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1. Introduction

A soft x-ray scanning microscope will be built on the NSLS x-ray ring's

undulator beam line. It is expected that the beam line will provide wore

powerful coherent soft x-ray flux to improve the resolution of scanning

microscopy to the sub-lOOOA range and form pictures in seconds rather than

minutes.

A laser interferometer has been developed for encoding the coordinates of

the scanning plane of the soft x-ray microscope with 300A resolution. A pair

of the optical fibers has been used as an interference fringe phase detector in

the interferometer which can make the system phase adjustment simpler, more accu-

rate, and polarization-independent.

The last character is important because if the fringe phase detector is po-

larization dependent the interferometer's optical design will be complicated

when the optical path of the interferometer have to include additional windows

or mirrors which usually change the polarization situation.

In the first section of this report we discuss the optical arrangement of

the interferometer. In the following two sections we describe the schematic of

the resolution extending unit and the interferometer's other possible

applications.

2. Optical Design and Accuracy Analysis

The interferometer designt shown in Fig. lr is based on the Michelson

configuration. The system is composed of a Helium-Heon laser, a laser beam

expander, a prism, three cube beamsplitter, a retroreflector, a couple of optic

fibers with analog receivers and various additional components for adjustment.

The collima ted and expanded output one-frequency laser beam is split

equally by a beamsplitter oriented at 45* to the wavefront to provide a second



axil (7) of measurement. Then the x axis output beam it reflected by a right

angle prism, meets another cube beaiuplitter and it split equally again. After

reflection from the retroreflector and beamsplitter, the separated plane

wavefront beams are rscombined by the third cube beamsplitter. The beams

interfere when they are racombined. A couple of optic fibers with polished ends

receive the interfere fringe signal.

As we all know, for a autimode step index fiber, we have

where n, is the index of the core, a is the index of the clad layer, a is the

index of the air.

So, the optic fiber has a 2<*^ receipt angle. If the angle of the two

laser beams causing the interference pattern is smaller than the receipt angle

as

a < 2 9 ^ , <2)

we can get all of the interference information at the location where the optic

fiber is set on. If the interfere fringe1s space interval is larger than 2d,

we can adjust the phase difference between two optic fibers by changing the

position of the fibers on the fringes.

For a frequency non-stabilized Helium-Jfeon laser, for instance,

121, the Soppier FWHM is about 1400 ft!Z or 1.9 x 10 nm. So, the frequency

stability is

-j~ * 1.4 x 109/4.7 x 1014 - 3 x



Ae we know, the formula for the two beea interferoaeter it

It - 2n(L + tt - tJ)/\ M
S C O

where X ia tht* total naaber of tha interference fringea, L it the Mature* length,

n ia the index of refraction of the air, X i* tht laaer wavelength in vacuua,

L ia tha Maturing length at th« atart poaition and L, U the reference length

(Fi«, 1) or

K « K, + X, (5)

<7)

where K, ia the nuaber of the fringea when the interftroa»ter ia put at the

«tart poaition and K, ia at the end poaitioa.

For analyaia, we make a differential

3K
C "-0

3K,

o o

i ^ SV Alt

3n 3L 3\ o
o

f- fMn * ndL - f-

Thu«, the total error of the Maturing ia

AK - JdK « Jd^ + J « 2 - flKj + « 2 . (11)



The ataaureacnt it done during a finite timt interval (t,-t,). The environ-

•tnt of the start tine tj aay differ froa the standard situation, then during

the measuring tie* (t.-t.) it aay change again. If we define that A.« is the

increaent caused by the difference froa the standard situation in the start time

t., and the S, is the increment caused by the variation of the environment during

So,

T" f<W*°o + » « W o " TT
o o

r (Ltoo * naLo - r
o o

o o

5K, - f- f(ton • a«L - f- L6\ )

In applications such as scanning Microscopy, we usually designate a spsc-

ial point, for instance the start point, as the reference point. And we iust

are interested in the distance relative to the reference point, and never care

about the real value related to an absolute coordinate systea. It weans that

we caa set the interferoaeter's counter to "zero*' at the start point. So,

Kj • « w - 0 .

I find that it is possible to l i s i t the error caused by 5K. by limit ing

Ch-s bandwidth of the inter feroaeter's fringe rtcei/er. When we set the inter-

feroaeter on a NRC vibration isolated table with t coac.s air conditioning en-



viron*ent, less than on« additional error output pulse haa been observed fro*

a tenth resolution extending net during ten ainutes observation using a HG IHP-

121 frequency non-stabil isation Reliuarifeon laser , when the bandwidth of the

receiver i s in the range 10 HZ J1 1 HBZ.

A* a worst case for two scanning picture* with N i t l points the aaxinusi

error froa the f i r s t scanning point to the las t point caused by AX and S\

for a frequency non-stabil isat ion fleliusHfeon laser are Ax and Ay

Ax - M • Co • A\n • M/2

Ay - « - Co - AXn

Where AXn i s the laser* s Doppler FWSW, C £3 defined as C - HfX and » i s the
u 0 0 0

distance between two nearest points of the scanning. So the aaxiwua relative

error is given by

Ax/x - (M • M - Co • AXD)/(M • CQ • \Q • 2)

- (!f/2) r-2 - S . 1.5 x 10 6

A

o

For instance i f

M - M - 300, Co - 1/20, D - 31S.4 I

we have

Ax/x - 4.5 x 1Q~4, x - 9.492 ua,

Ay/y - 3 x 10"6, y - 9.492 u«t Ay - 0.2851.



3. lasolution S«tension Electronics

There are several different way* to extend the interferometer's resolution.

For a scanning systew with scanning spaed slower than 100 jis per point, it is

•ore convenient to use a microprocessor and an A/D converter. In this system

the output voltage of tba interference fringe receiver will be retd out by the

microprocessor which calculates or/and compares with a lookup table to find the

interference phase. Than the microprocessor will produce resolution extended

sub-dulses to drive the data acquisition system.

In our present systen shown in Fig. 4 a resistance net has been designed

Co produce five sinusoidal signals. There is w/5 jtnase offset from one to another.

Through Schmitt circuits these signals are converted to TTL level up-down signals

and IT* combined into a logic circuit to produce tenth resolution extended sub-

pulses. This system it expected to be compatible with the scanning speed up

to I vis per point.

For addressing the interferometer's incremental signals a high speed

microprocessor-based counter has been considered. It is also necessary to in-

clude a constant memory system in the counter to avoid loss of the addresses

when the system power is shut down. Changing the interferometer's resolution

extending scale -./ill be easily done by software.

•4. Conclusions and Applications

The interferometer described here is suitable for the fast scanning data

acquisition system as a space position encoder. Its resolution is twentieth

of the laser wavelength. The maximum scanning speed of 1 M data points per

second is just limited by the optic fiber analog receiver and the resolution

extending circuit. It is possible to improve the speed to 10 M points per

second.



Because of the lower price and the easier adjustment the interferoaeter

can also be used in another application range instsad of grating or magnetic

linear encoder, especially in those situations where the ancoder has to work in-

side ultra high vacuua.

For applications where a long Measuring tiae is necessary, a frequency

stabilized laser will be suggested to reduce the error caused by 6\ . Figure 5

shows the unit of the interferoaeter. Figure 6 shows the output sin and cos

signal of the optic fiber analog receiver when the retrorefrector is scanning

by a dc motor. Figure 7 shows the resolution extending circuit output pulses

with sinusoid (test model).
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