLKoutl and CLKout3 are depicted as LVPECL,
with 120 Q emitter resistors as source termination. However, the output format of the clock channels will vary by
device part number, so the designer should use the appropriate source termination for each channel. Later
sections of this data sheet illustrate alternative methods for AC coupling, DC coupling and terminating the clock
outputs.

LDO Bypass And Bias Pin

The LDObypl and LDObyp2 pins should be connected to GND through external capacitors, as shown in the
diagram. Furthermore, the Bias pin should be connected to V¢ through a 1 uF capacitor in series.

Loop Filter

Each PLL of the LMKO04000 family requires a dedicated loop filter. The loop filter for PLL1 must be connected to
the CPoutl pin. Figure 14 shows a simple 2-pole loop filter. The output of the filter drives an external VCXO
module or discrete implementation of a VCXO using a crystal resonator. Higher order loop filters may be
implemented using additional external R and C components. It is recommended the loop filter for PLL1 result in a
total closed loop bandwidth in the range of 10 Hz to 200 Hz. The design of the loop filter is application specific
and highly dependent on parameters such as the phase noise of the reference clock, VCXO phase noise, and
phase detector frequency for PLL1. National's Clock Conditioner Owner’'s Manual covers this topic in detail and
National's Clock Design Tool can be used to simulate loop filter designs for both PLLs. These resources may be
found: http://www.national.com/timing/.

As shown in the diagram, the charge pump for PLL2 is directly connected to the optional internal loop filter
components, which are normally used only if either a third or fourth pole is needed. The first and second poles
are implemented with external components. The loop must be designed to be stable over the entire application-
specific tuning range of the VCO. The designer should note the range of Kyco listed in the table of Electrical
Characteristics and how this value can change over the expected range of VCO tuning frequencies. Because
loop bandwidth is directly proportional to Kycq, the designer should model and simulate the loop at the expected
extremes of the desired tuning range, using the appropriate values for Kyco.

When designing with the integrated loop filter of the LMKO04000 family, considerations for minimum resistor
thermal noise often lead one to the decision to design for the minimum value for integrated resistors, R3 and R4.
Both the integrated loop filter resistors and capacitors (C3 and C4) also restrict the maximum loop bandwidth.
However, these integrated components do have the advantage that they are closer to the VCO and can therefore
filter out some noise and spurs better than external components. For this reason, a common strategy is to
minimize the internal loop filter resistors and then design for the largest internal capacitor values that permit a
wide enough loop bandwidth. In situations where spurs requirements are very stringent and there is margin on
phase noise, it might make sense to design for a loop filter with integrated resistor values larger than their
minimum value.
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Figure 14. Loop Filter

Table 33. Typical Current Consumption for Selected Functional Blocks

Power
Typical Icc Power Dissipated in
- (Temp = 25 °C, Dissipated in LVPECL/2VPECL
Block Condition Ve = 3.3 V) device Emitter
(mA) (mw) Resistors
(mw)
Entire device Single input clock (CLKIN_SEL = 0 or 1); LOS disabled;
core current ' PLL1 and PLL2 locked; All CLKouts are off; No LVPECL 115 380 -
emitter resistors connected
REFMUX Enable auto-switch mode (CLKIN_SEL = 2 or 3) 4.3 14 -
LOS Enable LOS (LOS_TYPE =1, or 2, or 3) 3.6 12 -
Low Channel The low channel internal buffer is enabled when CLKoutO is
10 33 -
Internal Buffer enabled
High Channel The high channel internal buffer is enabled when one of 10 33 )
Internal Buffer CLKoutl through CLKout4 is enabled
Divider bypassed (CLKout_MUX =0, 2) 0 0 -
Divide circuitry — 4._ ~
per output Divider enabled, divide = 2 (CLKout_MUX =1, 3) 5.3 17 -
Divider enabled, divide > 2 (CLKout_MUX =1, 3) 8.5 28 -
o Delay bypassed (CLKout_MUX =0, 1) 0 0 -
Eft'gztc'm“'”y PET | Delay enabled, delay < 8 (CLKout_ MUX = 2, 3) 5.8 19 -
Delay enabled, delay > 7 (CLKout_MUX = 2, 3) 9.9 33 -
Fout Buffer EN_Fout=1 145 48 -
LVDS Buffer LVDS buffer, enabled 19.3 64 -
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Table 33. Typical Current Consumption for Selected Functional Blocks (continued)

Power
Typical Icc Power Dissipated in
" (Temp = 25 °C, Dissipated in | LVPECL/2VPECL
Block Condition Ve =33 V) device Emitter
(mA) (mw) Resistors
(mw)
LVPECL/2VPECL buffer (enabled and with 120 Q emitter
. 40 82 50
resistors)
LVPECL/2VPECL [ \/pECL/2vPECL buffer (disabled and with 120 Q emitter
Buffer ] 21.7 47 25
resistors)
LVPECL/2VPECL (disabled and with no emitter resistors) 0 0
LVCMOS buffer static Icc, C. =5 pF 4.5 15
LVCMOS Buffer -
1 LVCMOS buffer dynamic Icc, C. =5 pF, CLKout = 100
16 53
MHz
Entire device LMK0400x @ @ 379.5 1102 150
(Single input clock (2 (3
(CLKIN_SEL = 0 LMK0401x 377.5 996 250
or 1); LOS LMK0403x @
disabled; PLL1
and PLL2 locked;
Fout disabled; All
CLKouts are on: 337.1 1012 100
No delay); Divide
> 2 on each
output.

(1) Dynamic power dissipation of LVCMOS buffer varies with output frequency and can be found in the LVCMOS dynamic Icc vs frequency
plot, as shown in Typical Performance Characteristics. Total power dissipation of the LVCMOS buffer is the sum of static and dynamic
power dissipation. CLKoutXa and CLKoutXb are each considered an LVCMOS buffer.

(2) Assuming Thetad = 27.4 °C/W, the total power dissipated on chip must be less than 40/27.4 = 1450 mW to guarantee a junction
temperature is less than 125 °C.

(3) Worst case power dissipation can be estimated by multiplying typical power dissipation with a factor of 1.2.

Current Consumption / Power Dissipation Calculations

Due to the myriad of possible configurations the following table serves to provide enough information to allow the
user to calculate estimated current consumption of the device. Unless otherwise noted Ve = 3.3V, T, = 25 °C.

From Table 33 the current consumption can be calculated in any configuration. For example, the current for the
entire device with 1 LVDS (CLKout0) & 1 LVPECL (CLKoutl) output in bypassed mode can be calculated by
adding up the following blocks: core current, clock buffer, one LVDS output buffer current, and one LVPECL
output buffer current. There will also be one LVPECL output drawing emitter current, but some of the power from
the current draw is dissipated in the external 120 Q resistors which doesn't add to the power dissipation budget
for the device. If delays or divides are switched in, then the additional current for these stages needs to be added
as well.

For power dissipated by the device, the total current entering the device is multiplied by the voltage at the device
minus the power dissipated in any emitter resistors connected to any of the LVPECL outputs. If no emitter
resistors are connected to the LVPECL outputs, this power will be 0 watts. For example, in the case of 1 LVDS
(CLKout0) & 1 LVPECL (CLKoutl) operating at 3.3 V, we calculate 3.3V x (115 + 10 + 10 + 19.3 + 40) mA = 3.3
V x 194.3 mA = 641.2 mW. Because the LVPECL output (CLKoutl) has the emitter resistors hooked up and the
power dissipated by these resistors is 50 mW, the total device power dissipation is 641.2 mW - 50 mW = 591.2
mwW.

When the LVPECL output is active, ~1.7 V is the average voltage on each output as calculated from the LVPECL
Vou & Vo, typical specification. Therefore the power dissipated in each emitter resistor is approximately (1.7 V)? /
120 Q = 25 mW. When the LVPECL output is disabled, the emitter resistor voltage is ~1.07 V. Therefore the
power dissipated in each emitter resistor is approximately (1.07 V)2 /120 Q = 9.5 mW.
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Power Supply Conditioning

The recommended technique for power supply management is to connect the power pins for the clock outputs
(pins 13, 37, 40, 43, and 46) to a dedicated power plane and connect all other power pins on the device (pins 3,
8, 18, 19, 22, 24, 30, 31, and 33) to a second power plane. Note: the LMK04000 family has internal voltage
regulators for the PLL and VCO blocks to provide noise immunity.

Thermal Management

Power consumption of the LMK04000 family of devices can be high enough to require attention to thermal
management. For reliability and performance reasons the die temperature should be limited to a maximum of
125 °C. That is, as an estimate, T, (ambient temperature) plus device power consumption times 6;, should not
exceed 125 °C.

The package of the device has an exposed pad that provides the primary heat removal path as well as excellent
electrical grounding to a printed circuit board. To maximize the removal of heat from the package a thermal land
pattern including multiple vias to a ground plane must be incorporated on the PCB within the footprint of the
package. The exposed pad must be soldered down to ensure adequate heat conduction out of the package. A
recommended land and via pattern is shown in Figure 15. More information on soldering WQFN packages can
be obtained: http://www.national.com/analog/packaging/.

5.0 mm, min

o o o o
o o o o 0.33 mm, typ

o o o Oyl C

o o o o
1.2 mm, typ —i

-

Figure 15. Recommended Land and Via Pattern

To minimize junction temperature it is recommended that a simple heat sink be built into the PCB (if the ground
plane layer is not exposed). This is done by including a copper area of about 2 square inches on the opposite
side of the PCB from the device. This copper area may be plated or solder coated to prevent corrosion but
should not have conformal coating (if possible), which could provide thermal insulation. The vias shown in
Figure 15 should connect these top and bottom copper layers and to the ground layer. These vias act as “heat
pipes” to carry the thermal energy away from the device side of the board to where it can be more effectively
dissipated.
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Figure 16. Reference Design Circuit for Crystal Oscillator Option

Optional Crystal Oscillator Implementation (OSCin/OSCin*)

The LMKO04000 family features supporting circuitry for a discretely implemented oscillator driving the OSCin port
pins. Figure 16 illustrates a reference design circuit for a crystal oscillator:

This circuit topology represents a parallel resonant mode oscillator design. When selecting a crystal for parallel
resonance, the total load capacitance, C,, must be specified. The load capacitance is the sum of the tuning
capacitance (Cyyne), the capacitance seen looking into the OSCin port (C,\), and stray capacitance due to PCB
parasitics (Cstray), and is given by:

CstrAY
2

CL=Crune +Cin +

Crune is provided by the varactor diode shown in Figure 16, Skyworks model SMV1249-074. A dual diode
package with common cathode and provides the variable capacitance for tuning. The single diode capacitance
ranges from approximately 31 pF at 0.3 V to 3.4 pF at 3 V. The capacitance range of the dual package (anode to
anode) is approximately 15.5 pF at 3V to 1.7 pF at 0.3 V. The desired value of Ve applied to the diode should
be Vcc/2, or 1.65 V for Ve = 3.3 V. The typical performance curve from the data sheet for the SMV1249-074
indicates that the capacitance at this voltage is approximately 6 pF (12 pF/2).

The nominal input capacitance (C,y) of the LMK04000 family OSCin pins is 6 pF. The stray capacitance (Cstray)
of the PCB should be minimized by arranging the oscillator circuit layout to achieve trace lengths as short as
possible and as narrow as possible trace width (50 Q characteristic impedance is not required). As an example,
assume that Cgray is 4 pF. The total load capacitance is nominally:

CL=6+6+%=14pF

Consequently the load capacitance specification for the crystal in this case should be nominally 14 pF.
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The 2.2 nF capacitors shown in the circuit are coupling capacitors that block the DC tuning voltage applied by the
4.7 k and 10 k resistors. The value of these coupling capacitors should be large, relative to the value of Cyyne
(Cc1 = Cco >> Crynp), SO that Cryne becomes the dominant capacitance.

For a specific value of C, the corresponding resonant frequency (F,) of the parallel resonant mode circuit is:

1
[ L, 1] Cb C
FL=Fse{—>F—7— =Fge 0 L
2(Co+C =
(Co+Cra) Z(Cl + Clj
Fs = Series resonant frequency
C; = Motional capacitance of the crystal
C. = Load capacitance
Cy = Shunt capacitance of the crystal, specified on the crystal datasheet
The normalized tuning range of the circuit is closely approximated by:
1 1
Feui-F c i
ar_Fearfor Ol ok )H. co cu) (G cu
FCL1 0 L1 0 L2, a +C71 a + Cil

C.1, C» = The endpoints of the circuit's load capacitance range, assuming a variable capacitance element is one
component of the load. F¢ 1, Fo o = parallel resonant frequencies at the extremes of the circuit's load
capacitance range.

A common range for the pullability ratio, Co/C4, is 250 to 280. The ratio of the load capacitance to the shunt
capacitance is ~(n * 1000), n < 10. Hence, picking a crystal with a smaller pullability ratio supports a wider tuning
range because this allows the scale factors related to the load capacitance to dominate.

Examples of the phase noise and jitter performance of the LMK04031 with a crystal oscillator are shown in
Table 34. This table illustrates the clock output phase noise when a 12.288 MHz crystal is paired with PLL1.

Table 34. Example RMS Jitter and Clock Output Phase Noise for LMK04031 with a
12.288 MHz Crystal Driving OSCin (T =25 °C, Voc = 3.3V) @

RMS Jitter (ps)

Integration Bandwidth Clock Output Type PLL2 PDF = 12.288 MHz PLL2 PDF = 24.576 MHz
(EN_PLL2_REF2X = 0) (EN_PLL2_REF2X = 1)
Fcik = 122.88 MHz Fcik = 153.6 MHz Fcik = 122.88 MHz
100 Hz — 20 MHz LVPECL 0.279 0.263 0.300
LVCMOS 0.244 0.248 0.218
LVDS 0.272 0.269 0.245
10 kHz — 20 MHz LVPECL 0.251 0.234 0.284
LVCMOS 0.211 0.215 0.193
LVDS 0.236 0.235 0.217
Phase Noise (dBc/Hz)
Offset Clock Output Type PLL2 FPD = 12.288 MHz PLL2 FPD = 24.576 MHz
(EN_PLL2_REF2X = 0) (EN_PLL2_REF2X = 1)
Fcik = 122.88 MHz Fcik = 153.6 MHz Fcik = 122.88 MHz
100 Hz LVPECL -107 -106 -106
LVCMOS -105 -103 -104
LVDS -105 -104 -106

(1) Performance data and crystal specifications contained in this section are based on Ecliptek model ECX-6465, 12.288 MHz.
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Table 34. Example RMS Jitter and Clock Output Phase Noise for LMK04031 with a
12.288 MHz Crystal Driving OSCin (T = 25 °C, Ve = 3.3 V) @ (continued)

1 kHz LVPECL -126 -124 -130

LVCMOS -125 -124 -127

LVDS -126 -123 -126

10 kHz LVPECL -125 -124 -131

LVCMOS -127 -125 -128

LVDS -126 -124 -131

100 kHz LVPECL -134 -133 -134

LVCMOS -135 -133 -134

LVDS -134 -132 -134

1 MHz LVPECL -155 -154 -154

LVCMOS -157 -155 -155

LVDS -155 -153 -154

10 MHz LVPECL -158 -158 -158

LVCMOS -160 -159 -159

LVDS -158 -158 -157

Example crystal specifications are presented in Table 35.
Table 35. Example Crystal Specifications
Parameter Value

Nominal Frequency (MHz) 12.288
Frequency Stability, T =25 °C +10 ppm
Operating temperature range -40 °C to +85 °C
Frequency Stability, -40 °C to +85 °C + 15 ppm
Load Capacitance 14 pF

Shunt Capacitance (Cq)

5 pF Maximum

Motional Capacitance (C,)

20 fF + 30%

Equivalent Series Resistance

25 Q Maximum

Drive level

2 mWatts Maximum

Co/C, ratio

225 typical, 250 Maximum

See Figure 17 for a representative tuning curve.

/

000306091215182124273033

VTunE (VDC)

Figure 17. Example Tuning Curve, 12.288 MHz Crystal
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The tuning curve achieved in the user's application may differ from the curve shown above due to differences in
PCB layout and component selection.

This data is measured on the bench with the crystal integrated with the LMK04000 family. Using a voltmeter to
monitor the Vyyne Node for the crystal, the PLL1 reference clock input frequency is swept in frequency and the
resulting tuning voltage generated by PLL1 is measured at each frequency. At each value of the reference clock
frequency, the lock state of PLL1 should be monitored to ensure that the tuning voltage applied to the crystal is
valid.

The curve shows over the tuning voltage range of 0.17 VDC to 3.0 VDC, the frequency range is £ 163 ppm; or
equivalently, a crystal frequency range of + 2000 Hz. The measured tuning voltage at the nominal crystal
frequency (12.288 MHz) is 1.4 V. Using the diode data sheet tuning characteristics, this voltage results in a
tuning capacitance of approximately 6.5 pF.

The tuning curve data can be used to calculate the gain of the oscillator (Kycp). The data used in the calculations
is taken from the most linear portion of the curve, a region centered on the crossover point at the nominal
frequency (12.288 MHz). For a well designed circuit, this is the most likely operating range. In this case, the
tuning range used for the calculations is £ 1000 Hz (+ 0.001 MHz), or £ 81.4 ppm. The simplest method is to

calculate the ratio:
N e R I8 Vv
Kvco =~ = N

AV Vrunez - VTUNE V;

AF2 and AF1 are in units of MHz. Using data from the curve this becomes:

0.001 - (-0.001) MHz
—03.0814 - 000164 "=

A second method uses the tuning data in units of ppm:

Fnowm © (Appmz - Appmy)
AV « 10°

Kvco =

Fnowm is the nominal frequency of the crystal and is in units of MHz. Using the data, this becomes:

12.288 + (81.4 - (-81.4))
(2.03 - 0.814) « 10°

MHz
=0.00164,——
0.00164, v

In order to ensure startup of the oscillator circuit, the equivalent series resistance (ESR) of the selected crystal
should conform to the specifications listed in the table of Electrical Characteristics. It is also important to select a
crystal with adequate power dissipation capability, or drive level. If the drive level supplied by the oscillator
exceeds the maximum specified by the crystal manufacturer, the crystal will undergo excessive aging and
possibly become damaged. Drive level is directly proportional to resonant frequency, capacitive load seen by the
crystal, voltage and equivalent series resistance (ESR). For more complete coverage of crystal oscillator design,
see Application Note AN-1939 at http://www.national.com/analog/timing/clocking or
http://www.national.com/appnotes.

Termination and use of Clock Output (Drivers)

When terminating clock drivers keep in mind these guidelines for optimum phase noise and jitter performance:
» Transmission line theory should be followed for good impedance matching to prevent reflections.
* Clock drivers should be presented with the proper loads. For example:

— LVDS drivers are current drivers and require a closed current loop.

— LVPECL drivers are open emitters and require a DC path to ground.

* Receivers should be presented with a signal biased to their specified DC bias level (common mode voltage)
for proper operation. Some receivers have self-biasing inputs that automatically bias to the proper voltage
level. In this case, the signal should normally be AC coupled.
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It is possible to drive a non-LVPECL or non-LVDS receiver with an LVDS or LVPECL driver as long as the above
guidelines are followed. Check the datasheet of the receiver or input being driven to determine the best
termination and coupling method to be sure that the receiver is biased at its optimum DC voltage (common mode
voltage). For example, when driving the OSCin/OSCin* input of the LMK04000 family, OSCin/OSCin* should be
AC coupled because OSCin/OSCin* biases the signal to the proper DC level (See Figure 13) This is only slightly
different from the AC coupled cases described in Driving CLKin Pins with a Single-Ended Source because the
DC blocking capacitors are placed between the termination and the OSCin/OSCin* pins, but the concept remains
the same. The receiver (OSCin/OSCin*) sets the input to the optimum DC bias voltage (common mode voltage),
not the driver.

Termination for DC Coupled Differential Operation

For DC coupled operation of an LVDS driver, terminate with 100 Q as close as possible to the LVDS receiver as
shown in Figure 18.

CLKoutX

1009 Trace
(Differential)

Receiver

CLKoutX*

Figure 18. Differential LVDS Operation, DC Coupling, No Biasing of the Receiver

For DC coupled operation of an LVPECL driver, terminate with 50 Q to Vcc - 2 V as shown in Figure 19.
Alternatively terminate with a Thevenin equivalent circuit (120 Q resistor connected to V¢ and an 82 Q resistor
connected to ground with the driver connected to the junction of the 120 Q and 82 Q resistors) as shown in
Figure 20 for Ve = 3.3 V.

Vec-2V

500

CLKoutX

|
LVPECL 100Q Trace
Driver (Differential)
O I O

CLKoutX*

LVPECL
Receiver

500

Vec-2V

Figure 19. Differential LVPECL Operation, DC Coupling

120Q

CLKoutX

I
LVPECL 100Q Trace
Driver (Differential)
O | O

CLKoutX*

LVPECL
Receiver

120Q

Figure 20. Differential LVPECL Operation, DC Coupling, Thevenin Equivalent
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Termination for AC Coupled Differential Operation

AC coupling allows for shifting the DC bias level (common mode voltage) when driving different receiver
standards. Since AC coupling prevents the driver from providing a DC bias voltage at the receiver it is important
to ensure the receiver is biased to its ideal DC level.

When driving non-biased LVDS receivers with an LVDS driver, the signal may be AC coupled by adding DC
blocking capacitors, however the proper DC bias point needs to be established at the receiver. One way to do
this is with the termination circuitry in Figure 21.

0.1 uF 1000 Trace

CLKoutX . .
(Differential)

50Q

LVDS
Receiver

Vbias

CLKoutx*

Figure 21. Differential LVDS Operation, AC Coupling, External Biasing at the Receiver

Some LVDS receivers may have internal biasing on the inputs. In this case, the circuit shown in Figure 21 is
modified by replacing the 50 Q terminations to Vbias with a single 100 Q resistor across the input pins of the
receiver, as shown in Figure 22. When using AC coupling with LVDS outputs, there may be a startup delay
observed in the clock output due to capacitor charging. The previous figures employ a 0.1 pF capacitor. This
value may need to be adjusted to meet the startup requirements for a particular application.

LVDS
Receiver
O

Figure 22. LVDS Termination for a Self-Biased Receiver

0.1 pF

100Q Trace
(Differential)

0.1 pF

LVPECL drivers require a DC path to ground. When AC coupling an LVPECL signal use 120 Q emitter resistors
close to the LVPECL driver to provide a DC path to ground as shown in Figure 23. For proper receiver operation,
the signal should be biased to the DC bias level (common mode voltage) specified by the receiver. The typical
DC bias voltage for LVPECL receivers is 2 V. A Thevenin equivalent circuit (82 Q resistor connected to V¢ and
a 120 Q resistor connected to ground with the driver connected to the junction of the 82 Q and 120 Q resistors) is
a valid termination as shown in Figure 23 for Voc = 3.3 V. Note this Thevenin circuit is different from the DC

coupled example in Figure 20.

M
120Q

CLKoutX

0.1 uF 100Q Trace
0.1 uF (Differential)

LVPECL
Receiver

LVPECL
Driver

CLKoutX*

A
120Q

Figure 23. Differential LVPECL Operation, AC Coupling, Thevenin Equivalent, External Biasing at the
Receiver
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Termination for Single-Ended Operation

A balun can be used with either LVDS or LVPECL drivers to convert the balanced, differential signal into an
unbalanced, single-ended signal.

It is possible to use an LVPECL driver as one or two separate 800 mVpp signals. When using only one LVPECL
driver of a CLKoutX/CLKoutX* pair, be sure to properly terminated the unused driver. When DC coupling one of
the LMKO04000 family clock LVPECL drivers, the termination should be 50 Q to V¢ - 2 V as shown in Figure 24.
The Thevenin equivalent circuit is also a valid termination as shown in Figure 25 for Vcc = 3.3 V.

Vce - 2V

CLKoutX

50Q Trace

LVPECL
Driver Vee - 2V Load

CLKoutX* 5o

Figure 24. Single-Ended LVPECL Operation, DC Coupling

Vce

120Q

CLKoutX

50Q Trace

120Q
820

CLKoutx* Load

820

Figure 25. Single-Ended LVPECL Operation, DC Coupling, Thevenin Equivalent

When AC coupling an LVPECL driver use a 120 Q emitter resistor to provide a DC path to ground and ensure a
50 Q termination with the proper DC bias level for the receiver. The typical DC bias voltage for LVPECL
receivers is 2 V (See Driving CLKin Pins with a Single-Ended Source). If the companion driver is not used it
should be terminated with either a proper AC or DC termination. This latter example of AC coupling a single-
ended LVPECL signal can be used to measure single-ended LVPECL performance using a spectrum analyzer or
phase noise analyzer. When using most RF test equipment no DC bias point (0 VDC) is required for safe and
proper operation. The internal 50 Q termination of the test equipment correctly terminates the LVPECL driver
being measured as shown in Figure 26.

CLKoutX |
i |—|:I—

0.1 uF 50Q Trace

CLKoutx* i
g o}
S 2 Load

Figure 26. Single-Ended LVPECL Operation, AC Coupling

LVPECL
Driver
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-
=
5
!
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DRIVING CLKin AND OSCin INPUTS

Driving CLKin Pins with a Differential Source

Both CLKin ports can be driven by differential signals. It is recommended that the input mode be set to bipolar
(CLKinX_TYPE = 0) when using differential reference clocks. The LMKO04000 family internally biases the input
pins so the differential interface should be AC coupled. The recommended circuits for driving the CLKin pins with
either LVDS or LVPECL are shown in Figure 27 and Figure 28.

CLKinX

100Q Trace
(Differential)

CLKinX*

Figure 27. CLKinX/X* Termination for an LVDS Reference Clock Source

CLKinX

uF
uF
O

CLKinX*

0—/\/\/\,-||I
120Q

|
LVPECL 0.1 uF 1000 Trace
Ref Clk 0.1 pF (Differential)

0.1
0.1

100Q

Ill—\/V\/\—0
120Q

Figure 28. CLKinX/X* Termination for an LVPECL Reference Clock Source

Finally, a reference clock source that produces a differential sinewave output can drive the CLKin pins using the
following circuit. Note: the signal level must conform to the requirements for the CLKin pins listed in the Electrical
Characteristics table.

CLKinX

100Q Trace
(Differential)

LMKO040XX

o]
o
o
— Input

Differential
Sinewave Clock
Source

CLKinX*

Figure 29. CLKinX/X* Termination for a Differential Sinewave Reference Clock Source

Driving CLKin Pins with a Single-Ended Source

The CLKin pins of the LMK04000 family can be driven using a single-ended reference clock source, for example,
either a sinewave source or an LVCMOS/LVTTL source. Either AC coupling or DC coupling may be used. In the
case of the sinewave source that is expecting a 50 Q load, it is recommended that AC coupling be used as
shown in the circuit below with a 50 Q termination..

NOTE
The signal level must conform to the requirements for the CLKin pins listed in the
Electrical Characteristics table. CLKinX_TYPE in Register 11 is recommended to be set to
bipolar mode (CLKinX_TYPE = 0).
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500 Trace OLHF o) kinx

Clock Source

CLKinX*

Figure 30. CLKinX/X* Single-ended Termination

If the CLKin pins are being driven with a single-ended LVCMOS/LVTTL source, either DC coupling or AC
coupling may be used. If DC coupling is used, the CLKinX_TYPE should be set to MOS buffer mode
(CLKinX_TYPE = 1) and the voltage swing of the source must meet the specifications for DC coupled, MOS-
mode clock inputs given in the table of Electrical Characteristics. If AC coupling is used, the CLKinX_TYPE
should be set to the bipolar buffer mode (CLKinX_TYPE = 0). The voltage swing at the input pins must meet the
specifications for AC coupled, bipolar mode clock inputs given in the table of Electrical Characteristics. In this
case, some attenuation of the clock input level may be required. A simple resistive divider circuit before the AC
coupling capacitor is sufficient.

50Q Trace CLKinX

LVCMOS/LVTTL LMKO040XX

Clock Source

CLKinX*

0.1 uFI

Figure 31. DC Coupled LVCMOS/LVTTL Reference Clock

Additional Outputs with an LMK04000 Family Device

The number of outputs on a LMKO04000 family device can be expanded in many ways. The first method is to use
the differential outputs as two single-ended outputs. For CMOS outputs, both the positive and negative outputs
can be programmed to be in phase, or 180 degrees out of phase. LVDS/LVPECL positive and negative outputs
are always 180 degrees out of phase. LVDS single-ended is not recommended.

In addition to this technique, the number of outputs can be expanded with a LMK01000 family device. To do this,
one of the clock outputs of a LMK04000 can drive the LMK01000 device.

For more information on phase synchronization with multiple devices, please refer to application note AN-1864:
http://www.national.com/an/AN/AN-1864.pdf.

Output Clock Phase Noise Performance VS. VCXO Phase Noise

The jitter cleaning capability of the LMK04000 family is highly dependent on the phase noise performance of the
VCXO (or crystal) that is integrated with PLL1. The VCXO is the reference for PLL2 which provides the clock for
the output distribution path. Consequently, the designer must choose a VCXO (or crystal) that supports the
required performance at the clock outputs.

An example of the difference in performance that can be obtained from various VCXOs is illustrated in the
following plots. Figure 32 compares the phase noise of two different VCXOs: VCXO “A” and VCXO “B”. Both
VCXOs have a center frequency of 100 MHz. The figure of merit, RMS jitter, is measured over the bandwidth
100 Hz to 200 kHz. This is the most relevant integration bandwidth for the VCXO because it will have the most
impact inside the loop bandwidth of PLL2.
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Figure 32. VCXO Phase Noise Comparison, 100 MHz

This plot shows that VCXO “B” exhibits superior phase noise when compared to VCXO “A”. Both VCXOs offer
excellent jitter performance from 100 Hz to 200 kHz. VCXO “A” exhibits RMS jitter of 151 femtoseconds (fs),
while VCXO “B” has RMS jitter of 90 fs.

Figure 33 Figure 34 Figure 35 present a side-by-side comparison of clock output phase noise at 250 MHz,
organized by output format and associated VCXO. The total RMS jitter listed on the plots is integrated from 100
Hz to 20 MHz. Examining these plots, the clock output phase noise associated with VCXO “B” is superior in all
cases. The average improvement in RMS jitter due to VCXO “B” is approximately 47 fs. The plots show the
primary difference in clock output phase noise is in the band from 100 Hz to approximately 4 kHz. Across this
range, the VCXO phase noise dominates that of the PLL, given the loop bandwidth of this design, which is 152
kHz. Above 4 kHz, the PLL noise dominates (inside the loop bandwidth), so it is basically the same for either
VCXO. Comparing the jitter of two VCXOs in the 100 Hz to 4 kHz band, it can be shown that VCXO “A” exhibits
jitter of 142 fs, and VCXO “B” exhibits jitter of 90 fs. The difference, 52 fs, accounts for the majority of the
average difference in RMS jitter at the clock outputs when comparing VCXOs.

The PLL configurations listed below were the same for both VCXOs/LMK040xx pair:
e PLL1 loop filter components: C1 = 100 nF, C2 = 680 nF, R2 = 39 kQ

* PLL1 fpp = 1 MHz, CP gain = 100 pA, loop BW = 20 Hz

» PLL2 loop filter components: C1 =0, C2 =12 nF, R2 = 1.8 kQ

* PLL2 fpp = 25 MHz, CP gain = 3200 pA, loop BW = 152 kHz
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_17200 1000 10000 100000 1000000 10000000 100000000
OFFSET (Hz)

Figure 33. LVDS Clock Output Phase Noise Comparison, 250 MHz
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Figure 34. LVPECL Clock Output Phase Noise Comparison, 250 MHz
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Figure 35. LVCMOS Clock Output Phase Noise Comparison, 250 MHz

58 Submit Documentation Feedback Copyright © 2008-2011, Texas Instruments Incorporated
Product Folder Links: LMK04000 LMKO04001 LMK04002 LMKO04010 LMK04011 LMKO04031 LMKO04033



H PACKAGE OPTION ADDENDUM

/|
INSTRUMENTS

www.ti.com 11-Apr-2013

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish  MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
) Drawing Qty @ @ @
LMKO04000BISQ/NOPB ACTIVE WQFN RHS 48 1000  Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 K040008BlI Samples
& no Sh/Br) E ]
LMKO04000BISQE/NOPB ACTIVE WQFN RHS 48 250 Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 K040008BI Samples
& no Sh/Br) E ]
LMKO04000BISQX/NOPB ACTIVE WQFN RHS 48 2500 Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 K040008BI Samples
& no Sh/Br) E ]
LMK04001BISQ/NOPB ACTIVE WQFN RHS 48 1000  Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 K04001BI Tornnls
& no Sh/Br)
LMKO04001BISQE/NOPB ACTIVE WQFN RHS 48 250 Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 K04001BI 2 amnles
& no Sh/Br) SR
LMKO04001BISQX/NOPB ACTIVE WQFN RHS 48 2500 Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 K04001BlI R srales
& no Sh/Br) S
LMK04002BISQ/NOPB ACTIVE WQFN RHS 48 1000  Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 K04002BlI Q e
& no Sh/Br)
LMKO04002BISQE/NOPB ACTIVE WQFN RHS 48 250 Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 K04002BI g e
& no Sh/Br)
LMKO04002BISQX/NOPB ACTIVE WQFN RHS 48 2500  Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 K04002BI D
& no Sh/Br) e
LMK04010BISQ/NOPB ACTIVE WQFN RHS 48 1000 Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 K04010BlI Samples
& no Sb/Br) - =
LMKO04010BISQE/NOPB ACTIVE WQFN RHS 48 250 Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 K04010BlI
& no Sh/Br) - =
LMKO04010BISQX/NOPB ACTIVE WQFN RHS 48 2500  Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 K040108BlI
& no Sh/Br) B ]
LMK04011BISQ/NOPB ACTIVE WQFN RHS 48 1000  Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 K04011BlI Samples
& no Sh/Br) E ]
LMKO04011BISQE/NOPB ACTIVE WQFN RHS 48 250 Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 K04011BI Samples
& no Sh/Br) E ]
LMK04011BISQX/NOPB ACTIVE WQFN RHS 48 2500 Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 K04011BI ._-1- e
& no Sh/Br) samples
LMK04031BISQ/NOPB ACTIVE WQFN RHS 48 1000  Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 K04031BI Tornnls
& no Sh/Br)
LMKO04031BISQE/NOPB ACTIVE WQFN RHS 48 250 Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 K04031BI Samples
& no Sh/Br) - =
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Orderable Device Status Package Type Package Pins Package EcoPlan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
@ Drawing Qty 0) 3) (4)
LMKO04031BISQX/NOPB ACTIVE WQFN RHS 48 2500 Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 K04031BI m
& no Sh/Br)
LMKO04033BISQ/NOPB ACTIVE WQFN RHS 48 1000 Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 K04033BlI Samples
& no Sh/Br)
LMKO04033BISQE/NOPB ACTIVE WQFN RHS 48 250 Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 K04033BlI Samples
& no Sh/Br)
LMKO04033BISQX/NOPB ACTIVE WQFN RHS 48 2500 Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 K04033BI Samples
& no Sh/Br)

® 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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

@ MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ Multiple Top-Side Markings will be inside parentheses. Only one Top-Side 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 Top-Side Marking for that device.

Important Information and Disclaimer:The information provided on this page represents Tl'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.

Addendum-Page 2




i3 Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 20-Sep-2016
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
5 T [ KO [+—P1—»
go W
lReeI | | l
Diameter Cavity # 20 ‘*
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O O O OO0 O O O QfSprocket Holes
I
Q1 : Q2
Q3 i Qé User Direction of Feed
T
Pocket\(l)lgdrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LMKO04000BISQ/NOPB | WQFN RHS 48 1000 330.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
LMKO04000BISQE/NOPB | WQFN RHS 48 250 178.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
LMKO04000BISQX/NOPB | WQFN RHS 48 2500 330.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
LMKO04001BISQ/NOPB | WQFN RHS 48 1000 330.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
LMKO04001BISQE/NOPB | WQFN RHS 48 250 178.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
LMKO04001BISQX/NOPB | WQFN RHS 48 2500 330.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
LMKO04002BISQ/NOPB | WQFN RHS 48 1000 330.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
LMKO04002BISQE/NOPB | WQFN RHS 48 250 178.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
LMKO04002BISQX/NOPB | WQFN RHS 48 2500 330.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
LMKO04010BISQ/NOPB | WQFN RHS 48 1000 330.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
LMKO04010BISQE/NOPB | WQFN RHS 48 250 178.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
LMKO04010BISQX/NOPB | WQFN RHS 48 2500 330.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
LMK04011BISQ/NOPB | WQFN RHS 48 1000 330.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
LMKO04011BISQE/NOPB | WQFN RHS 48 250 178.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
LMKO04011BISQX/NOPB | WQFN RHS 48 2500 330.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
LMKO04031BISQ/NOPB | WQFN RHS 48 1000 330.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
LMKO04031BISQE/NOPB | WQFN RHS 48 250 178.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
LMKO04031BISQX/NOPB | WQFN RHS 48 2500 330.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
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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)

LMKO04033BISQ/NOPB | WQFN RHS 48 1000 330.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
LMKO04033BISQE/NOPB | WQFN RHS 48 250 178.0 16.4 7.3 7.3 13 12.0 | 16.0 Q1
LMKO04033BISQX/NOPB | WQFN RHS 48 2500 330.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1

TAPE AND REEL BOX DIMENSIONS

- E
< S
e 7
\\y/ P \\{//
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LMKO04000BISQ/NOPB WQFN RHS 48 1000 367.0 367.0 38.0
LMK04000BISQE/NOPB WQFN RHS 48 250 210.0 185.0 35.0
LMKO04000BISQX/NOPB WQFN RHS 48 2500 367.0 367.0 38.0
LMK04001BISQ/NOPB WQFN RHS 48 1000 367.0 367.0 38.0
LMKO04001BISQE/NOPB WQFN RHS 48 250 210.0 185.0 35.0
LMKO04001BISQX/NOPB WQFN RHS 48 2500 367.0 367.0 38.0
LMK04002BISQ/NOPB WQFN RHS 48 1000 367.0 367.0 38.0
LMKO04002BISQE/NOPB WQFN RHS 48 250 210.0 185.0 35.0
LMK04002BISQX/NOPB WQFN RHS 48 2500 367.0 367.0 38.0
LMKO04010BISQ/NOPB WQFN RHS 48 1000 367.0 367.0 38.0
LMK04010BISQE/NOPB WQFN RHS 48 250 210.0 185.0 35.0
LMK04010BISQX/NOPB WQFN RHS 48 2500 367.0 367.0 38.0
LMK04011BISQ/NOPB WQFN RHS 48 1000 367.0 367.0 38.0
LMKO04011BISQE/NOPB WQFN RHS 48 250 210.0 185.0 35.0
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Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

LMKO04011BISQX/NOPB WQFN RHS 48 2500 367.0 367.0 38.0
LMKO04031BISQ/NOPB WQFN RHS 48 1000 367.0 367.0 38.0
LMKO04031BISQE/NOPB WQFN RHS 48 250 210.0 185.0 35.0
LMKO04031BISQX/NOPB WQFN RHS 48 2500 367.0 367.0 38.0
LMK04033BISQ/NOPB WQFN RHS 48 1000 367.0 367.0 38.0
LMKO04033BISQE/NOPB WQFN RHS 48 250 210.0 185.0 35.0
LMKO04033BISQX/NOPB WQFN RHS 48 2500 367.0 367.0 38.0
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RHS0048A

PACKAGE OUTLINE
WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA—|

0.5
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0.18
DETAIL
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TYPICAL
08
0.7
L = DIM A
0.05 j OPT 1 OPT 2
0.00 0.1) 0.2)
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131 051401 —— 124 (4) TYP r%
44x[05] |
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- —t7 | []25
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- ‘ /LZ/THERMAL PAD
- ! -
» B o | =
SYMM
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48 37 0.18
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( ) 48X 03 ¢ 0.05(4)

4214990/B 04/2018

NOTES:

1. All linear dimensions are in millimeters. Any 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
RHSO0048A WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

@s.1)
SYMM
48X (0.6) 48 | 37
ga00a8R3088———
1
¢J \ \ ¢J 36
48><(o.25)j N O d} f®****ﬂ?*
44X (0.5) — C;j ‘ (1 05) TYP
+—&3 |0 o ? 0 —ot— E jt
o ! (1.25) TYP
symm (1) | [i) |
_—-—t-—1t-—5—-—0O—--—"—Hb6——01+— - (6.8)
(R0.05) —~ % !
TYP \ %
O O ® O ®1+—
@0.2) TYP ‘ |
via (1) O —o——o— | D
| . ] ] |
{ { |
12 [i] | | | [i] 25
| |
_ o _1
83008300 B8
'3 L24 !
| (1.25) J——J (1.05) |
! TYP TYP !
L (6.8) 4
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:12X
0.07 MAX T T 0.07 MIN TT
ALL AROUND ALL AROUND
METAL EDGE ‘= L gg'éﬁFﬁGMASK
N ETAL T T——SOLDER MASK EXPOSEDJ\/. T~ METAL UNDER
OPENING METAL R SOLDER MASK
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS
4214990/B 04/2018

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.
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RHS0048A

EXAMPLE STENCIL DESIGN
WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

(0.625) TYP

ﬁ

e (1.25) —=

TYP

EXPOSED PAD 49
68% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:15X

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
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NOTES: (continued)

6. 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

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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