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Chapter I 

 

Introduction 

The Analog Devices Blackfin processor BF-537 is a good candidate for developing a 

software defined radio (SDR) for its good performance in narrowband digital signal 

processing (DSP) [1]. Moreover, the use of open source real time operating system 

‘µClinux’, makes this processor an attractive choice to the radio engineers.  On the other 

hand, the Stratix family of FPGA devices is a good choice for wideband, computationally 

intensive DSP applications. It also supports various I/O standards and offers a 

comprehensive clock management. So, it would be a good choice to use the FPGA as a 

digital down-converter (DDC) in a SDR to handle all the initial raw data processing and 

to transform the radio signals into base-band digital signal. Furthermore, the FPGA can 

send this data to the Blackfin processor to demodulate the signal and to do the other 

processing. This combination can save a lot of processing time for the Blackfin 

processor. Fig. 1.1 shows the overall diagram of this planned system. 

 

 

Figure 1.1:  Overall system diagram. 

 

This report describes the interfacing between the parallel peripheral interface (PPI) of the 

Blackfin processor and Altera Stratix EP1S25 FPGA board. The description of the PPI 

and the FPGA board, software installation, application development, operation, tests and 

performance analysis of the interfacing are presented in five chapters. Chapter II presents 

a brief description of the Blackfin PPI. This chapter also describes some of the key 
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features and provides the hardware and device driver installation procedure. Chapter III 

describes the FPGA board and related configuration settings. Chapter IV presents the 

hardware connection and testing programs. This chapter also shows testing results. 

Chapter V concludes this report. 
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Chapter II 

Blackfin PPI 

The Blackfin processor has been previously described in [1]. This chapter presents a brief 

description of the Blackfin parallel peripheral interface (PPI). It also presents a list of key 

features, a description of the operation, and functional modes of operation. The chapter 

concludes with a programming model, consolidated register definitions, and 

programming examples. This chapter is the summarized version of the “Parallel 

Peripheral Interface” in [2].  

2.1 Overview 

The PPI is a half-duplex, bidirectional port accommodating up to 16 bits of data. It has a 

dedicated clock pin and three multiplexed frame sync pins. Typical peripheral devices 

that can be interfaced to the PPI port: 

 

• A/D converters 

• D/A converters 

• LCD panels 

• CMOS sensors 

• Video encoders/decoders 

 

Whether the data is 16 bit or 8 bit the DMA operation is always using 16 bits. The 

highest system throughput is achieved with 8-bit data when the data packing option is 

enabled, since two 8-bit data samples can be packed as a single 16-bit word. In such a 

case, the earlier sample is placed in the 8 least significant bits (LSBs).  

 

The PPI includes these features: 
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• Half duplex, bidirectional parallel port 

• Supports up to 16 bits of data 

• Programmable clock and frame sync polarities 

• ITU-R 656 support (interfacing standard for video applications) 

• Interrupt generation on overflow and underrun 

 

 

Figure 2.1:  PPI block diagram (from [2]). 

 

Fig. 2.1 shows the block diagram of the PPI. The PPI_CLK pin accepts an external clock 

input. It cannot source a clock internally. Enabling a particular pin involves programming 

the PORT_MUX, PORTF_FER, and PORTG_FER memory-mapped registers (MMRs). 

The 16 PPI data pins are found on port G. The upper data lines are multiplexed with 

SPORT0 signals. The three control bits PGSE, PGRE, and PGTE in the PORT_MUX 

register control this granularity of signal multiplexing. The PPI clock and the three PPI 

frame sync signals are found on port F. The PPI_CLK not only supplies the PPI module 

itself, it also can clock all of the eight timers to work synchronously with the PPI. 

Depending on PPI operation mode, the PPI_CLK can either equal or invert the TMRCLK 

input. 

 

C 

P 

U 

F

P

G

A 



 9 

The three frame sync signals are multiplexed with the three timer signals TMR0, TMR1, 

and TMR2. Timer 0 and timer 1 are internally looped back to the PPI module and can 

therefore be used for internal frame sync generation. If FS1 and FS2 are applied 

externally, timer 0 and timer 1 must disable their outputs by setting the OUT_DIS bit in 

the TIMER0_CONFIG and TIMER1_CONFIG registers, when working in PWM_OUT 

mode. Only the third frame sync input FS3, if used, must be explicitly enabled in the 

PORT_MUX register by setting the PFFE bit. 

 

All pins of port F and port G function as general-purpose input outputs (GPIOs) by 

default and must be individually enabled for either PPI or any other peripheral operation 

by setting the appropriate bits in the function enable registers PORTF_FER and 

PORTG_FER. Since TMR0 and TMR1 are connected to the PPI module internally, the 

respective pins can be used in GPIO mode, if no external device is listening to the frame 

syncs. 

2.2 General Purpose PPI Modes 

Blackfin PPI can be configured for using in either ITU-R 656 modes or general purpose 

(GP) modes. The GP PPI modes, which is more flexible compared to ITU-R 656, is 

intended to suit a wide variety of data capture and transmission applications. So, for our 

application we have chosen the GP PPI modes.  Depending on the number and the 

direction of frame synchronization signals, the GP PPI is able to receive (RX) and 

transmit (TX) data in various modes. Table 2.1 summarizes these modes. 

 

Table 2.1: General Purpose PPI modes [2]. 

GP PPI Mode 
PPI_FS1 

Direction 

PPI_FS2 

Direction 

PPI_FS3 

Direction 

Data 

Direction 

RX mode, 0 frame syncs, external 

trigger 
Input Not used Not used Input 

RX mode, 0 frame syncs, internal Not used Not used Not used Input 
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trigger 

RX mode, 1 external frame sync Input Not used  Not used  Input 

RX mode, 2 or 3 external frame syncs Input Input 
Input (if 

used) 
Input 

RX mode, 2 or 3 internal frame syncs Output Output 
Output (if 

used) 
Input 

TX mode, 0 frame sync Not used Not used Not used Output 

TX mode, 1 external frame sync Input Not used Not used Output 

TX mode, 2 external frame syncs Input Input Not used Output 

TX mode, 1 internal frame sync Output Not used Not used Output 

TX mode, 2 or 3 internal frame syncs Output Output 
Output (if 

used) 
Output 

 

The GP PPI supports several modes for data input and output. However, these modes 

differ chiefly by the way the data is framed. The brief description of some of the modes 

which are relevant to our application has been provided here.  

2.2.1 Data input (RX) modes in GP PPI 

No Frame Syncs 

This mode covers the set of applications where periodic frame syncs are not generated to 

frame the incoming data. There are two options for starting the data transfer, one is 

external trigger, which sends a single frame sync (tied to PPI_FS1) at the start of the 

transaction from an external source and the other one is internal trigger, which initiates 

the process from the software control.  Both of these options can be configured by the 

PPI_CONTROL register. All subsequent data manipulation is handled via DMA. For 

example, an arrangement could be set up between alternating 1K memory buffers. When 

one fills up, DMA continues with the second buffer, at the same time that another DMA 

operation is clearing the first memory buffer for reuse. Due to clock domain 

synchronization in RX modes with no frame syncs, there may be a delay of at least 2 
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PPI_CLK cycles between when the mode is enabled and when valid data is received. 

Therefore, detection of the start of valid data should be managed by software. 

 

 

 

1, 2, or 3 External Frame Syncs 

The frame syncs are level-sensitive signals. The 1-sync mode is intended for Analog-to-

Digital Converter (ADC) applications. Fig. 2.2(a) shows a typical illustration of the 

system setup for this mode. The 3-sync mode is shown in Fig. 2.2(b), which supports 

video applications that use hardware signaling (HSYNC, VSYNC, and FIELD) in 

accordance with the ITU-R 601 recommendation. The mapping for the frame syncs in 

this mode is PPI_FS1 = HSYNC, PPI_FS2 = VSYNC, PPI_FS3 = FIELD.  

 

  

(a) 1-sync mode (b) 3-sync mode 

Figure 2.2:  RX Modes, External Frame Syncs (from[2]). 

 

Internal Frame Syncs 

There are some other modes which use internal frame syncs for capturing the data. This 

mode can be useful for interfacing to data sources that can be slaved to a master 

processor. In other words, the processor controls when to read from the data source by 

asserting frame sync signals, and then reading data into the PPI.  

2.2.2 Data output (TX) modes in GP PPI 

No Frame Syncs 
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In this mode, data blocks specified by the DMA controller are sent out through the PPI 

with no framing. That is, once the DMA channel is configured and enabled, and the PPI 

is configured and enabled, data transfers will take place immediately, synchronized to 

PPI_CLK. Fig. 2.3 illustrate this mode. However, there is a delay of up to 16 System 

Clock (SCLK) cycles (for > 8-bit data) or 32 SCLK cycles (for 8-bit data) between 

enabling the PPI and transmission of valid data. Furthermore, DMA must be configured 

to transmit at least 16 samples (for > 8-bit data) or 32 samples (for 8-bit data). 

 

 

Figure 2.3:  TX Modes, No Frame Syncs (from[2]). 

 

1 or 2 External Frame Syncs 

In these modes, an external receiver can frame data sent from the PPI. Both 1-sync and 2-

sync modes are supported. Fig. 2.4(a) shows the 1-sync case, while the Fig. 2.4(b) 

illustrates the 2-sync mode. There is a mandatory delay of 1.5 PPI_CLK cycles, plus the 

value programmed in PPI_DELAY, between assertion of the external frame sync(s) and 

the transfer of valid data out through the PPI. 

 

  

(a) 1-sync mode (b) 2-sync mode 

Figure 2.4:  TX Modes, 1 or 2 External Frame Syncs (from[2]) . 
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2.3 PPI Setup and Configuration  

PPI has several registers, which needs to be configured before its operation. Moreover, 

the device driver for the PPI should be enabled in the uClinux kernel. The current version 

(2006R1-RC2) of the µClinux kernel already comes with the PPI driver for Blackfin 

BF537 processor.  The setup procedures of the PPI have been discussed here briefly.  

2.3.1 PPI setup in µClinux kernel  

The device driver of the PPI is part of the µClinux kernel distribution. This driver can be 

enabled during the kernel configuration by using “make menuconfig” command in the 

main directory of the µClinux kernel distribution. The steps are as follows: 

• Type “make menuconfig” in the main µClinux distribution directory to open the 

kernel configuration window. 

• Select “Kernel/Library/Defaults Selection” and enable the “Customize Kernel 

Settings” option. 

• Click “Exit” and save the configuration. 

• Select “Device Driver” in “Linux Kernel Configuration” window. 

• Select “Character Devices” and enable “Blackfin BF5xx PPI Driver”. Fig. 2.5 shows 

the snapshot of this configuration window. 

 



 14 

 

Figure 2.5: PPI setup in uClinux kernel. 

After adding the driver in the µClinux kernel, we have to enable the PPI device by editing 

the “device_table.txt” file in “<uClinux-dist>/vendors/AnalogDevices/BF537-STAMP” 

directory. This file should contain the line “/dev/ppi c 664 0 0 241 0 0 1 1” to insert the 

PPI device into the µClinux kernel properly. Fig. 2.6 shows the snapshot of 

“device_table.txt” file. The line which enables the PPI device is highlighted in black 

color.    

 

Figure 2.6: Enabling the PPI in “device_table.txt” file. 
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2.3.2 PPI register configuration 

The PPI has five memory-mapped registers (MMRs) that regulate its operation. These 

registers are the PPI control register (PPI_CONTROL), the PPI status register 

(PPI_STATUS), the delay count register (PPI_DELAY), the transfer count register 

(PPI_COUNT), and the lines per frame register (PPI_FRAME).  

 

PPI_CONTROL register is the main register which configures the PPI for operating 

mode, control signal polarities, and data width of the port. Fig. 2.7 presents the bit 

diagram of this register. The POLC and POLS bits allow for selective signal inversion of 

the PPI_CLK and PPI_FS1/PPI_FS2 signals, respectively. The DLEN field is 

programmed to specify the width of the PPI port in any mode. The PACK_EN bit packs 

the data when the PPI port width is set to 8 bits. The most efficient performance of the 

PPI can be obtained by setting data bits to 8 and enabling the PACK_EN bit. The 

PORT_CFG, PORT_DIR, and XFR_TYPE fields are used to configure the operating 

mode of the PPI. The PORT_EN bit, when set, enables the PPI for operation. 
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Figure 2.7: Bit diagram of the PPI_CONTROL register [2]. 
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Chapter III 

Stratix EP1S25 DSP Development Board 

3.1 Features 

The Stratix EP1S25 DSP development board is aimed at providing DSP engineers with a 

comprehensive platform for designing, prototyping, and debugging high-performance 

DSP systems. The top view of the board is shown in Fig. 3.1. Its hardware features are 

listed as follows: 

 

Components 

■Analog I/O 

●Two 12-bit 125-MHz A/D converters 

●Two 14-bit 165-MHz D/A converters 

●Single-ended or differential inputs, and single-ended outputs 

■Memory subsystem 

●2 Mbytes of 7.5-ns synchronous SRAM configured as two independent 36-

bit buses 

●32 Mbits of flash memory 

■Configuration options 

●On-board configuration via 32 Mbits of flash memory, plus an Altera 

EPM7064 programmable logic device (PLD) 

●Download configuration data using ByteBlasterMV™ download cables 

■Dual seven-segment display 

■One 8-pin dual in-line package (DIP) switch 

■Three user-definable pushbutton switches 

■One 9-pin RS-232 connector 
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■Two user-definable LEDs 

■On-board 80-MHz oscillator 

■Single 5-V DC power supply (adapter included) 

Debugging Interfaces 

■Two Mictor-type connectors for Agilent Technologies logic analyzers 

■Several 0.1-inch headers 

Expansion Interfaces 

■Two connectors for Analog Devices A/D converter daughter cards 

■Connector for Texas Instruments Evaluation Module (TI-EVM) daughter cards 

■Altera Expansion Prototype Connector 

■Footprint for a front panel data port (FPDP) 

■Prototyping area 

 

 

 

Figure 3.1: Stratix EP1S25 DSP Development Board Components and Interfaces. 
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3.2 Functional Description 

The overall component configuration is shown in Fig. 3.2. The feature for each of the 

main components is described in the followings. All details are in [3]. 

3.2.1 Two A/D Converters 

There are two 12-bit A/D converters with the maximum sampling rate of 125 MSPS. The 

device is an AD8934 with analog device [4]. The clock input to A/D converters has three 

clock source candidates: one is from the Stratix, another from the on-board 80-MHz 

oscillator, and the other from the external clock input (see Table 3.1 for JP23 setting). 

 

 

Figure 3.2: Stratix EP1S25 DSP Development Board Block Diagram (from[3]). 
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Table 3.1: A/D JP23 Clock Source Settings 

JP settings Clock source Signal name 

Pins 1 and 2 On-board 80-MHz oscillator CLK_OSC 

Pins 3 and 4 Stratix pin E15 CLK_OPT_ATOD 

Pins 5 and 6 SMA connector JP1 CLK_SMA1_IN 

 

Table 3.2: Stratix pin-outs to A/D1 and A/D2 converters 

To A/D1 (U10, JP6) To A/D2 (U30, JP11) 

Signal name Stratix Pin Signal name Stratix Pin 

ATOD1_b0 (LSB) B5 ATOD2_b0 (LSB) D20 

ATOD1_b1 B6 ATOD2_b1 D19 

ATOD1_b2 B7 ATOD2_b2 C25 

ATOD1_b3 B8 ATOD2_b3 C24 

ATOD1_b4 B9 ATOD2_b4 C23 

ATOD1_b5 B10 ATOD2_b5 C22 

ATOD1_b6 B11 ATOD2_b6 C21 

ATOD1_b7 B12 ATOD2_b7 C20 

ATOD1_b8 B13 ATOD2_b8 C19 

ATOD1_b9 B16 ATOD2_b9 C18 

ATOD1_b10 B17 ATOD2_b10 B3 

ATOD1_b11 (MSB) B18 ATOD2_b11 (MSB) B4 

 

Features of the A/D converters are as follows: 

■ The data output format from each A/D converter to the Stratix device is in two’s 

complement format. 

■ The converters’ analog inputs can be configured as single-ended or differential, 

with a 0-Ω resistor (R28, R74). The default configuration is single-ended with the 

resistor installed. 
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■ The transformer-coupled AC circuit has a lower 3-dB frequency, of 

approximately 1 MHz. The A/D converter is recommended for analog bandwidths 

up to 350 MHz. 

Table 3.2 shows the Stratix pin-outs to two A/D converters. 

3.2.2 Two D/A Converters 

Two Texas Instruments’ DAC904 D/A converters are on the board [4]. The input clocks 

to the two D/A converters are directly from the Stratix and D/A converters expect 

unsigned binary as an input. The D/A subsystem of the board has the following features: 

■ The converters accept 14-bit samples at a maximum rate of 165 MSPS. 

■ The analog output from each D/A converter is single-ended. 

Fig. 3.3 shows the on-board circuitry after the D/A converter. The output of the D/A 

converters is equivalent to a current source whose maximum value is 20 mA. This output 

is connected to ground via a 51-Ω resistor. Therefore, it can be considered as a Thevenin 

equivalent voltage source of 1 V in series with a 51-Ω resistor. Additionally there is a 

single-pole low-pass filter with an upper 3-dB frequency of ~230MHz. The output is then 

brought to an SMA connector through a series capacitor, providing a lower 3-dB 

frequency of approximately 16-KHz when externally loaded. This series capacitor is, by 

default, bypassed, resulting in a response down to DC. If the jumper is removed, the 

output is AC-coupled (JP9 for D/A1 and JP10 for D/A2). 

 

 

Figure 3.3: Stratix EP1S25 DSP Development Board Block Diagram. 
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Table 3.3: Stratix pin-outs to D/A1 and D/A2 converters 

To D/A1 (U12, J2) To D/A2 (U23, J3) 

Signal name Stratix Pin Signal name Stratix Pin 

DTOA1_b13 (MSB) B19 DTOA2_b13 A3 

DTOA1_b12 B20 DTOA2_b12 A4 

DTOA1_b11 B21 DTOA2_b11 A5 

DTOA1_b10 B22 DTOA2_b10 A6 

DTOA1_b9 B23 DTOA2_b9 A7 

DTOA1_b8 B24 DTOA2_b8 A8 

DTOA1_b7 B25 DTOA2_b7 A9 

DTOA1_b6 B26 DTOA2_b6 A10 

DTOA1_b5 A26 DTOA2_b5 A11 

DTOA1_b4 A25 DTOA2_b4 A13 

DTOA1_b3 A24 DTOA2_b3 A16 

DTOA1_b2 A23 DTOA2_b2 A18 

DTOA1_b1 A22 DTOA2_b1 A19 

DTOA1_b0 (LSB) A21 DTOA2_b0 A20 

CLK_DTOA1 AE15 CLK_DTOA2 AD15 

 

Table 3.3 shows the connections between Stratix and two D/A converters 

3.2.3 Stratix Device 

Stratix devices are based on a 1.5-V, 0.13-um, all-layer SRAM process, with densities 

ranging from 10,570 to 114,140 logic elements (LEs) and up to 10 Mbits of RAM. The 

device on the board is an EP1S25 which features 25,660 LEs in a fastest-grade (-5) 780-

pin FineLine BGAA package and has 1,944,576 total RAM bits. The summary of the 

features is shown in Table 3.4. EP1S25 has six internal PLLs: four (PLL1, 2, 3, and 4) are 

of “fast” PLL type and two (PLL 5 and 6) of “enhanced” PLL type. The fast PLLs 

provide general purpose clocking with multiplication and phase shifting as well as high-
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speed outputs for high-speed differential I/O support. The enhanced PLLs are upgraded 

versions of  

Table 3.4: Stratix Device Features 

Altera part member EP1S25F780-5 

Logic elements (LEs) 25,560 

M512 RAM Blocks (32 ×18 bits) 224 

M4K RAM Blocks (128 ×36 bits) 138 

M-RAM Blocks 2 

Total RAM bits 1,944,576 

DSP Blocks 10 

Embedded multipliers (based on 9 × 9) 80 

PLLs 6 

Maximum user I/O pins 597 

Package type 780-pin FineLine BGA 

Board Reference U1 

Voltage 1.5-V internal, 3.3-V I/O 

fast PLL, which has the better performance and supports additional features such as clock 

switchover, PLL reconfiguration, programmable bandwidth, spread spectrum clocking, 

and programmable duty cycle. Fig. 3.4 shows the general PLL locations in Stratix device 

(In EP1S25, only PLL1, 2, 3, 4, 5, and 6 are available). The input clock of enhanced 

PLLs must be chosen among the dedicated input clock pins: For PLL5, CLK14p/n and 

CLK15p/n; and For PLL6, CLK4p/n and CLK5p/n [5]. The Quartus II software enables 

the PLLs and their features without requiring any external devices [6]. On the board, the 

enhanced PLLs can drive the clocks to the A/D and D/A converters, and other 

components requiring stable clock. The enhanced PLL5-dedicated pins drive the A/D 

converters and associated functions, and the enhanced PLL6-dedicated pins drive the D/A 

converters and associated functions. Fig. 3.5 shows the clock distribution on the board. 
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Figure 3.4: The PLL locations in Stratix device. 

 

 

 

Figure 3.5: Clock Distribution (from[3]). 
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3.2.4 Miscellaneous 

For the information on board memory and the supported interfaces, it is recommended to 

consult [2]. The board supports direct configuration of the Stratix device. The following 

is how to do direct configuration, using the Quartus II software and the ByteBlasterMV 

cable: 

1. Attach the cable to JP17. 

2. Open a Quartus II SRAM Object File (.sof), which launches the Quartus II 

Programmer. 

3. Select ByteBlasterMV as the hardware. 

4. Set the mode to JTAG.5. 

5. Click Start. 

6. On successful configuration, the conf_done LED (D5) illuminates. 

 

The contents for the Quartus II software can be found in [7] and [8]. Table 3.5 and 3.6 

shows the summary of jumper setting and LED display description, respectively. 

 

Table 3.5: Jumper Settings 

Number Function Setting Selected Option 

Not jumpered AC Coupled JP9 D/A1 AC/DC 

coupling select Jumpered* DC Coupled 

Not jumpered AC Coupled JP10 D/A2 AC/DC 

coupling select Jumpered* DC Coupled 

1 and 2 80-MHz Oscillator 

3 and 4* Stratix Pin E15 

JP23 A/D clock select 

5 and 6 External Clock 

Not jumpered Flash Address Pin 21=VCC JP18 (by C48) Flash top/bottom 

select Jumpered Flash Address Pin 21=GND 

* Italic represents the current selected configuration. 
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Table 3.6: LED description 

Component Board Designation Description 

User-defined LEDs D6, D7 Two user definable LEDs 

Power-on LED D8 An LED illuminates when power is 

supplied to the board. 

conf_done LED D5 An LED illuminates upon successful 

configuration of the Stratix device. 
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Chapter IV 

Setup, Operation and Results 

This chapter describes the hardware connection between the PPI and the FPGA board. It 

also presents the description of the test programs which are used to test the interface 

between the PPI and the FPGA board. 

4.1 Hardware Setup 

The PPI port in the BF537 STAMP board has a 40-pin connector. So, we have decided to 

use the JP-24 user port in the EP1S25 board, which has also a 40-pin connector, to 

connect the FPGA processor to the Blackfin processor. Since the PPI can not generate its 

own clock for its operation, the FPGA must supply the clock to the PPI for transferring 

the data. We are using the 16 bit data transfer method. The length and connections of the 

cable is also very important for the proper operation between this interfacing. Fig. 4.1 

presents the pin diagram of the PPI and JP-24 ports. Table 4.1 describes the connection 

between these two ports. Moreover, the Fig. 4.2 shows the cable connection. 

 

A flat ribbon cable was prepared as shown in the Fig. 4.2. As we already mentioned the 

length of this cable is very important, shorter is better. We obtained good results by using 

a cable of 9 inches long. In total there are 21 connections should be made: 15 data 

signals, 3 control signals, 1 clock frequency signal, 1 reset signal and 1 ground signal. 

Other than these 21 connections, all other conductors should be disconnected.  Fig. 4.3 

shows the image of the Blackfin PPI and FPGA interfacing setup.  
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(a) PPI port in BF-537 STAMP Board (b) JP-24 port in Stratix EP1S25 Board 

Figure 4.1:  Diagram of the connecting ports. 

 

 

Table 4.1: Connections between PPI and FPGA board. 

No Connections Between the pins of 

both connector… 
Connections Between … 

PPI pin JP-24 pin 

19 (Data-11) 21 (L-27) 

20 (Data -12) 23 (L-28) 

21 (Data -13) 25 (M-27) 

22 (Data -14) 27 (N-28) 

23 (Data -15) 32 (V-27) 

2, 3, 4, 5, 7, 24, 26, 30, 34, 35, 36, 37, 

38, 39. 

40 (GND) 1 (GND) 
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Figure 4.2:  Connection diagram between PPI and JP24. 

 

 

Figure 4.3:  PPI and FPGA connection through flat ribbon cable. 

 



 30 

4.2 FPGA Program 

For the purposes of testing this interface, the FPGA is used only to verify the PPI 

between Statrix DSP development board and Blackfin BF-537 processor. Verilog HDL 

source was written to implement the followings: 

 

• Two counters to generate signals: one mimics I-channel data, the other Q-channel 

data. 

• A FIFO for buffering signals before transferring them through PPI. 

• A finite-state machine (FSM) for controlling a FIFO and properly generating PPI 

control signal, line and frame. 

• PLL generating 7.5MHz, 15MHz, and 30MHz clocks. 

 

The overall configuration is shown in Fig. 4.4
1
. Two 16-bit data streams (I and Q) are 

generated in the 7.5 MHz clock domain, and multiplexed as shown in Fig. 4.4 with 

15MHz clock. Therefore, at the input of a FIFO, the data stream has the form of 

‘···IQIQIQ···’. A FIFO stores (or accepts) the received data continuously but loads (or 

updates) the stored data at PPI port under the control of FSM which reflects PPI protocol. 

 

 

Figure 4.4: The overall block diagram of FPGA for PPI test 

                                                 

1
 PLL is not shown in Fig. 1. 
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Fig. 4.5 shows the FSM state diagram. To invoke the PPI data transfer, the fifo_rdy 

signal from a FIFO must be activated, which indicates that there exist more than 255 

words
2
 available for PPI transfer in a FIFO. At the activation of ‘fifo_rdy’, the state 

transits from the ‘wait’ state to ‘PPI operation’ state and ‘hit_tx’ becomes activated. Then 

PPI control block generates ‘frame’ and ‘line’ signals which are used/defined by the PPI 

protocol. Some simulation results are shown in Fig. 4.5. ‘frame’ is triggered by the 

positive edge of the 30MHz clock and has the duration of 272 clock (30MHz) cycles 

which includes 16 ‘line’ signals, which is shown in Fig. 4.6(a). ‘line’ is also triggered by 

the positive edge of the 30MHz clock and includes 16 clock (30MHz) cycles having 16 

16-bit samples , shown in Fig. 4.6(b). Unlike control signals, 16-bit data is triggered by 

the negative edge of 30MHz clock, when ‘frame’ and ‘line’ are asserted. With the 

assumption that all PPI signals undergo the same delay, positive edge triggering 

guarantees ~24 ns timing margin and the negative edge triggering for data ~11 ns timing 

margin. 

 

 

Figure 4.5: FSM for ‘frame’ and ‘line’ signals and a FIFO control. 

 

 

                                                 

2
 A “Word” represents 16 bits in this report. 
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(a) 

 

(b) 

Figure 4.6: The simulated timing diagram of PPI.  (a) ‘frame’ and ‘line’ signals  (b) 

Zoomed plot (16-bit data transfer) 

 

4.3 Blackfin PPI Test Program 

The µClinux kernel has a PPI driver which controls reading and writing into the PPI. 

Since this driver is located in the kernel space, a test program in the user space has been 

developed to communicate with this PPI driver and control the data flow. Fig. 4.7 shows 

the flow diagram of this test program. As already mentioned in the previous section, the 

FPGA sends the streaming data as ‘IQIQIQ…..’ format, where ‘I’ represents the 

increasing counter and ‘Q’ represents the decreasing counter. The PPI test program 

collects this streaming data, demultiplexes it, and stores it into separate text files for I and 

Q. However, before starting the data collection PPI registers should be configured 

properly, which is done by using input output control (IOCTL) commands from the user 

space program. All the IOCTL commands and configuration settings for the PPI registers 

has been summarized in Table 4.2.  
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Start

Initialize the buffer and

all the variables

Configure the PPI registers

by using IOCTL command

Read the 16 bit streaming

data from the PPI port

Extract the I and Q

Save data in a file

End
 

 

Figure 4.7: Flow diagram of the Blackfin PPI test program. 

 

 

Table 4.2: IOCTL commands for configuring the PPI registers. 

IOCTL Command Settings Description 

CMD_PPI_PORT_DIRECTION CFG_PPI_PORT_DIR_RX Set to receive data 
CMD_PPI_XFR_TYPE CFG_PPI_XFR_TYPE_NON646 Set to non 646 mode 

CMD_PPI_PORT_CFG CFG_PPI_PORT_CFG_XSYNC23 

Data is controlled by two 

external control signals 

(FS-1 and FS-2) 
CMD_PPI_FIELD_SELECT CFG_PPI_FIELD_SELECT_XT Select the external trigger 
CMD_PPI_PACKING CFG_PPI_PACK_DISABLE Data packing is disabled 
CMD_PPI_SKIPPING CFG_PPI_SKIP_DISABLE Data skipping is disabled 
CMD_PPI_DATALEN CFG_PPI_DATALEN_16 Set data length to 16 bit  

CMD_PPI_CLK_EDGE CFG_PPI_CLK_EDGE_RISE 
FS-1 and FS-2 treated as 

rising edge 
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CMD_PPI_TRIG_EDGE CFG_PPI_TRIG_EDGE_RISE 
PPI samples data on rising 

edge of the clock 

CMD_PPI_SET_DIMS CFG_PPI_DIMS_2D 
Two dimensional data 

transfer 

CMD_PPI_DELAY 0 

There is no delay between 

the control signals and the 

starting of the data transfer 

CMD_PPI_SETGPIO - 
Set the PPI to general 

purpose mode 

 

4.4 Results 

Fig. 4.8 shows the testing results of the blackfin-FPGA interfacing. The red line 

represents the decreasing counter, while the green line represents the increasing counter. 

This figure shows 250 samples from the streaming data. The increasing counter “I” 

increases to the maximum value and starts increasing from the zero again. Similarly, the 

decreasing counter “Q” decreases from the maximum value to zero and starts decreasing 

from the maximum value again. PPI receives data as ‘unsigned short integer’ ranges from 

0 to 65535.  

 

 
 

Figure 4.8: Interfacing results. 
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Fig. 4.9 shows the forward and backward data transmitting and receiving testing 

procedure of the Blackfin PPI and FPGA interfacing. 256 samples of random data have 

been generated in the blackfin processor. Each sample contains 16 bits of data. After the 

transmission Blackfin PPI changes its mode to receive data from FPGA. Moreover, 

FPGA retransmits the same data which it receives from the Blackfin PPI. Satisfactory 

results have been obtained from this loopback test. 30 MHz clock frequency has been 

used for transmitting and receiving 16 bits of data in each clock cycle. Theoretically if we 

transmit/receive data in every clock cycles the data rate should be 480 Mbps. Since we 

are framing the for the synchronization purposes, we loose some clock cycles which in 

turn reduces the data rate little bit. But still it’s quite enough to fulfill our requirements. 

The maximum allowed clock frequency of the Blackfin PPI is 66 MHz.         

 

 

 
 

Figure 4.9: Loopback testing. 
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Chapter V 

Conclusions 

This project is a step in a larger project to develop a Software Defined Radio (SDR) by 

using Blackfin processor and FPGA. FPGA provides much hardware-level 

reconfigurability and flexibility, whereas DSP uses microprocessor-based architecture 

and support programming in high level languages like C. So, our goal is to implement a 

frequency down-converter in FPGA, which will remove the carrier frequency from the 

modulated signal and send base-band in-phase (I) and quadrature-phase (Q) streaming 

data to the Blackfin processor to demodulate this signal and to do baseband processing. 

This project successfully demonstrated the transfer of data from the FPGA to the 

Blackfin processor using the Blackfin’s PPI. The accomplishments of this project are 

been summarized below: 

 

• Installed and configured the PPI driver in the µClinux kernel. 

• A flat ribbon cable has been made to connect the PPI port and JP-24 port in 

blackfin BF-537 and Altera ES1S25 board respectively.  

• The FPGA has been programmed to transfer data into the Blackfin processor. 

• A program written in ‘C’ language has been implemented for the Blackfin 

processor to receive parallel data from the FPGA.  

• The interface have been thoroughly tested and the performance is satisfactory. 
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