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Abstract— An all-digital de-skew clock generator for arbitrary 
wide range delay is proposed to minimize the instability of the 
clock settling while achieving fast locking time. The clock skew 
problem is detrimental in high-speed applications, especially 
when the skew is longer than multi-cycles. The proposed clock 
generator was fabricated in a 0.18-μμm CMOS technology. The 
clock generator achieves a measured RMS jitter of 8.3 ps at an 
800-MHz clock with 10 cycles settling time. The chip area is 
0.825×0.605 mm2 and the power consumption is 53mW from a 
1.8V supply. 
 
Keywords— De-skew clock generator, delay-locked loop (DLL), 
synchronous mirror delay (SMD). 

I. INTRODUCTION 
Owing to the rapid advance in CMOS technology, the 

demand for high-speed data links is rapidly increasing in high-
density device applications such as CPU and DRAM [1][2]. 
To satisfy the speed requirements, skew reduction between the 
external clock and an on-chip clock is mandated. Therefore, 
many types of phase-locked loop (PLL) and delay-locked loop 
(DLL) circuits for on-chip clock generators have been 
reported to minimize both skew and jitter in the internal clock 
[3][4]. DLLs have been widely used for high-speed memory 
interface circuits to perform clock de-skew due to its faster 
locking time and better jitter performance. 

A de-skew clock generator is employed in most of DRAMs. 
Owing to heavy clock loading, the external clock needs  
clock buffers to drive the internal circuits and its clock buffers 
result in significant skew between the external clock and the  
internal clock. 

 

 
Fig. 1  Block diagram of a conventional DLL de-skew clock generator 
 
To synchronize these two clocks, a simple way is to add a 

replica delay of the internal circuit ΔT in the feedback path as 

depicted in Fig. 1. When the DLL is locked, the signal Out 
will lead the signal Ref by the amount of ΔT. Therefore when 
the signal Out passes through the internal circuit, the two 
clocks can be in phase. 

 

 
Fig. 2  The ringing effect of the control voltage 

 
However, as DRAM standard is evolved, the clock rate 

becomes as short as a few nanoseconds. On the contrary, the 
delay ΔT is typically not scaled as the standards of DRAM 
advance. This leads to significant settling ringing effect if the 
replica delay ΔT is longer than the input clock period. As 
shown in Fig. 2, the control voltage of the DLL exhibits 
ringing and therefore takes a long time to settle. This can be 
understood that the replica delay increases the loop delay time 
from the input terminal to the feedback terminal, so it takes 
longer time for the DLL system to settle. The clock generator 
settling ringing effect has several drawbacks. First, it increases 
the lock time of the DLL. Second, since the system behaves 
like an extremely under-damping system, it is very sensitive to 
noise and the corresponding jitter performance will be 
degraded. In order to reduce the ringing effect, one straight 
approach is to lower the loop bandwidth. However, this also 
limits the DLL locking time to a certain extent. 

To resolve the design trade-offs between locking time and 
ringing effect, and to adopt all-digital implementation, an 
architecture based on the conventional SMD [5][6] is 
proposed in this work. This paper is organized as follows. In 
section II, the architecture of the conventional SMD de-skew 
circuit is reviewed. In section III, the proposed architecture is 
presented. Building blocks are discussed in section IV. The 
circuit performance is next presented in section V, with 
conclusion given in section VI. 
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II. OPERATION PRINCIPLE OF THE SMD 

 

 
Fig. 3  (a) The architecture of the conventional SMD  (b) The timing diagram 
of the conventional SMD 

 
The architecture of the conventional SMD is shown in Fig. 

3(a), and its timing diagram is shown in Fig. 3(b). The input 
signal Ref first enters the replica delay, which is ΔT long. The 
time difference between the rising edge of signal Ref – T and 
the following rising edge of Ref is Δt. This time interval Δt is 
then sampled by the multi-phase clocks generated by Delay 
line1, and the corresponding set of digital codes are generated. 
These digital codes are copied to Delay line2, which is a 
replica of Delay line1, and the delay of Delay line2 now 
becomes Δt. With such architecture, when the signal Out 
passes through the internal circuit delay ΔT, it will be 
synchronous with Ref. It achieves ultra-fast locking time, two 
cycles, to lock. 

However, because the unit delay of Delay line1 is not 
infinitely small, the delay mirrored to Delay line2 won’t be 
exactly Δt but has a skew. To minimize the skew, the unit 
delay of the delay line should be as small as possible. 
However, lowering the unit delay makes the required delay 
line longer, leading to larger jitter due to noise accumulation 
along with the delay line.  

 

III. THE PROPOSED ARCHITECTURE 
To resolve the design dilemma between the length of the 

delay line and the unit delay time, a multi-stage delay line 
architecture is proposed as shown in Fig. 4, including coarse 
delay stage and a fine stage with a tunable switched-cap delay 
stage for high-accuracy delay. The replica delay line is the 
same as the multi-stage delay line. ΔT is an arbitrary delay 

that mimics the clock buffer network. The locking time is set 
at 10 cycles, and the resolution is set to 10ps. 

 

 
Fig. 4  The proposed architecture 

 
Fig. 5 shows the timing diagram of the coarse delay path. 

The reference signal is first delayed by ΔT, and then it 
propagates through the coarse delay stage and generates multi-
phase clocks. The multi-phase clocks are sampled at the rising 
edge of the reference signal, and a set of digital codes are 
generated accordingly. The phase selector selects one of the 
multi-phase clocks based on the digital codes. 

In Fig. 6, the selected clock from the coarse delay stage 
then propagates through the switched-cap delay stage, whose 
delay is set to the nominal value initially. Then, the signal 
keeps propagating through the fine delay stage, generating 
multi-phase clocks similarly. The multi-phase clocks are 
sampled at the rising edge of the reference clock, and another 
set of digital codes are produced. The selected signal is chosen 
according to the digital codes. 

 

 
Fig. 5  The timing diagram of the coarse delay path 
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Fig. 6  The timing diagram of the fine delay path 

 
Furthermore, the switched-cap delay stage is employed to 

compensate the skew. Fig. 7 shows the operation principle of 
the switched-cap delay stage. After the fine delay stage 
operation is completed, the signal FO in Fig. 6 is selected. The 
reference clock is then used to compare with the signal FO to 
determine whether it lags or leads FO. If the reference lags 
FO, the signal comp is high; if the reference leads FO, the 
signal comp is low. The signal comp then controls the 
successive-approximation register (SAR), which determines 
the delay of the switched-cap delay stage, achieving a 10ps 
resolution. The SAR is then replaced by a counter to keep 
tracking any delay variation. 
 

 
Fig. 7  The operation principle of the switched-cap delay stage 

 

IV. CIRCUIT IMPLEMENTATION 

A. Coarse Delay Stage 

The delay cell adopted in this work is a current-starving 
architecture as shown in Fig. 8. The amount of current flowing 
through the delay cell determines the propagation delay of the 
input signal. The circuit performs a rail-to-rail operation. The 
unit delay of the coarse delay cell is designed as 520ps, and 
the coarse delay stage consists of eight coarse delay cells. 

 
Fig. 8  The schematic of the coarse delay cell 

B. Fine Delay Stage 

The fine delay stage consists of ten cascaded inverters. 
The delay of the inverter is designed to be the intrinsic gate 
delay in a 0.18-μm CMOS technology, which is about 70ps. 

C. Switched-cap Delay Stage 

 
Fig. 9  Implementation of the switched-cap delay stage 

As shown in Fig. 9, the switched-cap delay stage has the 
finest delay resolution, which is 10ps. The delay of the stage 
is changed according to the output loading, which is digitally 
controlled by the NMOS switches. The thermometer code is 
adopted to ensure the monotonic characteristic of the delay. 

 
TABLE I 

THE SIMULATED UNIT DELAY IN DIFFERENT CORNERS 
Unit Delay TT FF SS 

Coarse 520ps 424ps 635ps 
Fine 70ps 60ps 85ps 

Switched-cap 10.4ps 8.5ps 13ps 
 
Table 1 lists the simulated unit delay of the three delay 

stages in TT, FF, SS corner. 

D. Phase Selector 

As illustrated in Fig. 10, the phase selector is constructed 
by connecting the output of n tri-state buffers to an inverter 
type output buffer. P1…Pn are the different input phases. 
S1,S1b… Sn and Snb are the differential digital control bits, 
which are set to select the output phases.  

 

 
Fig. 10  The schematic of the phase selector 
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V. EXPERIMENT RESULT 

The all-digital de-skew clock generator for arbitrary wide 
range delay was fabricated in a 0.18-μm CMOS technology. 
Fig. 11 shows the die photo, whose core area is 0.315×0.250 
mm2. The circuit has been tested in a chip on-board assembly 
while running from a 1.8-V power supply. The signal jitter has 
been measured via a 10-GHz bandwidth sampling 
oscilloscope. 

 

 
Fig. 11  The die photo 

 
Fig. 12 shows the skew vs. the arbitrary delay ΔT in 

different frequencies. The RMS jitter of the output clock has 
been measured to be 8.3ps in worst case, and the peak-to-peak 
jitter has been measured to be 44ps, shown as Fig. 13. The 
histogram has three peaks at 800-MHz, which is due to the 
counter tracking circuits discussed in section III. 
 

 
Fig. 12  The skew vs. the arbitrary delay 

 

 
Fig. 13  Jitter histogram 

 
The all-digital de-skew clock generator performance is 

summarized in Table 2. 
 

TABLE II 
PERFORMANCE SUMMARY 

 

VI. CONCLUSION 
An all-digital de-skew clock generator for arbitrary wide 

range delay is proposed. It is implemented and fabricated in a 
0.18-μm CMOS technology. To achieve a small skew without 
utilizing long delay line, we adopt a multi-stage delay line. 
The locking time is set at 10 cycles. 
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