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Overview

This document describes the interface between BRF6300 and an external Class1 power amplifier.

1. Introduction

The TI BRF6300 device is targeted to be a Class 2 Bluetooth device. Class 2 device maximum output
power is defined in BT specifications as +4dbm. When an output power higher then 4dbm is required, the
BRF6300 is also designed to support an external Class 1 power amplifier (PA). Class 1 device maximum
output power is defined in BT specifications as +20dbm.

Supporting Class1 can be achieved by adding an external PA and RF switches.

The BRF6300 interface supports both a digitally-controlled PA and an analog-controlled PA

This document defines the connectivity between BRF6300 and external class1 power amplifiers.

This document is complementary to the BRF6300 data sheet, and is not intended to replace it. It is
strongly recommended that the designer will use the full spectrum of data sheets and application notes for
a system design.

2. Description

Two types of PA connectivity are available; digital control and analog control. The BRF6300 supports
both types of amplifiers using a dedicated interface.
One digital and two analog control modes can be selected by VS command:

2.1. Digitally-Controlled External PA

Digital control of an external PA is achieved using is the following output lines:

o EXT_PA_CMDI and EXT_PA_CMDI- are input into the voltage control lines of the
digital PA. These two lines together comprise the 2-bit control command of the digital
PA.

o EXT_PA_EN and nEXT_PA_EN lines serve for two purposes- The first is to enable the
PA (only one of these two lines is used, which are complementary, depending on the PA
and polarity of the PA’s enable input). The second purpose is to control the RF switch
(refer to 2.3)

Figure 1 depicts these four output lines and their functionality.

EXT_PA_CMD1
EXT_PA_CMD2

EXT_PA_EN
NEXT_PA_EN}—

BRF6300 [ | BALUN T g

RFN — — o
RF switch EXTPA | RF switch

Figure 1 : Digital control of external PA
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Table 1 illustrates the 2-bit power level control command for digitally-controlled PA.
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Table 1 : Power level control of digital PA

EXT_PA_CMD2 | EXT PA_CMD1 | Power Level
0 0 1
0 1 2
1 0 3
1 1 4

2.2. Analog-Controlled External PA

There are two possible options for interfacing an analog PA.

Analog control via PWM: This is option to provide compatibility with BRF6150 analog control
method. Pulse width modulation using the EXT_PA_CMD1 and EXT_PA_CMDI1 and an RC filter to
create one analog level control signal. (The EXT_PA_EN and nEXT_PA_EN control the RF switch
just as in the digital PA solution)

Analog control via internal DAC: Built in DAC allows use of a dedicated output line, usually without
any external components (one capacitor required if noisy DAC supply), to create analog level control
signal. Separate supply required for DAC - up to 3.3V for maximum PA control. This method is the
preferable when analog external PA is used. Figure 2 depicts the interface to control an analog PA.

PA_CTRL
EXT_PA_EN
nEXT_PA_EN|—

Y VY EN>\Y Y VY

BRF6300 [ ] BALUN - r T
RFM— 5 T

EXT PA

;

RF switch RF switch

Figure 2 : Analog control of external PA

Figure 3 further explains the PA control circuit, with analog level control by the DAC. An 8-bit internal
DAC outputs a varying-voltage analog signal that controls the external PA output power. The external PA
is disabled/enabled depending on the polarity of EXT_PA_EN or nEXT_PA_EN (refer to Section 2.4).
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CTRL% 8 bit DAC
= % o
T 000
L
—
T— é Level
Shifi
[ Baseband
2 2
Exi_PA_En Exi-PA_En
Ext_nPA_En

Class1 En

and Figure 5.

Note An additional Level shifter (for the nEXT_PA_En) might be needed depending on
the RF switches used and the BRF630C minimum 10 supply voltage

Figure 3: Analog PA - DAC gain mode

The 3 connectivity options for digital and analog PAs are described in more detail in Figure 4, Figure 6

Copyright © 2005, Texas Instruments Israel Ltd.
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2.3. RF Switches Control

The switches require two control signals — one is the inversion of the other. In order to avoid undefined
states, the same signal —- EXT_PA_EN will be used, with an inverter to create nEXT_PA_EN.
The states of the BT channel according to EXT_PA_EN and nEXT_PA_EN signals detailed in Table 2

(with reference to schematics in section 6 below):

Table 2 : RF switches control

State EXT _PA_EN | EXT PA_EN OUTPUT1 OUTPUT2 PA
Class2 TX 0 1 ON OFF OFF
/RX
TX 1 0 OFF ON ON

The switch to Class2 TX path is used for current consumption optimization (the external PA shall be
enabled/used only when output power needed requires a use of external PA) and it shall be performed
based on the power control. Usually while in Class2 applications, the external PA will be disabled.

2.4. External PA Enable / Disable

For this purpose, one of the above signals (EXT_PA_EN, nEXT_PA_EN) will be used, according to the
type of the PA used (active high or low enable pin). Since most PA known in the market have active high
enable, the default value of EXT_PA_EN should be low (PA disabled).

3. Signals

The required signals for using an external power amplifier are detailed in the table below. The
recommended pins marked in bold blue.

Table 3 : Classl Signals

Signal name BRF6300 pin Description
EXT_PA_EN 10_14 The signal enables the external power amplifier and also
controls the external switches to RX/TX states.
nEXT_PA_EN 10_15 The signal is complementary to the EXT PA_EN signal. It
10_16 controls the external switches to RX/TX states, together with
TX_DBG EXT_PA_EN signal.
Ext PA_CMDI1 10 2 The LSB of the 2-bit control command to the digital PA.,
10_4 used for external Digitally-controlled Pas and for PWM-
10_17 analog-control PA option
TX_DBG
Ext PA_CMD?2 10 3 The MSB of the 2-bit control command to the digital PA.,
10_7 used for external Digitally-controlled Pas and for PWM-
10_15 analog-control PA option
TX DBG
PA_CTRL PA_CTRL Analog signal that is used for voltage control of the DAC-
analog control external PA option

Copyright © 2005, Texas Instruments Israel Ltd.
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4. HCI VS Commands

There are two commands used to control the class 1 application: “HCI_VS_DRP_Set_Power_Table” and
“HCI_VS_DRP_Set_External_PA_Mode”.

The “HCI_VS_DRP_Set_Power_Table” command sets the internal and external PA power tables values.
A power table specifies the output power for each of the seven possible power levels. In the BRF6300,
there are 60 available tables (there is a dedicated for each process (weak, nominal or strong) for the
different temperature ranges and for the different modulation scheme (GFSK, 2M EDR and 3M EDR).
According to the process and temperature burned in the DIE the relvant power table is automatically
selected. There is also a separate power table for the external PA.

The command also sets the activation of each the 7 power level of the external PA (not all power levels
have to be on, for example- level 7 can be on, and level 6 off).

The “HCI_VS_Set_Power_Calibration_Matrix” has the following functionalities:
a) Determine the external PA control mode (digital, PWM or DAC).
b) Determine the different setting parameters for a specific mode.
¢) Mux select of the 10 pins.

In order to get the dedicated init script for every customer’s application, please refer to the local FAE.

Copyright © 2005, Texas Instruments Israel Ltd. Page 8 of 16
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4.1. HCI_VS_DRP_Set Power_Table
Table 4 : HCI_VS_DRP_Set_Power_Table command parameters

Command Opcode Command Parameters Return Parameters
HCI_VS_DRP_SET_POWER_TABLE 0XFD95 Process Status
Temperature

Type GFSK / 2-EDR / 3-EDR/Ext PA
Level 0 value

Level 1 value

Level 2 value

Level 3 value

Level 4 value

Level 5 value

Level 6 value

Level 7 value

External PA Enable control

5 =k
Opcode O«F095 J
Proceszs Tepe [0x0F] &ll process wpes
Temperature A ange [D=0F 1 AN temp ranges
Power Table Type [Dw00) GFSE. -
Power Level 0% alue (=00
Power Level 1% alue 00
Power Level 2% alue 00
Power Level 3% alue (00
Poveer Level 4V alue 00
Power Level 5% alue =00
Power Level 6% alue (=00
Power Level 7Y alue (=00
External P& Enable Control Power Level 0, Power Level 1, Power Level 2, ..~

Power Table Type
=00 GFSE., 0=01: EDR 2MB. Ox02: EDR 3B, Ox03: Extemal P,

Description:
This command sets the power table of the given process, temperature & type.
The "External PA Enable control" field is relevant only when the field "Power Table Type" is Ext PA.

Command Parameters:

Process Type Size: 1 Byte
Value Parameter Description
0x00 — 0x02 Update power table only if matches current process
0xO0F Regardless of process.
Copyright © 2005, Texas Instruments Israel Ltd. Page 9 of 16
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Temperature range Size: 1 Byte
Value Parameter Description
0x00 — 0x04 Update power table for the relevant temperature range
0xOF Change for all temperatures (only if process matched)
Power Table Type Size: 1 Byte
Value Parameter Description
0x00 GFSK Power table
0x01 2-EDR power table
0x02 3-EDR power table
0x03 External PA power table
Level n value (n=0..7) Size: 1 Byte
Value Parameter Description
0x00 — OxFF Selects the value to set in the table entry.
External PA control Size: 1 Byte
Value Parameter Description
Bit 0 External PA activation for power level 0 (0 is off, 1 is on)
Bit 1 External PA activation for power level 1 (0 is off, 1 is on)
Bit 2 External PA activation for power level 2 (0 is off, 1 is on)
Bit 3 External PA activation for power level 3 (0 is off, 1 is on)
Bit 4 External PA activation for power level 4 (0 is off, 1 is on)
Bit 5 External PA activation for power level 5 (0 is off, 1 is on)
Bit 6 External PA activation for power level 6 (0 is off, 1 is on)
Bit 7 External PA activation for power level 7 (0 is off, 1 is on)
Return Parameters:
Status: Size: 1 Byte
Value Parameter Description
0x00 Command Succeeded.
0x01-0xFF Command failed. See Error! Reference source not found..
Events Generated:
Command Complete Event
Copyright © 2005, Texas Instruments Israel Ltd. Page 10 of 16
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4.2. HCI_VS DRP Set External PA Mode

Table 5 : HCI_VS_DRP_Set_External_PA_Mode command parameters

Command

Opcode

Command Parameters

Return Parameters

HCI_VS_DRP_

SET_EXTERNAL_PA_MODE

0xFD26

PA Mode

Setting1

Setting2
EXT_PA_CMDI Select
EXT_PA_CMD?2 Select
EXT_PA_EN Select
nEXT_PA_EN Select

Status

5 =
Opcode 0«FD 26
P Mode [11DAC
Settings1 0«FF
Settings2 0=FF
CMD1 Select [0xFF] Dian't change
CMD2 Select [0xFF] Dian't change
Pé Enable Select (211074 b
nPé4 Enable Select (311016 J
Description:

Controls MUX and activation for Analog / Digital PA.

OFF Mode — hardware is connected to external PA, but RF path is configured through RX path (so PA

can be off all the time).

Command Parameters:

PA Mode Size: 1 Byte

Value Parameter Description

0x00 Class 2 configuration with class 1 hardware, External PA off
route RF path to receive (switches set to RX, EXT_PA_EN low, nEXT_PA_EN is high).
DAC controls analog PA

0x01 PWM controls analog PA

0x02 Digital PA

0x03 Don't change

O0xFF

Settingl Size: 1 Byte

Value Parameter Description

When in DAC mode

0x00 — OxFE Values for resistance trim

OxFF Don't change

Copyright © 2005, Texas Instruments Israel Ltd.
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When in PWM mode
0x00 — OxFE Values for ramp up / down
OxFF Don't change
When in Digital PA mode
0x00 — OxFE Values for ramp up / down step size
OxFF Don't change
Setting2 Size: 1 Byte
Value Parameter Description
When in PWM mode
0x00 — OxFE Duration of fast charge activation
O0xFF Don't change
When in Digital PA mode
0x00 — 0xOFE Values for ramp down step size
OxFF Don't change
EXT_PA_CMDI1 Select Size: 1 Byte
Value Parameter Description
0 TX_DBG
1 102
2 104
3 BT_WAKE_UP
4 1016
5 1017
OxFF Don't change
EXT_PA_CMD?2 Select Size: 1 Byte
Value Parameter Description
0 TX_DBG
1 103
2 BT_WAKE_UP
3 EXT_CLK_REQ
4 1014
5 1017
OxFF Don't change
EXT_PA_EN Select Size: 1 Byte
Value Parameter Description
0 101
1 102
2 1014
OxFF Don't change
nEXT_PA_EN Select Size: 1 Byte
Value Parameter Description
0 TX_DBG
1 103
2 104
3 1016
4 EXT_CLK_REQ
O0xFF Don't change
Return Parameters:
Status: Size: 1 Byte
Value Parameter Description
0x00 Command Succeeded.
0x01-0xFF Command failed. See Error! Reference source not found..

Events Generated:
Command Complete Event

Copyright © 2005, Texas Instruments Israel Ltd.
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5. Debug and testing of class 1 section

This section details an example of the various stages of the operational testing and debug of a class 1
implementation.

5.1. Schematics and components review

The schematics should be reviewed, in order to verify correct wiring and correct values of the
components.

5.2. Script preparation

In the script, the power steps are set according to the temperature and the chip production process.
According to BT spec, the power steps should be between 2 to 8db.

=  Script preparation — power steps setting
= (lass 2 tests — Includes matching (TX: 2- 6dbm, RX: min -82dbm)
= Matching of external PA — S11 and S22 (S11& S22 — 500hm)
= Integration between BRF6300 and ext. PA — TX and RX tests
= Testing — according BT spec.
» Frequency range parameter, Adjacent Channel Power etc
» Complete BT qualification tests

Copyright © 2005, Texas Instruments Israel Ltd. Page 13 of 16
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6. Schematics

6.1.

Digital External PA - Class 1 application

The schematics below introduce the connectivity to digital external power amplifier.

nSHUT DOWN

VDD _IN
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PA CTRL
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CLK REQ SEL

6
E3
F5

ZZWOO0000LVZ
228320009770 0d
xgzoéoooongzz
BALUN-LDB182G4505C-110 38%27885,%0
59 2z5558<D
" = 28g7 oo
z a 3
Unbalance  Balance |-&—— RS Ro201 2l >> 5}
= D7 EXT CLK REQ OUT
x—21 NG NG g%F Rs Hz \OO;EX‘[CLK}IEOJ?%“F C6
REIO_LDO OU 3 4 T coaoz 195 Bz
GND/CT _ Balance [——] R0201 103/80A | D8
R u2 A6
104 4
gu‘sz BRF6300 - 4.5x4.5UBGA 105 MD2
i (o Bt —ExTPAEN
1 R Hal 5 1015/EXT GLK REQ IN [ —PEXT PAEN
= HCI_RTS 1016
e E? XTALP/FAST_CLK_IN 1017/SCL 224 EgOPtDCOMgEJT
X—G| XTALM RFIO_LDO_OUT
AUD IN Cs Do 90T [[62—0sC 100 out
AUD FSYNC A7 | AUDIN LDO OUT "5 " ANA 1DO OUT.
AUD OUT C7| AUD FSYNC ANA LDO OUT I"H5Fi DG OUT
AUD CLK 6| AUD_OUT F DO OUT [~a4
AUD_CLK C_ BB LDO OUT [Fg 8 LDO OUT
g’_ﬂﬂ> BB_LDO_OUT
9255%0000a333555
x5223383383585383 c13 ci4 cis c1e
FEZZE22222222222 b b b ToF
ol o] Jeolol ]
|| 2| (8|2 25| |3 5|
B =
o |
B¢
O
L2
c18
jw C.-1uF
EXT PA EN RF
%C* swi Switch ca
% 1000pF L 10pF RE
= o S veontt  outpuTI [ IS5 ] Switch
[ sw2
BALUN UNBALANCE = } INPUT GND 2 .
OUTPUT Veont1
EXT PAEN n Veont2 OUTPUT2 ANT_IN
il "IN OUT
c2 = GND INPUT {E
1000pF UPG2214TK B
P L OUTPUT2 Veontz |F4-EXL PAEN n
B c7
= uPG2214TK iiOOOpF
DD_I0
33v 00! state | pa_en | PA Ew n puteur: pureurz | ea
VDD_IO
L4
Us 1.2nH
VL vcc
EXT PR CiT Yowi oves
EXT PAEN /o_Vi2 1/0_VCC2
1/0_VL3 1/0_VCC3
O— llo_VL4 1/0_VCC4 g cos % c25 T -
c23 O—1 N.C. — NG 5= VDDIO 470y C24 7T 470pRL
0.1uF; — GND THREE-STATE [~ 470pRL;
MAX3378-TSSOP14 =
6

Figure 4 : Class 1 section schematics — Digital PA
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6.2.

VDD _IN

VDD 10

Analog External PA, DAC connectivity - Class 1 application
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Figure 5 : Class 1 section schematics — Analog PA with DAC connectivity mode
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6.3. Analog External PA, PWM connectivity - Class 1 application
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Figure 6 : Class 1 section schematics — Analog PA with PWM connectivity mode
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Important Notice

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information to
verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

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

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS
OF DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE
(“CRITICAL APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED,
AUTHORIZED, OR WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR
SYSTEMS OR OTHER CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH
APPLICATIONS IS UNDERSTOOD TO BE FULLY AT THE CUSTOMER’S RISK.

In order to minimize risks associated with the customer’s applications, the customer to minimize inherent or
procedural hazards must provide adequate design and operating safeguards.

TI assumes no liability for applications assistance or customer product design. TI does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of TI covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI’s publication of information regarding any third
party’s products or services does not constitute TI’s approval, warranty or endorsement thereof.
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