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5 Pin Configuration and Functions
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% 5-1. LMK5B33216 RGC Package 64-Pin VQFN Top View
# 5-1. LMK5B33216 Pin Functions
PIN
TYPE(™ DESCRIPTION
NAME | nNo.
POWER
VDDO_0_1 1 P Power supply for OUT0 and OUT1
VDD_APLL1_XO 8 P Power supply for XO and APLL1
vVDDO_2_3 11 P Power supply for OUT2 and OUT3
VDD_APLL2 23 P Power supply for APLL2
VDDO_4_TO_7 28 P Power supply for OUT4 to OUT7
VDD_INO 33 P Power supply for INO DPLL reference
VDD _IN1 37 P Power supply for IN1 DPLL reference
VDD _DIG 41 P Power supply for digital
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# 5-1. LMK5B33216 Pin Functions (continued)

PIN
TYPE(") DESCRIPTION
NAME NO.
VDDO_14_15 44 P Power supply for OUT14 and OUT15
VDD_APLL3 47 P Power supply for APLL3
VDDO_8 TO_13 55 P Power supply for OUT8 to OUT13
DAP N/A G Ground
CORE BLOCKS @
LF1 6 A External loop filter cap for APLL1 (100 nF)
CAP_APLLA1 7 A LDO bypass capacitor for APLL1 VCO (10 pF)
LF2 19 A External loop filter cap for APLL2 (100 nF)
CAP3_APLL2 20 A Internal bias bypass capacitor for APLL2 VCO (10 pF)
CAP2_APLL2 21 A Internal bias bypass capacitor for APLL2 VCO (10 pF)
CAP1_APLL2 22 A LDO bypass capacitor for APLL2 VCO (10 pF)
CAP_DIG 40 A LDO bypass capacitor for Digital Core Logic (100 nF)
CAP_APLL3 48 A Internal bias bypass capacitor for APLL3 (10 pF)
LF3 49 A External loop filter cap for APLL3 (470 nF)
INPUT BLOCKS
X0 9 | XO/TCXO/OCXO input pin
INO_P 34 |
Reference to DPLLx or buffered to OUTO or OUT1
INO_N 35 |
IN1T_N 38 |
Reference to DPLLx or buffered to OUTO0 or OUT1
IN1_P 39 |
OUTPUT BLOCKS
OuUTOo_P 2 0 Clock Output 0. Sources from all DPLL references, XO, all APLL post-dividers.
Supports 1-PPS output. Programmable formats: AC-LVPECL, HSDS, LVDS,
OUTO_N 3 0 HCSL, 1.8-V LVCMOS, or 2.65-V LVCMOS.
OUT1_N 4 O Clock Output 1. Sources from all DPLL references, XO, all APLL post-dividers.
Supports 1-PPS output. Programmable formats: AC-LVPECL, HSDS, LVDS,
ouT1_P 5 0 HCSL, 1.8-V LVCMOS, or 2.65-V LVCMOS.
ouT2_P 12 o Clock Output 2. Sources from APLL1 , APLL2 and APLL3. No 1-PPS output.
OUT2 N 13 fe) Programmable formats: AC-LVPECL, HSDS, LVDS, HCSL.
OUT3_N 14 O Clock Output 3. Sources from same output mux as OUT2 from APLL1, APLL2,
and APLL3. No 1-PPS output. Programmable formats: AC-LVPECL, HSDS,
OUT3 P 15 (e} LVDS, HCSL
OuTs5_P 24 0 Clock Output 5. Sources from APLL2 and APLL3. Supports 1-PPS output.
OUT5 N 25 e} Programmable formats: AC-LVPECL, HSDS, LVDS, HCSL.
OUT4_N 26 0 Clock Output 4. Sources from APLL2 and APLL3. Supports 1-PPS output.
ouT4 P 27 le) Programmable formats: AC-LVPECL, HSDS, LVDS, HCSL.
ouT6_P 29 0 Clock Output 6. Sources from APLL2 and APLL3. Supports 1-PPS output.
OUT6_N 30 e} Programmable formats: AC-LVPECL, HSDS, LVDS, HCSL.
OUT7_N 31 o Clock Output 7. Sources from APLL2 and APLL3. Supports 1-PPS output.
OUT7 P 32 fe} Programmable formats: AC-LVPECL, HSDS, LVDS, HCSL.
ouT14_pP 42 0 Clock Output 14. Sources from APLL1, APLL2, and APLL3. No 1-PPS output.
OUT14 N 43 e} Programmable formats: AC-LVPECL, HSDS, LVDS, HCSL.
OUT15_N 45 0 Clock Output 15. Sources from APLL1, APLL2, and APLL3. No 1-PPS output.
OUT15_P 46 le) Programmable formats: AC-LVPECL, HSDS, LVDS, HCSL.
ouTs_P 51 0 Clock Output 8. Sources from APLL2 and APLL3. Capable of supporting 1-PPS
OUT8_ N 52 e} or SYSREF output. Programmable formats: AC-LVPECL, HSDS, LVDS, HCSL.
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# 5-1. LMK5B33216 Pin Functions (continued)

PIN
TYPE(" DESCRIPTION
NAME NO.
OUTO_N 53 o Clock Output 9. Sources from APLL2 and APLL3. Capable of supporting 1-PPS
ouT9_P 54 fe) or SYSREF output. Programmable formats: AC-LVPECL, HSDS, LVDS, HCSL.
OuUT10_P 56 O Clock Output 10. Sources from APLL2 and APLL3. Capable of supporting 1-
PPS or SYSREF output. Programmable formats: AC-LVPECL, HSDS, LVDS,
OUT10_N 57 o HCSL
OUT11_N 58 0 Clock Output 11. Sources from APLL2 and APLL3.Capable of supporting 1-PPS
OUT11_P 59 e} or SYSREF output. Programmable formats: AC-LVPECL, HSDS, LVDS, HCSL.
OouT12_P 60 0 Clock Output 12. Sources from APLL2 and APLL3.Capable of supporting 1-PPS
OUT12_N 61 Ie) or SYSREF output. Programmable formats: AC-LVPECL, HSDS, LVDS, HCSL.
OUT13_N 62 O Clock Output 13. Sources from APLL2 and APLL3. Capable of supporting 1-
PPS or SYSREF output. Programmable formats: AC-LVPECL, HSDS, LVDS,
OUT13_P 63 o HCSL.
LOGIC CONTROL/STATUS
POR: ROM page select
3)
GPIO2 10 Vo, S Normal Operation: GPIO input or output (see description)
SDIO®) 16 110 SPI or I2C Data (SDA)
SCK® 17 | SPI or I2C Clock (SCL)
SCS_ADD®) 18 I,S SPI Chip Select (2-state) or POR: I12C address select, LSB (3-state)
PD# 36 | Device power down (Active low), internal 200-kQ pullup to V¢
POR: ROM page select
®3)
GPICO 50 Vo, $ Normal Operation: GPIO input or output (see description)
POR: I2C or SPI select
®)
GPIOf 64 Vo, $ Normal Operation: GPIO input or output (see description)

(1) P =Power, G = Ground, | = Input, O = Output, /0 = Input or Output, A = Analog, S = Configuration.

(2) Do not apply external stimulus to core pins. These performance critical pins are not designed to meet normal latch up testing
compliance levels. For best filtering performance, capacitors should be placed close to the IC.

(3)  When 3 level mode is enabled during power supply ramp or when PD# is LOW: internal voltage divider of 555 kQ to V¢ and 201 kQ to
GND. When 2 level input mode is enabled: internal 408-kQ pulldown to GND.

(4) 670-kQ pullup to internal 2.6-V LDO.

6 Specifications

6.1 Absolute Maximum Ratings
Over operating free-air temperature range (unless otherwise noted)()

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

(1)

@)
@)

Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device
reliability.

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

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

VALUE UNIT
. Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins(") +2000
Vieso) Eif;:;orzt:t'c Charged device model (CDM), per JEDEC specifcation JESD22-C101, all | 7, v
pins

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
Over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX| UNIT
vDD™ Core supply voltages 3.135 3.3 3.465 Y
VDDO_x®@ Output supply voltages(® 3.135 3.3 3.465 \%
VDDop Output voltage range for open drain outputs 1.71 3.465 \%
T, Junction temperature 135 °C
TcONT-LOCK Continuous lock over temperature - no VCO recalibration needed 125 °C
tvpp Power supply ramp time() 0.01 100 ms

(1) VDD refers to all core supply pins or voltages. All VDD core supplies should be powered-on before internal power-on reset (POR).
(2) VDDO refers to all output supply pins or voltages. VDDO_x refers to the output supply for a specific output channel, where x denotes
the channel index.
(3) CMOS output voltage levels are determined by internal programming of the CMOS output LDO to support either 1.8 V or 2.65 V.
(4) Time for VDD to ramp monotonically above 2.7 V for proper internal power-on reset. For slower or non-monotonic VDD ramp, hold
PD# low until after VDD voltages are valid.

6.4 Thermal Information

LMK5B33xxx
THERMAL METRIC(") ) (3) RGC (VQFN) UNIT
64 PINS
Rgya Junction-to-ambient thermal resistance 21.8 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 111 °C/W
Ress Junction-to-board thermal resistance 6.5 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance 0.8 °C/W
Wyt Junction-to-top characterization parameter 0.3 °C/W
Wis Junction-to-board characterization parameter 6.3 °C/W

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

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

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

6.5 Electrical Characteristics
Over Recommended Operating Conditions (unless otherwise noted)

PARAMETER \

TEST CONDITIONS

MIN TYP

MAX

UNIT

Current Consumption Characteristics
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Over Recommended Operating Conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
312.5 MHz from OUTO - OUT13 LVDS
outputs, APLL3 post-divider = 8,
channel dividers bypassed, DPLL1/2 702 850 mA
and APLL1/2 disabled.

| Total current consumption with ROM page 6, 325 MHz from OUTO -

DD_TOT specified configuration OUT15, HSDS outputs, channel
dividers enabled , APLL3 post divider 1020 1230 mA
bypassed, DPLL1/2 and APLL1/2
disabled
ROM page 0, APLL1/2/3 enabled 1250 1460 mA

Ibp-xo XO input current consumption XO 3.5 mA

Current consumption per XO 1)
IDD—XOZX doubler XO doubler! 0.3 mA
Core current consumption per

IDD-INO block INO 2.5 mA

Do Core current consumption per INO or IN1 3.1 mA

block

IpD-DPLL Current consumption per DPLL  |DPLL®) 55 mA

IDD-APLLA APLL1 current consumption APLL1 90 mA

IbD-APLL2 APLL2 current consumption APLL2 160 mA

IoD-APLL3 APLL3 current consumption APLL3 120 mA
Analog circuitry from VDD_APLLA1

IbD-ANA Analog bias current consumption |supply pin. Always on when device is 42 mA
enabled.

- Digital control circuitry from VDD_DIG
Digital control current : =
Ibp-piG . supply pin., Always on when device is 34 mA
consumption
enabled.
Current consumption per channel . -
IDDO-CHDIV divider block 12-bit channel divider 20 mA
Current consumption per 1-PPS/ . .
IDDO-1PPSDIV SYSREF divider block 20-bit 1-PPS/SYSREF divider 12 mA
Current consumption per 1-PPS/ .

IbDO-DELAY SYSREF analog delay block Analog delay function enabled 10 mA
HSDS buffer (VCM level = s1, loyt = 4 19 mA
mA, 100-Q termination)

| HSDS current consumption per  |HSDS buffer (VCM level = s1, lo =7 22 mA

DDO-HSDS output driver mA, 100-Q termination)

HSDS buffer (VCM level = s1, Iy, = 10
mA, 100-Q termination) 25 mA
| HCSL current consumption per HCSL output (50-Q termination per 305 mA

DDO-HCSL output driver side) .

Ipp_PD Power-down current consumption | Device powered-down, PD# = LOW 90 110 mA

Reference Input Characteristics (INx)

Single-ended input 0.5 200e6

fin INx frequency range Hz
Differential input 5 800

\ Single-ended input high voltage 1.2 VDD +0.3 \Y

" - 9 - PH T 9 DC-coupled input mode )

Vi Single-ended input low voltage 0.5 \%

V|N-SE-PP Single-ended input voltage swing | AC-coupled input mode () 0.4 2 Vpp

VN-DIFE-PP Differential input voltage swing | AC- or DC- coupled input (%) 0.4 2 Vop

Viem Input Common Mode DC coupled differential input 0.1 2 \%
Single-ended input 0.2 0.5 V/ins

dv/dt Input slew rate - —

Differential input 0.2 0.5 Vins
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Over Recommended Operating Conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
IDC Input Clock Duty Cycle Non 1-PPS signal 40 60 %
tPULSE-1PPS 1-PPS pulse width for input 1-PPS or pulsed signal 100 ns
Single pin INx_P or INx_N, 50-Q and
lin-DC DC input leakage current 100-Q internal terminations disabled, -350 350 HA
AC coupled mode enabled or disabled
Cin Input capacitance Single-ended, each pin 2 pF
XO/TCXO Input Characteristics (XO)
foLk XO input frequency range ©) 10 156.25| MHz
Viy LVCMOS Input high voltage 1.4 VDD + 0.3 Y
DC-coupled input mode ()
Vi LVCMOS Input low voltage 0.8 \Y
V|N-SE Single-ended input voltage swing | AC-coupled input mode (©) 0.4 VDD + 0.3 Voo
dv/dt Input slew rate 0.2 0.5 V/ns
IDC Input duty cycle 40 60 %
In-DC DC Input leakage current igfaﬂgrﬁ%;i’bﬁ'g::tﬂ; dOO'Q -350 350 pA
Cin Input capacitance on each pin 1 pF
Cexr External AC coupling cap 10 nF
APLL/VCO Characteristics
APLL3 Fractional feedback divider 110 MHz
ferD PFD frequency range APLL1, APLL2 Fractional feedback
divider 125 MHz
fvco1 VCO1 Frequency range 4800 5350 MHz
fvcoz VCO2 Frequency range 5595 5950 MHz
fvcos VCO3 Frequency range 2499.75 2500 2500.25 MHz
tapiriock | APLLA lock time ;ig"b?ebig‘l’_eﬁ”oslﬁglﬁf hard reset and 20 35| ms
tarLotock | APLL2 lock time :ti;‘"b‘febzmel_‘znoslﬁgﬂ hard reset and 350 460| ms
tAPLLELOCK APLL3 lock time. lti?b?ebmeénosigﬂ hard reset and 125 13| ms
HSDS Output Characteristics (OUTx)
four Output frequency range 1E-6 1250 MHz
VOUT-DIFF Differential output swing 2x:|/sODDs- mVpp
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Over Recommended Operating Conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
fout < 100 MHz, Iyt = 4 mA 350 400 440 mV
fout < 100 MHz, Iyt = 7 mA 625 700 750 mV
fout < 100 MHz, Iyt = 10 mA 900 975 1050 mV
100 MHz < 1 < 325 MHz, Iy =4 mA 335 400 445 mV
100 MHz < o1 < 325 MHz, Iy = 5 mA 425 500 575 mV
100 MHz = o4 < 325 MHz, Iy = 6 mA 510 600 690 mV
100 MHz < o1 < 325 MHz, Iy = 7 mA 595 700 805 mV
100 MHz < o1 < 325 MHz, Iy = 8 mA 680 800 920 mV
Vob-Hsps HSDS output voltage swing 100 MHz < foui < 325 MHZ, Iy = 9 mA 765 900 1035 mV
100 MHz < o1 < 325 MHz, Iyt = 10 mA 850 1000 1150 mV
325 MHz < ;1< 800 MHz, Iy = 4 mA 300 350 400 mV
325 MHz < ;1< 800 MHz, Iy = 7 mA 580 640 700 mV
325 MHz < 4 < 800 MHz, oy = 10 mA 800 865 940 mV
800 MHz < fy 4 < 1250 MHz, Iyt = 4 mA 235 320 400 mV
800 MHz < fy 4 < 1250 MHz, Iyt = 7 mA 480 625 740 mV
iranOAO MHz < ot < 1250 MHz, Iy = 10 600 800 1000 my
VoH Output voltage high VoL *+ Vop mVpp
VCM level = s1 50 150 250 mV
VoL Output voltage low
VCM level = s2+3 300 470 720 mV
VCM level = s1 or s2+3 \\/’g; /; Vv
Vem Output common mode voltage VCM level = 82, loy = 4 mA 06 07 08 Y
VCM level = s3, Iyt = 4 mA 1.125 1.25 1.375 \
Same API‘_L., same post divider and 50 ps
fexew Output skew (12) channel divider values, same bank
Same API__L_, same post divider and 80 ps
channel divider values, between banks
o o
2w w0
100 MHz < fout < 325 MHz, 20% to
80%, loyt =8 mA, OUT_x_CAP_EN =0, 250 275 300 ps
C_.=2pF
i i < < D
tr/te Rise/Fall time gggoMgS{_zjfg,&;’_zéNMfg é(i/: t20pF 175 230 300 ps
< o
g ot T s s
< 9
0%, OUT » CAP.EN~0.0, = 2pF | 120 205 250 ps
oDC Output duty cycle 48 52 %
HCSL Output Characteristics (OUTx)
fouT Output frequency range HSCL output mode 25 100 400 MHz
VoL Output voltage low -150 0 150 mV
Vou Output voltage high 600 750 900 mV
dv/dt Differential output slew rate gj.(r)_r;ilcaxgig?\lc:eqt’eéESIS%F 2 4| Vins
dv/dt Differential output slew rate g;i}?g&.ﬁ:;fgi;i?ﬁrz 0, CL=2 pF 3 5 V/ns
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Over Recommended Operating Conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Same APLL, same post divider and 50 s
channel divider values, same bank P
tskew Output skew (12) —
Same APLL, same post divider and 80 s
channel divider values, between banks P
Vcross Absolute voltage crossing point  |foyt = 100 MHz 300 500 mV
AVcRross Voltage crossing point variation  |foyt = 100 MHz 75 mV
OoDC Output duty cycle 45 55 %
1.8-V LVCMOS Output Characteristics (OUT0/1)
fouT Output frequency range 1E-6 200 MHz
VoH Output high voltage loy =-2mA 1.5 \Y
VoL Output low voltage loL =2 mA 0.2 \Y
tr/te Output rise/fall time 20% to 80% 150 ps
OUTO_P, OUTO_N, OUT1_P, OUT1_N
with same polarity, same APLL post 60 s
divider and output divider values. Same P
tsk Output-to-output skew polarity and output type (LVCMOS)
Same APLL, same post divider and
output divider values. Skew between 0.7 1 1.3 ns
LVCMOS and differential outputs
OoDC Output duty cycle 45 55 %
Rout Output impedance 54 64 75 Q
2.65-V LVCMOS Output Characteristics (OUT0/1)
fouT Output frequency range 1E-6 200 MHz
VoH Output high voltage lon =-2 mA 23 \Y
VoL Output low voltage loL =2 mA 0.2 \%
tr/te Output rise/fall time 20% to 80% 150 ps
OUT_P, OUTO_N, OUT1_P, OUT1_N
with same polarity, same APLL post 60 s
divider and output divider values. Same P
tsk Output-to-output skew polarity and output type (LVCMOS)
Same APLL, same post divider and
output divider values. Skew between 0.7 1.0 1.3 ns
LVCMOS and differential outputs
Output phase noise floor
PN 25 MHz -155 dBc/Hz
FLOOR (forrseT > 10 MHz)
oDC Output duty cycle 45 55 %
Rout Output impedance 40 50 65 Q
3.3-V LVCMOS GPIO Clock Output Characteristics (GP100/1/2)
fout Maximum output frequency GPIO1, GPIO2 25 MHz
VoH Output high voltage lon=2 mA 24 \%
VoL Output low voltage lo,=2 mA 0.4 \%
Iix Input high current Vin = Vop 100 uA
M Output low current VN =0V -100 pA
tr/tr Output rise/fall time 20% to 80%, 1 kQ to GND 0.5 1.3 2.6 ns
GPI0O1, GPIO2 output skew compared
to OUTO_P, OUTO_N, OUT1_P,
tsk Output-to-output skew OUT1_N CMOS outputs. GPIOx_SEL 10.15 ns
=115
fout = 100 kHz
oDC Output duty cycle 45 55 %
Rout Output impedance 35 42 50 Q
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Over Recommended Operating Conditions (unless otherwise noted)
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX‘ UNIT

PLL Output Clock Noise Characteristics

XO =48 MHz, fout = 1250 MHz, post
divider P1ap 13 = 2, HSDS output VOD 45 fs
2800mv ©

XO =48 MHz, fout = 625 MHz, post
divider P1pp 3 = 4, HSDS output VOD 35 50 fs
2800 mv

XO = 48 MHz, fout = 500 MHz, post
divider P1ap 3 = 5, HSDS output 50| fs
VOD 2 800 mV ©

XO = 48 MHz, fout = 312.5 MHz, post
divider P1ap( 3 = 8, HSDS output 42 60| fs
VOD 2 800 mV ©

XO = 48 MHz, fout = 156.25 MHz, post
divider P1p( 3 = 16, HSDS output 47 65 fs
VOD 2800 mV ©

XO =48 MHz, fout = 312.5 MHz,
bypass post divider P1pp 3 = 1, HSDS 47 65 fs
output VOD =800 mV (10

XO =48 MHz, fout = 156.25 MHz,
bypass post divider P15p 3 = 1, HSDS 55 73 fs
output VOD =800 mV (10

XO =48 MHz, fy = 312.5 MHz, HSDS
output, all VOD levels

XO = 48 MHz, fy = 156.25 MHz,
HSDS output, all VOD levels

XO =48 MHz, f,;; = 153.6 MHz (VCO2
= 5836.8 MHz), 155.52 MHz (VCO2 =
5598.72 MHz), 174.703084 MHz
(VCO2 = 5765.2 MHz) or 184.32 MHz
(VCO2 = 5898.24 MHz) from APLL2. 110 150 fs
HSDS output , VOD 2 800 mV from
OUT4, OUT5, OUT6 and OUT7 or
OUT2 and OUTS3. 156.25 MHz from
APLL3 output in all other output banks.

XO =48 MHz, foy = 161.1328125 MHz
or 322.265625 MHz (VCO2 =
5800.78125 MHz), or 212.5 MHz
(VCO2 = 5950 MHz) from APLL2.
HSDS output , VOD =800 mV from
_ OUT4, OUT5, OUT6 and OUT7 or
RapLL 12 kHz to 20 MHz integrated OUT14 and OUT15. 156.25 MHz from
RMS jitter for APLL2 outputs APLL3 output in all other output banks.

XO =48 MHz, f,; =245.76 MHz or
122.88 MHz (VCO2 = 5898.24 MHz)
from APLL2.

HSDS output , VOD = 800 mV from 110 150 fs
OUT4, OUT5, OUT6 and OUT7 or
OUT2 and OUT3. 156.25 MHz from
APLL3 output in all other output banks.

XO =48 MHz, f, = 156.25 MHz or
125 MHz (VCO2 = 5625 MHz), or 100
MHz (VCO2 = 5600 MHz) from APLL2.
HSDS output , VOD =800 mV from 110 150 fs
OUT4, OUT5, OUT6 and OUT7 or
OUT2 and OUT3. 156.25 MHz from
APLL3 output in all other output banks.

RJ 12 kHz to 20 MHz integrated XO =48 MHz, fout = 100 MHz, HSDS
APLL1 RMS jitter for APLL1 outputs output buffer VOD = 800 mV

RJ 12 kHz to 20 MHz integrated
APLL3 RMS jitter for APLL3 outputs

50 80 fs

60 90 fs

110 150 fs

200 300 fs
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Over Recommended Operating Conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Power supply noise rejection Vce = 3.3V, Vy = 50 mVpp, HSDS, )
PSNRvpDo_o_1 VDD _0_1 LVDS or LVPECL outputs. (1" 105 dBe
Power supply noise rejection Vce = 3.3V, Vy = 50 mVpp, HSDS,
PSNRvopo_2 3 VDD 2 3 LVDS or LVPECL outputs. (1) -105 dBe
Power supply noise rejection Vcee = 3.3V, Vy = 50 mVpp, HSDS,
PSNRvppo,_4_7 VvDDO 4 7 LVDS or LVPECL outputs. (1) -110 dBc
Power supply noise rejection Vcee = 3.3V, Vy = 50 mVpp, HSDS,
PSNRvopo_s_13 VDDO_8_13 LVDS or LVPECL outputs. (1) -110 dBe
PSNRyppo 14 1 | Power supply noise rejection Vee = 3.3V, Vy = 50 mVpp, HSDS, 110 dBe
5 VDDO_14_15 LVDS or LVPECL outputs. (1)
PSNRypp_apLL1 | Power supply noise rejection Vce = 3.3V, Vy = 50 mVpp, HSDS, 100 dBc
X0 VDD_APLL1_XO LVDS or LVPECL outputs. (1)
Power supply noise rejection Vce = 3.3V, Vy = 50 mVpp, HSDS, )
PSNRvop_apLL2 VDD_APLL2 LVDS or LVPECL outputs. (1) 105 dBe
Power supply noise rejection Vce = 3.3V, Vy = 50 mVpp, HSDS, )
PSNRvop_apLL3 VDD_APLL3 LVDS or LVPECL outputs. (") 105 dBe
Power supply noise rejection Vce = 3.3V, Vy = 50 mVpp, HSDS, )
PSNRvop_pie VDD _DIG LVDS or LVPECL outputs. (1" 120 dBe
PCle Jitter Characteristics
PCle Gen 1 (2.5 GT/s) Common
JPCIE-Gen1-cC Clock jitter APLL3, APLL2 or APLL1 output 0.8 5| psp-p
Jocibcanpce | LCle Gen 2(5.0 GT/s) Common | gy | 3 ApLL2 or APLL1 output 85 250| fs RMS
Clock jitter
PCle Gen 3 (8 GT/s) Common
JpCle-Gen3-cC Clock jitter APLL3, APLL2 or APLL1 output 25 100| fs RMS
Jrciocamsce | LCte Gen 4 (16 GT/s) Common | g | 3 APy | 2 or APLLT output 25 100| fs RMS
Clock jitter
PCle Gen 5 (32 GT/s) Common
JPCIe-GenS-CC Clock Jltter APLL3, APLL2 or APLL1 OUtpUt 9 50| fs RMS
DPLL Characteristics
TDC rate range for DPLL1/
froc DPLL2/DPLL3 186 26| MHz
do/dt Phase slew during switchover Programmable range 695 ns/s
DPLL-BW DPLL loop bandwidth Programmable loop bandwidth 0.001 4000 Hz
Jpk DPLL closed-loop jitter peaking 0.1 dB
Compliant with G.8262 Options 1 and
JroL Jitter tolerance 2. Jitter modulation = 10 Hz, 25.78152 6455 Ul p-p
Gbps line rate
DCO Characteristics
foCO.DPLL E;;I‘; DCO frequency tuning DPLL3, DPLL2, DPLL1 -200 200/ ppm
. APLL3 in holdover or APLL only
foco-ApPLL DCO frequency tuning range operation. -200 200 ppm
. APLL2, APLL1 in holdover or APLL
foco-APLL DCO frequency tuning range only operation. -1000 1000 ppm
Zero Delay Mode (ZDM) Characteristics
DPLL3: OUTO or OUT10 1E-6 1250 MHz
fouT-2OM S:;gfégreq”ency range with ZDM (5115 6UT0 or OUT4 1E-6 700|  MHz
DPLL1: OUTO 1E-6 1250 MHz
t Input-to-output propagation delay |OUTO, fiy < fTDC_MAX1 fout = fTDC_MAX! 150 s
DLY-ZDM with ZDM enabled DPLLx_PH_OFFSET = 172500 P
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Over Recommended Operating Conditions (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

Input-to-output propagation delay |OUTO, fiy < frpc_max, fout < froc_max
variation with ZDM enabled DPLLx_PH_OFFSET =0

1-PPS Reference Characteristics

tbLy-var-zDM 65 tps

XO = 48 MHz, initial error = +25
ppb, -180° < © < 180°. DPLL LBW =10 5 6 s
mHz, frequency lock Afyy < +4.6 ppm

XO =48 MHz, initial error = +25

DPLL phase lock time with 1-PPS | ppb, -180° < © < 180°. DPLL LBW =10
reference mHz, DPLL LBW = 10 mHz, phase
lock £+100 ns

DPLL frequency lock time with 1-

topLL FL PPS reference

topLL_PL 34 38 s

Hitless Switching Characteristics

INO = 1 Hz, IN1 = 1 Hz, frequency
locked. INO and IN1 relative phase
offset -180° < © < 180°. DPLL LBW =
10 mHz.

INO = 1 Hz, IN1 = 1 Hz, frequency
locked. INO and IN1 relative phase
offset -180° < © < 180°. DPLL LBW =
100mHz

INO = 8 kHz, IN1 = 8 kHz, frequency
locked. INO and IN1 relative phase 6.5 +ps
offset -180° < © < 180°. DPLL LBW =1 ; -

mHz

INO = 8 kHz, IN1 = 8 kHz, frequency
locked. INO and IN1 relative phase
offset -180° < © < 180°. DPLL LBW =
100 mHz

INO = 25 MHz, IN1 = 25 MHz,
frequency locked. INO and IN1 relative
phase offset -180° < © < 180°. DPLL
LBW =100 mHz

INO = 25 MHz, IN1 = 25 MHz,

frequency locked. INO and IN1 relative
phase offset -180° < © < 180°. DPLL -
LBW =1 Hz

INO = 25 MHz, IN1 = 25 MHz,

frequency locked. INO and IN1 relative
phase offset -180° < © < 180°. DPLL -
LBW =100 Hz

50 + ps

25 *ps

thir Phase transient during switchover
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Over Recommended Operating Conditions (unless otherwise noted)

PARAMETER

TEST CONDITIONS

MIN TYP

MAX

UNIT

Frequency transient during

fi ;
HIT switchover

INO = 1 Hz, IN1 =1 Hz, frequency
locked. INO and IN1 relative phase
offset -180° < © < 180°. DPLL LBW =
10 mHz

0.7

+ ppb

INO = 1 Hz, IN1 =1 Hz, frequency
locked. INO and IN1 relative phase
offset -180° < © < 180°. DPLL LBW =
100 mHz

0.5

+ ppb

IINO = 8 kHz, IN1 = 8 kHz, frequency
locked. INO and IN1 relative phase
offset -180° < © < 180°. DPLL LBW =1
mHz

1.1

+ ppb

1INO = 8 kHz, IN1 = 8 kHz, frequency
locked. INO and IN1 relative phase
offset -180° < © < 180°. DPLL LBW =
100 mHz

1.1

+ ppb

INO = 25 MHz, IN1 =25 MHz,
frequency locked. INO and IN1 relative
phase offset -180° < © < 180°. DPLL
LBW = 1 mHz

11

+ ppb

INO = 25 MHz, IN1 =25 MHz,
frequency locked. INO and IN1 relative
phase offset -180° < © < 180°. DPLL
LBW =1 Hz

11

+ ppb

INO = 25 MHz, IN1 =25 MHz,
frequency locked. INO and IN1 relative
phase offset -180° < © < 180°. DPLL
LBW =100 Hz

0.9

+ ppb

Programmable Output Delay Characteristics

tANADLY Analog delay step size (13)

APLL3 = 2500.0 MHz, VCO post-
divider = 2, 0.5x range scale, 1 Hz <
OUTx = 156.25 MHz,
ANA_DELAY_LINEARITY_CODE =2

12.9

ps

APLL3 = 2500.0 MHz, VCO post
divider = 1, 2x range scale, 1 Hz <
OUTx = 156.25 MHz,
ANA_DELAY_LINEARITY_CODE =5

25.8

ps

APLL2 = 5625.0 MHz, VCO post-
divider = 3, 1x range scale, 1 Hz <
OUTx = 156.25 MHz,
ANA_DELAY_LINEARITY_CODE =3

17.2

ps

APLL2=5625.0 MHz, VCO post-divider
=4; 1x range scale, 1 Hz< OUTx <
156.25 MHz,
ANA_DELAY_LINEARITY_CODE =4

22.9

ps
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Over Recommended Operating Conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
APLL3 = 2500.0 MHz, VCO post-
divider = 2, 0.5x range scale, 1 Hz <
OUTx < 156.25 MHz, 6.5 651 ps
ANA_DELAY_LINEARITY_CODE =2
APLL3 = 2500.0 MHz, VCO post
divider = 1, 2x range scale, 1 Hz <
OUTx < 156.25 MHz, -12.9 1291 ps
) Analog delav st ) ANA_DELAY_LINEARITY_CODE =5
DLY- nalog delay step size error
ANA-DLYERR g delay step APLL2 = 5625.0 MHz, VCO post-
divider = 3, 1x range scale, 1 Hz <
OUTx < 156.25 MHz, 8.6 86| s
ANA_DELAY_LINEARITY_CODE =3
APLL2 = 5625.0 MHz, VCO post-
divider = 4; 1x range scale, 1 Hz <
OUTx < 156.25 MHz, -11.45 1145 ps
ANA_DELAY_LINEARITY_CODE =4
tana-DLY-RANGE | Analog delay range 31> tana- ps
DLY
Analog delay absolute accuracy for any
setting N = 0 to 31 across analog delay
¢ Analog delay accurac range. Worst case error of actual value 25 25 s
ANA-DLY-ACC 9 y Y relative to expected value N x tana.pLY- P
step for ANA_DELAY_LINEARITY_CO
DE=3,4,5
ANA_DELAY_LINEARITY_CODE =2 333 450 ps
ANA_DELAY_LINEARITY_CODE =3 450 600 ps
tANADLY-LIN Analog delay linearity (14)
ANA_DELAY_LINEARITY_CODE =4 600 750 ps
ANA_DELAY_LINEARITY_CODE =5 750 1050 ps
VCO post-divider frequency output = 200 s
o ) 2500 MHz , half step setting P
tpic-DLY Digital delay step size —
VCO post-divider frequency output = 800 s
1250 MHz, full step setting P
3-Level Logic Input Characteristics (GPIO0, GPIO1, GP102, SCS_ADD)
Vi Input high voltage 1.4 \Y
Vim Input mid voltage 0.6 0.95 Y
Vi Input mid voltage self-bias Input floating with internal bias and PD# 0.7 09 Vv
pulled low
Internal pulldown resistor for mid
Rim-pD level self-bias (19) 145 163 180 kQ
Internal pullup for mid level self-
Riv.pu bina (13 puliup 470 526 580  kQ
Vi Input low voltage 0.4 \%
Iy Input high current Viy=VDD -40 40 MA
M Input low current V)L =GND —40 40 MA
Cin Input capacitance 2 pF
2-Level Logic Input Characteristics (PD#, SCK, SDIO, SCS_ADD; GPI00, GPIO1 and GPIO2 after power up)
Viy Input high voltage 1.2 \%
Vi Input low voltage 0.4 \%
i1 Input high current V|4 = VDD, except PD# —40 40 MA
I Input low current V| = GND, except PD# —40 40 HA
Iy Input high current V|4 = VDD, PD# with internal 200 kQ _57 24 uA
pull-up
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Over Recommended Operating Conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
N Input low current ?)/i:_ll_:uSND, PD# with internal 200 kQ _57 24 uA
Input pulse width for GPIO
twiDTH tsréglgr S\F(’EII_? ﬁi;tegzleesct’gic-)rrso Monotonic edges 200 ns
FDEV trigger and FDEV_dir
Cin Input capacitance 2 pF
Logic Output Characteristics (GPIO0, GPIO1, GP102, SDIO)
Vou Output high voltage lor=1mA 2.4 \%
VoL Output low voltage loL=1mA 0.4 \Y
tr/tE Output rise/fall time éo,jgto 80%, LVCMOS mode, 1 kQ to 500 ps
Open Drain Output (GP100, GPIO1, GPI02, SDA)
VoL Output Low Level lo = 3 mA 03 v
loL =6 mA 0.6 \Y
lon Output Leakage Current -15 15 HA
SPI Timing Requirements (SDIO, SCK, SCS_ADD)
SPI clock rate 20 MHz
s opaatone. e s o) e
t, SCS to SCK setup time (start 10 ns
communication cycle)
to SDI to SCK setup time 10 ns
ts SDI to SCK hold time 10 ns
tq SCK high time 25 ns
ts SCK low time 25 ns
tg SCK to SDO valid read-back data 20 ns
t7 SCS pulse width 20 ns
ty SCK to S.CS. setup time (end 10 ns
communication cylce)
I2C Timing Requirements (SDA, SCL)
Viy Input high voltage 1.2 \%
Vi Input low voltage 0.5 \%
i1 Input leakage -15 15 MA
Cin Input capacitance 2 pF
VoL Output low voltage lo=3 mA 0.3 \%
VoL Output low voltage loL =6 mA 0.6 \%
fscL I2C clock rate Standard 100 kHz
Fast mode 400
tsu(sTART) START condition setup time SCL high before SDA low 0.6 us
tH(sTART) START condition hold time SCL low after SDA low 0.6 us
tw(scLh) SCL pulse width high 0.6 Us
tw(scLL) SCL pulse width low 1.3 us
tsu(spba) SDA setup time 100 ns
tH(spa) SDA hold time SDA valid after SCL low 0 0.9 us
traN) SDA/SCL input rise time 300 ns
tran) SDA/SCL input fall time 300 ns
trouT) SDA output fall time Cpus <400 pF 300 ns
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Over Recommended Operating Conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
tsu(sTop) STOP condition setup time 0.6 ys
taus Bus free time between STOP and 13 us

START
tvD-DAT Data valid time 0.9 us
tvp-Ack Data valid achnowledge time 0.9 us
EEPROM Characteristics
Ngg-cyc EEPROM programming cycles 100| cycle
fSRAVLRW EEPROM SRAM read/write time 0 ms
delay between bytes

(1) This is the current consumption of one XO doubler. Each of the three XO doublers consume the same current.

(2) This is the current consumption of one DPLL. Each of the three DPLLs consume the same current.

(3) REFx_ITYPE=8or 12.

(4) REFx_ITYPE =1, 3 or 5, non-driven input directly tied to GND, capacitor to GND or 50-Q to GND.

(5) REFx_ITYPE=1,3o0rb.

(6) When XO input frequency is greater than the APLL phase detector maximum supported comparison frequency, the APLL R divider
must be set to minimum of divide by 2.

(7) Register XO_ITYPE =8 or 12.

(8) Register XO_ITYPE=1,30r5

(9) OUTO to OUT13 sourced from APLL3 post divider. Out14 and OUT15 disabled.

(10) APLLS3 post divider bypassed by setting P1ap 13 = 1. OUTO to OUT15 sourced from channel dividers.

(11) PSNR is the single-sideband spur level measured in dBc when sinusoidal noise with amplitude Vy and frequency between 100 kHz
and 10 MHz is injected onto VDD and VDDO pins with 1.0 yF decoupling capacitance.

(12) Output dividers are synchronized. SYNC status achieved from power up or SYNC_SW.

(13) Typical analog delay step size based on APLL post-divider output period divided by 31, times the analog delay range scale value 0.5, 1
or2.

(14) Analog delay linearity typically selected based on the period of the analog delay range, tanaA-DLY-RANGE.

(15) Variation of internal pullup resistor will track variation of pulldown resistor to maintain a consistent med voltage self-bias ratio

6.6 Timing Diagrams

Loty R |
: | | I I I : |
SCK_m TN A ) s—/_\—/_\—
Tl | | | | ! |
] — | I 5 ' T
SDI Write/Read WR X A14 A1I(3...D1/A1>< DO/AO X DON'T CARE |
| | G \

SDO Read

X

't7'

| 5
DON'T CARE X D7 ><:( D1 X DO
I J

I
I
| I
|
| —> et !
I I
| I
I

-

I
-

|
|
|
|
|
. >

!

6-1. SPI Write Timing Diagram
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6-2. SPI 4-Wire Read Timing Diagram

| t1 t
—> o

—p e—1g

|
| 2 ey . ] |
- ;o | y I 5 ——
SDIO  DON'T CARE >". W /|< A4 ><I A13:'...A1 X A0 >':'.< 07 X II’),G...D1 X DO X IDON'T CARE
|
: I I = |
I
scs ,L\ ¥ :/_\_
| b)) [ |
—» | 1tz |
6-3. SPI 3-Wire Read Timing Diagram
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6-4. 12C Timing Diagram
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OUTx_N , ! ———— -5 Vo
|
>< >< >< I Vob = Von - Vou
OUTx_P ! ' A Y oy,

Voutoirr = 2 x Vop

80% ——f———————— ——
| I
| |
OUT_REFx/2 —— —: —————————— -:- Vourse
| |
20% — - e e T
b b
> !
tn tF
B 6-6. Single-Ended Output Voltage and Rise/Fall Time
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B 6-7. Differential and Single-Ended Output Skew and Phase Offset

6.7 Typical Characteristics
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6-8. SYSREF/1-PPS Delay Linearity vs Analog B 6-9. SYSREF/1-PPS Delay Linearity vs Analog
Delay Code 2 Delay Code 3
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7 Parameter Measurement Information
7.1 Differential Voltage Measurement Terminology

The differential voltage of a differential signal can be described by two different definitions, causing confusion
when reading data sheets or communicating with other engineers. This section will address the measurement
and description of a differential signal so that the reader is able to understand and distinguish between the two
different definitions when used.

The first definition used to describe a differential signal is the absolute value of the voltage potential between the
inverting and noninverting signal. The symbol for this first measurement is typically V|p or Vop depending on if
an input or output voltage is being described.

The second definition used to describe a differential signal is to measure the potential of the noninverting signal
with respect to the inverting signal. The symbol for this second measurement is Vgg and is a calculated
parameter. Nowhere in the IC does this signal exist with respect to ground, it only exists in reference to its
differential pair. Vgg can be measured directly by oscilloscopes with floating references, otherwise this value can
be calculated as twice the value of Vop as described in the first description.

7-1 shows the two different definitions side-by-side for inputs and 7-2 shows the two different definitions
side-by-side for outputs. The V|p and Vgp definitions show V, and Vg DC levels that the noninverting and
inverting signals toggle between with respect to ground. Vgg input and output definitions show that if the
inverting signal is considered the voltage potential reference, the noninverting signal voltage potential is now
increasing and decreasing above and below the noninverting reference. Thus the peak-to-peak voltage of the
differential signal can be measured.

V|p and Vgp are often defined as volts (V) and Vgg is often defined as volts peak-to-peak (Vpp).

V|p Definition V|p Definition for Input

» Non-Inverting Clock —% _A—\

Va - A A
- X - |Vip VID-DIFF
Ve - ) / \_L_[
\ Inverting Clock 3 i

Vib=|Va-VB| VID-DIFF = 2*Vip

GND

7-1. Two Different Definitions for Differential Input Signals

Vop Definition Vop Definition for Output

» Non-Inverting Clock —¥% _A—\

Va - ¥ -
“““X“"_"_"X Vop VOD-DIFF
VB - A 4 _/ \__J
\ Inverting Clock Yy | .Y

Vob =|Va-VB | VoDp-DIFF = 2*VoD

GND

7-2. Two Different Definitions for Differential Output Signals
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7.2 Output Clock Test Configurations

This section describes the characterization test setup for different output formats.

High-impedance probe

LMK Device

LVCMOS driver Oscilloscope

2 pF

L

Ed 7-3. LVCMOS Output Time Domain Test Configuration

LMK Device | | 0:0 Phase Noise
LVCMOS driver | Analyzer

7-4. LVCMOS Output Phase Domain Test Configuration

0

LMK Device 100 Q % Oscilloscope

HSDS driver D (Hi-Z termination)

7-5. HSDS Output Time Domain Test Configuration

LMK Device
HSDS driver I

Phase Noise

Balun Analyzer

B 7-6. HSDS Output Phase Domain Test Configuration

LMK Device Oscilloscope
HCSL driver (Hi-Z termination)

50 Q 50 Q

7-7. HCSL Output Time Domain Test Configuration

24 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: LMK5B33216


https://www.ti.com/product/ja-jp/lmk5b33216?qgpn=lmk5b33216
https://www.tij.co.jp/jp/lit/pdf/JAJSJO2
https://www.tij.co.jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSJO2B&partnum=LMK5B33216
https://www.ti.com/product/ja-jp/lmk5b33216?qgpn=lmk5b33216

13 TEXAS
INSTRUMENTS LMK5B33216
www.tij.co.jp JAJSJO2B — MARCH 2022 — REVISED JULY 2022

LMK Device D—‘ Balun Phase Noise
HCSL driver Analyzer

50 Q 50 Q

[)

7-8. HCSL Output Time Domain Test Configuration

Sine wave
Modulator
Power Supply
|| [ ) [\
I Phase Noise/
Signal Generator DUT Device Output Balun Spectrum
Reference |l Analyzer
Input K 1 { 0

Single-side band spur level measured in dBc with a known noise amplitude and frequency injected onto the device power supply.

7-9. Power Supply Noise Rejection (PSNR) Test Configuration
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8 Detailed Description
8.1 Overview

The LMK5B33216 has 2 reference inputs, 3 digital PLLs (DPLLs), 3 analog PLLs (APLLs) with integrated VCOs,
and 16 output clocks. APLL3 uses an ultra-high performance BAW VCO (VCBO) with a very high quality factor,
and thus minimizes dependency on the phase noise or frequency of the external oscillator (XO) input clock. Tl's
VCBO technology reduces the overall solution cost to meet the free-run and holdover frequency stability
requirements. An XO, TCXO, or OCXO should be selected based on system holdover stability requirements.
Each APLL can be controlled by the corresponding DPLL, allowing the APLL domain to be locked to the DPLL
reference input for synchronous clock generation. Each APLL can select a reference from XO port or another
APLL divided clock. Each DPLL can select a synchronization input reference from reference inputs INx or align
to another APLL domain by selecting feedback from one of the cascade dividers.

The DPLL reference input mux supports automatic input selection based on priority and reference signal
monitoring criteria. Manual input selection is also possible through software or pin control. The device provides
hitless switching between reference sources with proprietary phase cancellation and phase slew control for
superior phase transient performance. The reference clock input monitoring block monitors the clock inputs and
will perform a hitless switchover or holdover when a loss of reference (LOR) is detected. A LOR condition will be
detected upon any violation of the threshold limits set for the input monitors, which include frequency, missing
and early pulse, runt pulse, and 1-PPS (pulse-per-second) detectors. The threshold limits for each input detector
can be set and enabled per reference clock input. The tuning word history monitor feature determines the initial
output frequency accuracy upon entry into holdover based on the historical average frequency when locked,
thereby minimizing the frequency and phase disturbance during a LOR condition.

The LMK5B33216 has sixteen outputs with programmable output driver types, allowing up to sixteen differential
clocks, or a combination of differential and single-ended clocks. Up to four single-ended 1.8-V or 2.65-V
LVCMOS clocks (each from _P and _N outputs from OUTO and OUT1). Each output clock derives from one of
the supported APLL/VCO domains through the output muxes. Output 0 (OUTO) and Output 1 (OUT1) are the
most flexible and may select their source from the XO, reference input, or any APLL domain. A 1-PPS output
can be supported on Output 0 (OUTO0) and Output 1 (OUT1). The output dividers have a SYNC feature to allow
multiple outputs to be phase-aligned. Deterministic phase alignment can also be achieved through the zero-
delay mode (ZDM) synchronization. ZDM achieve a deterministic phase alignment between a clock from any
DPLL presented to OUTO and the selected reference input. ZDM feedback paths are also available on OUT10
for DPLL3 and OUT4 for DPLL2.

To support IEEE 1588 PTP secondary clock or other clock steering applications, the DPLL supports DCO mode
with less than 1-ppt (part per trillion) frequency resolution for precise frequency and phase adjustment through
software or pin control.

The device is fully programmable through 12C or SPI and supports start-up frequency configuration with factory
pre-programmed internal ROM pages. A programmable EEPROM overlay, which allows POR configuration of
registers related to APLL and output configuration, provides flexible power up output clocks. Internal LDO
regulators provide excellent PSNR to reduce the cost and complexity of the power delivery network. The clock
input and PLL monitoring status are visible through the GPIO status pins and interrupt registers readback for full
diagnostic capability.
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8.2 Functional Block Diagram
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B 8-1. Top-Level Block Diagram
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8.2.1 PLL Architecture Overview

8-2 shows the PLL architecture implemented in the LMK5B33216. The ultra-low jitter channel consists of a
digital PLL (DPLL3) and analog PLL (APLL3) with integrated BAW VBCO (VCO3). APLL2 with integrated LC
VCO (VCO2) can generate another additional low jitter clock domain. APLL2's feedback N divider numerator can
be controlled by DPLL2. APLL1 with integrated LC VCO (VCO1) can be used as a clock generation domain.
APLL1's feedback N divider numerator can be controlled by DPLLA1.

The DPLL is comprised of a time-to-digital converter (TDC), digital loop filter (DLF), and programmable 40-bit
fractional feedback (FB) divider with sigma-delta-modulator (SDM). The APLLs are comprised of a reference (R)
divider, phase-frequency detector (PFD), loop filter (LF), fractional feedback (N) divider with SDM, and VCO.

Each DPLL has a reference selection mux that allows the DPLL to be either locked to any reference input or
another APLL's cascade divider output. Tl's cascading architecture provides unique flexibility for hybrid
synchronization of frequency and phase control across multiple clock domains.

Each APLL has a reference selection mux that allows the APLL to be either locked to the XO input, or another
APLL's cascade divider output.

Each APLL has a fixed 40-bit denominator controllable by the DPLL when locked to an input reference. When
one or more of the APLL are operating without DPLL control in APLL only mode, a programmable 24-bit
denominator is also available for selection to synthesize exact frequency ratios. Tl recommends the
programmable 24-bit denominator when implementing hybrid synchronization or cascading between frequency
domains in order to maintain 0 ppm frequency error without DPLL control.

Do not cascade one VCO output to both the DPLL reference and APLL reference of the same DPLL/APLL pair.

Any unused DPLL or APLL should be disabled (powered-down) to save power. Each APLL's VCO drives the
clock distribution blocks through their respective VCO post-dividers. If the post-divider setting is 1 for VCO3, the
post-divider is bypassed and VCO3 feeds the output clock distribution blocks directly.
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B 8-2. PLL Architecture

The following sections describe the basic principles of DPLL and APLL operation. See DPLL Operating States
for more details on the PLL modes of operation including holdover.

8.2.2 DPLL

When DPLL operation is enabled, the clock source on the XO pin determines the free-run and holdover
frequency stability and accuracy of the output clocks. The VCBO determines the APLL3 output clock phase
noise and jitter performance over the 12-kHz to 20-MHz integration band, regardless of the frequency and jitter
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of the XO pin input. This increased immunity from reference noise degradation allows the APLL3 to use a cost-
effective, low-frequency TCXO or OCXO as the external XO input while still maintaining standards-compliant
frequency stability and low loop bandwidth (€10 Hz) required for SyncE and PTP synchronization applications.
APLL1 and APLL2 with standard LC type VCOs can be optimized for best jitter performance over the DC to 100-
kHz integration band by using a wide loop bandwidth with a clean reference and a high phase detector
frequency. When encountering system performance limitations arising from XO frequency or phase noise, there
are unique cascading options to provide a clean high frequency reference for APLL1 and APLL2. The
LMK5B33216 allows selecting the divided output from the VCBO (APLL3 Cascaded) which can significantly
reduce APLL1 and APLL2 output RMS jitter.

If DCO mode is enabled on a DPLL, a frequency deviation step value (FDEV) can be programmed and used to
adjust (increment or decrement) the DPLL's FB divider numerator. The DCO frequency adjustment effectively
propagates through the APLL domain to the output clocks and any cascaded DPLL/APLL domains.

The programmed DPLL loop bandwidth (BWpp, ) should be lower than all of the following:
1. 1/100th of the DPLL TDC rate.

2. 1/10th the APLL loop bandwidth.

3. The maximum DPLL bandwidth setting of 4 kHz.

8.2.2.1 Independent DPLL Operation

In the independent mode, each DPLL can select a reference as preferred. DPLL's can share the same
reference, or each select a different reference. At start-up, each APLL will lock to the XO input after initialization
and operate in free-run mode. When a valid DPLL reference input is detected, each DPLL begins lock
acquisition on independent reference priority. Each DPLL's TDC compares the phase of the selected reference
input clock to the FB divider clock from the respective VCO and generates a digital correction word
corresponding to the phase error. The correction word is filtered by the digital loop filter (DLF), and the DLF
output adjusts the APLL N divider numerator to pull the VCO frequency into lock with the reference input.

Since each DPLL can work independently in this mode, the DPLLs can lock or unlock without impacting other
channels.

When selecting an XO frequency, Tl recommends to avoid ratios falling near integer or half integer boundaries to
minimize spurious noise. Ideally, it is best to select a XO frequency that results in an APLL fractional N divider
ratio (NUM/DEN) between the range of 0.125 to 0.45 and 0.55 to 0.875. Choosing a higher frequency XO is
better for jitter performance, especially for APLL1 and APLL2 outputs. If the XO frequency or phase noise
performance has gap to what performance is required for APLL1 or APLL2 outputs, there is an option to adopt
cascaded mode using APLL3 as the reference to APLL1 or APLL2.
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E] 8-3. DPLL Independent Mode
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8.2.2.2 Cascaded DPLL Operation

8-4 shows an example where DPLL1 and DPLL2 are in cascaded mode from DPLL3/APLL3. In this example,
DPLL3 is the main synchronization DPLL, DPLL1, and DPLL2 are cascaded DPLLs.

Cascading of DPLLs provides clean, low jitter output clocks synchronized with DPLL3. When all enabled DPLLs
and APLLs are locked, all enabled outputs will be synchronized to the reference selected by the main
synchronization DPLL.

When no valid reference input is present, APLL1, APLL2, and APLL3 lock their VCO frequencies to the external
XO input and operate in free-run mode .

When a valid DPLL reference input is detected, the main synchronization DPLL3 begins lock acquisition. The
DPLL3 TDC compares the phase of the selected reference input clock with the FB divider clock from the
respective VCO3 and generates a digital correction word corresponding to the phase error. The correction word
is filtered by the DLF, and the DLF output adjusts the APLL N divider numerator to pull the VCO frequency into
lock with the reference input.

DPLL3 lock status may not necessarily impact DPLL1 and DPLL2 lock status. If APLL3 is in free-run mode or
holdover mode, and the VCBO frequency offset ppm value is still withing the valid reference conditions for
DPLL1 and DPLL2, then cascaded DPLL1, APLL1, DPLL2, and APLL2 are able to maintain lock status while
tracking the same frequency offset as APLL3. Note in cascaded DPLL mode, the best jitter performance and
frequency stability will be achieved after DPLL3 has locked.
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8-4. DPLL Cascaded Mode
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8.2.2.3 APLL Cascaded With DPLL

8-5 shows APLL1 and APLL2 are in cascaded mode from APLL3, VCO3 is held around its nominal center
frequency of 2500 MHz while APLL1 and APLL2 locks. Then APLL3 locks the VCO3 frequency to the external
XO input and operates in free-run mode. Cascaded PLLs lock to a divided frequency from the source VCO.
When a valid DPLL reference input is detected beyond a minimum valid time, the DPLLs begin lock acquisition.
Each DPLL TDC compares the phase of the selected reference input clock and the FB divider clock from the
respective VCO and generates a digital correction word corresponding to the phase error. At beginning, the TDC
simply cancels out the phase error with the no filtering correction word. Then subsequent correction word is
filtered by the DLF, and the DLF output controls the APLL N divider numerator to pull the VCO frequency into
lock with the reference input.

Using the VCBO as a cascade source to APLL1 or APLL2 provides the APLL a high-frequency, ultra-low-jitter
reference clock. This unique cascading feature can provide improved close in phase noise performance if the
XO/TCXO/OCXO is a low frequency or has poor phase noise performance. Note that in cascaded DPLL
operation the best jitter performance and frequency stability will be achieved after DPLL3 has locked.

DPLL3 lock status will impact DPLL1 and DPLL2 lock status. If APLL3 is in free-run mode or holdover mode, the
VCBO frequency offset ppm value could introduce a similar frequency offset at APLL1 and APLL2 outputs even
though DPLL1 and DPLL2 can stay in the locked state. In this configuration example, ensure DPLL3 and APLL3
are locked first, toggle PLL1 or PLL2 enable cycle (APLLx_EN bit = 0 — 1) to calibrate VCO1 or VCO2, and then
double check PLL1 or PLL2 lock status.

In above example, APLL3 is upstream PLL, while APLL1 and APLL2 are downstream PLLs. If there are system
start-up requirements on the clock sequencing, APLL1 or APLL2 also can be configured as the upstream PLL.

When cascading PLLs, the downstream APLL may use the DPLL or bypass and power down the DPLL
depending on performance requirements. If DPLL1 and DPLL2 are disabled from above APLL cascaded mode,
then DPLL3-only cascade mode may be used (see [X] 8-6). In this case, VCO1 or VCO2 can track the VCO3
domain during DPLL3 lock acquisition and locked modes, allowing APLL1 or APLL2's clock domain to be
synchronized to the DPLL3 reference input.

When a DPLL is disabled, it is recommended to use the 24-bit numerator and programmable 24-bit denominator
instead of the fixed 40-bit denominator to eliminate frequency error from APLL reference to output.

Do not cascade one VCO output to both the DPLL reference and APLL reference of the same DPLL/APLL pair.
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8-5. APLL Cascaded With DPLLs Enabled Example
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B 8-6. APLL Cascaded With DPLLs Disabled Example

Submit Document Feedback

DPLL feedback clock

or OUT10

Product Folder Links: LMK5B33216

ZDM from OUTO

Copyright © 2023 Texas Instruments Incorporated


https://www.ti.com/product/ja-jp/lmk5b33216?qgpn=lmk5b33216
https://www.tij.co.jp/jp/lit/pdf/JAJSJO2
https://www.tij.co.jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSJO2B&partnum=LMK5B33216
https://www.ti.com/product/ja-jp/lmk5b33216?qgpn=lmk5b33216

13 TEXAS

INSTRUMENTS LMK5B33216
www.tij.co.jp JAJSJO2B — MARCH 2022 — REVISED JULY 2022

8.2.3 APLL-Only Mode

In APLL-only mode, the external XO input source determines the free-run frequency stability and accuracy of the
output clocks. The DPLL blocks are not used and do not affect the APLLs. APLLs still can operate in cascaded
mode or non-cascaded mode and also have DCO option through control register writes.

The principle of operation for APLL-only mode after power-on reset and initialization is as follows. If APLL1 or
APLL2 is in cascaded mode as shown in [¥] 8-6 (DPLL3 also is not used), VCO1 or VCO2 will track the VCO3
domain. APLLs lock in APLL priority order using bits: APLLx_STRT_PRTY. Cascading APLL1 or APLL2 from
VCO3 provides a high-frequency, ultra-low-jitter reference clock to minimize the in-band p