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Abstract. The integrated circuit industry is the basic industry of the digital economy and one
of the basic sources of strength to build the new competitive advantage of China's economy in
the future. With the development of microelectronic technology, IC technology has becoming
more and more integrated, at the same time, the data flow in the different chips are getting
complex. To overcome the restriction of the data transmission, FIFO become a way to solve
the problem. However, different chips usually work in various clock domains, so the data
transmission across clock domains is the key to make the communication between different
chips efficient. Meanwhile, the rate of space usage is also a part of chip performance, so the
depth of the FIFO is important. Because of the above, an asynchronous FIFO with adjustable
depth is designed on Verilog, used Quartus Il and Modelsim to draw an RTL diagram of the
whole module and simulation.
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1. Introduction

FIFO, which means first in and first out, is a dual port data register, the difference between FIFO and
ordinary buffer is that there is no external address line, the advantage is to reduce the input signal
control line, the disadvantage is that the data can only be written in sequence, sequence read [1]. To
solve the problem of different working clock domains, synchronization of the output is necessary, the
module of synchronization allow data input from other modules to be valid. The whole asynchronous
FIFO can be divided into six modules: Module 1—write_operate: Write enable controls whether to
write, the input read pointer is processed to determine whether the FIFO is full then generate the full
signal. When FIFO is full, stop writing. Module 2—read_operate: Read enable controls whether to
read, the input write pointer is processed to determine whether the FIFO is empty then generate the
empty signal. When FIFO is empty, stop reading. Module 3—write_syn: Make the read pointer in read
clock domains into write clock domains. The use of two stage D triggers to reduce the occurrence of
metastability. Module 4—read_syn: Make the write pointer in write clock domains into read clock
domains. The use of two stage D triggers to reduce the occurrence of metastability. Module
5—FIFO_data: Control the data location based on the write or read pointer. Top module: When using
the whole module, the parameter can be changed, which can achieve the purpose of adjusting the
depth [2].

© 2023 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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2. Major module principle

2.1. Conversion principle of binary code and gray code

Because of the transmission of data in different module, if the data change many bits, metastability
may happen. However, gray code is a binary code that changes one bit at a time, which means that
even there is a two stage D triggers, gray can make the address transmission without problem. Binary
to Gray: The binary code is moved one bit to the right and then XOR with the original binary code [3].
Gray to Binary: The highest bit of the gray code is reserved as the highest bit of the binary code. The
binary code secondary high level generation process is obtained by using the binary high level and the
secondary high level gray code to be different, and the value of other bits is like the binary code
secondary high level generation process. As shown in Table 1.

Table 1. Code value conversion table.

Code value conversion table

Decimal(N) Binary(B3B2B1B0) Gray(G3G2G1G0)
0 0 00O 0 00O
1 0 0 0 1 0 0 0 1
2 0 010 0 011
3 0 011 0 010
4 01 0O 01 10
5 0 1 01 01 11
6 01 10 01 01
7 01 11 01 00
8 1 0 0 O 1 1 00
9 1 0 0 1 1 1 0 1
10 1 01 0 1 111
11 1 0 1 1 1 110
12 11 00 1 010
13 1 1 0 1 1 01 1
14 1 110 1 0 0 1
15 11 11 1 0 0O
2.2. Empty and full condition judgment mechanism
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Figure 1. Chart for full and empty.

Compare the position of the write pointer and the read pointer to determine whether it is full or empty.
The depth + 1 bits pointer is used for the compare, As shown in Figure 1. which means that there is
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an extra bit pointer to compare the order of write pointer and read pointer. However, one thing to note
is that only depth to O bits is an address, the depth + 1 bit of the pointer is the flag of the round, it
can’t represent any address. No full and no empty: In this situation the position of write pointer and
read pointer don’t satisfy any circumstance, so the FIFO isn’t full or empty. Full: This situation is
divided into two circumstances. The first one, the two pointer is in the same round, and write pointer is
locating the bits before read pointer. The second one, the two pointer isn’t in the same round, but the
write pointer is at the end of that round, and read pointer is the first one in its round. Empty: In this
situation the two pointer is in the same round, and they have the same position [4]. So, the judgment
condition of full and empty is clear: when the write address is 1 less than read address, FIFO is full,
when the write address is same as read address. When FIFO is full, write operate stop; when FIFO is
empty, read operate stop.

2.3. Signal synchronization in different clock domains

Because of the development of IC, more flip-flop is used as a normal device in the design of the logic
circuit. It must need data setup and hold time during the use of flip-flop (setup time is the minimum
time required for the data on the flip-flop data side to be stable, hold time is the minimum time for
data-on-data side stay stable after the rising edge from clock coming. This design adopts double latch
method. Two D-triggers are connected, when signal is transmitted between two different clock
domains, the signal will pass the two-stage latch, and make the signal stable. This kind of structure can
reduce the probability of metastable state and reduce the harm of metastable state to a certain extent.
However, this kind of structure will cause the delay of a clock in the input signal, which needs to be
dealt with in the design of the system and must be paid attention.

3. Relevant principles of adjustable depth module

To realize the continuous reduction of chip size and the increase of space utilization, the adjustable
depth is necessary, the module could select the best depth according to the input read/write clock to
achieve high space utilization.

3.1. Minimum depth estimation

In the write operate, data isn’t entered smoothly, there may be a data burst, which means that there are
suddenly appear a large number of data will be written. To avoid data lost, FIFO is best to choose a
depth that can accommaodate the data [5,6]. First, the frequency of write clock (replace with wclk) and
read clock (replace with rclk), and need to know the maximum burst each time. When frequency of
write less than frequency of read, there will be no accumulation of data, every time the data write into
FIFO, it can be read, so depth can be set at will. When frequency of write more than frequency of read,
after each burst, data accumulates in the FIFO, then the known condition to calculate the minimum
depth. The basic calculation process is explained below: Known: wclk(Hz), rclk(Hz), burst. Write
burst need time: t = burst/wclk The number of read int: cont = rclk x t The minimum depth:

depth_. = (burst—cont) + 1 To sum up:. depth_. = burst x (1——<£) 4+ 1 The above is the

min Welk
basic case for calculating the minimum depth of the FIFO. Considering the delay in the gray code
conversion, the minimum depth must be greater than depth

min

min *

3.2. More key factors

First, when there is an idle cycle, we can understand that the writing frequency and reading frequency
decrease, so the equivalent data writing time and the equivalent reading data time are as follows:
Known: wclk(Hz), rclk(Hz),idle cycle. Write data equivalent time: (idle cycle + 1) x (1/wclk).
Read data equivalent time: (idle cycle + 1) x (1/wclk). The experimental data show a significant
increase in the presence of idle cycles and this calculation is also applicable to the case where the read
and write enable signal (wr_en/re_en) has a duty cycle. For example, when idle cycle = 1, the
corresponding duty cycle is 50%. Second, there is a random read and write situation, and we start with
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the situation that has the greatest impact on the depth of the FIFO, when the write frequency is the
largest, and the read frequency is the slowest [7]. we could use the known condition to calculate the
minimum depth. The basic calculation process is explained below: Known: wclk (Hz), rclk (Hz),
random read data frequency (data/clock), burst. Write burst need time: t = burst/wclk ,Read data
frequency:rclk rclk’ = 1/[1/(rclk X randomread data frequency)], The number of read in t:
cont = rclk’ x t, The minimum depth: depth .. = (burst—cont) + 1.

4. Code implementation on Verilog

4.1. Write operate and read operate

The main steps of read and write operations are similar: In write operations, write addresses and write
Pointers are generated to generate full signals; Read operation, generate read address, read pointer,
generate empty signal [8].

4.2. Write_syn and read_syn

In write clock synchronization, the address output under the read clock is input to the write clock
domain by beating two beats to prevent the metastable data caused by the address change from
affecting the write and read of the data. The same is true for read clock synchronization.

4.3. FIFO data

Set the data depth as 4 bits of binary number (that is, 16 bits of data), and the data width as 8 bits of
binary number and fill the data into the FIFO successively under the write clock [9]; Data can be
written only when it is not full and the write switch is on. Read data through the read pointer address
control, pointer to the address, then output data in this address.

4.4. Top module

By using these five modules to realize the FIFO function, and because the parameters are common, the
depth of FIFO can be adjusted when using the top module. As shown in Figure 2.Take Altera Cyclone
V development board as an example, when the development board is working under configuration
mode, it can be pre-configured with five built-in modules which maybe different depth [10].
According to the code module line, can make RTL diagram.
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Figure 2. RTL diagram.
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5. Simulation experiment on Modelsim

The figure 3 below shows the fundamental function of the FIFO. In this figure, the depth (ADDRSIZE
in code) is set as 4. The first line is wclk and the second line is rclk, the write operates and read
operate work under their respective clock domains:  wswitch, rswitch are respectively write and read
the control switch, in the switch set high power usually, will carry out the data write and read.
wrst_n and rrst_n respectively represent the reset of the write operation and read operation. When the
signal is set to low power level, the read pointer and the write pointer is reset. At the same time, the
write reset is also entered into the data module to clear the internal data. wfull and rempty are the full
and empty judgments of data respectively. They are judged based on the write address and read
address and output full signal in the write operation module and empty signal in the read operation
module. waddr and raddr are addresses for writing and reading data respectively. These addresses are
entered into the read and write operation module respectively for judgment. wg2_rptr and rq2_wptr
indicate that the read pointer is sent to the write operation after being synchronized in the write clock
domain, and the write pointer is sent to the read operation after being synchronized in the read clock
domain, respectively [11]. The write pointer points to the next digit of the address. wdata and rdata are
respectively write data and read data. As shown in Figure 3
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Figure 3. Simulation diagram.

Read the image according to the simulation image time: when rst is set to 0, read and write
operations are not carried out and data is set to 0; After rst set 1, wswitch set 1, rswitch set 0, when the
data is not written, the empty signal has been reported, but does not affect the write operation, at this
time, write data and write pointer address with write clock a push forward, write 9 data after wswitch
set 0 to stop writing, because the default data depth of the whole FIFO is 16, then not full signal, In
addition, the reset position of the read pointer is [0], that is, the first data 1 is read directly; After
rswitch is set to 1, the data is read. As the read clock reads the data one by one, it can be seen that the
contents and sequences of the written and read data are the same. However, because of the FIFO is full,
the data after 16 isn’t recorded in the FIFO, and the full signal set 1 before the read operate is working.

In fact, because of the particularity of the parameter in Verilog, so in order to achieve the purpose of
depth adjustable, the functionality of the development board, however, this FIFO design is imperfect,
there is still room for advancement. A couple of ways: First, the design can use some IP cores which
can raise the priority of the declared parameter; thus, a judgement before the module work to change
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the depth. What’s more, some development boards which can control the incoming parameters when
the module is working.

6. Conclusion

For the current common buffer may make the whole chip work slowly and increase the workload of
the chip. The appearance of asynchronous FIFO not only makes the circuit work faster, but also can
work in different clock domains. The improvement of depth adjustment will further expand the
application scope of FIFO. It has a good application prospect.
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