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Abstract-  Soft IPs are architectural 

systems that are provided as 

composable RTL values in some HDL 

languages, such as Verilog, VHDL and 

System Verilog. These are technology-

independent and offer a high degree of 

change versatility. The detailed 

abstract concept of our projects is the 

Registry Transfer Rate (RTL). One of 

the big RTL issues in terms of 

architecture is the Clock Domain 

Crossing (CDC). The problem affects 

reliability at all levels of the design 

flow. Another major aspect of VLSI 

design is electricity consumption. For 

today's design, low power is a 

significant factor. This means that less 

energy is safer than more power 

consumption. It should be determined 

sooner rather than later. The quality 

control of RTL reflects this aspect. The 

power assessment can be done at RTL 

level with various instruments, which 

saves a lot of time in tracking and 

redesign. This paper aims at checking 

clock domain crossing faults at RTL 

stage and doing redesign of circuit to 

eliminate those faults. Also an effort is 

made to compare quality of two 

designs in terms of delay, power 

consumption and area. 

Keywords: Register-transfer Level, the 

Clock Domain Crossing, Delay, Power 

consumption, Soft Intellectual 
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1. INTRODUCTION  
 
Introduction to IP: 

IP was nothing more than a standardized 

logical architecture, cell or disk. Either 

hand can be used as the IP or as an IP of 

a service provider from the software. As 

a design element, the IP cores in the 

ASIC chip or the FPGA architecture. In 

the Systems ON Chip (SOC) 

architecture, IPs may have a more 

pronounced effect as SOC is a set that 

enables connecting several IPs to IPs as: 

These IPs are usually available in concise 

hardware (HDL) language in domain 

specific identifiers, such as verilog or 

vhdl, and are close to high-level 

languages such as C in software 

engineering. IPs like RTL chip makers 

allow chip developers to modify designs 

functionally.  IPs can also be found as 

general gate-level netlists. In the higher, 

physical description, this IPs is 

described.  
 

2. LITERATURE REVIEW 
 

Saurabh Verma, and everyone discussed 

the fundamental issues of clock domain 

crossing (CDC). Metastability, data loss, 

system incoherence, etc, are the key 

problems of clock domain crossing. 

Ginosar has shown how metastability 

degrades circuit efficiency and how 

synchronizers overcome digital design 

metastability. Through interactive 

projects, Clifford has also addressed 

many realistic CDC examples. CDC is 

usually analyzed at the RTL level and 

suggested improvements to the 

programming code written in device 

verilog / verilog are made.  

 

3. PROPOSED METHODOLOGY 
3.1 Clock Domain Crossing Checks on 

RTL 

A clock domain is clock system-

unabhängig. The clock is used in the 

system in this field, i.e. all synchronous 
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components are susceptible to a certain 

clock. Any change to this clock must 

therefore take place. Sometimes the clock 

referring to a clock domain is delayed or 

linked to the other clock signal in the c 

network 

 

 
  

   Figure1.  Examples of synchnonous clock 

domains 

 

 Figure 1. Illustrates three different clocks 

used in a design, but all are synchronous to 

each other. (a) Represents CLK, (b) 

represents its inversion and (c) represents 

CLK1 (derived from CLK). All three are 

synchronous to each other. 

 

 
                       

Figure 2: Two clock signals synchronous 

to each other 

 

               Figure 2. Shows two clock 

signals, one with frequency 10Hz and 

other one is 5Hz. Despite of two different 

frequencies these two clocks are 

synchronous to each other because 

first clock frequency is integral 

multiple of frequency of second clock 

frequency. 

                     

3.2 Multiple Clock Domains in SOC: 

The System on Chip (SOC) is 

evolving in the modern VLSI design 

as an evolutionary method for solving 

the problems of performance caused 

by long interconnections. SOC is 

simply a multi-IP link. Therefore, 

SOC architecture is entirely 

dependent on the connectivity 

between the numerous IP sub blocks 

and on fewer energy dissipation. The 

diagram of a basic SOC is shown in 

the figure that this SOC consists of 

the IP clocks IP A, IP B and IP C. 

These three IPs can also be built by a 

single vendor and can be provided by 

three distinct vendors.  

 

: 

Figure3:  SOC containing multiple IP 

with multiple clocks 

 

In our RTL commands, these IPs are 

usually black sealed. The three IPs work 

in three different clock domains, i.e. as 

shown in the above SOC diagram. IP A 

operates with the CLK A frequency, IP B 

functions at the CLK B frequency, and IP 

c works with the CLK C frequency. We 

have three separate time realms given 

these three clocks. So all the signals and 

ports are connected at the required 

location when IPs are integrated to form 

the SOC. Thus we have several signals 

going through several clock realms, 

otherwise called clock domain crossings. 

   

3.3 Clock Domain Crossing (CDC): 

SOCs are becoming more complex day 

by day. A lot of functionalities are 

getting added to chips and data is 

transferred from one clock domain to 

another. So, clock domain crossing 

(CDC) verification has transformed as 

one of the major verification challenges 

in today’s deep submicron designs. If a 

design fails at this stage then it is must 

that we should fix this issue in RTL.  

                

3.4 Basic Issues In Clock Domain 

Crossing: 

The main issues when a signal crosses 

from one clock domain to another clock 

domain are as given below: 

 

Data Loss: 
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The destination domain can not collect 

the data correctly due to metastability 

even though new data is produced by the 

source. Figure 9 shows how due to 

metastability the data is lost during the 

first transition of data A and then getting 

captured in the next clock cycle. As long 

as each transition of source domain data is 

captured in the destination domain there 

is no data loss. So it is must obeyed that 

data signal coming from sending domain 

must be kept stable for atleast one clock 

duration of the receiver domain. 

 

4. ANALYSIS OF CDC 

VIOLATIONS 

Absence of Synchronizer: 

As we studied in section that a clock 

domain crossing signal can cause 

metastability while crossing from one 

clock domain to another. We cannot 

see the metastability in simulation since 

it comes at post silicon level. The only 

thing we can do is to add synchronizer 

in RTL CDC paths so that it will avoid 

metastability. 

 

4.1 Two Phase Shifted Sequencing 

Control Signal 

 

 

Figure04: Example of two control signals 

which are phase shifted 

 

As shown in above figure due to little 

skew between aq2_ld1 and aq2_ld2 

signals data is missed where it is 

required. To resolve this issue we will 

cross one signal in between two domains 

and we will generate the other load signal 

is the receiver domain using a D flip-flop 

as shown in Figure. 

 

 
 

Figure 05:output waveform of the 

modified          circuit 

 

 4.2  Encoded Control Signal Passing 

Since the two encoded signals are 

slightly skewed when sampled erroneous 

decoded output is getting generated . The 

solution is to pass signal as it is and send 

an enable signal and synchronize it . The 

acceptable bus values 0'b10 are 

undesirable because of the minor 

interference between the bdec signals. It 

is improperly decoded because of this 

performance. But with the synchronized 

signal you will load the bdec inputs and 

signal are correctly decoded at the 

display. This is avoided. 

4.3 Handshaking between two clock 

domains: 

This contains computer transfers in two 

clock realms. The sender domain sends 

data along with a control signal which 

can be coordinated via a 2 DFF control 

signal. The control signal is then used to 

load data into the domain of the 

processor. The receiving domain will 

have the same configuration to generate a 

pulse to load the data in the stream. Then 

a confirmation signal can be sent back to 

the domain sending indicating that next 

information can be loaded. The process is 

called handshaking since data sharing 

takes place in conjunction with both 

fields. This method is also regarded more 

precisely as multiple cycle formulation 

(MCP). 
 

4.5 Multiple Cycle Path (MCP) 

Formulation With Feedback 

Acknowledged 

MCP formulation is a common 

technique for safely passing multiple 

CDC signals. The main advantage of this 

technique is sending clock domain is 
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required to toggle an enable signal into 

the receiving clock domain to indicate 

data has been passed and ready to be 

loaded. 

Sending clock domain is not 

required to calculate the appropriate 

pulse width to send between clock 

domains The above block diagram is the 

simple block level representation of a 

handshaking mechanism in between two 

clock domans i.e. “aclk” and “bclk”. 

Signal “asend” is made high when data is 

sent. But data does not get loaded until 

we get high value on acknowledgement 

signal “avalid”. Signal “aready” is 

generated by an FSM mechanism.  

                                                                  

   Multi-Bit CDC Signal Passing Using 

FIFO Synchronizer 

A1-deep two FIFO register is 

another method for cross-border 

multiple control and data bits. 

Information are sent on one end and 

information are processed on one end. In 

the wclk domain data is loaded into the 

FIFO. Data from FIFO in the rclk 

domain was interpreted on the other 

side. 

This case uses a 2-deep FIFO 

file, i.e. At a time FIFO will store 2 8-

bit data values. The two wclk and rclk 

points "wptr" and "rptr." As data is 

sent, the "wput" signal will be strong. 

Nevertheless, the data is written on 

"waddr" when "we" signal is small, i.e. 

when we have high value on "wrdy" 

recognition signal.. The “rptr” signal 

toggles for each transition on “re” from 

0 to 1. “rptr” signal is synchronized and 

the output is used to get an 

acknowledgement output “wrdy” which 

indicated that next data set can be sent 

now. 
 

5. RESULTS OF RTL 

QUALITY CHECKS 
5.1 Simulation Output of Data Transfer By 

MCP Technique And FIFO Mechanism 

    Using VCS simulator simulations 

were performed on both MCP and FIFI 

design and simulation outputs were 

observe as below. 

                      

                 

Figure 6: VCS simulation output 

waveform of MCP formulation 

 

Simulation output of MCP formulation 

technique is shown in figure.11he time 

delay between data being  

sent and data getting received is 

calculated to be 147-85=62 time unit. 

Time scale taken is 1ns/1ns. So absolute 

delay is 62ns. 
 

5.2 Delay Comparison Between MCP And 

FIFO 

From the output waveforms that we got 

for MCP design and FIFO design we can 

calculate the delay in both the technique. 

Delay in this case is nothing but the time 

gap between the data getting uploaded in 

the sending clock domain and the data 

getting sampled as output in the receiving 

in table 

 

Table 1:  Delay comparison of MCP and 

FIFO design 

 

From the above table it is concluded 

that data transmission by MCP takes 

more time than FIFO technique. So 

using FIFO is better in terms of delay, 

when taken into consideration. But one 

thing we have to ensure that FIFO full 

and empty conditions are taken care of. 

So the conclusion here is that FIFO is 

faster than MCP technique. 

Characteristics MCP FIFO Preferred 

Delay (ns) 62 21 FIFO 

Switching 

Activity MHz) 

40 35 FIFO 

Total Power 

(mW) 

1.73 1.42 FIFO 

Area (nmsq.) 3.64K 5.1K MCP 
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5.3 Activity Output Waveform of MCP 

Technique and FIFO Technique: 

 

Using Power Artist tool the activity 

waveform is generated for both MCP 

and FIFO synchronization 

methodology. The x axis is time in ns 

unit and the y axis is frequency in Hz. 

 

 

          Figure7 : Activity waveform of 

MCP formulation 

Figure 12 shows activity waveform of 

MCP technique implemented earlier. The 

activity is quite random and the 

maximum activity is found to be 40 Hz. 

 

5.4 Textual Reports of Power Analysis: 

The estimation of the power of RTL 

helps us to calculate our model. This 

electricity may not be the real energy 

used to create the device. Almost all of 

the estimation of the strength of RTL 

includes the calculation of several 

different designs and the choosing of the 

strongest one. With all measurements 

using the same database, this method is 

very effective in carrying out resource 

quality controls. Even with a single 

design, the most successful system and 

the more efficient module can be seen.  

The power share of the MCP and FIFO 

methods is shown in the diagram. 
 

6. CONCLUSION AND 

FUTURE SCOPE 
At the clock domain passing, 

dominates must be modified and set to 

the RTL stage. A single-bit flip-flop is 

used to transfer data. Nevertheless, no 

single bits can be used with two D flip-

flop synchronizers for a knowledge path. 

This causes unnecessary technical 

problems such as loss of data and 

incoherence, given the remedy of 

metastability. This article mentions some 

of these circumstances. For multiple data 

transmission, different methods are 

needed. Whether the trembling 

procedure, the MCP formulation 

technique or the FiFO sync system, offers 

a multi bit signal crossing between clock 

domains. A generic implementation of 

MCP and FIFO using system verilog was 

demonstrated in this document. FIFO 

often requires less complex control over 

MCP and less switchable. The main 

disadvantage of FIFO, however, is that it 

covers more than the MCP infrastructure. 

The most important area is the DRAM. 

Often the area decreases again as the 

RAM size increases. Therefore, when the 

constraints become visible, FIFO is less 

desirable.  
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