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Abstract 

 

Metastabilty is commonly occurring phenomenon in digital circuits. Synchronizers are necessary to protect them from their deadly 

effects. Many applications have multiple clock domains. Data is transferred between these clock domains. Variability in 

frequencies results in data loss. Synchronizers are used in (GALS) Globally asynchronous and locally synchronous system on chip. 

Synchronizers determine the reliability of system. The parameters which are associated with the synchronizers are clock; data rate 

and timing window (setup and hold time). In practical situations, the synchronizers suffer from metastability since the data changes 

happen in the setup and hold timing window. Formerly they were required when there was asynchronous input. But now days they 

are required when on- chip data crosses clock domains. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

High integration density by VLSI (Very large Scale Integration) enables to fit entire one complex digital system into a single die. 

As a result there are a number of clock domain crossings. It has also become extremely difficult to distribute global clock all over 

the system with low skew rates. As a result globally synchronous design is replaced by “Globally asynchronous and locally 

synchronous”. (GALS). In GALS all the modules are locally operated synchronously, but communication with other modules are 

asynchronous. The metastability problem can never be completely avoided but its probability can be reduced to such an extent that 

we never see a metastable event in the Lifetime of a system. But this can be done at the cost of performance  

 Basic Synchronizer: 

There are two digital systems that are working at two different clocks clock 1 and clock 2. For the data transfer between two clocks, 

synchronization is required and also a block for communication. There are various types of synchronizers. Some of which is single 

stage synchronizer, multistage synchronizer, metastable hardened synchronizer, even and odd predictive synchronizer. 

 
Fig. 1: Two clock domain system and Synchronizer [6] 

Fig 1 shows two clock domain and a synchronizer. Here there are two systems communicate with each other. So we require a 

synchronizer in between so that during their clock domain crossings, they do not undego metastable events [6]. 

Fig 2 shows typical multistage synchronizer. For every synchronizer, the parameter of interest to us is MTBF (Mean Time 

between Failures). This refers to the time between two metastable events taking place. This parameter should be ideally infinite. 

But practically it should be such that for a particular system we never see a metastable event during its entire lifetime. 
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Fig. 2: Multistage Synchronizer [5] 

Prediction of MTBF in clock-domain-crossings scenarios depends on different parameters. Many of these parameters are 

extrinsic. For example clock frequency, rate of data transitions, clock duty cycle, and the number of stages in the synchronizers in 

case of multistage synchronizers N, are all parameters related to the application. Other than extrinsic parameters, there are also 

intrinsic parameters the most of these are resolution time constants, aperture width. One can determine these parameters by circuit 

simulation. They have PVT variations meaning that they are dependent on process, Voltage and temperature. Carrying out 

simulations by considering all of these parameters is very tedious and time consuming. Instead we can make a MTBF model 

depending on some of the extrinsic factors and as a result of which we would be able to model PVT variations and also other 

extrinsic factors will be covered up. [5] 

 Communication in GALS: 

Communication between two locally synchronous systems within a GALS architecture consists of moving data through a parallel 

bus from one clock domain to other. More specifically a single word data is moved from the sender’s output register to the input 

register of the receiver. The major problem will be when the sender will update the outputs when the receiver is receiving it[4].  

This could have two possible consequences: 

1) The Skew problem. In this problem which receiver samples some bits depending on the previously changed data while 

others changed it before the sampling time? This will be called as inconsistent data word. 

2) The second problem is more important. It is related to metastable events. This is what we are concerned about it more. 

This happens when the data transition is very close to the clock transition. The metastable event occurs when the receiver 

receives the output before the input has properly settled down. 

 
Fig. 3: Synchronizer Fundamental circuit of the plausible clocking approach, including sender and receiver blocks [4] 

As shown in fig 3. , we can have synchronizer based communication also by using handshaking signals. In which when the 

sender sends some data it also sends REQ signal along with it. When the receiver receives it sends ACK signal back to the sender 

so that the sender acknowledges that the data sent is received by the receiver.[4] 

 Metastable Hardened Synchronizers: 

We will now discuss about some metastable hardened synchronizers. Metastable hardened means the synchronizers which are 

designed specifically for the elimination of metastability from the system. Normally we use flip flops for the elimination of 

metastability. But the propagation delay and power dissipation of flip flops are very high. As a result of which flip flops prove to 

be inefficient. So we use metastable hardened synchronizers for the metastability elimination. 

We will discuss three metastable hardened synchronizers:-- 

1) Jamb latch Synchronizer 

2) Pseudo NMOS Synchronizer. 

3) D flip flop 
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 Jamb Latch Synchronizer: 

The Jamb latch design is shown in the figure. The flip flop sets synchronously and resets asynchronously. The interpretation of 

results becomes very easy due to its simplicity in design and as a result yields excellent metastability characteristics. The main 

benefit of the design is that an asynchronous reset allows a lighter load on nodes Bs and node Bm than a synchronous reset using 

the same type of latching device. [2] 

 
Fig. 4: Jamb latch synchronizer [2] 

The simplified design of Jamb Latch design is shown below. The design is self-explanatory. 

 
Fig. 5: Simplified Jamb latch [1] 

We will now see an improved synchronizer circuit that is much less sensitive to power supply variations. It is named as Improved 

Jamb Latch design. Here two P-type load transistors maintain sufficient amount of current to keep the total amount of 

transconuctance high even at the supply voltage less than the sum of thresholds of the p and n type transistors. Two additional 

feedback p-types transistors are added to the Improved Jamb Latch so that the state of the latch remains same when the main p-

type loads are turned off. Because of these  

 
Fig. 6: Jamb Latch Synchronizer with a metastability detector [3] 
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Feedback p types, the main p-types would be switched on only during metastability, and the total power consumption is less.  In 

this improved Jamb latch implementation a there is a metastability filter which produces the synchronizer output signals, which 

only go low if there is a metastability error.[3] 

 Pseudo NMOS Design: 

Pseudo NMOS is the synchronizer which is used in deep sub-micron design. It is a variant of a sense amplifier. The difference 

between both is only of offset. For a synchronizer, offset voltage is unimportant. The working of pseudo-NMOS follows. When 

elk is high, PMOS transistors are conducting, pulling q and q bar toward Vdd. If d is high and d bar is low, then q bar will also be 

pulled low, allowing q to go high. As a result there will be high value on q while q bar will be at some lower value. When elk goes 

low, the large pull-down transistor gated by elk bar will conduct, and the bistable pair will settle with q high, and q bar close to 

zero voltage. The behavior when d bar is low and d is high is equivalent. Finally, if d and/or d bar change or have ill-defined values 

when elk goes low, any voltage mismatch between q and q bar will be multiplied regeneratively.[1] 

 
Fig. 7: Pseudo NMOS latch [1] 

Since pseudo-NMOS latch responds to the difference in the voltages of d and d bar, so full-swing signals are not necessary. This 

allows the q and q bar outputs of one pseudo-NMOS latch to be connected directly to the d and d bar inputs of the next latch in the 

chain. The latch has to drive the pair of NMOS transistors, the capacitive load on the bistable pair is much lower than that of the 

inverters that are driven by other synchronizer circuits. The use of passive PMOS pull-ups reduces the capacitance on nodes q and 

q bar because the gates of the PMOS transistors do not load these nodes. When we apply input signal to steering nodes mm and 

mm bar, we avoid adding capacitance from the input circuit to the critical nodes of the bistable pair. This results in a circuit with 

a relatively high gm and a very low capacitive load on the critical nodes. This allows the pseudo-NMOS latch to achieve lower tau 

values than any other synchronizer. Here the tau is the term for metastability. Lower the tau value more is the MTBF. [1] 

 
Fig. 8: D flip-flop [7] 

 D flip- Flop: 

The D flips flop which is normally used as a synchronizer is shown in the figure. This is a positive edge triggered flip- flop. Though 

this also acts as a good synchronizer, it has a large propagation delay and has a higher tau value. 

 Summary of Study: 

We have seen different types of synchronizers. Multistage synchronizer is effective and robust but the multiple stages introduce a 

large delay in propagation. Pseudo-NMOS synchronizer and Jamb latch synchronizers are metastable hardened synchronizers. It 

has the combined advantages of high efficiency and very good metastability detection. Metastable hardened synchronizer are 

specially designed for metastability detection as a result it is one of the best synchronizer with disadvantage of high power 



Study of Synchronizers  
(IJSTE/ Volume 2 / Issue 12 / 021) 

 

 All rights reserved by www.ijste.org 
 

109 

consumption and lower tau value which results in higher MTBF. Moreover the positive edge triggered D flip flop has higher tau 

value. It does not prove to be useful under critical constraints but under normal constraints we always use a D flip- flop as a 

synchronizer. If one flip-flop is not sufficient either we use two flip flops or a chain of flip-flops. 
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