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0 Document Control

© 2007 Texas Instruments Incorporated. All rights reserved.

Texas Instruments Incorporated and / or its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products, software and services at any time and to discontinue
any product, software or service without notice. Customers should obtain the latest relevant information during product
design and before placing orders and should verify that such information is current and complete.

All products are sold subject to TI’s terms and conditions of sale supplied at the time of order acknowledgment. TI
warrants performance of its products to the specifications applicable at the time of sale in accordance with TI’s standard
warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this
warranty. Except where mandated by government requirements, testing of all parameters of each product is not
necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for their
products and applications using TI products, software and / or services. To minimize the risks associated with customer
products and applications, customers should provide adequate design, testing and operating safeguards.

Any access to and / or use of TI software described in this document is subject to Customers entering into formal
license agreements and payment of associated license fees. TI software may solely be used and / or copied subject to
and strictly in accordance with all the terms of such license agreements.

Customer acknowledges and agrees that TI products and / or software may be based on or implement industry
recognized standards and that certain third parties may claim intellectual property rights therein. The supply of products
and / or the licensing of software do not convey a license from TI to any third party intellectual property rights and TI
expressly disclaims liability for infringement of third party intellectual property rights.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right,
copyright, mask work right, or other TI intellectual property right relating to any combination, machine, or process in
which TI products, software or services are used.

Information published by TI regarding third—party products, software or services does not constitute a license from TI
to use such products, software or services or a warranty, endorsement thereof or statement regarding their availability.
Use of such information, products, software or services 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.

No part of this document may be reproduced or transmitted in any form or by any means, electronic or mechanical,
including photocopying and recording, for any purpose without the express written permission of TI.

0.1 Export Control Statement

Recipient agrees that it will not knowingly export or re-export, directly or indirectly, any product or technical data (as
defined by the U.S, EU and other Export Administration Regulations) including software, or any controlled product
restricted by other applicable national regulations, received from Disclosing party under this Agreement, or any direct
product of such technology, to any destination to which such export or re-export is restricted or prohibited by U.S or
other applicable laws, without obtaining prior authorisation from U.S. Department of Commerce and other competent
Government authorities to the extent required by those laws. This provision shall survive termination or expiration of
this Agreement.

According to our best knowledge of the state and end-use of this product or technology, and in compliance with the
export control regulations of dual-use goods in force in the origin and exporting countries, this technology is classified
as given on the front page.

This product or technology may require export or re-export license for shipping it in compliance with certain countries
regulations.
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1 Introduction

Please note that the information contained in this document is subject to change without
any further notice.

This document is intended to give guidelines and recommendations of how a PCB layout with the TI Locosto
transceiver chip combined with the TI Triton-Lite analog baseband chip can be done. The guidelines are with
main focus on RF performance and are given for 8-layer (2-4-2) and 6-layer (1-4-1) PCB stack up. The
guidelines are based on the TI reference design I-sample 2.5 and later version of I-sample (8-layer). Also
examples for 6 layer PCB build up are discussed.

The document is not intended to give a step by step introduction to best practice for a GSM mobile phone
layout. It is expected that the actual project team are familiar with good practice for RF and audio layout in a
mobile phone.

To list the order of good practice when working with Locosto

e Secure ground connections for all devices by adding vias in pad and connect to reference ground.
Keep the impedance to reference very low also at 1-2 GHz. Top priority.

e Take special care of DRP supplies and decoupling of those when doing the artwork.
e Route the RF and audio traces.

e Take special care of reference signals (reference clock and reference supply).

e Do not route clock or data-bus on top layer outside the shield can.

When doing a design with Locosto it is important to remember that the digital baseband and the RF (DRP2)
are designed on the same die and packed in one chip. It means that special care must be taken in the layout to
avoid digital noise and unwanted reference clock signals to enter the DRP2. This is optimized by taking care
of supply, decoupling and grounding strategy.

The guidelines and recommendations in this document are based on experience from the PCB build up for
the TI I-Sample 2.5 Reference Design Platform.

For a dualband Locosto-Lite in a 4 layer PCB design a supplementary document for “how to do layout with
Locosto Lite in a 4 layer design” exists [reference §].
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2 Layout Floor Plan

Placements among major components (i.e. Locosto, PA/switch module, Triton-Lite, Flash Memory, and the
crystal) should allow for easy connections of signals between the different blocks (Locosto, PA, Triton and
Memory). Figure 1 below outlines the floor plan used on I-sample 2.x.

Figure 1. Example of Floor Plan for a quad band design
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Notice: The RX matching is for a quadband design. For a dualband or a triband design the area used for RX
matching will be less. The free area is recommended used for improving supply decoupling placement.

Special considerations:

DCXO components including the X-tal and is placed with respect to having distance to TX signals including
PPA match.

RX matching components are placed close to LNA input to make the impedance transformation with as low
loss as possible.

Decoupling capacitors are places as close to ball on the chip as possible.

Flash Memory is having short distance to Locosto.
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3 PCBBuild Up

The guidelines and recommendations are based on the PCB build up for the TT [-Sample Reference Design
Platform. It is build by an 8 layer design.

The guidelines are then transferred to a 6 layer build up for the Locosto Lite layout.

3.1 8 Layer PCB (I-sample)

Figure 2. 8 layer PCB build up for I-sample

L8
L7

FRAt=65pu+15
FRAt=65pu+ 15
FRAt=150 p+ 251

L6
L5

FRAt=660 u+51y
L4
L3

L2
L1

FRAt=150 u+ 25
FRAt=65u+15
FRAt=65pu+15p

L8: Main component side, routing RF.

L7: Routing digital, GND under Locosto for VSSA, VSSOSC, VSSRF and VSSRFI1.

L6: Routing digital and RF, GND under Locosto for VSSA, VSSOSC, VSSRF and VSSRF1.
L5: Reference GND.

L4: Routing, GND.

L3: Routing, reference GND under reference modem part.

L2: Routing, GND.

L1: Interface components, GND.

On I-sample routing inside the modem block is done in a manner where it is possible to remove all traces in
Layer 4 and Layer 5 in a real form factor design. Traces in Layer 4 and Layer 5 are used to connect external
debug signals via the expansion connectors. This means that the main reference GND will be Layer 3 instead
of layer 5.
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3.2

6 Layer PCB (TI Locosto Lite Demo Layout)

Below an example of how a 6 layer build up (1-4-1) can be planned.

Figure 3. 6 layer PCB build up for Locosto Lite demo layout

L6
L5
L4

L3
L2
L1

L6
L5
L4
L3
L2
L1
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FRAt=560 p+63p
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: Main component side.

: Routing, GND under Locosto for VSSA, VSSOSC, VSSRF and VSSRFI1.
: Routing, GND under Locosto for VSSA, VSSOSC, VSSRF and VSSRF1.

: Reference GND
: GND and keyboard routing.

: Keyboard side

Note: It is important to have low impedance to reference ground. When doing 6 layer and having the
reference ground in layer 3 with components on layer 6, the PCB core increases the distance to reference
ground. It makes it even more important to add extra ground via’s in parallel to reduce the impedance from

components to reference ground.

A good approach would be to consider having reference ground in layer 4 if it is possible to route in layer 3

and still have ground in between the traces in layer 3 and the used area on layer 1.
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4 Locosto Ground and Supply Strategy

Inside the Locosto chip there is no common ground plane. This means that it is dependent on the PCB layout
to connect ground between different circuits inside the chip.

To avoid disturbance and coupling through GND it is important to separate RF GND from Digital GND. The
strategy used on I-sample is shown in Table 1. Components are on layer 8 and reference ground in layer 5.
Digital GND pins is recommended to have separate connection to reference ground by using vias. Analog
and DRP LDO may also be connected on semi ground planes that again must be connected to reference
ground.

Examples of how it can be implemented is shown in section 4.1.

Table 1. Locosto GND Strategy (8 Layer PCB build)

. . . 1% GND layer | 2". GND layer | 3™ GND layer
Pin name Pin number Description (Semi GND). (Semi GND). | (Reference GyND)
VSSPBIAS Uil L5
VSSPLL B14 L5
VSSA M13 Analog ground L7 L6 L5
VSSA N15 Analog ground L7 L6 L5
VSSX E15 DCXO ground L5
VSS R1 Digital ground L5
VSS H1 Digital ground L5
VSS C1 Digital ground L5
VSS A7 Digital ground L5
VSS A10 Digital ground L5
VSS Al12 Digital ground L5
VSS T14 Digital ground L5
VSS Uiz Digital ground L5
VSS U5 Digital ground L5
VSS uUs Digital ground L5
VSS C17 Digital ground L5
VSSRF1 G15 RF_LDO ground L7 L6 L5
VSSRF1 H14 RF_LDO ground L7 L6 L5
VSSRF M15 RF_LDO ground L7 L6 L5
VSSRF L15 RF_LDO ground L7 L6 L5
VSSRF K15 RF_LDO ground L7 L6 L5
VSSRF K14 RF_LDO ground L7 L6 L5
VSSRF L13 RF_LDO ground L7 L6 L5
VSSOSC J14 DCO ground L7 L6 L5
VSSOSC J15 DCO ground L7 L6 L5
VSSOSC H15 DCO ground L7 L6 L5
VSSAPC N13 APC ground L5

NOTE: It is recommended to do the connections for the Locosto GND balls by using pvia in pad and add
vias further to reference ground on the PCB. Where possible it is recommended to add vias in parallel to
decrease the impedance and inductance to reference ground.

VSSA, VSSOSC, VSSRF and VSSRF1 balls are connected to “semi-ground layer” L7 using pvia and then
connected to next “semi-ground layer” L6 via pvia and finally connected to reference ground layer.

All other GND connections are only connected to reference ground layer and not connected to “semi-
ground”.
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INSTRUMENTS Internal Data



Technical Note
Locosto PCB Layout Guideline Approved

Pin numbers written in red bold needs special attention to secure shortest possible distance to reference
ground.

It is OK to share via for U11 and U12. Also U5 and U8 can share via to reference ground if the vias are
closest to US.

Converted to similar build up for a 6 layer PCB is shown in Table 2. Components on layer 6 and reference
ground in layer 3 (if possible reference ground can be layer 4. See comments in section 3.2)

Table 2. Locosto GND Strategy (6 Layer PCB build)

. . . 1% GND layer | 2". GND layer | 3™ GND layer
Pin name Pin number Description (Semi GND). (Semi GND). | (Reference GyND)
VSSPBIAS Uil L3
VSSPLL B14 L3
VSSA M13 Analog ground L5 L4 L3
VSSA N15 Analog ground L5 L4 L3
VSSX E15 DCXO ground L3
VSS R1 Digital ground L3
VSS H1 Digital ground L3
VSS C1 Digital ground L3
VSS A7 Digital ground L3
VSS A10 Digital ground L3
VSS Al2 Digital ground L3
VSS T14 Digital ground L3
VSS ui2 Digital ground L3
VSS us Digital ground L3
VSS us Digital ground L3
VSS C17 Digital ground L3
VSSRF1 G15 RF_LDO ground L5 L4 L3
VSSRF1 H14 RF_LDO ground L5 L4 L3
VSSRF M15 RF_LDO ground L5 L4 L3
VSSRF L15 RF_LDO ground L5 L4 L3
VSSRF K15 RF_LDO ground L5 L4 L3
VSSRF K14 RF_LDO ground L5 L4 L3
VSSRF L13 RF_LDO ground L5 L4 L3
VSSOSC J14 DCO ground L5 L4 L3
VSSOSC J15 DCO ground L5 L4 L3
VSSOSC H15 DCO ground L5 L4 L3
VSSAPC N13 APC ground L3

NOTE: Same restrictions as for the 8 layer build up. Pins numbers written in red bold needs special attention
to secure shortest possible distance to reference ground.

4.1 Examples of GND and Vias

Figure 4 and Figure 5 shows how the DRP ground strategy from Table 1 and Table 2 can be implemented on
a layout.

Figure 4 combine related circuits on top layer and add a pvia in each ball to the layer below. In the second
layer all DRP ground is connected in a plane. From 2™ layer a lot of vias connect to reference ground to
secure low impedance to reference GND at GHz frequency. It is important to have as low impedance as
possible for each analog GND ball on Locosto.
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VSSX is supposed to have a separate connection to reference ground and not to be connected to other ground
before reference ground. The same goes for all digital ground pins.

Figure 5 is the I-sample RDP. Here it is implemented a bit different but it still obtains the same strategy.
Here each ball has a via to semi ground layer where all DRP ground is connected in a plane that again is well
connected to reference ground. Again VSSX is separated.

Figure 4. Example of DRP GND strategy on I-sample

N15 M15 L15 K15 J15 H15 G15
VSSRF VSSOSC VSSRF1

K14 J14 H14

VSSA & VSSAPC

N13 M13 L13

Figure 5. Example of DRP GND strategy on Reference Design Platform (I-sample 2.x)

Digital ground is recommended to be connected to reference ground only. An example is shown in Figure 6.
Here ball B14 is connected from top layer to layer 7 with a pvia in the ball. From layer 7 to layer 6 there is
also a pvia. From layer 6 to reference ground in layer 5 a normal via (3-6) makes the connection. Notice that
ground is also separated from other ground connections on layer 7 and layer 6.

Figure 6. Example of via for Locosto digital ground VSSPLL ball B14

Layer 8 (top layer) Layer 5 (main GND)

Q TEXAS Texas Instruments Proprietary Information Page: 11/23
INSTRUMENTS Internal Data



Technical Note
Locosto PCB Layout Guideline Approved

4.2 Important Supply Connections

The Locosto RF (DRP2) needs 3 external power supplies.
VCORE: 1.3 V DRP2 core digital supply
VRI1: Pre regulated input to the DRP embedded LDO’s (LDO_OSC, LDO_A and LDO_RF).
VR2: Pre regulated input to the DRP embedded LDO_X.

It is strongly recommended that those DRP2 supplies are routed so that strong coupling to any digital
supplies is avoided (do not route in parallel with other supplies where this can be avoided).

Figure 7. Locosto DRP2 - TritonLite Interface

Typ. 10 mA
voDx g 1.4V, SmA To DCXO £15 VR2 = 2.78V, -
1 uﬂ_ Low Noise at LDOX ' _L = VREXTH
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1 uF Low Cost Area LDORF T15
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To DRP VCORE = 1.3V,
- VDD_ABE G17 VREXTL

VDD_RST,

LoCosto

VDDRF1 (source) is shorted to VDDRF on the PCB (Locosto pin G16-H17). Place the decoupling capacitor
(1 uF) as close as possible to the Locosto H17.

VREF (Source) is shorted to VREF1 on the PCB (Locosto pin E17 — R16). Place the decoupling capacitor
(470 nF) as close as possible to the Locosto pin E17.

VDDOSC (Locosto pin H16) is connected to a decoupling capacitor (4.7 uF). Keep the capacitor close to
Locosto pin H16 and be careful not to do routing with this supply directly under the TX output signals
(Locosto pin F17 and G17).

VREF should have high priority on the PCB routing. Do not route in parallel with noisy digital signals or
signals containing RF. The reason is that VREF is a high impedance signal, and by that sensitive to noise.

IREF is high impedance and must also be protected from very noisy signals. It is recommended to separate
ground on the IREF resistor to reference ground from other ground signals in the IREF area.

NOTE: Pay extra attention to the grounding of all decoupling capacitors. Special high attention must be
given to ground on LDO decoupling for the DRP2 supplies. It is highly recommended to secure short and
solid connection to reference GND by multiple ground vias close to each decoupling capacitor.

As a reference for schematic and routing, the TT [-sample can be used as reference.
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5 RX Requirements

5.1 Receiver Trace Pairs

Try to keep the length of the balanced receive trace pairs close equal to avoid phase imbalance.
The traces are:

o Length of RXGSMM = length of RXGSMP

e Length of RXEGSMM = length of RXEGSMP

e Length of RXDCSM = length of RXDCSP

e Length of RXDCSM = length of RXDCSP

Where RXGSMM etc. are the net names in the I-sample schematic.

Figure 8. I-sample RX schematic

To minimize the loss it is important to keep the RX traces in the high impedance area (LNA input to RX
matching and RX SAW filter) as short as possible.

On I-sample the traces are routed in layer 8 with GND reference in layer 6. This require GND cutout in layer
7 below the traces. The LNA input is high impedance (see APN220 for further information). It is beneficial
to have the trace impedance high also between LNA input and matching component. The trace width used on
I-sample is 100 pm. This gives a trace impedance of approximately 78 ohm. It is also fine to achieve even
higher line impedance.

Figure 9. I-sample RX trace layout at Locosto input.
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Note: For dual- and triband configurations some of the LNA inputs are swapped. For further information see
instructions in APN222.

It is recommended on tri- and dualband designs to connect unused LNA inputs to GND.

5.2 RXSAW

To minimize stray capacitance coupling to GND from the SAW filter pads, there must be a cutout in GND
layers below the SAW filter RF pads and all the RX matching components.

For an 8 layer PCB it is recommended to have cutout in the layers 7 and 6. Ref. GND is in Layer 5.
For a 6 layer PCB it is recommended to have cutout in the layer 5 and 4. Ref. GND is in Layer 3.

Please notice that each SAW filter needs good connections to GND to secure the expected filter
performance. This must be accomplished by several vias close the the GND pins, preferable in the pads if
possible.

Figure 10. Cut-out in GND in layers below RX SAW and RX match

5.3 Locosto RX Input

All the RX balls on Locosto are recommended to have cutout in GND layers below to minimize stray
capacitance.

For an 8 layer PCB it is recommended to have cutout in the layers 7 and 6. Ref. GND is in Layer 5.

For a 6 layer PCB it is recommended to have cutout in the layer 5 and 4. Ref. GND is in Layer 3.

The RX balls are:
RXDCSM (U202.K17)
RXDCSP (U202.L17)
RXPCSM (U202.J16)
RXPCSP (U202.K16)
RXGSMM (U202.N17)
RXGSMP (U202.M17)
RXEGSMM (U202.M16)
RXEGSMP (U202.L16)
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5.4  Coupling

When doing the layout it is important to think about unintended coupling that can cause reduction in
performance.

HB LO Buffer
DCU Buffer HBLO Buffer (pifferential)
1.8GHz (Differential)  18GHz

[T

@
o

20

o
o4

g oo0

PCU! SDM @450MHz

<
]
<]
4

At LNA input:

*  Peripherals on the board may couple to LNA input and result in degradation of sensitivity on specific
RX channels.

*  TX power can couple to LNA input and disturb the DCO and RF Oscillator degrading phase error
performance in TX burst.

» IIP2 can be degraded by coupling of LO frequency clocks on VDDOSC domain and VDDA domain
into LNA input.

At DCXO:
»  PPA output coupling back to XTAL input may cause degradation on phase/frequency
—  Optimize placement of XTAL with respect to TX output path (see Figure 11).
—  Suppress second harmonic of PPA output (may apply appropriate shunt cap).
* Avoid TX output (PPA, PA) disturbing DCO domain (VDDOSC/VSSOSC).

Figure 11. TX and DCXO component placement of I-sample 2.7

TX_ COMPONENTS
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6 TX

All the TX balls on Locosto are recommended to have cutout in GND layers below.
For an 8 layer PCB it is recommended to have cutout in the layers 7 and 6.
For a 6 layer PCB it is recommended to have cutout in the layer 5 and 4.
The TX balls are:
TXLB (U202.F17)
TXHB (U202.G17) O O

The transmit traces between Locosto and PA is recommended to be routed in inner layer. They are routed as
50 ohm traces. On [-sample this give a width W=100 pum in layer 6 with GND reference on layer 7 / layer 5.

VDDRF1 going from Locosto to the PPA supply inductors (L601, L602) must be isolated as much as
possible from the TXLB and TXHB signals to avoid unwanted RF feedback.

On I-sample the width of this trace is W= 200 pm.

Figure 12. TX matching components, example from I-sample 2.6
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7 26 MHz DCXO

To minimize stray capacitance coupling in the active part of the DCXO it is important to ensure maximum
distance to GND for the active pin of the X-tal. On TI I-sample this is obtained with a GND cut out in Layer
7 to Layer 4 below the X-tal pin 1.

Minimize the distance from the 26 MHz X-tal to the Locosto ball D15 and take care of signals crossing the
active 26 MHz signal in layer below. To have optimum performance on the DCXO using the X-tal (Cl=12.5
pF) specified in APN221 the parasitic capacitance in the PCB should be kept below 1 pF, see Figure 14.

Also secure cutout below R610 in the dithering circuit to the 26 MHz reference. Example of how it is done
on [-sample 2.7 is shown in Figure 13. For further information refer to APN227.

Figure 13. DCXO Schematic I-sample DCXO layout I-sample

Y601
SQ3D02600D2IBA

c618 c619 R610

CAM_PWDN/G_EYE_INT_GTOL GPI0 17 I—E
10pF 05pF 220 Kohm

c624

4.7 pF
D15, XTAL
R609
1.5 MOhm

Below in Figure 14 the importance of minimising stray capacitance is illustrated.

If the stray capacitance in the PCB layout exceed the specified 1 pF the specification for the X-tal tuning
sensitivity is not valid any more. This results in yield- and design problems for the DCXO circuit.

Figure 14. Requirement to X-tal tuning sensitivity vs. stray capacitance in PCB

Required Tsmin vs. Cpcb for 12.5pF XTAL Required Tsmin vs. Cpcb for 14pF XTAL
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0.5 1 15 2 1 15 2 25

PCB Cap, (pF) PCB Cap, (pF)

If the physical design prevents the stray capacitance in the PCB to be below 1 pF it is necessary to find an
alternative X-tal with higher C,,q value and an appropriate Tuning Sensitivity (TS).

See APN221 for further information about X-tal specification.
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8 Clocks (13 MHz)

To obtain optimum RF performance it is important to take special care of how the 13 MHz clk is routed on
the PCB. The 13 MHz clk is often root cause to many clock related spurious problems for RF performance.

To limit the current flow at the buffer output for ckout 13MHz (Locosto N8) TI recommend to add a series
resistor between the Locosto and Triton or any other external device connected to this output. The value of
the resistor must be adjusted according to the load from external devices. The resistor should be placed as
close to ball N8 on Locosto as possible.

Figure 15. 13 MHz clock connection

CK13Mhz En 55—/ ]
CKOUT_13Whz |- N8 R221 [~} 680hm ML

MCLK1

The resistor may also be replaced by an inductor to RF terminate the 13 MHz buffer. For further information
about this issue please refer to reference [9] about TX noise in RX band optimization.
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9 32kHz

The 32 kHz oscillator is placed in the Triton Lite TWL3031. This oscillator is sensitive to digital noise, so it
is important to avoid digital noise on the traces to the 32 KHz X-tal. Good GND plane below the X-tal is
recommended. It is recommended that the two traces are routed as short as possible, and as of equal length
as possible. The capacitors must be placed on the paths of the routed traces, ie not on a separate branch.

Figure 16. 32kHz X-tal connection

[=e:— — -]
= o

Figure 17. 32 KHz layout I-sample
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10 TritonLite

Triton-Lite (TWL3031) is the Analog baseband used together with Locosto on the TI I-sample reference
design.

TI recommends making a GND plane under Triton-Lite to minimize TDMA noise in audio.

Figure 18. Triton Lite, layout of GND plane

Special attention should be given to the reference pins and components. These are:
- L12: resistor for current reference generator;
- MI6: capacitor for bandgap reference input voltage;

- M17: system reference ground.

10.1 Audio Signals

All audio traces should be protected as much as possible, from all sides, by "ground tunelling." This concept
means that audio traces should be routed as much as possible in inner layers, and that they should only have
ground areas (which are in turn well connected to main reference ground) directly next to them, above and
below as well as to either side.

Differential signals (earpiece, speaker, and in some cases differentially-designed microphone signals) should
be routed side by side as much as possible the entire routing. They should also be routed as much as possible
to the same lengths from start to finish.

Ensuring these implementations will protect the audio signals from noise generated by other parts of the
PCB, as well as from radiated TDMA noise from RF traces and the antenna.

An example of optimal routed audio traces is shown with the microphone differential and bias signals on I-
sample; notice the uninterrupted ground above, below and to either side of the routing.
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Figure 19. Microphone signal traces of I-sample
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11 Misc

11.1 Memory

It is highly recommended to secure proper grounding of the memory. Both directly grounding of MEM_VSS
and grounding of decoupling capacitors used for VRMEM. It is recommended to have a GND via in each
GND ball for the Memory. Make sure each via do have solid connection to reference GND. Please also
secure that memory GND is not sharing any GND connections for Locosto and Locosto decoupling before it
reaches reference GND. Memory accesses have a tendency to generate noise that degrade RF performance in

both RX and TX slots.

11.2 Locosto Ball Arrangement

Figure 20. Locosto ball arrangement overview

17 16 15 14 13 12 1 10 9 8 7 6 5 3 2
NoBall apc_vdo |vss vsspbias  |vdd_rst NoBall vss vdd_io vdd_dbb vss NoBall vdd_io spare_2 spare_3
vddrirxl |vss NoBall vdd_usim  |sim_pbias ckin_32khz ck13mhz_en NoBall gpio_2
Reserved p peldofilter Bl vdd_dbb gpio_4 \wakeup_req i2c_scl vss
NoBall vdda vdda NoBall NoBall NoBall NoBall sim_clk NoBall NoBall NoBall NoBall gpio_46 NoBall
NoBall vssa NoBall apc_vss NC sim_rst on_noff gpio_5 ckout_13mhz i2c_sda gpio_47 NoBall gpio_43 NoBall vdd_dbb
vssrf NoBall vssa NC simJywrctrI gpio_0 gpio_44 NoBall
vssrf NoBall vssif NC NC NC gpio_42 NoBall
vssrf vssrf NC NC NC NC gpio_1 gpio_45 vdd_mif
NoBall VSsosc VSS0SC NC NC NC NC NoBall NoBall
vddrf vddosc  [vssosc  [vssifi NC NC NC Kbr_3 gpio_33 gpio_37 vss
vddrfl vssrfl NoBall NC NC kbc_0 gpio_23 gpio_27 gpio_29 gpio_7 gpio_39 NoBall
vddritxl Jvddr2 NoBall NC tspact_11 [} kbr_4 led_rnw gpio_19 gpio_24 gpio_32 gpio_35 NoBall
NoBall VssX NoBall kbc_2 tspact_14 Icd_data_0 [lcd_data_3 gpio_20 gpio_26 NoBa\I NoBall vdd_mif
NoBall vddx NoBall NoBall NoBall nemul led_rs lcd_data_5 NoBall NoBall NoBall Reserved gpio_36 NoBall
& kbc_1 kbc_3 vdd_pll kbr_2 lcd_nrst vdd_io lcd_data_2 led_data_6 |gpio_22 gpio_25 gpio_28 gpio_31 gpio_34 vss
vop vdd_dbb  |vss_pll NoBall kbc_4 gpio_12  [icd_stb gpio_17  |icd_data 1 |icd data 4 |lcd_data 7 [NoBall vdd_dbb gpio_30 o
vop vdd o [NoBall vdd_dbb  [vss vdd_dbb  |vss NoBall vdd_dbb vss gpio_18 gpio_21 NoBall vdd_io

11.3 General Recommendations

Normal good PCB design practice should be observed for the layout with Locosto and TritonLite. Secure
that GND planes in different layers are properly connected with vias as described in section 4.

Secure that all GND planes on the PCB are well connected to reference ground.

Protect analog audio lines from digital and RF signals.

Make sure that RF traces are 50 ohm except for RX input. Keep RX input signals traces with a high
impedance to minimize loss.
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A IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements, and other changes to
its products and services at any time and to discontinue any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms and conditions of sale supplied at the time of order
acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard warranty. Testing and other
quality control techniques are used to the extent TI deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

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

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right, or other Tl intellectual
property right relating to any combination, machine, or process in which Tl products or services are used. Information published by Tl regarding third-party products
or services does not constitute a license from Tl 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 information in T| data books or data sheets is permissible only if reproduction is without alteration and is accompanied by all associated warranties,
conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

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

TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI product would reasonably be expected to cause
severe personal injury or death, unless officers of the parties have executed an agreement specifically governing such use. Buyers represent that they have all
necessary expertise in the safety and regulatory ramifications of their applications, and acknowledge and agree that they are solely responsible for all legal,
regulatory and safety-related requirements concerning their products and any use of Tl products in such safety-critical applications, notwithstanding any
applications-related information or support that may be provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising
out of the use of Tl products in such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are specifically designated by Tl as
military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military specifications. Buyers acknowledge and agree that any such
use of Tl products which TI has not designated as military-grade is solely at the Buyer's risk, and that they are solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are designated by Tl as compliant
with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated products in automotive applications, Tl will not be responsible
for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive
DSP dsp.ti.com Broadband www.ti.com/broadband
Interface interface.ti.com Digital Control www.ti.com/digitalcontrol
Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers

RFID

Low Power Wireless

microcontroller.ti.com

www.ti-rfid.com

www.ti.com/lpw

Security
Telephony
Video & Imaging

Wireless

www.ti.com/security
www.ti.com/telephony
www.ti.com/video

www.ti.com/wireless
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