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Abstract: The Open Core Protocol (OCP) is an open standard. Its purpose is to aid designers to shorten the development schedule of System on Chip (SoC) designs by using plug-and-play IP cores. This article discusses some important points of OCP protocol and how to develop an OCP wrapper for a microcontroller IP – SigmaK3. The reuse sigmaK3 IP is a standard 8-bit RISC microcontroller, compatible with PIC16C5X family. This article illustrates a method to adapt non-OCP SigmaK3 IP to OCP compliant IP without modifying its internal design. The advantages of this method are easy-to-implement and short-time-to-implementation. However, the big challenge is that the OCP wrapper does not completely exploit the OCP’s advanced features and the global latency (delay) is important. Obviously, the best practice is to design an OCP interface for IP cores at the beginning of your project, but the OCP-wrapper-development method is useful for pre-existing cores which do not already contain the OCP interface.
1. Introduction

Two requirements for the design community are shortening the development schedule of SoC by reusing IP cores and adopting a standard and well-defined interface protocol to ease the interconnection of third-party IP cores during the design process. The Open Core Protocol (OCP) satisfies two these requirements. The OCP enables true plug-and-play and re-use. Furthermore, this is OPEN standard.

The OCP approach adopted by the Virtual Socket Interface Alliance’s (VSIA) Design Working Group on On-Chip Buses (DWGOCB) is to specify a bus wrapper to provide a bus-independent Transaction Protocol-level interface to IP cores. The OCP is a superset of VSIA’s Virtual Component Interface (VCI). While the VCI addresses only data flow aspects of core communications, the OCP additionally supports configurable control signaling and test signals. The OCP is the only standard that defines protocols to unify all of the inter-core communication.

The OCP defines a bus-independent interface between IP cores that reduces design time, design risk and manufacturing costs for SoC designs. An IP core can be a simple peripheral core, a high-performance microprocessor, or an on-chip communication subsystem (a wrapped on-chip bus). With these aspects, the open core protocol:

· achieves the goal of IP design reuse. The OCP-compliant IP cores is independent of the architecture and the design of the systems in which they are used.

· optimizes die area by configuring OPC-compliant IP cores into the OCP system only those features needed by the communicating cores.

· Simplifies system verification and testing by providing a firm boundary around each IP core that can be observed, controlled, and validated.

· eliminates the task of repeatedly defining, verifying, documenting and supporting proprietary interface protocols. 

· adapts to support new core capabilities while limiting test suite modifications for core upgrades.

The OCP protocol flexibility, configurability and scalability are the key elements making OCP massively used and successful in major electronics markets. Because of these characteristics any IP can utilize the best signals for the connection to the OCP backbone with immediate benefit for bandwidth capability. This has made OCP broadly used in many applications like multimedia, telecom, gaming, and other areas. 

Reusable IP cores can be designed and implemented to be compatible with OCP directly by using the OCP specification. For existing IPs, supporting other interface standard (such as AXI protocol, Avalon, etc), an OCP wrapper must be developed. This article shows how to develop the OCP wrapper for a reusable microcontroller IP - SigmaK3. 

2. Develop an OCP wrapper for the reuse microcontroller IP SigmaK3
2.1. OCP characteristics

The OCP defines a point-to-point interface between two communicating entities: IP cores, bus interface modules (bus wrappers). One entity acts as the master of the OCP instance, and the other as the slave. Only the master can present commands and is the controlling entity. The slave responds to commands sent to it, either by accepting data from the master, or sending data to the master. For two entities communicating in a peer-to-peer way, there need to be two instances of the OCP connecting them - one where the first entity is a master, and one where the first entity is a slave. 

Figure 1 shows a simple system containing a wrapped bus and three IP core entities: one that is a system target, one that is a system initiator, and an entity that is both. The characteristics of the IP core determine whether the core needs master, slave, or both sides of the OCP. The wrapper interface modules must act as the complementary side of the OCP for each connected entity. 
A transfer across this system occurs as four steps following:

1. A system initiator (as the OCP master) presents command, control, and possibly data to its connected slave (a bus wrapper interface module). 

2. The interface module plays the request across the on-chip bus system. (The OCP does not specify the embedded bus functionality. Instead, the interface designer converts the OCP request into an embedded bus transfer.)

3. The receiving bus wrapper interface module (as the OCP master) converts the embedded bus operation into a legal OCP command. 

4. The system target (OCP slave) receives the command and takes the requested action. 
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Figure 1: System showing wrapped bus and OCP instances [1]

Each instance of the OCP is configured independently, by choosing signals or bit widths of a particular signal, based on the requirements of the connected entities. For instance, system initiators may require more address bits in their OCP instances than do the system targets; the extra address bits might be used by the embedded bus to select which bus target is addressed by the system initiator. 

Some important characteristics of this OCP interface are:

· Point-to-point synchronous interface: to simplify timing analysis, physical design, and general comprehension, the OCP is composed of unidirectional signals and sampled by the rising edge of the OCP clock. The OCP is fully synchronous and contains no multi-cycle timing paths. 

· Address and data buses are shared on-chip: only those address bits that are significant to the IP core should cross the OCP to the slave. The OCP address space is flat and composed of 8-bit bytes (octets). To increase transfer efficiencies, many IP cores have data field widths significantly greater than an octet. The OCP supports a configurable data width to allow multiple bytes to be transferred simultaneously. Transfers of less than a full word of data are supported by providing byte enable information that specifies which octets are to be transferred. Byte enables are linked to specific data bits (byte lanes). Byte lanes are not associated with particular byte addresses. This makes the OCP endian-neutral, able to support both big and little-endian cores.

· OCP request and OCP responses are separated: a slave can accept a command request from a master on one cycle and respond in a later cycle. The division of request from response permits pipelining. The OCP provides the option of having responses for Write commands, or completing them immediately without an explicit response.

· Extended burst transfer: the extended OCP supports annotation of transfers with burst information. Bursts can either include addressing information for each successive command (which simplifies the requirements for address sequencing/burst count processing in the slave), or include addressing information only once for the entire burst.

· Interrupts, errors, and other control Signaling: while moving data between devices is a central requirement of on-chip communication systems, other types of communications are also important. Different types of control signaling are required to coordinate data transfers or signal system events (such as interrupts). Many devices also require the ability to notify the system of errors that may be unrelated to address/data transfers. 
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Figure 2: OCP interface signals [1]

OCP interface signals are grouped into (1) dataflow signals, (2) control signals, and (3) test signals (see fig.2). The dataflow signals are divided into basic signals (request, response, accept, etc), simple extensions, burst extensions, and thread extensions. A small set of the signals from the basic dataflow group is required in all OCP configurations. All control signals and test signals are optional. In fact, optional signals can be configured to support additional core communication requirements. 

The OCP is a synchronous interface with a single clock signal. All OCP signals are driven with respect to the rising edge of the OCP clock. Except for clock, OCP signals are strictly point-to-point and uni-directional.

2.2. SigmaK3 microcontroller architecture

The SigmaK3 microcontroller is a low-cost, high performance, 8-bit, dedicated for operation with fast memory (typically on-chip). The SigmaK3 is compatible with the industry standard PIC16C54, PIC16C55, PIC16C56, PIC16C57 and PIC16C58. It employs a modified RISC architecture.

Figure 3 and table 1 shows the reduced interface diagram of SigmaK3 IP. The SigmaK3 IP has two options: (1) RAM and ROM are integrated inside the microcontroller and (2) RAM and ROM are external located from SigmaK3 core. Some unnecessary pins for RAM and ROM interface are hidden in the figure 3.
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Figure 3: Interface diagram of microcontroller SigmaK3

Table 1: SigmaK3 IP pin description
	Pin
	Type
	Description

	clk
	I
	Global clock

	reset
	I
	User reset

	porta_in (7:0)
	I
	Port A input (8-bit register)

	portb_in (7:0)
	I
	Port B input (8-bit register)

	portc_in(7:0)
	I
	Port C input (8-bit register)

	porta_out (7:0)
	O
	Port A output (8-bit register)

	portb_out (7:0)
	O
	Port B output (8-bit register)

	portc_out (7:0)
	O
	Port C output (8-bit register)


The SigmaK3 design was first targeted at the embedded system applications. To adapt this SigmaK3 IP to the SoC design based on OCP protocol, it needs to write an OCP-compliant wrapper for this SigmaK3. The OCP-compliant wrapper implementation will be presented in the next part.

2.3. OCP-compliant wrapper for SigmaK3 microcontroller

First of all, all the signals and pin-level timing of the OCP-compliant wrapper for SigmaK3 microcontroller must be compatible with the OCP specifications presented in [1]. Figure 4 and table 2 show the interface diagram and pin description of the OPC-compliant wrapper for SigmaK3 IP. 

Procedure to adapt SigmaK3 interface with OCP interface as following:

1. Determine the SigmaK3 IP functions as a master.

2. SigmaK3 clk pin is connected directly to OCP clk pin.

3. SigmaK3 reset pin is connected directly to OCP reset pin.

4. Use 8-bit porta_out as an output 8-bit address: porta_out[6:0] will be processed to generate MAddr (master address) adaptive to OCP MAddr; porta_out[7] pin is connected directly to MAddrValid pin.

5. Use 8-bit portb_out as an output 8-bit data (Mdata) going to OCP bus.

6. Use 8-bit portb_in as an input 8-bit data (SData) coming from OCP bus.

7. Three other ports: porta_in, portc_in and portc_out will be reserved for additional core communication requirements (dataflow signals, test signals and control signals). These pins are optional and not shown in the figure 4.

8. The OCP wrapper for SigmaK3 IP is developed in Verilog language.
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Figure 4: OCP-compliant wrapper for SigmaK3microcontroller IP

Table 2: OCP-compliant wrapper IP pin description
	SigmaK3
	OCP
	OCP_Value
	Note

	clk
	Clk
	// 

(same)
	Required

	reset
	Mreset_n
	!reset
	Required

	porta_out[7]
	Mcmd
	001
	Write

	
	
	010
	Read

	
	MDataValid
	//
	Write data valid

	porta_out[6:0]
	MAddr
	//
	Transfer address

	portb_out[7:0]
	MData
	//
	Write data

	portc_out[7:0]
	SData
	//
	Read data


The OCP-compliant wrapper is then written into two files: sigmak3_ocp_wrapper.v and sigmak3_ocp_wrapper.conf. 

The sigmak3_ocp_wrapper.v file:

module sigmak3_ocp_wrapper (

clk, reset_n,

prg_addr, prg_data, ram_data_in, clk_wdt, clk_tmr0, ram_data_out, ram_addr, ram_we,


data_valid, addr, wrdata, rddata, transfer_cmd,

clk_ram,
por_ram, sleep );

// ports

input 

clk, reset_n;


output 

data_valid;

output[11:0]
prg_addr;//(11:0)

input[11:0]
prg_data;//(11:0)

input[7:0]
ram_data_in;//(7:0)

input

clk_wdt, clk_tmr0;

output [6:0]
addr;

output [2:0]
transfer_cmd;

output [7:0]
wrdata;

input  [7:0]
rddata;

output [7:0]
ram_data_out;//(7:0)

output [7:0]
ram_addr;//(7:0)

output

ram_we, clk_ram, por_ram, sleep;

// signals

wire [7:0]
porta;

wire [7:0]
port_wr;

wire [7:0]
port_rd;

// instance of sigmak3

// punctured unused signals

sigmak3 sigmak3_inst(


.clk(clk),


.por(reset_n),


.mclr(reset_n),




.prg_data(prg_data),//(11:0)


.porta_in(8'd0),//(7:0)


.portb_in(port_rd),//(7:0)


.ram_data_in(ram_data_in),//(7:0)


.clk_wdt(clk_wdt),


.clk_tmr0(clk_tmr0),


//all output


.sleep(sleep),


.prg_addr(prg_addr),//(11:0)


.porta_out(porta),//(7:0)


.portb_out(port_wr),//(7:0)


.ram_data_out(ram_data_out),//(7:0)


.ram_addr(ram_addr),//(7:0)


.ram_we(ram_we),


.clk_ram(clk_ram),


.por_ram(por_ram)


);

// generate transfer command base on the write enabled signal 

assign transfer_cmd = (data_valid == 1'b0)?3'b010:3'b001;

// port mapping between OCP requirements and the core

assign data_valid = porta[7];
// act as write enable and data valid

assign addr = porta[6:0];

// act as address

assign wrdata = port_wr;

// act as write data and master data

assign port_rd = rddata;

// act as read data and slave data

endmodule

The sigmak3_ocp_wrapper.conf file:

module sigmak3_ocp_wrapper {

core_id 0x4546 0x102 0x1 "SigmaK3 Micro-controller"


# use ICDREC icon

icon "icdrec.ppm"

# using pre-defined OCP interface 

interface "tp" bundle ocp {


# version OCP 2.0 is used


bundle_version 2.0


# this is a master type ocp

interface_type master


# this OCP is a basic interface


param mreset 1


param sreset 0


param addr 1  {width 6}


param mdata 1 {width 8}


param sdata 1 {width 8}


prefix tp


# since the signal names do not exactly match the signal


# names within the bundle, they must be explicitly linked


port reset_n 

net MReset_n


port clk 

net Clk


port transfer_cmd 
net MCmd


port addr 

net MAddr


port wrdata

net MData


port rddata

net SData


port data_valid

net MDataValid


# stick this interface in the middle of the top of the module


location n 50


} # close interface tp defininition

} #close module

3. Simulation and verification process

To verify the adaptability and validity of SigmaK3 OCP-compliant wrapper to OCP system, we use the software DesignWare from Synopsys:

· Build a platform composing of (1) OCP bus module available in the DesignWare software, (2) SigmaK3 IP with OCP-compliant wrapper acting as a master and (3) one SDRAM module acting as a slave. 

· SigmaK3 will write data into and read data from SDRAM module.

After simulation, the result show that the SigmaK3 IP wrapped by an OCP-compliant interface operates well. The Write and Read transaction has a longer latency (delay). The reason comes from the inherent feature of the microcontroller family. At one moment, only one port (porta, portb, portc) of the SigmaK3 will be activated and the other ports are disabled. Therefore, handshaking controls are more complicated. For example, if the porta_out presents address at their output, the portb_out can not present data at their output at the same time. Portb_out has to wait one cycle after to present available data.
Finally, we use Sonics OCP library for verification (SOLV) software to verify OCP compliant IP for the SigmaK3 microcontroller. The SOLV software has three modules: Sonics OCP Checker, OCP Disassembler and OCP Performance analyzer [2]. 

First, the Sonics OCP Checker is integrated into the global testbench of SigmaK3 IP. This OCP checker checks OCP bundles for protocol compliance during simulation and generates OCP trace files for use by post-processing tools – OCP dissembler and OCP performance analyzer, as shown in figure 5.

4. Conclusion
The Open Core Protocol (OCP) aids designers to shorten development schedule of SoC by using plug-and-play IP cores. This article resumes some important points of OCP protocol and then how to develop an OCP wrapper for a reuse microcontroller IP – SigmaK3. The reuse sigmaK3 IP is a standard microcontroller, compatible with PIC16C5X microcontroller family. This article shows a method to adapt non-OCP compatible SigmaK3 IP to OCP interface without modifying their internal design. Some advantages of this method are easy-to-implementation and short-time-to-implementation. The important disadvantages are that the OCP wrapper does not completely exploit all OCP advanced features. Obviously, the best method is always designing OCP interface for IP cores at beginning, but the OCP-wrapper-development method is useful for not-OCP-compatible existing reuse IPs.
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