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Abstract : - In order to keep up with the competition , many companies have to reduce the development time for new products. This also means that the development time for prototyping has to be reduced. One way of reducing the development time is to describe the system in a hardware description language such as VHDL, synthesize the description automatically and implement the result in FPGA (Field programmable array). Reducing the development time can be done with rapid prototyping. Today, rapid prototyping means using VHDL as a description language and verifying behavior.  This paper describes how rapid prototyping can be achieved. For showing how rapid prototyping helps an example of DRAM (dynamic random access memory) refresh controller is implemented in FPGA. In implementation technology, FPGAs are used to validate the concept or to emulate the physical prototype and software. Using FPGAs instead of ASICs (application specific integrated circuits) reduces the implementation time from a few weeks to a few hours. A change can be made in the design with few hours or days.
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1 Introduction

A static RAM uses flip flop as the basic memory cell (either bipolar or MOS), and once a bit is stored in a flip flop, it will remain there as long as power is available to the chip – essentially forever – thus the term “static”. On the other hand, the basic memory cell in a “dynamic” RAM utilizes stored charge in conjunction with an MOS device to store a bit of information. Since this stored charge will not remain for long period of time, it must periodically be recharged (refreshed), and thus the term “dynamic” RAM. For addressing DRAM row address should be given first and then column address is given. This will utilize more number of pins for DRAM. Hence the address is multiplexed, so that the half the number of pins are not required. Same number of pins are used for row as well as column. To keep memory –refreshing, processor should give row activation. When a row line is activated with DRAM RD\WR in read state, every bit cell that contains charge along the row is automatically recharged. Since the row line is activated whenever any location along the row is address. This would utilize more time of processor for refreshing only and all the time process is tied to refresh DRAM all the time. Hence some dedicated circuitry should be there to refresh the DRAM and hence DRAM controller is needed [3].

      VHDL which is used to model DRAM controller is a hardware description language that can be used to model a digital system. It contains elements that can be used to describe the behavior or structure of digital system, with the provision for specifying its timing explicitly. Models written in this language can be verified using VHDL simulator. VHDL is an acronym for VHSIC (very high speed integrated circuits hardware description language).VHDL has following

Capabilities

a) Language can be used as an exchange medium between chip vendors and CAD tool users.

b) Language supports flexible design methodologies top down, bottom up or mixed.

c) Language supports hierarchy, i.e. digital system can be modeled as a set of interconnected components.

d) It is IEEE and ANSI standard. Therefore models described using this language are portable [1].

2 Why use VHDL ?  

a) VHDL has shorter development   times for electronics design and simpler maintenance.

b) VHDL supports flexible design methodologies top down, bottom up or mixed.

c) In case of traditional schematic design, the designer has to keep a manual check on technology such as timing and area. With VHDL one can concentrate on function i.e. to implement the required specifications.

d) Rapid prototyping can be achieved using VHDL[1].

3 DRAM:

Dynamic RAMs are fabricated using MOS technology and are noted for their high capacity, low power requirement, and moderate operating speed.  Dynamic RAMs store 1s and 0s as charges on a small MOS capacitor (typically a few picofarads). Because of the tendency for these charges to leak off after a period of time, dynamic RAMs require periodic recharging of the memory cells; this is called refreshing the dynamic RAM. In modern DRAM chips, each memory cell must be refreshed typically every 2,4,or 8 ms, or its data will be lost. The need for refreshing is a drawback of dynamic RAM as compared to static RAM because it may require external support circuitry.   In DRAM there are M cells arranged in a array. Each cell occupies a unique row and column position within the array. N address inputs are needed to select one of the cells ( 2N = M); the lower address bits select the row and the higher order bits select the column[2].

A DRAM cell is refreshed each time a read operation is performed on that cell. Each memory cell has to be refreshed (typically , every 4 ms ) or its data will be lost. Manufacturers have designed DRAM chips so that whenever a read operation is performed on a cell , all the cells in that row will be refreshed[3].

4 DRAM refresh controller :

Fig.1 shows the block diagram for DRAM refresh controller.   The DRAM refresh controller is the interface between CPU and DRAM chip. It also controls the refresh operations. When CPU wants to do some data transactions with DRAM , it will send the address of particular location where the data is stored. The address sent by CPU is directly passed at the out address i.e. output of the DRAM Refresh Controller with necessary control signals. Hence the data transaction can be done.

               But when refreshing is needed by DRAM the refresh cycle should be started. It is done when external refresh request is activated the DRAM Refresh Controller will hold the CPU and the internal Refresh Counter  is started and the counter generates the dummy address which will be given at the out address  of  the DRAM  Refresh Controller. By addressing the DRAM  locations it automatically refreshes the cells while reading and hence refreshing is done without changing the contents of DRAM because at that time the write enable (WE)  is not activated hence nothing is written in the DRAM.  Otherwise when refreshing is not there normal functions of the DRAM and CPU are going on without any interruption. Refresh timer counter is used to calculate particular time specified by DRAM manufacturer. During this time the capacitor will start to loose its charge. Hence when that time is finished RT is generated and it starts refreshing. So basically the dummy addresses are generated to read the contents of the DRAM chip and hence it automatically refreshes the rows of DRAM one by one[3].

5 VHDL design flow : 

1) Design Entry – For a design we can create a new project and enter the VHDL code for the design.

2) Synthesis – The goal of VHDL synthesis step is to create a design that implements the required functionality and matches the designer’s constraints in speed, area or power. The synthesis tool converts the HDL description into a netlist in the target FPGA device.

3) Simulation – To check the functional correctness of the design, simulation can be done.

4) Implementation – The implementation tools perform the translate map , place, route ,bit stream generation phases of the design flow. Translate merges all of the input netlists. In the map stage the design is mapped to resources on the silicon and physical design rule check is performed. In the place stage , all the logic blocks are assigned  to specific location on the die. In the routing stage the logic blocks are assigned specific interconnect elements on the die. After place and  route the physical implementation is translated into a configuration file (bit) that is used to program the FPGA.

5) Verification – In this stage we can perform timing simulation of our design  similar to functional simulation . The only difference is that , the design which is loaded into  the simulator for timing simulation contains worst case routing delays based on the actual placed and routed delays. We can download an implemented FPGA design directly from    our PC using the hardware debugger program [1].

6 VHDL approach for rapid prototyping:

When working with the untested ideas you go backwards through the steps in the development process between steps 1 and steps 5. Thus top-down methodology is used in principle. The six steps in the development process are   1)  Specification and system design 2) Functional description of subsystems 3) Integration and simulation of components 4) Technology mapping 5) Optimization , routing and precision time analysis 6)  Design and validation of prototype.

      In step 1 the functionality of the prototype was specified.  After specification the system was divided into subsystems (components). This step is called architectural design. While doing the division the interfaces between the subsystems were also defined.

Step 4 is where the technology is chosen. The synthesis program needs a technology file in order to translate  and optimize to the chosen technology. Now a new model consisting of gates has been generated. Each gate has a unit delay of 10 ns . A new simulation and a first rough time analysis are carried out.
In step 5 , packages and sizes for FPGAs are chosen. The netlist from synthesis is routed to the chosen package , then a file containing all the delays from the gates and interconnections is generated and new precision time verification is carried out. An alternative would be to write in time constraints for the synthesis tool. In the design of DRAM controller we chose verification with the simulator instead. The optimum solution is otherwise to set up all the time constraints in the synthesis tool so that the tool can optimize to those constraints. It is then possible to use the synthesis tool’s internal timing analyzer to analyze the timing both before and after routing. In order for this to  work, the synthesis tool must both have an advanced timing analyzer and be able to optimize the chosen technology with regard to timing    [1].
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7 Results and Conclusions :

A rough time for the various activities in the development process is given below –

Steps 1-3             6 weeks     
Steps 4 and 5             3 weeks

Step 6                         1 week

It is apparent that the initial stages of the development process take as long as usual, while the final stages are faster because they are largely performed automatically. Rapid prototyping does not produce an optimum prototype, but the goal was to be able to test and emulate the system faster. In order to reduce the simulation time the designer should –

a) Use fewer processes

b) Avoid converting values several times.

c) Make the code smart

d) Keep the number of hierarchies down.
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Fig.3 Simulation Results
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Fig  1     Block Diagram of DRAM Refresh Controller
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Fig .2 Development process 
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