
Abstract
A new approach to analyze injection locking mode of

oscillators under small external excitation is proposed. The
proposed approach exploits existence conditions of the
solution of HB linear system with degenerate matrix. The
method allows one to obtain the locking range for an
arbitrary oscillator circuit with an arbitrary periodic
injection waveform. The approach can be easily
implemented into a circuit simulator. Examples are given to
confirm the correctness of the new approach. 

1. Introduction
Injection locking is a phenomenon observed in oscillators

perturbed by an external signal with frequency that is close
to the frequency of free-running oscillations. The oscillators
perturbed by these external signals are widely used in
different applications [1-5].

Two main approaches are used to analyze injection
locking of oscillators for small magnitude external
excitation: the Adler equation and the Floquet-based phase
equation.

The Adler equation [6] for an LC oscillator under small
sinusoidal injection has the form

(1)

where  is the slow-varying phase of the oscillator
waveform with frequency ,  is the fundamental of
the free-running oscillator, Q is the quality factor of the LC
tank, and  are magnitudes of the injection signal
and the capacitance voltage respectively. The injection
locking condition can be easily obtained by steady-state
solution of (1) with 

 (2)

Equation (1) can be applied to LC oscillators only. A
similar equation can be obtained for oscillators and
injection-locked frequency dividers with a feedback loop
including linear filter and amplifier [4, 5, 7, 8]. However
this approach cannot be implemented into a circuit
simulator to provide analysis of a general oscillator circuit. 

The second approach is based on the phase equation from
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where v(t) is a perturbation projection vector (PPV), b(t)
is the external excitation, and  is the unknown phase.

In comparison with (1) the important advantage of this
phase equation is its applicability to an arbitrary oscillator
circuit. Here locking conditions cannot be simply obtained
by setting  because the solution of (3)
corresponding with constant frequency does not exist. The
straightforward application of (3) for capturing the injection
locking effect requires multiple solutions of (3) by transient
[10, 11] or harmonic balance [12] simulation. The analysis
of injection locked frequency dividers by transient
simulation of (3) is presented in [13].

A more efficient way to solve the problem is to determine
the steady-state solution of the averaged equation obtained
from (3). Such approach is considered in [14] to obtain the
locking phase for sinusoidal excitation at the fundamental
frequency. The explicit expression for locking range under
the sinusoidal excitation is derived in [15] 

(4)

(5)

where f is the oscillation frequency, and A is an injection
magnitude.

It is shown in [16] that (4, 5) being applied to an LC
oscillator provides the same locking conditions as the Adler
expression (2). An important advantage of (4, 5) is its
applicability to an arbitrary oscillator circuit, which allows
implementation of this approach into a circuit simulator.
However the case of arbitrary (non-sinusoidal) periodic
injection signal and the case of injection locked frequency
dividers cannot be analyzed by (4, 5).

In this paper we present a new approach to analyze the
injection locking mode of an oscillator. Unlike other
methods the approach is not based on the phase differential
equation. It is based on the existence condition of the
solution of the linear system with degenerate matrix derived
from harmonic balance (HB) formulation. The approach
allows determination of the locking conditions of an
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arbitrary oscillator excited by an arbitrary periodic
waveform. The obtained conditions are presented in
explicit form, and numerical solution of the differential
equation is not required.  

The paper is organized as follows. For the convenience
of further treatment, section 2 presents basic equations of
oscillator HB analysis. The principles of the proposed
approach are explained in section 3 for the case of
sinusoidal excitation at the fundamental frequency. The
general case of arbitrary periodic excitation is considered in
section 4. Comparison of locking range obtained by the
proposed approach with simulation results is given in
section 5.

2. Linearized oscillator HB equations
The oscillator is described by the following algebraic

system in the frequency domain [17]

(6)
Here X, I, Q are the vectors of harmonics of nodal

voltages, currents and charges respectively. Vectors X, I, Q
contain components Xkl, Ikl, Qkl, where k is a harmonic
index, l is a nodal index.  is the unknown fundamental
frequency, K is a diagonal matrix of harmonic indexes

, (7)

 is the unit matrix of the circuit size N.
In comparison with the case of nonautonomous circuits

the system (6) has the additional variable because the
fundamental frequency is unknown. Thus it is required to
add the equation that provides an unambiguous solution.
Usually fixing the phase of the first harmonic at the
reference node is used that yields

(8)

The solution of (6, 8) can be obtained by the Newton
method, which requires solving the linear augmented
system at iterations

(9)

(10)

The quasi-periodic model of a free-running oscillator
under small periodic excitations is similar to the HB system
for forced circuits [18] that describes linear periodically
time-varying (LPTV) circuit

 (11)
Here B is the vector of external small excitations,  is

the vector of small signal solution,  is a conversion
matrix for the given frequency offset 

(12)

where  is the oscillator fundamental, E is the unit
matrix of the full system size, and G, C are block Toeplitz
matrices of harmonics of nodal conductances and

capacitances.
The Jacobian matrix  is

singular and therefore there exists an eigenvector U
corresponding to zero eigenvalue such that . It is
known that U is the frequency domain representation of
time derivative of the solution of (6, 8) [9]

(13)

where  denotes the Fourier transform.
Also there exists an eigenvector V of the transposed

Jacobian matrix corresponding to zero eigenvalue

 or (14)

The eigenvector V is the frequency domain
representation of PPV from (3).

The vector V can be arbitrarily normalized. We shall use
the following normalization condition

(15)
The condition (15) implies the condition

 (16)

which results from the equality ,
because both sides represent capacitance currents in the
frequency domain

(17)

where  is the circuit capacitance matrix in
the time domain. 

3. Analysis of an oscillator under sinusoidal 
excitation at fundamental frequency

The solution of (11) demonstrates the unbounded growth
when the offset frequency approaches to zero that
contradicts the small signal assumption. Hence equation
(11) is not valid for sufficiently small offset frequencies.

To investigate the behavior of an oscillator when the
system (11) is not valid we consider the case of a small
signal excitation at zero frequency offset. It is clear that
there must exist a singletone solution with fundamental
frequency  and harmonics , where  are
deviations of harmonics of free running oscillator. The
small signal system at fundamental frequency can be
represented in the standard form (9) with 

 (18)

The augmenting equation (8) is not required because the
frequency is known.

As mentioned above the matrix  is singular. It is
known that a linear system of equations with degenerate
matrix either has no solution or has infinite set of solutions.
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The last case occurs if the orthogonality condition holds, i.
e.

(19)
Now we take into account that there exist solutions of (6)

and vectors V corresponding to different oscillator phase
shifts . Hence we can define the phase shift such that (19)
holds. Thus the existence condition of the solutions can be
presented in the form of an equation with respect to the
phase shift

(20)
where  is PPV corresponding to the solution with

phase shift . Alternatively we may assume that the
oscillator solution corresponds to zero phase shift, and the
injection signal is shifted by . Then the condition (20)
takes the following form

(21)
Taking into account that the phase shift in the frequency

domain is represented by the matrix multiplier 
we have

(22)
where matrix K is defined in (7). 
Then one can obtain from (21, 22) 

(23)
Thus the solutions of (18) exist if the oscillator phase

shift  satisfies the expression (23).
In the case of a pure sinusoidal excitation of fundamental

frequency applied to l-th node, the rhs vector of (18) is
written as follows

  (24)

Here  is the unit vector selecting component (k, l)
from rhs vector,  is the magnitude of the injection signal,
and asterisk denotes complex conjugate value.

After substituting (24) into (23) one can obtain

(25)

or (26)

Let phasors ,  be represented as 

(27)

Then (26) is reduced to the equation with respect to 

(28)

Then the solution of (28) yields the locking phase

(29)

After  is obtained the system to determine

harmonics deviations  can be written in the form of (18)
with corresponding phase shift

(30)

where  is defined by (22).
The infinite set of solutions of (30) evidences that

linearized HB system is not sufficient to unambiguously
determine the oscillator waveforms, and nonlinear effects
must be taken into consideration. However many
applications do not require the exact solution of the
perturbed system. Often it is sufficient to approximate the
solution by waveforms of free running oscillator with
known phase shift that is provided by solving the phase
equation (28) only.

4. Arbitrary periodic excitation at any offset 
frequency

When the frequency of the injected signal differs from
the oscillator fundamental we can represent the linearized
system in the form of (9) with known 

(31)

where vector B possesses the complex conjugate
property and zero DC value at each node

, (32)

The phase shift providing the existence of solutions of
(31) is obtained from the expression that can be derived in
the same way as (23). 

Equation (31) with shifted rhs is as follows

(33)

Multiplying (33) by  and taking into account (22) and
(14) we obtain

(34)

In accordance with (32) and taking into account that
vector V also possesses the complex conjugate property, the
equation (34) can be represented in the real form

(35)

where 

(36)

 and phases and magnitudes are defined by the
representation of phasors

(37)

Equation (35) can be solved if the offset frequency
belongs to the locking range 
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(38)

The general expression for locking range (38)
corresponds with arbitrary periodic excitation when the
injection waveform at l-th node is defined by Fourier
coefficients . The locking range in this case can be
easily obtained numerically by evaluating the maximum
and minimum values , by sweeping phase shift  in
the range . If Fourier coefficients of injected signal
are such that (38) holds then the locking phase can be
evaluated by numerical solving of (35).

One can see that the proposed approach based on (35, 38)
can be easily implemented in a circuit simulator. The
eigenvector V (PPV) can be evaluated by the method
proposed in [19] for HB representation of oscillator
Jacobian matrix.

If only one sinusoidal waveform near k-th harmonic of
the fundamental is injected into l-th node then (36) is
reduced to

(39)

and the locking range (38) is defined as follows

(40)

To compare (40) with the expression (4, 5) obtained by
nonlinear phase macromodel [15] we perform the
transformation of (5) taking into account that

 

(41)

Hence (5) can be evaluated as

. (42)

After substituting (42) into (4) one can see that locking
range defined by (4) is equal to our evaluation (40) for the
first harmonic (k=1, ). It is shown in [16] that for
LC oscillator conditions (4, 5) provide the same result as the
Adler condition (2). Thus for this simple case our result also
coincides with the Adler condition. 

The solution of (35) in the case of sinusoidal injection
into one node is represented in the form

, (43)

where .
Note, that the case k > 1 corresponds to a frequency

divider with sinusoidal excitation.

5. Experimental results
We perform some numerical experiments to confirm that

the injection locking conditions (36, 38) agree with
transient simulation using a Spice-like simulator.

Experimental results are given for two oscillator circuit
examples [20]: a Colpitts oscillator (fundamental frequency
3.39MHz) and the MC1648 oscillator (fundamental
frequency 0.159MHz). The following values of first
harmonics of PPV are obtained from steady-state solution:
4.03, 1.84 for Colpitts and MC1648 oscillators respectively. 

The results of experiments are shown in Fig. 1, 2 for
sinusoidal (a) and pulse train (b) injection signals. The
locking region is shown in  vs. A plane (Arnold
tongue), where  is relative frequency offset and A is
the injection magnitude in mA. Solid lines present the
boundary of locking region obtained by suggested approach
(36, 38). The circles and squares correspond to Spice results
with excitation by sinusoidal and pulse signals respectively.
As we can see the obtained boundary is in good agreement
with Spice results and practically coincides with them for
small values of frequency offsets.

Similar results can be obtained for frequency dividers.
The example of computed locking region for Colpitts
oscillator in frequency divider mode (divide by 2) is shown
in Fig. 3. Note that the expression (5) does not immediately
provide the desired condition for frequency divider mode.

Fig. 4 illustrates the application of the suggested
approach for a VCO based on two-stage BiCMOS ring
oscillator (2.7 GHz) [1]. The each stage contains 6 bipolar
and 5 MOS transistors. The application of the introduced
locking conditions (36, 38) allows us to replace tedious
Spice simulations, resulting in significant speedups in
simulations. The values of frequency offset and amplitudes
within the obtained boundary provide injection locking. For
example two points were selected from the region (Fig. 4a):
with -5% deviation from the center frequency and two
different input amplitudes 27.5mV and 25.5mV. The first
point is located on the boundary and the second one is
below this boundary (Fig. 4a). The computed dependences
of frequency on time are shown in Fig. 4b and Fig. 4c. Note
the frequency locking in the first case and the absence of
frequency locking in the second case.

6. Conclusion
A new approach to analyze injection locking conditions

of arbitrary oscillator circuits is proposed. The approach is
based on the rigorous existence conditions of solution of
HB linear system with degenerate matrix. 

Unlike other methods the proposed approach determines
locking conditions for an arbitrary periodic injection
waveform. Numerical experiments confirm the correctness
of the proposed approach.
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a)

b)
Figure 1. Locking region for Colpitts oscillator 

perturbed by sinusoidal (a) and pulse (b) signal

a)

b)
Figure 2. Locking region for MC1648 oscillator 
perturbed by sinusoidal (a) and pulse (b) signal

Figure 3. Locking region for Colpitts oscillator in the 
frequency divider mode perturbed by sinusoidal signal.
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b)

c)
Figure 4. Locking region (a), frequency vs time (b,c) for 

BiCMOS oscillator

References
[1] P. Kinget, R. Melville, D. Long, V. Gopinathan, “An

injection-locking scheme for precision quadrature
generation,” IEEE J. of Solid-State Circuits,  vol. 37, no. 7,
pp. 845 - 851, July 2002

[2] L. Zhang, B. Ciftcioglu, M. Huang, and H.Wu, “Injection-
Locked Clocking: A New GHz Clock Distribution Scheme.”
IEEE Custom Integrated Circuits Conf., pp.785-788, 2006.

[3] H. Wu, L. Zhang, A. Carpenter, A. Garg, and M. Huang
“Injection-Locked Clocking: A Low-Power Clock
Distribution Scheme for High-End Microprocessors,” Proc.
of the 3rd Watson Conference on Interaction between
Architecture, Circuits, and Compilers (P=AC2), Yorktown
Heights, NY, October, 2006.

[4] H. Rategh, T. Lee, Superharmonic Injection-Locked
Frequency Dividers, IEEE J. of Solid-State Circuits, vol. 34,
no. 6, pp. 813-821, June 1999

[5] S. Verma, H. Rategh, T. Lee, “A Unified Model for Injection-
Locked Frequency Dividers,” IEEE J. of Solid-State
Circuits, vol. 38, no. 6, pp. 1015-1027, June 2003

[6] R. Adler. A study of locking phenomena in oscillators. Proc.
of the IRE and Waves and Electrons, 34: 351-357, June

1946.
[7] B. Razavi, “A Study of Injection Pulling and Locking in

Oscillators,” IEEE Custom Integrated Circuits Conf., pp.
205-208, 2003.

[8] B. Razavi, “Mutual Injection Pulling Between Oscillators,”
IEEE Custom Integrated Circuits Conf., pp. 675-678, 2006.

[9] A. Demir, A. Mehrotra, and J. Roychowdhury, “Phase Noise
in Oscillators: A Unifying Theory and Numerical Methods
for Characterization,” IEEE Trans. on Circuits and Systems
- I, vol. 47, pp. 655-674, May 2000.

[10] X. Lai and J. Roychowdhury, “Capturing Oscillator Injection
Locking via Nonlinear Phase-Domain Macromodels.” IEEE
Trans. on Microwave Theory and Techniques, vol. 52, No. 9,
pp. 2251-2261, Sep. 2004.

[11] B. Gu, K. Gullapalli, S. Hamm, B. Mulvaney, X. Lai, and J.
Roychowdhury, “Implementing nonlinear oscillator
macromodels using Verilog-AMS for accurate prediction of
injection locking behaviors of oscillators.” Proc. of the 2005
IEEE Int. Behavioral Modeling and Simulation Workshop,
pp. 43-47, Sept. 2005. 

[12] T. Mei and J. Roychowdhury, “PPV-HB: Harmonic Balance
for Oscillator/PLL Phase Macromodels” Proc. Int. Conf.
Computer Aided Design, pp. 283-288, November 2006.

[13] S. Srivastava, X. Lai and J. Roychowdhury, “Nonlinear
Phase Macromodel Based Simulation/Design of PLLs with
Superharmonically Locked Dividers”, IEEE Custom
Integrated Circuits Conf., pp. 349-352, 2006.

[14] P. Vanassche, G. Gielen, and W. Sansen, “On the Difference
Between Two Widely Publicized Methods for Analysing
Oscillator Noise Behavior”, Proc. Int. Conf. Computer
Aided Design,  pp. 229-233, 2002.

[15] X. Lai and J. Roychowdhury, “Automated Oscillator
Macromodelling Techniques for Capturing Amplitude
Variations and Injection Locking,” Proc. Int. Conf.
Computer Aided Design, pp. 687-694, 2004.

[16] X. Lai and J. Roychowdhury, “Analytical Equations For
Predicting Injection Locking in LC and Ring Oscillators,
IEEE Custom Integrated Circuits Conf., pp. 461-464, 2005.

[17] K.S. Kundert, J. White, A. Sangiovanni-Vincentelli, Steady-
State Methods for Simulating Analog and Microwave
Circuits, Kluwer Academic Publishers, Boston, 1990.

[18] V. Rizzoli, F. Mastri, and D. Masotti, General noise analysis
of nonlinear microwave circuits by the piecewise harmonic
balance technique, IEEE Trans. Microwave Theory Tech.,
vol. 42, pp. 807–819, May 1994.

[19] A. Demir, D. Long, and J. Roychowdhury, “Computing
Phase Noise Eigenfunctions Directly from Steady-State
Jacobian Matrices,” Proc. Int. Conf. Computer-Aided
Design, pp. 283-288, Nov. 2000.

[20] U. Tietze, Ch. Schenk, “Halbbeiter-Schaltungstechnik”
Springer-Verlag-Berlin, New-York, 2002. 

        time, nsec

fre
qu

en
cy

, G
H

z

        time, nsec

fre
qu

en
cy

, G
H

z


	Main
	DATE08
	Front Matter
	Table of Contents
	Author Index



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




