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Changes from Revision A (August 2017) to Revision B Page
¢ Changed all the VCO Gain typical values in the Electrical Characteristics table. This is due to improved
measurement methods and NOT a change in the device ItSelf. ..........oo i 10
* Moved the high-level output voltage parameter V¢ — 0.4 value from the MAX column to the MIN............cccoiiiiinnnnnn. 10
* Moved the high-level output current parameter 0.4 value from the MIN column to the MAX ........cocooiriie e, 10
¢ Changed data is clocked out 0N MUXOUL, NOt SDI PIN..ccocuuiiiiiiiiiiiiiiiiie ettt e st e 11
* Added comment that OSCin is clocked on rising edges of the signal. and reformatted with bulleted list ..................o....... 17
e Added description of the state MaChiNg CIOCK ...........ciiiiiiiiii e 18
¢ Changed example from 200MHz/ 232 t0 200 MHZ/(2V32-1) ...eoiiuiiiiiii ettt e et e 19
e Changed LD_DLY description in Table 4 and removed duplicated text in the Lock Detect Section............cccoevcuvveeeenninnenn.

e Changed name from VCO_AMPCAL to VCO_DACISET_STRT
¢ Added more programmable Settings t0 TaBIE 5 ... s
LI O F=TaTo T=To A Y[ 61 @ B 1=V o I =1 o [T PO PP UPTOPPPRP 22
e Added that OUTx_PWR states 32 to 47 are redundant and reworded SECHON. ........coccvviiirieiiiieiniie e 23
o Added term "INCludedDiIVIAE" fOr CIAMLY ......ccouiiiiiiieiiee et e ettt e et eenbn e nes 24
e Changed Fixed Diagram to show SEGO,SEG1,SEG2,and SEG3 ........ccooiiiiiiiiiiiiiie et 25
e Changed included channel divide to IncludedDivide and 2 X SEGO to 2 X SEG1. Also clarified IncludedDivide

calculations
e Added more description on conditions for Phase AdUST. ............coiiiiiiiii e 27
¢ Changed text from: (VCO_PHASE_SYNC=1) t0: (VCO_PHASE_SYNCZ=0) ....cccciiiiieiiiiiiie et e seier e setvee e esiraeea e 27
« Changed text so the user does not incorrectly assume that MASH_SEED varies from part ot part. .........ccccooccceeeniinnnen. 28
« Changed the RAMP_THRESH programming from: 0 t0 + 23210: 010 £ 233 — 1 ......cccooiiiiiiiicicceececee e 28
« Removed comment that RAMP_TRIG_CAL only applies in automatic ramping mode. ..........cccccvvvveeiiiiiiieeeiiiieeee e 28
« Changed the RAMP_LOW and _HIGH programming from: 0t0 £ 231 t0: 010 £ 2% — 1. 28
e Changed description to be in terms of state MacChiNg CYCIES ..........ueiiiiiiiiii e 29
¢« Changed RAMP_MODE to RAMP_MANUAL in the Manual Pin Ramping and Automatic Ramping sections.................... 29
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BT ik (BT R)
« Added that the RampCLK pin input is re-clocked to the phase detector freqUENCY. ........cccccieiiiiiiiii i 29
¢ Added that RampDir rising edges should be targeted away from rising edges of RampCLK pin. .....cccccccovveeiiieeiiniennn. 29
¢ Changed programming enumerations for RAMPO_INC and RAMPIL_INC .......ccccoiiiiiiiiiiiiiee it seeee e 31
« Changed programming enumerations for RAMP_THRESH, RAMPx_LEN, and RAMPZL_INC..........ccccoiiiiiiiniiiee e 32
LI @1 o F=TaTo T=To B o [0 T T T TP TP T P PU P OPPPOTPN 32
LI @1 0 T=TaTo [=To IS} VAT 2=l o [ od o] 1 o] ISP 33
LI Yo (o [=To I o 1YiTo [0 o)V ADZa (o I T [ =S SSTSPPRI 33
e Changed some entries iN the TADIE. ...ttt e b et bt e e ab e e b e e e abb e e nre e e nnnees 33

¢ Changed fiyrerroLator SYSREF setup equation in Table 19
¢ Changed SysRef delay from: 224 and 225 to: 225 and 226

¢ Changed "generator" mode to "master" mode. They mean the same thing. .......cccccveiiiiiiiie e 34
¢ Changed description for SYSREF_DIV

e Changed FiQUIE 32 ...ttt ettt e e e et e e e e e enaeeeeaeanes

e Changed wording for repeater mode and master mode

e Changed description Of @ fEW Of the STEPS. ...uiiiiiiii ettt e st e e et s bt e et e e ete e e snneas 37
LI O F=TaTo T=To IR aY] o To I T I = 8 - T To B = 3 SRR 46
e Deleted reference to VCO_SEL_STRT_EN, thiS iS @lWAYS 1 ......ceeiiiiiiiiiiiiiiie ittt 46
¢ Added VCO_SEL_STRT_EN reference. ThiS iS @lWayS L. .......ccciiiiiiiiiiiiiiiie e eciiiee e sttt e e st e e e st e e e e s stae e e e e snataeaeessnees 46
« Changed the enumerations 0-3 and added content to the INPIN_LVL field description .........cccocceiieiiiiiiieiiiieee e 48
« Added Divide by 1'to SYSREF_DIV_PRE register description. Also fixed mispelling its name............ccccceeevviiiieeeiiiiinenn. 50
¢ Deleted redundant formula for Fout and also clarified SYSREF_DIV starts at 4 and counts by 2. .........ccccceeeviiieeiiiinnenn. 50
* Deleted reference to VCO_CAPCTRL_EN, which is always 1 and clarified. ...........cccoooieiiiiiiiniiiieee,

e Changed text from: fyax t0: frich
» Changed text from: RAMP_LIMIT_LOW=2% - (f.ow - fvco) / fep X 16777216 to: RAMP_LIMIT_LOW=2% - 16777216

X (FUC0 = TLOW) 1 TP+ reettteett ettt b ettt E bt E et r e h e bt a et 53
* Removed the OSCin Configuration table and added content to the OSCin Configuration SeCtion..............ccceevcuveeeeeriineenn. 57
e Changed pin 27 recommendation from 10 pPF t0 1 PF in FIQUIE 52 .......ooiiiiiiiiiiiciie ettt 59
Changes from Original (June 2017) to Revision A Page
« Clarified that output power assumes that load is matched and losses are de-embedded. ............cccooiiiiiiiiiiiiin e 7
e Changed "SDA" pin name mispelled. Should be "SDI". Also fixed in timing diagrams. Also added CE Pin ...................... 10
CIRRCATTE=To] o1=To IS BT =T To IS @8 NG T g o [ T- To | - T 4 A SO PPR PP 11
e Added section 0N FINE TUNE AQJUSTMENTS ........uuiiiiiiiiiiiie ettt ettt e e e e bttt e e e s bt et e e e e aabb e e e e e aaabbeeeeeanbbeeeessnbbeeeessnreeeas
e Added INPIN_IGNORE, INPIN_LVL, and INPIN_HYST
e Removed RAMPO_FL fTOM FEOISIEI M@AP. ..iiiiiiiiiiieiiiiieiee e ittt e e e sttt e e e e sttt e e e e s b e ee e e s eataeeeaeaastaeeeeeaassaeseeesasbaseeesansbaeeaesansanees 42
e Clarified MASH_RESET_N. 0 = RESET (integer mode), 1 = Fractional Mode ...........ccccciiiiiiiiiiieiiieee e a7
e Changed OUT_ISEL £0 OUTI_SET ....cccuiiititieitieiie ettt sttt s e et b e s te e sas e ekt e saeeehb e ekt esheeea bt ekt e aaeeaab e e ke e aaeeanbeenbeeanneanbeens 48
¢ Added section for iNPUt regiSter AESCIPLIONS ......ciiiiiiiiiii ettt e e s e e e e st e e e e s st b e e e e s stbeaeeesantbaeeeesnntaeeas 48
e Fixed TYPO table to matCh Main regiSEI MAP. .......oiiuiiiii ittt e et e e s e bb e e e e e s aabre e e e e s anbbeeeeeaanbeeeeeeanneeas 51
¢ Corrected RAMP_BURST_TRIG description to match other place in data Sheet...........cccceiiiiiiii e 54
e Removed duplicate error iN RLOLI2] ...ocuviiieiiiiiiee ettt e e et e e e e et e e e e e tb e e e e e easstaeeaeaasbeeeaeeaasssseaeeasssaeaeeasssbaaaesasrseeens 55
e Changed RAMPI1_INC from RAMPO t0 RAMPL. ..ottt bttt ettt b e s e bt et e e e e neenteas 55
« Clarified that the delay was in state machine cycles. .........
e Fixed pin NAMES IN SCHEIMALIC ......oiiiiiiiiiii ettt e et e e e et e e e e s tb e e e e e aatb et e e e aassbseeeeaassaeeeeesasaeaeaeeansbaeeaeas
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5 Pin Configuration and Functions
RHA Package
40-Pin VQFN
Top View
@)
>
O =
(@) (@] < =
> 0 9 > 2
O o ® 3 2 ¢ o & £ o
zZ z ¢© 8 © 53 =z 5 & Z
o o > > > > 0 > O
O| O] [0 N [© |V S| M [N [
<) ) (™ ™ ™ ™ O ™ ™ ™
CE | 1) ( RampClk
GND 2) ( VrefVCO2
VbiasVCO | 3 ) (28| SysRefReq
GND | 4) (27| VbiasvCO2
SYNC 5) (26| Vcevco2
GND
GND 6) (25| GND
VceDIG 7) (24| csB
oscinP | 8 ) (23| RFoutAP
oscinM | 9) (22| RFoutAM
VregiN |10) (21| VecBUF

cpout | 12)
oo [13)
oD [14)

VeeMASH [ 15)

veeer | 11)

sck [16)

soi [17)
RFoutBM | 18)
RFoutP | 19)

MUxout | 20)
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Pin Functions

PIN
I/10 DESCRIPTION

NO. NAME

1 CE Input Chip enable input. Active HIGH powers on the device.

2,4,25,31,

34, 39, 40 GND Ground VCO ground

3 VbiasVCO Bypass VCO bias. Requires connecting 10-pF capacitor to VCO ground. Place close to pin.

5 SYNC Input Phase synchronization pin. Has programmable threshold.

6, 14 GND Ground Digital ground

7 VceDIG Supply Digital supply. TI recommends bypassing with a 0.1-pF capacitor to digital ground.

8 0SCinP Input Reference input clock (+). High-impedance self-biasing pin. Requires AC coupling capacitor.
(0.1 pF recommended)

. Reference input clock (-). High impedance self-biasing pin. Requires AC coupling capacitor.

9 OSCinM Input (0.1 pF recommended)

10 VregIN Bypass Input reference path regulator output. Requires connecting 1 pF capacitor to ground. Place
close to pin.

1 VeeCP Supply grr;aur'?; pump supply.TI recommends bypassing with a 0.1-puF capacitor to charge pump

12 CPout Output Charge pump output. TI recommends connecting C1 of loop filter close to pin.

13 GND Ground Charge pump ground

15 VccMASH Supply Digital supply. TI recommends bypassing with a 0.1-puF and 10-pF capacitor to digital ground.

16 SCK Input SPI clock. High impedance CMOS input. 1.8-V to 3.3-V logic.

17 SDI Input SPI data. High impedance CMOS input. 1.8-V to 3.3-V logic.
Differential output B (-). Requires pullup (typically 50-Q resistor) to Vc¢ as close as possible

18 RFoutBM Output to pin. Can be used as an output signal or SYSREF output.
Differential output B (+). Requires pullup (typically 50-Q resistor) to V¢ as close as possible

19 RFoutBP Output to pin. Can be used as an output signal or SYSREF output.

20 MUXout Output Multiplexed output pin — lock detect, readback, diagnostics, ramp status

21 VccBUF Supply Output buffer supply. Tl recommends bypassing with a 0.1-pF capacitor to RFout ground.

29 REOUtAM Output lefe(ennal output A (-). Requires connecting 50-Q resistor pullup to Vcc as close as
possible to pin.
Differential output A (+). Requires connecting 50-Q resistor pullup to Vcc as close as

23 RFoutAP Output possible to pin.

24 CSB Input SPI latch. Chip Select Bar . High-impedance CMOS input. 1.8-V to 3.3-V logic.

26 VceVCO2 Supply VCO supply. TI recommends bypassing with a 0.1-uF and 10-pF capacitor to VCO ground.

27 VbiasvVCO2 Bypass VCO bias. Requires connecting 1-uF capacitor to VCO ground.

28 SysRefReq Input SYSREF request input for JESD204B support

29 VrefvVCO2 Bypass VCO supply reference. Requires connecting 10-uF capacitor to VCO ground.

30 RampClk Input Input pin for_rampmg mode that can be used to clock the ramp in manual ramping mode or
as a trigger input.

32 RampDir Input Input pin for ramping _mode that can be used to change ramp direction in manual ramping
mode or as a trigger input.

33 VbiasVARAC Bypass VCO Varactor bias. Requires connecting 10-uF capacitor to VCO ground.

35 Vtune Input VCO tuning voltage input

36 VrefVCO Bypass VCO supply reference. Requires connecting 10-uF capacitor to ground.

37 VceVCO Supply VCO supply. Recommend bypassing with 0.1-puF and 10-uF capacitor to ground.

38 VregvVCO Bypass VCO regulator node. Requires connecting 1-uF capacitor to ground.

DAP GND Ground Die Attached Pad. Used for RFout ground.

Copyright © 2017-2018, Texas Instruments Incorporated 5
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6 Specifications

6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
Vee Power supply voltage -0.3 3.6 \%
T, Junction temperature -40 150 °C
Tstg Storage temperature -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.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 () +2000
Vesp)y  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- +750 \
c101® 75
(1) JEDEC document JEP155 states that 500 V HBM allows safe manufacturing with a standard ESD control process. Manufacturing with

less than 500 V HBM is possible with the necessary precautions. Pins listed as £XXX V may actually have higher performance.

@

JEDEC document JEP157 states that 250 V CDM allows safe manufacturing with a standard ESD control process. Manufacturing with

less than 250 V CDM is possible with the necessary precautions. Pins listed as £YYY V may actually have higher performance.

6.3 Recommended Operating Conditions

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

Vee Power supply voltage 3.15 3.3 3.45 \%
Ta Ambient temperature —-40 25 85 °C
T, Junction Temperature 125 °C
6.4 Thermal Information

LMX2595

THERMAL METRIC® RHA (VQFN) UNIT

40 PINS
Rosa Junction-to-ambient thermal resistance 30.5 °C/W
RoJcitop) Junction-to-case (top) thermal resistance @ 15.3 °C/W
Ross Junction-to-board thermal resistance 5.4 °C/W
LAL Junction-to-top characterization parameter 0.2 °C/W
Vi Junction-to-board characterization parameter 5.3 °CIW
RoJc(bot Junction-to-case (bottom) thermal resistance 0.9 °C/W

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

report.
(2) DAP

Copyright © 2017-2018, Texas Instruments Incorporated
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6.5 Electrical Characteristics
3.15V £V £3.45V, —40°C £ T, < +85°C. Typical values are at V¢ = 3.3 V, 25°C (unless otherwise noted).
PARAMETER | TEST CONDITIONS | MIN TYP MAX| UNIT
POWER SUPPLY
Ve Supply voltage 3.15 33 345 Y
OUTA PD=0,0UTB PD=1
OUTA_MUX = OUTB_MUX =1
Supply current OUTA_PWR = 31, CPG=7 340
| fOSC= pr =100 MHZ, fvco : fOUT =14 GHz mA
ce Pout = 3 dBm with 50-Q resistor pullup
Power on reset current RESET=1 170
Power down current POWERDOWN=1 5
OUTPUT CHARACTERISTICS
50-Q resistor pullup four =8 GHz
OUTx_PWR =50 foutr = 15 GHz 2
PouT Single-ended output power®® out dBm
1-nH inductor pullup four = 8 GHz 10
OUTX_PWR =50 four = 15 GHz
50-Q resistor pullup four= 15 GHz 0
OUTx_PWR =20 B
P Single-ended output power with | VCO2X_EN =1 four= 19 GHz -4 4B
out doubler enabled 1-nH inductor pullup four= 15 GHz 6
OUTx_PWR =20
VCO2X_EN =1 four= 19GHz -1
fucoax VCO doubler Output Range VCO Doubler Enabled 15 19 GHz
) 50-Q resistor pullup _
Lvcoax VCO Doubler Noise floor OUTX_PWR = 20 four= 18 GHz -148 dBc/Hz
Isolation between outputs A and | OUTA_MUX = VCO
Xtalk B. Measured on output A OUTB_MUX = channel divider -0 dBe
. OUTA_MUX=VCO2X
H1/2 1/2 Haromnic Spur fueo = 9 GHz -10 dBc
OUTA_MUX =VCO 20
. (2 f\/co =8 GHz
H2 Second harmonic® dBc
OUTA_MUX =VCO 30
fvco =11 GHz
H3 Third harmonic®@ OUTé_MUX =VCO -50 dBc
f\/co =8 GHz
INPUT SIGNAL PATH
; Ref nout f 0OSC_2X =0 5 1400 MHz
i eference input frequenc
oscin put frequency 0SC_2X =1 5 200
Voscin Reference input voltage AC-coupled required © 0.2 2 Vpp
Multiplier frequency (only Input range 30 70
f applies when multiplier is MHz
MULT eﬁgb,ed) P Output range 180 250
PHASE DETECTOR AND CHARGE PUMP
Integer mode FRAC_ORDER =0 0.125 400
fop Phase detector frequency® ] FRAC_ORDER =1, 2, 5 300 MHz
Fractional mode 3
FRAC_ORDER =4 5 240

(1) Single ended output power obtained after de-embedding microstrip trace losses and matching with a manual tuner. Unused port
terminated to 50 ohm load.

(2) Output power, spurs, and harmonics can vary based on board layout and components.

(3) For lower VCO frequencies, the N divider minimum value can limit the phase-detector frequency.

Copyright © 2017-2018, Texas Instruments Incorporated 7
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Electrical Characteristics (continued)

3.15V £V £3.45V, -40°C < T, < +85°C. Typical values are at V¢ = 3.3 V, 25°C (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Charge-pump leakage current |CPG =0 15 nA
CPG =4
lcpout Effective charge pump current. CPG=1
This is the sum of the up and CPG =5 9 mA
down currents CPG =3 12
CPG =7 15
PNp, . 15 Normalized PLL 1/f noise ” -129 dBc/Hz
= _ _ pr =100 MHz, f\/co =12 GHZ( )
PNpi fiar Normalized PLL noise floor -236 dBc/Hz

(4) The PLL noise contribution is measured using a clean reference and a wide loop bandwidth and is composed into flicker and flat
components. PLL_flat = PLL_FOM + 20 x log(Fvco/Fpd) + 10 x log(Fpd / 1Hz). PLL_flicker (offset) = PLL_flicker_Norm + 20 x log(Fvco

/ 1GHzg— 10 x log(offset / 1OkH22. Once these two components are found, the total PLL noise can be calculated as PLL_Noise = 10 x
|Og(10 LL_Flat / 10 +10 PLL_flicker / 0)

8 Copyright © 2017-2018, Texas Instruments Incorporated
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Electrical Characteristics (continued)

3.15V £V £3.45V, -40°C < T, < +85°C. Typical values are at V¢ = 3.3 V, 25°C (unless otherwise noted).

PARAMETER TEST CONDITIONS | MIN TYP MAX | UNIT
VCO CHARACTERISTICS
10 kHz -80
100 kHz —-107
]}\//Sgi 8 GHz 1 MHz -128
10 MHz —148
90 MHz - 157
10 kHz -79
100 kHz —-105
]}\//Sgi 0.9 GHz 1 MHz -127
10 MHz - 147
90 MHz - 157
10 kHz - 77
100 kHz - 104
IE\//SSE 10.3 GHz 1 MHz - 126
10 MHz - 147
90 MHz - 157
10 kHz - 76
100 kHz —-103
PNyco VCO phase noise ]}\//Egi 11.3 GHz 1 MHz -125 dBc/Hz
10 MHz —145
90 MHz — 158
10 kHz - 74
100 kHz - 100
IE\//SSE 12.5 GHz 1 MHz -123
10 MHz —144
90 MHz - 157
10 kHz - 73
100 kHz —100
IE\//SSS 13.3 GHz 1 MHz -122
10 MHz —143
90 MHz - 155
10 kHz - 73
100 kHz -99
]}\//ng 14.5 GHz 1 MHz -121
10 MHz —143
90 MHz - 152
VCO calibration speed, switch | No assist 50
across the entire frequency Partial assist 35
tvcocaL  band, fosc = 200 MHz, fpp = us
100 MHz Close frequency 20
©) Full assist 5
(5) See Application and Implementation for more details on the different VCO calibration modes.
Copyright © 2017-2018, Texas Instruments Incorporated 9
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Electrical Characteristics (continued)

3.15V £V £3.45V, -40°C < T, < +85°C. Typical values are at V¢ = 3.3 V, 25°C (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
8 GHz 92
9.2 GHz 91
10.3 GHz 115
Kvco VCO Gain 11.3 GHz 121 MHz/V
12.5 GHz 195
13.3 GHz 190
14.5 GHz 213
|aTe | Alowable temperature dnft | RAMP_EN = 0 or RAMP_MANUAL= 1 125 °C
H2 VCO second harmonic fvco = 8 GHz, divider disabled -20 dBc
H3 VCO third haromonic fvco = 8 GHz, divider disabled -50
SYNC PIN AND PHASE ALIGNMENT
foscinSY  Maximum usable OSCin with | Category 3 0 100
NC sync pin (Figure 28) Categoriesl and 2 0 1400 MHz

DIGITAL INTERFACE
Applies to SLK, SDI, CSB, CE, RampDir, RampClk, MUXout, SYNC (CMOS Mode), SysRefReq (CMOS Mode)

Vi High-level input voltage 1.4 Vce \%

Vi Low-level input voltage 0 0.4 \%

I High-level input current -25 25 HA

m Low-level input current -25 25 HA

Von High-level output voltage . Load current =-10 mA | Vcc-0.4 \%
MUXout pin

VoL Low-level output voltage Load current = 10 mA 0.4 \%

6.6 Timing Requirements
(3.15V =V £3.45V, -40°C < T, < +85°C, except as specified. Nominal values are at Voc = 3.3V, T, = 25°C)

MIN NOM MAX | UNIT
SYNC, SYSRefReq, RampClk, and RampDIR Pins
tseTup ggtup time for pin relative to OSCin rising SYNC pin . 25 ns
ge SysRefReq pin 25
foLo Hold time for SYNC pin relative to OSCin SYNC pin . 2 ns
rising edge SysRefReq pin 2
DIGITAL INTERFACE WRITE SPECIFICATIONS
fgp/Write SPI write speed tewL + tcwn > 13.333 ns 75 MHz
tes Clock to enable low time 5 ns
tcs Data to clock setup time 2 ns
tcH Data to clock hold time 2 ns
tcwH Clock pulse width high See Figure 1 5 ns
tewL Clock pulse width low 5 ns
tces Enable to clock setup time 5 ns
tEwH Enable pulse width high 2 ns

10 Copyright © 2017-2018, Texas Instruments Incorporated
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Timing Requirements (continued)
(3.15V =V £3.45V, -40°C £ T, < +85°C, except as specified. Nominal values are at Voc = 3.3V, T, = 25°C)
MIN NOM MAX | UNIT
DIGITAL INTERFACE READBACK SPECIFICATIONS
;S&Readb SPI readback speed 50 MHz
tes Clock to enable low time 10 ns
tcs Clock to data wait time _ 10 ns
tcwH Clock pulse width high See Figure 2 10 ns
towL Clock pulse width low 10 ns
tces Enable to clock setup time 10 ns
tEwH Enable pulse width high 10 ns

MSB . . . ___ _lsB
= (e X X X X X X X X

CsB ! !

Figure 1. Serial Data Input Timing Diagram

There are several other considerations for writing on the SPI:
* The R/W bit must be set to 0.

rk
! EEWH
i

» The data on SDI pin is clocked into a shift register on each rising edge on the SCK pin.

» The CSB must be held low for data to be clocked. Device will ignore clock pulses if CSB is held high.

» The CSB transition from high to low must occur when SCK is low.

 When SCK and SDI lines are shared between devices, Tl recommends hold the CSB line high on the device

that is not to be clocked.

LSB
MUXout < RB15 x RB14 n N :X—_“:X—_“ A’X’X’X’X

MSB

SDI R/W A6 A5 x A0 )

K

SCK

[,

g T
| —wtcsre— 1 [CWH [ i i
—» ICES |w— ! ! '

CsB

‘
- toE
‘

11

Figure 2. Serial Data Readback Timing Diagram

There are several other considerations for SPI readback:

* The R/W bit must be set to 1.

» The MUXout pin will always be low for the address portion of the transaction
» The data on MUXout is clocked out on the rising edge of SCK.

» The data portion of the transition on the SDI line is always ignored.

o EWH
[
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6.7 Typical Characteristics

40 1:100Hz -84.0dBc/Hz 6:10 MHz -141.8 dBc/Hz
50 2:1kHz  -945dBc/Hz 7:40 MHz -150.2 dBc/Hz

3:10kHz -104.8dBc/Hz 8:95 MHz -148.6 dBc/Hz
-60 4:100 kHz -107.5 dBc/Hz 9: 100 MHz -147.6 dBc/Hz
-70 5:1MHz -114.7 dBc/Hz

-100
-110
-120
-130
-140
-150 p
-160
-170

-1801150GHz  -4.1dBm |

-190
1*10"2 1*10"3 1*10M4

Phase Noise (dBc/Hz)

1*10"5 1*10"6 1*10°7
Offset (Hz)
fOSC =100 MHz

pr =200 MHz

Figure 3. Closed-Loop Phase Noise at 15 GHz

1*10"8

Jitter = 55.8 fs (100 Hz - 100 MHz)

Phase Noise (dBc/Hz)

-30
40 1:100Hz -85.5dBc/Hz  6:10 MHz -143.2 dBc/Hz
50 2:1kHz -95.6 dBc/Hz  7:40 MHz -151.5 dBc/Hz
3:10kHz -105.6 dBc/Hz 8:95MHz -153.8 dBc/Hz
-60 4:100 kHz -108.7 dBc/Hz 9: 100 MHz -153.8 dBc/Hz
-70 5:1MHz -117.3 dBc/Hz
-80
-90
-100
-110
-120
-130
-140
-150 {
-160
-170
-180113.0GHz  0.1dBm |
-190
1*1072  1*10%3  1*10M  1*10°5  1*10%6  1*10°7  1*10°8
Offset (Hz)

fOSC =100 MHz
pr =200 MHz

Jitter = 52.6 fs (100 Hz - 100 MHz)

Figure 4. Closed-Loop Phase Noise at 13 GHz

-30
40 1:100 Hz -87.1 dBc/Hz 6:10 MHz -145.6 dBc/Hz
50 2:1kHz -97.2 dBc/Hz 7:40 MHz -154.5 dBc/Hz

3:10kHz -107.2 dBc/Hz 8:95MHz -158.8 dBc/Hz
-60 4:100 kHz -109.4 dBc/Hz 9: 100 MHz -159.1 dBc/Hz
-70 5:1MHz -121.8 dBc/Hz

-80

-901
-100
-110
-120
-130
-140
-150

Phase Noise (dBc/Hz)

-170

-180]111.0GHz  -0.3dBm |

-190
1*10"2 1*10"3 1*10M4

1*10"5
Offset (Hz)

1*10"6 1*10n7

fOSC =100 MHz
pr =200 MHz

Figure 5. Closed-Loop Phase Noise at 11 GHz

-160 b

1*10"8

Jitter = 46.8 fs (100 Hz - 100 MHz)

Phase Noise (dBc/Hz)

-30
-40 1: 100 Hz -88.3dBc/Hz 6:10 MHz -147.4 dBc/Hz
50 2:1kHz  -98.5dBc/Hz  7:40 MHz -154.7 dBc/Hz
3:10kHz -108.9 dBc/Hz 8:95MHz -155.2 dBc/Hz
-60 4:100 kHz -111.4 dBc/Hz 9: 100 MHz -155.0 dBc/Hz
-70 5:1MHz -123.1 dBc/Hz
-80
-904
-100
-110
-120
-130
-140
-150
-160 [
-170
-180190GHz  1.6dBm |
-190
1*1072 1*1073 1*1074 1*10"5 1*10%6 1*10°7 1*108
Offset (Hz)

fosc = 100 MHz Jitter = 46.9 fs (100 Hz - 100 MHz)

pr =200 MHz

Figure 6. Closed-Loop Phase Noise at 9 GHz

40 1:100Hz -90.1dBc/Hz 6:10 MHz -149.3 dBc/Hz
50 2:1kHz -100.4 dBc/Hz 7:40 MHz -154.8 dBc/Hz

3:10kHz -110.6 dBc/Hz 8:95 MHz -155.1 dBc/Hz
-60 4:100 kHz -113.7 dBc/Hz 9: 100 MHz -148.5 dBc/Hz
-70 5:1MHz -125.1 dBc/Hz

-904
-100
-110
-120
-130
-140
-150 a
-160
-170

-180|75GHz  5.3dBm |

-190
1*10"2 1*10"3 1*10M4

Phase Noise (dBc/Hz)

1*10"5 1*10"6 1*10n7
Offset (Hz)
fosc =100 MHz

pr =200 MHz

Figure 7. Closed-Loop Phase Noise at 7.5 GHz

1*10"8

Jitter = 44.1 fs (100 Hz - 100 MHz)

Phase Noise (dBc/Hz)

-30
40 1:100Hz -96.7dBc/Hz 6:10 MHz -149.5 dBc/Hz
50 2:1kHz -106.8 dBc/Hz  7:40 MHz -150.9 dBc/Hz
3:10kHz -117.0dBc/Hz 8:95MHz -151.1 dBc/Hz

-60 4:100 kHz -119.7 dBc/Hz 9:100 MHz -127.8 dBc/Hz
-70 5:1MHz -130.6 dBc/Hz
-80
-90

-1001

-110

-120

-130 2

-140

-150

-160

-170

-180135GHz  1.3dBm |

-190

1+1072  1*10%3  1*10M  1*10%5  1*10%6  1*10°7  1*10°8
Offset (Hz)

fosc =100 MHz
pr =200 MHz
fvco =14 GHz

fOUT =14 GHz/2 = 3.5 GHz
Jitter = 49.4 fs (100 Hz - 100 MHz)

Figure 8. Closed-Loop Phase Noise at 3.5 GHz
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Typical Characteristics (continued)

fOSC =100 MHz
pr =200 MHz

Jitter = 46.87 fs (100 Hz - 100 MHz)

Figure 11. Closed-Loop Phase Noise at 8 GHz

-30 -30
40 1:100 Hz -75.4 dBc/Hz 6:10 MHz -138.0 dBc/Hz 40 1:100 Hz -76.8 dBc/Hz 6: 10 MHz  -137.0 dBc/Hz
50 2:1kHz  -93.2dBc/Hz 9: 100 MHz -148.0 dBc/Hz 50 2:1kHz  -92.0dBc/Hz 9: 100 MHz -147.2 dBc/Hz
3:10kHz -99.3 dBc/Hz 3:10kHz -98.8 dBc/Hz
-60 4:100 kHz -98.9 dBc/Hz -60 4:100 kHz -98.8 dBc/Hz
< 70 5:1MHz -108.7 dBc/Hz < 70 5:1MHz -105.8 dBc/Hz
I 80 I -s0f
@ -90 @ -90
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3 110 & 110
S 120 S 120
% -130 % -130
S .140 S .140
o _150 o .150 i
-160 -160
-170 -170
-180|180GHz  -9.5dBm | -180119.0 GHz -3.1dBm |
-190 -190
141072 1*10%3  1*10°  1*10°5  1*10%6  1*10°7  1*10°8 141072 1*10%3  1*10°  1*10°5  1*10%6  1*10°7  1*10°8
Offset (Hz) Offset (Hz)
fOSC =100 MHz fvco =9 GHz fosc =100 MHz
fpp = 200 MHz four = 2 X 9 GHz = 18 GHz fop = 200 MHz four = 9.5 GHz x 2 = 19 GHz
i . fVCO =9.5GHz
Figure 9. Closed-Loop Phase Noise at 18 GHz
Figure 10. Closed-Loop Phase Noise
b 1:100Hz -89.6dBc/Hz 6:10 MHz -148.3 dBc/H 12.16
-40 : z  -89. C/Hz : z -148. C/Hz . .
5 21kHz -99.8dBcHz 7:40MHz -1552 dBe/Hz 1214 1:-95.988 ns 12.0006 GHz  2: 2 s 12.1255 GHz
3:10kHz -110.1dBc/Hz 8:95MHz -157.1 dBc/Hz :
-60 4:100 kHz -113.4 dBc/Hz 9: 100 MHz -148.2 dBc/Hz 12.12
& 0 5:1MHz -123.1 dBc/Hz : \
L -80 ~ 121
g o z N DN DN N
Z 100 Q 12.08
[}
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— Q
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© -130 > 12.04
£ w0 /B RVERVERVERVER
o .150 4 L 1202
-160
-170 12
-18018.0GHz  5.0dBm | 11.98
-190
1¥10°2  1*10%3  1¥10°  1*10°5  1*10%6  1*10"7  1*10"8 11.96
Offset (Hz) -500 -400 -300 -200 -100 O 100 200 300 400 500
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Figure 12. VCO Ramping 12 - 12.125 GHz Calibration Free

Frequency (GHz)
P~
[

0 1 2 3 4 5 6 7 8 9 10
Time (ms)

The glitches in the plot are due to the inability of the measurement
equipment to track the VCO while calibrating.

Figure 13. VCO Ramping 7.5 to 15 GHz Triangle Wave With
VCO Calibration

8.5
8
7.5
-~ 7 A LS
N
2 o5 r
g 6
T 55
<
L 5 1:-2.1pus 3.7177 GHz
2:29pus 7.5832 GHz
4.5 3:3.7pus 7.5845 GHz
4 4:17.7 us 6.9996 GHz
5:31.5pus 6.9991 GHz
3.5

10 5 0 5 10 15 20 25 30 35 40
Time (us)
CalTime = 33.6 ps
=5.8 ps (Core) + 14 ps (Fcal) + 13.8 ps (Ampcal)
fosc = 200 MHz, fpp = 100 MHz, fyco = 7.5 - 14 GHz, CHDIV = 2

Figure 14. VCO Unassisted Calibration

Copyright © 2017-2018, Texas Instruments Incorporated

13


http://www.ti.com.cn/product/cn/lmx2595?qgpn=lmx2595
http://www.ti.com.cn

LMX2595
ZHCSGL4B —JUNE 2017-REVISED MARCH 2018

13 TEXAS
INSTRUMENTS

www.ti.com.cn

Typical Characteristics (continued)

8.5 -80
—— Flicker (PLL 1/f =-129.2 dBc/Hz)
8 -84 —— Flat (FOM = -236.2 dBc/Hz)
75 88k Modeled Phase Noise
’ — b —— Measurement
= 7 A —h- g 92 \
T O
O 65 g 9
S s § -100
ol 4
T 55 o 104
9 [%]
£ g 1:-200 ns 3.4745 GHz 8 108
2:400ns 7.4476 GHz e
4.5 3:1.1pus 7.4437 GHz -112
4:10.2 us 7.0531 GHz
4 -116
5:25pus 7.0382 GHz ™
35 -120
-10 -5 0 5 10 15 20 25 30 35 40 100 1000 10000 100000
Time (us) Offset (Hz)
CalTime = 25.2 s fvco =12 GHz pr =100 MHz
=1.3 us (Core) + 9.1 pus (Fcal) +14.8 ps (Ampcal)
fosc = 200 MHz, fpp = 100 MHz, fyco = 7.5 - 14 GHz, CHDIV = 2
Figure 15. VCO Calibration With Partial Assist Figure 16. Calculation of PLL Noise Metrics
-80 -80 =
Fpd=100 MHz — Ta=25
-88 —— Fpd=200 MHz 881N Ta=-40
96 —— Fpd=400 MHz 96 ‘ — Ta=85
I -104 Z 104
O o
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fOSC =200 MHz f\/co =14.8 GHz

Figure 17. PLL Phase Noise Variation vs. fpp

fyvco = 8 GHz, Narrow Loop Bandwidth (<100 Hz)

Figure 18. VCO Phase Noise Over Temperature
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Figure 19. CHANGE in 8-GHz VCO Phase Noise Over
Temperature

14
12 AN

— Resistor Pull-up
—— Inductor Pull-Up

Power (dBm)
o N b O ©
1

3 5 7 9 11 13 15 17 19
Frequency (GHz)

Single-ended Ouput. VCO doubler disabled and OUTA_PWR=50
for output frequency < 15 GHz. VCO doubler enabled and
OUTA_PWR = 20 for output frequency > 15 GHz

Figure 20. Output Power vs. Pullup
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Typical Characteristics (continued)

— Ta=-40
12 — Ta=25
10 Ta=85

AN
7

A

Power (dBm)

4 i

| 1
-6
3 5 7 9 11 13 15 17 19
Frequency (GHz)

Single-ended output with resistor pull-up. VCO doubler disabled
and OUTA_PWR=50 for output frequency < 15 GHz. VCO doubler
enabled and OUTA_PWR = 20 for output frequency > 15 GHz.
Near 13.3 to 14.3 GHz, output power can be impacted at hot
temperature. Consult applications section on this.

Figure 21. Output Power vs. Temperature

Additive Phase Noise (dBc/Hz)

-145

-147.5
-150
-152.5
-155
-157.5
-160
-162.5
-165
-167.5
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-172.5
-175

0.02

0.1 1
Output Frequency (GHz)

10

This noise adds to the scaled VCO Noise when the channel

divider is used.

Figure 22. Additive VCO Divider Noise Floor
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7 Detailed Description

7.1 Overview

The LMX2595 is a high-performance, wideband frequency synthesizer with integrated VCO and output divider.
The VCO operates from 7.5 to 15 GHz and this can be combined with the output divider to produce any
frequency in the range of 10 MHz to 15 GHz. The LMX2595 also features a VCO doubler that can be used to
produce frequencies up to 19 GHz. Within the input path there are two dividers and a multiplier for flexible
frequency planning. The multiplier also allows reduction of spurs by moving the frequencies away from the
integer boundary.

The PLL is fractional-N PLL with programmable delta-sigma modulator up to 4" order. The fractional
denominator is a programmable 32-bit long, which can provide fine frequency steps easily below 1-Hz resolution
as well as be used to do exact fractions like 1/3, 7/1000, and many others. The phase frequency detector goes
up to 300 MHz in fractional mode or 400 MHz in integer mode, although minimum N divider values must also be
taken into account.

For applications where deterministic or adjustable phase is desired, the SYNC pin can be used to get the phase
relationship between the OSCin and RFout pins deterministic. Once this is done, the phase can be adjusted in
very fine steps of the VCO period divided by the fractional denominator.

The ultra-fast VCO calibration is ideal for applications where the frequency must be swept or abruptly changed.
The frequency can be manually programmed, or the device can be set up to do ramps and chirps.

The JESD204B support includes using the RFoutB output to create a differential SYSREF output that can be
either a single pulse or a series of pulses that occur at a programmable distance away from the rising edges of
the output signal.

The LMX2595 device requires only a single 3.3 V power supply. The internal power supplies are provided by
integrated LDOs, eliminating the need for high performance external LDOs.

The digital logic for the SPI interface and is compatible with voltage levels from 1.8 to 3.3 V.
Table 1 shows the range of several of the dividers, multipliers, and fractional settings.

Table 1. Range of Dividers, Multipliers, and Fractional Settings

PARAMETER MIN MAX COMMENTS
Outputs enabled 0 2
The low noise doubler can be used to increase the
OSCin doubler 0 (1X) 1 (2X) phase detector frequency to improve phase noise and
avoid spurs. This is in reference to the OSC_2X bit.
- Only use the Pre R divider if the multiplier is used and
Pre-R divider 1 (bypass) 128 the input frequency is too high for the multiplier.
Multiplier 3 7 This is in reference to the MULT word.
B i The maximum input frequency for the post-R divider is
Post-R divider 1 (bypass) 255 250 MHz. Use the Pre R divider if necessary.
The minimum divide depends on modulator order and
N divider =228 524287 VCO frequency. See N Divider and Fractional Circuitry

for more details.

Fractional numerator/
denominator

1 (Integer mode)

282 _ 1 = 4294967295

The fractional denominator is programmable and can
assume any value between 1 and 2%2-1; it is not a
fixed denominator.

Order 0 is integer mode and the order can be

Fractional order 0 4 programmed
This is the series of several dividers. Also, be aware
Channel divider 1 (bypass) 768 that above 10 GHz, the maximum allowable channel
divider value is 6.
Output frequency 10 MHz 19 GHz This is implied by the VCO frequency, channel divider,

and VCO doubler.

16
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7.2 Functional Block Diagram
Loop Filter
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7.3 Feature Description

7.3.1 Reference Oscillator Input

The OSCin pins are used as a frequency reference input to the device. The input is high impedance and requires
AC-coupling caps at the pin. The OSCin pins can be driven single-ended with a CMOS clock or XO. Differential
clock input is also supported, making it easier to interface with high-performance system clock devices such as
TI's LMK series clock devices. As the OSCin signal is used as a clock for the VCO calibration, a proper
reference signal must be applied at the OSCin pin at the time of programming FCAL_EN.

7.3.2 Reference Path

The reference path consists of an OSCin doubler (OSC_2X), Pre-R divider, multiplier (MULT) and a Post-R
divider.

OSCin Pre-R Post-R

OSCin =™ bouber Divider Multiplier Divider

—» Phase Frequency Detector

Figure 23. Reference Path Diagram

The OSCin doubler (OSC_2X) can double up low OSCin frequencies. Pre-R (PLL_R_PRE) and Post-R (PLL_R)
dividers both divide frequency down while the multiplier (MULT) multiplies frequency up. The purposes of adding
a multiplier is to reduce integer boundary spurs or to increase the phase detector frequency. The phase detector
frequency, fpp, is calculated as follows:

fop = fose X OSC_2X x MULT / (PLL_R_PRE x PLL_R) (1)
* In the OSCin doubler or input multiplier is used, the OSCin signal should have a 50% duty cycle as both the
rising and falling edges are used.

« If neither the OSCin doubler nor the input multiplier are used, only rising edges of the OSCin signal are used
and duty cycle is not critical.

e The input multiplier and OSCin doubler should not both be used at the same time.
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Feature Description (continued)
7.3.2.1 OSCin Doubler (OSC_2X)

The OSCin doubler allows one to double the input reference frequency up to 400 MHz. This doubler adds
minimal noise and is useful for raising the phase detector frequency for better phase noise and also to avoid
spurs. When the phase-detector frequency is increased, the flat portion of the PLL phase noise improves.

-80
-84
-88
-92
-96

-100

-104

-108

-112

-116

-120

-124

-128

-132

-136

-140
1x102  2x102 5x102  1x10°  2x10° 5x10°  1x10*  2x10* 5x10*  1x10°  2x10° 5x10°  1x108
Offset (Hz)

—— Doubler Disabled, Fpd=100 MHz
—— Doubler Enabled, Fpd=200 MHz

Phase Noise (dBc/Hz)

Figure 24. Benefit of Using the OSC_2X Doubler at 14 GHz

7.3.2.2 Pre-R Divider (PLL_R_PRE)

The pre-R divider is useful for reducing the input frequency so that the programmable multiplier (MULT) can be
used or to help meet the maximum 250 MHz input frequency limitation to the PLL-R divider. Otherwise, it does
not have to be used.

7.3.2.3 Programmable Multiplier (MULT)

The MULT is useful for shifting the phase-detector frequency to avoid integer boundary spurs. The multiplier
allows a multiplication of 3, 4, 5, 6, or 7. Be aware that unlike the doubler, the programmable multiplier degrades
the PLL figure of merit; however, this only would matter for a clean reference and if the loop bandwidth was wide.

7.3.2.4 Post-R Divider (PLL_R)

The post-R divider can be used to further divide down the frequency to the phase detector frequency. When it is
used (PLL_R > 1), the input frequency to this divider is limited to 250 MHz.

7.3.2.5 State Machine Clock

The state machine clock is a divided down version of the OSCin signal that is used internally in the device. This
divide value 1,2,4, or 8 and is determined by CAL_CLK_DIV programming word (described in the programming
section). This state machine clock impacts various features like the lock detect delay, VCO calibration, and
ramping. The state machine clock is calculated as fsmc = fosc / 2A-CHK-PIV,

7.3.3 PLL Phase Detector and Charge Pump

The phase detector compares the outputs of the Post-R divider and N divider and generates a correction current
corresponding to the phase error until the two signals are aligned in phase. This charge-pump current is software
programmable to many different levels, allowing modification of the closed loop bandwidth of the PLL. See
application section on phase noise due to the charge pump.
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Feature Description (continued)
7.3.4 N Divider and Fractional Circuitry

The N divider includes fractional compensation and can achieve any fractional denominator from 1 to (2%2 — 1).
The integer portion of N is the whole part of the N divider value, and the fractional portion, Ng,c = NUM / DEN, is
the remaining fraction. In general, the total N divider value is determined by N + NUM / DEN. The N, NUM and
DEN are software programmable. The higher the denominator, the finer the resolution step of the output. For
example, even when using fop = 200 MHz, the output can increment in steps of 200 MHz / (232 — 1) = 0.047 Hz.
Equation 2 shows the relationship between the phase detector and VCO frequencies. Note that in SYNC mode,
there is an extra divider that is not shown in Equation 2.

NUM
f =f x| N+
vco = Ipd ( DEN]

@

The sigma-delta modulator that controls this fractional division is also programmable from integer mode to fourth
order. To make the fractional spurs consistent, the modulator is reset any time that the RO register is
programmed.

The N divider has minimum value restrictions based on the modulator order and VCO frequency. Furthermore,
the PFD_DLY_SEL bit must be programmed in accordance to the Table 2.

Table 2. Minimum N Divider Restrictions

FRAC_ORDER fuco (MHZ) MINIMUM N PFD_DLY_SEL

0 < 12500 28 1
> 12500 32 2

1 < 10000 28 1
10000-12500 32 2

>12250 36 3

2 < 10000 32 2
>10000 36 3

3 < 10000 36 3
>10000 40 4

4 < 10000 44 5
>10000 48 6

7.3.5 MUXout Pin
The MUXout pin can be used to readback programmable states of the device or for lock detect.

Table 3. MUXout Pin Configurations

MUXOUT_SEL

FUNCTION

0

Readback

1

Lock Detect

7.3.5.1 Lock Detect

The MUXout pin can be configured for lock detect done in by reading back the rb_LD_VTUNE field or using the

pin as shown in the Table 4.

Table 4. Configuring the MUXout Pin for Lock Detect

FIELD PROGRAMMING DESCRIPTION
0 = VCO Calibration Status This determines if the lock detect is based on the VCO tuning voltage or at the VCO
LD_TYPE _ ] h
- 1 = Vtune calibration.
LD_DLY 0 to 65535 Only valid for Vtune lock detect. This is a delay in state machine cycles.
OUT_MUTE 0 f Disabled Turns off outputs when lock detect is low.
- 1 = Enabled

Copyright © 2017-2018, Texas Instruments Incorporated

19


http://www.ti.com.cn/product/cn/lmx2595?qgpn=lmx2595
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
LMX2595

ZHCSGL4B —JUNE 2017—-REVISED MARCH 2018 www.ti.com.cn

VCO calibration status lock detect works by indicating a low signal whenever the VCO is calibrating or the
LD_DLY counter is running. The delay from the LD_DLY added to the true VCO calibration time (tycocal) SO it
can be used to account for the analog lock time of the PLL.

Vtune lock detect works by checking the Vtune voltage. Whenever the Vtune voltage is within an acceptable
range and the VCO is not calibrating, then Vtune lock detect is high.

7.3.5.2 Readback

The MUXout pin can be configured for to read back useful information from the device. Common uses for
readback are:

1. Read back registers to ensure that they have been programmed to the correct value.

2. Read back the lock detect status to determine if the PLL is in lock.

3. Read back VCO calibration information so that it can be used to improve the lock time.

4. Read back information to help troubleshoot.

7.3.6 VCO (Voltage Controlled Oscillator)

The LMX2595 includes a fully integrated VCO. The VCO takes the voltage from the loop filter and converts this
into a frequency. The VCO frequency is related to the other frequencies and as follows:

fVCO = pr x N divider (3)

7.3.6.1 VCO Calibration

To reduce the VCO tuning gain and therefore improve the VCO phase-noise performance, the VCO frequency
range is divided into several different frequency bands. The entire range, 7.5 to 15 GHz, covers an octave that
allows the divider to take care of frequencies below the lower bound. This creates the need for frequency
calibration to determine the correct frequency band given a desired output frequency. The frequency calibration
routine is activated any time that the RO register is programmed with the FCAL_EN = 1. It is important that a
valid OSCin signal must present before VCO calibration begins.

The VCO also has an internal amplitude calibration algorithm to optimize the phase noise which is also activated
any time the RO register is programmed.

The optimum internal settings for this are temperature dependent. If the temperature is allowed to drift too much
without being re-calibrated, some minor phase noise degradation could result. The maximum allowable drift for
continuous lock, AT¢, is stated in the electrical specifications. For this device, a humber of 125°C means the
device never loses lock if the device is operated under recommended operating conditions.
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The LMX2595 allows the user to assist the VCO calibration. In general, there are three kinds of assistance, as

shown in Table 5:

Table 5. Assisting the VCO Calibration Speed

ASSISTANCE LEVEL

DESCRIPTION

PROGRAMMABLE SETTINGS

No assist

User does nothing to improve VCO calibration speed.

QUICK_RECAL_EN=0

Partial assist

Upon every frequency change, before the FCAL_EN bit is checked, the
user provides the initial starting point for the VCO core (VCO_SEL), band
(VCO_CAPCTRL_STRT), and amplitude (VCO_DACISET_STRT) based on
Table 6.

QUICK_RECAL_EN=0
VCO_SEL_FORCE=0
VCO_DACISET_FORCE=0
VCO_CAPCTRL_FORCE=0

Close Frequency Assist

Upon initialization of the device, user enables QUICK_RECAL_EN bit.
The VCO uses the current VCO_CAPCTRL and VCO_DACISET_STRT
settings as the initial starting point.

QUICK_RECAL_EN=1
VCO_SEL_FORCE=0
VCO_DACISET_FORCE=0
VCO_CAPCTRL_FORCE=0

Full assist

The user forces the VCO core (VCO_SEL), amplitude settings
(VCO_DACISET), and frequency band (VCO_CAPCTRL) and manually
sets the value.

QUICK_RECAL_EN=0
VCO_SEL_FORCE=1

VCO_DACISET_FORCE=1
VCO_CAPCTRL_FORCE=1

To do the partial assist for the VCO calibration, follow this procedure:
1. Determine VCO Core

Find a VCO Core that includes the desired VCO frequency. If at the boundary of two cores, choose based
on phase noise or performance.

2. Calculate the VCO CapCode as follows
VCO_CAPCTRL_STRT = round (CCoreMin - (CCoreMin - CCoreMaX) X (fVCO - fCoreMin) / (fCOreMax - fCoreMin))
3. Get the VCO amplitude setting from the table
VCO_DACISET_STRT = round (ACoreMin + (ACOreMax - ACoreMin) X (fVCO - fCoreMin)/(fCOreMaX - fCoreMin))

Table 6. VCO Core Ranges

VCO Core feoreMin feoremax CcoreMin Ccoremax AcoreMin AcoreMax
VCO1 7500 8600 164 12 299 240
VCO2 8600 9800 165 16 356 247
VCO3 9800 10800 158 19 324 224
VCO4 10800 12000 140 0 383 244
VCO5 12000 12900 183 36 205 146
VCO6 12900 13900 155 6 242 163
VCO7 13900 15000 175 19 323 244

NOTE

In the range of 11900 to 12100 MHz, VCO assistance cannot be used, and the settings
must be VCO_SEL = 4, VCO_DACISET_STRT = 300, and VCO_CAPCTRL_STRT = 1.
Outside this range, in the partial assist for the VCO calibration, the VCO calibration is run.
This means that if the settings are incorrect, the VCO still locks with the correct settings;
the only consequence is that the calibration time might be a little longer. The closer the
calibration settings are to the true final settings, the faster the VCO calibration will be.
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7.3.6.2 Determining the VCO Gain

The VCO gain varies between the seven cores and is the lowest at the lowest end of the band and highest at the
highest end of each band. For a more accurate estimation, use Table 7:

Table 7. VCO Gain

Core f1l f2 Kvcol Kvco2
VCO1 7500 8600 73 114
VCO2 8600 9800 61 121
VCO3 9800 10800 98 132
VCO4 10800 12000 106 141
VCO5 12000 12900 170 215
VCO6 12900 13900 172 218
VCO7 13900 15000 182 239

Based in this table, the VCO gain can be estimated for an arbitrary VCO frequency of fyco as:
Kvco = Kvcol + (Kvco2-Kvcol) x (fyco — f1) / (f2 — 1) (4)

7.3.7 Channel Divider

To go below the VCO lower bound of 7.5 GHz, the channel divider can be used. The channel divider consists of
four segments, and the total division value is equal to the multiplication of them. Therefore, not all values are

valid.
L \I MUX > RFoutA

Divide by L Divide by MUX

2,4,6,8 2,4,6,8,16 Ly
MUX RFoutB

Figure 25. Channel Divider

Divide by
VCO 2o0r3

vYVVYY

When the channel divider is used, there are limitations on the values. Table 8 shows how these values are
implemented and which segments are used.
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Table 8. Channel Divider Segments

EQDL|J\I/\|/SA|I(_)EI\J'\IT Tl\i%l,ﬁ\g\}( OutMin (MHz) | OutMax (MHz) | CHDIV[4:0] | SEGO | SEG1 | SEG2 | SEG3
VALUE

2 3750 7500 0 2 1 1 1

4 None 1875 3750 1 2 2 1 1

6 1250 2500 2 2 3 1 1

8 937.5 14375 3 2 2 2 1
12 625 958.333 4 2 3 2 1
16 468.75 718.75 5 2 2 4 1
24 3125 479.167 6 2 2 6 1
32 234.375 350.375 7 2 2 8 1
48 156.25 239.583 8 2 3 8 1
64 117.1875 179.6875 9 2 2 8 2
72 fuco < 11.5 GHz 104.167 159.722 10 2 3 6 2
96 78.125 119.792 11 2 3 8 2
128 58.504 89.844 12 2 2 8 4
192 39.0625 59.896 13 2 2 8 6
256 29.297 44.922 14 2 2 8 8
384 19.531 29.948 15 2 3 8 8
512 14.648 22.461 16 2 2 8 16
768 9.766 14.974 17 2 3 8 16
Invalid n/a n/a n/a 18-31 n/a n/a n/a n/a

The channel divider is powered up whenever an output (OUTx_MUX) is selected to the channel divider or
SysRef, regardless of whether it is powered down or not. When an output is not used, Tl recommends selecting
the VCO output to ensure that the channel divider is not unnecessarily powered up.

Table 9. Channel Divider

OUTA MUX OUTB MUX CHANNEL DIVIDER
Channel Divider X Powered up
X Channel Divider or SYSREF Powered up
All Other Cases Powered down

7.3.8 VCO Doubler

The VCO doubler allows the VCO frequency to be doubled, but has a limitation of 19 GHz. The doubler can be
chosen for output A only with OUTA_MUX. When this this is chosen, the VCO2X_EN bit also has to be enabled.
The doubler can also be used in phase sync mode, provided that OUTB_MUX is not set for the channel divider.

Table 10.
VCO Doubler Programming
. OUTA_MUX <> 2
Disabled VCO2X_EN =0
OUTA_MUX = 2
Enabled VCO2X_EN =1

7.3.9 Output Buffer

The RF output buffer type is open collector and requires an external pullup to Vcc. This component may be a 50-
Q resistor to give a nice 50-Q output impedance, or an inductor for higher output power at the expense of the
output impedance being far from 50-Q. The current to the output buffer increases for states 0 to 31 and then
again from states 48 to 63. States 32 to 47 are redundant and mimic states 16 to 31. If using a resistor, limit
OUTx_PWR setting to 50; higher than this tends to actually reduce power due to the voltage drop accross the
resistor.
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Table 11. OUTx_PWR Recommendations

fout Recommendation OUTxPWR

For maxium power, set OUTx_PWR to around 50. It may vary slightly between
inductor and resistor pull-up.

Setting OUTx_PWR to around 50 typically gives highest output power at room and
13.3 <foyr <14.3 GHz | OUTx_PWR=15 or 50 cold temperatures, but there can be a dip in power at hot temperature around this
range. If this dip is bothersome, set OUTx_PWR to 15 or less.

For maxium power, set OUTx_PWR to around 50. It may vary slightly between
inductor and resistor pull-up.

When using the VCO doubler, there tends to be diminishing returns in output
15 < foyt £19 GHz OUTx_PWR = 20 power going higher than 20. However, the 1/2 harmonic tends to increase for
higher OUTx_PWR levels.

10MHz < four < 13.3 GHz | OUTX_PWR=50

143 <four<15GHz | OUTX_PWR =50

7.3.10 Powerdown Modes

The LMX2595 can be powered up and down using the CE pin or the POWERDOWN bit. When the device comes
out of the powered down state, either by resuming the POWERDOWN bit to zero or by pulling back CE pin HIGH
(if it was powered down by CE pin), register RO must be programmed with FCAL_EN high again to re-calibrate
the device.

7.3.11 Phase Synchronization

7.3.11.1 General Concept

The SYNC pin allows one to synchronize the LMX2595 such that the delay from the rising edge of the OSCin
signal to the output signal is deterministic. Initially, the devices are locked to the input, but are not synchronized.
The user sends a synchronization pulse that is reclocked to the next rising edge of the OSCin pulse. After a
given time, t;, the phase relationship from OSCin to foyr will be deterministic. This time is dominated by the sum
of the VCO calibration time, the analog setting time of the PLL loop, and the MASH_RST_CNT if used in
fractional mode.

EI TR

SRR

Fs
B PR

Figure 26. Devices Are Now Synchronized to OSCin Signal

When the SYNC feature is enabled, part of the channel divide may be included in the feedback path. This will be
referred to as IncludedDivide
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Table 12. Included Divide with VCO_PHASE_SYNC =1
OUTx_MUX CHANNEL DIVIDER INCLUDED DIVIDE
OUTB_MUX = 1 ("VCO")
OUTA_MUX =1 "VCQO" or 2 "VCO Don't Care 1
Doubler"
. - Divisible by 3, but NOT 24 or 192 SEGO x SEG1 =6
All Other Valid Conditions
All other values SEGO x SEG1 =4

External loop filter

. Pre-R R
OSCIn_’IDOUbIEH Divider H XM H Divider "%

B

w MUX RFoutB
»
L

N Divider |«

Figure 27. Phase SYNC Diagram

7.3.11.2 Categories of Applications for SYNC

The requirements for SYNC depend on certain setup conditions. In cases that the SYNC is not timing critical, it
can be done through software by toggling the VCO_PHASE_SYNC bit from 0 to 1. When it is timing critical, then

it must be done through the pin and the setup and hold times for the OSCin pin are critical. The Figure 28 gives
the different categories.
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CHDIV<512
This means the Channel divider
after the VCO is less than 512

M=1

M is the product of any input
path multiplication due to the
OSC_2X bit and MULT word.
If neither of these are used,
M=1.

four % fosc = 0

This means that the output
frequency (four) is an integer
multiple of the input frequency
(fosc)

CHDIV =1,2,4,6

This means the channel
divider after the VCO is
either bypassed,2,4, or 6. In
this case, SYNC mode will
put it in the loop.

-l

NO

CHDIV=1,2,4,6

This means the channel divider after the
VCO is either bypassed,2,4, or 6. In this
case, SYNC mode will put it in the loop.

CHDIV =1,2,4,6
?

YES

four%(M- fosc)=0

four % (M- fosc)= 0

M is the product of any
input multiplication. This
requirement is testing if
the output frequency is a
multiple of the highest
frequency in the input
path.

Category 3
e SYNC Required

e SYNC Timing Critical
e Limitations on fosc

YES

four % fosc = 0
?

Category 2
e SYNC Required

e SYNC Timing NOT critical
o No limitations on fosc

CHDIV=124,6

Integer Mode

is in integer mode, which
would mean the fractional
numerator is zero.

YES

Integer Mode
?

Category 1
e SYNC Mode Required

* No Software/Pin SYNC Pulse
required

Category 1
e SYNC Mode Not required at all
o No limitations on fosc

Figure 28. Determining the SYNC Category

Device can NOT be reliably
used in SYNC mode

This is asking if the device

{

Category 4

26
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7.3.11.3 Procedure for Using SYNC

This procedure must be used to put the device in SYNC mode.
1. Use the flowchart to determine the SYNC category.
2. Make determinations for OSCin and using SYNC based on the category
1. If Category 4, SYNC cannot be performed in this setup.
2. If category 3, ensure that the maximum fogc frequency for SYNC is not violated and there are hardware
accommodations to use the SYNC pin.
3. Determine the value of IncludedDivide:
1. If OUTA_MUX is not channel divider and OUTB_MUX is not channel divider or SysRef, then
IncludedDivide = 1.
2. Otherwise, IncludedDivide = 2 x SEG1. In the case that the channel divider is 2, then IncludedDivide=4.
4. If not done already, divide the N divider and fractional values by IncludedDivide to account for the
IncludedDivide.
5. Program the device with the VCO_PHASE_SYNC = 1. Note that this does not count as applying a SYNC to
device (for category 2).
6. Apply the SYNC, if required
1. If category 2, VCO_PHASE_SYNC can be toggled from 0 to 1. Alternatively, a rising edge can be sent to
the SYNC pin and the timing of this is not critical.

2. If category 3, the SYNC pin must be used, and the timing must be away from the rising edge of the
OSCin signal.

7.3.11.4 SYNC Input Pin

The SYNC input pin can be driven either in CMOS or LVDS mode. However, if not using SYNC mode
(VCO_PHASE_SYNC = 0), then the INPIN_IGNORE bit must be set to one, otherwise it causes issues with lock
detect. If the pin is desired for to be used and VCO_PHASE_SYNC=1, then set INPIN_IGNORE = 0. LVDS or
CMOS mode may be used. LVDS works to 250 mVPP, but is not ensured in production.

7.3.12 Phase Adjust

The MASH_SEED word can use the sigma-delta modulator to shift output signal phase with respect to the input
reference. If a SYNC pulse is sent (software or pin) or the MASH is reset with MASH_RST _N, then this phase
shift is from the initial phase of zero. If the MASH_SEED word is written to, then this phase is added. The phase
shift is calculated as below.

Phase shift in degrees = 360 x ( MASH_SEED / PLL_DEN) x ( IncludedDivide/CHDIV ) (5)
Example:
Mash seed = 1

Denominator = 12

Channel divider = 16

Phase shift (VCO_PHASE_SYNC=0) = 360 x (1/12) x (1/16) = 1.875 degrees
Phase Shift (VCO_PHASE_SYNC=1) = 360 x (1/12) x (4/16) = 7.5 degrees

There are several considerations with phase shift with MASH_SEED

» Phase shift can be done with a FRAC _NUM=0, but FRAC_ORDER must be greater than zero. For
FRAC_ORDER=1, the phase shifting only occurs when MASH_SEED is a multiple of PLL_DEN.

» For the phase adjust, the condition PLL_DEN > PLL_NUM + MASH_SEED must be satisfied.

» For the 2nd order modulator, PLL_N=245, for the 3rd order modulator, PLL 249, and for the fourth order
modulator, PLLN=54.

*  When using MASH_SEED and Phase SYNC together and trying to shift more than 180 degrees, it may be
necessary to increase the N divider further or restrict the modulator order to 2nd order or below in order to get
the phase shift to monotonically increase with MASH_SEED
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7.3.13 Fine Adjustments for Phase Adjust and Phase SYNC

Phase SYNC refers to the process of getting the same phase relationship for every power up cycle and each
time assuming that a given programming procedure is followed. However, there are some adjustments that can
be made to get the most accurate results. As for the consistency of the phase SYNC, the only source of variation
could be if the VCO calibration chooses a different VCO core and capacitor, which can introduce a bimodal
distribution with about 10 ps of variation. If this 10 ps is not desirable, then it can be eliminated by reading back
the VCO core, capcode, and DACISET values and forcing these values to ensure the same calibration settings
every time. The delay through the device varies from part to part and can be on the order of 60 ps. This part to
part variation can be calibrated out with the MASH_SEED. The variation in delay through the device also
changes on the order of +2.5 ps/°C, but devices on the same board likely have similar temperatures, so this will
somewhat track. In summary, the device can be made to have consistent delay through the part and there are
means to adjust out any remaining errors with the MASH_SEED. This tends only to be an issue at higher output
frequencies when the period is shorter.

7.3.14 Ramping Function

The LMX2595 supports the ability to make ramping waveforms using manual mode or automatic mode. In
manual mode, the user defines a step and uses the RampClk and RampDir pins to create the ramp. In automatic
mode, the user sets up the ramp with up to two linear segments in advance and the device automatically creates
this ramp. Table 13 fields apply in both automatic mode and manual pin mode.

Table 13. Ramping Field Descriptions

FIELD | PROGRAMMING | DESCRIPTION
GENERAL COMMANDS

0 = Disabled . .
RAMP_EN 1 = Enabled RAMP_EN must be 1 for any ramping functions to work.
In automatic ramping mode, the ramping is automatic and the
RAMP MANUAL 0 = Automatic ramping mode clock is based on the phase detector. In manual pin ramping
- 1 = Manual pin ramping mode mode, the clock is based on rising edges on the RampClk
pin.
RAMPX_INC 010230 _1 This is the amount the fractional numerator is increased for

each phase detector cycle in the ramp.

RAMPx_DLY 0 to 65535 This is the length of the ramp in phase detector cycles.
DEALING WITH VCO CALIBRATION

Whenever the fractional numerator changes this much (either

RAMP_THRESH Oto+2%¥ -1 positive or negative) because the VCO was last calibrated,
the VCO is forced to recalibrate.
0 = Disabled When enabled, the VCO is forced to re-calibrate at the

RAMP_TRIG_CAL | /' _ £ obled beginning each ramp.

In ramping mode, the denominator must be fixed to this
PLL_DEN 4294967295 forced value of 252 — 1. However, the effective denominator in
ramping mode is 224,

LD_DLY 0 This must be zero to avoid interfering with calibration.
RAMP LIMITS

2's complement of the total value of the ramp low and high
Oto+2%_-1 limits can never go beyond. If this value is exceeded, then the
frequency is limited.

RAMP_LIMIT_LOW
RAMP_LIMIT_HIGH
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Table 14. General Restrictions for Ramping

RULE RESTRICTION EXPLANATION

Minimum Phase Detector Frequency when Ramping

The phase detector frequency cannot be less than the state machine clock
frequency, which is calculated from expression on the left-hand side of the
inequality. This is satisfied provided there is no division in the input path.
However, if the PLL R divider is used, it is necessary to adjust CAL_CLK_DIV
to adjust the state machine clock frequency. This also implies a maximum R
divide of 8 this is the maximum value of 2CA--CLK_ DIV,

fogc/2CAL-CLK DIV

< fpp<
125 MHz

Phase Detector
Frequency

Maximum Phase Detector Frequency

TI recommends that phase-detector frequency be less or equal than 125 MHz

because if the phase detector frequency is too high, it can lead to distortion in

the ramp. Higher phase-detector frequency may be possible, but this

distortion is application specific.

7.3.14.1 Manual Pin Ramping

Manual pin ramping is enabled by setting RAMP_EN = 1 and RAMP_MANUAL = 1. The rising edges are applied
to the RampClk pin are re-clocked to the phase detector frequency. The RampDir pin controls the size of the
change. If a rising edge is seen on the RampCIk pin while the VCO is calibrating, then this rising edge is ignored.
The frequency for the RampClk must be limited to a frequency of 250 kHz or less, and the rising edge of the
RampDir signal must be targeted away from the rising edges of the RampCLK pin.

Table 15. RAMP_INC

RampDir PIN STEP SIZE
Low Add RAMPO_INC
High Add RAMP1_INC

7.3.14.1.1 Manual Pin Ramping Example
In this ramping example, assume that we want to use the pins for UP/Down control of the ramp for 10 MHz steps
and the phase detector is 100 MHz.

Table 16. Step Ramping Example

FIELD PROGRAMMING DESCRIPTION
RAMP_EN 1 = Enabled
RAMP_MANUAL 1 = Manual pin ramping mode

(10 MHz )/ (100 MHz) x 16777216 = 1677722

RAMPO_INC 1677722 2's complement = 1677722
(=10 MHz )/ (100 MHz) x 16777216 = -1677722
AAC RS 1072064102 2's complement = 2230 — 1677722 = 1072064102
RAMP_TRIG_CAL |1 Re-calibrate at every clock cycle
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Figure 29. Step Ramping Example
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7.3.14.2 Automatic Ramping

Automatic ramping is enabled when RAMP_EN=1 and RAMP_MANUAL = 0. The action of programming FCAL =
1 starts the ramping. In this mode, there are two ramps that one can use to set the length and frequency change.
In addition to this, there are ramp limits that can be used to create more complicated waveforms.

Automatic ramping can really be divided into two classes depending on if the VCO must calibrate in the middle of
the ramping waveform or not. If the VCO can go the entire range without calibrating, this is calibration-free
ramping, which is shown in Typical Characteristics. Note that this range is less at hot temperatures and for lower
frequency VCOs. This range is not ensured, so margin must be built into the design.

For waveforms that are NOT calibration free, the slew rate of the ramp must be kept less than 250 kHz/us. Also,
for all automatic ramping waveforms, be aware that there is a very small phase disturbance as the VCO crosses
over the integer boundary, so one might consider using the input multiplier to avoid these or timing the VCO

calibrations at integer boundaries.

Table 17. Automatic Ramping Field Descriptions

1 = RampClIk rising edge
2 = RampDir rising edge

FIELD PROGRAMMING DESCRIPTION
0 = One clock cycle Normally the ramp clock is equal to the phase detector frequency.
RAMP_DLY 1 = Two clock cycles \2Nhen this feature is enabled, it reduces the ramp clock by a factor of
RAMPO_LEN 0 to 65535 This is the length of the ramp in clock cycles. Note that the time that
RAMP1_LEN the VCO is calibrating is added to this time.
RAMPO_INC 30 ) ;
RAMP1_INC Oto2°" -1 2's complement of the value for the ramp increment.
RAMPO_NEXT 0 =RAMPO Defines which ramp comes after the current ram
RAMP1_NEXT 1= RAMP1 P P-
0 = Timeout counter
RAMPO_NEXT_TRIG 1 = Trigger A . . . .
RAMP1_NEXT TRIG 2 = Trigger B Determines what triggers the action of the next ramp occurring.
3 = Reserved
0 = Disabled

RAMP_TRIG_A 4 = Always triggered This field defines what the ramp trigger is.
RAMP_TRIG_B _ ;
- - 9 = RampClk falling edge
10 = RampDir falling edge
All other States = invalid
RAMPO_RST 0 = Disabled Enabling this bit causes the ramp to reset to the original value when
RAMP1_RST 1 = Enabled the ramping started. This is useful for roundoff errors.
RAMP_BURST_COUNT 0 to 8191 This is the number the ramping pattern repeats and only applies for a

terminating ramping pattern.

RAMP_BURST_TRIG

0 = Ramp Transition
1 = Trigger A
2 = Trigger B

3 = Reserved

This defines what causes the RAMP_COUNT to increment.

Copyright © 2017-2018, Texas Instruments Incorporated
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7.3.14.2.1 Automatic Ramping Example (Triangle Wave)

Suppose user wants to generate a sawtooth ramp that goes from 8 to 10 GHz in 2 ms (including calibration
breaks) with a phase-detector frequency of 50 MHz. Divide this into segments of 50 MHz where the VCO ramps
for 25 us, then calibrates for 25 ps, for a total of 50 ps. There would therefore be 40 such segments which span
over a 2-GHz range and would take 2 ms, including calibration time.

Table 18. Sawtooth Ramping Example

FIELD

PROGRAMMING

DESCRIPTION

RAMP_EN

1 = Enabled

RAMP_MANUAL

0 = Automatic ramping
mode

RAMP_TRIG_CAL

0 = Disabled

RAMP_THRESH

16777216 (= 50-MHz
ramp_thresh)

50 MHz / 50 MHz x 224 = 16777216

RAMP_DLY 0 =1 clock cycle

RAMPx_LEN 50000 1000 ps x 50 MHz = 50000

RAMPO_INC 13422 (2000 MHz) / (50 MHz) x 22* / 50000 = 13422
RAMPLING | 1073728402 SR ler
RAMPO_NEXT 1 =RAMP1
RAMP1_NEXT 0 = RAMPO

RAMPx_NEXT_TRIG 0 = Timeout counter
RAMP_TRIG_x 0 = Disabled
RAMPO_RST 1 = Enabled Not necessary, but good practice to reset.
RAMP1_RST 0 = Disabled Do not reset this, or ramp does not work.
RAMP_BURST_COUNT |0

RAMP_BURST_TRIG

0 = Ramp Transition

NOTE
To calculate ramp_scale_count and ramp_dly_cnt, remember that the desired calibration
time is 25 ps.
A
10
GHz Y /N N
/ \
/ 4 N AN
o / N o
A 4
&y ARN N e
/ 4 N AN
/ AN
/ 4 N AN Q@
s’ AN N
/ N AN / ¥
8 GHz \
4
2ms time 4ms

Figure 30. Triangle Waveform Example
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7.3.15 SYSREF

The LMX2595 can generate a SYSREF output signal that is synchronized to foyr with a programmable delay.
This output can be a single pulse, series of pulses, or a continuous stream of pulses. To use the SYSREF
capability, the PLL must first be placed in SYNC mode with VCO_PHASE_SYNC = 1.

o ‘ > f
ouT
MUX RFoutA
Rest of Channel
——

fyvco IncludedDivide Divider
To Phase .
Detector <«4—— N Divider
Divider
(SYSREF_DIV_PRE)
: d
g Divider
g O (svsrer oiv) [ V2 [ f
E Delay Circuit —| >—>SYSREF RFoutB
\ 4
SysRefReq Pin ==y Re-c.locl.<ing >
Circuit

Figure 31. SYSREF Setup

As Figure 31 shows, the SYSREF feature uses IncludedDivide and SYSREF_DIV_PRE divider to generate
fintTeErPOLATOR: This frequency is used for re-clocking of the rising and falling edges at the SysRefReq pin. In
master mode, the fiyterroLator IS further divided by 2xSYSREF DIV to generate finite series or continuous

stream of pulses.

Table 19. SYSREF Setup

PARAMETER MIN TYP MAX UNIT
fvco 75 15 GHz
fiNTERPOLATOR 0.8 15 GHz
IncludedDivide 40r6
SYSREF_DIV_PRE 1,2,0r4
SYSREF_DIV 4,6,8, ..., 4098
f finterPoLATOR = fvco / (IncludedDivide x
INTERPOLATOR SYSREF_DIV_PRE)
fsysrer fsysrer = finterPoLaTOR / (2 X SYSREF_DIV)
Delay step size 9 ps
Pulses for pulsed mode (SYSREF_PULSE_CNT) 0 15 n/a

The delay can be programmed using the JESD_DAC1_CTRL, JESD_DAC2_CTRL, JESD_DAC3_CTRL, and
JESD_DAC4_CTRL words. By concatenating these words into a larger word called "SYSREFPHASESHIFT", the
relative delay can be found. The sum of these words should always be 63.
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Table 20. SysRef Delay

5647: Divide by 4098

SYSREFPHASESHIFT DELAY JESD_DAC1 JESD_DAC2 JESD_DAC3 JESD_DAC4
0 Minimum 36 27 0 0
0 0
36 0 63 0 0
37 62 1 0 0
99 63 0
100 0 62
161 0 1 62
162 0 0 63
163 0 0 62
225 63 0 0 0
226 62 1 0 0
247 Maximum 41 22 0 0
> 247 Invalid Invalid Invalid Invalid Invalid
7.3.15.1 Programmable Fields
Table 21 has the programmable fields for the SYSREF functionality.
Table 21. SYSREF Programming Fields
FIELD PROGRAMMING DEFAULT DESCRIPTION
Enables the SYSREF mode. SYSREF_EN
SYSREF_EN 0 = Disabled 1 = enabled 0 should be 1 if and only if OUTB_MUX=2
(SysRef)
1: DIV1
SYSREF_DIV_PRE i B:xi The output of this divider is fiNtErPOLATOR-
Other states: invalid
In master mode, the device creates a series
SYSREF_REPEAT |3\ po0 o mode 0 SYSREF pulbes are gencrated wih the
SysRefReq pin.
vemer_puLse |0 Cominuous moce o | e e e ales
’ a series of SYSREF_PULSE_CNT pulses
In the case of using pulsed mode, this is the
SYSREF_PULSE_CNT |0to 15 4 number of pulses. Setting this to zero is an
allowable, but not practical state.
0: Divide by 4
SYSREF DIV % B:z:gg E;g 0 This is one of the dividers between the VCO

and SysRef output used in master mode.
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7.3.15.2 Input and Output Pin Formats

7.3.15.2.1 Input Format for SYNC and SysRefReq Pins

These pins are single-ended but a differential signal can be converted to drive them. In the LVDS mode, if the
INPIN_FMT is set to LVDS mode, then the bias level can be adjusted with INPIN_LVL and the hysteresis can be
adjusted with INPIN_HYST.

VMIN

SYNC / SysRefReq
LMX2594

Vimax

Copyright © 2017, Texas Instruments Incorporated

Figure 32. Driving SYNC/SYSREF With Differential Signal

7.3.15.2.2 SYSREF Output Format

The SYSREF output comes in differential format through RFoutB. This will have a minimum voltage of about 2.3
V and a maximum of 3.3 V. If DC coupling cannot be used, there are two strategies for AC coupling.

33V
SysRefOutP I
[
Data
Converter
A
SysRefOutN
LMX2594
3.3V

Copyright © 2017, Texas Instruments Incorporated

Figure 33. SYSREF Output

1. Send a series of pulses to establish a DC-bias level across the AC-coupling capacitor.
2. Establish a bias voltage at the data converter that is below the threshold voltage by using a resistive divider.
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7.3.15.3 Examples

The SysRef can be used in a repeater mode (SYSREF_REPEAT=1), which just echos the SysRefReq pin, after
being re-clocked to the fiyterpoLaTor frequency and then fout (from RFoutA).

RFoutAM — — >
P 0SCinM RFOUtAP y — >
| oscinp EpEpEpEpEpEREN
L ! !
| | | |
| | | |
I I I I } ‘ | } ‘ |
I I I I I |
RFoutBP ; : - : >
‘ ‘ ‘ ‘ P SysRefReq RFoutBM Ll ‘ Il ‘
«— — 2 m— »
%ﬂ t N t
1 ¢ t ¢ b

Figure 34. SYSREF Out In Repeater Mode

In master mode (SYSREF_REPEAT=0), rising and falling edges at the SysRefReq pin are first re-clocked to the
fosc » then fiyterpoLaTor, @Nd finally to fout. A programmable number of pulses is generated with a frequency
equal to fyco/(2xIncludedDividexSYSREF_DIV_PRExSYSREF_DIV). In continuous mode (SYSREF_PULSE=0),
the SysRefReq pin is held high to generate a continuous stream of pulses. In pulse mode (SYSREF_PULSE=1),
a finite number of pulses determined by SYSREF PULSE_CNT is sent for each rising edge of the SysRefReq

pin.

RFoUtAM — — L g
P OSCinM RFOUtAP — — >
P! 0SCinP EEEREREREN RN

o o
LT L L L L |
I I
I I
I I
[ I

RFoutBP - - P

P SysRefReq RFoutBM P ! >
— —

Figure 35. Figure 1. SYSREF Out In Pulsed/Continuous Mode
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7.3.15.4 SYSREF Procedure

To use SYSREF, do the these steps:
1. Put the device in SYNC mode using the procedure already outlined.
2. Figure out IncludedDivide the same way it is done for SYNC mode.

3. Calculate the SYSREF_DIV_PRE value such that the interpolator frequency (finterroLaTor) IS in the range of
800 to 1500 MHz. fixterpoLaTor = fvcof/IncludedDivide/SYSREF_DIV_PRE. Make this frequency a multiple of

fosc if possible.

4. If using continuous mode (SYSREF_PULSE=0), ensure the SysRefReq pin is high.
5. If using pulse mode (SYSREF_PULSE = 1), set up the pulse count as desired. Pulses are created by

toggling the SysRefReq pin.
6. Adjust the delay between the RFoutA and RFoutB signal using the JESD_DACx_CTL fields.

7.3.16 SysRefReq Pin

The SysRefReq pin can be used in CMOS all the time, or LVDS mode is also optional if SYSREF_REPEAT = 1.
LVDS mode cannot be used in master mode.

7.4 Device Functional Modes
Although there are a vast number of ways to configure this device, only one is really functional.

Table 22. Device Functional Modes

MODE DESCRIPTION SOFTWARE SETTINGS
Registers are held in their reset state. This device does have a
power on reset, but it is good practice to also do a software reset if
RESET there is any possibility of noise on the programming lines, especially | RESET = 1, POWERDOWN = 0
if there is sharing with other devices. Also realize that there are
registers not disclosed in the data sheet that are reset as well.
POWERDOWN Device is powered down. POWERDOWN = 1

or CE Pin = Low

Normal operating mode

This is used with at least one output on as a frequency synthesizer.

SYNC mode

This is used where part of the channel divider is in the feedback path
to ensure deterministic phase.

VCO_PHASE_SYNC =1

SYSREF mode

In this mode, RFoutB is used to generate pulses for SYSREF.

VCO_PHASE_SYNC =1,
SYSREF_EN =1
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7.5 Programming

The LMX2595 is programmed using 24-bit shift registers. The shift register consists of a R/W bit (MSB), followed
by a 7-bit address field and a 16-bit data field. For the R/W bit, O is for write, and 1 is for read. The address field
ADDRESSI6:0] is used to decode the internal register address. The remaining 16 bits form the data field
DATA[15:0]. While CSB is low, serial data is clocked into the shift register upon the rising edge of clock (data is
programmed MSB first). When CSB goes high, data is transferred from the data field into the selected register
bank. See Figure 1 for timing details.

7.5.1 Recommended Initial Power-Up Sequence

For the most reliable programming, Tl recommends this procedure:

1. Apply power to device.

Program RESET = 1 to reset registers.

Program RESET = 0 to remove reset.

Program registers as shown in the register map in REVERSE order from highest to lowest.

Program register RO one additional time with FCAL_EN = 1 to ensure that the VCO calibration runs from a
stable state.

o~ v

7.5.2 Recommended Sequence for Changing Frequencies

The recommended sequence for changing frequencies is as follows:
1. Change the N divider value.

2. Program the PLL numerator and denominator.

3. Program FCAL_EN (RO[3]) = 1.

7.6 Register Maps and Descriptions

Note that for registers that have numbers, but defined programmable bits, it is necessary to program these
values just as shown in the register map. Registers must be programmed from highest to lowest (RO Last)
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Table 23. Full Register Map

RW | A6 [ A5 | A4 | A3 | A2 | A1 | Ao D15 | D14 [ D13 [ D12 [ D11 [ D10 | D9 | D8 | D7 [ D6 | D5 | D4 | D3 | D2 | D1 | DO
vCo
ol ol ololololol olo RAMP | ASE 1l o | o | 1 | Qw|FoALHPE FeaLerD| | FEA ouT | Res PO
EN | _sY MU p_ADy _ADJ En | oo | ET | SR2
NC_ N ser
EN
RL| o] oo oo o] o] 0 ol olo[1]o]lo]lo]o]o]o] o] 1] cackow
Re= | o[ oo oo o]1]o0 0 o JoJoflol 1ol 1]o]lofo]lolo]lo]o]o
R& | o | o] ool o|o]1]1 0 o ool o1]1]lo]o[1][ofo]olo]1]o0
R& | o | oo oo 1]o0]o 0 ol oflo 1ol 1lofo[s1]o]o]o]o]1]1
Rs | 0o | oo oo 1] 0] 0 ol olololololo|1][1][o]o]1]0o]o]o
Re | 0 | oo oo 1] 1]o0 1 1 olol1]lolofofolololo]lo]o]1]o
ouT
R | 0o | oo |0 | 0| 1 1|1 0 Fol 0|0 oo o0o|o| 1o 1|10 0] 1]o0
RCE
vCo vCo
DA _CA
R& | 0 | 0o | 0|0 | 1|0 0]o0 0 TEl 1| o |gF 0o oo 0o 00 0 0|0
ORC ORC
E E
RO| 0| 0|0 | 0|1 0] o0/ 1 0 oo ¢ o |1 | 1]o]o]0o 0o 0o|lo|1|0o]|o0
Ro| o | o o o[ 1]o]1]o 0 o | o] 1 MULT 1 o1
Riz| o | ol o o 1o 1] 0 o | o] o PLL R
R2| o | ol o o[ 1] 1]0]o0 0 1o |1 PLL_R_PRE
Ri3| o | o o | o] 1] 1]o0]1 0 1 o] o] o]o]o o] o] o]o
R4/ 0o | ol o o[ 1] 1]1]o0 0 o | o] 1] 1] 1] CPG 0
Ri5| o | o o | o] 1] 1] 11 0 o | o oo 1] 1 [ o] o1
Ri6| 0o | o o | 1] oo o]o 0 o ol oo oo VCO_DACISET
rRiz| o | ol o 1] oo o] 0 o ol oo oo VCO_DACISET_STRT
Ris8| o | o | o] 1] o] o] 10 0 o | ol o] o] oo o[ 1 [ 1]o]l o] 1][o0o]o
Ri9| o | o o 1 [ o] o] 1] 0 o | 1] oo 1]1]1 VCO_CAPCTRL
vCo
RO| 0| 0| o | 10| 1] o0]o0 1 0 vecoseL |5 o oo | 1|0 | 0| 1|0 0|0
RCE
R21 0 1 1
R22 0 0
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Table 23. Full Register Map (continued)
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Table 23. Full Register Map (continued)
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Table 23. Full Register Map (continued)
RwW | A6 | A5 | aa | A3 | A2 | A1 | A0 D15 D14 [ D13 | D12 | D11 | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RAl Quic
R78 | 0 1] 0 0 1 1 1 0 0 0 o | o |HRE| o Eéi VCO_CAPCTRL_STRT 1
SH[3 N
2] -
R79 | 0 1| 0 0 1 1 1 1 RAMP_THRESH[31:16]
R8O | © 1| 0 1 o | o o | o RAMP_THRESH[15:0]
RAM
P LI
R81 | © 1] 0 1 o | o 0 1 0 0 o | o 0 o | o 0 o | o o | o 0 o | o |mT.
HIGH
[32]
R82 | 0 1| 0 1 o | o 1 0 RAMP_LIMIT_HIGH[31:16]
R83 | 0 1| 0 1 o | o 1 1 RAMP_LIMIT_HIGH[15:0]
RAM
P LI
R84 | 0 1] 0 1 0 1 o | o 0 0 o | o 0 o | o 0 o | o o | o 0 o | o |mT.
LOW
[32]
R85 | 0 1| 0 1 0 1 0 1 RAMP_LIMIT_LOW[31:16]
R86 | 0 1| 0 1 0 1 1 0 RAMP_LIMIT_LOW[15:0]
R87 | 0 1| 0 1 0 1 1 1 0 0 o | o 0 o | o 0 o | o o | o 0 o | o 0
R88 | 0 1| 0 1 1 0 o | o 0 0 o | o 0 o | o 0 o | o o | o 0 o | o 0
R89 | 0 1| 0 1 1 0 0 1 0 0 o | o 0 o | o 0 o | o o | o 0 o | o 0
R9O | © 1| 0 1 1 0 1 0 0 0 o | o 0 o | o 0 o | o o | o 0 o | o 0
ROL | © 1| 0 1 1 0 1 1 0 0 o | o 0 o | o 0 o | o o | o 0 o | o 0
R92 | 0 1| 0 1 1 1 o | o 0 0 o | o 0 o | o 0 o | o o | o 0 o | o 0
R93 | 0 1| 0 1 1 1 0 1 0 0 o | o 0 o | o 0 o | o o | o 0 o | o 0
R94 | © 1| 0 1 1 1 1 0 0 0 o | o 0 o | o 0 o | o o | o 0 o | o 0
R95 | 0 1| 0 1 1 1 1 1 0 0 o | o 0 o | o 0 o | o o | o 0 o | o 0
Re6| 0 | 1| 1| 0| o o ol o RASMTP—E?\IUR RAMP_BURST COUNT o | o
RAMPO_RS RAMP_BUR
R97 | 0 1 1 0 o | o 0 1 . 0 o | o 1 RAMP_TRIGB RAMP_TRIGA o | "& i
RAM
R98 | 0 1 1 0 o | o 1 0 RAMPO_INC[29:16] 0 |POD
LY
R99 | © 1 1 0 o | o 1 1 RAMPO_INC[15:0]
R100| 0 1 1 0 0 1 o | o RAMPO_LEN
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Table 23. Full Register Map (continued)

RW | A6 | A5 | A4 | A3 | A2 [ A1 [ Ao D15 D14 | D13 | D12 [ D11 [ D10 | D9 [ D8 [ D7 [ D6 | D5 | Da | D3 | b2 | b1 | Do
ram | ROV RE,L\OM RAMPO
Ro1l o | 1| 1| o] o] 1] 0| 1 0 o ol ololol o] o] o]Prt o | o NEXT
pLy | -RS | NE “TRIG
- T | XT -
RI2| o0 | 1| 1| 0 o 1] 0 0 0 RAMP1_INC[29:16]
R103 RAMP1_INC[15:0]
RI4| 0 | 1 | 1 | o | 1 0 RAMP1_LEN
RAM
RAM
RIG| o | 1| 10 101 o0 1 RAMP_DLY CNT PMIpi'N| o | o |RAMPLNE
ANU XT TRIG
EXT -
AL
RAM
P T RAMP_SCALE_CO
Rio6| 0 | 1| 1| o | 1] 0] 1] o0 0 o o oo o] o o|o| o0 o |gdlo0 v
CAL
RIO7| 0 | 1 | 1| 0] 1] o0 0
R8| 0 | 1 | 1 | o | 1 o | o 0
R109 0
Ritol o | 1| 1o | 1] 1] 1] o0 0 o o 0ol o ’b—LBEVTU 0 tb_VCO_SEL ol ol o oo
R11] o | 1 | 1 | o 0 tb_VCO_CAPCTRL
Ri2l o | 1 | 2| 1] 0] ol o]l o tb_VCO_DACISET
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7.6.1 General Registers RO, R1, & R7

Figure 36. Registers Excluding Address

A‘i‘ire D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
\Ffﬁ,% MUX POW
Ro |RAMP| Z°COT 0 0 1 |OUT_|FCAL HPFD_| FCAL LPFD_| | | FCAL |OUT_|RESE | onn
EN | = MUTE ADJ ADJ EN |[LDS| T
- NC E - — WN
— EL
N
R1 0 0 0 1 0 0 0 0 0 0 0 1 CAL_CLK_DIV
OUT_
R7 FORC| 0 0 0 0 0 0 1 0 1 1 0 0 1 0
E

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 24. Field Descriptions

Location

Field

Type

Reset

Description

RO[15]

RAMP_EN

R/IW

0

0 : Disable frequency ramping mode
1 : Enable frequency ramping mode

RO[14]

VCO_PHASE_SYNC

R/IW

0 : Disable phase SYNC mode
1: Enable phase SYNC mode

RO[9]

OUT_MUTE

R/IW

Mute the outputs when the VCO is calibrating.
0 : Disabled. If disabled, also be sure to enable OUT_FORCE
1: Enabled. If enabled, also be sure to disable OUT_FORCE

RO[8:7]

FCAL_HPFD_ADJ

R/IW

Set this field in accordance to the phase-detector frequency for
optimal VCO calibration.

0 : fpp < 100 MHz

1: 100 MHz < fpp < 150 MHz

2 :150 MHz < fpp < 200 MHz

3: fpp >200 MHz

RO[6:5]

FCAL_LPFD_ADJ

R/IW

Set this field in accordance to the phase detector frequency for
optimal VCO calibration.

0: fpp =2 10 MHz

1: 10 MHz > fpp 2 5 MHz

2:5 MHz > fpp 2 2.5 MHz

3: fpp < 2.5 MHz

RO[3]

FCAL_EN

R/IW

Enablie the VCO frequency calibration. Also note that the action
of programming this bit to a 1 activates the VCO calibration

RO[2]

MUXOUT_LD_SEL

R/IW

Selects the state of the function of the MUXout pin
0: Readback
1: Lock detect

RO[1]

RESET

R/IW

Resets and holds all state machines and registers to default
value.

0: Normal operation

1: Reset

RO[O]

POWERDOWN

R/IW

Powers down entire device
0: Normal operation
1: Powered down

R1[2:0]

CAL_CLK_DIV

R/IW

Sets divider for VCO calibration state machine clock based on
input frequency.

0: Divide by 1. Use for fosc < 200 MHz

1: Divide by 2. 200 MHz < fogc < 400 MHz

2: Divide by 4. 400 MHz < fogc < 800 MHz

3: Divide by 8. fggc > 800 MHz

R7[14]

OUT_FORCE

R/IW

Works with OUT_MUTE in disabling outputs when VCO
calibrating.
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7.6.2 Input Path Registers
Figure 37. Registers Excluding Address
D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
RO | 0 0 o |95%-1 o 1 1 0 0 0 0 0 0 1 0 0
R10 0 0 0 1 MULT 1 0 1 1 0 0 0
R11 0 0 0 0 PLL_R 1 0 0 0
R12 0 1 0 1 PLL_R_PRE

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 25. Field Descriptions

Location | Field

Type

Reset

Description

R9[12] |OSC_2x

R/IW

0

Low=noise OSCin frequency doubler.
0: Disabled
1: Enabled

R10[11:7] | MULT

R/IW

Programmable input frequency multiplier
0,2,,8-31: Reserved

1: Byapss

3:3X

7:7X

R11[11:4] |PLL_R

R/IW

Programmable input path divider after the programmable input

frequency multiplier.

R12[11:0] | PLL_R_PRE

R/IW

Programmable input path divider before the programmable input

frequency multiplier.

7.6.3 Charge Pump Registers (R13, R14)

Figure 38. Registers Excluding Address
D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 D7 D6 | D5 | D4 D3 D2 D1 DO
R14 0 0 0 1 1 1 1 0 0 CPG 0 0 0 0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 26. Field Descriptions

Location | Field

Type

Reset

Description

R14[6:4] |CPG

R/W

7

Effective charge-pump current. This is the sum of up and down

currents.

0 mA

6 mA

. Reserved
12 mA

3 mA

9 mA

. Reserved
15 mA

NoakhwhkRO
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7.6.4 VCO Calibration Registers

Figure 39. Registers Excluding Address

DI5 | D14 | D13 | D12 | D11 | D10 | D9 | D8 | D7 | D6 | D5 | Da | D3 | D2 | D1 | DO
vCo_ VCo_
DACI CAPC
R& | 0 |seT | 1 o |TRL_| o© 0 0 0 0 0 0 0 0 0 0
FORC FORC
E E
R16 | 0 0 0 0 0 0 0 VCO_DACISET
R17 | 0 0 0 0 0 0 VCO_DACISET STRT
R19 | 0 0 1 0 0 1 1 1 VCO_CAPCTRL
vCo_
R20 | 1 1 VCO_SEL SEL_ 1 0 0 1 0 0 1 0 0 0
= FORC
E

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 27. Field Descriptions

Location | Field Type Reset Description

R8[14] |VCO_DACISET_FORCE R/W 0 This forces the VCO_DACISET value

R8[11] |VCO_CAPCTRL_FORCE R/W 0 This forces the VCO_CAPCTRL value

R16[8:0] | VCO_DACISET R/W 128 This sets the final amplitude for the VCO calibration in the case
that amplitude calibration is forced.

R17[8:0] | VCO_DACISET_STRT R/W 250 This sets the initial starting point for the VCO amplitude
calibration.

R19[7:0] | VCO_CAPCTRL R/W 183 This sets the final VCO band when VCO_CAPCTRL is forced.

R20[13:11] | VCO_SEL R/W 7 This sets VCO start core for calibration and the VCO when it is

forced.
0: Not Used
1: vCO1
2: VCO2
3:VCO3
4:VCO4
5: VCO5
6: VCO6
7: VCO7

R20[10] |VCO_SEL_FORCE R/W 0 This forces the VCO to use the core specified by VCO_SEL. ltis
intended mainly for diagnostic purposes.
0: Disabled (recommended)
1: Enabled
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7.6.5 N Divider, MASH, and Output Registers

Figure 40. Registers Excluding Address

D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 ‘ D1 ’ DO
R34 0 0 0 0 0 0 0 0 0 0 0 0 0 PLL_N[18:16]
R36 PLL_N
MASH
_SEE

R37 D 0 PFD_DLY_SEL 0 0 0 0 0 1 0 0
_EN

R38 PLL_DEN[31:16]

R39 PLL_DEN[15:0]

R40 [31:16]

R41 [15:0]

R42 PLL_NUM[31:16]

R43 PLL_NUMI[15:0]

MASH
R44 0 0 OUTA_PWR OUTB | OUTA RES 0 0 MASH_ORDER
- _PD | _PD |= -
ET N

R45 1 1 0 OUTA_MUX OUT_ISET 0 1 1 OUTB_PWR

R46 | O 0 0 o | o 1 1 1 1 1 1 | 1 [ 1] 1 [ outB Mux

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 28. Field Descriptions
Location | Field Type Reset Description
R34[2:0] | PLL_N R/W 100 The PLL_N divider value is in the feedback path and divides the
R36[15:0] VCO frequency.
0: Disabled
1: Enabled

R37[15] | MASH_SEED_EN R/W 0 Enabling this bit allows the to be applied to shift the phase at the
output or optimize spurs.

R37[13:8] | PFD_DLY_SEL R/W 2 The PFD_DLY_SEL must be adjusted in accordance to the N
divider value. This is with the functional description for the N
divider.

R38[15:0] | PLL_DEN R/W 42949672 | The fractional denominator.

R39[15:0] 95

R40[15:0] R/W 0 The initial state of the MASH engine first accumulator. Can be

R41[15:0] used to shift phase or optimize fractional spurs. Every time the
field is programmed, it ADDS this MASH seed to the existing
one. To reset it, use the MASH_RESET_N bit.

R42[15:0] | PLL_NUM R/W 0 The fractional numerator

R43[15:0]

R44[13:8] | OUTA_PWR R/W 31 Adjusts output power. Higher numbers give more output power
to a point, depending on the pullup component used.

R44[7] |OUTB_PD R/W 1 Powers down output B
0: Output B active
1: Output B powered down
R44[6] |OUTA_PD R/W 0 Powers down output A
0: Output A Active
1: Output A powered down
R44[5] | MASH_RESET_N R/W 1 Resets MASH circuitry to an initial state
0: MASH held in reset. All fractions are ignored
1: Fractional mode enabled. MASH is NOT held in reset.
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Table 28. Field Descriptions (continued)

Location | Field

Type

Reset

Description

R44[2:0] | MASH_ORDER RIW 0

Sets the MASH order

0: Integer mode

1: First order modulator

2: Second order modulator
3: Third order modulator
4: Fourth order modulator
5-7: Reserved

R45[12:11] | OUTA_MUX RIW 1

Selects what signal goes to RFoutA

0: Channel divider

1: VCO

2: VCO2X (Also ensure VCO2X_EN=1)
3: High impedance

R45[10:9] | OUT_ISET RIW 0

Setting to a lower value allows slightly higher output power at
higher frequencies at the expense of higher current
consumption.

0: Maximum output power boost

3: No output power boost

R45[5:0] | OUTB_PWR RIW 31

Output power setting for RFoutB.

R46[1:0] | OUTB_MUX RIW 1

Selects what signal goes to RFoutB

0: Channel divider

1. VvCO

2: SysRef (also ensure SYSREF_EN=1)
3: High impedance

7.6.6 SYNC and SysRefReq Input Pin Register

Figure 41. Registers Excluding Address

D15 D14 D13 | D12 D11 ‘ D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
INPIN | INPIN

R58 | _IGN | _HYS INPIN_LVL INPIN_FMT 0 0 0 0 0 0 0 0 1
ORE T

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 29. Field Descriptions

Location | Field Type

Reset

Description

R58[15] |INPIN_IGNORE RIW 1

Ignore SYNC and SysRefReq Pins
0: Pins are used. Only valid for VCO_PHASE_SYNC=1
1: Pin is ignored

R58[14] |INPIN_HYST RIW 0

High Hysteresis for LVDS mode
0: Disabled
1: Enabled

R58[13:12] | INPIN_LVL RIW 0

Sets bias level for LVDS mode. In LVDS mode, a voltage divider
can be inserted to reduce susceptibility to common-mode noise
of an LVDS line because the input is single-ended. With a
reasonable setup, Tl recommends using INPIN_LVL=01 (Vin) to
use the entire signal swing of an LVDS line.

: Vin/4

Vin

: Vin/2

. Invalid

R58[11:9] | INPIN_FMT RIW 0

SYNC = SysRefReq = CMOS

SYNC = LVDS, SysRefReq=CMOS

SYNC = CMOS, SysRefReq = LVDS

SYNC = SysRefReq = LVDS

SYNC = SysRefReq = CMOS

SYNC = LVDS (filtered), SysRefReqg=CMOS
SYNC = CMOS, SysRefReq = LVDS (filtered)
SYNC = SysRefReq = LVDS (filtered)

NoOORrRONERO WNMREO
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7.6.7 Lock Detect Registers

Figure 42. Registers Excluding Address

D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

LD T

R59 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | YPE
R60 LD _DLY

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 30. Field Descriptions

Location | Field Type Reset Description
R59[0] |LD_TYPE R/W 1 Lock detect type
0: VCO calibration status
1: VCO calibration status and Vtune
R60[15:0] | LD_DLY R/W 1000 This is the delay added to the lock detect after the VCO
calibration is successful. It is in phase-detector cycles.

7.6.8 MASH_RESET

Figure 43. Registers Excluding Address

D15 | D14 | D13 | D12 | D11 | D10 | Do | p8 | D7 | b6 | Ds | b4 | p3 | b2 | b1 | DO

R69 MASH_RST_COUNT[31:16]

R70 MASH_RST_COUNTI[15:0]

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 31. Field Descriptions

Location | Field Type Reset Description
R69[15:0] | MASH_RST_COUNT R/W 50000 If not using this device in fractional mode with
R70[15:0] VCO_PHASE_SYNC-=1, then this field can be set to 0. In phase-

sync mode with fractions, this bit is used so that there is a delay
for the VCO divider after the MASH is reset. This delay must be
set to greater than the lock time of the PLL. It does impact the
latency time of the SYNC feature.

Copyright © 2017-2018, Texas Instruments Incorporated
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7.6.9 SysREF Registers

Figure 44. Registers Excluding Address

D15 D14 D13 D12 D11 D10 D9 D8 D7 ‘ D6 | D5 D4 D3 D2 D1 DO
SYSR | sysr | 2YSR
R71 0 0 0 0 0 0 0 0 SYSREF_DIV_PRE EF P | EF_E = 0 1
= R — | EPEA
ULSE N
T
R72 0 0 0 0 0 SYSREF_DIV
R73 0 0 0 0 JESD_DAC2_CTRL JESD_DAC1 _CTRL
R74 SYSREF _PULSE_CNT JESD_DAC4_CTRL JESD_DAC3 CTRL
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 32. Field Descriptions

Location | Field Type Reset Description
R71[7:5] | SYSREF_DIV_PRE R/W 4 Pre divider for SYSREF

1: Divide by 1

2: Divide by 2

4: Divide by 4

All other states: invalid
R71[4] |SYSREF_PULSE R/W 0 Enable pulser mode in master mode

0: Disabled

1: Enabled
R71[3] SYSREF_EN R/W 0 Enable SYSREF
R71[2] |SYSREF_REPEAT R/W 0 Enable repeater mode

0: Master mode
1: Repeater mode

R72[10:0] | SYSREF_DIV R/W 0 Divider for the SYSREF
0: Divide by 4
1: Divide by 6
2: Divide by 8

2047: Divide by 4098

R73[5:0] | JESD_DAC1_CTRL R/W 63 These are the adjustments for the delay for the SYSREF. Two of
these must be zero and the other two values must sum to 63.

R73[11:6] | JESD_DAC2_CTRL RIW 0
R74[5:0] |JESD_DAC3 CTRL RIW 0
R74[11:6] | JESD_DAC4_CTRL RIW 0
R74[15:12] | SYSREF_PULSE_CNT R/W 0 Number of pulses in pulse mode in master mode
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7.6.10 CHANNEL Divider Registers

Figure 45. Registers Excluding Address

Reg

15 14

13

12 11

R27

VCO2X
_EN

R31

0 CHDIV
_DIV2

R75

CHDIV 0 0

Table 33. Field Descriptions

Location

Field

Type

Reset

Description

R27[0]

VCO2X_EN

R/IW

0

VCO doubler
0: Disabled
1: Enabled

R31[14]

CHDIV_DIV2

R/IW

Enable driver buffer for CHDIV>2
0: Disabled (only valid for CHDIV=2)I
1: Enabled (Use for CHDIV>2)

R75[10:6]

CHDIV

R/IW

VCO divider value
0:2

17: 768
18-31: Reserved
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7.6.11 Ramping and Calibration Fields

Figure 46. Registers Excluding Address

D15 | D14 | D13 | D12 | D11 [ D10 [ D9 | b8 | b7 [ b6 | b5 | pa | b3 | b2 | b1 | Do
RAMP QuIC
R78 | 0 0 0 0 Eg:[Rs 0 'é{ff VCO_CAPCTRL_STRT 1
2] EN
R79 RAMP_THRESH[31:16]
R80 RAMP_THRESH[15:0]

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 34. Field Descriptions

Location | Field Type Reset Description

R78[11] | RAMP_THRESH R/W 0 This sets how much the ramp can change the VCO frequency

R79[15:0] before calibrating. If this frequency is chosen to be Af, then it is

R80[15:0] calculated as follows:
RAMP_THRESH = (Af / fpp) x 16777216

R78[9] QUICK_RECAL_EN R/W 0 Causes the initial VCO_CORE, VCO_CAPCTRL, and

VCO_DACISET to be based on the last value. Useful if the
frequency change is small, as is often the case for ramping.
0: Disabled
1: Enabled

R78[8:1] | VCO_CAPCTRL_STRT R/W 0 This sets the initial value for VCO_CAPCTRL if not overridden
by other settings. Smaller values yield a higher frequency band
within a VCO core. Valid number range is 0 to 183.
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7.6.12 Ramping Registers

These registers are only relevant for ramping functions and are enabled if and only if RAMP_EN (RO[15]) = 1.

7.6.12.1 Ramp Limits

Figure 47. Registers Excluding Address

DI5 | D14 | D13 | D12 | D11 | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
RAMP

R81 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o |=tM
T HIG
H[32]

R82 RAMP_LIMIT_HIGH[31:16]

R83 RAMP_LIMIT_HIGH[15:0]
RAMP

R84 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o |=tM
T LO
W[32]

R85 RAMP_LIMIT LOW[31:16]

R86 RAMP_LIMIT LOW[15:0]

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 35. Field Descriptions

R85[15:0]
R86[15:0]

Location | Field Type Reset Description
R81[0] |RAMP_LIMIT_HIGH R/W 0 This sets a maximum frequency that the ramp can not exceed
R82[15:0] so that the VCO does not get set beyond a valid frequency
R83[15:0] range. Suppose fy g is this frequency and fyco is the starting
VCO frequency then:
For fuigh 2 fvco:
RAMP_LIMIT_HIGH = (fyign — fvco)fpp X 16777216
For fyieh < fuco this is not a valid condition to choose.
R84[0] |RAMP_LIMIT_LOW R/W 0 This sets a minimum frequency that the ramp can not exceed so

that the VCO does not get set beyond a valid frequency range.
Suppose fLow is this frequency and fycg is the starting VCO
frequency then:

For fLow = fvco:

RAMP_LIMIT_LOW = 233 - 16777216 X (fyco — fLow) / frp

For fLow > fuco this is not a valid condition to choose.
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7.6.12.2 Ramping Triggers, Burst Mode, and RAMPO_RST

Figure 48. Registers Excluding Address

D15 | D14 | D13 | D12 | D11 [ p1o [ b9 | b8 | b7 [ b6 | b5 | b4 | b3 | b2 | b1 | Do
RAMP
BUR

R96 | = RAMP_BURST_COUNT 0 0
STE - -
N
RAMP

R97 | ORS| © 0 0 1 RAMP_TRIGB RAMP_TRIGA o | RAMP_BURS
F _ - T_TRIG

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 36. Field Descriptions

Location | Field Type Reset Description

R96[15] | RAMP_BURST_EN R/W 0 Enables burst ramping mode. In this mode, a

RAMP_BURST_COUNT ramps are sent out when RAMP_EN is
set from O to 1.

0: Disabled

1: Enabled

4:2]

RAMP96[1 | RAMP_BURST_COUNT R/W 0 Sets how many ramps are run in burst ramping mode.

R97[15] | RAMPO_RST R/W 0 Resets RAMPO at start of ramp to eliminate round-off errors.

Must only be used in automatic ramping mode.
0: Disabled
1: Enabled

R97[6:3] | RAMP_TRIGA R/W 0 Multipurpose Trigger A definition:

0: Disabled

1: RampClIk pin rising edge
2: RampDir pin rising edge
4: Always triggered

9: RampClIk pin falling edge
10: RampDir pin falling edge
All other states: reserved

R97[10:7] | RAMP_TRIGB R/W 0 Multipurpose trigger B definition:

0: Disabled

1: RampClIk pin Rising Edge
2: RampDir pin Rising Edge
4: Always Triggered

9: RampClk pin Falling Edge
10: RampDir pin Falling Edge
All other states: Reserved

R97[1:0] | RAMP_BURST_TRIG R/W 0 Ramp burst trigger definition that triggers the next ramp in the

count. Note that RAMP_EN starts the count, not this word.
0: Ramp Transition

1: Trigger A

2: Trigger B

3: Reserved
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7.6.12.3 Ramping Configuration

Figure 49. Registers Excluding Address

D15 | D14 | D13 | D12 [ p11 | po | po | ps | b7 [ b6 | ps | pa | p3 | b2 | b1 | Do
RAMP
R98 RAMPO_INC[29:16] 0 |onbL
Y
R99 RAMPO_INC[15:0]
R100 RAMPO_LEN
RAMP | Ramp | RAMP RAMPO
R10L| © 0 0 0 0 0 1 1 0 0 .
ply | mst | NEX NEXT_TRIG
R102| 0 0 RAMP1_INC[29:16]
R103 RAMP1_INC[15:0]
R104 RAMP1_LEN
R105 RAMP_DLY_CNT FMAN RAlMP 0 0 RAMPI_
_DBLY_ - NEX NEXT_TRIG
UAL | — -
.
RAMP
R106 0 0 0 0 0 0 o |_TRiG| o |RAMP_SCALE COUN
CAL T

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 37. Field Descriptions

Location

Field

Type

Reset

Description

R98[15:2]
RO9[15:0]

RAMPO_INC

R/IW

0

2's complement of the amount the RAMPO is incremented in
phase detector cycles.

R98[0]

RAMPO_DLY

R/W

Enabling this bit uses two clocks instead of one to clock the
ramp. Effectively doubling the length.

0: Normal ramp length

1: Double ramp length

R100[15:0]

RAMPO_LEN

R/IW

Length of RAMPO in phase detector cycles

R101[6]

RAMP1_DLY

R/IW

Enabling this bit uses two clocks instead of one to clock the
ramp. Effectively doubling the length.

0: Normal ramp length

1: Double ramp length

R101[5]

RAMP1_RST

R/W

Resets RAMPL1 to eliminate rounding errors. Must be used in
automatic ramping mode.

0: Disabled

1: Enabled

R101[4]

RAMPO_NEXT

R/IW

Defines what ramp comes after RAMPO
0: RAMPO
1: RAMP1

R101[1:0]

RAMPO_NEXT_TRIG

R/IW

Defines what triggers the next ramp
0: RAMPO_LEN timeout counter

1: Trigger A

2: Trigger B

3: Reserved

R102[13:0]
R103[15:0]

RAMP1_INC

R/IW

2's complement of the amount the RAMP1 is incremented in
phase detector cycles.

R104[15:0]

RAMP1_LEN

R/W

Length of RAMPL1 in phase detector cycles

R105[15:6]

RAMP_DLY_CNT

R/W

This is the number of state machine clock cycles for the VCO
calibration in automatic mode. If the VCO calibration is less, then
it is this time. if it is more then the time is the VCO caliabration
time.

R105[5]

RAMP_MANUAL

R/IW

Enables manual ramping mode, otherwise automatic mode
0: Automatic ramping mode
1: Manual ramping mode
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Table 37. Field Descriptions (continued)

Location | Field Type Reset Description
R105[4] | RAMP1_NEXT R/W 0 Determines what ramp comes after RAMP1:
0: RAMPO
1: RAMP1
R105[1:0] | RAMP_NEXT_TRIG R/W 0 Defines what triggers the next ramp
0: RAMP1_LEN timeout counter
1: Trigger A
2: Trigger B
3: Reserved
R106[4] | RAMP_TRIG_CAL R/W Enabling this bit forces the VCO to calibrate after the ramp.
R106[2:0] | RAMP_SCALE_COUNT RIW Multiplies RAMP_DLY count by 2RAMP_SCALE_COUNT

7.6.13 Readback Registers

Figure 50. Registers Excluding Address

D15 D14 D13 D12 D11 D10 | D9 D8 D7 ‘ D6 | D5 D4 D3 D2 D1 DO
rb_LD_
R110 0 0 0 0 0 VTUNE 0 rb_VCO_SEL 0 0 0 0 0
R111 0 0 0 0 0 0 0 0 rb_VCO_CAPCTRL
R112 0 0 0 0 0 0 0 rb_VCO_DACISET

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 38. Field Descriptions

Location | Field Type

Reset

Description

R110[10:9] | rb_LD_VTUNE R 0

Readback of Vtune lock detect
0: Unlocked (Vtune low)

1: Invalid State

2: Locked

3: Unlocked (Vtune High)

R110[7:5] | rb_VCO_SEL R 0

Reads back the actual VCO that the calibration has selected.
0: Invalid
1: vCO1

7:VCO7

R111[7:0] |rb_VCO_CAPCTRL R 183

Reads back the actual CAPCTRL capcode value the VCO
calibration has chosen.

R112[8:0] | rb_VCO_DACISET R 170

Reads back the actual amplitude (DACISET) value that the VCO
calibration has chosen.
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

8.1.1 OSCin Configuration

OSCin supports single or differential-ended clock. There must be a AC -coupling capacitor in series before the
device pin. The OSCin inputs are high impedance CMOS with internal bias voltage. Tl recommends putting
termination shunt resistors to terminate the differential traces (if there are 50-Q characteristic traces, place 50-Q
resistors). The OSCin and OSCin* side should be matched in layout. A series AC-coupling capacitors should
immediately follow OSCin pins in the board layout, then the shunt termination resistors to ground should be
placed after.

Input clock definitions are shown in Figure 51:

A A A

AWANS
J VA

CMOS Sine wave Differential

A 4
A 4

Figure 51. Input Clock Definitions

8.1.2 OSCin Slew Rate

The slew rate of the OSCin signal can have an impact on the spurs and phase noise of the LMX2595 if it is too
low. In general, the best performance is for a high slew rate, but lower amplitude signal, such as LVDS.

8.1.3 RF Output Buffer Power Control

The OUTA_PWR and OUTB_PWR registers can be used to control the output power of the output buffers. The
setting for optimal power may depend on the pullup component, but typically is around 50. The higher the setting,
the higher the current consumption of the output buffer.

8.1.4 RF Output Buffer Pullup

The choice of output buffer components is very important and can have a profound impact on the output power.
Table 39 shows how to treat each pin. If using single-ended, the pullup is still needed, and user puts a 50-Q
resistor after the capacitor.
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Application Information (continued)
Table 39. Different Methods for Pullup on Outputs
PULLUP STYLE DIAGRAM COMMENTS
+VCC
Potentially higher output power,
L but output impedance is far from
Inductor 50 Q. Consider also using with a
resistive pad.
C
RFOUtAP |—>
+Vee
Resistor %’ R More consistent matching
<
C
RFoutAP I |—>
Table 40. Output Pullup Configuration
COMPONENT VALUE PART NUMBER
Inductor Varies with frequency
Resistor 50 Q Vishay FC0402E50R0BST1
Capacitor Varies with frequency ATC 520L103KT16T
ATC 504L50ROFTNCFT
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8.2 Typical Application

VccRF Cc3

0

RFoutAP

R38
50

RFoutAM

RFoutBM

Cl1

o e
R39 0.01pF
50

C10
1]

11
0.01F

RFoutBP

Copyright © 2017, Texas Instruments Incorporated

11
0-}1HT<|7 VceRF
Ul 18nH
7 Veo 2| vecsur RFOUTAP |23
o I I 7 vcepia RFOUTAM [—22
0—“ 1(‘:‘;9 11 1veeep
- ::18 i 15 1 veemasH RFOUTBM |18
0—“ CZISUF 261 vceveo2 RFOUTBP 12
1“%—“ 37 _Jvceveo MUXOUT @OMUXout
K& 14F
H cE o—Lo cE cpouT |12
R4_LF
csB O%D csB VTUNE |32 VA
SDI O——————= 5D 5 —T—i':ﬁ LF
P ST |
SeK c28 scK SC OSYNC 1800pF
= H 10 f VREGIN SYSREFREQ <280 SysRefReq _%6;';
14F
H H 36 | vrervco RAMPCLK —Oig RampCLK
€4 Jowr . RAMPDIR [<-32——0 RampDir
"T“— VREGVCO
L LF 29 2
[ VREFVCO2 GND
C25 4
10F i 3 GND (1
5 Il VBIASVCO GND (8
1 10WF 57 GND
ot | VBIASVCO2 Gno (1
11 1pF 33 GND 3
Il VBIASVARAC onp -2
A4 10F s GND |32
OSCINP GND 32 —¢
c|14 oND |40
0SCinP i 2 =] 0SCINM GND 4L
0.14F
R32 [MX2594RHAR
100 N
c1s
0sCinN H
0.14F
Figure 52. Typical Application Schematic
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8.2.1 Design Requirements

The design of the loop filter is complex and is typically done with software. The PLLatinum Sim software is an
excellent resource for doing this and the design is shown in the Figure 53. For those interested in the equations
involved, the PLL Performance, Simulation, and Design Handbook listed in the end of this document goes into
great detail as to theory and design of PLL loop filters.

r 5
[0 PLLatinum Sim l_l_‘&J':' =
=  — = = = = = = =
File Options DataExport Resources Help
7500-15000 MHz _‘_S_e_lgg_[_)g\fjg_e_! Fiter Designer | Phase Noise | Spurs | Lock Time | Bode Plot |
J Fod o i Beol|  Finer Archy [
200 WMHz CPosn J. E?J' J- e T so00 |MHz Fitter Order Filter Type
Cm a ﬁi o [iOder =]  [Possive -
e PFD l l VCO Characteristics
100 MHz Kvco 91284 MHz/V Fter Porameo
= | Recommend Fpdand Kpd | | Calculate Loop Fiter |
Loop Filter Components WCOCap 0 pF
Feature c1 0.3% nF Design Target Actual
- Simple i [7] Mode! as MukicorsVCO Loop Bandwidih 334 6585 | kHz @] Auto 286.76144 kHz
- v c2 68 nF  R2 0.068 k2 veol
) Intermediate g =
R c3 18 nF R3 0.018 kO Phase Margin 48| deg [¥] Auto £4.9391 deg
Gamma 07 [¥] Auto 37248 E
Mex Cofaddtion e | 205 T3/T1 Ratio 50| % [ Ao 27699 %
N Divider Fractional Settings
Frum Fden
Fractional Order (3 | of 200 Yk Min. High Order Cap 1500 pF 56000 pF
T_ajﬂdammzatmn ol BODD MH Capacitor Valus Step 10% = Resistor Value Step  10% -
Simulation Shown Phase Noise -
“LM*2554 simulations are VERY prefiminary, Flease keepu
80 Phase Noise at 8000 MHz |
) N
0 | [ b
¥ -1 — Total
E -120 == — P Poles and Time Constants
E _::ig = —\CO Design Tamget Actual Design Tamg|
= -150 - — Filter T2 4624e5 5 T2 3
E ':: sg g = — Qutput/Divide T1 1 7681e7 = T1 4
e = =
-180—4—— T3 489199 s 3 8.
-150
-200 3 T4 o 0l s T4
Te1 1e0 Tel le2 1e3 Ted 1eb
Offset (kHz) A0 6451726 70268 F
Device Selected = LMX2594 Loop Bandwidth = 286.7614 kHz “Simulations are a typical approxi b TexAs INSTRUMENTS
I )

Figure 53. PLLatinum Sim Design Screen

8.2.2 Detailed Design Procedure

The integration of phase noise over a certain bandwidth (jitter) is an performance specification that translates to
signal-to-noise ratio. Phase noise inside the loop bandwidth is dominated by the PLL, while the phase noise
outside the loop bandwidth is dominated by the VCO. Generally, jitter is lowest if loop bandwidth is designed to
the point where the two intersect. A higher phase margin loop filter design has less peaking at the loop
bandwidth and thus lower jitter. The tradeoff with this is that longer lock times and spurs must be considered in
design as well.
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8.2.3 Application Curves

pPhase Noise 10.00dBf Ref -30.00dBc/Hz ‘
-30.00 ), Carrier 8,000016536 GHz  5.0152 dBm
et 1: (100 Hz -89.6207 dBc/Hz
2: 1 kHz -99, 8161 dBC/HZ
40,00 3: 10 kHz  -110.0678 dBCc/Hz
4: 100 kHz -113.3698 dBc/Hz
5: |1 MHz +123.1377 dBc/Hz
50.00 61 10 MHz  -148.3220 dBc/Hz
7: 40 MHz = -155.1546 dBc/Hz
- 8: 95 MHz = -157.0743 dBC/HZ
60.00 91 100 MHz -148.2153 dBC/Hz
=== Nojse ===
. analysis Range X: Band marker
u.oo Analysis Range Y: Band Marken
Intg Nojse: -55,5677 dBC / 19.69 mMHz
- RMS Noise: 2.35576 mrad
R 134,975 mdeg
RMS Jitter: 46.866 fsec
00.00 Residual FM: 2.80979 kHz
1
-100.0 ¢}
-110.0 |
-120.0 |
-130.0 |
-140.0 |
-150.0 |
-160.0 |
-170.0 |
-180.0 |
1900409 & 188K & =Y E
Figure 54. Typical Jitter
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9 Power Supply Recommendations

Tl recommends placement of 100 nF close to each of the power supply pins. If fractional spurs are a large
concern, using a ferrite bead to each of these power supply pins can reduce spurs to a small degree. This device
has integrated LDOs, which improves the resistance to power supply noise. However, the pullup components on
the RFoutA and RFoutB pins on the outputs have a direct connection to the power supply, so extra care must be
made to ensure that the voltage is clean for these pins. Figure 55 is a typical application example.

This device can be powered by an external DC-DC buck converter, such as the TPS62150. Note that although
Rtps, Rtpsl, and Rtps2 are 0 Q in the schematic, they could be potentially replaced with a larger resistor value or
inductor value for better power supply filtering.

U3 L1 TPS

[ InputVee RS?E ° 11 _{pyiN sw—2
o 1 12 | puin w2 XFL4020-222MEB
Cin_0 10 faviN swi3
100F
N 13 fen vos |4
|_9 SS/TR PG 2 ::%5;0
3300pF re s gRibtl
2562k
ep 17 3 v Rips2
AGND A L 2 L 4 To Output Pull-U
8 of pEF PGND 22 0 L L
7 of Fsw PGND |16 SRbbl el @
2180k 0.1pF 104F
TPS62150RGTR
v Rtps1 o

0‘, W @ To Other Supply Pins >
C3 c4

Copyright © 2017, Texas Instruments Incorporated

Figure 55. Using the TPS62150 as a Power Supply
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10 Layout
10.1 Layout Guidelines

In general, the layout guidelines are similar to most other PLL devices. Here are some specific guidelines.

GND pins may be routed on the package back to the DAP.
The OSCin pins, these are internally biased and must be AC coupled.
If not used, RampClk, RampDir, and SysRefReq can be grounded to the DAP.

For the Vtune pin, try to get a loop filter capacitor as close as possible to this. This may mean separating it
from the rest of the loop filter.

For the outputs, keep the pullup component as close as possible to the pin and use the same component on
each side of the differential pair.

If a single-ended output is needed, the other side must have the same loading and pullup. However, the
routing for the used side can be optimized by routing the complementary side through a via to the other side
of the board. On this side, use the same pullup and make the load look equivalent to the side that is used.

Ensure DAP on device is well-grounded with many vias, preferably copper filled.

Have a thermal pad that is as large as the LMX2595 exposed pad. Add vias to the thermal pad to maximize
thermal performance.

Use a low loss dielectric material, such as Rogers 4003, for optimal output power.

See instructions for the LMX2595EVM (LMX2594 EVM Instructions, 15 GHz Wideband Low Noise PLL with
Integrated VCO) for more details on layout.

JEAL
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11.7 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

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

Important Information and Disclaimer: The information provided on this page represents TI'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 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)
LMX2595RHAR ACTIVE VQFN RHA 40 2500  Green (RoHS CU NIPDAUAG Level-3-260C-168 HR -40 to 85 LMX2595
& no Sh/Br)
LMX2595RHAT ACTIVE VQFN RHA 40 250 Gg[eens('s/?aH)S CU NIPDAUAG Level-3-260C-168 HR -40 to 85 LMX2595
no r
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*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)

LMX2595RHAR VQFN RHA

40

2500 330.0 16.4 6.3 6.3 15 12.0 | 16.0

Q1

LMX2595RHAT VQFN RHA

40

250 178.0 16.4 6.3 6.3 15 12.0 | 16.0

Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LMX2595RHAR VQFN RHA 40 2500 367.0 367.0 38.0
LMX2595RHAT VQFN RHA 40 250 210.0 185.0 35.0

Pack Materials-Page 2



MECHANICAL DATA

RHA (S*P\/QFN*N40> PLASTIC QUAD FLATRPACK NO—LEAD
6,15
585
8]
B 6,15
\ 5,85
Pin 1 Index Area /40'
Top and Bottom
1
1,00
0.80 0,20 Nominal
' Lead Frame
Q O 08 C ? L.—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—ﬂ—;li Seating P‘Oﬂe
.
0,00
0,50
40X =
1 0 f 0,30
Uuuuuujuuuuu_]
40 O {71
P THERMAL PAD 9
) | d
D) d
) SIZE AND SHAPE =
O SHOWN ON SEPARATE SHEET
) q
) I d
) - 2
k=) R
ANNNNNNNN ﬂ
30 0,50
+0,07
40X 0,23 2005
0,10 W]c[AlB]
@005 mc

Bottom View

4204276 /E 06 /11

NOTES:  A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. This drawing is subject to change without notice.

C. QFN (Quad Flatpack No—Lead) Package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.

E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F

Package complies to JEDEC MO—-220 variation VJJD-2.

w3 TExas
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THERMAL PAD MECHANICAL DATA

RHA (S—PVQFN—-N40) PLASTIC QUAD FLATPACK NO-LEAD
THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

PIN 1 INDICATOR

C0,30 ]

vuuuduujguuyu

e
o

d

40 1

| — Exposed Thermal Pad

4,50+0,10

UUUUUUUUU\L‘J/

ﬂﬂﬂﬂﬂﬂﬂﬂ\ﬂﬂ

20
31

—

INANANANAIIANANANAN(

—

(o]
o
N
e

[ 4,50+0,10 —¥

Bottom View

Exposed Thermal Pad Dimensions

4206355-4/X 08/14

NOTES: A. All linear dimensions are in millimeters

wip TExas
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LAND PATTERN DATA

RHA (S—PVQFN—N40) PLASTIC QUAD FLATPACK NO—LEAD

Example Stencil Design
0,125 Thick Stencil

Example Board Layout (Note E)
Note D —1 =—36x0,5 | ——~—0,230  —— =—36x0,5
~ 0000000002 o8 100000000
= |o o0 0o| X f 50’3_» — =
D 1o 0 0 o & = ‘ =
— = 5168 — 1 5,15 6,75
D 1o 0 0 o| & —) 0,3 — > ,
% O O O O % g g
I %I — (@
9x1,2 - 9x1,2
0000000000 ***~ oo00o00mo

) —-— 5,10 ——

\

6,/ ———

(64% Printed Solder Coverage by Area)

|
|
|
!

Non Solder Mask Defined Pad Example Via Layout Desigr)
: Via layout may vary depending
; T T on layout constraints
(Note D, F)
4,5
0,08 Examle 16x¢0,3\
RO,14 [ 0,85 Solder Mask Opening \@ O O O
I/ M ¥y \\ (Note F)
| . l O O O
\ =1 p_\'\ Pad Geomet 49
ad Geometr
\ 0,07j 0,28 ] (Note 0) © O O
Il Around
© © O O
12x1,0
12x1,0
T 4207627-4/R 08/14

NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC—7351 is recommended for alternate designs.

D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA271, and dlso the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.

F.  Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for vias placed in the thermal pad.
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