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LMX2694EPEVM Evaluation Instructions

The LMX2694EPEVM is designed to evaluate the performance of LMX2694-EP. This board consists of a
LMX2694-EP device.

The LMX2694-EP is a high-performance, wideband synthesizer that can generate any frequency from
39.3 MHz to 15.1 GHz without using an internal VCO doubler. The device runs from a single 3.3-V supply
and has integrated LDOs that eliminate the need for on-board low noise LDOs.
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1 LMX2694EPEVM Evaluation Module

1.1 Evaluation Module Contents

The box contains:

e One LMX2694EPEVM board (HSDC061-001)
« One USB2ANY (HPAG65)

* One USB cable

* One 10-pin ribbon cable

1.2 Evaluation Setup Requirement

The evaluation requires the following hardware and software:

* A DC power supply

» A spectrum analyzer or a signal analyzer

e A PC running Windows 7 or more recent version

* A high quality signal generator

» An oscilloscope (optional)

» Texas Instruments Clocks and Synthesizers TICS Pro software
* Texas Instruments PLLatinum Simulator Tool (optional)

1.3 Resources

Related evaluation and development resources are as follows:
* LMX2694-EP data sheet

» TICS Pro software

e PLLatinum Simulator Tool (PLL Sim)

2 Setup

2.1 Connection Diagram

i Texas 1]
[CJOXOXN)
TICS Pro
H
i3 USB2ANY g
Texas Instruments ;
HPABB5 o %
i Talalas

g 2§ i o | IHZ ((3

I ®

é % eee )

| ]

Figure 1. EVM Connection Diagram
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2.2 Power Supply
Apply a 3.3 V to J5 header. The acceptable supply voltage range is 3.2 V to 3.5 V. The maximum current
consumption in the most extreme configuration must not exceed 600 mA.
2.3 Reference Clock
Connect the OSCINP SMA connector to a high quality 100 MHz signal source. The OSCINM SMA
connector can be left open because it is not connected to LMX2694-EP.
The EVM is configured for single-ended input. The OSCIN_P pin connected to the OSCINP SMA
connector and the OSCIN_M pin 50-Q terminated onboard. If required, the EVM can be modified to
operate with a different clock source in a different configuration. See Appendix A for more details.
2.4 RF Output
Connect the RFOUTBM SMA connector to a signal analyzer. Output frequency is 14 GHz and the
amplitude is about 1 dBm.
By default, the TICS Pro evaluation software has RFOUTA power down. These SMA connectors can be
left open.
2.5 Programming
Connect the ribbon cable from the USB2ANY to the LMX2694EPEVM .
Connect the USB cable from a PC to USB port in the USB2ANY. This provides power supply to the
USB2ANY and communication with the TICS Pro. A firmware update may be required. See Appendix B
for more details.
2.6 Evaluation Software
Download and install TICS Pro to a PC.
Run the software and follow these steps to start the program.
1. Goto "Select Device" — "PLL + VCO" — "LMX2694".
File USBE communications | Select Device | Options Tools Default configuration Help
4 LMX2572 Import User Device
User Controls
Raw Registers Delete User Device(s)
PLL User Devices
RAMP
PLL v
| PLL + VCO r LMX2531 3
Clock Distribution with Divider 3 LMX2541 3
Clock Generator/Jitter Cleaner (Single Loop) ] LMX2571
Clock Generator/Jitter Cleaner (Dual Loop) 3 LMX2572 [
Demodulator 3 LMX2581
Metwork Synchronizer Clock (Digital PLLs) ] LMX2582
Oscillators 3 LMX2592
LMX2594
[ Load | [ save | [ Run_ | [ | LMX2505
General | Context LMX2615
Burst Mode | | LMX2694
Figure 2. Select Device in TICS Pro
2. Go to "Default Configuration" — "Default Mode YYYY-MM-DD".
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File USE communications Select Device Opfions Tools | Default configuration | Help
4 | MX2595 Fosc  poubler PreR | Default Mode 2019-7-19 |
User Controls x2 v 1E
Raw Registers Test Mode
RAMP 100 [MHz Fpd

Figure 3. Default Mode

2.7 EVM Strap Options

2.7.1 J1 Header

Pin 2 of J1 is connected to the CE pin. Put a short to the "HW" position, this will connect the CE pin to
VDD via resistor R7. If the short is placed in the "SW" position, the status of CE pin is configurable
through TICS Pro.

2.7.2 J2 Header

Pin 1 of J2 is connected to the MUXOUT pin. Put a short in J2, this will connect the MUXOUT pin to the
LED D1. If MUXOUT is configured as lock detect output, the LED will lite when the PLL is locked. During
register read back, if the LED slows down the edge of the read back data, remove the short.

3 Hl: CE 1s pulled-up by R’Z
SH: CE 1s software configurable
HU  SU

Figure 4. J1, J2 Header

3 Typical Measurement
3.1 Default Configuration

3.1.1 Loop Filter

The loop filter is populated on the bottom side of the board. The parameters for the loop filter are listed in
Table 1.

N | [mE] R1/ g
4 3 Ci5

1 :
caLr [HamuTama} RauF
RALF o1 F

C3LF
R3LF

Figure 5. Loop Filter
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Table 1. Loop Filter Configuration

PARAMETER VALUE
VO frequency over he whole frequancy range
VCO gain 213 MHz/V
Effective charge pump gain 15 mA
Phase detector frequency 200 MHz
Loop bandwidth 430 kHz
Phase margin 58 degrees
CILF 470 pF
C2LF 68 nF
C3LF Open
CALF 1.8 nF
R2LF 68 Q
R3LF 0Q
RALF 18Q

3.1.2 Typical Output
1. Follow Section 2 to set up the evaluation.
2. Click "Write All Registers" to write all the registers to LMX2694-EP. The default output is 14 GHz.

PPhase Moise 10,0048/ Ref -20.00dBc/Hz )
Carrier 14.000000144 GHz ~ 1.2740 dBrm

R SRR T 86 8787 | dBC/H=

2000 |2+ 10 kHz — —106.3058 dBc/H=z
3: 100 kHz  +1109.6998 dEd/Hz

000 4L NHZ ~115.5064 dBC/HZ

=000 =50 10 MHz -142. 2966 dBc/Hz

-60.00

70,00

-80.00

-50.00 \E\

-100.0

-110.0 1 \M—

-120.0 2 S

-130.0 E
~140.0
-150.0
-160.0

-170.0
-180.0405 * Ty 169% ™ Ty

Figure 6. Default Output

3.2 Additional Tests

3.2.1 Phase Adjustment

Use Equation 1 to adjust the phase of the RF output signal.
Phase shift in degree = 360° x (MASH_SEED / PLL_DEN) x (IncludedDivide / CHDIV)

where
* Included Divide = 4 or 6 when VCO_PHASE_SYNC = 1, otherwise it is equal to 1 (1)

Table 2 and Equation 2 show an example.
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Table 2. Phase Adjustment Setting
PARAMETER EXAMPLE VALUE
MASH_SEED 800
PLL_DEN 1000
CHDIV 48
VCO_PHASE_SYNC
IncludedDivide
Phase shift = 360° x (800 / 1000) x (1 / 48) = 6° 2)

The user can write 800 to MASH_SEED 60 times to get a 360° phase shift.

MASH and Phase Synchronization
PFD_DLY_SEL 2B
MASH_ORDER | 2nd Order Modulator +

¥ MASH_RESET_N

MASH_SEED 800

[] VCO_PHASE_SYNC

| Togglz Sync Pin |

Figure 7. Phase Adjustment Setting

channal 200 mbddiv o.ov £.0000 nzddiv -2.7633 ns

Figure 8. Phase Adjustment

3.2.2 SYSREF Example

RFOUTB of LMX2694-EP can be used to generate or duplicate the SYSREF signal. The output of
RFOUTB can be a single pulse, series of pulses, or a continuous stream of pulses. These pulses are
synchronous with the RFOUTA signal with an adjustable delay. To use the SYSREF capability, the PLL
must be in SYNC mode with VCO_PHASE_SYNC = 1. Here is an example of Pulsed mode.
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Fosc Doubler
X1 w
100 |MHz

1

IncludedDivide
(from Channel Divider)

PreR

Fpd

Approximate Current (mA) = 420
Effective
Charge Pump
Gain

50/MHz

PFD

—|1EmA vl

w )/

1000 E
Fraction
|Use Large Fraction | | Simplify Fraction |

(=]
32 =1
N Divider

N\

Approximate YCO Gain (MHzV) = 109

Fvco N FCAL_EM
9600 |MHzZ oggle FCAL_EN to lock

VCO after changing frequency

Vco 1 7 RFoutA
Channel Divider Channel Divider ~ _lj-mo— MHz
98 v |
T [] GUTA_PD
SYSREF Divider 2x3 %8 ¥ 2
5 U bivz o= 45 SEG1 EN Output MUX
: /| _ []CUTE_PD
112 L
300 MHz L SYSREF SysRef = = RFoutB
c VCO 100 MHz
]
E FCAL_HPFD_ADJ Fpd==200 . MASH and Phase Synchronization —ISRE
= PFD_DLY SEL 1 E ﬂ
g CAL_CLK_DIV Fosc==800 v [[] 5SYSREF_REFEAT
g MASH_ORDER. | Integer Mode © W SYSREF_PULSE
MASH_RESET_N 5 E
b FORCE
§ VCO_SEL [vco7 . O MASH_SEED a E SYSREF Dalay Cnntrgl
Q
g VCO_CAPCTRL 183 O I [ VCO_PHASE_SYNC I
VCO_DACISET 128 O | Togale Sync Pin | I | Toggle SysRefReq Pin

Figure 9. SYSREF Pulsed Mode Setting

FFouts

L

i

FFoutB J

Figure 10. SYSREF

el
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i

Pulsed Mode
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3.2.3 Register Readback

To read back the written register values, follow these steps:
1. Set MUXOUT _LD_SEL to Readback in TICS Pro.

MUK out
MUXOUT_LD_SEL

[ Lock Detect -
Readback

Lock Detect

Figure 11. Readback Setting

2. Click on the Register Name that you want to read back.
3. Click the Read Register button to read back the register value.

Register Map

Register Name  Address/Value 2222 1111 1111 1100 0000 0O0O0O0
3210 9876 5432 1098 7654 3210 Data
R107 OxGE0000 0110 1011 000D 0000 0000 DOOO 0:6A0007
R106 OxGA0D07 0110 1010 0000 0000 0ODOO0 0111 Virite Register
R105 O0x694440 0110 1001 0100 0100 0100 0DODO0OO
R104 OxG30000 0110 1000 000D 0000 OODO00 DOOO I Read Register I
R103 0670000 0110 0111 0000 0OO0O0O0 0000 DOOO
Figure 12. Register Readback
SNAU245—-0ctober 2019 LMX2694EPEVM Evaluation Instructions 9
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4 Schematic

Kinln]
R7
1.0k
TP_CE TP_CSB
1 G
RE
2 ' CE > Csm
2 33
Short 2-1 = CE is enabled by BT E?BpF
Short 2-3 = CE iz enabled by sotware
TP_MUXOUT = TP_=DI
1 2
3 H @ 3 RS
[ MUXoUT O oD O—0 SOl
_ 5 | g gl b x|
Shott = LED is connectedd 7 l o o =]
J 9 | g gl M t Cs
1

47pF
R 2 g FAIRE
330 1 1
TP_RECALEN TP_SYNC TP_SCK
7 R3 g R4 Y
- RECAL_EN DHP ST SCK
o 33 73
!\‘ o c3 c4
- Green 47pF 47pF 4TpF
TP_GND TP_vDD
wOD co Voo
o—0 Py » + — DHP SYSREFREQ
w T LT
1 c7 8 ca 10
2 g QAWF | 100F QAWF | 10WF
VCCRF

0ApF | 10pF

Figure 13. LMX2694EPEVM Schematic (Page 1)
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Schematic
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Figure 14. LMX2694EPEVM Schematic (Page 2)
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5 PCB Layout and Layer Stack-Up

5.1 PCB Layer Stack-Up

The top layer is 1-0z. copper.

RF GND layer

ignal GND layer

Bottom layer

f«—— 62 mil ——|

Figure 15. PCB Layer Stack-Up

5.2 PCB Layout

RFOUTAP
27
1
6
RFOUTAM
28
[ )

HSDCO061A

Figure 17. RF GND Layer
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Figure 18. Signal GND Layer
Figure 19. Bottom Layer
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Bill of Materials

Table 3. Bill of Materials

DESIGNATOR QUANTITY DESCRIPTION PART NUMBER MANUFACTURER

C1, C2, C3, C4,C5,C6 6 CAP, CERM, 47 pF, 50 V, +/- 885012005044 Waurth Elektronik
5%, COG/NPO, 0402

C1LF 1 CAP, CERM, 470 pF, 50 V,+/- C0402C471K5GAC7867 Kemet
10%, COG/NPO, 0402

C2LF 1 CAP, CERM, 68 nF, 50 V, +/- CGA2B3X7R1H683K050BB TDK
10%, X7R, 0402

CALF 1 CAP, CERM, 1.8 nF, 50 V,+/- C0402C182J5RACTU Kemet
5%, X7R, 0402

C7,C9, C11 3 CAP, CERM, 0.1 pF, 16 V, +/- 885012206046 Wurth Elektronik
10%, X7R, 0603

C8, C10, C12, C21, C22, C23, 7 CAP, CERM, 10 pF, 10 V,+/- GRM188R61A106KAALD MuRata

C25 10%, X5R, 0603

C13, C32,C33 3 CAP, CERM, 0.1 pF, 16 V, +/- 885012205037 Waurth Elektronik
10%, X7R, 0402

C14, C15, C16, C17, C18,C19, |8 CAP, CERM, 1 pyF, 25V, +/- GRM155R61E105KA12D MuRata

C20, C24 10%, X5R, 0402

C26, C27, C28, C29, C30, C31 6 CAP, CERM, 10 nF, 16 V, +/- 520L103KT16T AT Ceramics
10%, X7R, 0402

D1 1 LED, Green, SMD LTST-C190GKT Lite-On

J1 1 Header, 100mil, 3x1, Gold, TH TSW-103-07-G-S Samtec

J3 1 Header (shrouded), 100mil, 5x2, | 52601-S10-8LF FCI
Gold, SMT

J2,J5 Header, 100mil, 2x1, Gold, TH TSW-102-07-G-S Samtec

Jg, J9, J10 JACK, SMA, 50 Ohm, Gold, 142-0771-831 Cinch Connectivity
Edge Mount

J12,J13 2 CONN SMA JACK STR EDGE CON-SMA-EDGE-S RF Solutions Ltd.
MNT

L1, L2 2 Inductor, Multilayer, Air Core, 18 | LQG15HS18NJ02D MuRata
nH, 0.3 A, 0.36 ohm, SMD

R2, R3, R4, R5, R6 5 RES, 33, 5%, 0.1 W, AEC-Q200 | CRCWO060333R0JNEA Vishay-Dale
Grade 0, 0603

R2LF 1 RES, 68.1, 1%, 0.063 W, AEC- | CRCW040268R1FKED Vishay-Dale
Q200 Grade 0, 0402

R3LF, R13, R14, R15, R16, 8 RES, 0, 5%, 0.063 W, AEC- CRCWO04020000Z0ED Vishay-Dale

R17, R18, R31 Q200 Grade 0, 0402

RALF 1 RES, 18.2, 1%, 0.063 W, AEC- CRCWO040218R2FKED Vishay-Dale
Q200 Grade 0, 0402

R7 1 RES, 1.0 k, 5%, 0.1 W, AEC- CRCWO06031K00JNEA Vishay-Dale
Q200 Grade 0, 0603

R8 1 RES, 330, 5%, 0.1 W, AEC- CRCWO0603330RINEA Vishay-Dale
Q200 Grade 0, 0603

R9, R10 2 RES, 0, 5%, 0.1 W, AEC-Q200 | CRCW06030000Z0EA Vishay-Dale
Grade 0, 0603

R19, R20, R21, R22, R33 RES, 50, 0.1%, 0.05 W, 0402 FC0402E50R0BST1 Vishay-Dale

R29, R30 RES, 49.9, 1%, 0.063 W, AEC- CRCWO040249R9FKED Vishay-Dale
Q200 Grade 0, 0402

TP1, TP2, TP3, TP4, TP5, TP6, |8 Test Point, Miniature, White, TH | 5002 Keystone

TP7, TP8

TP9 1 Test Point, Miniature, Black, TH | 5001 Keystone

TP10 1 Test Point, Miniature, Red, TH 5000 Keystone

Ul 1 15-GHz Wideband RF LMX2694-EP Texas Instruments

Synthesizer
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7 Troubleshooting Guide

If the EVM does not work as expected, use Figure 20 to identify potential root causes. Consider the

following:
« Do not make madifications to the EVM or change the default settings until AFTER it is verified to be
working.

» Register readback requires the correct hardware and software setup. See Section 3.2.3 for details.
* The POR current of the LMX2694EPEVM is approximately 140 mA.
» The power-down current of the LMX2694EPEVM is approximately 5 mA.

4

Congratulation!
Verify hardware setup:

e  Validate power supply is connected, turned on, and current limit is appropriate for the device.

e Validate OSCin signal is supplied and turned on, if required.

e  Ensure programming cable is hooked up to the board.

e Ensure spectrum analyzer center frequency matches target frequency. Choose wide span so that the carrier can
be seen if it is off frequency.

e  Ensure device is not powered down by the CE pin.

e  Load all registers (Ctrl+L).
Device locked Congratulation!

No

v
Verify software setup:
. Revert to default mode in the software under “Default Configuration”.
e Validate that no boxes are red. If so, mouse over and read the tool tips.
. Ensure that all the frequency boxes values are correct. Also understand that the VCO frequency could be
different than the output frequency as there are often dividers after the boxes.

e  Load all registers (Ctrl+L).
Device locked Congratulation!

e  Try Readback at this point, if necessary.
No

v
Verify communications:
. Go to “USB Communications”, “Interface”, ensure that the USB2ANY button is turned green. Click “Identify” to
have the program blink the green LED.
e  Send simple one way communication to the device such as: POWERDOWN, RESET, or change the status of a
pin. Realize that if a RESET is done, do a Ctrl+L to refresh the registers afterwards. For POWERDOWN, you can
validate this looking at the current on the power supply.

Device locked Congratulation!

No

Contact Tl support
www.ti.com/support

Figure 20. Troubleshooting Guide
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Using Different Reference Clock

These are the different options to provide a reference clock to LMX2694EPEVM. By default, the EVM is
configured for an external single-ended clock.

Table 4. Reference Clock Input Configuration
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USB2ANY Firmware Upgrade

Usually when the USB2ANY module is used the first time, TICS Pro will request a firmware update. Follow
the pop-up instructions to complete the update. This is necessary to ensure that the USB connection
between the PC and the USB2ANY module is properly setup, otherwise the programming to
LMX2694EPEVM will not be successful.

1. When you see this message, click the "OK" button.

USB2ANY Firmware Requirement x|

The connected <unknown device > requires a firmware update to version
2.7.0.0.

Serial Number: 70DB216F 27001300
Current version is: UNKNOWN

The update takes only a few seconds and does not require an Internet
connection,

|

Figure 21. Firmware Requirement

2. Next, follow the on-screen procedure.

W USB2ANY Firmware Loader x|

Prepare the USB2ANY for download:
1. If a USB cable is connected to the USB2AMY, disconnect it

2. While pressing the BSL Button (51), connect the USB cable.

Help me locate the BSL Button (S1)

Close

Figure 22. Firmware Loader

3. If you don't know the location of the BSL button, click the long button in the middle of the screen.

SNAU245-0October 2019 USB2ANY Firmware Upgrade 17
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USB2ANY BSL button (S1) location x|

The pictures below show the location of the BSL button (S1 switch) and USB connector. If the USB2ANY is in an
enclosure, you will need to insert an implement (a paper clip works great) into the small hole to press the button.

BSL button (S1) USB Connector BSL button (S1)

B

USBZANY without enclosure USB2ANY with enclosure

[ o< 1

Figure 23. BSL Button

4. Click the "OK" button to go back to the previous screen. Follow the on-screen procedure until this
screen is appears.

N USB2ANY Firmware Loader x|

The USB2ANY is ready for download.

Click the Update Firmware button Update
Firmware
to start the update process.

Figure 24. Update Firmware

5. Click the "Upgrade Firmware" button, the firmware will be upgrading. Click the "Close" button after it is
complete.
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[N USB2ANY Firmware Loader x|

USB2ANY firmware update is complete.

I

Mass erase occured!

Password Sent Successfuly
Sending RAM BSL v00.07.88.33
Sending RAM BSL v00.07.88.38
Sending firmware (USB2ANY v2.7.0.0)
Firmware Sent

Memory successfully verified

Total programming time is 1544ms
Sending reset vectors

Reset vector sent

Interrupt reset successfully verified
Resetting device

Done!

Close

Figure 25. Firmware Update Completed

6. Check the USB connection in TICS Pro by clickihg USB communications — Interface. Make sure the
USB Connected button is green.

mCom munication Setup

rInterface
% USB2ANY

€ TiHera
€ FID
" DemoMode

Select USB2ANY

I AZC3B06F24002100

G USB Connected

j Identify |

Select a Protocol I SPl vI

=lolx|

Close

Figure 26. USB Communications
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