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TRF2443 EEPROM

EEPROM Overview

The TRF2443 contains an integrated EEPROM that can easily be read from an external read-back pin (pin
RDBKSPI, pin 64). The embedded EEPROM contains information measured and stored at RF final test
that allows the user to optimize performance of the TRF2443. In order to ensure the integrity of the
EEPROM contents, it is important that the user adhere to the correct power supply sequence. The pin
VCCREF (pin 15) must be powered to 3.3 V at the same time or before pin VCCSPI (pin 75). If VCCSPI is
powered before VCCREF, the contents of the EEPROM registers will be erased. For this reason, it is
recommended that the user read the EEPROM contents once and store this data in memory outside of the
TRF2443 for future use. The EEPROM SPI block (address <00>) has three 32-bit registers (Reg0, 1, 2).
Register 1 and Register 2 contain the actual bit information stored in the EEPROM registers. These
registers are READ ONLY. Register 0 is used to invoke a read-back operation of the information stored in
the EEPROM registers 1 and 2 by specifying which register to read back. This register is a WRITE ONLY
register.

Register Description
Register O

Register 0 is written to the SPI to initiate a read back of the EEPROM registers. The first 5 bits, B<4,0>, of
Register 0, make up the address and never change. The first 3 bits, B<2,0>, contain the register address
<000> whereas the next 2 bits, B<4,3>, contain the EEPROM SPI| address <00>. B<26,5> must all be set
to zeroes. B<27> and B<31> must be set to 1. B<30,28> must contain the EEPROM register address that
the user wishes to read. If the information stored in Register 1 of the EEPROM is desired, Register 0 must
be written with B<30,28>=<001>. If the information stored in Register 2 of the EEPROM is desired,
Register 0 must be written with B<30,28>=<010>. The read-back timing is the same as other registers and
it is LSB first (i.e., the address information comes out first followed by the data).

Reg0
REG SEL Address
31 |30| 29|28 |27 |26 | 25| 24| 23| 22|21 (20|19 |18 |17 |16 | 15| 14 | 13 |12 |11 | 10| 9 8 7 6 5 4 3 2 1 0
1 X X X 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Register 1

The first 5 bits, B<4,0>, of Register 1, make up the address and never change. The first 3 bits, B<2,0>,
contain the register address <001> whereas the next 2 bits, B<4,3>, contain the EEPROM SPI address
<00>. The remaining bits of Register 1, B<31,5>, contain the information stored in the EEPROM register.
An explanation of what information is stored and how this information can be used to optimize device
performance is provided in a following section entitted EEPROM Contents.

Reg01
Spare Bits Q-Trim Value Address
3130|2928 |27 |26 | 25| 24| 23| 22|21 20|19 |18 |17 |16 | 15| 14 | 13 |12 |11 |10 | 9 8 7 6 5 4 3 2 1 0

X X X X X X X X X X X X X X X X X X X X X X X X X X X 0 0 0 o] 1

Register 2:

The first 5 bits, B<4,0>, of Register 2 make up the address and never change. The first 3 bits, B<2,0>,
contain the register address <010>, whereas the next 2 bits, B<4,3>, contain the EEPROM SPI address
<00>. The remaining bits of Register 2, B<31,5>, contain the information stored in the EEPROM register.
An explanation of what information is stored and how this information can be used to optimize device
performance is provided in the section EEPROM Contents.
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Reg02
Parity/Check Sum X-Coordinate Y-Coordinate Wafer Number I-Trim Value Address
31 |3 | 29|28 |27 |26 | 25|24 |23 |22|21 (20|19 |18 |17 | 16 |15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
X X X X X X X X X X X X X X X X X X X X X X X X X X X 0 0 0 1 0

Reading Information From EEPROM

In order to read back a register from the EEPROM, the user must issue a read-back command by writing
Register 0 of the EEPROM to the SPI. Register 0 must be set up as described in the preceding Register
Description of Register 0 with B<30,28> set to the address of the desired register to be read. Register 0 is
clocked into the SPI with 32 clock cycles. Register 0 is then latched into the SPI when the LATCH
ENABLE signal goes high. During this time when LATCH ENABLE is HIGH, an extra clock cycle is
required. The register contents of the desired EEPROM register are clocked out of the RDBKSPI pin on
the next 32 clock cycles. In summary, a minimum of 65 clocks are required to read a single register from
the EEPROM: 32 clocks to write Register 0, 1 clock during latch of Register 0, and 32 clocks to bring out
the register contents. The timing of this procedure is shown in Figure1l.
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Figure 1. SPI Read-Back Timing
Table 1. SPI Read-Back Timing
Symbol Parameter Minim | Units | Comments
um
th Hold time, data to clock 20 ns
tsu1 Setup time, data to clock 20 ns
Ty Clock Low duration 20 ns
T(cH) Clock High duration 20 ns
tsu2 Setup time, clock to enable 20 ns
tsus Setup time, latch to clock 70 ns
ty Delay time, clock to read-back data output 10 ns
tw Enable time 50 ns Equals Clock period
tcLk) Clock period 50 ns
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www.ti.com Example of Reading EEPROM Data After Power-on-Reset (MSB — LSB):

Note: The first-time read back of an EEPROM register is used after a power-on-reset of the IC
(VCC applied); one DUMMY read-back command needs to be issued. This command is
used to internally identify and record the data. An example of a read-back programming
following a power-on-reset follows:

Example of Reading EEPROM Data After Power-on-Reset (MSB — LSB):

Command 1 - <1001,1000,0000,0000,0000,0000,0000,0000> (Dummy read-back command)
Command 2 — <1001,1000,0000,0000,0000,0000,0000,0000> (Read-back EEPROM Reg1l)
Command 3 — <1010,1000,0000,0000,0000,0000,0000,0000> (Read-back EEPROM Reg?2)

EEPROM Error Detection

After reading the information from the EEPROM registers, it is important to check if the data read is
correct. This can be done by using the Hamming Code that was generated at the time the EEPROM was
programmed at final test. The Hamming Code is located in EEPROM SPI-0, Register 2, B<31,26>.
Because of the limitation on the number of bits that a 6-bit Hamming Code can check, the address bits of
the EEPROM registers are not checked by the Hamming Code. However, because the address bits never
change, the user can check that these bits are correct when reading the EEPROM registers. Register 1 of
the EEPROM must always return B<4,0> = <00001>. Register 2 of the EEPROM must always return
B<4,0> = <00010>. The remaining data to be checked by the Hamming Code is shown in the following
examples and numbered sequentially. B<31,5> of Register 1 becomes B<26,0> of the new data string and
B<25,5> of Register 2 becomes B<47,27> of the new data string to be checked by the Hamming Code.

Reg01

Spare Bits Q-Trim Value

31/30(29|28|27(26(25(24|23|22|21|20({19|18|17|16|15|1413|12|11|10|9 |8 |7 |6 |5|4|3|2|1]|0

26(25(24|23(22(21|20(19|18|17|16(15|14|13|12/11|10|9 |8 |7 |6 |5|4 3|2 |1]|0

The shaded row indicates data checked with Hamming Code.

Reg02

Parity/Check Sum X-Coordinate Y-Coordinate Wafer Number I-Trim Value Address

31130(29|28|27(26(25(24|23|22|21|20(19|18|17|16|15|1413|12|11|10| 9 |8 |7 |6 |5|4|3|2|1]|0

47|46 |45|44 143 |42|41|40(39|38|37|36|35(34(33|32|31|30|29|28]|27

The new data string is parity checked as follows:

Hamming Code Register 1
New Data String to Be Checked with Hamming code 0|1]2[3[4]|5]6]7]8]9]10[11]12]13]14[15]16]17[18]19]|20]21[22]23]24]25]26
REG2<26>: Parity Check 1 (if sum is even parity bit=0, else 1) x| x x [ x X X x| x X X X X X X x| x
REG2<27>: Parity Check 2 (if sum is even parity bit=0, else 1) X x| x x| x x| x x| x x| x x| x x| x
REG2<28>: Parity Check 3 (if sum is even parity bit=0, else 1) x [ x| x x| x| x|x x| x| x|x x| x| x|x
REG2<29>: Parity Check 4 (if sum is even parity bit=0, else 1) x| x| x| x|x]|x]|x x| x| x| x| x| x|x]x
REG2<30>: Parity Check 5 (if sum is even parity bit=0, else 1) x| x{x x| x| x| x[x|x]|x|x|{x]|x]x]x
REG2<31>: Parity Check 6 (if sum is even parity bit=0, else 1) X

X| X]| x| xX|[X
X|X|X|X|[X]|X] X

x
x

REG2<30>: Parity Check 5 (if sum is even parity bit=0, else 1
REG2<31>: Parity Check 6 (if sum is even parity bit=0, else 1

X| X[ X]| X|X|X]|X|X]|X|X]|X]|X] X

x

Hamming Code Register 2

New Data String to Be Checked with Hamming code 27128|29]30]31]|32]|33|34|35[36]|37]|38[39][40]|41]42|43]|44]|45[46|47
REG2<26>: Parity Check 1 (if sum is even parity bit=0, else 1) X X X X X X X X X X
REG2<27>: Parity Check 2 (if sum is even parity bit=0, else 1) x| x X | X x| x x| x x| x X
REG2<28>: Parity Check 3 (if sum is even parity bit=0, else 1) x| x| x]|x x| x| x|x x| x| x
REG2<29>: Parity Check 4 (if sum is even parity bit=0, else 1) x| x| x| x| x|[x|x]x

)

)

The user must compare the results of this check with that stored in Register 2, B<31,26>. If the results do
not match, an error has occurred and the read-back operation must be repeated until the parity check
matches.
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EEPROM Contents

The EEPROM inside the TRF2443 contains information measured and stored at RF final test that allows
the user to optimize performance of the TRF2443. By using this information, the carrier leakage at the
output of the transmitter can be minimized. This section describes how the data that is read from
EEPROM is used to achieve this target.

TX Carrier Leakage Optimization

The EEPROM registers contain settings that represent the optimum common-mode bias voltage for the 1Q
mixer of the transmitter chain. With this optimum bias voltage, the carrier leakage seen on the output of
the transmitter chain can be minimized. The optimum setting for the Q-mixer is located in Register 1,
B<10,5> whereas the same for the I-mixer is located in Register 2, B<10,5>.

Reg01
Spare Bits Q-Trim Value Address
31| 30| 29|28 |27 |26 | 25| 24| 23| 22|21 (20|19 |18 |17 |16 | 15| 14 | 13 |12 |11 | 10| 9 8 7 6 5 4 3 2 1 0
X X X X X X X X X X X X X X X X X X X X X X X X X X X 0 0 0 0 1

Reg02

Parity/Check Sum X-Coordinate Y-Coordinate Wafer Number I-Trim Value Address
3130|2928 |27 |26 | 25| 24| 23| 22|21 (20|19 |18 |17 |16 | 15| 14 | 13 |12 |11 |10 | 9 8 7 6 5 4 3 2 1 0

X X X X X X X X X X X X X X X X X X X X X X X X X X X 0 0 0 1 0

Once read from the EEPROM registers, this data must be written to the SPI as follows:
- EEPROM SPI-0, Register 1, B<10,5> write to TX/RX SPI-3, Register 3, B<24,19>
» EEPROM SPI-0, Register 2, B<10,5> write to TX/RX SPI-3, Register 3, B<30,25>
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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.

Tl 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 Tl 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 TI regarding third-party products or services does not constitute a license from TI 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 Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

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

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl 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 Tl 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, TI 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 pmplifier.ti.com Audio [vww.1r.com/audid

Data Converters Automotive [vww Tr.com/automofiv
DLP® Products [vww .dIp.comn] Broadband [pww i.com/broadband
DSP Fspicom Digital Control [pww ir-com/digitalcontrol
Clocks and Timers [yww Ti.com/cloc Medical [pww Ti.com/medical
Interface [nferfacedico Military [pww ir-com/military
Logic [oaicTiconi Optical Networking [xww Ti.com/opficalnetwor
Power Mgmt powerfr.com Security vww Tr.com/securt
Microcontrollers nicrocontroller.fi.conj Telephony lvww.tr.com/telephony
RFID [wWwiiirfid-co Video & Imaging [pww i-com/vided

RF/IF and ZigBee® Solutions | {r.com/prl Wireless [vww fi.com/wirelesy

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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