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(57) ABSTRACT 
The output bits of a binary ripple counter are used to control 
the sampling of those output bits, thereby ensuring accurate 
sampling. A sampler is provided with adjustable delay ele
ments that permit accurate sampling regardless of: delay mis
match between the sampler and a data path of the counter; the 
length of the counter; operating speed; or PVT variations. 

6 Claims, 3 Drawing Sheets 

PHV(N) 



U.S. Patent 

CLOCK 1 

CLOCK2 

Oct. 25, 2011 Sheet 1 of 3 

DO 

co 

FIG. 1 
(PRIOR ART) 

D1 

PHV(O) 

C1 

13 

US 8,045,662 B2 

D2 
_...r12 

PHV(1) 

~11 

C2 

14 



30~ 

CLOCK 1 

31~ 
CLOCK2 

D<O> 

C1 
o<1> ~ \ I \ I \ I 

C2 FIG. 2 
0<2> \. \ I '"------

C3 
0<3> ~ 

-----.TIME 

FIG. 3 

0 0 0 

0 I ---------[> 

DO 01 02 03 ON 

PHV(3) 
0 0 0 

CKN 

33 34 

/12 

PHV(N) 

~ 
00 
• 
~ 
~ 
~ 
~ = ~ 

0 
(') 

:-+-
N 
~Ul 

N 
0 .... .... 

rFJ 

=('D 
('D ..... 
N 
0 ..... 
(.H 

d 
rJl 
00 = ~ 
u. 
0.., 
0'1 
N 

= N 



U.S. Patent Oct. 25, 2011 Sheet 3 of 3 

USER 46 
COMMUNICATION 

51 

DCO 

INFORMATION 

5z 

53_/ 

54_/ 

49 

IN 49 
\ 

52 
\ 

BUFFER 

SAMPLING 
CIRCUIT 

58_/" 

DELAY 

FREQUENCY 
REFERENCE 

48 147 

WIRELESS 
COMMUNICATION 

INTERFACE 

45 

DPLL 

30-D 

FIG. 4 

12 
; 

CLOCK 1 BINARY RIPPLE 
COUNTER 

DO-DN ... ~ 

CLOCK2 
SAMPLER 

PHV(O)-PHV(N) ... ~ 

FIG. 5 

PHASE 
DETECTOR 

50_/" ~6 
REFERENCE 

PHASE 

US 8,045,662 B2 

30 

I'-- 31 

\ 
PHASE ERROR 

60 



US 8,045,662 B2 
1 

BINARY RIPPLE COUNTER SAMPLING 
WITH ADJUSTABLE DELAYS 

This application claims priority to U.S. Provisional Appli
cation No. 60/945,824, filed on Jun. 22, 2007. 

FIELD OF THE INVENTION 

2 
FIG. 3 diagrammatically illustrates a binary ripple counter 

sampling arrangement according to exemplary embodiments 
of the invention. 

FIG. 4 diagrammatically illustrates a wireless communi
s cation apparatus according to exemplary embodiments of the 

invention. 
FIG. 5 diagrammatically illustrates a digital phase locked 

loop apparatus according to exemplary embodiments of the 
The invention relates generally to sampling digital signals invention. 

and, more particularly, to sampling the output bits of a binary 10 

ripple counter. DETAILED DESCRIPTION 

BACKGROUND OF THE INVENTION 

FIG. 1 diagrammatically illustrates a conventional 
arrangement including a binary ripple counter 12 coupled to 
a sampler 11 that samples the output bits DO, D1, D2, etc. 
from respective count stages of the binary ripple counter. 
Such an arrangement is useful in many applications. One 
example is determining the phase of a digitally controlled 
oscillator (DCO). The structure and operation of the binary 
ripple counter 12 and the sampler 11 shown in FIG. 1 are 
known in the art. (See, e.g., US Patent Publication No. 2005/ 
0195917, and U.S. Ser. No. 12/134,081 entitled "A Low 
Power All Digital PLL Architecture", filed Jun. 5, 2008, both 
of which are incorporated herein by reference.) A series con
figuration of delay elements 13, 14, etc. functions as a sam
pling controller that produces respectively delayed versions, 
C1, C2, etc., of a base sample clock signal CO, which is in 
turn a delayed version of an input clock signal denoted as 
Clock 2. The clock signals CO, C1, C2, etc. are sample control 
signals used to clock respective latch stages of sampler 11 that 
sample the respective output bits DO, D1, D2, etc. A count 
clock signal, denoted as Clock 1, drives the binary ripple 
counter 12. 

The sampling operations performed by the arrangement of 
FIG. 1 can be challenging at high operating speeds, due to 
skew among the output bits DO, D1, D2, etc. Ideally, the 
delays between the clock signals CO, C1, C2, etc. in the 
sampling clock path should be matched to the respectively 
corresponding delays in the data path through the binary 
ripple counter 12. In that case, if bit DO can be sampled 
correctly at PHV(O), then bit D1 can also be sampled cor
rectly at PHV(1), etc. This ideal situation is shown in FIG. 2, 
wherein each of the sample clock signals CO, C1, C2, etc. 
becomes active to sample the corresponding output bit DO, 
D1, D2, etc. after a common delay interval has elapsed since 
the transition of the corresponding output bit. 

However, the required resolution of the delay matching 
between the clock path and the data path increases with 
increases in the operating speed. The error tolerance associ
ated with the sampling points for more significant bits is the 
same as the error tolerance associated with the least signifi
cant bit DO, but larger delay mismatches can be expected for 
the more significant bits due to the accumulation of delay 
mismatches at each additional count stage of the counter. 
Consequently, the sampler 11 of FIG. 1 may not function 
suitably as the frequency of Clock 2 increases. 

It is therefore desirable to provide for accurately sampling 
a binary ripple counter even at high operating frequencies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 diagrammatically illustrates a binary ripple counter 
sampling arrangement according to the prior art. 

FIG. 2 is a timing diagram that illustrates ideal binary 
ripple counter sampling. 

According to exemplary embodiments of the invention, the 
output bits of a binary ripple counter are used to control the 

15 sampling of those output bits, thereby ensuring accurate sam
pling. 

FIG. 3 diagrammatically illustrates an arrangement for 
sampling the output of a binary ripple counter according to 
exemplary embodiments of the invention. The arrangement 

20 30 shown in FIG. 3 is generally similar to the arrangement of 
FIG. 1, and includes the binary ripple counter 12 of FIG. 1. 
However, the arrangement 30 includes a sampler 31 whose 
sampling controller employs a series configuration of adjust
able clock delay elements 33, 34, etc. that produce respec-

25 tively delayed versions CK1, CK2, etc. of the base sample 
clock signal CKO. In some embodiments, CKO corresponds to 
CO of FIG. 1. The clock signals CKO, CK1, CK2, etc. are 
sample control signals used to clock the respective latch 
stages of sampler 31 that sample the respective output bits DO, 

30 D1, D2, etc. The adjustable clock delay elements 33, 34, etc. 
have respective delay control inputs that are driven by the 
respective output bits DO, D1, etc. Thus, the sampling con
troller receives a delay control signal having the output bits of 
the binary ripple counter 12 as constituent components. Con-

35 sequently, the sampling instance of the output bits DO, D1, 
etc. is adjusted based on these output bits themselves. 

Let the delay between adjacent binary ripple counter out
put bits Di and Di -1 be a di' and let the delay between adjacent 
clock signals CKi and CKi-1 be ClcK;· The conventional delay 

40 matching approach described above in connection with FIG. 
1 would require ad,=ClcK; to guarantee correct sampling. This 
requirement gives rise to the aforementioned difficulties asso
ciated with sampling the more significant output bits of the 
binary ripple counter, and with sampling at high operating 

45 speeds. 
Exemplary embodiments of the invention set 3cKi=ad,+l1, 

when Di-1=0, and further set acKi=ad,-11, when Di-1=1, 
where 11, can take any value that is at least slightly larger than 
E,, the peak-to-peak value of the clock delay mismatch (with 

so respect to the data delay path) associated with the i th stage of 
the binary ripple counter 12. IfDi-1 =0, the clock delay mis
match E, associated with sampling Di can be expected to 
exhibit a negative value, that is, -E,. Accordingly, when 
Di-1 =0, the associated adjustable delay element increases 

ss ClcK; relative to ad, by 11, (3cK,=ad,+l1,, where 11,>E,) to ensure 
correct sampling. Conversely, if Di-1=1, the clock delay 
mismatch E, associated with sampling Di can be expected to 
exhibit a positive value, that is, +E,. Accordingly, when 
Di-1=1, the associated adjustable delay element decreases 

60 ClcK; relative to ad, by 11, (ocK,=ad,-11,, where 11,>E,) to ensure 
correct sampling. 

Therefore, according to the arrangement of FIG. 3, if the 
first bit DO can be sampled correctly using the base sample 
clock signal CKO, then D1 can also be sampled correctly by 

65 CK1, which in turn means that D2 can be sampled correctly 
by CK2, and so on. As such, if DO can be sampled correctly, 
then all of the remaining bits D1-DN can also be sampled 
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correctly, regardless of delay mismatch, ripple counter 
length, speed of operation, or PVT variation. 

In various embodiments, the value of 11, is not required to 
be particularly accurate, provided it exceeds the value of E,. 
Furthermore, various embodiments do not require either of 
the selectable delay values (corresponding to Di-1 =0 and 
Di -1 = 1) to be centered at ad;· Accordingly, the adjustable 
delay elements 33, 34, etc. can be easily implemented accord
ing to any suitable conventional technique. 

In various embodiments, the input signal designated as 
Clock2 in FIG. 3 is a signal other thana periodic clock signal. 
This input signal can be any suitable triggering or sampling 
signal. In some embodiments, this input signal is a one-shot 
triggering signal. 

10 

15 

FIG. 4 diagrammatically illustrates a wireless communi
cation apparatus according to exemplary embodiments of the 
invention. In some embodiments, the apparatus of FIG. 4 is a 
mobile wireless communication apparatus such as, for 20 
example, a cellular telephone, a personal digital assistant, a 
laptop, palmtop or other portable computer, etc. As shown in 
FIG. 4, an arrangement such as shown at 30 in FIG. 3 is 
provided as part of a digital phase locked loop (DPLL) 49. 
The DPLL 49 provides frequency signals 45 (e.g., RF signals) 25 

for a wireless communication interface 48 that uses conven-
tiona! techniques to transmit and receive user communication 
information 46 via a wireless communication link 47. 

The use of the arrangement 30 in the DPLL 49 of FIG. 4 is 
30 

illustrated in more detail in FIG. 5. (See also aforementioned 
U.S. patent application Ser. No. 12/134,081. In particular, the 
arrangement 30 is used as a phase tracker. In some embodi
ments, the sampled bits PHV(O)-PHV(N) output by the sam
pler 31 constitute a representation of the integer part of the 35 
phase of a digitally controlled oscillator (DCO) 51. In some 
embodiments, the Clock 1 input of the binary ripple counter 

4 
What is claimed is: 
1. An apparatus for sampling the stages of a binary ripple 

counter, comprising: 
a plurality of sampling stages having respective data inputs 

for receiving data from respectively corresponding 
stages of the binary ripple counter, said sampling stages 
having respective sample control inputs that receive 
respective sample control signals, said sampling stages 
responsive to the respective sample control signals for 
sampling the data at said data inputs thereof; and 

a sampling controller coupled to said sample control inputs 
for providing said sample control signals, said sampling 
controller configured to produce respective ones of said 
sample control signals by delaying a sample signal by 
respectively corresponding amounts of time, said sam
piing controller having a delay control input for receiv-
ing a delay control signal, and said sampling controller 
further configured to adjust said amounts of time based 
on said delay control signal; 

wherein said sampling controller includes a plurality of 
adjustable delay elements arranged in a series configu
ration that is coupled to receive said sample signal, 
wherein said delay control signal has a plurality of con
stituent delay control signal components, and wherein 
said adjustable delay elements are respectively coupled 
to receive said delay control signal components from 
said delay control input; 

wherein each of said delay control signal components is a 
bit from a respectively corresponding one of the stages 
of the binary ripple counter; 

wherein each of said adjustable delay elements is config
ured to impose a first amount of delay if the correspond
ing delay control signal component is 0, and a second 
amount of delay if the corresponding delay control sig
nal component is 1, and wherein said first and second 
amounts of delay differ from one another. 

2. The apparatus of claim 1, wherein said first amount of 
delay is greater than said second amount of delay. 

3. The apparatus of claim 2, wherein said sample control 
40 input of one of said sampling stages is coupled to receive said 

sample signal as said sample control signal of said one sam
pling stage, and said sample control inputs of a remainder of 
said sampling stages are coupled to respective outputs of said 

12 and the Clock 2 input of the sampler 31 (see also FIG. 3) 
are produced according to conventional techniques. In some 
embodiments, Clock 1 is a buffered version of an oscillator 
signal 57 produced by the DCO 51. A clock buffer 52 receives 
the oscillator signal 57 as its input, and produces Clock 1 as its 
output. Clock 2 is a delayed frequency reference that has been 
sampled by Clock 1. More specifically, an input frequency 
reference is delayed by a delay stage 54 to produce a delayed 45 

frequency reference 58. The delay is imposed in order to 
roughly synchronize the delayed frequency reference 58 to an 
edge of Clock 1. The delayed frequency reference 58 is 
sampled by a sampling circuit 53 in response to Clock 1. A 
constant offset of approximately one-half cycle of Clock 1 is 50 

maintained by such synchronization so that the metastable 
region of the sampling circuit 53 can be avoided. Clock 2 is 
the sampled signal that the sampling circuit 53 provides as its 
output. 

55 
A phase detector 56 compares the integer part of reference 

phase information (designated generally at 50) with the afore
mentioned oscillator phase information (represented by PHV 
(0)-PHV(N)) produced by the sampler 31). The result 60 of 
this comparison represents the integer part of a phase error 60 
associated with the DCO 51. In some embodiments, this 
result 60 is provided for conventional use by other compo
nents (not explicitly shown) of the DPLL 49. 

Although exemplary embodiments of the invention have 
been described above in detail, this does not limit the scope of 65 

the invention, which can be practiced in a variety of embodi-
ments. 

adjustable delay elements. 
4. A method of sampling the stages of a binary ripple 

counter, comprising: 
receiving data signals from the stages of the binary ripple 

counter; 
sampling the data signals in response to respectively cor

responding sample control signals; 
producing respective ones of said sample control signals by 

delaying a sample signal by respectively corresponding 
amounts of time; and 

adjusting said amounts of time based on a delay control 
signal; 

wherein said delay control signal has a plurality of con
stituent delay control signal components that respec
tively correspond to said amounts of time; 

wherein each of said delay control signal components is a 
bit from a respectively corresponding one of the stages 
of the binary ripple counter; 

wherein said delaying includes imposing a first amount of 
delay if the corresponding delay control signal compo
nent is 0, and a second amount of delay if the corre
sponding delay control signal component is 1, and 
wherein said first and second amounts of delay differ 
from one another. 
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5. The method of claim 4, wherein said first amount of 
delay is greater than said second amount of delay. 

6. A digital phase locked loop apparatus, comprising: 
a digitally controlled oscillator that provides an oscillator 

signal; 
a phase tracker coupled to said digitally controlled oscil

lator and configured to provide oscillator phase infor
mation indicative of a phase of said oscillator signal; and 

a phase detector coupled to said phase tracker and config
ured to compare said oscillator phase information to 10 

reference phase information; 
said phase tracker including a binary ripple counter having 

a plurality of count stages, and a sampler coupled to said 
binary ripple counter for sampling said count stages of 
said binary ripple counter, said sampler including a plu- 15 

rality of sampling stages having respective data inputs 
for receiving data from respectively corresponding 
count stages of said binary ripple counter, said sampling 
stages having respective sample control inputs that 
receive respective sample control signals, said sampling 20 

stages responsive to the respective sample control sig
nals for sampling the data at said data inputs thereof, said 
sampling stages having respective data outputs that col
lectively provide said oscillator phase information, said 
sampler further including a sampling controller coupled 25 

to said sample control inputs for providing said sample 

6 
control signals, said sampling controller configured to 
produce respective ones of said sample control signals 
by delaying a sample signal by respectively correspond
ing amounts of time, said sampling controller having a 
delay control input for receiving a delay control signal, 
and said sampling controller further configured to adjust 
said amounts of time based on said delay control signal; 

wherein said sampling controller includes a plurality of 
adjustable delay elements arranged in a series configu
ration that is coupled to receive said sample signal, 
wherein said delay control signal has a plurality of con
stituent delay control signal components, and wherein 
said adjustable delay elements are respectively coupled 
to receive said delay control signal components from 
said delay control input; 

wherein each of said delay control signal components is a 
bit from a respectively corresponding one of the stages 
of the binary ripple counter; 

wherein each of said adjustable delay elements is config
ured to impose a first amount of delay if the correspond
ing delay control signal component is 0, and a second 
amount of delay if the corresponding delay control sig
nal component is 1, and wherein said first and second 
amounts of delay differ from one another. 

* * * * * 


