
GIAL PHASE LOCKED LOOP SYSTEM AND METHOD BACKGROUND [0001]This disclosure
is related to controlling an output signal with frequency and phase Pr sely
related to the frequency and. phase of an input "reference" signal, more
particularly to phase locked loop (PLL) control, 100021PLL control circuits
are widely used in radio, telecommunications, computers and other
electronic applications. They may generate stable frequencies, recover a
signal from a noisy communication channel, or distribute clock timing
pulses in digital logic designs such as microprocessors. Traditionally, the
I'LL circuit has been an analog block, including the basic components of a
voltage control oscillator (VCO), phase and frequency detector (PFD),
charge pump, low pass filter (LPE) and a feedback path. However, such
analog PLI. circuits comprise a plurality of capacitors which require a
significantly large chip area. Additionally these circuits are very
sensitive to power noise. 100031More recently, PLL, circuit design has
evolved to a .vcater use of digital control, The first generation digital
PLC uses one external high frequency clock to sample the reference clock,
then generate the output clock by dividing or multiplying a certain number
according to requirement. The frequency of an external clock having
accuracy required by such PLL circuit is limited with respect to its
capability for applying a sampling rate that can accommodate high frequency
reference clock signals. As this design can only be used in low frequency
applications, a hybridization of analog and digital elements has been
pursued. With such approach, chip area has not been significantly reduced,
while performance is markedly decreased.  100041A need thus exists for a
digital PLL cimuit that is not limited to the existing PLL 



structures. Performance capabilities, such as high DCO frequency range,
long tenn jitter control. low power consumption, low lock time, are highly
desirable. Such digital PLL circuit should encompass a small chip area and
exemplify good performance. SUMMARY OF DISCLOSURE [0005]The needs described
above are fulfilled, at least in part, by use of a phase locked loop
control system comprising a digital controlled ring oscillator that is
controlled in response mparison of the oscillator output with a reference
clock related signal, by use of a digital phase and frequency detector. The
ring oscillator frequency may be adjusted through a combination of varying
the number delay cells coupled to the loop and the amount of loading on the
cells. Phase adjustment can be obtained by selectively controlling the
oscillator load during each clock cycle, thereby providing great precision
M tuning the oscillator output frequ Y In one embodiment, the basic ring
oscillator circuit made up of NAND gates thereby making it possible for the
oscillator output to be reset in a short time and hence mitigate the
effects of any drills in the output clock. BRIEF DESCRIPTION OF DRAWINGS
100061Various exemplary embodiments are illustrated by way of example, and
not by way of limitation, in the figures of the accompanying drawings in
which like reference numerals refer to similar elements and in which:
100071Fig. I is a block diagram of a PLL system in accordance with one
embodiment of the present disclost.  



for the PLL system of Fig. I; 100091Figs. 3A and 3B are logic cell Wagrams
of an. exemplary inverter rim?, oscillator architecture and an exemplary
NAND ring oscillator architecture, respectively. [0010]Fig, 4 is a block
diagram of a digital phase and frequency detector represented in Fig. 1;
[001111Fig. 5 is a logic data flow chart for setting control signals
represented in Figs. and 2; 100121Fig. 6 is a waveform diagram exemplifying
PLL operation; [00131Figs. 7A and 7B are waveform diagrams representing
jitter control when the ELL is in locked operation; 
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predetermined number of cycles, and the reset frequency is compared with the  reference  clock 

related signal. 

[0017] An input divider can be coupled to the reference clock input for dividing the 

reference clock signal to one of a plurality of preset dividing rates.  An output divider can be 

coupled to the oscillator output for dividing the oscillator output signal to one of a plurality of 

preset dividing rates.  Each of the dividers may have a control input for selecting a respected 

dividing rate. 

[0018] The digital controlled oscillator comprises a plurality of decoder logic cells.  A first 

group of the decoder cells provide a relatively large signal delay; a second group of decoder 

cells provide a relatively smaller delay.  The basic delay cell of this ring oscillator comprise 

NAND gates, which can totally reset DCO in a very short pulse.  Logic load elements, having 

control inputs, are included in the oscillator for fine adjustment of the oscillator output. 

[0019] The digital detector comprises a control signal generator that can generate a 

plurality of binary control signals respectively output to the plurality of decoder logic cells of 

the oscillator.  The control signal generator is responsive to the divided reference clock signal.  

A first comparator input is coupled to the input divider, a second comparator input is coupled to 

the counter, and the output of the comparator is coupled to the control signal generator.  A first 

input of a shift generator is coupled to the input divider and a second input of the shift 

generator is coupled to the comparator output.  The shift generator applies additional control 

signals to the oscillator.  The shift generator may comprise a plurality of flip-flops connected in 

series, each flip-flop having an output coupled to a respective control input of the oscillator.  
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[0020] The digital phase and frequency detector further comprises an asynchronous cycle 

control generator having one input coupled to the oscillator output and another input coupled 

to the divided reference clock signal.  The control signal generator binary output control 

signals are fixed to capture the frequency of the reference clock signal and the asynchronous 

cycle control generator is responsive to the phase of the oscillator output signal relative to 

the divided reference signal. 

[0021] Initially, a binary search can be performed during comparison of the divided 

reference clock signal and oscillator feedback to determine the states of the various binary 

control signals for the decoder logic cells and logic load elements.  These binary control 

signals adjust the frequency and phase of the oscillator output.  Cycles of the oscillator 

output signal are counted, cycle count reset after a predetermined number of cycles.  

Comparison of the oscillator output with the divided reference clock signal is made at each 

reset count.  A lock detector is responsive to the dividing rates of the input divider and 

output divider to generate a lock output signal.  If a change in the dividing rates of either the 

input divider or output divider has been detected, an unlock generator will output a reset 

signal to reinitiate the binary search.   

[0022] The PLL system, shown in block diagram in Fig. 1, receives a reference clock 

input signal “clkin” and produces an output signal “clkout.”  The PLL circuit comprises 

modules which are purely composed of logic components, with no capacitors, resistors, or 

other analog components.  Divider 12 receives input clock signal “clkin” and divides its 

frequency by 2DR to produce an output clock signal “clk2r” having a duty cycle of 50%.  In 

Fig. 1, the value of DR may vary between 1 to 15, as set by input DR.  Output clock signal 

“clk2r” is coupled to an input of digital phase and frequency detector (DPFD) 14.  DPFD 14  
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produces binary control signals that are received by digital controlled oscillator (DCO) 16.   

An optional output clock divider 18 can be used to receive DCO output signal “dco_out” and 

generate an output clock signal with a lower frequency.  The output divider value can be set, 

for example, at 1, 2, 4, 8, by input DP.  An input of counter 20 is coupled to the output of 

DCO 16.  Output “clkf”of counter 20 is applied to DPFD 14.  DCO output signal “dco_out” is 

also coupled to another input of DPFD 14.  Divider 12 also generates an output enable DCO 

output signal “dco_out” signal “Dco_en” that is used to reset the DCO and counter(F) at the 

beginning of each clk2r cycle.  

[0023] During operation, DPFD 14 will detect whether the DCO output clock frequency 

dco_out is higher or lower than expected by comparing the clk2r signal with a clkf output 

signal from counter 20.  If the DCO output clock signal dco_out is not within an acceptable 

range, the DPFD 14 generates digital control signals c, asc and postc which are used to 

increase or decrease the DCO output clock frequency.  Control signals c, asc and postc are in 

the form of binary numbers.  In the exemplary embodiment of Fig. 1, c consists of 14 binary 

characters c[0] to c[13], asc consist of a single binary character while post c has six characters 

postc[0] to postc[5].  DCO: Digital Control Oscillator. A ring oscillator, by digitally changing 

the delay of the ring oscillator loop based on the values of c, asc and postc, the DCO output 

clock frequency can be adjusted. 

[0024] When input signal “pll_en” turns high, the PLL system in Fig. 1 will start to 

oscillate.  Divider 12 divides input clock signal clkin by 2DR to produce an output clock 

signal clk2r with a 50% duty cycle clock.  Clock signal clk2r is fed to the DPFD 14.  The 

dco_en signal generated by divider 12 is a very small pulse (for example, around 200ps) that  
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occurs just before the rising edge of clk2r. The dco_en signal is used to reset DCO 16 and 

Counter 20 at the beginning of every clk2r cycle.  

[0025] The DCO output dco_out is a high frequency signal that is used as the clock of 

counter 20. Counter 20 will start to count from 0 at the beginning of every clk2r cycle. When 

the count arrives at DF[7:0], the counter’s output clkf will turn high. DF[7:0] is an 8 character 

user defined binary number.  As shown in Fig. 6, output signal dco_en from divider 12resets 

clkf to low at the rising edge of a clk2r clock cycle.  

[0026] At each falling edge of “clk2r”, DPFD 14 will detect whether clkf is high or low.  

If clkf is high, this means that the DCO output clock frequency is higher than expected.  If 

clkf is low, this means that the DCO output clock frequency is lower than expected.  If the 

DCO output clock frequency is higher or lower than expected, DPFD 14 will adjust the digital 

control bits c[13:0], asc, postc[5:0] accordingly, which will make the DCO output frequency 

change until, in a certain clk2r cycle, the clk2r falling edge and the clkf rising edge are 

perfectly matched.  In that condition, the DCO output clock dco_out frequency will be equal 

to DF/DR times the frequency of clkin. The frequency of the output divider 18 clock “pll_clk” 

will be equal to (DF/DR)/ 2DP times of the frequency of “clkin”.  The PLL output “clkout” is 

generated by multiplexer 22,  A “bypass” signal is used to control multiplexer 22 to select 

whether the its pll_clk input or its clkin input is provided as the PLL output clkout signal. 

[0027] Fig. 2 is a detailed schematic of a DCO 16 which may be used in the PLL circuit 

of Fig. 1.  DCO 16 is a ring oscillator used to generate the frequency adjustable output clock.  

Although this DCO is completely composed of logic cells, it is designed to tune some of the 

transistor parameters.  In general, the frequency of the DCO may be tuned by selecting the  



[0027]Fig. 2 is a detailed schematic of a DCO 16 which may he used in the
P11 circuit of Fig. 1. DCO 16 is a ring oscillator used to generate the
frequency adjustable output clock. Although this DCO is completely composed
of logic cells, it is designed to tune some of the transistor parameters.
In general, the frequency of the DCO may be tuned by selecting the  number
of delay cells to be included inseillato and varying the amount of delay
cell load, Such design makes it possible to obtain wider frequency range
and better resolution. The values of C[13:101 from the e control signal are
used to change the number of delay cells included in the ring oscillator,
while the alues of C[9:01 from thee control signal are used to change the
delay cell's load. 100281NAND gates 30 (only sonic of which are represented
by reference numerals in the drawings) are used as the basic delay cells
for the ring oscillator. In Fig. 2, an odd number of NAND basic delay cells
are used to form the basi oscillator configuration. Specifically, when
c[13:10] are all 0, Ni, N2, N3, N4, N8, N9, N13 make up the ring
oseillator(see the thick tine in FIG 2). An advantage of using NAND gate
basic delay cells is that it enables the DCO to be disabled and reset
within a very short time. This prevents any jitter from accumulating to the
next Aar cycle, thus substantially reducing tong term jitter. For example,
a very short negative pulse (around 200ps) at the beginning of clk2r cycle
on "dco_en" can completely reset the DCO to a known state (W1-1, W2=0,
W3=1, W4=0,W8= 1,1A/9=0,1\93=1) so that any jitter will not accumulate to
the next clk2r cycle. On the other hand, if inverters were to be used as
the basic delay cell, the "EN" pulse width must large than the whole loop
delay, otherwise the ring oscillator cannot start from a known state after
"EN" pulse, as illustrated in Figs, 3A and 3B. Figs. 3A and 3B are logic
cell diagrams for inverter ring oscillator architecture and NAND ring
oscillator architecture, respee [0029]There are 3 LDCs (Large Delay Cells)
32 in DCO that can be selected to be 



included in the ring. Control signals c[13:12] control how many IDCs 'are
included in the ring. Depending on the c[13:12] combination (2'bOO: 0,
2'b01:1, 2'1310:2, 2'bl 1:3), one or more of the LDCs may be included in
the ring or all three LDCs may be excluded. The DCO  also includes 3 SDCs
(Small Delay Cells) 34 that can he selected to be included in the ring.
Control signals 411:101 control how many SDCs are included in the ring.
Depending on the 411:10] combination (2'h00: 0, 2'hOl :1, 2'bi 0:2,
2'bi1:3), one or more of the SDCs may he included in the ring or all three
SDCs may be excluded. With different numbers of I.DCs and SDCs in thering,
the period of the ring oscillator output dock will be changed accordingly.
The DCO in Fig. 2 also includes load cells that are used to vary the amount
of load on NAND gates NI, N2, N3, NS and N13. On the output of NAND gate
NI, N2, N.3, there are load cells (DL9, DL8, DL7, DL6) connected in
accordance with control signals c[9:6]. For each load cell, the control
signal switch on or switch off will change the load of Ni. N2, N3 to a
certain value, which will also make the period of the ring oscillator
output clock change accordingly. On the output of NAND gate NS, there are
load cells (DL5, DL4, DL3, DL2) connected in accordance with control
signals 45:21 Switching on or off 45:2] separately will change the load of
N8 so as to change period of the ring oscillator output dock. On the output
of NAND* gate NI 3, there are also load cells (DLL DLO, DLA) connected in.
accordance with emit& signals c[1:0], postc[5:0], asc. Switching on or off
41:01, poste[5:0], use, will change the load of NI3 so as to change period
of the ring oscillator output dock. 100311From c[13] to c[0], the weight on
the DCO output clock period change becomes smaller and smaller. To meet the
requirement of a binary  search, the weight for 413:0] is carefully tuned.
Controls "postc[5:0]" and "use" are also delay cell load control pins.
Control usc is used for cycle control, and postc[5:0] is used for input
clock jitter tolerance after the PLL is locked.  100321The 6 AND cells 36
circled in Fig. 2 are used to switch off unused cells so as to 
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[0032] The 6 AND cells of the LDC and SDC decoders circled in Fig. 2 are used to 

switch off unused cells so as to avoid unnecessary power consumption when DCO is 

oscillating.  These cells server to remove glitch and assure that the whole loop is not blocked 

upon start DCO oscillation.  Two signals “dco_en_w” and “dco_en_n” will be generated by 

the AND cells 36 from dco_en.  Signal dco_en_w as a pulse turns low ahead of dco_en_n and 

turns high behind dco_en_n.  Signal dco_en_w is connected to NAND gate N1, while signal 

dco_en_n is connected to other NAND gates in the loop. Thus it output clock glitch can be 

removed to make sure when DCO starts to oscillate that the whole loop is not blocked. 

[0033] Fig. 4 is a detailed schematic of a DPFD which may be used in the PLL circuit of 

Fig. 1.  The DPFD receives input signals dco_out from the DCO, clk2r from divider 12R, clkf 

from counter 20, and rstn.  These signals are coupled to, or interact with, the following circuit 

modules in DPFD 14.   

[0034] A plus_num generator 40 generates the signal plus_num[3:0] which helps to 

determine for every twelve dco_out cycles how many dco_out cycles asc is to be set at a 

1’logic state.  An asc generator 42 generates output signal “asc” for DCO 16.  A c generator 

44 generates output signal c[13:0] for DCO 16.  A postc generator 46 generates output signal 

postc[5:0] for DCO 16.  A ud generator 48 generates the signals uda and ud_postc, which are 

indicative of whether the DCO 16 is to oscillate faster or slower.  A lock detector 50 detects 

whether the PLL is locked.  An unlock detector 52 detect whether or not the PLL lock is lost. 

[0035] The ud generator 48 module checks if clkf is high or low at each falling edge of 

the clk2r signal. If clkf is high, output signal uda from the ud generator 48 will be a logic ‘1’ 

state, otherwise uda will be a logic ‘0’ state. The uda signal is fed to the c generator 44, which  
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generates values for the c[13:0] binary output string based on the uda value at each clk2r 

cycle after pll_en is enabled (switched to high). 

[0036] Operation is explained more particularly with respect to the data flow chart of Fig. 

5 and the waveforms shown in Fig. 6.  The c generator 44 uses a binary search to determine 

the values for c[13:0] and to achieve a fast lock. When binary search is initiated, c[13:0] and 

c_ready are both set to a logic state 0, at step 100 in Fig. 4.  These states are illustrated in the 

waveform depiction of Fig. 5.  At the next rising edge of clk2r, c[13] is set to logic state 1 at 

step 102.  At the falling edge of clk2r, the uda generator 48 will update its value.  Step 104 is 

a logic decision block for the value of uda.  At the next rising edge of clk2r, if uda is at a logic 

state 1, signal c[13] is fixed to logic state 1.  If not, c[13] is fixed to logic state 0 as step 106.  

At the same time, signal c[12] is set to logic state 1.  Step 108 is a logic decision block to 

determine whether N is equal to zero, indicating that the search has progressed through all c 

signal settings.  If not, N is decremented by 1 at step 110 and the data flow reverts to step 102.  

The steps are repeated to fix the value for c[12] and the remaining c[11:0] until c[0] is fixed 

as determined at step 108.  At this point c_ready will be turned high by c generator 44 at step 

112.  From c[13] to c[0], each control pin has a different weight for adjusting the DCO output 

clock period, c[13] having the largest and c[0] the smallest.  Step 114 is a logic decision block 

to determine whether the PLL is locked for the values of c obtained in the binary search.  If 

the system is not unlocked, the flow returns to step 108.  If a determination is made that the 

system is unlocked, unlock detector 52 issues a reset signal to return the flow to step 100. 

[0037] In theory, the weight of signal c[12] should be equal to 50% of signal c[13], the 

weight of signal c[11] should be equal to 50% of signal c[12], and so on, so that the weight of 

signal c[0] will be equal to 1/213 that of c[13], around 0.012%.  Extreme accuracy would  
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thereby be provided. However, considering that there may be process variations, temperature 

variations, and voltage variations, the actual ratio may not exactly equal to 50%.  The ratio 

can be adjusted slightly higher to assure that such variations are not detrimental.  The 

following table shows possible different weights for c[13] to c[0](unit: ps): c[13] - 640, c[12] 

- 321, c[11] - 185, c[10] - 94.7,  c[9] - 49.3, c[8] - 29.3, c[7] - 18.4, c[6] - 11.2, c[5] - 7.86, 

c[4] - 5.66, c[3] - 4.14, c[2] - 2.69, c[1] - 2.13, c[0] - 1.41. 

[0038] After the value of “c[13:0]” is  fixed, a coarse capturing of the expected frequency 

is established.  However, this frequency is still not sufficiently accurate and further tuning has 

to be done.  Although the DCO can be designed such that changing the value of “c[0]” allows 

an adjustment of as small as 1.4ps to be applied to the DCO output clock cycle time, a 1.4ps 

tuning accuracy provided by the c control signal is still insufficient.  This is because jitter is 

multiplied after passing through the feedback counter Counter(F) and can be accumulated to 

cause a jitter of 2*DF*1.4ps at the last dco_out cycle within a clk2r period.  A jitter of 

2*DF*1.4ps is quite significant.  

[0039] To reduce or eliminate DCO output clock jitter, cycle control is effected in the 

following manner.  When the PLL is locked, one period of clk2r Tclk2r is equal to 2*DF times 

of each dco_out period, Tdco.  Assuming that c[0] switched off, that is, its associated DL0 

shown in the Fig. 2 DCO is deactivated and does not load the DCO ring oscillator, the first 

2*DF-1 dco_out cycles will each have a period of  Tdco-1.4ps.  Since dco_en sets dco_out to 

‘0’ at its falling edge and rising edge of clk2r, 2*DF cycles of dco_out will have to be fitted 

into one clk2r period.  Therefore, the period of the last cycle of dco_out will be 

Tlcd=Tclk2r – (2*DF-1)(Tdco-1.4ps) 
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[0040] As shown in FIG. 7A, the period of this last dco_out cycle is longer compared to 

the other 2*DF-1 cycles before it and the difference can correspond to a jitter of 2*DF*1.4ps 

 Tlcd - (Tdco-1.4ps) = Tclk2r – (2*DF-1)(Tdco-1.4ps) – (Tdco-1.4ps)  

                              = 2*DF* Tdco– (2*DF-1)(Tdco-1.4ps) – (Tdco-1.4ps) 

                               =2*DF*1.4ps 

[0041] Similarly, if c[0] is switched on, an accumulated jitter of 2*DF*1.4ps will also be 

present in the last dco_out cycle but the period of this last cycle will be shorter compared to 

the other 2*DF-1 cycles before it.  Since the load cell associated with c[0] is already very 

small in size, there is little room for accuracy improvement through device shrinkage and as 

such alternative methods of addressing the jitter method has to be deployed.  

[0042] A new method, called cycle control, is used to reduce the DCO output clock jitter.  

In general terms, cycle control involves adjusting the “dco_out” time period of some cycles 

within a single clk2r time period in response to feedback from the “ud generator” as to 

whether the dco_out frequency is faster or slower than the target value.  Therefore, unlike the 

c[13:0] control signals produced by the “c_generator” where the settings within a single clk2r 

cycle are not modified, the load settings applied to the DCO can be varied within a clk2r 

period by having the “asc” signal take on different values within a single clk2r cycle. This 

allows for greater precision in tuning the DCO to the required frequency. 

[0043] The signal responsible for reducing the DCO output “clock jitter is the output 

signal asc generated by the asc generator module 42 shown in Fig. 4. asc follows the clock of 

dco_out which has a higher frequency compared to the frequency of clk2r that c[13] to c[0] 

follow.  In this way, multiple changes in the asc value may be made within one clk2r period.  

When asc is switched on , the period of each DCO output clock cycle will be increased by a  



dco out cycles each (other numbers may also be suitable). The value of the
AusLnuin[3:0] input sigial.(which is a binary string) determines the number
of dco_out cycles within each subset of 12 for which asc is equal to high.
The plus nun generator module 40 in Fig. 4 generates the plus_num [3:0]
signal at the rising edge of the ellc2r signal. if uda is equal to 'I' at
the clk2r rising edge, plus urn[3:0i will increase by I, which means that
ase will be ' for an additional deo_out cycle within each subset of 12,
otherwise plus_num[3:0] will decrease by 1 within each subset of 12. As
discussed above, a uda value of '1' indicates that the dcoput clock is fast
while a tida value of 0 indicates that it is slow. Therefore, the asc
adjustment is based on the uda generator indication as to whether deo..out
is fast or slow. [0045]Referring now to the example in Fig. 7B, which shows
the application of cycle control, uda is 0 at the rising edge of the first
cik2r cycle from the left, therefore, asc is high for 6 dco_out cycles.
Meanwhile, uda is I at the rising edge of the second elk2r cycle,
therefore, a. c is high for 7 dco out cycles. [0046)Assuming that the
deo_out cyclesclk2r period is grouped into subsets eomptising 12 dco_out
cycles each and any adjustment to a dco_out cycle is 2ps, the maximum
jitter may be reduced to (2*DF/12)*2ps by using cycle control. This is
because the dco_put cycle is adjusted by 2*DF/12 times within a c1k2r
period when plus iturn value  changes in value The maximum jitter of dim_
out happens at the last dco_put cycle of each elk2r period. 100471After the
binary search, c[1.3:0] are fixed, (i.e., locked) the cycle control 
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changes in value.  The maximum jitter of dco_out happens at the last dco_out cycle of each 

clk2r period. 

[0047] After the binary search, c[13:0] are fixed, the cycle control procedure is initiated.  

The module lock detector 50 will then detect whether the uda signal will toggle between logic 

states (0->1, or 1->0) at every clk2r cycle. If uda toggles to the opposite value for three 

continuous clk2r cycles, lock detector 52 will generate a logic high lock signal, which 

indicates that the PLL system is locked.  If, thereafter, the reference input clock frequency, the 

input divider rate DR, or the counter number setting DF is changed, the module unlock 

detector 52 will detect whether the skew of clk2r and clkf is larger than the threshold delay.  If 

so, a short positive pulse unlockt_rst will be generated to reset the PLL system.  The lock 

signal returns to the low logic state, and the PLL system will restart the binary search 

procedure to again fix the c[13:0] signals.  The system can again attain the locked state in a 

maximum of twenty five divided reference clock cycles (clk2r). 

[0048] While the PPL system is in the locked state, the postc generator module 46 is 

operative to increase the input clock jitter tolerance.  The function of the postc generator 

module is to increase the PLL’s tolerance to  input clock jitter by generating an binary output 

signal postc[5:0] which is fed into the DCO and used to make minor adjustments to the DCO 

frequency so that it can track the input clock frequency, clkin. 

[0049] In the present described embodiment, postc[5:0] is a 6 digit binary string.  As 

shown in the DCO schematic in Fig. 2, each digit in the postc[5:0] binary string is associated 

with a respective digital load DL0.  A ‘0’ value deactivates the associated load cell while a 

“1” value activates it.   The value of the is changeable based on the value of the  

ud_postc[1:0] signal fed into the postc generator from the ud generator.  The value of the  



likpostc[1:0]=21301, the poste[0] to postc[51 chain is shifted to the right
and the leftmost output in Fig. 8 poste[0] is set to 1. Therefore, if
postc[0:5] initially has a reset value of 111000, Ud_postc[1:01=2'b0l will
result in a new postc[0:5] of 111100. On the other hand, when
Ild_postc=2'b10, the postc[0] to postc[5] chain is shifted to the left and
the       ost output in FIG. 8 postc[5] is set to 0. Therefore, a po
te[0:5] with an original value of 111000, will be changed to 110000. When
Ud_postc=2'1300 or 2' bll, there is no change in postc[0:5].           Fig.
9 is a graphical representation showing the DCO output clock frequency
range at typical case, best case and worst case DCO frequency tuning range
for all PVT comers: 0.885GH7,-1.869GElz. Best case PVT corner: -4001.1V/FT.
Typical case PVT comer: 25C/1.OVITT. Worst ease PVT corner: 125C/0,9V/SS,
[0052]In summary, the disclosed digital Rik system is achieves good
perfonuanL.e while occupying very small chip area. Delay cell number
adjust, delay cell load adjust and cycle control are performed to digitally
control the DCO frequency to cover a wider frequency  range with smaller
jitter than existing PK, arrangements. The uses binary search i.s used to
achieve fastest lock. After the PLL is locked, a shift scan chain is used
to trace the reference frequency change so as to get better input clock
jitter tolerance. This PLL system uses NAND gates as the basic delay cells,
which can totally disable and reset DCO in a very short time, thereby
avoiding jitter accumulation to the next reference clock cycle. Stable DCO
oscillation is provided. For example, in one example of the disclosed
embodiment, the PLL can be been silicon validated using Global Foundries
65tunG process, the PPL uses only 5255um2 (or 3% the a PH, chip area). DCO
frequency could range in 900N1Hz-1.8Gliz in all PVT comers, When DCO
frequency at 1.8Gliz, the working current is around 1.0mA using only one
1,0V power supply. This PLL could can be locked very fast in 50 divided
reference clock cycle (Sus @,10MHz divided reference clock), and its output
clock jitter is smaller than il-Ops. [0053]In this disclosure there are
shown and described only preferred embodiments of die invention and but a
few examples of its versatility. It is to be understood that the invention
is capable of use in various other combinations and environments and is
capable of changes or modifications within the scope of the it .vemive
concept as ex.pressed herein. For example, it is within contemplation that
equivalent logic elements can be substituted for those described. 
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range with smaller jitter than existing PLL arrangements. The binary search is used to 

achieve fastest lock.  After the PLL is locked, a shift scan chain is used to trace the 

reference frequency change so as to get better input clock jitter tolerance.  This PLL 

system uses NAND gates as the basic delay cells, which can totally disable and reset 

DCO in a very short time, thereby avoiding jitter accumulation to the next reference 

clock cycle.  Stable DCO oscillation is provided.  For example, in one example of the 

disclosed embodiment, the PLL can be been silicon validated using Global Foundries 

65nmG process, the PPL uses only 5255um2 (or 3% the a PLL chip area).  DCO 

frequency could range in 900MHz~1.8GHz in all PVT corners. When DCO frequency at 

1.8GHz, the working current is around 1.0mA using only one 1.0V power supply. This 

PLL could can be locked very fast in 50 divided reference clock cycle (5us @10MHz 

divided reference clock), and its output clock jitter is smaller than 40ps.    

[0053] In this disclosure there are shown and described only preferred embodiments 

of the invention and but a few examples of its versatility.  It is to be understood that the 

invention is capable of use in various other combinations and environments and is 

capable of changes or modifications within the scope of the inventive concept as 

expressed herein.  For example, it is within contemplation that equivalent logic elements 

can be substituted for those described. 
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WHAT IS CLAIMED IS: 

1.  A phase locked loop control system comprising: 

 a reference clock input for receiving a reference clock signal; 

 a digital controlled oscillator configured to output an adjustable clock signal;  

 a digital detector coupled between the reference clock input and an input of the 

controlled oscillator, the detector coupled to an output of the oscillator and configured 

for applying control signals to the oscillator for setting output operating signal frequency 

in accordance with detected frequency of the oscillator output clock signal; and 

 a counter coupled to the oscillator output; wherein: 

 the digital detector comprises a control signal generator configured to generate a plurality 

of binary control signals respectively output at a plurality of control signal generator 

output terminals, a comparator having a first comparator input coupled to the reference 

clock input, a second comparator input coupled to the counter, and a comparator output 

coupled to the control signal generator; and 

 the oscillator comprises a plurality of decoder logic cells having inputs respectively 

coupled to the control signal generator output terminals; 

 wherein the phase of the output signal is selectively adjusted by the digital detector 

control signals during each input clock cycle.  

 2.  A phase locked loop control system as recited in claim 1, wherein the control signal 

generator is responsive to the divided reference clock signal. 
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 3.  A phase locked loop control system comprising: 

 a reference clock input for receiving a reference clock signal; 

 a digital controlled oscillator configured to output an adjustable clock signal; 

 an input divider coupled to the reference clock input for dividing the reference clock 

signal to one of a plurality of preset dividing rates; and 

 an output divider coupled to the oscillator output for dividing the oscillator output signal 

to one of a plurality of preset dividing rates; and 

 a digital detector coupled between the reference clock input and an input of the 

controlled oscillator, the detector coupled to an output of the oscillator and configured 

for applying control signals to the oscillator for setting output operating signal frequency 

in accordance with detected frequency of the oscillator output clock signal; 

 wherein the phase of the output signal is selectively adjusted by the digital detector 

control signals during each input clock cycle; 

 the digital detector comprises a control signal generator configured to generate a plurality 

of binary control signals respectively output at a plurality of control signal generator 

output terminals; and 

 the oscillator comprises a plurality of decoder logic cells having inputs respectively 

coupled to the control signal generator output terminals; 

 and further comprising a counter coupled to the oscillator output; 

 wherein the digital detector comprises a comparator having a first comparator input 

coupled to the input divider, a second comparator input coupled to the counter, and a 

comparator output coupled to the control signal generator. 
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 4.  A phase locked loop control system as recited in claim 3, wherein the input divider 

comprises a control input for selecting a dividing rate for the received reference clock signal and 

the output divider comprises a control input for selecting a dividing rate for the output signal. 

 5.  A phase locked loop control system as recited in claim 3, wherein the digital detector 

further comprises a shift generator having a first input coupled to the input divider and a second 

input coupled to the comparator and an output coupled to the oscillator. 

 6.  A phase locked loop control system as recited in claim 5, wherein the shift generator 

comprises a plurality of flip-flops connected in series, each flip-flop having an output coupled to 

a respective control input of the oscillator. 

 7.  A phase locked loop control system comprising: 

 a reference clock input for receiving a reference clock signal; 

 a digital controlled oscillator configured to output an adjustable clock signal; 

 an input divider coupled to the reference clock input for dividing the reference clock 

signal to one of a plurality of preset dividing rates; and 

 an output divider coupled to the oscillator output for dividing the oscillator output signal 

to one of a plurality of preset dividing rates; and 

 a digital detector coupled between the reference clock input and an input of the 

controlled oscillator, the detector coupled to an output of the oscillator and configured 

for applying control signals to the oscillator for setting output operating signal frequency 

in accordance with detected frequency of the oscillator output clock signal; 



21 
 

 wherein the phase of the output signal is selectively adjusted by the digital detector 

control signals during each input clock cycle; 

 the digital detector comprises a control signal generator configured to generate a plurality 

of binary control signals respectively output at a plurality of control signal generator 

output terminals; and 

 the oscillator comprises a plurality of decoder logic cells having inputs respectively 

coupled to the control signal generator output terminals; 

 and wherein the plurality of decoder logic cells comprises a first group of large delay 

cells and a second decoder group of small delay cells. 

 8.  A phase locked loop control system as recited in claim 7, wherein the DCO comprise 

NAND gates as its basic delay cell. 

 9.  A phase locked loop control system as recited in claim 7, wherein the oscillator 

further comprises a plurality of logic load elements having inputs respectively connected to 

output terminals of the control signal generator; 

wherein the logic elements are coupled to the detector for receiving the control signals for 

adjusting the phase of the output signal. 

 10.  A phase locked loop control system comprising: 

 a reference clock input for receiving a reference clock signal; 

 a digital controlled oscillator configured to output an adjustable clock signal; 

 an input divider coupled to the reference clock input for dividing the reference clock 

signal to one of a plurality of preset dividing rates; and 
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 an output divider coupled to the oscillator output for dividing the oscillator output signal 

to one of a plurality of preset dividing rates; and 

 a digital detector coupled between the reference clock input and an input of the 

controlled oscillator, the detector coupled to an output of the oscillator and configured 

for applying control signals to the oscillator for setting output operating signal frequency 

in accordance with detected frequency of the oscillator output clock signal; 

 wherein the phase of the output signal is selectively adjusted by the digital detector 

control signals during each input clock cycle; 

 the digital detector comprises a control signal generator configured to generate a plurality 

of binary control signals respectively output at a plurality of control signal generator 

output terminals; and 

 the oscillator comprises a plurality of decoder logic cells having inputs respectively 

coupled to the control signal generator output terminals; 

 and wherein the wherein the digital detector further comprises an asynchronous cycle 

control generator having an input coupled to the oscillator output signal; and 

 wherein the control signal generator binary output control signals are fixed to capture the 

frequency of the reference clock signal and the asynchronous cycle control generator is 

responsive to the phase of the oscillator output signal relative to the divided reference 

signal. 

 11.  A phase locked loop control system as recited in claim 10, wherein the digital 

detector further comprises a lock detector responsive to the dividing rates of the input divider 

and output divider to generate a lock output signal. 
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 12.  A phase locked loop control system as recited in claim 11, wherein the digital 

detector further comprises an unlock generator for outputting a reset signal in response to the 

lock output signal if a change in the dividing rates of either the input divider or output divider 

has been detected by the lock detector. 


