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ABSTRACT

In the present day tiled and multicore processtes, traditional self biased PLL is often used witdry
little modification from its original architectur@he margins available for timing uncertaintiesq dence
the jitter constraints on the clock PLLs, have lmeoprogressively more stringent. In most of these
microprocessors, the well proven architecture ttheitional self biased PLL is still being widelgad with
hardly any modification. The present scenario deteamodifications in its topology to address theejit
constraints. This paper modifies the traditiondf beased PLL targeting jitter reduction and propes
differential self biased PLL incorporating delayerpolation based VC@hat provides a constant swing
VCO signal. The proposed PLL with its constant gWWCO architecture and differential PLL architeetur
minimizes the input referred noise as well as thisencontribution by the VCO itself. While adoptitiee
delay interpolation principle in the VCO of theditonal self biased PLL, it is ensured that théesda
features like constant damping factor, constanp lbandwidth to reference frequency ratio, statid an
dynamic supply rejection characteristic is mettfor entire operating frequency range of PLL and time
proposed PLL becomes insensitive to process paessnednd supply voltage variations. With a
combination of delay interpolation principle andfd#ased scheme the modified VCO operates over a
wide frequency range and hence the proposed PLIbigxhwide capture range. Detailed design followed
by simulations carried out with 0.8 CMOS process shows jitter improvement of 46% 36&68ver a
capture range of 1.7GHz.
Keywords: Adaptive bandwidth PLL, Delay interpolator VCO,tdit Microprocessor clock, Self biased
PLL.

1. INTRODUCTION load transistors which provide both immunity
against supply and process variations and, (@) th

The self biased adaptive bandwidth PLL [1] isself biased adaptive loop bandwidth nature which
widely employed in most of the present day tilegprovides a wide operating frequency range without
and multi core processors. The present dagitering the loop stability. However, as the
microprocessor scenario brings forth different andperating frequencies vary, the VCO swing gets
newer design constraints on these clock PLLg@rogressively reduced and degrades the jitter
unlike those applicable when the original tradiibn considerably. On the other hand, the delay
self biased PLL was proposed. The clocknterpolator VCO scheme proposed in [4] operates
frequencies and supply voltage of thesever a wide operating frequency range with a
microprocessors are dynamically altered andonstant swing, but without the benefits of supply
chosen from a look up table that makes the coremise immunity and loop bandwidth adaptivity.
operate under a predetermined power envelope [Rloreover, this VCO also operates with differential
3]. As these PLLs are made to operate with highesbntrol voltage and thus minimizes the impact of
frequencies and lower supply voltages, the jittethe deterministic noisegenerated withinthe
generated from these and timing constraints alssircuit. The proposed work adapts the delay
become more severe. Also, these PLLs generaigterpolator based VCO of [4] to the symmetric
clock frequencies that must be designed to switdbad self biased PLL scheme [1] in order to derive
and settle as fast as possible to newer values. the benefits of both the schemes.

The original self biased scheme [1] Though there have been many papers
primarily derives its benefits from (i) symmetric appearing periodically in the literature addressing
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the issue of jitter reduction in PLLs, very few of2. ADAPTATION OF DELAY INTERPOLATOR
these are in the context of self biased PLLs.5]n [ BASED SELF BIASED VCO
a delay interpolator based VCO design with low The

gain is proposed to minimize jitter. This desigesis incorporation —of the - delay

. interpolation principle in the proposed PLL is
inverter based delay elements and hence does lained in the following subsection. The design

meet the dynamic supply noise rejectiorb]c o ; ;

o - proposed VCO and derivation of its gain are
chara_ctenspc of the pro_posed PLL. A calibratio escribed in the subsequent subsection. Following
technique is proposed in [6] to operate the se

i . . . _ at is the description of the bias generator
biased adapt|ye bandvx_/!dth PLL with low gain VCOarchitecture that provides the required bias vekag
thereby ensuring low jitter performance. Howeve[ the proposed VCO
this technique had not made use of the benefits o? '
differential architecture. In [7], the traditionaélf oo -
biased PLL was modified to a dual loop schemé'1 P”nﬁ]ﬂerﬁggﬂi?ggck diagram of the self

targeting jitter minimization addressing the issdie biased PLL adobpti . . L
) . ) ) " pting delay interpolation principde i
high gain VCO, but it requires an add't.'o.nalshown in Figure.1. The functional blocks of the
Frequency Locked Loop (FLL) circuit and digital proposed PLL consists of Phase Frequency

logic circuit to control the interaction betweenlFL oo
and PLL. Even though these modifications hav%DeteCtor (PFD), charge pump circtit (CP), Loop

_ _ jlters (with capacitor C and resistor R), delay
been reported on self biased PLLs, a self bias :
adaptive bandwidth PLL with differential e?r‘i‘terpolator VCO and prescalar. In this proposed

: _ . PLL except the VCO architecture all other
architecture employing delay interpolator VCO ha?unctional blocks remains the same as described in
not been reported.

. . 1]. The modified VCO functionality is based on

. The present paper is organized as follow he delay interpolator architecture [4]. The bias
Sectpn .” explains  the proposed SYSteMy e nerator of the delay interpolator VCO is modified
funcuonahty and the adaptayon of the dela from the traditional self biased VCO to derive the
interpolator VCO to the self biased PLL SChemerequired bias voltages from the differential cohtro

Detailed simulation _results_ and overz_;\I_I syste oltages to bias the delay elements as well as the
performance comparison with the traditional sel harge pump circuits

biased PLL are presented in Section Ill, and the The traditional self biased VCO with
gon(;_lusR;ls of the present work are given Ir%ingle ended control voltage is modified to delay
ection Iv. interpolator based VCO with differential control
voltage, while the salient features required fatist
and dynamic supply rejection characteristics of the
traditional self biased PLL are preserved.
cL
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Figure 1: Block Diagram Of Self Biased PLL
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. . . b= 0.69(Kasfrastt KsiowTsiow)- D

The architecture of the modified VCO is Kiast + Ksjow = 1 (2)
shown in Figure 2 that consists of a bias generator [ -R..C (3)

stage (Bias Gen) and a ring oscillator stage. The
ring oscillator is designed with four delay elengent
The bias generator stage provides thﬁme co
appropriate bias voltages py Vip cons Von_cons
Vin_ siow Von_fast t0 the delay elements. The dela
element architecture is very similar to the on
employed in [4] except that the resistive load i
replaced by the symmetric load proposed in [1] al
this enables the resistive load of delay interpolat
VCO to operate as a linear resistor for the entir
frequency range of operation and hence achiev
dynamic supply noise rejection. The cwcwtde

schematic of the delay element consisting of a sloyOW path, G,n.is the load capacitance at the output

patE_ and a f"ft Eaﬂ:) '?f shown ”:1 lTlgu_re ?1 AT 'Hode of the constant delay buffer in the slow path.
architecture [4], the buffer stage delay in theaslo Rsiow IS the resistance obtained from the inverting
path is maintained constant, independent of thﬁage in the slow path
control voltage whereas the inverting stage datay i The resistanc.e R, and R, are derived

W S

the slow path is controlled by,Y g0 derived from from the symmetric load biased bybp\/ The

V. in the bias generator. The inverting stage delaﬁésstance thus obtained is expressed in Eq.(5).
in the fast path is controlled bypVs generated

from V. in the bias generator. In the symmetric 1
load, the current steered by\Vowin the slow path RiastrRsiow =

and the current steered by M.«in the fast path are 2.KJss(Vpp = V1)
summed up. This summed up curreg} dtays

constant and maintains a constant swing at the

output node as in [4]. Voo voo

2.2 Design of modified VCO o eatomp [pREEEm== ﬁﬁwﬁh
The gain Kco of the proposed VCO is —'"—‘-ﬂﬁr‘_’_{;ﬂ \
derived from the delay contributed by the Vi }—l i
|

individual delay element stages and is described Von fTIE_
be|OW Vo- Vo Slow path

The delay § contributed by a single delay radi e ST )
element is derived from its RC equivalent mode pr [l_'_l]}j

given in Figure 4, and is expressed in Eq.(1-4). | |----F====—E—====

Tslow = (Rcons+ I:\)slow) CL + Reons Ceons (4)

In EQ.(1) trasy Tsiow @re respectively the

nstants determined by the fast and slow
aths. The coefficients ¢ and Ko, defined in

Eq.(1) are the ratio of the current steered into slow
ath and fast path of the inverting stages with the
tal bias current ) and satisfies the relation as

é?ven in Eq.(2). In EQ.(3) the resistancesRs

derived from the inverting stage in the fast patt a

&, is the load capacitance at the output node of the

lay element stage. In Eq.(4),Ris the resistance

rived from the constant delay buffer stage in the

()
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chl Bias ! ] 1 M8

__|Generator Vbp I_ Vin+ Vo- Vbn_ cons

Vetrl- E X
| Vbn_fast Vin- JA Ve . . .
Vbn_cons [ - 11 1] Figure 3: Functional Block Diagram Of The Proposed

| :

Vo siow —= ~ Self Biased VCO

—— —— e —

u
Vin g Rfast *Vout
Reoons R -
r |
. Stow path WA WV T
S o _ Slow path
S~ o - Ccons

Functional Block of delay element

Figure 2: Functional Block Diagram Of The Proposed -
Self Biased VCO
Figure 4: RC Equivalent Model Of A Single Delay
Element
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Here K, represents KW/L), K' denotes voltages V\, sowand Von rast Therefore the voltage
process transconductance parameter and (W/Mp, Stays constant irrespective of the control

denotes the aspect ratio of the transistors emgloy&oltage since the bias voltages,\ow and Von fast
in the symmetric load. are differential. Since these bias voltages alss bi

The resistance & is similarly derived the delay element stages, it ensures the lowet limi
from the symmetric load that is biased by, Vons  Of the constant swing in the delay element gs V

The resistance thus obtained is expressed as and hence meets the dynamic supply rejection
1 characteristic of the traditional self biased PThe
Reons™ 2K v Vo) architecture also permits the bias voltagg, Y0
p cons "bp-cons T (6) track supply voltage variations, with,Ysowand
Here konsand Vi cons are derived from a hence retains the static supply rejection
constant bias voltage in the bias generator. characteristics of traditional self biased VCO.

The VCO frequency is thus controlled by
time the constants,s; andtg,, and the coeffecients
Kiast @and Kyon. The time constants are independen8. PROPOSED PLL SYSTEM DESIGN
of control voltage, whereas the coefficientg&nd
Ksow play the role of transconductance of the Design of charge pump circuit and the
transistors steering current into the invertinggetga PLL loop parameters are explained in the following
of the slow and fast path. subsections. The proposed PLL loop parameters are
Hence the Kco characteristic is nonlinear derived similar to the technique adopted in the
which is unlike the characteristic in traditiorsellf ~ traditional self biased PLL and is shown that it
biased VCO. But with the combination of delaymeets the requirements of constant damping factor
interpolation principle and self bias principlegeth and adaptive bandwidth over its entire operating
VCO has the capability to exhibit wide operatingrequency range as in [1].
frequency range very similar to the traditionalf sel

biased VCO. 3.1 Charge Pump circuit design consider ations
The architecture of charge pump circuit is
2.3 Design of modified bias gener ator shown in Figure 6, and is very similar to the

The bias generator is designed so that Rrchitecture employed in [1]. Similar to the design
preserves the supply rejection characteristic ef thconsideration applied in traditional self biased PL
traditional self biased VCO. The circuit architeetu the charge pump device dimensions are chosen in
of the modified bias generator modified from [1] iscertain relation with the device dimensions of the
shown in figure.5. The bias voltagg,\fequired for VCO delay elements. This helps in minimizing the
biasing the symmetric load of slow and fast patmismatch between the currents steered by the UP
inverting stage is generated in a half bufferiogpl and DN signals in the charge pump. Thus the
stage, which is one half of the delay element stagievice dimensions in VCO and hence the charge
similar to that adopted in [1]. The bias voltagg, V Pump circuit device dimensions are chosen in such
generated in the replica buffer stage, is obtamed a way that the required operating frequency rasge i

summing up the current steered by differential met and also the random noise generated from the
charge pump circuit is as minimum as possible.

pp Vpp Yoo Voo

Vhias Vet T Yok ”:D
H; D :H
’:l: ﬁ h ﬁ h‘ ﬁ h M 758 I:-I ﬁ Mo 10f })H; M 15,126 ﬁ M13t,146 h ﬁ M 7s8s hﬁ” 95 105 PH;Mnsus ﬁmgﬂ:a})
IV p_cons l l cf ctri
4 - H - o T M’|'UP u?l e Ml gl "
_| _| _| _‘ l_ '_ Vbn_slow ﬁf Vbn slo_vﬂﬁ
= (Y Vi T i o Figure 6: Architecture Of Charge Pump Circuit

L Y / L T J Generating Differential Control Voltage

Bias Generator stage generating bias voltages Bias Generator stage generating bias voltages
for Constant delay buffer stage for slow and fast path invertors

3.2 Proposed PLL loop parameter description

Figure 5: Circuit Schematic Of Bias Generator ~ The PLL damping factot is one of the
deciding factors of jitter performance in clock
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generation circuit. The damping factor of a second. PROPOSED PLL DESIGN

order PLL is given in Eq.(7).

C = B |(:p'KVCO'C
2 N
Charge pump current and

(@)

loop filter

SPECIFICATIONS AND SIMULATION
RESULTS

A traditional self biased PLL was designed

resistance is derived from VCO’s delay elemento compare the jitter performance with the proposed
bias current, very similar to the traditional selfPLL. The traditional self biased PLL was first

biased PLL. The expression fdf is similarly
derived and is given in Eq.(8).
XKyco €

(=2 )
2MN

a2

The factor X’ is defined by the ratio of the
charge pump currenglto the current defined in the
delay elementsl The factor ¥’ is used to define
resistance R of the loop filter similar to the
technique employed in [1]. Here C
capacitance of loop filter, N is the prescala
division factor and M is a constant defined as

M= (0.69).8. 9

Here h’ is the number of delay element
stages incorporated in VCO.

By approximating VCO gain characteristic
to be linear, from Eq.(9), it can be seen that
attains a constant value for the entire frequen
range of operation very similar to the conditio
obtained in [1].

The proposed PLL loop bandwidth is

made to track the operating frequency similar tQhown

[1]. The resonant frequenay, for a second order
PLL is expressed as given in Eq.(10).

o= [XlssKvco
NC

The ratio of reference frequenayss to o,
for the proposed self biased PLL is derived simila
to that in [1], using the conditions given in Ed.J1

E‘gms: Z Rfast= Z Rslow.. (11)

In Eq.(11) z is a constant. Using this
condition, the derived, to m, is expressed as in
Eq.(12).

(10)

Wret _om | 2p JC
Wn M X'KVCO CL

1

Kfast + Kslow(]-+ z+

Z-Ccons]

L
(12)

The ratiow,; t0 o, is thus found to be

is the
5

designed with loop parametefdo set to be 1, and
the ratio w.f to ®, was set to be 15. Also, the
traditional self biased VCO was designed with a
tuning range of 800MHz to 2.7GHz. For the
proposed differential self biased PLL, the VCO was
designed with a similar tuning range. The charge
pump bias currents, loop filter R and C values, and
the prescalar value (N=16) was set to be identical
for both cases. With these system parameters
chosen, the proposed differential self biased PLL
and the traditional self biased PLL will have
identical loop parametetsas landw.sto o, as 15
and hence their performance comparison
expected to be fair.

is

4.1 Simulation Results
Simulation results are presented for the

Cﬁroposed as well as the traditional self biased.PLL
"Circuit simulations were carried out using Quir8

CMOS process in Cadence.

The proposed VCO'’s gain characteristic is
in Figure 7. Even though the gain
characteristic is observed to be nonlinear, dugedo
combination of delay interpolation and self bias
principle, the proposed VCO exhibits a wide
operating range of frequencies 850MHz to 2.7GHz.

4,067
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o
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-1.06 i i
04 -0.2 0.0

0.4

|
0.2
Differential Control Voltage (V)

constant dependent on ratio of capacitanceggyre 7: VCO Gain Of The Proposed Self Biased PLL

approximating Kco to be a constant. Thus the

system possesses adaptive bandwidth nature,

independent of process variations similar to that i

[1].
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110ns (14 reference clock cycles) and the settling
time of the proposed self biased PLL is found to be
very closer at 114ns (15reference clock cyclesh wit

a frequency step of 700MHz from the free running

1.8 ¢

-
=

E— frequency.
=
S
° -
0.9
> 1.0
0.8 Proposed self bias PLL Vbn_fast
< -
0.6 @
5 % 0.7 Traditional self bias PLL Vpn
6.0n 9.0n  time (s) s
0.6
Figure 8a: Traditional Self Biased VCO Swing Proposed self bias PLL Vbn_slow
0.5 ! |
18 : (3),4) 0.0 10U fime(s) 20U

Figure 9: Capture Transients Of Bias Voltages Of The
Traditional And The Proposed Self Biased PLL AgRzL
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Figure 8b:Proposed Self Biased VCO Swing
Figure 10: Jitter Performance At 2.1ghz Output
Constant swing obtained from the Frequency
proposed VCO is shown in comparison with the .. :
output swing obtained from the traditional VCO in . The peak_ to peak Jiter measure using an
Figure 8a,b. It can be seen from Figure8a. that trfe’® diagram plot is shown in Figure 10 for the two

. - . : . _‘architectures at the operating frequencies of
traditional VCO swing varies with operating 2.1GHz. The peak to pegk jittegr mea?sure for the

frequency. At 900MHz, the VC_O swing as S€€aditional self biased PLL architecture is 12.4ps
from the waveform labeled (1), is observed to b .026Ul) where as for the proposed self biased
0.8V and at 2.8GHz as seen from the waveforig| | it is observed to be 5.9ps (0.012Ul), thereby

labeled (2), it is observed to be 1.1V. The coristagme proposed PLL shows 52% improvement in jitter
VCO swing retained by the proposed delayerformance.

interpolator VCO is shown in Figure8b. A constant The proposed PLL operates over wide
VCO swing of 1.1V is observed at the extremMgrequency range of 1GHz to 2.7GHz. The PLL
frequency of 900MHz marked as (3) and at th@erformance at these extreme frequencies of 1GHz
other extreme frequency of 2.8GHz marked agnd 2.7GHz are tabulated in Table.1. From the table
(4).Thus the proposed VCO is observed to retain i{§ can be noted that significant jitter performance
swing to 1.1V over its entire operating frequenciesimprovement of 46% to 85% is obtained with

~ The bias voltage transients of thenegligible degradation in its settling time. Supply
traditional and proposed self biased PLL are showgjection characteristic is verified by simulating
in Figure 9 at an operating frequency of 2.1GHzgypply noise as a sinusoidal source of 10mV with
From_ the bias_ voltage transientsy,Vof the 100MHz frequency added with the DC supply
traditional self biased PLL andp¥siow@Nd Vin_tast - source. The observed jitter for the traditional PLL
of the proposed PLL, it can be observed that botfinder this noisy supply is 38.6ps (0.038UI) and fo
the system settle times are very closer. Thge proposed PLL the jitter is observed to be 18.8p
traditional self biased PLL is observed to settle a
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(0.013UI) showing 64% improvement. There is eREFRENCES:
marginal degradation while comparing jitter
performance improvement with the noiseless cage] John G. Maneatis, “ Low-Jitter Process-

of 1GHz output frequency, as the bias generator of
the proposed PLL drives a larger capacitive load,
hence the gain at 100MHz supply noise of the
proposed PLL bias generator degrades when
comparedvith the gain of theraditional self biased [2]
PLL bias generator.

Table 1 : Performance Comparison At Extreme
Operating Frequencies

Output Performance | Traditional | Proposec
frequency parameter self biased | self biased
PLL PLL 3]
Jittel 19.6ps 3ps
(0.019UI) | (0.003Ul)
1GHz Settling time 210n: 216n:
(frequency (13 (14
step of reference | reference
400MHz) clock clock
cycles) cycles)
Jittel 7.9ps 4.28ps
(0.02U1) (0.011U1) | [4]
Settling time 135n: 188n:
2.7GHz (frequency (23 (32
step of reference | reference
1.3GHz) clock clock
cycles) | cycles) 5
------- Capture ranc 1GHz- 900MHz- [5]
2.7GHz 2.7GHz

5. CONCLUSIONS

It is demonstrated in this paper that itl6]
possible to suitably combine the traditional self
biased PLL and the delay interpolator VCO in order
to derive the benefits of both the schemes. The
proposed PLL shows significant improvement in
jitter while compared with the traditional self
biased PLL without exhibiting any degradation in[7]
the settling time. Since the system bandwidth is
adaptive, the proposed PLL captures over a wide
frequency span of 1.7GHz. It was also observed
that the proposed scheme is capable of jitter
improvements ranging from 46% to 85 % with
marginal degradation in the capture time and supply
rejection. It was also shown that the VCO swing in
the proposed PLL has a constant signal swing
1.1V over the entire operating frequency range.
Further increase  VCO swing might be possible
and this will be taken up for future work.
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