LMX2492 Evaluation Instructions

Ultra Low Noise Frequency Synthesizer with
Integrated VCO Evaluation Board Operating
Instructions

User's Guide

I3 TEXAS

INSTRUMENTS

Literature Number: SNAU160D
March 2014—-Revised September 2015



I3 TEXAS
Contents
Evaluation Board Operating INStrUCTIONS ...c.eeieiiiiie ettt e e e e e e e eeeees 3
EValuation BOard SelUP .iuiuiiitiiiiiiiiit ettt ettt e et 4
2.1 Evaluation Board Setup Diagram and CONNECHONS ... .ueiuteristireeriatiiste e iaeesansrsessinrsansssaeiannssns 4
2200 S @ N 0 11 1 11 4
2200 0 VO 4
200 TG TR Y @ @ T 4
2.1.4 USB2ANY CONNECION 1uuuuteiiiusneinsssseesssssessssssesisssssessasssesssaastesiassnsrrssannerssssnerssssnneisnns 4
P20 05T © 1111 7@ 1T O o 4
21 (o To] o JN w11 (=T @20 ] o 1 > 1T o 5
2.2 CodelLoader SOftWAre SEHINGS .uuuvueeriutirseiisir i rae s rareraseaas 6
0 T o 0 =1 (10 6
B 11T =B T= =T o 1o o 7
2.2.3 Bits/Pins Tab and Restoring the Default Configuration ..........oeeviiiiiiiiniii e, 8
A S =T 0 L] (=] £ 1= 9
2 S o I I =T o U =T oo I o 10
P2 B 3= 0] o J =TT (o I 11
3 SCREMALIC L vt s 12
4 BOArd Layers StaCKUD cucut ittt ettt s et e et s e e et et s e e e e e e e e a e e aas 13
5 Bill Of MAEIIAIS ouvinieiiei i e e e 14
6 Typical Performance MEASUTEIMENTS .....iuiuie e e e e e e r e e e e enennenenen 16
6.1 I P L] AT 16
6.2 S L0 0T T T =T 0] ] 19
LA A =Y Lol g T 113 o Y/ PPN 20
2 Contents SNAU160D—-March 2014 —Revised September 2015

Submit Documentation Feedback
Copyright © 2014-2015, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAU160D

1 Chapter 1
I TEXAS SNAU160D—-March 2014—Revised September 2015

INSTRUMENTS

Evaluation Board Operating Instructions

-

Bz | 3 TExas
af p INSTRUMENTS
ClalF e LMxz2492 EUH
1=+l + -3 _uocHa
=0 FOTH
TP_Uecca R4D |
w & Ot
TP_bcdan
pis [ D ren
C2]

TH_ U211

naa [ o

Ucc_3Jp3

_HJ
— =

SNAU160D—-March 2014 —Revised September 2015 Evaluation Board Operating Instructions 3

Submit Documentation Feedback
Copyright © 2014-2015, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAU160D

1 Chapter 2
I TEXAS SNAU160D—-March 2014—Revised September 2015

INSTRUMENTS

Evaluation Board Setup

2.1 Evaluation Board Setup Diagram and Connections

Figure 2-1. Evaluation Board Connection Diagram
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Required: Optional:
0SCin Input Signal Differential Input Signal

2.1.1 VCO Outputs

The LMX2492 operates at 10 GHz, but this can be a problem for some test equipment. If it is, use the
VCO/2 output or the VCO/4 output. The VCO/4 output is powered down by default, but can be configured
if necessary.

2.1.2 VCC5V

The board operates on a single 5V and regulates this down to 3.3 V for the PLL. The board can also be
re-configured to operate with separate supplies.

2.1.3 VCC 3P3V

This is actually supplied from the regular off the 5V supply, but can also be run from a 3.3 V supply if the
regulator is disconnected and a few resistors are changed.

2.1.4 USB2ANY Connector

Connect the board to the computer using the USB2ANY connector, which comes supplied with the kit.

2.1.5 OSCin/OSCin*
The board has an on board XO, but the OSCin pins can be run either single-ended or differentially.
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Evaluation Board Configuration

2.1 Loop Filter Configuration

Table 2-1. Loop Filter Values

PARAMETER LMX2492
VCO Frequency 9.4-10.1 GHz
VCO Gain (MHz/V) 200 MHz/V
C1_LF 68 pF
C2_LF 3.9nF
C3_LF 150 pF
C4_LF Open
R2 390 Q
R3_LF 150 Q
R4 _LF 0Q
Charge Pump Gain 3.1mA
Phase Detector Frequency 100 MHz
OSCin Frequency 100 MHz
SNAU160D—-March 2014 —Revised September 2015 Evaluation Board Configuration 5
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2.2 CodelLoader Software Settings

The CodelLoader software is used for programming this device and is available at www.ti.com/codeloader.

2.2.1 Port Setup

The port setup shows which pins are sent to the pins of the header. If using the USB2ANY board, it is
recommended to click the "Identify" button and ensure the LED light is blinking to ensure that this is
working correctly. Note that position 3 is MUXout, which can be used for readback. In order to do this, the
MUXout pin needs to be programmed to Readback and also resistor R68 needs to be placed.

Figure 2-1. LMX2492 Port Setup
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2.2.2 Device Selection
Go to “Select Device” — “PLL—Fractional” — LMX2492

Figure 2-2. Part Selection

g — |
LMX2492 (=] B e
File Keyboard Controls | Select Device | Options Mode LPT/USB Help
Port Setup T Regist veo g PLL r::f::g'm
PLL - Single Integer 3
PLL - Dual Integer »
PLL - Fractional 3 LMX2350
FLL Controlz PLL + VCO N LMX2352 Ramp Comparators _Limits RaMPO Controls
FRAC_DITHER RAMP_CMPO[30:0] RAMPO_INC
I 3
Disabled ] Transceiver LMX2353 | 0 %J | 0 %J
Clock Conditioners v LMX2354 {iz] ]
FRAC_ORDER - — B RaMP_CMPO[E2 3] RAMPO_LEN
2nd Order Modulator = Irput TRIG1 = = 0=
| =l | = LMX2470 | fii] ! (o]
PFD_DLY TRIGZ_MUX RaMP_CMPO_EN [ RAMPO_DLY
- = LMX2471 -] Sl |
860 s - Input TRIG2 - o=l |7 RAMPO_FL
!_ = | =l LMX2485E | RAMPO_NEXT_TRIG
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[ CPM_FLAGH TRIGZ_PIN LMX3305 g RAMP_CMP1_EN RAMPO_FLAG
CPM_LIMIT_HIGH . | Tristate =l LMX2402 0 jj [Disabled =]
452 :
= MOD_FIN I RaMP_PM_EN FAMP_LIMIT_LO'Ww[30:0] AP Contale
CPM_LIMIT_LOW | Tristate =] FSK_DEV_TRIG Djj RAMPT ING
|—4ﬂ MUXaut_PIN | Disabled =l RaMP_UMIT_Lowgs2an |—an
} - : o=l z
SRR | Dutput - PP | FSK_DEW[31:0] R 5 RAMP1_LEN
DLD_PASS_CNT L =1 RAMP_LIMIT_HIGH[30:0] N
’—SZLJ Speed Up Contrals - ’—DLJ -
| | RTOC S S ] 1| T RaMP1_DLY
DLD_TOL ] jj RaMP_LIMIT_HIGH[32:3" [~ RAMP1_FL
trs=d| | | coR “g2)| | RAMPI_NEXT_TRIG
vl — R | TOC Timeout |
DLD_ERR_CNT |Disabled =]
42 FL_CPG RAMP1_NEXT
=) = |—D;J
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™ RAMP1_RST
RAMPT_FLAG
| Disabled |
al [ vl
COMM Mode: USE Selected device: LMx2492
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2.2.3 Bits/Pins Tab and Restoring the Default Configuration

The Bits/Pins tab shows the state of the programming fields. Note the scroll bar at the bottom. One can
right mouse click on any field for a short description of what it does. To restore the part to the original

software configuration, on can select the default mode as shown.

Figure 2-3. Restoring Default Mode

[ Lmx2492 o E=EEE
- - - e -
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R&MP_TRIGA (= =]
FRAC_ORDER TRIGT_MUX |Disable_ " = RAMP_CMPO[32:31] RAMPO_LEN
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= MOD_PIN I RAMP_PM_EN RAMP_LIMIT_LOW[30:0] FAMP ool
CPM_LIMIT_LOW | Tristate ~| FSK_DEV_TRIG Djj VL
4 jj MUXout_PIN | Disabled =l RAMP_LIMIT_LOW[32:31 |—n ﬂ
. = : /| -
— | Dutput - PP | FSK_DEV[31:0] R = RAMP1_LEN
DLD_PASS_CNT 0 RAMP_LIMIT_HIGH[30:0] [ 0=l
’—32LJ Speed Up Contralz - ’—DLJ =
[ IS REL2EOC AL =i | RaMPI_DLY
DLD_TOL o jj RAMP_LIMIT_HIGH[32:3" [~ RAMP1_FL
Tne jj FL_CSR B jj RAMP1_NEXT_TRIG
DLD_ERR_CNT |Disabled -] | TOC Timeout |
s Rces RAMP1_NEXT
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COMM Mode: USE | Selected device: Lhx2452
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2.2.4 Registers Tab

The registers tab is not necessary to program the part, but it does show the regsiters. The LMX2492 also
supports readback. To use this, set the MUXout pin to readback and attach resistor R68 to connect this
pin back to the programming header. Once this is done entire registers can be read, or a specific field can
be typed in to read the value. Realize that some fields of the LMX2492 are read only and therefore might
not be the same as written to.

Figure 2-4. Registers Tab

3] Lmx2492
File Keyboard Controls Select Device Options Mode LPT/USB Help

| Port Setup Registers T Bits/Pins ] BurslModeT PLL ,.33_'!}'3.,,

¢ Binary (" Decimal (% Hex [cPa

0000000000 _ Read [ 0¥

3876543210 Hex Value

0100000000 _Load R8D 0:00080D00 _Read
000100111 _Load R8C 0x0008C27 _Fead
Load RYB 0:0008810 _Read
Load R8A 0x0008400 _FRead
Load R89 0x0008300 _Read
Load RO8 0x0008800 _Read
Load R87 0x0008700 _Fead
Load R86 0:0008600 _Fead
Load R85 0x0008527 _Fead
Load R84 0:0008410 _Fead
Load R83 0:0008300 _Fead
Load R82 0x0008200 _FRead
Load R81 0x0008100 _Read
Load R80 0:0008000 _Fead
Load R7F 0x0007F00 _Read
Load R7E 0x0007£27 _Fead
Load R7D 0:0007D10 _Read
Load R7C 0x0007C00 _Read
Load R7B 0x0007800 _Fead
Load R7A 0x0007400 _FRead
Load R79 0x0007900 _Read
Load R78 0x0007800 _Read
Load R77 0x0007727 _Read
Load R76 0x0007610 _Read
Load R75 0x0007500 _Read
Load R74 0x0007400 _Read
Load R73 0x0007300 _Fead
Load R72 0x0007200 _Read
Load R71 0x0007100 _Read
Load R70 0x000 7023
Load RGF 0x0006F28 _Head
Load R6E 0x0006E00 _Fead
Load R6D 0:0006D00 _Flead
Load R6C 0:0006C00 _Read
Load R6B 0x0006B00 _Fead
Load R6A 0:0006400 _Read
Load R69 0x0006903 _Head
Load R68 0x00068E8 _Read
Load R67 00006700 _Read
Load R66 0x0006600 _Fead
Load R65 0x0006500 _Read
Load R64 00006400 _FRead

Expoit register values in hex to text file |

2222111111

M 3210987654
R141 [0000000010
R140 [0000000010
R139 (0000000010
R138 (0000000010
R137 (0000000010
R136 (0000000010
R135 (0000000010
0

0

0

0

0

0

0

R134 (0000000071
R133 (000000001
R132 000000001
R131 (0000000071
R130 [000000001
R129 000000001
R128 000000001
0000000001
gooooo00D0O01
o0o000DO0ODD1
0000000007
0000000001
ooo0000DO0ODD1
0000000001
0000000001
ooo0O00DO0D0D1
0000000001
0000000001
ooo00000D0D01
o0o00O00DO0ODD1
0000000001
ooo00000O0D01
ooo00O00DO0OD0D1
0000000001
ooo0000O0D01

0O0O0O0=- 0000000000000 00DO00000000D00O00D00D00D00OO
CO00O0=- 000000 =—~-000000—-000000~-000000—=0000

00000 —=- 000000000000 —-000000~-000000—-00000O0
00000 —=- 000000000000 —-000000~-000000—-00000O0

CO000O0O0O000O0O000O00DO0O0—-000000—-000000—-00000C
CO00O0=- 000000~ 0000000000000 0000D00D0D0DO00D0OO

cooocoooooo
coocoocooooooo

| COMM Mode: USB |
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2.2.5 PLL Frequency Tab
Verify your “PLL" Tab looks like below:

Figure 2-5. PLL Frequency Tab

, LMx2492

File Keyboard Controls Select Device Options Mode LPT/USB Help

Port Setup T Registers T Bits/Pins T BurstMode T PLL

riamp \|
Calculator

.

Show Bits
Reference
Oscillator / \
Doubler F Counter
[ ] 05Cin . ’—
1 Fhaze Charge Charge
FPhaze Detector Pump Pump
Detector Palarity Gain State
100 MHz Frequency
~looooo CPout
2 — {
<1 kHz + 1P Aictive
M Counter |
Fin P | 0 =1 /_
I% =l 1000 =l
Fraction = “ '
i Prescaler i

/ a 3600 MHz

COMM Mode: USE | Selected device: LMx24592

b = = ——

10 Evaluation Board Configuration
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2.2.6 Ramp Generator Tab

Verify your “Ramp Calculator” Tab looks like below. If not using the ramping features, or when just getting
the device up and running, it is advised not to Enable the Flex Scripts as they slow the software down.
Once the part is running, then enable the flex scripts as shown below and calculations the Ramp
Generator Tab will become active.

Figure 2-6. Enabling the Flex Scripts for the Ramp Generator GUI

e ——
File Keyboard Controls Select Device Mode LPT/USB Help
’ . - Fixed VCO Frequen ]
Port Setup T Registers T Bits/ quency :';m,‘,,
AutoReload on Interval Ctrl+A
For effect . button. on grey
Update All i AutoReload with Changes Ctrl+W [ such as this message are not for user input
I' v Save Device Settings ~
v Enable Flex Scripts 2 (i d )
VCO Output Limit Pt R [32:31] RAMP_LIMIT_x[30:0]
High unsel_tc MHz Update FLEX from CL et_st unset_s unset_st
Low unset_tc MHz Update CL from FLEX et_st unset_s unset_st
( Relead scripts Ctrl+R
_ T I Valu :31] RAMP_CMI i
cwpo | umeltcmmz [ L L L LT e B 23] BMRCHPREY
CMPQ unse unset_st unset_s  unset_st
CMP1 unset_tc MHz m w w m = = CMP1 unse unset_st unset_s unset_st
0SCin [—
[anvenw unset_tc MHz Must enter to match PLL Fpd unset_st  MHz )[PLI._R unset_st unset_st pu._uun]
unset_st
Rt unset_tc MHz Accumulator Start unset_st PLLN - 16777216 PLL_DEN
Frequency =
Ramps Ramp Enable [
( Actual Start  Desired End  Actual End | 1
Ramp Fi y F Fi Y Duration Next Start next
Number (MHz) (MHz) (MHz) (us) Dly Ramp ramp after RST FL Flags Length Increment (dec)|| |
0 unselst unset_tc unset_st unset_tc | - « - 'I unsel_st  unset_st
1 unset_st unset_tc | unset_st unsette ™ S =l -I unsel_st | unsel st
2 unset_st unset_te | unset_st unset te ™ S =l -I unset_st | unsel st
3 unset_st unset_tc unset_st unset_te | - wllT T .I unset_st unset_st
4 unset_st unsel_lc unset_st unset_te | - wllT T .I unset_st unset_st
5 unset_st unset_tc unset_st unset_tc | - vl I” ,I unset_st unset_st
6 unset_st unset_tc unset_st unset_tc | - vl I” ,I unset_st unset_st
7 unselst unset_tc unset_st unset_te | - « |\~ vI unsel_st  unset_st
- vy
v
N\
Ramp Count [ unsetic Ramp Auto [~ RAMP_AUTO  Ramp In Source | =l (EOCCI LA
0 unset_st 4 unset_st
Trigger Source A I LI FSK Trigger = 1 unset_st 5 unset_st
Trigger Source B | | FSK Deviation unset_tc 2 unset_st 6 unset_st |
I
Trigger Source C | =] Phase Mod. En [~ RAMP_PM_EN 3 unset_st 7 unset_st |
7
|
COMM Mode: USB | Selected device: LMX2492 é!

Then Click on “Update All" and wait until you see your screen populate to below:

Notes for Ramp Calculator tab:

» Manually change the OSCin Frequency in the “Ramp Calculator” tab when you change the value in the
“PLL" tab

» Click “Update All” whenever you change values in the frequency section
*  Only modify values in "Yellow" regions
» Click and unclick “RST” to clear the accumulator after modifying a row in Ramps
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Schematic
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Refer to Chapter 5 for actual component values. Also realize that not all components are placed on this
board.

12 Schematic SNAU160D—-March 2014 —Revised September 2015
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Board Layers Stackup

Layers of the 4 layer evaluation board shall include: Blue is dielectrics
e Top layer for high priority high frequency signals (GTL)
- 1oz CU
¢ RO4003 Dielectric, 16 mils
e Ground plane (GP1)
¢ FR4, 18 mils thick.
¢ Power plane — VccCLK (GP2)
*  FR4, 22 mils
« Bottom layer copper clad for thermal relief (GBL)

Table 4-1. Top to Bottom Layer Order:

LMX2492.GTL 1) Top Layer
LMX2492.GP1 2 GND Plane
LMX2492.G1 ?3) Power
LMX2492.GBL 4) Bottom Layer

Top Copper - 10z thick [LMX2492.GTL]

GND Layer [LMX2492.GP1]

Power Layer [LMX2492.G1]

Bottom Copper - Thermal Relief LMX2492.GBL]

[E1O} YoIU} SIIW Z9

Figure 4-1. Board Layers Stackup

SNAU160D—-March 2014 —Revised September 2015
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ITEM | DESIGNATOR |DESCRIPTION RoHS | MANUFACTURER |PART NUMBER QTY
1 AAl Printed Circuit Board (0] TBD Used in BOM Report 1
CAP, CERM, 10pF, 50V, +/-5%, Johanson
2 C1, C2 COGINPO, 0402 Y | Technology 500R07S100JVAT 2
CAP, CERM, 68pF, 50V, +/-5%,
3 Cl_LF COGINPD, 0603 Y | Kemet C0603C680J5GACTU 1
CAP, CERM, 3900pF, 50V, +/- GRM1885C1H392JA01
4 C2_LF 5%, COG/NPO, 0603 Y | MuRata D 1
CAP, CERM, 1uF, 16V, +/-10%,
5 C3, Cl1 7R, 0603 Y | TDK C1608X7R1C105K 2
CAP, CERM, 150pF, 50V, +/-
6 C3_LF £%. COG/NPO, 0603 Y | Kemet C0603C151J5GACTU 1
CAP, CERM, 0.1UF, 50V, +/-
7 ca 10%. COGINPO, 0402 Y |TDK C1005X7R1H104K 1
C5, C13, C14, | CAP, CERM, 100pF, 50V, +/-
8 oy £%. COG/NPO, 0603 Y | Kemet C0603C101J5GACTU 4
C6, C7,C8, C9, | CAP, CERM, 0.1uF, 16V, +/-5%,
9 10 7R, 0603 Y |AvX 0603YC104JAT2A 5
C16, C18, C20, | CAP, CERM, 10UF, 6.3V, +/-
10 o3, C23, Cod | 20%, X5R. 0603 Y | Kemet C0603C106MIPACTU 6
11 D1 LED, Green, SMD Y | Lumex SML-LX2832GC-TR 1
L1, L2, L3, L4, 3A Ferrite Bead, 120 ohm @
12 Lop, L6, L7, L8 | 100MHz, SMD Y | MuRata BLM18SG121TN1D 8
OSCin, RFout, | Connector, SMT, End launch
13 RFout/2, Ve 5V | SMA 50 ohm Y Emerson 142-0701-851 4
0,
14 R1 ngosg 51 ohm, 5%, 0.063W, Y | Vishay-Dale CRCWO040251R0IJNED 1
0,
15 R2, R6, R7 (F;fosz' 18 ohm, 5%, 0.063W, Y | Vishay-Dale CRCWO040218ROIJNED 3
16 R2_LF RES, 390 ohm, 5%, 0.1W, 0603 Y | Vishay-Dale CRCWO0603390RINEA 1
0,
17 R3 oy ohm, 5%, 0.063W, Y | Vishay-Dale CRCWO040268ROJNED 1
18 R3_LF RES, 150 ohm, 5%, 0.1W, 0603 Y | Vishay-Dale CRCWO0603150RINEA 1
19 R4 SEOSZ' 36 ohm, 5%, 0.063W, Y | Vishay-Dale CRCWO040236R0IJNED 1
R4_LF, R15, R17,
R18, R29, R30,
20 | R31,R32 R33, |RES,0ohm, 5%, 0.1W, 0603 Y | Vishay-Dale CRCWO06030000Z0EA 15
R35, R40, R44,
R49, R51, R60
RS, R10, R11,
21 | R13,R19,R22, |RES, 18 ohm, 5%, 0.1W, 0603 Y | Vishay-Dale CRCWO060318ROIJNEA 9
R23, R25, R50
22 | RORIZ R0 IRes, 68 ohm, 5%, 0.1W, 0603 Y | Vishay-Dale CRCWO060368ROJNEA 4
23 R14 RES, 10 ohm, 5%, 0.1W, 0603 Y | Vishay-Dale CRCWO060310R0IJNEA 1
R56, R58, R61,
24 | R64, R65, R70, |RES, 12k ohm, 5%, 0.1W, 0603 Y | Vishay-Dale CRCWO060312K0JNEA 7
R72

14  Bill of Materials

SNAU160D—-March 2014 —Revised September 2015

Copyright © 2014-2015, Texas Instruments Incorporated

Submit Documentation Feedback


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAU160D

13 TEXAS
INSTRUMENTS

www.ti.com

ITEM DESIGNATOR | DESCRIPTION RoHS | MANUFACTURER | PART NUMBER QTY
R57, R59, R62,
25 R63, R66, R69, | RES, 10k ohm, 5%, 0.1W, 0603 Y Vishay-Dale CRCWO060310K0JNEA 7
R71
26 R75 RES, 330 ohm, 5%, 0.1W, 0603 Y Yageo America RCO0603JR-07330RL 1
27 S01, SO2, SO3, | HEX STANDOFF SPACER, 9.53 v Richco Plastics TCBS-6-01 4
SO4 mm

13.5 GHz Low Phase Noise
Fractional N PLL with

28 Ul Ramp/Chirp Generation, Y Texas Instruments LMX2492QRTW 1
RTWO0024A

29 u2 VCO, 9.8-11.3GHz, SMD Y RF Micro Devices RFVC1843 1
Ultra Low Noise, 150mA Linear
Regulator for RF/Analog Circuits .

30 U6 Requires No Bypass Capacitor, N Texas Instruments LP5900SD-3.3 1
6-pin LLP

31 uWire Connector FCI 52601-G10-8LF 1
OSC 100.0000MHZ 3.3V +- _

32 Y2 25PPM SMD Y Connor-Winfield CWX813-100.0M 1
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6.1 PLL Phase Noise

Figure 6-1. Phase Noise in Default Mode

ize 10,00dB [ Ref -40,00dBcHz [Srmo]

B WET R

40 MHz

IF Gain 2048 Fraq Band [300M-FGHz it
Phase Maoise  Start 100 Hz
Undefined header |Phase Moise: Meas --- Aktn 0dB

The above figure shows the phase noise in default for mode. Note that this is % the VCO frequency as it
was observed on the Fout/2 output.
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PLL Phase Noise

Figure 6-2. Phase Noise with a Wide Loop Bandwidth

3 Agilent E5052A Signal Source Analyzer

[UERCESN 259.8731921755 kHz
10,0048 Ref -40.00dBc/Hz [Smo)

L i
e Lt

IF Gain 204 Freq Band [300M.7GHz]
|Phase Noise Start 100 Hz

LO Opt [=150kHz] 724pts

Stop 40 MH: IETIT [s5.5% |-

Marker

Marker 1

v Marker 2

Marker 3

v Marker 4

Marker 6

More Markers

Clear Marker
Menu

Marker List
OFF

More Functions

Return

L o d ol ovlpow ov)attn 0dB | ExtRef | 500 | 5 | 2014-03-31 14:08

The figure above shows phase noise with a wide loop bandwidth and 100 MHz phase detector frequency.
At about 260 kHz, the phase noise is -113.1 dBc/Hz, which is actually being degraded by 0.5 dB by the 1/f
noise. This implies a figure of merit of -227.2 dBc/Hz.
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Figure 6-3. Phase Noise vs Tuning Voltage

-80 edabkddd ebadadabdddloccccbacdacbabdalabbbcccadacabadababiiaioaaa.
-90 -
S100 o g e e
) s o
3 -110
1]
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© Fvco=9200
2 130 Fvco=9300
& Fvco=9400
< Fvco=9500
[+ T ]
140 Fvco=9600
Fvco=9700
-150 Fvco=9800
Fvco=9900
-160 Fvco=10000
Fvco=10100
Fvco=10200 I
-170 e -
1.E+02 1.E+03 1.E+05 1.E+06 1.E+07
Offset (Hz)

The phase noise of the LMX2492 does vary somewhat with tuning voltage with the best performance

typically near lower tuning voltages.

Table 6-1. Phase Noise

FVCO Vtune
9000 0.04
9100 0.18
9200 0.338
9300 0.518
9400 0.726
9500 0.973
9600 1.26
9700 1.602
9800 2.014
9900 2.483
10000 3.01
10100 3.562
10200 4.158
10300 4,792
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Ramping Example

6.2

Ramping Example

Below is an example that can be used to generate the waveform shown later in this document.

Figure 6-4. Setup for Ramping Example

- ———————— 3
[38] Lmx2492 ] = | B |
File Keyboard Controls Select Device Options Mode LPT/USE Help
PortSetup | Registers | Bits/Pins | BurstMode |  PLL | Reme )
For effect, must enable FlexScript before pressing update all button. Controls on grey background/box
Update Al If not enabled, elick Options —> Enable Flex Seripts. such as this message are not for user input
P
o 25 complement (programmed register)
e e Sign Decimal Value [32:31] RAMP_LIMIT_x[30:0]
High 20000 High 0 436207616 0 436207616
Low 3000 MHz Valid In Ramps Low 1 100863296 3 2046820352
0123 4567
Sign Decimal Value [32:31] RAMP_CMPx[30:0]
cMPo 3800 MHz el el ninlelnl o o A cesren
CMP1 3400 MHz C T T T [empil | 33854432 1 2113329216
oSCi ,
(que":; 0 Mz Must enter to match PLL Fpd 100 MHz J[pu_n 1 0 PLL_NIJIAJ |
PLLN 3
T 700 MHz  Accumulator Start 1577058304 | 16777216 PLL_DEN
requency I
I Ramps Ramp Enable [~ |
Actual Start Desired End Actual End
t Ramp  Frequency quency quency  Duration Next Start next A
Number  (MH2) (MHz) (MHz) (us)  Dly Ramp ramp after ~ RST FL Flags Length Increment (dec)
[ 9400 9400 10 I [1=][tocTimeor ~|F T [Flagd  +] 1000 0
! 1 9400 9800 3800024652481 %0 I [2=][toCTimeot |~ T |Disabled _~| 9000 7457
2 9800024652481 [3800 02465245 3800024652481 10 I~ [3<][tocTimeot |~ T [Disabled _+] 1000 0
| 3 9800024652481 3400 8400 %0 I~ [0 ~][roCTimeot ~|I~ T [Disabled ~] 9000 7457
4 1 10500 -1 100 I~ [0 v|[rOCTimeowt |~ T~ [Disabled -] 10000 O
N s 10500 1 100 I [0<] [TocTmeon <] I [Dialed =] 1000 0 |
f B 10500 1 100 I~ [0 ~|[TOCTimeowt |~ [~ [Disabled ~| 10000 0
‘ T 10500 1 100 I~ [0+ [TocTimeot =]~ T [Disabled ~| 10000 0
| I
IL J i
-
I Ramp Count 0 RampAuto [~ RAMP_AUTO  Ramp InSource [Ramp Transiion (2s Register I
00 40
|
Trigger Source A [Disabled ~] FSK Trigger |Disabled = 1 7457 50
Trigger Source B [pisabled ~| FSK Deviation 0 20 60
Trigger Source C |Disabled ~| Phase Mod. En [~ RAMP_PM_EN 3 1073734367 70 )
COMM Mode: USB
e ~ — — — —

Transient  WB: Center0 5

Span 500 ps FOGTFU0]
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STANDARD TERMS AND CONDITIONS FOR EVALUATION MODULES

Delivery: Tl delivers Tl evaluation boards, kits, or modules, including any accompanying demonstration software, components, or
documentation (collectively, an “EVM” or “EVMs”) to the User (“User”) in accordance with the terms and conditions set forth herein.
Acceptance of the EVM is expressly subject to the following terms and conditions.

11

1.2

EVMs are intended solely for product or software developers for use in a research and development setting to facilitate feasibility
evaluation, experimentation, or scientific analysis of Tl semiconductors products. EVMs have no direct function and are not
finished products. EVMs shall not be directly or indirectly assembled as a part or subassembly in any finished product. For
clarification, any software or software tools provided with the EVM (“Software”) shall not be subject to the terms and conditions
set forth herein but rather shall be subject to the applicable terms and conditions that accompany such Software

EVMs are not intended for consumer or household use. EVMs may not be sold, sublicensed, leased, rented, loaned, assigned,
or otherwise distributed for commercial purposes by Users, in whole or in part, or used in any finished product or production
system.

Limited Warranty and Related Remedies/Disclaimers:

21

2.2

2.3

These terms and conditions do not apply to Software. The warranty, if any, for Software is covered in the applicable Software
License Agreement.

Tl warrants that the TI EVM will conform to TI's published specifications for ninety (90) days after the date Tl delivers such EVM
to User. Notwithstanding the foregoing, Tl shall not be liable for any defects that are caused by neglect, misuse or mistreatment
by an entity other than TI, including improper installation or testing, or for any EVMs that have been altered or modified in any
way by an entity other than TI. Moreover, Tl shall not be liable for any defects that result from User's design, specifications or
instructions for such EVMs. Testing and other quality control techniques are used to the extent Tl deems necessary or as
mandated by government requirements. TI does not test all parameters of each EVM.

If any EVM fails to conform to the warranty set forth above, TI's sole liability shall be at its option to repair or replace such EVM,
or credit User's account for such EVM. Tl's liability under this warranty shall be limited to EVMs that are returned during the
warranty period to the address designated by Tl and that are determined by TI not to conform to such warranty. If Tl elects to
repair or replace such EVM, Tl shall have a reasonable time to repair such EVM or provide replacements. Repaired EVMs shall
be warranted for the remainder of the original warranty period. Replaced EVMs shall be warranted for a new full ninety (90) day
warranty period.

Regulatory Notices:

3.1

United States
3.1.1 Notice applicable to EVMs not FCC-Approved:

This kit is designed to allow product developers to evaluate electronic components, circuitry, or software associated with the kit
to determine whether to incorporate such items in a finished product and software developers to write software applications for
use with the end product. This kit is not a finished product and when assembled may not be resold or otherwise marketed unless
all required FCC equipment authorizations are first obtained. Operation is subject to the condition that this product not cause
harmful interference to licensed radio stations and that this product accept harmful interference. Unless the assembled kit is
designed to operate under part 15, part 18 or part 95 of this chapter, the operator of the kit must operate under the authority of
an FCC license holder or must secure an experimental authorization under part 5 of this chapter.

3.1.2 For EVMs annotated as FCC — FEDERAL COMMUNICATIONS COMMISSION Part 15 Compliant:

CAUTION

This device complies with part 15 of the FCC Rules. Operation is subject to the following two conditions: (1) This device may not
cause harmful interference, and (2) this device must accept any interference received, including interference that may cause
undesired operation.

Changes or madifications not expressly approved by the party responsible for compliance could void the user's authority to
operate the equipment.

FCC Interference Statement for Class A EVM devices

NOTE: This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to part 15 of
the FCC Rules. These limits are designed to provide reasonable protection against harmful interference when the equipment is
operated in a commercial environment. This equipment generates, uses, and can radiate radio frequency energy and, if not
installed and used in accordance with the instruction manual, may cause harmful interference to radio communications.
Operation of this equipment in a residential area is likely to cause harmful interference in which case the user will be required to
correct the interference at his own expense.



3.2

3.3

FCC Interference Statement for Class B EVM devices

NOTE: This equipment has been tested and found to comply with the limits for a Class B digital device, pursuant to part 15 of
the FCC Rules. These limits are designed to provide reasonable protection against harmful interference in a residential
installation. This equipment generates, uses and can radiate radio frequency energy and, if not installed and used in accordance
with the instructions, may cause harmful interference to radio communications. However, there is no guarantee that interference
will not occur in a particular installation. If this equipment does cause harmful interference to radio or television reception, which
can be determined by turning the equipment off and on, the user is encouraged to try to correct the interference by one or more
of the following measures:

« Reorient or relocate the receiving antenna.

« Increase the separation between the equipment and receiver.

« Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.
« Consult the dealer or an experienced radio/TV technician for help.

Canada
3.2.1 For EVMs issued with an Industry Canada Certificate of Conformance to RSS-210
Concerning EVMs Including Radio Transmitters:

This device complies with Industry Canada license-exempt RSS standard(s). Operation is subject to the following two conditions:
(1) this device may not cause interference, and (2) this device must accept any interference, including interference that may
cause undesired operation of the device.

Concernant les EVMs avec appareils radio:

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio exempts de licence. L'exploitation
est autorisée aux deux conditions suivantes: (1) I'appareil ne doit pas produire de brouillage, et (2) l'utilisateur de I'appareil doit
accepter tout brouillage radioélectrique subi, méme si le brouillage est susceptible d'en compromettre le fonctionnement.

Concerning EVMs Including Detachable Antennas:

Under Industry Canada regulations, this radio transmitter may only operate using an antenna of a type and maximum (or lesser)
gain approved for the transmitter by Industry Canada. To reduce potential radio interference to other users, the antenna type
and its gain should be so chosen that the equivalent isotropically radiated power (e.i.r.p.) is not more than that necessary for
successful communication. This radio transmitter has been approved by Industry Canada to operate with the antenna types
listed in the user guide with the maximum permissible gain and required antenna impedance for each antenna type indicated.
Antenna types not included in this list, having a gain greater than the maximum gain indicated for that type, are strictly prohibited
for use with this device.

Concernant les EVMs avec antennes détachables

Conformément a la réglementation d'Industrie Canada, le présent émetteur radio peut fonctionner avec une antenne d'un type et
d'un gain maximal (ou inférieur) approuvé pour I'‘émetteur par Industrie Canada. Dans le but de réduire les risques de brouillage
radioélectrique a l'intention des autres utilisateurs, il faut choisir le type d'antenne et son gain de sorte que la puissance isotrope
rayonnée équivalente (p.i.r.e.) ne dépasse pas lintensité nécessaire a I'établissement d'une communication satisfaisante. Le
présent émetteur radio a été approuvé par Industrie Canada pour fonctionner avec les types d'antenne énumérés dans le
manuel d'usage et ayant un gain admissible maximal et I'impédance requise pour chaque type d'antenne. Les types d'antenne
non inclus dans cette liste, ou dont le gain est supérieur au gain maximal indiqué, sont strictement interdits pour I'exploitation de
I'émetteur

Japan

3.3.1 Notice for EVMs delivered in Japan: Please see http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_01.page BAEMAIZ
BATNDFHMEAFY b, R—RIZOVTRK, KOECAZEZEBLSEE,
http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_01.page

3.3.2 Notice for Users of EVMs Considered “Radio Frequency Products” in Japan: EVMs entering Japan may not be certified
by Tl as conforming to Technical Regulations of Radio Law of Japan.

If User uses EVMs in Japan, not certified to Technical Regulations of Radio Law of Japan, User is required by Radio Law of
Japan to follow the instructions below with respect to EVMs:

1. Use EVMs in a shielded room or any other test facility as defined in the notification #173 issued by Ministry of Internal
Affairs and Communications on March 28, 2006, based on Sub-section 1.1 of Article 6 of the Ministry’s Rule for
Enforcement of Radio Law of Japan,

2. Use EVMs only after User obtains the license of Test Radio Station as provided in Radio Law of Japan with respect to
EVMs, or

3. Use of EVMs only after User obtains the Technical Regulations Conformity Certification as provided in Radio Law of Japan
with respect to EVMs. Also, do not transfer EVMs, unless User gives the same notice above to the transferee. Please note
that if User does not follow the instructions above, User will be subject to penalties of Radio Law of Japan.
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3.3.3 Notice for EVMs for Power Line Communication: Please see http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_02.page

BHFEMERBEIC OV TORRFY FESHEVICEZBOEESEICODVTR, KOl BLIEE
Lo http://lwww.tij.co.jp/Isdsl/ti_ja/general/eStore/notice_02.page

4 EVM Use Restrictions and Warnings:

4.1 EVMS ARE NOT FOR USE IN FUNCTIONAL SAFETY AND/OR SAFETY CRITICAL EVALUATIONS, INCLUDING BUT NOT
LIMITED TO EVALUATIONS OF LIFE SUPPORT APPLICATIONS.

4.2 User must read and apply the user guide and other available documentation provided by Tl regarding the EVM prior to handling
or using the EVM, including without limitation any warning or restriction notices. The notices contain important safety information
related to, for example, temperatures and voltages.

4.3 Safety-Related Warnings and Restrictions:

4.3.1 User shall operate the EVM within TI's recommended specifications and environmental considerations stated in the user
guide, other available documentation provided by Tl, and any other applicable requirements and employ reasonable and
customary safeguards. Exceeding the specified performance ratings and specifications (including but not limited to input
and output voltage, current, power, and environmental ranges) for the EVM may cause personal injury or death, or
property damage. If there are questions concerning performance ratings and specifications, User should contact a Tl
field representative prior to connecting interface electronics including input power and intended loads. Any loads applied
outside of the specified output range may also result in unintended and/or inaccurate operation and/or possible
permanent damage to the EVM and/or interface electronics. Please consult the EVM user guide prior to connecting any
load to the EVM output. If there is uncertainty as to the load specification, please contact a Tl field representative.
During normal operation, even with the inputs and outputs kept within the specified allowable ranges, some circuit
components may have elevated case temperatures. These components include but are not limited to linear regulators,
switching transistors, pass transistors, current sense resistors, and heat sinks, which can be identified using the
information in the associated documentation. When working with the EVM, please be aware that the EVM may become
very warm.

4.3.2 EVMs are intended solely for use by technically qualified, professional electronics experts who are familiar with the
dangers and application risks associated with handling electrical mechanical components, systems, and subsystems.
User assumes all responsibility and liability for proper and safe handling and use of the EVM by User or its employees,
affiliates, contractors or designees. User assumes all responsibility and liability to ensure that any interfaces (electronic
and/or mechanical) between the EVM and any human body are designed with suitable isolation and means to safely
limit accessible leakage currents to minimize the risk of electrical shock hazard. User assumes all responsibility and
liability for any improper or unsafe handling or use of the EVM by User or its employees, affiliates, contractors or
designees.

4.4 User assumes all responsibility and liability to determine whether the EVM is subject to any applicable international, federal,
state, or local laws and regulations related to User's handling and use of the EVM and, if applicable, User assumes all
responsibility and liability for compliance in all respects with such laws and regulations. User assumes all responsibility and
liability for proper disposal and recycling of the EVM consistent with all applicable international, federal, state, and local
requirements.

5. Accuracy of Information: To the extent Tl provides information on the availability and function of EVMs, Tl attempts to be as accurate
as possible. However, Tl does not warrant the accuracy of EVM descriptions, EVM availability or other information on its websites as
accurate, complete, reliable, current, or error-free.


http://www.tij.co.jp/lsds/ti_ja/general/eStore/notice_02.page
http://www.tij.co.jp/lsds/ti_ja/general/eStore/notice_02.page

6.

10.

Disclaimers:

6.1 EXCEPT AS SET FORTH ABOVE, EVMS AND ANY WRITTEN DESIGN MATERIALS PROVIDED WITH THE EVM (AND THE
DESIGN OF THE EVM ITSELF) ARE PROVIDED "AS IS" AND "WITH ALL FAULTS." Tl DISCLAIMS ALL OTHER
WARRANTIES, EXPRESS OR IMPLIED, REGARDING SUCH ITEMS, INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF ANY
THIRD PARTY PATENTS, COPYRIGHTS, TRADE SECRETS OR OTHER INTELLECTUAL PROPERTY RIGHTS.

6.2 EXCEPT FOR THE LIMITED RIGHT TO USE THE EVM SET FORTH HEREIN, NOTHING IN THESE TERMS AND
CONDITIONS SHALL BE CONSTRUED AS GRANTING OR CONFERRING ANY RIGHTS BY LICENSE, PATENT, OR ANY
OTHER INDUSTRIAL OR INTELLECTUAL PROPERTY RIGHT OF TI, ITS SUPPLIERS/LICENSORS OR ANY OTHER THIRD
PARTY, TO USE THE EVM IN ANY FINISHED END-USER OR READY-TO-USE FINAL PRODUCT, OR FOR ANY
INVENTION, DISCOVERY OR IMPROVEMENT MADE, CONCEIVED OR ACQUIRED PRIOR TO OR AFTER DELIVERY OF
THE EVM.

USER'S INDEMNITY OBLIGATIONS AND REPRESENTATIONS. USER WILL DEFEND, INDEMNIFY AND HOLD TI, ITS
LICENSORS AND THEIR REPRESENTATIVES HARMLESS FROM AND AGAINST ANY AND ALL CLAIMS, DAMAGES, LOSSES,
EXPENSES, COSTS AND LIABILITIES (COLLECTIVELY, "CLAIMS") ARISING OUT OF OR IN CONNECTION WITH ANY
HANDLING OR USE OF THE EVM THAT IS NOT IN ACCORDANCE WITH THESE TERMS AND CONDITIONS. THIS OBLIGATION
SHALL APPLY WHETHER CLAIMS ARISE UNDER STATUTE, REGULATION, OR THE LAW OF TORT, CONTRACT OR ANY
OTHER LEGAL THEORY, AND EVEN IF THE EVM FAILS TO PERFORM AS DESCRIBED OR EXPECTED.

Limitations on Damages and Liability:

8.1 General Limitations. IN NO EVENT SHALL TI BE LIABLE FOR ANY SPECIAL, COLLATERAL, INDIRECT, PUNITIVE,
INCIDENTAL, CONSEQUENTIAL, OR EXEMPLARY DAMAGES IN CONNECTION WITH OR ARISING OUT OF THESE
TERMS ANDCONDITIONS OR THE USE OF THE EVMS PROVIDED HEREUNDER, REGARDLESS OF WHETHER TI HAS
BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. EXCLUDED DAMAGES INCLUDE, BUT ARE NOT LIMITED
TO, COST OF REMOVAL OR REINSTALLATION, ANCILLARY COSTS TO THE PROCUREMENT OF SUBSTITUTE GOODS
OR SERVICES, RETESTING, OUTSIDE COMPUTER TIME, LABOR COSTS, LOSS OF GOODWILL, LOSS OF PROFITS,
LOSS OF SAVINGS, LOSS OF USE, LOSS OF DATA, OR BUSINESS INTERRUPTION. NO CLAIM, SUIT OR ACTION SHALL
BE BROUGHT AGAINST TI MORE THAN ONE YEAR AFTER THE RELATED CAUSE OF ACTION HAS OCCURRED.

8.2 Specific Limitations. IN NO EVENT SHALL TI'S AGGREGATE LIABILITY FROM ANY WARRANTY OR OTHER OBLIGATION
ARISING OUT OF OR IN CONNECTION WITH THESE TERMS AND CONDITIONS, OR ANY USE OF ANY TI EVM
PROVIDED HEREUNDER, EXCEED THE TOTAL AMOUNT PAID TO TI FOR THE PARTICULAR UNITS SOLD UNDER
THESE TERMS AND CONDITIONS WITH RESPECT TO WHICH LOSSES OR DAMAGES ARE CLAIMED. THE EXISTENCE
OF MORE THAN ONE CLAIM AGAINST THE PARTICULAR UNITS SOLD TO USER UNDER THESE TERMS AND
CONDITIONS SHALL NOT ENLARGE OR EXTEND THIS LIMIT.

Return Policy. Except as otherwise provided, Tl does not offer any refunds, returns, or exchanges. Furthermore, no return of EVM(s)
will be accepted if the package has been opened and no return of the EVM(s) will be accepted if they are damaged or otherwise not in
a resalable condition. If User feels it has been incorrectly charged for the EVM(s) it ordered or that delivery violates the applicable
order, User should contact TI. All refunds will be made in full within thirty (30) working days from the return of the components(s),
excluding any postage or packaging costs.

Governing Law: These terms and conditions shall be governed by and interpreted in accordance with the laws of the State of Texas,
without reference to conflict-of-laws principles. User agrees that non-exclusive jurisdiction for any dispute arising out of or relating to
these terms and conditions lies within courts located in the State of Texas and consents to venue in Dallas County, Texas.
Notwithstanding the foregoing, any judgment may be enforced in any United States or foreign court, and TI may seek injunctive relief
in any United States or foreign court.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video
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