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Overview

The LMK04616EVM features LMK04616 ultra-low noise and low power JESD204B compliant Dual Loop
Jitter Cleaner. With a power consumption of only 1200 mW with all outputs running, LMK04616 supports
65-fs jitter (12 kHz to 20 MHz) using a low-noise VCXO module. Integrated LDOs provide high PSRR that
enables the use of DC-DC converters.

The dual loop architecture consists of two high-performance phase-locked loops (PLL), a low-noise crystal
oscillator circuit, and a high-performance voltage controlled oscillator (VCO). The first PLL (PLL1) provides
a low-noise jitter cleaner function while the second PLL (PLL2) performs the clock and SYSREF
generation. PLL1 can be configured to either work with an external VCXO module or the integrated crystal
oscillator with an external tunable crystal and varactor diode. When used with a very narrow loop
bandwidth, PLL1 uses the superior close-in phase noise (offsets below 50 kHz) of the VCXO module or
the tunable crystal to clean the input clock. The output of PLL1 is used as the clean input reference to
PLL2 where it locks the integrated VCO. The loop bandwidth of PLL2 can be optimized to clean the far-out
phase noise (offsets above 50 kHz) where the integrated VCO outperforms the VCXO module or tunable
crystal used in PLL1.

Features

e Dual Loop Architecture with typical 60-fs rms from 10 kHz to 20 MHz at 122.88-MHz output frequency
» 1.2-W typical power consumption for 16 outputs at 122.88 MHz

» JEDEC JESD204B Support

» Jumper configurable supplies with onboard LDOs and DCDC converters

* GUI platform for full access to device registers
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Figure 1. LMK04616 EVM Quick Start Connection

1 Quick Start Description

The LMKO04616 EVM allows full verification of the device functionality and performance specification. To
quickly set up and operate the board with basic equipment, refer to the quick start procedure below and
test setup shown in Figure 1.
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1.2 Device Start-Up Sequence

1.
2,
3.

Place Dip switches S1 to S5 into default position as shown in Table 5

Connect a supply voltage of 5 V to the VCC SMA.
Connect a reference clock to the CLKin1 port from a signal generator or other source. Use 122.88 MHz

for default.

Connect the SPI header to a computer using USB2ANY.
Program the device with TICS Pro.
(@) Start TICS Pro
(b) Select LMK04616 from Select device — Clock Generator/Jitter Cleaner (Dual Loop) — LMK0461x

Menu.

(c) Select from USB Communications — Interface Menu USB2ANY.

(d) Select default mode from the “Default Configuration” Menu. For the quick start use Dual Loop:
PLL1 BW= 40Hz REF: CLKinl (single-ended)

(e) Ctrl-L must be pressed at least once to load all registers. Alternatively click menu Keyboard
Controls — Load Device.

(f) Click Device Start button in the Generic page or use the Device: DEV_STARTUP button from the

Tool bar.

6. Measurements may be made at an active CLKout port through its SMA connector.

2 1.2 Device Start-Up Sequence

Power Supplies All Supplies
all off powered up
DEVICE IDLE
DEVICE Ramp-up Power Supplies In Release RESETn o DEVICE IDLE
| P READY FORSPI [—
NOT READY Power-Down PROGRAMMING
State
RESETn =X RESETn =0 RESETn =1
(Power-down) (Power-down)
Program device configuration settings
DEVICE IDLE Trigger Startup STATO/1
Sequence through SPI indicates
i~ DEVICE > B';Z‘gfl\fG o DEVICE PLL Lock
— e
CONFIG DEV STARTUP = 1 up RUNNING
PROGRAMMING (self}Iearing bit)
DONE
RESETn =1 RESETn =1 RESETn =1
Figure 2. Device Start-Up Sequence
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Installing the EVM Control Software
1. Install latest TICS Pro software from web: http://www.ti.com/tool/ticspro-sw
2. Start TICS Pro.
3. Select Device — Clock Generator/Jitter Cleaner (Dual Loop) — LMK0461x — LMKO04616
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Using the EVM Control Software

1 Keyboard Shortcuts
CTRL + L => write all registers

2 TICS Pro Overview

G ncspro-voas @Y Title Bar
Fle USBcommuncatons SectDevie Optons Tools Defautconiguraton e (X)) Menu Bar
isave Loaa ReadBack Tool Bar

o @8 B

3 Content/Context
e e et Pane

Help

P PR

- - -
Weicome 1o TICS Pro. Version -» 0.0.0.16, 19-Jun-15

Loadng Device LMX2492 :
wmmm-mu—-mu cm“.:;:mm_ INSTRUM

Figure 3. TICS Pro Overview
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TICS Pro With LMK04616 GUI Loaded www.ti.com

Help

Clock and Timing on ti.com
TICS Pro User Manual
About TICS Pro

Figure 4. TICS Pro User Manual
Further information at Help — TICS Pro User Manual

3 TICS Pro With LMK04616 GUI Loaded
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Figure 5. TICS Pro With LMK04616 GUI Loaded
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4 GUI: Generic Control

Generic Controls
PLLIEN H CLKINBLK_EN_BUF PLL2EN i EHLEYNC_PRLFUNC
BYP_PLL GLOBAL_CONT_SYSREF
DIG_CLK_EN INV_SYNC_INPUT_SYNC_CLK OUTCH_MUTE W
; PLL2_DIG_CLK_EN GLOBAL_SYSREF
CLKINBLK_EN - CHETO15EN
BUF_CLK_PLL PORCLKAFTERLOCK W SYNC_PIN_FUNC ' K
CLKINBLK_LOSLDO_EN I PLLZ_REF_DIGCLK_DIV m GLOBAL_SYNC CHOTOTEN W
i
Clianx &3
CLKiRX®

4
Wiputs Internal VCO

e

Device Operation Silicon Identification Status Bits

MKD4516 = LOS
Device Start DEVID |LMKD4616 (m]
CHIPTYPE [0 HOLDOVER_DLD

6: Dual Loop PLL -
Click this button to run the mandatory e
start-up sequence, which initializies all CHIPFID |P&1p0 - [ HOLDO!
blocks in the device. The individual blocks .
must be enabled beforehand. CHIPVER | 1 [0 HOLLK

ER_LOL

VER_LOS

- VENDORID | 20744 . . O PLL2_LCK_DET
Use the 'update’ | .
{ Soft Reset J [ Update I buttons to read [ Update | [JPLL1_LCK_DET
from the device. +
Figure 6. GUI: Generic Control
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5 GUI: Operating Modes
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Please ensure that the PLL loop can be closed
by setting the reference and feedback dividers
appropriately on the 'PLL1' and 'PLL2' pages.
By default CLKin1 is selected.

CETET
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Dual Loop
0scOut = Oscin

Dualg

Normal
Dual Loop
OscOut = PLL2 Output

alangud) oot
PLL1 PLL1
Single Loop Single Loop
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PLL2 PLL2
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[P YT
PLL2 PLL2

Single Loop Single Loop
Ref=0scln Ref=CLKINx
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tomi o |
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Figure 7. GUI: Operating Modes
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6 GUI: OSCin and OSCout

0SCin Controls
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0SCout Controls
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(TSI OSCOUT_SELSRC 650yt swrsT [GER
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n

>
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OSCIN_
BUF_REF_EN

0SCoUT_DIV

S

Divider controlled
by Register |

DRV_CURR BTy 1l

DRV_RLOAD BN

[T LIS P=Normal, N=Normal

Figure 8. GUI: OSCin and OSCout

7 GUI: LOS Control

Loss of Signal Detection

PLLT_LCKDET_LOS_MASK

PLL1_BYP_LOS
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CLKINZ_LOS_FRO_DBL_EN
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Loss of Source
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Frequency Doubler Enable  FUPUICRT.CR TN -1

Max Latency for LOS Detection

v

N LOS Internal LOS [\, _STATUSI1:0] a
Detect
CLKINO_LOS_REC_CNT
CLEINT_LOS_REC_CNT
CLKINZ_LOS_REC_CNT
CLKIN3_LOS_REC_CNT
CLIGNO_PRi0
CLEINI_PRIO [ ] - CLKin{3:0] Frecruency Rate | Max LOS Detection Latency Tetting for CLOAY
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CLEINZ_PRIO  [CRERTEES - 14 a5 ar [
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Figure 9. GUI: LOS Control
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8 GUI: Holdover Control

Holdover Controls

PLL1_HOLDOVER_LOS_MASK W PLL1_HOLDOVER_DLD_SWRST
PLL1_HOLDOVER_LCKDET_MASK i PLL1_HOLDOVERCNT_SWRST

PLL1 _HOLDOVER_I.DCKDI-.‘I’_SWR

Fi PLL1_HOLDOVER_MAX_CNT_EN

PLL1_HOLDOVER_MAX_CNT

25000 S LS
701 72527

{ | PLL1_HOLDOVER_FORCE

M PLL1_HOLDOVER_EN
i PLL1_STARTUP_HOLDOVER_EN

| Automatically Tracked Value

+ Control Voltage
Tracked Clock Count l)
Control
Voltage
Logic
Rail detection Pin sources for holdover
Status

HOLDOVER_DLD
HOLDOVER_LOL

RAILDET_UPP - PLLT_CLKINSEL1_ML_HOLDOVER W
RAILDET_LOW - PLL1_SYNC_HOLDOVER |

PLL1_STATUS1_HOLDOVER |
PLL1_STATUSO_HOLDOVER |

HOLDOVER_LOS

Update

PLL1_HOLDOVER_RAILDET_EN M
PLL1_HOLDOVER_RAIL_MODE N

Figure 10. GUI: Holdover Control

10 LMKO04616 Evaluation Module SNAU203—-March 2017

Submit Documentation Feedback
Copyright © 2017, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAU203

13 TEXAS

INSTRUMENTS

www.ti.com

GUI: Inputs and PLL1
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Figure 11. GUI: Inputs and PLL1
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10 GUI: PLL2

PLL2 Controls
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Figure 12. GUI: PLL2
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Figure 13. GUI: Outputs
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Figure 14. GUI: EVM Overview
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Configuring the Board

maximum flexibility so engineers can configure the EVM for operation at its desired mode.
Figure 15 shows the connection concept of the LMK04616EVM.
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Figure 15. EVM Connection Concept

Configuring the Power Supply

Figure 16 shows the default jumper setting to supply 3.3 V and 1.8 V to the device.

The VDD SMA or VDD_2 terminal block (on the back side of the EVM) is connected to J1 and J5 to
provide the external supply voltage for the 3.3-V and 1.8-V supply plane.

The VDD_VCXO SMA is directly connected to the VCXO LDO.
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R78

Figure 16. Default Power Supply Connection

1.1  Supply Plane Source Selection

Jumper J1 and J2 selects the Power connection for the 3.3-V plane from either the LDO, a DC-DC
switcher or direct from VDD SMA Connector.
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Table 1. 3.3-V Supply Plane Connections
DESCRIPTION JUMPER SETTING PICTURE
1-2: DC/OC 1-2: LDO
[«]3-20 oo [+]|e]3-20 DCOC
214 4-2: hrect 4-2: Direct
Jo 3.3V SUPPLY 3.3V SUPPLY
FBI J2 ces c8s J1
tlf mss 13
ACs0 »
3.3-V LDO J1:1-2
(TPS7A8101) J2:2-3
« 1-2: DC,DC 1-2: LDO
o|v|3-22 o0 [+]|~|3-2: DCoOC
o 4-2: Direct 4-2: Direct
3.3V SUPPLY 3.3V SUPPLY
1 ces oJ1
""é‘" (l’ﬂ f ﬂlmgg B
3.3-V DC-DC J1: 2-3
(TPS54120) J2:1-2
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Table 1. 3.3-V Supply Plane Connections (continued)

DESCRIPTION JUMPER SETTING PICTURE
1-2: OC.DC 1-2: LDO

3-2 L0 [v|~|3-22 oCcoDC
b1 4 4-2: Drect 4-2: Direct
de¢ 3.3V SUPPLY 3.3V SUPPLY

J2 CBS oJ

R199 J3 .

Direct from VDD SMA J1: 2-4
w! &l
NOTE: Apply 3.3V only! J2: 2-4 i

h..
nl
= 4= 4

Jumper J6 and J5 selects the Power connection for the 1.8-V plane from either a LDO or a DC-DC

switcher.
Table 2. 1.8-V Supply Plane Connections
DESCRIPTION JUMPER SETTING PICTURE
R ——LL L N S 1-2: LDO
[ | 3-2: DC-DC
4-21 Ad).
3 « 98 o DCAC
56 CLKIN_SEL( ]
CLKIN_S
1.8-V LDO J5:1-2
(TPS7A8101) J6: 2-3
1.8V SUPPLY
FB2 J6 (1058 «C106
@"E‘- - _ﬂ,__!jl ¥Rzo0s | .
wsw - B = a
==
=0 i i~u7cw? E
CIJ.S
1.8V DC/DC J5: 2-3 Q! ""”5‘22
(TPS54120) J6: 1-2 Faupq.
r:l::'alg:i’lzf7
c123ci2)s.
-~ LS.
3-2: LDO
= 1-2: DC-DC
1.8V SUPPLY
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Table 2. 1.8-V Supply Plane Connections (continued)
DESCRIPTION JUMPER SETTING PICTURE
- - 1-2: LOD
D= B R |u[m)
T”ﬁ!ﬁ Commi R iy 5
ae=. |
Adjustable DC-DC J5: 2-4
(TPS62150) J6: open

1.8V SUPPLY

J7 sets the output voltage for the adjustable DC-DC plane.

Table 3. Adjustable DC-DC Supply Settings

DESCRIPTION JUMPER SETTING PICTURE

J5: 2-4

3.3-V output voltage 37 bottom
J5: 2-4

2.5-V output voltage 37: middle
J5: 2-4

1.8-V output voltage J7: Top
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1.2 Power Distribution

The power distribution jumpers (39, J11, J12, J14, J16, J17, J19, J21, J22, J24, J25, J27, J29, J34 and
J36) are connected to the 3.3-V and 1.8-V supply planes and individual external connections.

oc.AC
32 B30
4] 42 e

. & J24 © J1s o J21 o J17 o Ji9 o J27 © J25 o J22
‘] 0 (DTS EYTET) TR TR R K 1l j K J
- -. - - -

s Ja Jz0 Jze J26 J23
1 CORE OUTé107 OUT4108 oUT2103 OUTO1ol Tl

0J8  o)2  0JM 013

= o = O T e
J10 J33 J35 137
OUTB109 , OUT10toll OUTIZtold OUTI410lS

Figure 17. Power Distribution Jumpers
J17 (VDD_CORE) and J24 (VDD_PLL2_OSC) selects between 3.3-V supply plane and adjustable DC-DC
connection as shown in Figure 18.

Adjustable DCDC

3.3V Supply Plane
Figure 18. J17, J24 Connection Description
J21 (VDD_PLL1) selects between 3.3-V supply plane, VCXO LDO and adjustable DC-DC connection as
shown in Figure 19.

Adjustable DCDC

L 2 } 3.3V Supply Plane
[ 4

CXO LDO
Figure 19. J21 Connection Description

J9 (vDDO_89), J11 (vDD_l0), J12 (VDDO_1011), J14 (VDD_OSC), J16 (VDD_PLL20SC), J19

(vDDO_67), J22 (VDDO_01), J25 (VDDO_23), J27 (VDDO_45), J34 (VDDO_1213) and J36

(VDDO_1415) selects between 3.3-V supply plane, 1.8-V supply plane and adjustable DC-DC connection
as shown in Figure 20.

Adjustable DCDC

(1,2 3] 9% Supply Plane
=

Figure 20. J9, J11, J12, J14, J16, J19, J22, J25, J27, J34, J36 Connection Description
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1.3 VCXO Supply Connection

The VCXO has its own LDO (LM5907MFX-3.3). A 5-V supply needs to be connected to VCC_VCXO
SMA. Jumper J29 selects between this LDO, the LMK04616 3.3-V supply plane and an adjustable DC-DC
supply connection as shown inTable 4.

Table 4. VCXO Supply Connections

DESCRIPTION

JUMPER SETTING

PICTURE

3.3-V LDO
(LM5907MFX-3.3)

J26: 2-4

3.3-V supply plane
(TPS7A8101 or TPS54120)

J26: 2-3

Adjustable DC-DC supply
connection on Jumper J28
(TPS62150)
NOTE: Apply 3.3 V only!

J26: 1-2

2 Dip Switch Configuration

Default configuration of Dip Switches is shown in Table 5 or Figure 21.

Table 5. Default Dip Switch Configuration

SWITCH POSITION | S2 SYNC/SYSREF | S3 STATO S4 SDIO S5 STAT1 S6 CLKin_SEL
REQ

1 - High OFF OFF OFF OFF OFF

2 - U2A ON ON ON ON ON

3-Low OFF OFF OFF OFF OFF

4 — LED ON ON n/a ON n/a
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ﬁ DUTE103 ,, OUTIOtoll OUTI210l3 OQUTI4t0lB

L 7]

e e | 54 SO0
lse H RFSEl B 10 B

Rl Bl =
AN = W
R7B

= gy B STATI

:3 AN .. e
Sprscli gl = W
el Al =0

Ol 0N =
02 R78

o

-

L

o
SYNC,SYSREF REM
1 High Qnd

U2A

Louw Cimd

LED Cownt)

.
RE9ch D)

Reocl) 1wl
Retcl i)

«cEE X B2

Ll
& STATO

wf
Re4ci il
RESAD ﬂﬂ!

EWEES

(<]

Figure 21. Default Dip Switch Setting
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Ut = adj. DC/DC
: T P swi—e—oxX —1
3V3 LDO option —run swlZ . i
T 1ouF AVIN sw Cl64
R1 R2 220F
us 13 EN VoS 14 M
Z{N  ourl (. 1.0K 0 C165 _3
e our 2T R198 o } 2 of ssTR PG 4 —
R199 P 100k =
Sl EN FBlad Ra $30.9k 3300pF @ GND
5.1k NR (2 a7
Label —=c89 GND _ e
2-1:1LDO 104F Co0 Rb $R200 Bypassing for 3V3 Plane REO 8 |oer PoND |15
2-4: Direct s o 0.47yF 10.0k Vout=0.8* (1 + Ra/Rb) Iate if b ded R5, 0 | PoND |16
Label 2:3:DCIDC TPSTA81)1DRBT Vout=1.8V : Ra=12.5k, Rb=10k populate It common bypass Is needel
5V : LDO/DC Vout=3.3V : Ra=30.%k, Rb=10k TPSE2T60RGTR
3.3V : Direct P ‘ VDD_3V3 PLANE|
TP_vDD1| 1 92 TP_1
vop!  voo'@ \ 4Put corresponding 4-way jumpers close g 5 . g0 ava rLane DC/DC__DUT__Power
1 2 1 1 2 . —} . . .
2 1 220 ohm
3 i
TSW-103-07-G-S TSW-10307-G-S Cot co2 Co3 Co4
o o 0.1pF 10uF 1F 0.ApF 25y 3av
» R S et L I~ I I
= 744031220 10pF L0 {his shunts is 2-3 GND GND  GND  GND
GND R201 R7 R8
SHI2 Us = 412k 422k 610k
GND
is shunts is 1-
O e LDOIN (2%
==C99 Lboen L2t __R202
39357-0092 01uF 18 R203 - R10 R12 R13
soot o ° 10.0k 1V8 LDO option 200k 200k 200k
VSENSE o—5——
i : . pemie o=zt GiD
put on the back side 100 5| PVIN out =1 IN out R204
TouF PVIN out R205 3 Ra $12.4k
s EN Fa o g default placement for
= e En L c1o4 5.1k NR . this shunts is 1-2
GND 100pF Label =106 GND .
R207 RTIGLK B ! 215100 10uF C107 Rb R208 Bypassing for 1V8 Plane
C108 100k 23:DCIDC < o 047yF 3100k
s 24 i 00 DGDG TPSIABIDIORET populate if common bypass is needed
00TpF 2
13 | comp NR R209 1 v see 33 LDO for Vout formula
Rb  $10.0k J5 J6 SFI3 P9 VDD_1V8 PLANE
R210 28 2 1 GND 3 VDD_1V8_PLANE
2.2k PWRGD panp 7 Vout = 0.8 * (1 + Ra/Rb) 2 1 2 i FB2 ? . i
5 A C109 Vout=1.8V : Ra=12.5k, Rb=10k 3 1 220
c110 bermm e o s 0.1F Vout=3.3V : Ra=30.9, Rb=10k B Put Ging 4 ' 220 0hm
0.33uF TEW-103-07-G-s |t corresponding 4-way jumpers close TSW-103{07-G- C112 C113 C114 C115
. 0.1pF 100F 1WF 0.ApF
Foat TPESSTEOR?‘R = L2 Lcne=tcn Lo = = = =
loating EN = Enablec oD 744031220 10pF L 0.1pF [ 100pF GND GND GND GND
; -C120 {R211
3V3 DC/DC option SH4 Us 100pF $12.4k
LDO is used default placement for i
this shunts is 2-3 LooIN 28 GND
LDOIN
LDOEN o2 @St [IahD
R214 OIF 18 goor P ngi
0 VSENSE
I see 3V3 DC/DC for Vout formula
VCC_VCXO0_LDO 5L L GND
2
™10 PVIN out &<
ug !vcc,vcxo,wo &
’ v vout 2 ’ N
R215 FB =X
EN L RTICLK
cize S, 2 C125
T <d N GND ToF ss w2
LP5907MFX-3.3/NOPB comp
GND — — PWRGD oap |2
~ ~ PGND
GND 1 o 5 ong & c1z6
T NC GND |4 s
GND
: TPS54120RGYR
VCXO LDO option ~ = =
2 Floating EN = Enabled oo Gio
GND "
1v8 DC/DC option

LDO is not used
Copyright © 2017, Texas Instruments Incorporated

Figure 22. Power Supply Connection
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default placement for pebe
this shunt is 2-4 s VDDO 8 9
1 . I— . ® R14 T
{=}
i 220 ohm i i 0
C166 Cc167 C168
81 0.1pF 1F 0.1pF
Supply Selection and Bypassin
default placement for GND GND GND Label PRy yP 9
this shunt is 2-4 52 L pooe
16 rig  VDDOT0f1 e All 0.1uF Bypass caps to be placed
Y =} Y Y 5 T default placement for gj’s;;"pt:e LMKO45XX device
S l 220 ohm l l this shunt is 2-4 a4 DCIDC
C169 c170 C171 Jn
VDD_1v8 PLANE 0AF 1F 0.1pF [ | 218 VDTD.\O
GD GND GND i Zom i i 0
default placement for c129 c130 131
this shunt is 2-4
VDO 12 13 0.1pF 10uF 0.1F
A L7 A A R16 T default placement for L L L
{=} = = =
i 220 ohm i i 0 this shuntis 2-4 GRD GRD GND
SHI83 4
c172 c173 Cc174
0.1uF 1uF 0.1pF SH-J6 , s L4 Ro10 VDDTosc
! o | ' 0
default placement for oo oo oo 5 i ohm i i
this shunt is 2-4 136 TSW-103/07-G-S c132 C133 C134  replace 0 Ohm with ferrite bead in
| 18 VDDQ _14_15 4 0.ApF 10uF 0AUF  case required to place it closer to
, R N N R17 T the device
= defaut placement for L L L
l 220 ohm l L 0 this shunt is 2 o A el
SH-J84 TSW-103-07-G-S C175 C176 c177
0.ApF 1F 0.1pF ST | VDD_PLL2 CORE
, I I 1 R s
= = il 220 ohm 0
GND GND GND 8
TSW-103/07-G-S C135 C136 c1a7
J 0.1WF 10uF 0.1pF
ol
default placement for L L L
2-1:adj DCDC ! = = =
this shunt is 2-4
default placement for 28:3v3 o GND GND GND
this shunt is 2-3
N VDD_CORE S L7 R222 VDD%GJ
JDD_CORE JOGIC =2 _ _ R221 T Py = ° Py
=}
i 220 ohm i i 0 5 l 220 ohm l l 0
VDD_1v8 PLANE TSW-103/07-G-S c141 cl142 C143
S8 C138 C139 C140 -
0.1pF 10uF 0.ApF T 0.1pF 1uF 0.1pF
default placement for L L L
= = = this shunt is 2-4 R N N
B oo oo o GND GND GND
2-1:adj DCDC SHIM s VDDO 0_1
3 1 . rﬁLg . . R224 T
default placement for 24:LD0 = 0
this shunt is 2-3 3 i 220 ohm i i
TSW-103/07-G-S c147 c148 c149
L8 R223 VDDTPLU 4 0.AWF 1F 0.1pF
* = * * default placement for
0 = = =
SA10 T L 220 0hm l l this shunt is 2-4 oo o o
TSW-103-07-G-S| Cl44 C145 C146 s
01F 10uF 01uF SF12 L i roge  VDRO.23
i I 1 o oo s
GND GND oD l 220 ohm l l 0
default placement for C153 Cc154 C185
this shunt is 2-3 L 0-16F THF 0-16F
J24 default placement for L L L
: ‘ Lo ‘ ‘ ro25 VDDJHTLLOSC this shuntis 2-4 oo oo o
2 =} -
TSW-103-07-G-S| C150 C151 c152 o =5 . o
Label 0.1F 10uF 0.1pF i 220 ohm i i 0
2-1:adj DCDC - L - C156 C157 C158
23:3v3 o o o ) 0.AWF 1F 0.1pF
VDD_3V3 PLANE default placement for ;_a‘be‘u on = = =
this shunt is 24 PR GND GND GND
. 54 ipo Keep the GND_VCXO close to the VCXO island, move
i bypass group closer o VCXO
J29
VCC_VCXO_LDO SFI15 i VCC_VCXO
T 1 . T
- i 220 ohm
TSW-103/07-G-S C159 ==C160
Bypass 0.4pF 10uF
In case multiple pins are to be supplied direcly from a VDD plane (3V3 or 1V8), 10uFs haf dap

omitted and the ferrite bead can be replaced by a 0-Ohm resistor. the plance bgrasgling scheme
should be used instead in this case.

Place the 0.1uF cap as close as possible to the DUT

Figure 23. Power Distribution

@
2
S

GND_VCXO
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for 3-level inputs
referred to internal 2.5V
VDD_1V8 PLANE High Level (min): 0.77 V
Mid level : 0.52 V (0.21x2.5V)
VDD_1V8 PLANE
U2A STATO U2A_CLKIN_SEL - Low Level (max) : 0.4V (0.16 x 2.5V)
U2A ScL U2A RESETN u10 u2a_sync Reo 64 KOhm pull up/pull down at input
U1 VDD_3V3 PLANE 7K 8
12 3 e VCCA vees (& R61 ; so mid level is designed to be
0.184 x 3.3V
' 6 [ 5 L% 5
GND ‘wi 7 - a o1 bz U2A_STATY =
> 1 GND 219-4LP:
® ™ R230 s R231
U2A SDIO 52601-510-8LF Py B2 e ™
Np  Re32 o R62 :SPLSCSN
U2A SCSN U2A SYNC GND 5. or N |4 GND NOLTST-C1500K U2A SCSN . _SCSN
1.0k L 4.7k
— R233 l
CAVC2T45TDCURQT GND P2 4.7k ca7
:SYNC IWDpF
l G ow
C48
100pF
unidirectional signals GND
VDD_1V8 PLANE
RESETN
CLKIN_SEL
SCSN
SCL VDD_1V8 PLANE
all other signals are R64
bidirectional SH-J16
TP3 TSW-102-07-G-S TP4
Re7 :RESETN Re8 ESPLSCL
U2A RESETN . ° ° 055 RESETN U2A_SCL S ° ° scL
Tk R234 i 7 R235 l
4.7k C49 4.7k C50
100pF 100pF
= = TP5 = =
GND GND :STATUSO GND GND
R71
. 9 s K STATUSO
- Route all bidirectional outputs iw
[SYNC, STATUSO0/1, SDIO] as 100pF
50-Ohm single ended RF trace to
SMA CEJ
GRD - use suﬁec\ent_c\earance between VDD_1v8 PLANE
individual birectional outputs and the
other RF outputs.
R72
47K gan
VDD_1V8 PLANE 1
R73 219-3LP!
S4B
uasbio R4, = 5
4.7k 219-3LP!
VDD_1V8 PLANE
R78 , S,
i E—y 219-3LP!
GND
R81
0
P8
TP7 SPI_SDI
U2A CLKIN SEL_R82 !STATUS1 Re3 7 : > Rag SDIO
47K . —— K sTaTUSt l 0 -
i C54
C53 100pF
3-level input 3 level static input 100pF P
VDD, 0.18 VDD, and U2A input = Bidirectional
GND LED output indicator = = GND idirectional
= optional out SMA GND GND
A:VDD R85 GND
AC:0.18 VDD 47k
C:GND
B : U2A control
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UlA
CLKINO_P S12 o) cLiinop cLxouTop It
CLiio Sy St cLanon CLKOUTON
CLKINI_P H12 o cLntP cLKouTTP L
CLiint_ sy Hie LN CLKOUTIN
CLKIN2_P A2 o CLKINZP CLKOUT2P |5
== CLKIN2N CLKOUT2N
ClKIN N —ET ¢
CLKIN3_P MLg CLKINP CLKOUT3P m
= 1 e
CLiing_ Sy e cLianaN CLKOUTSN
CLKIN_SEL Yy C10 i KiIN_SEL CLKOUT4P L6
o CLKOUT4N M8
SPISCL 2 L B -
SPL_SDIO sDIo cLKouTsp [t
o CLKOUTSN
SPI_SCSN ) 5CS o P
CLKOUT6P
RESETN Yp—————————— 2 o RESET CLKOUTGN k2
H1 L0 Xom
SYNG Py Hlpf SYNCISYSREF_REQ cLkout7p 18-
e CLKOUT7N
STATUS0 g1 STATUSO o~
GND  GND  GND . cLkouTsp -£10
placeholder, don't populate caps by default STATUS 1 gL STATUS1 CLKOUTBN
oscNPY—EL  A12 loscine CLKOUTOP ‘B‘g
CLKOUTON
OSCINNYY—EE——B12 Joscnn cLkoutiop p-BZ
o CLKOUT1ON
0SCOUT P 012 | oscoute . A
cLkouT1p B8
o CLKOUT1IN
0SCOUT N £12_| oscoutn o A
010 cLkouT1ze p-B4
CTRL_VCXO CLKOUT12N
83 =
CLKOUT13P
PLLA CAP E9_pLit_cap CLKOUT13N |22
PLL2 LDO CAP F4 cLkouTt4p 23
PLL2_LDO_CAP CLKOUT14N
PLL2 VCOLDO_CAP e
E4_1pLi2 vCOLDO_CAP CLKOUT15N p=—C1
4
549 %0 ne |02 NC1
PLL2 VCOCAP BASE D5 |pi\5 ycocap. ase o4 I o7
CMK046162CR
DjP DRP
DUT ground pad:
- No SOLDERMASK on bottom thermal pad

GND )

exposed copper
- use via array with

= 0.3mm hole, 0.5mm via diameter,
[ GND 0.8mm via pitch
- ground floor on all layers except split power
plane

CTRL_VCXO

c31 0SCOUT_P
oscout P Raa = 0sco P ||_~= oscot P 1
5 1
LKOUTO_P ofP. 01wk
CLKOUTO_N
ouTo P 142-0701-4
CLKOUT1_P.
LKOUT1 N P
KouT2 P 0SCOUT N Rar =% 0SCO N ><”‘“ 0scot1 N
LKOUT2 N o R48
51
LKOUT3_P
LKOUT3 N Apply output layout guidelines on OSCOUT —
OSCOUT supports LVDS/HSDS/HCSL/LVCMOS GND
LKOUT4_P. &b
LKOUT4 N
LKOUTS_P.
LKOUTS_ N
LKOUT6_P All three VCXOs should share the same footprint.
KoUTe N VG-4513CB is 7x5mm
VG-4513CA is 5x3mm, should be placed within
LKouT7_P the above footprint, it has different pin spacing
SLKOUT7N CVHD-950-4 is 4 pin part, but has 200 mil
cLkouTe P spacing, so it's compatible with the 6 pin
[KOUTE N components above. with the following pin
mapping
LKkouTo_P CVHD-950-4 VG-4513CB
LKOUT9 N 1
LKOUT10_P 2 3
CLKOUT10_N 3 4
4 6
LKOUT1_P
LKOUTH1 N
CLKOUT12_P
CLKOUT12_N
LKOUT13 P
LKOUT13 N —
CLKOUT14_P
LKOUT14_N 5.0x3.2mm
LKOUT15_P
LKOUT15_ N >< ‘
Vexo_ouT_P
R51 R52
20FB 30 VCX0_OUT N
T 7.0x5.0 mm
= 7
GND_VCX0
U4
D ot |4 CC_Vexo
ca1 J
100pF 1 veonT @ cout |-=
< P GND 14.2x9.14 mm
GND_Y/cx0 603281
- p 122.88MHz
R57

Rag,

7y 10uF

GND

This filter is a placeholder.

by default it's not used, however

3rd order pole can be used

Figure 25. LMK04616 Main Connection

GND

use for external VCXO Please check feasibility of overlaying this smaller

VCXO with other 3. the above 3 are possible.
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U1B
VDD_IO
H10 E2
VDD_OSC Mzietle zzg E5
Et E6
VDD_CORE RDREOSE ng E7
H4 E8
VDD_CORE vss
VDDO 01 - e E;O
VDDOO/1 vss
VDDO 2.3 B == Eg
VDDO2/3 vss
VDDO 4.5 . ves E;s
VDDO 67 LREORS Voo s
K10 F10
VDDO 8.9 phrozey Ve [
c10 F12
VDDO 1011 RRROISE xgz G4
cs G5
VDDO_12_13 peeeloits ves [cs
cs G7
VDDO 1415 pREciZAs ves [Ccs
c2 G9
VDD B VDDO14/15 xz: g
F9 H5
VDD_PLL2 OSC VLI Ve [
E3 H7
VDD_PLL2_CORE Vels (AL (OEE vee [
T G3 {\DD_PLL2_CORE vss |-H9
73
vss
A2 1yss vss |4
A5 fyss vss 48
A8 |yss vss [48
A1 1yss vss 47
gg Vss vss jg
B8 vss vss 5
28 vss vss I
vss vss f(
Ci vss vss Ki
C4 1vss vss
C6 1vss vss | K6
C7_1vss vss | K7
C9 1vss vss | K9
Ci | yes ves K11
€12 1yss vss L2
D2 fyss vss L5
g? vss vss t?1
DT vss vss 1
08 vss vss |12 ¢
m? vss vss Tsu
vss vss |-M8 g
vss |-Milg
[MK04616ZCR
GND GND

Figure 26. LMK04610 Power Connection
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CLKIN1_P c1 Cc2
CLKINO_N (Izls . <|:1o 1 ” <= CKiP I > CLKINT_P
1 CKO_N -
10 | > CLKINO_N 0.1pF 0.1pF P
0.1uF 0.1yF  DNP e
142-0701-806
R11 GND o) 1 =
2100 = GND
GND l
-~ -~
(ﬁ; <= CKO P (;4 -~ >< CKI N >< > CLKINT_N
it | > CLKINO_P o1
0.1yF 0.1uF P 0.1uF
T ﬂ 1
= GND
GND
By default, CLKINO SMA is DC coupled to the 100 By default, CLKIN1 SMAis DC coupled to the 51
Ohm, then AC coupled to CLKINO input Ohm, then AC coupled to CLKIN1 input
CLKIN1 is single-ended by default (negative input
is connected to 0.1uA)
CLKIN2_P C13 —~ c14 —~
g ” CK2 P I > CLKIN2_P C“15 == CcK3 P ?16 -~
0.1uF 01uF  DMP 0“1 - I o|1 - > CLKIN3_P
14l Al >
L R26
100 =
GND DNP. =
GND
c19 — C20 —
” CK2 N I > CLKIN2_N == CK3N o~
0.1uF 0.1pF & >< >< > CLKIN3_N
C24
0.1uF
GND GND =
GND
By default, CLKIN2 SMA is DC coupled to the 100
Ohm, then AC coupled to CLKINZ2 input :
P P By default, CLKIN3 SMA is DC coupled to the 100
Ohm, then AC coupled to CLKIN3 input
100/51 Ohm resistors can be used for
attenuation, otherwise replace by 0-Ohm
GND
C25 C26 CLOCK INPUT CLKINO,CLKIN1 LAYOUT REQUIREMENTS:
VCXO_OUT P ) == || R 1l == > 0SCIN_P s CONTROLLED IMPEDANCE %+
- 11 0 11 T - - Route as 50-ohm (+/-5% tol.) controlled-impedance single-ended RF traces from SMA centeBbifi pin
<R36 0.1uF sR37 0.1uF - Place component pads directly on RF traces (no stubs), match 50-ohm trace widthA teeBfér pad, and use 50-ohm Zo via structures.
3120 51 DNP' #%% LENGTH / SKEW MATCHING *x**
- Equalize total path length and indiv. trace segments WITHIN pair from DUT to SM¥ITRA-pair skew).
{ R38 P - There is NO requirement to match inter-pair skew between CLKINO path and CLKIN1 path.
0 — - Total path length should be as short as possible. Use 45 deg. serpentine pattern onstrigtimal only to equalize lengths within pair.
— GND #%% SHIELDING / ISOLATION
R40  GND - Use ground shielding on routing layers with clearance to not affect controlled impeddRiedrates.
120 Cc28 Cc29 - Ground flood on routing layers should have clearance of more than 2.5x width from RF traces.
VEX0_OUT N | R41 | == o >OSCINN - Use ground stitching vias with 100 mil spacing around RF traces to connecetoG&D shielding on all layers.
- 11 0 11 T - - Avoid crossing Digital signal/return paths with REF input signal/return pathravbidable, cross at a 90 deg. angle
0.1yF lR42  0.1pF
51 P
— _L_
GND GND

@
Z
o

Apply Clock input layout guidelines on OSCIN
By default VCXO path (single ended) is AC coupled to OCSIN_P Copyright © 2017, Texas Instruments Incorporated
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04

04

06

06

o7

o7

C55
CLKOUTO_P ) Q0 H ouTo P CLKOUT4_P )
0.14F Output interface supports
D§P HSDS/LVDS (diff 100 Ohm)
HCSL (single ended 50 Ohm)
Cs57
CLKOUTO_N Q0 H OUTO N CLKOUT4_N
0.1uF
DNP.
500mil spacing for the P/N
SMA connectors
GND
C59
CLKOUT1_P ) el H OuT1 P CLKOUT5_P )
0.1pF R103
51
GND
ce1
CLKOUT1_N ) el H OUT1 N CLKOUTS_N )
0.1uF R111
51
GND
C63
CLKOUT2_P ) 02 H ouT2 P CLKOUT6_P )
0.1uF
DYP.
. C65 JQN
CLKOUT2_N ) 02 H OUT2 N CLKOUT6_N )
0.1pF
DNP.
c67
CLKOUT3 P ) 03 H OuTS P CLKOUT7_P )
0.1F R131
51
GND
C69
CLKOUT3 N 03 H OUTS N CLKOUT7_N
0.1F R139
51
oD

CLOCK OUTPUT (OUT#_P, OUT#_N) LAYOUT REQUIREMENTS:
#%% CONTROLLED IMPEDANCE *x**

- Route as 50-ohm (+/-5% tol.) controlled-impedance single-ended RF traces from DUT pin to StbA pin

- Place component pads directly on RF traces (no stubs), match 50-ohm trace witith teSter pad (30 mils wide), and use 50-ohm Zo via structures

#*% LENGTH / SKEW MATCHING *#*

- Equalize total path length and indiv. trace segments between/within all OUT#_P/_NrpairUT to SMA pins (NO INTER- or INTRA-pair skew).

- Use 45 deg. serpentine pattern on internal stripline only for equalizing lengths.

#%x SHIELDING / ISOLATION s
- Use ground shielding on routing layers with clearance to ot affect controlled impeddREdrates

- Ground flood on routing layers should have clearance of more than 2.5x width from RF traces.

- Use ground stitching vias with 100 mil spacing around RF traces to connech@Niig on all layers.

- Use sufficient clearance between OUT# paths, as well as from other dynamicsiginal

- Avoid crossing Digital signal/retur paths with clock OUT signal/return pathsibidable, cross at a 90 deg. angle

Figure 28. Outputs 0to 7

c56
1 =Cg OUT4 P
0.1pF RO1
51
DRP. =3
= GND
cs58 GND
11 =g OuT4 N
0.1pF R99
51
= GND
GND
C60
1 <= OuTs P
0.1pF ol
DfP
c62
1 == OUTs N
0.14F ol
C4
Il = ouTs_P
1)
0.1pF ols
DfP
C66
% % =C2  OUT6 N
0.1pF ol
ce8
1 =g _OUT7 P
0.1pF R133
51
DRP. =3
= GND
c70 GND
1. =Cg OUT7Z N
0.1pF R141
51
= oND

o}
z
[S]
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Output interface supports
HSDS/LVDS (diff 100 Ohm)
HCSL (single ended 50 Ohm)
c71
CLKOUT8_P ) o8 p ” ouTE P CLKOUT12_P ) 012 P
0.1pF T R145
51
DRP =
GND
o cr3 1 500mil spacing for the P/N
GLKoUTE N D) 08 N “ SMA connectors CLKOUT12_N ) —
0.1pF
GND
o ouTy_P OUT13_P
CLKOUTY_P ) Q9 P OUT9 P CLKOUT13_P ) O13 P 1
CLKOUTY_N Q9 N OUT9 N CLKOUT13_N ) O13 N
GND
c79
CLKOUT10_P ) 010 P ” OuT10 P CLKOUT14_P ) 014 P
0.1pF T R173
51
b =
GND
- o 1 oo
CLKOUT10_N ) O10 N ” OUTIO N CLKOUT14_N ) 014 N
0.1pF R181
51
= GND = GND
GND GND
c83 c84
CLKoUTHP 3 o1 P “ ouT11 P CLKOUTIS P D 015 P “ OuT15 P
0.1pF I okp 0.1uF T ;159
DNP. DEP —
L 1
= GND
2 G85 l __Ne c8e 1
CLKOUT11_N Ot N |I OUT11 N CLKOUTIS NS 015 N ”
0.1pF ks 0.1uF
GND

CLOCK OUTPUT (OUT#_P, OUT#_N) LAYOUT REQUIREMENTS:
*** CONTROLLED IMPEDANCE s

- Route as 50-ohm (+/-5% tol.) controlled-impedance single-ended RF traces from DUT pin to Sté pém
- Place component pads directly on RF traces (no stubs), match 50-ohm trace widt et pad (30 mils wide), and use 50-ohm Zo via structures.

*%% LENGTH / SKEW MATCHING **x

- Equalize total path length and indiv. trace segments between/within all OUT#_P/_Nrpair®UT to SMA pins (NO INTER- or INTRA-pair skew).

- Use 45 deg. serpentine pattern on internal stripline only for equalizing lengths.

#%% SHIELDING / ISOLATION s#xx

- Use ground shielding on routing layers with clearance to not affect controlled impeddRgdrates.
- Ground flood on routing layers should have clearance of more than 2.5x width from RF traces.

- Use ground stitching vias with 100 mil spacing around RF traces to connechi@Nihg on all layers

- Use sufficient clearance between OUT# paths, as well as from other dynamicysiinel

- Avoid crossing Digital signal/return paths with clock OUT signal/return paths; ibidwhle, cross at a 90 deg. angle

Figure 29. Outputs 8 to 15
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STANDARD TERMS FOR EVALUATION MODULES

Delivery: Tl delivers Tl evaluation boards, kits, or modules, including any accompanying demonstration software, components, and/or
documentation which may be provided together or separately (collectively, an “EVM” or “EVMs”) to the User (“User”) in accordance
with the terms set forth herein. User's acceptance of the EVM is expressly subject to the following terms.

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 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 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 a nonconforming EVM if (a) the nonconformity was 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, (b) the nonconformity resulted from User's design, specifications
or instructions for such EVMs or improper system design, or (¢) User has not paid on time. Testing and other quality control
technigues are used to the extent Tl deems necessary. Tl does not test all parameters of each EVM.
User's claims against Tl under this Section 2 are void if User fails to notify Tl of any apparent defects in the EVMs within ten (10)
business days after delivery, or of any hidden defects with ten (10) business days after the defect has been detected.

TI's sole liability shall be at its option to repair or replace EVMs that fail to conform to the warranty set forth above, or credit
User's account for such EVM. TI'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:

FCC NOTICE: 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 or RSS-247
Concerning EVMs Including Radio Transmitters:
This device complies with Industry Canada license-exempt RSSs. 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
BAEShZFHMEAFY M. R—RICOVTR., KOEZREIBILEETL,
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 to follow the
instructions set forth by Radio Law of Japan, which includes, but is not limited to, the instructions below with respect to EVMs
(which for the avoidance of doubt are stated strictly for convenience and should be verified by User):

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.


http://www.tij.co.jp/lsds/ti_ja/general/eStore/notice_01.page
http://www.tij.co.jp/lsds/ti_ja/general/eStore/notice_01.page

[BEFREREEAEITHHROBARFTY NE2HFEVICEZIBOIESE] BAXFTY NOFPICRENELEBESIIHEZITT
WEWEDHHYET, RIMBAIBEE2ZTTOVEAVEOOTFAICEBL TR, EREETOED, UTOWThAD
EBEH > TOWAEEKSEN G EIOTIEERESEEL,

1. i*-@\?_%ﬁé@ﬁﬁﬁﬂ%egzﬁllﬁﬁl%cgo%¥ﬁ£18$3ﬁzsﬁﬁ’si§€%f\%l73%'cﬁw5ht%; BEZOHERRIETIMHER
2. RBRBOKHFZMBHRIBEAVEEL,

3. BMBEEGIHHAEMESEIEAVEEL,

BH, AEAE., L0 TTHRACHLOTOEE, Z2BEL. BEACEALZVRY, BE, BETEZVEOELET,
LRZEBFEFEVEEE. ERECANIERAEC A UREEIH2 L 2IERB<EETV, BETFYR

DAY NAXY B et

REBHEXENBEEOTE24&E 1S

BHEE=H#EI

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
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Iwww . tij.co.jp/Isds/ti_ja/general/eStore/notice_02.page

3.4 European Union
3.4.1 For EVMs subject to EU Directive 2014/30/EU (Electromagnetic Compatibility Directive):

This is a class A product intended for use in environments other than domestic environments that are connected to a
low-voltage power-supply network that supplies buildings used for domestic purposes. In a domestic environment this
product may cause radio interference in which case the user may be required to take adequate measures.

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 TI, 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.
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6.

10.

Disclaimers:

6.1 EXCEPT AS SET FORTH ABOVE, EVMS AND ANY MATERIALS PROVIDED WITH THE EVM (INCLUDING, BUT NOT
LIMITED TO, REFERENCE DESIGNS 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 EPIDEMIC FAILURE WARRANTY OR 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 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, REGARDLESS OF WHEN MADE, CONCEIVED OR ACQUIRED.

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. 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 OR THE USE OF THE EVMS , REGARDLESS OF WHETHER Tl 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 TWELVE (12) MONTHS AFTER THE EVENT THAT GAVE RISE TO THE CAUSE OF ACTION HAS
OCCURRED.

8.2 Specific Limitations. IN NO EVENT SHALL TI'S AGGREGATE LIABILITY FROM ANY USE OF AN EVM PROVIDED
HEREUNDER, INCLUDING FROM ANY WARRANTY, INDEMITY OR OTHER OBLIGATION ARISING OUT OF OR IN
CONNECTION WITH THESE TERMS, , EXCEED THE TOTAL AMOUNT PAID TO Tl BY USER FOR THE PARTICULAR
EVM(S) AT ISSUE DURING THE PRIOR TWELVE (12) MONTHS WITH RESPECT TO WHICH LOSSES OR DAMAGES ARE
CLAIMED. THE EXISTENCE OF MORE THAN ONE CLAIM 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 Tl may seek injunctive relief
in any United States or foreign court.
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

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

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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