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Introduction

The Bluetooth is a technology specification for low-cost, short-range radio links between portable devices and any other devices that need to replace their wire connection such as PCs, printers, scanners, phones, Laptops and PDAs. The bluetooth radio operates in the unlicensed ISM band at 2.4GHz and use hopping to new frequency transmission scheme. The buletooth is composed of several stacks starting from the RF and the physical layer in hardware up to embedded software for control and higher level applications. It is designed to support many already existing systems such as IrDA, LAN, voice, fax and many other applications.

The aim of this project is to build the bluetooth base band layer. The whole bluetooth hardware and firmware (HCI, controller and LMP) will be implemented in separate project.

Features:

 Bluetooth rev 1.1 compliant.

 Bluetooth Baseband controller.

 Full software control.

 Supports both slave and master modes.

 Low operating frequency (TBD) MHz minimum.

 Supports PCM interface.

 Supports custom RF interface that can be connected to standard RF interfaces by external bridges.

 Hardware encryption/decryption (Available in the second phase).

 Hopping frequency calculation 1600 hops/s for 79 and 23 frequencies schemes.

 Supports low bluetooth low power modes (sniff, hold and park).

 Supports single and multi-slot data packets, voice packets and mixed voice and date packets.

 Supports bluetooth mandatory paging mode only.

 Scatternet management by software.

 Buffers sizes up to maximum ACL packet size.

 Supports Tx buffer for each slave in the piconet (up to 7 slaves)

 Supports single Rx Buffer.

 WISHBONE bus rev. B2 compliant.

 OpenCores WISHBONE DMA engine compatible.

Architecture

The bluetooth hardware consists of RF interface, base band controller, micro-controller, flash or ROM and USB or UART to connect to the bluetooth host.
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Figure 1 Digital hardware part
This document describes the base band controller. 

The controller is divided into 5 main parts (each part will be described in separate section):

 External interfaces which are divided into: Host (CPU) interface using WISHBONE bus and DMA engine, RF interface, PCM interface and software interfaces (registers).

 Data buffers for both Rx and Tx. These buffers are 8-bit width.

 Data path that performs bit serial process on both the received and transmitted data. The internal blocks perform the operation on bluetooth bit rate (1Mbps) using the 1MHz clock. Besides that these blocks are shared between Rx and Tx directions since only one direction is active at a time.

 Main centralized controller that controls all internal blocks and performs time scheduling of the data path blocks. It performs the link control and bluetooth states. This block uses the CLK_I to speed up the link management operations.

 Clock management, hop frequency calculation, access code generation and other miscellaneous blocks.
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Figure 2 Base band main blocks
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Operation

This section describes the operation of the core. Specific sequences, such as startup sequences, as well as the modes and states of the block should be described.

Registers

This section specifies all internal registers.

1 .1 List of Registers

Name
Address
Width
Access
Description



















Table 1: List of registers

1 4.2 Register 1 - Description

Register1

Bit #
Access
Description













Reset Value:


Reg_Name: 0000h

Global control (local information):

- BD_ADDR

- CLKN

- Local Clock

- AR_ADDR

- PM_ADDR

- AM_ADDR

Timing information:

- Tsco for each slave (3 slaves)

- Inquiry time (Tinq)

- Page time (Tpage)

- Broad Cast retransmit

- Flush timeout

- Tsniff

- Tbeacon

Voice and SCO control

- SCO data source (PCM interface or HCI)

- For each SCO channel

  Enable, TDM slot, Slave ID and all encoding parameters (e.g. u-low

A-low....)

Piconet information (for each slave -7 slaves)

- BD_ADDR

- AM_ADDR

- Clock offset (estimated)

- PM_ADDR

- AR_ADDR

- Packet type

BaseBand Machine:

- Set standby, Inquiry, Inquiry scan, Page, Page scan, Connection

[Enable Inquiry parameters]

- Wait for interrupt

[Enable Inquiry scan parameters]

- BD_ADDR of the other side

- CLK of the other side

[Enable Page parameters]

- Packet type

- BD_ADDR

- Switch Master to slave mode

- Scan mode

Upon page response these information are stored in the next slave

information register set (Piconet information)

Clocks

This section specifies all Base band core input clocks. 

Name
Source
Rates (MHz)
Remarks
Description



Max
Min
Resolution



CLK_I
Input
TBD
TBD
TBD

Wishbone (host) clock and system clock

Clk_r
Input
1
-
-
Recovered from Rx or from external oscillator
Bluetooth frequency

Clk_32
Input
32KHz
-
-

Clock 32KHz for Bluetooth timing information.

Table 2: List of clocks

IO Ports

This section specifies the base band core IO ports.

Port
Width
Direction
Description

[CLK_I]
1
Input
Block's Clock Input

[RST_I]
1
Input
Wishbone synchronous reset






Table 3: List of IO ports

Data path

The data path blocks process data bits serially using the 1MHz clock, while its control is performed on the system clock. The 1MHz clock acts as clock enable for the data processing. The serial process is chosen because the data rate is not high and because it reduces the hardware resources.
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Figure 3 Data path blocks

Data path blocks (each block will be described separately):

 Parallel to serial and Serial to parallel converters that converts packets payload only that is passed to/from the system controller for parsing and routing.

 CRC generation and checking of the packets payload.

 Whitening to scramble/de-scramble the payloads and the headers.

 FEC block is composed of two main sub blocks, FEC 1/3 and FEC 2/3.

 HEC (Header Error Check) generator and checker.

 Access code Correlator that detects the start of received packets.

 Access code passing block for the transmitted packets.

 Flow control blocks reads the flow control bits and packet type from the header of the received packets, and the result of CRC to decide the flow control bits of the transmitted packets. Besides that it signals the system controller about this result to determine the next packet and decides upon the next flow control.

 Bit enable block that enables the blocks for a single bit on 1Mbps rate using 1MHz and CLK_I clocks.

As shown in (Figure 3 Data path blocks) the data path blocks are shared between Rx and Tx flows to reduce the hardware resources (but it increases the complexity of the controller) and because of the nature of TDD (Time Duplex Division) used in the bluetooth.

RF interface

The core does not support standard RF interface; instead it supports custom one. This interface provides all necessary signals needed to control RF chips. Bridges will be designed for most of RF interfaces such as JTAG and Blue-RF. Single bridge can be implemented in the final hardware or several bridges that can be pin multiplexed that are controlled by TBD register.

The RF interface can be divided into 4 groups, clocks, register interface, data transfer and hop selection.

Clock group: this group consists of the core system clock and 32KHz timing clock. The system clock should be high enough to accommodate any possible delay may be caused by the bridge state machines.

Register group: this group controls the reading and writing to RF chips registers. Some RF chips uses SIO or JTAG serial buses to provide access to their internal registers. To provide the compatibility with most of RF chips, the core provides 8-bit input and output data buses (we need different buses for read and write because JTAG interface can read and write at the same time) with separate read and write signals with their corresponding acknowledge signals.

 Dout(8) : Out: 8 bit bus to write to RF register 

 Din(8) : In : 8 bit bus to read from RF register 

 Wr : Out: write signal 

 Re : Out: read signal 

 ReAck : In : Read acknowledge 

 WrAck : Out: Write acknowledge 

Data transfer group:

 TxEn : Out : Tx Enable 

 TxRdy : in : Tx Ready (RF got the data bit from TxData) 

 Txdata: Out : Tx Data Bit 

 RxEn : Out : Rx Enable 

 RxRdy : in : Rx Ready (RF set the data bit to RxData) 

 Rxdata: Out : Rx Data Bit 
Hop selection:

 Hop(7) : Out : 7 bit hop bus 

 SetHop : Out : Load hop value to RF 

This section contains an alphabetical list of helpful document entries with their corresponding page numbers.
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