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1. Definition of Cycle-to-cycle Jitter  
 

The cycle-to-cycle jitter of a clock signal is defined as the r.m.s. variation (standard deviation) in the 
period, which can be described by the following equation: 
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Where ti  is the instantaneous period of the signal and tavg is the average period value of 
the clock signal1. Using the so-called short-cut formula we can rewrite the above equation 
as: 
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We use this equation and transformed it into a VerilogA module to calculate the cycle-to-cycle jitter. The 
VerilogA code is shown in the following: 
 

 
2. Ver ilog-A Module 
----------------------------------------------------------------------------------------------------------------------- 
 
/ /  / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
/ /  Cycl e- t o- cycl e j i t t er  met er              / / / / /  
/ /  Copyr i ght  by Fudi ng Ge,  Al l  r i ght  r eser ved / /  
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
 
/ /  Thi s ver i l ogA model  out put  t he r ms cycl e- t o- cycl e j i t t er  of  t he i nput  
/ /  c l ock si gnal .  The def i ni t i on of  t he cycl e- t o- cycl e j i t t er  i s  t he r ms 
/ /  var i at i on i n i t d per i od.  
 
/ /  J i t CTC=sqr t ( ( sum( t i - t avg) * * 2) / M)  wher e M i s t he number  of  per i ods of  t est .  
/ /  M shoul d be as l ar ge as possi bl e.  t i  i s  t he i nst ant aneous and t avg 
/ /  i s  t he aver age of  t he per i ods:  t avg=( t 1+t 2+. . . +t M) / M 
 
/ /  I n t hi s model  we use t he f ol l owi ng equat i on:  
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
/ /  J i t CTC=sqr t ( ( sum( t i ) * * 2) / M- ( t avg) * * 2)      / / /  

                                                 
1 Here we divide the sum by M instead of more formal mathematical definition: 
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/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
 
/ /  You need t o change t he val ue of  hl f vcc t o mat ch t he power  suppl y 
/ /  of  t he cl ock si gnal .  I n t hi s ver si on vcc=2. 5 and hl f vcc=1. 25 
 
` i ncl ude " const ant s. h"  
` i ncl ude " di sci pl i ne. h"  
 
nat ur e  Ti me 
        abst ol  = 1e- 25;  
        access = TT;  
        uni t s = " ps" ;  
        bl owup = 1. 0e10;  
endnat ur e 
 
nat ur e  Number  
        abst ol  = 1e- 3;  
        access = NUM;  
        uni t s = " " ;  
        bl owup = 1. 0e200;  
endnat ur e 
 
di sci pl i ne t i me_cur r ent  
        pot ent i al  Ti me;  
        f l ow Cur r ent ;  
enddi sci pl i ne 
    
di sci pl i ne number _cur r ent  
        pot ent i al  Number ;  
        f l ow Cur r ent ;  
enddi sci pl i ne 
 
 
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
 
modul e Ji t t er met er ( vi n, j i t t er , num_per i od) ;   
i nput  v i n;  
out put  j i t t er , num_per i od;  
 
el ect r i cal  v i n;  
t i me_cur r ent  j i t t er ;  
number _cur r ent  num_per i od;  
 
 
   r eal  t l at est ;  
   r eal  t ear l y;  
   r eal  per i od_ear l y,  per i od_l at est ;  
 
   r eal  per i od_squar e;  
   r eal  per i od_squar e_sum;  
   r eal  per i od_squar e_avg;  
 
   r eal  per i od_t ot al ;  
   r eal  per i od_avg;  
   r eal  per i od_avg_squar e;  
  
   r eal  j i t t er _val ;  
   r eal  hl f vcc;  
   i nt eger  count er ;  
   i nt eger  count er _begi n;  
 
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /     
   anal og begi n 
 
      / / / / / / /    i ni t i al i ze t he par amet er s/ / / / / / / / / / / / / / /          
      @ (  i ni t i al _st ep )  begi n  
        t ear l y=0. 0;  
        t l at est =0. 0;   
        hl f vcc=1. 25;           / / Change your  hl f vcc her e !  
        count er  =0;  
        count er _begi n=20000;  



Fuding Ge: Verilog-A PLL Jitter Measure Model 

fudingg@yahoo.com All Rights Reserved 3

        per i od_ear l y=0. 0;  
        per i od_l at est =0. 0;     
 
        per i od_squar e=0. 0;  
        per i od_squar e_sum=0. 0;  
        per i od_squar e_avg=0. 0;  
 
        per i od_t ot al =0. 0;  
        per i od_avg=0. 0;  
        per i od_avg_squar e=0. 0;   
      end 
 
 
/ / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
      @ (  cr oss ( ( V( vi n) - hl f vcc) , +1 ) )  begi n 
         t l at est  = $r eal t i me* 1e12;  
         per i od_l at est   = t l at est - t ear l y;  / / Cur r ent  per i od val ue 
         t ear l y = t l at est ;  
         per i od_ear l y = per i od_l at est ;  
         count er  = count er  +1;  
 
i f  ( count er  >= count er _begi n+2)  begi n 
 
         per i od_squar e = per i od_l at est * per i od_l at est ;  
         per i od_squar e_sum = per i od_squar e_sum + per i od_squar e;   
         per i od_squar e_avg =  per i od_squar e_sum/ ( count er - count er _begi n- 1) ;  
 
         per i od_t ot al  = per i od_t ot al  + per i od_l at est ;  
         per i od_avg = per i od_t ot al / ( count er - count er _begi n- 1) ;  
         per i od_avg_squar e =  per i od_avg* per i od_avg;  
 
         j i t t er _val  = per i od_squar e_avg -  per i od_avg_squar e;     
end   
end 
         / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / /  
      
      / / / /  out put  j i t t er  val ue and number  of  measur e per i ods / / / / /     
         i f   ( count er - count er _begi n < 10000)   
            begi n  
                 TT( j i t t er )  <+ 0;  
                 NUM( num_per i od)  <+ 0;  
            end                   
         el se   
            begi n 
                TT( j i t t er )  <+ sqr t ( j i t t er _val ) ;          
                NUM( num_per i od)  <+ count er - count er _begi n;  
            end  
     
    end 
endmodul e 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

   

3. Adjacent cycle j itter  
 

Herzel (Frank Herzl and Behzad Razavi, “ A study of oscillator jitter due to supply and substrate noise” , 
IEEE Trans. Circuit and system – II, Vol46 (1), PP56-62, 1999.) defined the cycle-to-cycle jitter as the 
variance between successive periods: 
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For white noise source, two successive periods are uncorrelated, and since adjacent cycle jitter represents 
the difference between two periods, it is twice as large as the variance of one period, so: 
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This jitter is sometimes called Rambus Jitter because Rambus use this definition. We can also use this 
equation to implement jitter simulation. 
 

4. Simulation Results 
 
The following figure shows the simulation results of the cycle-to-cycle jitter using Spectre. It can be seen 
that the accuracy of the transient analysis is very important. If the accuracy is set to be libral, the jitter is 
about 5 ps, but if the accuracy is set to be conservative or moderate, the jitter is only about 0.3 ps. It can 
also be seen that there are not much difference between moderate and conservative accuracy.   
 
Also please noted that I begin to measure the jitter after 100us, which is needed for the PLL to get at the 
stead state.  
 
 

 
 
 


