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Efficient on-chip communication is vital in modern embedded and System-on-Chip (SoC)
architectures. This project presents the design and implementation of an AHB (Advanced High-
performance Bus) to APB (Advanced Peripheral Bus) bridge using Verilog Hardware Description
Language (HDL). The bridge serves as an interface between high-speed AHB masters and low-speed
APB peripherals, with a Finite State Machine (FSM) governing the control flow—including address
decoding, data transfer, and handshake signal management. The Verilog-based design emphasizes
modularity, timing accuracy, and hardware compatibility, making it well-suited for both FPGA
prototyping and ASIC integration. Functional simulation and synthesis validate the bridge’s
correctness, performance, and efficient resource utilization. The FSM-based control ensures
predictable and reliable communication across the AHB and APB domains, fulfilling the structured
connectivity demands of AMBA-based SoC designs [1].
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1. Introduction

In System-on-Chip (SoC) architectures, efficient
communication between high-speed cores and low-
speed peripherals is crucial. The ARM AMBA
(Advanced Microcontroller Bus Architecture)
specification addresses this need with a range of
bus protocols, among which AHB (Advanced High-
performance Bus) and APB (Advanced Peripheral
Bus) are commonly used [1],[6]. While AHB
supports high-throughput operations suitable for
processors and memory, APB is designed for simple,
low-power peripheral communication. To enable
seamless interaction between these two domains, a
bridge is required. This project focuses on the
design and implementation of an AHB to APB bridge
using Verilog HDL. The bridge translates high-speed
AHB transactions into APB-compatible signals,
ensuring proper timing and control through a Finite
State Machine (FSM). The design adheres to the
AMBA protocol, aiming for accuracy, modularity, and
synthesis efficiency. The Fig 1 represents the AMBA
architecture.

Figure 1: Block diagram of AMBA Architecture [1]

2. AHB Master

The AHB master initiates all bus transactions by
generating address, control, and data signals. It
controls the direction and timing of data transfers
using handshake signals such as HREADY and
HRESP, which indicate the readiness of the slave to
respond. The master supports both read and write
operations and drives the bus protocol’s pipeline
behavior. In the bridge design, the AHB master acts
as the transaction initiator, enabling high-
throughput communication suitable for cores and
memory components.

3. AHB Slave

The AHB slave responds to commands issued by the
master. During a transaction, it decodes the address
to determine whether it should respond, and either

accepts data (in write operations) or returns data
(in read operations). It also generates HREADY and
HRESP to indicate the status of each transaction. In
this design, the AHB slave interface receives
pipelined control signals and forwards them to the
FSM controller. Verilog HDL modeling ensures
precise timing simulation and synthesis
compatibility.

4. FSM Controller

In the AHB to APB bridge design, a Finite State
Machine (FSM) is used to manage the control flow of
transactions between the high-speed AHB interface
and the low-power APB interface. The FSM ensures
that data transfers are properly sequenced, and it
enforces timing and handshaking requirements
specific to each bus [2], [7]. It operates based on
key control signals such as Valid, HWRITE, and a
temporary write flag (HwriteReg), transitioning
through various states that define the phases of
read and write transactions.

The FSM consists of eight distinct states, each
responsible for a specific operation or
synchronization step. The overall behavior and
transitions are illustrated in the FSM state diagram
(Fig. 2), and are described as follows:
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ST_IDLE: This is the initial or idle state, entered
after reset (HRESETn = 0) or when no valid AHB
transaction is occurring (Valid = 0). The FSM
remains here until a transaction is detected.

ST_READ: Triggered when Valid = 1 and
HWRITE = 0, this state captures the address
and control information for a read operation.
The FSM transitions from ST_IDLE to ST_READ
when a read is initiated.

ST_RENABLE: Follows ST_READ to initiate the
APB read phase. It enables the APB bus and
waits for the data to become available. The FSM
then returns to ST_IDLE once the read is
complete.

ST_WRITE: Entered when Valid = 1 and
HWRITE = 1, signalling the beginning of a write
transfer. This state prepares the system for data
transmission by latching the address and data
inputs.

ST_WWAIT (Write Wait): This intermediate state
is activated when a write is initiated but
HwriteReg = 0, indicating that the write enable
timing is not yet met. It acts as a
synchronization buffer before proceeding.
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The FSM transitions are governed by control signals
such as Valid, HWRITE, and HwriteReg. From
ST_IDLE, it moves to ST_READ or ST_WRITE based
on the transaction type. Read operations proceed to
ST_RENABLE, while writes may go through
ST_WWAIT, ST_WRITEP, and then ST_WENABLE or
ST_WENABLEP. All sequences eventually return to
ST_IDLE.

This approach ensures correct timing, supports
pipelining, and maintains AMBA protocol compliance
[1][2][7].

Figure 2: State machine of AHB to APB [1]

5. APB Bus

The Advanced Peripheral Bus (APB) is optimized for
simple, low-power peripheral communication. Unlike
the pipelined AHB, APB uses a straightforward two-
phase protocol: setup and enable. This makes it
ideal for connecting low-speed devices such as
UARTs, timers, and GPIOs [5], [8]. In the proposed
design:

The minimalistic nature of APB makes it highly
suitable for connecting UARTs, timers, GPIOs, and
other memory-mapped peripheral devices. The APB
slave used in this work follows AMBA-defined timing
and handshake behavior [1][7].

6. AHB to APB Architecture

The AHB to APB bridge enables communication
between the high-speed AHB and low-power APB
protocols. As shown in Figure 3, the system consists
of an AHB Slave, a Bridge FSM, and an APB
Interface. The AHB Slave receives address, data,
and control signals from the AHB master and
forwards pipelined signals to the FSM. The FSM
generates intermediate APB control signals like
paddr_temp, pwrite_temp, and penable_temp,
which are then passed to the APB Interface to drive
the final APB signals. This architecture ensures
synchronized and efficient data exchange between
AHB and APB domains [3], [7], [8].

Figure 3: Architecture of AHB to APB Bridge [1]

7. Results

The simulation confirms the correct functionality of
the AHB to APB bridge. Both write and read
operations are executed with proper handshaking,
and the FSM ensures correct signal sequencing.
Waveform results validate the design for SoC
integration.

Figure 4: Simulation results from write operation
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ST_WRITEP (Write Pipeline): Represents the
state where a pipelined write is handled (Valid =
1, HwriteReg = 1). The FSM uses this state to
process overlapping write commands, improving
throughput in successive transfers.

ST_WENABLE: When Valid = 0 and HwriteReg =
1, the FSM enters this state to assert APB
control signals and finalize the write operation.
It ensures proper APB handshake signalling.

ST_WENABLEP (Write Enable Pipeline): Similar
to ST_WENABLE but used for pipelined transfers
(Valid = 1, HwriteReg = 1). It allows seamless
continuation of back-to-back write operations.

Setup Phase: The FSM controller issues control
signals such as PADDR, PWRITE, and PSELx,
preparing the APB slave for a transaction.

Enable Phase: PENABLE is asserted, and the
actual read or write operation occurs. The APB
slave acknowledges the transaction via the
PREADY signal.
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Figure 5: Simulation results from read operation

The write operation in Figure 4 starts at 27 ns with
valid address, data, and control signals (hwrite=1,
htrans=2), and completes by 81 ns after the APB
handshake (psel, penable). The read operation in
Figure 5 begins at 81 ns with hwrite=0 and
completes by 135 ns when data appears on hrdata,
confirming proper timing and synchronization
between AHB and APB.

Area Report:
Logic Utilization Used Available Utilization

Number of Slices 31 768 4%

Number of Slice Flip Flops 6 1536 0%

Number of 4 input LUTs 5 1536 0%

Number of bonded IOBs 105 124 84%

Number of GCLKs 1 8 12%

Timing Report:
Minimum period 3.746ns (Maximum Frequency:

266.923MHz)

Minimum input arrival time before

clock

4.279ns

Maximum output required time

after clock

6.306ns

8. Conclusion

This paper presents a Verilog HDL-based
implementation of an AHB to APB bridge using an
FSM controller to efficiently manage communication
between a high-performance AHB master and a low-
power APB peripheral. The synthesis results confirm
excellent area efficiency, with only 4% of slices
used, less than 1% utilization of flip-flops and LUTs,
and 84% utilization of bonded IOBs. The timing
report shows a minimum clock period of 3.746 ns,
corresponding to a maximum frequency of 266.92
MHz. This low delay significantly enhances the
operational speed of the design, making it well-
suited for high-performance embedded systems.
Furthermore, the design meets all input and output
timing constraints, ensuring stable and reliable
performance.

The modular FSM-based control structure also
provides flexibility for future enhancements such as
multi-peripheral support, pipelined AHB transfers,
and AXI interface compatibility, paving the way for
scalable and adaptable SoC integration.
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