Lab 3. Adding a Custom Hardware IP, and interfacing it
with Software

Objective

In this lab, we will add a Custom hardware IP (a user-defined Verilog block), which will
be implemented on the FPGA and interface it to the software running on the PowerPC.

- A Custom IP (Verilog code) is used to implement a multiplier. The Verilog code reads
the values from two registers (say R1 and R2) and writes the multiplied output to a third
register (R3).

- Software is used for testing the multiplier. The software code will write values to
registers R1 and R2, read the multiplication result from R3, and display the values of R1,
R2 and R3 on a hyperterminal screen.

Overview

Create a Base System (or use the one created in Lab 2) consisting of a PowerPC, RS232
interface and a PLB BRAM. In this lab, we will add a Custom IP — which will multiply 2
32-bit numbers stored in 2 registers and write the result to a third register.
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Figure 1. Complete System

Procedure
Copy the base system created in Lab 2 or create a new base system in a directory called
lab3.
After the design is setup using the Base System Builder (BSB), add the Custom IP using
the following steps.
1. Under the Hardware tab, select ‘Create/Import Peripheral’.
Click Next on the Welcome window. Select ‘Create templates for a new
peripheral’. Click Next.



In the Repository or Project window, select “To an XPS project’ and browse to
the directory where your directory Lab3 is located. Click Next.

Repository or Project

Indicate where you want to store the new peripheral.

& new peripheral can be stored in an EDK repositary, or in an =PS project. "When stored in an EDK repository, the
peripheral can be accessed by multiple <PS projects.

() Toan EDK user repositom [Any directom outside of your EDK installation path)
Repository: Browse. .

(%) Toan®P5 project

Praject: . E:_f«;-:_L_J_P\f_EE'_\IabSR_S_yS_t_n?rn. =mp

~ Browse. ..

Peripheral will be placed under:
Chwupv2pilab3hpoores
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Figure 2.Create/ Import Peripheral

2. Name the new peripheral ‘multiply’ (this will be the name of your Verilog
module). The rest of the settings remain unchanged. Click Next.

reate Peripheral - Mame and ¥Yersion

Mame and ¥ersion

Indicate the name and version of your peripheral.

Enter the name of your peripheral. This name will be used as the top HOL design entity.
Mame: |multiply

Wersion: 1.00.a

b ajor revision: inor revision:

Hardware/Software compatibility revizion:
1 = uli]

. -
> 4 *

Logical library name: multiply_»1_00_a

AllHDL files [either created by pou or generated by this tool] uged to implement this peripheral must be compiled into

the lagizal library named above. Ay other logical libraries referred to in your HDL are assumed to be available in the
®PS project where thiz peripheral iz used, or in EDK repositonies indicated in the XPS project settings.
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Figure 3. Name and version




3. Now, the Bus Interface Window will open. We want to connect the IP to the On-
chip Peripheral Bus (OPB). Select OPB and click Next.
In the IPIF Services window, check ‘User logic S/W register support’. Our
custom IP will interface with the software using these software registers. Click
Next.

« Create Peripheral - IPIF Services

IPIF Services Saltm
|ndicate the IPIF services required by waur peripheral. \

r'our penpheral will be connected to the OPB bus through the OPEB [P interface [IPIF] module. Besides standard functions
like address decoding, this module also offers other commonly used services. Using these services may significantly simplify
the implementation of waur peripheral.

[]i5M reset and module information register (RS T /MIR):

[] Burst transaction support
[] DMA

[] FIFD

[] User lagic interrupt support

Uzer logic 554 register support

aibo sesn

[] User lagic master support

sng [eseydusg diys-ugy

[] User logic address range support
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Figure 4. IPIF Services

4. Inthe User S/W Register window, set the ‘Number of software accessible
registers’ to 3, and set “‘Data width’ of each register to 32. We need two 32-bit
registers to hold the numbers to be multiplied, and a third 32-bit register to hold
the multiplication result.

Note that we can only specify the register widths to be identical. When we use the
‘Multiply” IP, we will ensure that the multiplier and multiplicand are 16 bit
values. Click Next.

5. Inthe IP Interconnect (IPIC) window, some ports are selected by default for the
custom IP. These ports are used for communication between the user logic and
OPB bus. Accept the default setting and click Next.

6. In the window that shows up next, uncheck ‘Generate BFM simulation platform
for ModelSim-SE or ModelSim-PE’. We do not need the simulation support for
this exercise. Click Next.



7. In Peripheral Implementation Support window (shown in Figure 5), click on
‘Generate stub ‘user_logic’ template in Verilog instead of VHDL’. A Warning
message pops up. The Warning message states that even though the user_logic
stub will be created in Verilog, it will have a wrapper around it written in VHDL.
XPS uses VHDL for interfacing with rest of the peripherals. Click OK.

We will be making our changes in the Verilog file “‘user_logic.v’. This Verilog
file can be found in *pcores/multiply_v1 _00_a/hdl/verilog’ in your lab3 directory.

« Create Peripheral - (OPTIONAL) Peripheral Implementation Support

{OPTIONAL) Peripheral Implementation Support )
Generate optional files for hardware /software implementation ng

Upon completion, this tool will create synthesizable HOL files that implement the IPIF services you requested. A stub ‘user_logic’ module
will be created. You will need to complete the implementation of this module using standard HOL design flows. The tool will also generate
EDK interface files (mpd/pac) for the synthesizable templates, so that you can hook up the generated peripheral to a processor system.

Mote

Peripheral (VHDL) Should the perpheral inteface {ports/parameters) or file list change, you will need to
regenerate the EDK inteface files using the import functionality of this tool.

IPIF (VHDL) [¥]! Generate stub ‘user_logic' template in Verilog instead of WHDL

Generate 1SE and X5T project files to help you implement the peripheral
using XST flaw

User Logic Generate template driver files to help you implement software inteface

(Verilog)
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Figure 5. Select Verilog Stub

8. Open the user_logic.v file and notice the three registers slv_reg0, slv_regl and
slv_reg2 declared as ‘reg [31:0]’. Also, find Bus2IP_Clk and Bus2IP_Reset in the
input port list.

Add the following code to the verilog file to implement the multiplier.

always @(posedge Bus2IP_CIk)
if(Bus2IP_Reset == 1)
slv_reg2 = 0;
else
slv_reg2 =slv_reg0 * slv_reg1;

Also, comment out the portion of the code where slv_reg?2 is being used in the



first always block. In a Verilog code, a ‘reg’ cannot be written to in two always
blocks.

9. We have created the IP and will now import it to XPS. From the ‘Hardware’ tab,
select *Create or Import Peripheral’. In the Peripheral Flow window, select
‘Import existing peripheral’ and click Next.

10. In the Name and Version window, choose ‘multiply” from the drop-down list.
Check “Use version’ and accept the default version number 1.00.a. Click Next.

In the Source File Types window, check HDL source files. Click Next.

11. In the HDL Source Files window, select User existing Peripheral Analysis Order
file (*.pao) to locate HDL source files and dependent library files. Browse to
lab3\pcores\multiply _v1 00 a\data\multiply _v2 1 0.pao (Figure 6). Use HDL
language as Mixed to implement your peripheral. Click Next.

«# Import Peripheral - HDL Source Files

HDL Source Fles

Indicate how this tool should locate the HDL files that make up your peripheral. @
HOL language used to implement your peripheral: | VHDL b
[] Use data (" mpd) collected during a previous invocation of this tool
Browse...

How to locate your HOL source files and dependent library files
(3 Use an XST praoject file {*.pr)

This tool will input the HOL file=et and the logical libraries they are compiled into from the appropriate lines in the project file.

Browse...

@ IUse existing Peripheral Analysis Order fils (*pao)
C 445 \new-projectstlab3'\pcoresimultiply_v1_00_a‘data‘multiphy_v2_1_0 pao

(3 Browse to your HDL source and dependert library files {".vhd. *vhdl, v, “vh)in next step
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Figure 6. HDL Source Files
Now, the HDL analysis information window appears. Click Next.
12. If there is no error in the code, you should see the Bus Interface window as shown

in Figure 7. Check OPB Slave (SOPB) under On-chip Peripheral Bus Interface.
Click Next.



A Congratulations window should appear on completion. Click Finish.

w Import Peripheral - Bus Interfaces

Bus Interfaces AT eReE
|dentify the bus interfaces supported by pour peripheral. \

A bug interface is a group of related interface ports distinguizhed by a buz standard [OFE, PLE, DCR, LME or FSL). Select
the bus interfacelz] supparted by vour peripheral or indicate there is no buz interface applies.

Select bus interface(s)

Orn-chip Peripheral Bus interface Device Control Register bus interface
[] OPE Master and Slave [M5S0FB] [] DCR Slave [SDCR)
M azer Interface iz optional

Local Memary Buz interface
[] LME Slave [SLME]

Proceszor Local Bus interface

PLE Mast d 5l MSFLE
O aster and Slave | ] Fazt Sprnplex Link bus interface

[] F5L Master [MF5L)
[] PLB Slave [SPLB] [ F5L Slawe [SFSL)

I aster interface is optional
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Figure 7. Import Peripherals — Bus Interfaces

13. Now, “Multiply” should appear in the IP Catalog under Project Repositories.
Right click on “multiply” and click on Add IP.



Project Applications IP Catalog
*
e
Mame Wersion Description -
AULE LTI
Communication High-Speed
Communication Low-Speed
Debug
DMA
FPGA Reconfiguration
General Purpose 10
Intermupt Cortrol
Memary Elock
Memary Cantroller
PCI
Peripheral Contraller
Processor
Project Repository

e |
Reset Control

Timer View MPD
| tility L]

R R R e e R e R e R e R e R e R =

B3

Figure 8. Add IP “Multiply’

14. In Bus Interfaces in *System Assembly’, connect the multiply_0 instance to the

15.

OPB Bus.

Now, Select “Ports’ and select ‘All” from Connection Filters to see all available
ports. Change the Net name of ‘OPB_CIK’ to ‘sys_clk_s’ for the “multiply_0”
instance.

Now, select ‘Addresses’ tab. Set the ‘Size’ of the multiply_0 instance to 64KB
and click Generate Addresses.

Click on Hardware — Generate Netlist.

Now, the Hardware part is complete. Write a testbench in Software to test the multiplier.

16.

17.

Click “*= or select Software -> Generate Libraries and BSPs to generate libraries
for the project.

Now, add a source file in the Application Tab (follow steps from Lab2). The
source file (testbench) should write values to the registers ‘slv_reg0’ and
‘slv_regl’ and read the multiplication result from *slv_reg2’. The value stored in
each of these three registers should be printed on the hyperterminal screen.

Some hints for the .c file:
- You will need to include xparameters.h and multiply.h (which are located in
lab3/ppc405_0/include directory).



- Look for functions to read and write to a register in multiply.h

- The RegOffset value for ‘slv_reg0’ is 0, and the three 32-bit registers are
consecutively located in memory.

- Use a “for’ loop to write different values (varying from 0 to 7) in *slv_reg0’ and
‘slv_regl’ and read the corresponding multiplication result from *slv_reg2’, and
print the three values on the hyperterminal screen.

Deliverables

Submit a report containing the following information:

-Your commented .c file [2 points]

-Commented verilog code [2 points]

-The output seen on the hyperterminal[2 points]

-How long does it take for the content of ‘slv_reg2’ register to appear on hyperterminal
screen after the values are written to the registers “slv_reg0’ and *slv_regl1’. You can
assume that you are just printing ‘slv_reg2’ register value on the hyperterminal. [4 points]



