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Current Mismatches in Charge Pumps of
DLL-Based RF CMOS Oscillators

LI Jin-cheng and QIU Yudin

(Microelectronics R&D Center, The Chinese Academy of Sciences, Beijing 100029, China)

Abstract: A research on the spurious tones due to the current mismatch in charge pumps of DLL (Delay Locked
Loop) -based RF CMOS oscillators is performed. An equation for strength evaluation of the spurious tones is de—
rived. Two tables are provided to make it obvious to understand for the characteristics of spurious tones changing

with related parameters. Some suggestions are given for the design of a DLL-based RF CM OS oscillators.
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1 Introduction

To implement all the RF functions on a single
chip is one approach to dramatically increase inte—
gration levels in RF CMOS transceivers' ', Local
Oscillators (LOs) in transceivers are key building
blocks used to shift down a received carrier signal
spectrum to a lower frequency, or shift up a signal
spectrum to a higher frequency band. To integrate
a LO with high quality of phase noise performance
in CMOS processes is a severe problem in the RF
CMOS transceiver design.

A charge-pump DLL ( Delay Locked Loop)-
based RF CM OS oscillator, which produces a low-
phasenoise RF signal by taking advantage of the
inherently low jitter of a low-frequency crystal os—
cillator reference, is a good choice to implement the
integrated LO. In Referencel 21.a 900MHz LO us-
ing DLL-based frequency multiplier is described.
The multiplying is accomplished by taking each

relatively jitterHree edge of the crystal oscillator

output and generating a burst of well-controlled
evenly-spaced edges which span one period of the
crystal oscillator. These evenly-spaced edges form
a pattern of higher-frequency transitions and even-
tually realize the desired RF signal.

Fabricated in a CM OS process, a charge-pump
suffers from a problem of ‘dead zone” due to the
failing to turn on the current sources fully when
the switches are connected only in a little time in-
terval. To cancel the dead zone”, both the charg-
ing current and the discharging current should be
high simultaneously for a sufficient amount of time
to completely switch on the currents. During this
time, the charge on the capacitor will not be
changed if the currents are the same in value,
namely, the voltage on the capacitor is constant
when the loop is locked. However, there is always a
few percent of mismatch between the currents
when fabricated in CMOS processes. Reasons for
such mismatches are process variances, disagree-
ments between simulations and tests , some other

power and temperature related issues.
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Current mismatches in charge pumps produce
spurious tones around the center output carrier of a
DLL-based RF CMOS oscillator. This paper pre-
sents a detailed analysis of the current mismatch

effect on the DLL-based oscillators.

2 Spurious Tone Analysis

Assuming that the input ports ‘up” and

@down” of a charge pump as illustrated in Fig. 1
are identical and At is the time necessary to com—
pletely switch on the currents to avoid ‘dead
zone”, during At, the charge deposited on the ca-
pacitor Cr is

Q= ([ - I2) At (1
If I1##12, Q-70. This notes that the V. varies as
the changing of the charge deposited on the capaci-
tor in the charge pump. An inversely controlling
makes the Q- towards 0 on account of the loop’s
negative feedback character. In the end, a phase er—
ror At between the input ports of the charge pump

is produced to compensate (..

Wh
FIG.1 Charge Pump
At = (%- 1) At (2)

When the charge pump is working in a PLL( Phase
Locked Loop), since only one phase error will be
added to the output carrier, there will be no spuri-
ous tone generated and a phase error is not a draw -
back to an oscillator if the charge-sharing problem
is ignored and the bandwidth of the low pass filter
in the DLL is much less than the frequency of the
input reference.

In Fig. 2, the output of a DLL-based RF
CMOS oscillator is illustrated with 1= /2 and 117

I>, respectively. The multiplier factor is presumed

to be N, the period of the input reference is Tr. In

one period of the input reference, the output is de-
fined as fo(t), illustrated in Fig. 3.
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FIG.2 Output of DLL-Based RF Oscillator
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FIG.3 One Period of Output
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folt) = E{u[.‘— mT] - uft- (m+ 0.5)'1"']}

(3)

where T = J{\‘l{(?‘rn-f - m’),u(.!) is step function,

then y 1e]dm§.J

(lfu(-‘l) 2{5“_ mT]- 8[t— (m+ 0.57T1)

m= 1

(4)

where the 6(t) is impulse function. The Fourier
df ol t
transform of dt

is jwFo( w) Bl 8o

o = E e )
= (1= ) Z[ SE(5)
Fo(w) = u—fj—‘rlz[ - )
ju( 1+ e 2)

When the fo(¢) is periodically extended, f (¢) is
gotten as illustrated in Fig. 2. By referring [ 3],

F(w),the Fourier transform of f (1) is

Flw) = 2m ). F.8(w- nwe) (7
where F. = E];Fn[ w) oo W = ?%TT[ , Fuis the

f

vector of harmonics of the reference.
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e (1- e ) TN - e
P = Tl Fo( ) _ }LX : “ _ e (1-e - ) (8)
o 0 e T (14 @) e, j2em(14 e V)
where P = T.-.-rT— rm’: |- ?r: implies the ratio The result in Eq. (9) is in agreement with the di-

of the delay time of the delay line to the T .
When At'= 0, which means 1= 72, P= 1. One

obtains

rect understanding about harmonics of a periodic
sequence of square pulses with center frequency

Nf vi. In such a case, only odd harmonics exists.

At
il When At'#0, namely 1= 2, P= (1- T[}’
n= 0 re
2 the output of the oscillator will have sideband off-
n = —; .
|F| ‘"(2 B n= (2m+ 1N (9) sets from the carrier frequency by the reference
m +
frequency and its harmonics, yielding
0 others
1
P P o 2, .2 !
7l | ‘e_ PP s [ 2 e 2mP | | " | " (1= cos2mlP)” + sin"(2mP) | ?
T T T 2 n] X . P T T T 2m 7 |4 (1+ cusnﬁp]z + sinz(nﬁp}
(10)
Let K.= 20lg 5 (dB) (11)
Le n = g ol (c
F. | F(w)I
here K., the function of n, N and P, represents the | Fyl
strength ratio of the spurious tones to the funda- [ Fy_yl / I Fyoyl
mental tone, the Fxy. Because Nwwr is the output AN /
frequency of the DLL-Based RF CMOS oscillator, 0 . "_:.? b, -
from Eq. (7), Fv is the effect tone we are produc- Wt
i ig. 4). s 1 2 are the cale :d re—
ing (Fig. 4). Tables 1 and 2 are the calculated re FIG.4 Output Spectrum
sults of K« by computer.
Table 1 Ka(dB) with N= 40 and P from 1- 10" " to 1= 10" " Step 107"
T~ 1- 1074 1- 1073 1- 10° ¢ I- 1077 I- 107 # 1- 1077 1- 10-1°
n= N
+1 - 47.92 - 67.95 - 87.95 - 107.9 - 127.9 - 147.7 - 165.7
+2 - 53.95 - 73.96 - 93.97 - 113.9 - 133.9 - 153.7 - 171.7
+3 - 57.46 - 77.47 - 97.48 - 117.4 - 137.4 - 157.2 - 175.2
+4 - 59.95 - 79.96 - 99.96 - 119.9 - 139.9 - 159.7 - 177.7
+5 - 61.87 - 81.88 - 101. 8 - 121.8 - 141.8 - 161.6 - 179.6
+6 - 63.43 - 83.44 - 103. 4 - 123.4 - 143.4 - 163.1 - 181.2
+7 - 64.74 - 84.75 - 104.7 - 124.7 - 144.7 - 164.5 - 182.5
+8 - 65.87 - 85.87 - 105.8 - 125.8 - 145.8 - 165.6 - 183.6
Table 2 K.(dB) with P= 1= 10" *and N from 10 to 120
T~ 10 20 40 60 80 100 120
n= N
+1 - 99.96 - 93.97 - 87.95 - 84.43 - 81.93 - 79.99 - 78.41
+2 - 105.8 - 99.96 - 93.97 - 90.45 - 87.95 - 86.01 - 84.43
+3 - 109.2 - 103.4 - 97.48 - 93.97 - 91.47 - 89.53 - 87.95
+4 - 111.4 - 105.8 - 99.96 - 96.46 - 93.97 - 92.03 - 90.45
+5 - 113.0 - 107.7 - 101. 8 - 98.39 - 95.90 - 93.97 - 92.38
+6 - 114.2 - 109.2 - 103. 4 - 99.96 - 97.48 - 95.54 -93.97
+7 - 115.0 - 110.4 - 104.7 - 101.2 - 98. 81 - 96. 88 - 95.30
+8 - 115.6 - 111.4 - 105.8 - 102. 4 - 99.96 - 98.03 - 96. 46
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From Table 1, one can observe that K. reduces

!

nearly 20dB as the ,?.t_r decreases 10% for the same

!

N, which means the lower the T is, the lower

rel

!
. . e At
each order spurious tone is. Minimizing the T 18
) re

very essential to the design of a high quality charge
pump DLL-based oscillator. It is also a challenge to
accomplish a charge pump, especially to CMOS
processes for their long transition time and pro-
cessing divergences. To lower the At’ and lengthen

At
T et

-5 . . e
less than 10”7 is required in general specifications

!

the T can meet this challenge. Practically, a

for an oscillator with the SFDR(Spurious—¥ree Dy-
namic Range) larger than 60dB in transceivers used
in mobile communications. For example, to frr=

25MHz and N = 40, however, 0. 4ps phase error is
permitted and it is hard with CMOS implementa-
tions refer to the following analysis. Table 2 dis—

closes a simple conclusion, the effect of N on K is

At'
not as much as that of T and the dependence of
K.on the N decreases when the N becomes larger.
There is relatively relax settlement in the choice of
N, the focus to reduce the spurious tones should be

more on P than on V.

3 Approaches to Reduce Mismatch

As the analysis above, a very small phase error
produces significant spurious tones around the car—
rier by the reference. T o reduce the spurious tones,
Eq.(2) gives us following suggestions. Firstly, re-
duce the At as little as possible. T he smallest At de—
pends on the gate capacitance of the switching
MOS transistors when the currents in the charge
pumps are large, because of large transistors need-
ed; But when the currents are little, the relatively
small capacitance of the small transistors needed
makes the switching quickly, the smallest At de-
pends the Phase Detector (PD) followed by the
charge pump, in which the D flipflops take at least

two or three gate delays(in general, several hun-

dreds of ps) to be reset. Secondly, the mismatch
between the current sources of 1 and /2 is another
factor influencing on the phase error in Eq. (2)
which is always the main reason resulting in the
At'. Because the At is at least several hundreds of
ps in value, what we can do turns to the ratio of /1
and /2. Because the switches in the charge pump
are implemented with PMOS and NMOS transis—
tors, even the precisely calculated W/L can not a-
gree well with the test results no matter how cor-
rect the simulations are. The variances of the
CMOS processes and the parameter errors in the
M OS transistor models offered by foundries are all
the contributors to the current mismatch in a
CMOS charge pump. Excellent circuitry topologies
are needed here to overcome the difficulties.

An example here describes the challenge for a
charge pump with current mismatch for a DLL-
based RF oscillator design. Assuming that Trr=
40ns, N = 40 and the carrier will be 1GHz. If the
mismatch of 71 and 72 is 1% and the At is 400ps,
which is the sum of the time intervals of one AND
and one D flipflop(this is the general time interval

generated by PD'") . Then the At" by Eq. (2) is 4ps

1] -3
and P= 1- Ao 2 2106 6999 1 Table 1.
T 40

this amount of mismatch produces a maximum spu-
rious tone up to — 47. 92dB. When the LO is inte-
grated in a CMOS transceiver, there is no LC band-
pass filter with high @, this spurious tone will
make the transceiver a great degradation in SNR
(Signal to Noise Ratio). A phase error about 4ps is
reaching the limitation of a CMOS charge pump.
One effect way to reduce the spurious tones is to

rising the wer and a LC tank in CMOS with low @

. . . 2
is quality enough to suppress the spurious tones'”

4 Conclusions

A research on the current mismatch in a
charge pump is performed. Current mismatch re-
sults in a phase error to charge pump DLLs. This

phase error is proportional to the mismatch and the
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time interval needed to eliminate the dead zone”.
To a selected CM OS process, the current mismatch
cannot be improved and a good option to reduce the
spurious tones around the carrier by the input ref-
erence is to select a PD with the tiniest At and low
reference frequency. As far as N is concerned, it is
not difficult in the design compromises, but low N
still expects low spurious tones. The Eq. (11) of-
fers the K, the strength of spurious tones, which
can be used in the estimation of the performance
damage. The example illustrated above discloses
the fact that the spurious tone performance of a
charge pump DLL-based RF CMOS oscillator can
not be superior to a PLL-based one, but because of
the good jitter performance and more relax trade—
offs of a DLL, and when the input reference is at a
relatively high frequency the spurious tones can be
suppressed by a LC+ank(integrating high Q induc-
tors is an active field in CMOS processes today),
the DLL-based RF CMOS oscillator has a bright
future in the design of monolithic RF CMOS

transceivers for mobile communication.
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