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Abstract— Jitter is one of the most important parameters 

in design of delay locked loop (DLL) based frequency 

synthesizer. In  this paper noise and mis matches of 

conventional delay cells which  are mainly used in  the 

DLLs architecture are introduced completely. First, time 

domain  equations related to noise and mis matches of 

conventional delay cells are reported. Then, these 

equations are used to calculate jitter of DLL due to 

mis match and noise of delay cells. At last closed form 

equations are obtained which can be used in the 

designing of low jitter DLLs. To validate these 

equations, a conventional DLL is designed in TSMC 

0.18um CMOS Technology. 

 

Index Terms— Mis matches, Noise, Phase Errors, Jitter, 

DLL, Delay Locked Loo 

I. Introduction 

Nowadays, Delay Locked Loops (DLL) and Phase 

Locked  Loops are widely  used in high-speed systems, 

frequency synthesizers [1], RAM [2], clock 

synchronization and clock and data recovery circuits [3]. 

They are unavoidable parts in communicat ion systems. 

As DLLs shows better jitter performance than PLLs, 

they used more when jitter should be min imized [4]. 

Conventional DLLs are first order system, hence they 

are inherently stable. Also, they propose lower jitter and 

smaller chip  area than PLLs [5].  A comparison between 

PLLs and DLLs are abbreviated in Table 1.  

 

 
Table 1: Comparison of PLLs and DLLs 

DLLs PLLs 

First order system and stable Higher order systems and can be unstable 

Fast locking time Slow locking time 

Easier to design Hard to design 

Occupy smaller area Occupy large area 

No jitter accumulation Jitter accumulation 

Small jit ter and phase noise More jit ter and phase noise 

Usually consume lower power Usually consume more power 

More dependence to reference clock Lower dependence to reference clock 

Cannot generate fractional multiples of reference clock Can generate fractional multiples of reference clock 

 

Fig. 1 shows the generic RF transceivers architecture 

[6]. In this figure up-conversion and down-conversion 

are driven by an oscillator [7, 8] which is controlled by  

frequency synthesizer. DLLs and PLLs are used as a 

frequency synthesizer in transceivers. Jitter, power 

consumption and phase noise are important parameters 

and when there is no need to generate fractional mult iple 

of reference frequency, DLL is used instead of PLL 

because of its better performance. In addition, DLLs are 

widely used in dig ital communication circuits [9, 10, 11].  
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Fig. 1: Generic RF transceiver architecture [6] 

 

In design of frequency multiplier and clock and data 

recovery circuits, jitter is one of the most important 

parameters. In [12] analyses and experimental results on 

the jitter transfer of DLLs  are reported. In this work z-

domain  model of DLL is used to obtain jitter transfer 

function of whole DLL. In [13] an all-dig ital is designed 

to reduce the whole jitter. To achieve this goal a duty 

cycle correction circu it is used. In [14] design 

techniques of a mult iphase clock generator using a low-

jitter delay-locked  loop or its array for the developments 

of high-resolution multi-channel time-to-digital 

converters is presented. The low-jitter technologies for 

both a single DLL and an array of DLL are also 

discussed in [14]. 

Hence, designing a DLL with lower RMS jitter is of  

high importance. DLL has four main blocks including  

Chare Pump (CP), Phase Frequency Detector (PFD), 

Voltage Controlled Delay Line (VCDL) and Loop Filter. 

Non-ideal blocks and also mismatches in them result in  

jitter in the output of DLLs. Hence, developing an 

equation for describing the jitter performance of DLLs is 

importance. In this paper, after describ ing noise and 

mis match of delay cells, their impacts on DLL's jitter 

will be analyzed. 

In the next section, the conventional DLL-based 

frequency synthesizer will be exp lained. Section III 

describes the jitter due to noisy delay cells. Simulations 

and results will be presented in section IV. 

 

II. Conventional Delay Locked Loop Based 

Multipliers 

Fig  2 shows the architecture of conventional DLL. As 

shown in this figure, a conventional DLL consists of a 

Phase-Frequency Detector (PFD), a Charge Pump (CP), 

a Loop Filter (LF) and a Voltage Controlled Delay Line 

(VCDL). In a DLL, phase difference between REF and 

OUT signals is detected in PFD. The resulted signal at 

the output of  PFD is sent to CP. CP and LF (integrator) 

generate appropriate value for control voltage of VCDL 

(Vcntl) based on phase difference of REF and OUT and 

accordingly the delay of each delay cell is adjusted. This 

process is repeated until DLL is locked. It should be 

mentioned that in  lock condition, the input and output of 

VCDL are in phase and the delay which is produced by 

VCDL is exactly equal to TREF (TREF is the period of 

reference clock).This means, in lock condition REF and 

OUT have exactly one clock period difference. 
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Edge Combiner
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Fig. 2: Conventional DLL-based clock multiplier 

 

An edge combiner is used when multiplied output is 

needed. In general edge combiner is consist of XOR 

gates which combine the edges at the outputs of delay 

cells. Fig. 3 shows the DLLs outputs with five delay  

stages in the delay chain. As can be seen in this figure 

five times of reference clock can be generated in this 

case. In general by N delay cells in the VCDL, N times 

of reference clock can be obtained when N is odd and 

N/2 times of reference clock can  be generated when N is 

even. In the next  section conventional delay cell is 

introduced and then the noise and mis matches of it will 

be formulized. At last the effects of noise and 

mismatches of delay cells will be investigated in DLLs. 
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Fig. 3: Waveforms of DLL with five delay cells in the VCDL 

 

III. Noise and Mis match of Delay Cells and Their 

Effects on the DLLs 

Jitter in delay cells is caused by noise and 

mis matching.  Here, we analyse jitter produced by noise 

and mis matching in a conventional delay cell as done in 

[15].  

 

2.1 Jitter Due to Noisy Delay Cells  

The delay of a conventional delay cell shown in Fig.4  

can be written as: 

In-In+

RP RP

out

VDD

Itail

 

Fig. 4: Conventional Delay cells which is used in DLLs 
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In this equation DS
is the delay of each delay cell, VSW 

is the output voltage swing, ISS is the tail current of the 

delay cell, CL  is the load capacitor and RP is the 

equivalent resistance of pMOS load. According to [16], 

the jitter of delay cells due to noise is: 

 DS DS

L GS,n T,n

KT α
σ t τ

C V V
   


                        (2) 

Where K is Boltezman constant, T is temperature in  

Kelv in. α  is constant parameter based on technology. 

Also,
T,n

V is the threshould voltage of nMOS transistor. 

Calculating variance of both sides of (2): 

 

2

2 2

DS DS
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KT α
σ t τ

C V V

  
                           (3) 

Hence, by replacing 
DS

 from (1) into (3): 

 
2
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2
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                     (4) 

and by simplifying this equation,  2

DS
σ t can be 

written as: 

 
   

 

2

L SW2

DS 2
2

SS GS,n T,n

KT C V ln 2 α
σ t

I V V

   
 

 
                (5) 

For DLL with N delay stages, the jitter at the output 

of X-th delay stage can be obtained from: 
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          (6) 
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2.2 Jitter of Delay Cells Due to Delay Cells 

Mismatch 

To find the jitter produced by mismatching in delay  

cells, we assume that the delay of each delay cell is 

equal to: 

i nom error ,iDS DS DSτ τ τ 
                                            (7) 

where  iDSτ
is the delay of i-th delay cell, 

nom
DS
τ is the 

nominal delay of each delay cell and  
error ,iDS

τ is the delay 

error o f i-th cell. In lock condition of DLL, the phase 

difference of input and output of DLL (input and output 

of VCDL) exactly equal to one period of reference clock. 

Therefore, Eq. (8) can be written in lock condition for 

delay of VCDL with N delay stages as: 

1 1 NDS DS DS REFτ τ τ T  
                                      (8) 

By applying (7) to (8): 

nom error ,1 nom error ,2

nom error ,N

DS DS DS DS

DS DS REF

τ τ τ τ

        τ τ T

  

  
                       (9) 

This results in: 

error ,i

nom

1

N

REF DS

DS

T τ

τ
N







i

                                          (10) 

and by substituting (10) into (7) we have: 

error ,i

i error ,i

N

REF DS

DS DS

1

T τ

τ τ
N





 

i

                               (11) 

In lock condition when there is not jitter, the delay of 

each cell is equal to REF
T

N
, and the systematic jitter of X-

th delay stage can be written as: 

1
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X
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j
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                                      (12) 

By replacing 
j

DS
τ  from (11): 
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By expanding this equation: 
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after simplifying, 
X

t  can be written as: 

error ,i error , j

N X

X DS

1
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1

X
t τ τ

N j j 

 
   

 
 

                         (15) 

By calculating the expected value of (15) after  

squaring, we reach to: 
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The last portion of (16) can be abbreviated as: 
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and by replacing it into (16): 
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             (18) 

Or equivalently: 

 
error

2
2 2

DS

X
( ) X

N

 
     

 
Xt  

                       (19) 

Equation (19) shows that when X=0 or X=N, the jitter 

due to mis matching of delay cells in output of X-th 

delay cells is equal to zero. Also, this equation shows 

that the maximum jitter in VCDL due to mis matching of 

delay cells happens in X=N/2. These results can be 

summarized as: 
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IV. Simulation and Results 

A conventional DLL-based frequency mult iplier has 

been designed in TSMC 0.18µm CMOS Technology by 

ADS simulator to evaluate equations obtained in section 

III.  

It should be mentioned that all build ing blocks have 

been designed by CML logic and in differential fashion 

to have a higher speed DLL. All building b locks of the 

proposed DLL have been reported in [16]. 

Circuit  implementation of delay cell is shown Fig. 4.  

In addition PFD and CP which are used in this design 

are shown in  Fig.5 and Fig.6 respectively. Th is DLL has 

been designed to evaluate the above analysis. DLL's 

waveforms around the lock condition are shown in Fig.7. 

To prove the validation of (19) and (20), simulat ion has 

been done for N=8, 12, 16, 20 in DLLs (N is number of 

delay stages in VCDL). The related waveforms  have 

been shown in Fig.8. Both simulation and theoretical 

predictions show that jitter of DLL due to mis match of 

delay cells is maximum at middle of VCDL (X=N/2) 

and minimum at  start and end of VCDL (X=0 and X=N).  
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Fig. 5: Conventional PFD which is used in the design of DLL 

 

V. Conclusions 

In this paper noise and mismatches of conventional 

delay cells have been examined. First, t ime domain  

equations of related to noise and mis matches of 

conventional delay cells have been expressed. Then, 

these equations were used to calculate jitter of DLL due 

to mis match and noise of delay cells. To evaluate these 

equations a conventional DLL has been designed in 

TSMC 0.18um CMOS Technology. Simulat ion results 

prove the accuracy of theoretical predictions. 
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Fig. 6: Charge pump circuit for designing DLL 
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Fig. 7: Waveforms of DLL near lock condition 

 

 

Fig. 8: Jitter at output of X-th delay cell due to mismatch versus X for 
different N 
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