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Abstract

This paper describes research work in system redesign using VHDL. This research is centered on
the redesign of the Remote I/O Module in the SINCGARS Radio {1]. Using VHDL, the behavior
of the controller, which currently uses micro-processor, is modeled as a Finite State Machine, FSM.
By implementing the FSM as an ASIC chip, the microprocessor could be eliminated. A modeling
technique of FSM, in which each state is represented by a single process is presented. The scheme
contrasts with other approaches in which whole FSM is represented by a single process and each
state is represented by either a case statement or an if statement. Our approach has some advantages
such as the modularity of design, state decomposition and availability to easily describe a complicated
state. It also has the benefits of separate compilation and individual simulation. When a circuit is
implemented by a structural description, it needs to be checked a timing correctness such as hazard
and race. Hazard and race condition detection in VHDL, which is one of the critical parts of timing
verification, is also presented. Using ternary logic in VHDL, the hazard and critical race condition
can be detected. In real hardware gates, gate delays can be varied depending on the environment,
such as temperature and fan-out. If a precise gate delay is assigned, a critical race condition can be
detected with a high degree of confidence; a false detection may in reality be due to delay varying.

1 Introduction

Many engineering communities are gaining experience with VHDL not only as a design documenta-
tion medium but also as the simulation tool [2, 3]. As the design complexity increases dramatically,
top-down approach is necessary. VHDL supports a top-down approach by allowing high level design
abstractions as well as a bottom-up approach.

This paper describes the role of VHDL in the system redesign. The system redesign process can
be divided into the following steps:

o Behavioral description of the system is developed,

o Structural description is obtained, and

¢ Timing correctness is checked.
In this paper, we present the system redesign of the Remote 1/0 Module in the SINCGARS Radio [1].
Using VHDL, the current system which is using micro-processor is retargeted to the behavioral
description of a FSM. Figure 1 shows the block diagram of the Remote I/O Module in the SINCGARS
Radio. FSM modeling with VHDL will be discussed as well as other issues such as interrupt handling
and stack operation. These modeling techniques were successfully used to implement the SINCGARS
circuit [2, 4]. The structural description can be obtained from the behavioral description by using
a High-Level Synthesis system. At this point, the equivalence between the behavioral and the
structural description must be checked [8] and the timing correctness of the structural description
must be checked as well. One of timing problem is timing hazard conditions. In this paper, behavioral
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Figure 1. Block Diagram

Figure 2. Remote I/O State Flow Dia-
gram

description of a system using VHDL is presented and hazard detection methods using VHDL in
combinational circuits and race detection methods in sequential circuits are also discussed.

2 Circuit Functionality

The current implementation of the Remote I/O CLSI consists of the CDP 1802 microprocessor,
ROM, RAM, OUTPUT BUFFER, DEC/TIM, and a REMOTE INTERFACE shown in the Fig-
ure 1. The microprocessor is used in the SINCGARS Receiver-Transmitter(RT)to control the status
of the radio. It controls the inputting, decoding, outputting and encoding of remote control words
sent from the other modules in the radio. Thus the radio can be controlled at the distance via a
physical wire.

The ROM contains the stored program that controls the functioning of the CDP 1802. The
RAM is used for temporary storage during the operation of the CDP 1802 system. The OUTPUT
BUFFER can be loaded with parallel data which can be shifted out in a serial data stream later.
The output clocks and gates are also provided. The DECODER/TIMER is designed to decode the
CDP 1802 N_Lines into the OUTs and INs for use with the microprocessor and to provide timing
for the system. During a microprocessor SCAN state shown in Figure 2, the latched signals are read
by the microprocessor via the data bus. The signals are then analyzed and appropriate action is
taken. It provides direct memory access to the RAM.

3 VHDL Modeling of Finite State Machine

The micro-code in the CDP 1802 processor is modeled using VHDL. First of all, the overall be-
havioral description of the processor is described with VHDL behavioral description. This whole
description is further divided into a set of states in the FSM. In Figure 2, the circles represent the
main states and the rectangles represent the subroutines. These states and subroutines are further
divided into states to model the generation of output signals, the access of RAM, and the wait for
the clock such as EF§ which is 640Hz clock input. The subroutines in the micro-program are also
implemented as states.

The states in the finite state machine are implemented using the process statement of VHDL.
The FSM is synchronized to the rising edge of the 640K Hz clock. The interrupt routine is executed
when the interrupt line goes high and the interrupt enable is high.

The major disadvantage of using the process statement is the extensive use of the null assign-

ment. If the same signal is driven in more than one process, it must have a bus resolution function
associated with this driver. In our design a signal variable, transition, which selects the proper next
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