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0 Document Control

© 2007 Texas Instruments Incorporated. All rights reserved.

Texas Instruments Incorporated and / or its subsidiaries (T1) 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. T1 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 Tl 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. Tl 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 T1 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 T1 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 Tl 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
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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.

0.2 Document History

Date Version Status Author

2005-06-22 001 Draft TI User

Initial version.

2005-06-24 002 Draft a0389010

Updated APC-Voltage input on I-sample and also Physical address for registers are updated
2005-08-25 003 Submitted a0389010

Update of document properties: Status.

2005-08-26 004 Approved Leif Rasmussen

Update of document properties: Status. Document made external. No longer a preliminary document. Export
control classification changed.

2005-10-04 005 Submitted a0389010
Update of document properties: Updated register address mapping and RAMP shape values

2007-06-12 007 Submitted a0389010

TX RAMP values updated for I-sample VV2.8.
APC filter updated.
Important Notice added

2007-06-13 008 Approved Claus Lunde

Update of document properties: Status.
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1 APC module overview

The Automatic Power Control (APC) module is included in the DRP wrapper. The module is used to control
the PA RAMP and the PA output power level. The APC module is split into a digital part and an analog part.

The automatic power control (APC) generates an envelope signal to control the power ramp-up, power ramp
down and the power level of the TX radio burst. The APC structure is intended to support single-slot and
multi-slot transmission with smooth power transition when consecutive bursts are transmitted at different

power levels.

Figure 1. APC and DRP wrapper highlight
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1.1  Main Features

A Interface logic between digital Base band and APC analog part.
B Output voltage for the UP- and DOWN ramp.

1.2 Signals and I/O description

OCPS#2

OCPS#1
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Figure 2: Module overview
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Table 1: I/0 description

Signal Name

I/O Description

VCore

Core digital supply for Locosto. (VDD-DBB).
Only used to APC digital part in this module. (1.8 Volt)

APC-VDO

| APC output amplifier supply. (2.8 Volt)

Start APC

by TPU in DBB).

Internal TSPACT signal from DRP Wrapper (controlled

APC_LDO_EN

by TPU in DBB).

Internal TSPACT signal from DRP Wrapper (controlled

APC_EN

by TPU in DBB).

Internal TSPACT signal from DRP Wrapper (controlled

RHEA

IO 16 bit address and data bus from DBB

APC_OUT

O  Analog APC output ramp signal to PA.

I=Input, O=Output

Note: On Tl I-sample VCore and APC-VDO is supplied from Triton. VCore is supplied from
VREXTL and APC-VDO is supplied from VRMMC.
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2 Functional description

2.1 Block diagram
Figure 3: APC digital block diagram
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The RHEA interface is used to write/read into/from all registers. All registers are locked for writing once
RAMP build up starts.

The RAMP build up is an essential part of this module. To control the precise timing a small microcontroller
is built in to help determining precise step to build up the RAMP signal. Ramp is built up by 20 up-/down
coefficients stored in APC RAM and fetched through the register (see Table 3: APCRAM)

The APCRAM register includes 20 16-bits words. The 8 LSBs of each word represent the coefficients of the
ramp-up shape, the 8 MSBs represent the coefficients of the ramp-down shape. The write pointer will load
the register based on an enable signal, which will be generated based on whether RHEA wants a read, or
write.
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Figure 4. APCRAM register implementation

Register File
Implementation

T

APC RAM register <

|

RHEA Bus

There are three pointers, which run independently of each other namely the RHEA write pointer, RHEA read
pointer and the APC internal read pointer, which fetches coefficients. The pointer movements are calculated

automatically. Hence repeated Reads/and Write is possible. Write to APCCTRLL register bit 0 will initialize
all the pointers.

Each cell in the APC register contains 8 bits up ramp coefficient and 8 bits down ramp coefficient see Table
3: APCRAM in section 4.2.

2.2 RAMP generation.
The shape of ramp-up/down is computed from the value of the power level step and from the coefficients of
the desired shaping filter:

e The power step is obtained by subtracting the previous power level (initialized to zero when APC_EN
rises) from the new power level programmed by the DBB (APCLEV: 10 bits word).

e The ramp shape is sampled at Fs= 4* 270.833kHz. Its duration (ramp-up or ramp-down) is 5 bits
duration (5/270.833e3= 18.4us). So the ramp shape (up or down) is constituted by 20 coefficients which
are stored in RAM (APCRAM).

e At the end of the ramp, APCLEV is stored (will be previous power level for next burst) and APCLEV
register is reset to zero. If a burst is to be transmitted in the next slot, the DBB programs the new power
level by programming APCLEYV register otherwise APCLEV remains 0.

According to the sign of the power step to be performed, ramp-up or ramp-down coefficients are selected.
The sequence of 10-bits words fed to the 10bit APC DAC is:

Fs=4* 270.833 kHz:
Level (i) = Level,; + (StePe /256) - (up[i]* (L signy,, ) + dwfi]*sign,,,, )

where:
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leveliyit is the current power level

stepiey IS the power level step to be done

up[i] are the coefficients of the ramp-up

dwli] are the coefficients of the ramp-down

SigNsep is the sign of stepe, (0 for plus, 1 for minus)

This ramp is therefore constituted by 20 steps for ramp-up and 20 steps for ramp-down (Fs=4*270.833kHz).
No further interpolation is needed.

Notice:

Each of the 20 coefficients is an absolute value between 0 and 255. This is different from previous Tl
solutions.

Before being fed to the 10-bit DAC, the content of the offset register (APCOFF) is added to the 10-bit words
computed before.

2.3 Sequencing.

APC_LDO_EN TSPact signal enables/disables APC LDO. This LDO can also be enabled by register
programming (see Table 8: APCCTRL?2).

The APC block is enabled/disabled by APC_EN TSPact signal. When APC_EN goes high, APC is enabled
and the content of the offset register APCOFF is fed to the DAC.

There are two modes to control APC ramps. Internal sequencing or External trigger, See Table 8:
APCCTRL2

2.3.1 Internal sequencing (default mode)

In this mode, APC ramps are controlled by the TSPact signal Start APC coming from DBB, APC delay
registers and an internally generated Ramp_EN signal.

Two delay registers (APC ramp delay 1 and APC ramp delay 2) contain two 10-bit words to control the
effective start of the ramp-up (APC_DEL_UP) or ramp-down (APC_DEL_DOWN) relative to Ramp_EN
signal. APC ramp delay 1 register contains the 5 LSBs of the two 10-bit words while APC ramp delay 2
register contains the 5 MSBs of the two 10-bit words. These delays can be adjusted independently for ramp-
up and ramp-down from 0 to 1023 by quarter-bit units.
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PARAMETER MIN | TYP | MAX | UNITS
APC_DEL_UP 0 1023 Ya bit
APC_DEL_DWN 0 1023 Ya bit
Tslot 156.25 bit

Bit is relative to GSM bit = 1/270.833kHz

When the rising edge of Start APC occurs, the APC block generates a Ramp_EN pulse (1/4 bit duration) and
APC internal sequencer launches a counter which regenerates a Ramp_EN pulse every Tslot until Start. APC
goes low. When Start_ APC goes low, a Ramp_EN pulse is also generated.

The ramp starts APC_DEL_UP (or APC_DEL_DOWN according to the power step to be performed)
quarter-bits after each Ramp_EN falling edge (leaving the ¥4 bit duration of the pulse to compute the APC
step).

Before each ramp, DBB programs the new APCLEV for the burst to be transmitted. At the end of the ramp,
APCLEV is stored (to be used as the old power level) and APCLEYV register is reset to zero. If a new burst is
to be transmitted in the following slot, the DBB programs the new APCLEV (otherwise APCLEYV stays at 0).

Figure 5. Single slot operation shows APC behavior in single slot operation.

Figure 5. Single slot operation

APC_EN

Start_APC

Ramp_EN —I —I

| | |
APC IAPC_DEL P I |
signal | A|>c IbeL D§)WN
—I ¥ APCOFF : I : I I
| |
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Figure 6. Multi slot operation shows APC behavior in multi-slot operation.

Figure 6. Multi slot operation
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2.3.1.1 Protection

An internal LOCK signal is generated which will prevent any software writes to any register during RAM
build up/down.

Additional hardware protection is provided in terms of that once the ramp achieves the maximum value and
if all 20 coefficients are not used then the ramp will stop, this is done to readily reach the full ramp value and
not oscillate at the final ramp value. No more fetches will be done from the APCRAM register.

2.3.2 External trigger

In this mode, APC delay registers are not used to control the ramp-up/down. Ramp up/down are only
controlled by the dedicated TSPact Start APC, which is a pulse with 1 quarter bit duration signal.

Each time a Start_ APC pulse occurs, a ramp-up or down (according to the power level step to be performed)
is generated (on falling edge of the pulse to leave one ¥ bit to compute APC step).

Before the ramp, DBB programs the new APCLEYV for the burst to be transmitted. When Start APC occurs,
the ramp starts. At the end of the ramp, APCLEV is stored as the old power level and APCLEV register is
reset to zero. If a new burst is to be transmitted in the following slot, DBB programs the new APCLEV
(otherwise APCLEYV stays at 0). When Start_ APC occurs, a ramp-up or down (according to the power step to
be performed) is generated and so on according to the number of consecutive bursts to be transmitted.

QJ TexAS Texas Instruments Proprietary Information Page: 11/20
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Figure 7. External trigger mode (multi-slot).

APC_EN

Start APC H

APC |
signal

3 APC output.

As described before the APC module consists of 2 parts, a digital part and an analog part. At the output of
the digital part is a 10 bit DAC that is buffered to the APC-out signal (ball # U13). The APC-out is
connected to the RAMP input of the selected PA.

The maximum APC-out level is minimum 2.1 Volt. With a 10 bit resolution this gives roughly a resolution

of 2.1 mV/LSB

The APC offset voltage (pre-ramp voltage) is programmed by 6 bit in the APCCTRL2 register. The

maximum offset is 250 mV with a resolution of 4 mV/LSB.

The APC-out has a maximum source current of 200 pA.

4 Register manual

4.1 Module register mapping summary

Table 2: APC Module Register offset address

Register Name Type Register Width (Bits) Address offset Physical Address
APCRAM RIW 16 0x04 FFFF:5004 / CS10
APCLEV RIW 16 0x02 FFFF:5002 / CS10
APCDEL1 R/W 16 0x06 FFFF:5006 / CS10
APCDEL?2 R/W 16 0x08 FFFF:5008 / CS10
APCCTRL1 RIW 16 OX0A FFFF:500A / CS10
APCCTRL2 RIW 16 0x0C FFFF:500C / CS10
W TEXAS Texas Instruments Proprietary Information Page: 12/20
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4.2  APC Register description

Table 3: APCRAM

Address Offset 0x04

Physical address FFFF:5004 Instance APCRAM
Description This register contains the DOWN and UP ramp coefficients.
Type R/W

Write Latency Not relevant

151413121110 9 8|7 6 5 4 3 2 1 0

Ramp DOWN coefficients.| Ramp UP coefficients.

Bits Field Name Description Type Reset
} Ramp DOWN coefficient, the APC will access 20 * 8

158 DWN bits RAM through this register RIW 0x00
. Ramp DOWN coefficient, the APC will access 20 * 8

[ bits RAM through this register RIW 0x00

Hence APCRAM is a 20*16 bit circular buffer whose write pointer is automatically reset after the write of
the last coefficient.

Table 4: APCLEV

Address Offset 0x02

Physical address FFFF:5002 Instance APCLEV
Description This register contains the APC power level

Type R/W

Write Latency Not relevant

151413121110 9 8|7 6 5 4 3 2 1 0

RESERVED APC level
Bits Field Name Description Type Reset
15:10 RESERVED 0x00
9:0 APCLEV 10 bits APC level R/W 0x00
At the end of each ramp, APCLEV is reset to 0.
i, Texas Instruments Proprietary Information Page: 13/20
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Table 5: APCDEL1

Address Offset  0x06
Physical address FFFF:5006 Instance APCDEL1

Description This register contains the LSB part of the Ramp down and Ramp up delays.
Type R/W
Write Latency Not relevant

151413121110 9 8|7 6 5 4 3 2 1 0

LSB part of
RESERVED ramp down

delay

LSB part of
ramp up delay

Bits Field Name Description
15:10 RESERVED

Type Reset
0x00

. 5 bit LSB part of down ramp delay relative to the rising
95 APC_DEL_DWN1 edge of Start_APC in internal sequencing mode only

. 5 bit LSB part of down up delay relative to the rising
40 APC_DEL_UP1 edge of Start_APC in internal sequencing mode only

Table 6: APCDEL?2

Address Offset  0x08
Physical address FFFF:5008 Instance APCDEL2

Description This register contains the MSB part of the Ramp down and Ramp up delays.
Type R/W
Write Latency Not relevant

151413121110 9 8|7 6 5 4 3 2 1 0

MSB part of
RESERVED ramp down

delay

MSB part of
ramp up delay

Bits Field Name Description
15:10 RESERVED

Type Reset
0x00

95 APC DEL DWN2 5 bit MSB part of dqwr_1 ramp delay rela_mve to the rising
- — edge of Start_APC in internal sequencing mode only

. 5 bit MSB part of down up delay relative to the rising
40 APC_DEL_UP2 edge of Start_APC in internal sequencing mode only

“'J TexAS Texas Instruments Proprietary Information Page: 14/20
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Table 7: APCCTRL1
Address Offset  0x0A
Physical address FFFF:500A Instance APCCTRL1
Description Initialize the APCRAM pointer by writing 1.
Type R/W
Write Latency Not relevant
151413121110 9 8|7 6 5 4 3 2 1 0
x
|_
o
]
a
<
Bits  Field Name Description Type Reset
15:1 RESERVED 0x00
0 APCPTR Writing 1 initializes the APC RAM pointer to 0. 0x00
Table 8: APCCTRL2
Address Offset  0x0C
Physical address FFFF:500C Instance APCCTRL2
Description Initialize the APCRAM pointer by writing 1.
Type R/W
Write Latency Not relevant
151413121110 9 8]7 6 5 4 3 2 1 0
pd
Z|z I'ul a4
ulblE 8|&
ols|é APCOFF 815
Zlw|m Ol o
n|lo Q<
<
Bits Field Name Description Type Reset
15:11 RESERVED 0x00
10 SINCEN Sinc Enable 0x00
9 DEM_EN DEM Enable 0x00
8 BGEN Band Gap Enable 0x00
7:2  APCOFF 6 bit APC offset register 0x00
1  APC_LDO _EN Enable APC LDO (VRAPC) 0x00
0 MODE 0: internal sequencer; 1: external trigger for ramp start W 0x00
] Texas Instruments Proprietary Information Page: 15/20
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APCOFF is fed to the DAC while APC_EN is high. The APCOFFSET is left shifted by 1 bit and appended
with zero, thus internally making it 7 bits, to be added with the APCOUT value calculated.

The APC LDO can be enabled in two different ways:

- Using APC_LDO_EN bit in APCCTRLZ2 register
- Orusing APC_LDO_EN TSPact signal from the TPU20CP module in the DRP Wrapper.

QJ TexAS Texas Instruments Proprietary Information Page: 16/20
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5 Appendix A — Defalut Ramp values example.

5.1 Default Power Ramp Table

This section contains an example on how the coefficients of the ramp-up and ramp-down shaping filters and
level value registers of the Locosto are to be controlled.

For each power level the following numbers must be defined:

Table 9. The values used to define the power ramps.

Ref Register Function

Level APCLEV 10 bit APC power level
Up[0..19] APCRAM 20 ramp up steps

Dw [0..19] | APCRAM 20 ramp down steps

DELU APCDEL1,2 APC up ramp delay, 10 bit
DELD APCDEL1,2 APC down ramp delay, 10 bit

Each power level is associated with a nominal output power, a power template, a default level value, and a
set of ramp timing values, DELU and DELD.

5.1.1 Power ramp tables for RF3178G

Below table show the Ramp shape coefficient that is used on I-sample as initial values. All power levels has
got the same ramp shape, but this will be changed during verification and optimized to best performance. See
Table 12 for information about improved RAMP shape on I-sample 2.8.

Table 10. Initial ramp shaping coefficient for I-sample version 1.0

RAMP shape coefficient 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
GSM 850 Rampup | o] o] o of of 10] 10] 21] 44] 69] 96] 119] 143] 166] 188] 210] 228] 243] 255] 255]
Ramp down | 255 247 236] 220] 199] 167 120[ 82 45| 13| o 0] of of of of of of of o
EGSM900 [Rampup [ O O] O] o] o] 10] 10] 21] 44] 69] 96] 119] 143 166] 188] 210] 228] 243] 255 255]
[Ramp down | 255] 247 236] 220 199] 167] 120] 82[ 45| 13[ o[ O] of o of o of of o o
DCS1800 [Rampup ] O o o o of 10] 10] 21] 44] 69] 96] 119] 143] 166] 188] 210] 228] 243] 255] 255]
[Ramp down | 255] 247] 236] 220 199 167] 120] 82 45 13 o[ 0] of of of of of of o o
PCS1900 [Rampup [ O o o of of 10] 10] 21] 44] 69] 96] 119] 143] 166] 188] 210 228] 243] 255] 255|
|Ramp down | 255] 247] 236] 220] 199] 167] 120] 82| 45| 13 o[ of of of of of of o o o

%j TEXAS Texas Instruments Proprietary Information Page: 17/20
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Table 11. Initial ramp shaping coefficient for I-sample 1.1 and I-sample 2.0

RAMP shape coefficient 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

GSM-850 |RAMP-UP 0 0 0 0 0 0 0 0 4 | 14 | 37 | 64 | 95 | 127 | 160 | 101 | 218 | 238 | 251 | 255
[Ramp-DOWN | 255 [ 251 | 238 [ 218 | 1091 [ 160 [ 127 [ o5 [ 64 [ 37 [ 14 [ 4 0 0 0 0 0 0 0 0
E J[rRamp-up 1T 0 [ o | o | o] o] of of o 4 ] 14 ] 37 ] 64 | 95 | 127 [ 160 | 191 | 218 | 238 | 251 | 255 |
GSM-900
|RaMP-DOWN | 255 | 251 | 238 | 218 | 191 | 160 | 127 | o5 | 64 [ 37 [ 14 [ 4 ] o] o] o] o] o[ o o[ o]
D lramp-up | o | o | o ] o] o o] o o 4 | 14 | 37 | 64 | 95 | 127 | 160 | 101 | 218 | 238 | 251 | 255 |
CS-1800
JrRamP-DOWN | 255 | 251 | 238 | 218 | 101 [ 160 | 127 ] 95 | 64 [ 37 | 14 ] 4 ] o | o] o] o] o[ o] o] o]
Jramp-up 1 0 [ o ] o[ o] o of of o a ] 14 ] 37 ] 64 | 95 | 127 [ 160 | 191 | 218 | 238 | 251 | 255 |
PCS-1900
|RamP-DOWN | 255 | 251 | 238 | 218 | 191 | 160 | 127 | 95 | 64 [ 37 [ 14 [ 4 [ o ] o] o] o] o[ o o[ o]

5.1.2  Final APC filter and RAMP coefficients for I-sample 2.8.

To improve TX switching spectrum a full characterisation of the PA module RF7115 used on I-sample has
been done. This leads to updates in the ramping coefficients and APC filter for I-sample 2.8.

The RAMP coefficients are different for each band to compensate for the small differences in the PA transfer
function (APC in to PA out)

Table 12. Updated ramp shaping coefficient for I-sample 2.8. APC filter changed to 15 kQ series
resistor and 68 pF shunt capacitor

RAMP shape coefficient 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

GSM-850 |RAMP-UP 0 0 0 0 0 0 0 8 16 | 32 | 58 | 93 | 127 | 158 | 186 | 210 | 229 | 244 | 252 | 255
[RamP-DOWN | 252 | 244 T 220 T 210 [ 186 [ 158 [ 227 [ 03 | 58 | 20 0 0 0 0 0 0 0 0 0 0
Jramp-up 1T 0 [ o | o | o] o] o f o 8 | 15 ] 30 | 54 | o0 | 125 | 157 [ 185 | 210 | 229 | 243 | 252 | 255 |
EGSM-900
JrRamMP-DOWN | 252 | 243 | 220 | 210 | 185 [ 157 | 125 | 90 | 54 [ 27 ] o | o [ o [ o | o] o] of o] o] o
Jramp-up 1 0 [ o | o | o] o o f o 8 | 16 | 31 | 55 | 92 | 126 | 158 | 186 | 210 | 229 | 244 | 252 | 255 |
DCS-1800
JRaMP-DOWN | 252 | 244 | 220 | 210 | 186 | 158 | 126 | 92 | 55 [ 28 | o | o | o [ o | o] o] of o] o] o
| PCS-1900 Jramp-up 1 0 [ o ] o[ o] o] o f o 8 | 15 ] 30 | 53 | 90 | 124 | 156 | 185 | 209 | 229 | 243 | 252 | 255 |

|RAMP-DOWN | 252 [ 243 | 220
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Figure 8. Updated APC filter for I-sample
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5.1.3  Initial APC values for I-sample 1.0
Initial APC-level values for TX module RF3178G

Table 13. Initial APC-level used on I-sample version 1.0

Power level

Output power

GSM850
APC level
DAC
level \Y

\

GSM900
APC level
DAC
level \%

DCS
APC level

Output power

PCS
APC level

\

DAC level

0 29,5 1,152|V 1,191|V
1 28|dBm 1,033|V 503 1,033|V 503
2 26{dBm 0,894|V 436 0,894|V 436
3 24|dBm 0,775|V 378 0,775|V 378
4 22(dBm 0,697|V 340 0,697|V 340
5 32,5/dBm 1,230|V 599 1,23|V 599 20|/dBm 0,617|V 301 0,617|V 301
6 31{dBm 1,092|V 532 1,092|V 532 18|dBm 0,557|V 271 0,557|V 271
7 29|dBm 0,934|V 455 0,934|V 455 16|dBm 0,497|V 242 0,497|V 242
8 27{dBm 0,795|V 387 0,795|V 387 14|dBm 0,458V 223 0,458V 223
9 25|dBm 0,716|V 349 0,716|V 349 12|dBm 0,439|V 214 0,439|V 214
10 23|dBm 0,617|V 301 0,617|V 301 10|dBm 0,418|V 204 0,418|V 204
11 21|dBm 0,557|V 271 0,557|V 271 8(dBm 0,398|V 194 0,398|V 194
12 19|dBm 0,498|V 243 0,498|V 243 6{dBm 0,378|V 184 0,378|V 184
13 17|dBm 0,458|V 223 0,458|V 223 4|dBm 0,358V 174 0,358V 174
14 15|dBm 0,438|V 213 0,438|V 213 2{dBm 0,338|V 165 0,338|V 165
15 13|dBm 0,398|V 194 0,398|V 194 0{dBm 0,318|V 155 0,318V 155
16 11|dBm 0,378|V 184 0,378|V 184
17 9(dBm 0,358|V 174 0,358|V 174
18 7(dBm 0,338|V 165 0,338|V 165
19 5(dBm 0,318|V 155 0,318|V 155
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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 Tl 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 TI 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 TI 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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