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reduce the glass transition temperature 
so the chromophores could be aligned. 
We formed the composite into thin-
film devices by melting it between two 
indium-tin-oxide-coated glass electrodes.

Holographic stereoscopy

We used the holographic stereography 
approach to generate 3D images in PR 
polymers. !is is a well-established 
method based on the optical multiplex-
ing of a limited number of perspec-
tives onto different parts of a recording 
medium—in this case, a large-area PR 

(SLM). !e SLM that is illuminated with 
a laser beam displays the hogel data in 
sequence with the translation stages and 
an electro-optic laser shutter.  

!e laser beam modulated by the 
SLM is called the object beam, and it 
illuminates the hogel area on the poly-
mer device. A coherent reference beam 
simultaneously illuminates the same area, 
thereby recording the hogel through 
interference with the object beam and the 
PR effect. !e hogel contains perspective 
views from all angles of the correspond-
ing pixel in the actual object or scene. 
After one hogel is recorded, the laser 
beams are turned off, the polymer device 
is translated to the next hogel position, 
and new hogel data are uploaded to the 
SLM. Once completed, the holographic 
display can be viewed using a reading 
beam from a narrow-band LED or a  
low-power laser beam.  

Rewritable displays
We have recorded horizontal parallax-
only holograms 4  4 in.2 in size with 
complex images providing perspective 
and occultation. Each individual hogel 
was recorded in one second, and the total 
recording time per hologram was two 
minutes, since there were 120 hogels to be 
recorded per hologram. !e total irradi-
ance (the sum of both writing beams) was 
100 mW/cm2—an amount that is readily 
available from several laser sources. We 
used a 532-nm doubled continuous wave 
YAG laser for the actual demonstration.

Our 3D display features a total 
horizontal viewing angle of 45° and a 
vertical view zone of about 15° with 
uniform brightness. !e hologram is 
viewable for up to three hours on the 
photorefractive sample, with no need for 
intermediate projection tools or mag-
nification between the recorded image 
and the viewer. !e persistence is limited 
by the thermal dark decay of the PR 
space-charge field and can be enhanced 
by thermal fixing. !e hologram can 
be completely erased within minutes 
by uniform illumination of the display 
with light within the material’s absorp-
tion band. A new hologram can then 
be recorded in the same location. We 

[ Horizontal parallax-only holograms ]

[ Hogel generation and recording set-up ]

polymer thin-film device. First, perspec-
tive views of an object or scene of interest 
are generated from 3D data. !ese data 
can come from a computer model or 
any kind of 3D imaging system, such 
as MRI, CAT scan, tomography and 
confocal microscopy; thus, this work has 
potential applications in medicine and 
aerial-, satellite- or radar-imaging for 
military purposes. 

!e perspectives were then divided into 
multiple 2D image planes, which were 
re-organized in 2D matrices. We uploaded 
these matrices, called holographic element 
(hogel) data, to a spatial light modulator 

Images captured from 
the rewritable holo-
graphic 3D display 
with a still CCD cam-
era. In a single row, 
the camera is moved 
sideways to show 
parallax: rotation and 
occultation. Between 
each row, the holo-
gram is erased and 
a new set of data is 
recorded in the same 
sample location.  
The end column 
shows 2D perspec-
tives used for gener-
ating the hogels.
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ẑ

z ∈ [z0, z0 + T ] z0
T

I(x, y, z) = |UPR(x, y, z)|2

∆n(x, y, z) = αt|UPR(x, y, z)|2 α
t

N
∆z = T/(N − 1) T

N ∆z
Q

Q = 2πλ∆z/Λ2 λ Λ
N N ≈ !2πλT/Λ2 + 1"

∆n(x, y, z)
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� VSDFH WUDQVIHU IXQFWLRQ� P LQGLFDWHV FKRLFH RI PHWKRG ��  DQJXODU VSHFWUXP�
� �  )UHVQHO DSSUR[LPDWLRQ�� 8� LV WKH LQSXW ILHOG� ] LV SURSDJDWLRQ GLVWDQFH�
� ODPEGD LV RSWLFDO ZDYHOHQJWK� DQG I[BX DQG I\BX DUH VSDWLDO IUHTXHQF\ YHFWRUV�
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� RUGHU6WRS�LQGH[��LQGH[��  ��
� HQG
� HQG
� HQG
� 8BS  8BS � RUGHU6WRS�

� 3ORW LUUDGLDQFH GLVWULEXWLRQ RI RULJLQDO SODQH ZDYH
ILJXUH����
LPDJHVF�Y[BX�� Y\BX�� DEV�8BS��A���
[ODEHO�·[ �P�·��
\ODEHO �·\ �P�·��
WLWOH�·,UUDGLDQFH GLVWULEXWLRQ RI RULJLQDO SODQH ZDYH·��

� &UHDWH ELQDU\ JUDWLQJ
*  ��  �� � VTXDUH��  SL � /DPEGD  �Y[BX� � /DPEGD � ��� �����
>*[BQHZ� *\BQHZ@  PHVKJULG�Y[BX�� *��

� 3ORW JUDWLQJ
ILJXUH����
LPDJHVF�Y[BX�� Y\BX�� DEV�*\BQHZ���
[ODEHO�·[ �P�·��
\ODEHO �·\ �P�·��
WLWOH�·*UDWLQJ GLVWULEXWLRQ·��

� 0RGXODWH SODQH ZDYH ZLWK JUDWLQJ
8BP  8BS � *\BQHZ�
FOHDU *[BQHZ� FOHDU *�

� 3ORW LUUDGLDQFH GLVWULEXWLRQ DIWHU PRGXODWLRQ ZLWK JUDWLQJ
ILJXUH����
LPDJHVF�Y[BX�� Y\BX�� DEV�8BP��A���



[ODEHO�·[ �PP�·��
\ODEHO �·\ �PP�·��
WLWOH�·,UUDGLDQFH GLVWULEXWLRQ DIWHU VSDWLDO OLJKW PRGXODWLRQ·��

� 3URSDJDWH PRGXODWHG ILHOG WR ILUVW OHQV YLD )UHVQHO GLIIUDFWLRQ
]B/�  �H���
8B/�  IUHVQHO3URS���8BP�]B/��ODPEGD�[BX��\BX�����
FOHDU 8BP�

� 3ORW LUUDGLDQFH GLVWULEXWLRQ DUULYLQJ DW ILUVW OHQV
ILJXUH����
LPDJHVF�Y[BX�� Y\BX�� DEV�8B/���A���
[ODEHO�·[ �P�·��
\ODEHO �·\ �P�·��
WLWOH�·,UUDGLDQFH GLVWULEXWLRQ DUULYLQJ DW ILUVW OHQV·��

� $SSO\ 36) RI LPDJLQJ V\VWHP YLD PXOWLSOLFDWLRQ LQ )RXULHU GRPDLQ
ORDG�·'()$8/7�PDW·��
36) LPUHVL]H�'()$8/7�>���������@��
36)� 36)����������
36) ]HURV�1[�1\��
36)������������  36)��
8B/�BSOXV  IIWVKLIW�LIIW���IIWVKLIW�IIW��8B/����IIWVKLIW�IIW��36)������
FOHDU 36)��

� 3ORW SRLQW VSUHDG IXQFWLRQ
ILJXUH����
LPDJHVF�Y[BX�� Y\BX�� 36)��
[ODEHO�·[ �P�·��
\ODEHO �·\ �P�·��
WLWOH�·3RLQW VSUHDG IXQFWLRQ·��

� &UHDWH VFDOHG VSDWLDO GRPDLQ
0  ����
Y[BX�  0 � Y[BX��
Y\BX�  0 � Y\BX��
>[BX�� \BX�@  PHVKJULG�Y[BX�� Y\BX���
� &UHDWH VSDWLDO IUHTXHQF\ GRPDLQ
I[BYBX�  ����7[BX�  1[�������7[BX������7[BX�  1[�� � ��7[BX���
I\BYBX�  ����7\BX�  1\�������7\BX������7\BX�  1\�� � ��7\BX���
>I[BX�� I\BX�@  PHVKJULG�I[BYBX�� I\BYBX���

� 3ORW LUUDGLDQFH GLVWULEXWLRQ HPHUJLQJ IURP 36) FRQYROXWLRQ
ILJXUH����



LPDJHVF�Y[BX�� Y\BX�� DEV�8B/�BSOXV��A���
[ODEHO�·[ �P�·��
\ODEHO �·\ �P�·��
WLWOH�·,UUDGLDQFH GLVWULEXWLRQ DIWHU 36) FRQYROXWLRQ·��

� 3URSDJDWH ILHOG WR SKRWRUHIUDFWLYH SRO\PHU YLD )UHVQHO GLIIUDFWLRQ
]B35  �H���
8B35  IUHVQHO3URS���8B/�BSOXV�]B35�ODPEGD�[BX��\BX�����

� 3ORW LUUDGLDQFH GLVWULEXWLRQ DUULYLQJ DW SKRWRUHIUDFWLYH SRO\PHU
ILJXUH����
LPDJHVF�Y[BX�� Y\BX�� DEV�8B35��A���
[ODEHO�·[ �P�·��
\ODEHO �·\ �P�·��
WLWOH�·,UUDGLDQFH GLVWULEXWLRQ DUULYLQJ DW SKRWRUHIUDFWLYH SRO\PHU·��



� &DOFXODWH UHIUDFWLYH LQGH[ PRGXODWLRQ LQ 35 PDWHULDO
� ?'HOWD Q a a ?DOSKD ?WDX _(_A�� ZKHUH ?DOSKD LV D PDWHULDO FRQVWDQW� ?WDX
� LV H[SRVXUH WLPH� _(_A� LV HOHFWULF ILHOG DPSOLWXGH VTXDUHG
� 8B35 LV ILHOG DUULYLQJ DW 35 PDWHULDO

� 35 PDWHULDO SDUDPHWHUV
7  ���H���

� 6ROYH IRU VSDFLQJ LQ ]
GHO=  �/DPEGD  I��I��A� � ��  SL  ODPEGD�

� ,QLWLDOL]H 35 JULG
1  FHLO�7 � GHO= � ��
35BILHOGV  ]HURV�1[�1\�1��
35BPRGXODWLRQ  ]HURV�1[�1\�1��
DYJ0RGXODWLRQ  ]HURV���1��

� 6ROYH IRU ILHOGV DW GHSWKV LQ 35 PDWHULDO
DOSKD  �H���
W  ���

IRU LQGH[  ��1
GLVS�·6ROYLQJ IRU ILHOG LQ 35 PDWHULDO DW GHSWK�·��
LQGH[
LI LQGH[   �

35BILHOGV�����LQGH[�  8B35�
HOVH
35BILHOGV�����LQGH[�  IUHVQHO3URS���8B35�GHO=�LQGH[����ODPEGD�[BX��\BX�����

HQG
35BPRGXODWLRQ�����LQGH[�  DOSKD  W  DEV�35BILHOGV�����LQGH[���A��

� 3ORW UHIUDFWLYH LQGH[ PRGXODWLRQ ZLWKLQ 35 PDWHULDO
ILJXUH����
LPDJHVF�Y[BX�� Y\BX�� 35BPRGXODWLRQ�����LQGH[���
[ODEHO�·[·��
\ODEHO �·\·��
WLWOH�·5HIUDFWLYH LQGH[ PRGXODWLRQ·��

HQG



� 35BPRGXODWLRQ FRQWDLQV WKH UHIUDFWLYH LQGH[ PRGXODWLRQ GLVWULEXWLRQ

� 'HILQH EHDP SDUDPHWHUV
ODPEGD  �����H��� � RSHUDWLQJ ZDYHOHQJWK �P�
3�  ��H��� � QRPLQDO RXWSXW SRZHU �:�
N  ��  SL� � ODPEGD� � ZDYHYHFWRU PDJQLWXGH ���P�

� &UHDWH *DXVVLDQ UHDG�RXW EHDP
WKHWDBGLY  ����� � ):+0 GLYHUJHQFH DQJOH �GHJUHHV�
Z�  ODPEGD � �SL  �WKHWDBGLY������  SL � ����� � %HDP ZDLVW VL]H
8BJDXVVLDQ  H[S���[BX��A� � \BX��A�� � Z��A���
QXB�  ���� � &KDUDFWHULVWLF ,PSHGDQFH RI )UHH 6SDFH �2KPV�
� 1RUPDOL]DWLRQ &RQVWDQW
$  VTUW��3� � ��VXP�VXP�DEV�8BJDXVVLDQ��A�  G[BX�  G\BX�����  �  QXB����
8BJDXVVLDQ  $  8BJDXVVLDQ�

� 3ORW UHDG�RXW EHDP LUUDGLDQFH GLVWULEXWLRQ
ILJXUH�����
LPDJHVF�Y[BX�� Y\BX�� DEV�8BJDXVVLDQ��A���
[ODEHO�·[·��
\ODEHO �·\·��
WLWOH�·,UUDGLDQFH GLVWULEXWLRQ LQFLGHQW RQ SKRWRUHIUDFWLYH SRO\PHU·��

� ,QLWLDOL]DWLRQ
W  ]HURV�1[�1\��
8BSOXV  ]HURV�1[�1\��
8BPLQXV  8BJDXVVLDQ�

� )LQG ILHOG HPHUJLQJ IURP 35 PDWHULDO YLD 7*'0
IRU LQGH[  ��1

GLVS�·6ROYLQJ IRU GLIIUDFWLRQ IURP GHFRPSRVHG JUDWLQJ LQ 35 PDWHULDO DW GHSWK�·��
LQGH[
� WBL  H[S�M  �  SL  GHO1  GHO= � ODPEGD��
W  H[S��L  �  SL  35BPRGXODWLRQ�����LQGH[�  GHO= � ODPEGD��
8BSOXV  8BPLQXV � W�
LI LQGH[   �

8BPLQXV  IUHVQHO3URS���8BSOXV�GHO=�ODPEGD�[BX��\BX�����



HOVH
8BPLQXV  IUHVQHO3URS���8BSOXV�GHO=�ODPEGD�[BX��\BX�����

HQG
HQG

8B'  IUHVQHO3URS�8BPLQXV�GHO=�ODPEGD�[BX��\BX�����

� 3ORW LUUDGLDQFH GLVWULEXWLRQ HPHUJLQJ IURP SKRWRUHIUDFWLYH SRO\PHU
ILJXUH�����
LPDJHVF�Y[BX�� Y\BX�� DEV�8B'��A���
[ODEHO�·[ �P�·��
\ODEHO �·\ �P�·��
WLWOH�·,UUDGLDQFH GLVWULEXWLRQ HPHUJLQJ IURP SKRWRUHIUDFWLYH SRO\PHU·��

� )LQG GLIIUDFWHG ILHOG DW D VFUHHQ
]B6  ���H���
8BVFUHHQ  IUHVQHO3URS���8B'�]B6�ODPEGD�[BX��\BX�����

� 3ORW LUUDGLDQFH GLVWULEXWLRQ DW VFUHHQ
ILJXUH�����
LPDJHVF�Y[BX�� Y\BX�� DEV�8BVFUHHQ��A���
[ODEHO�·[ �P�·��
\ODEHO �·\ �P�·��
WLWOH�·,UUDGLDQFH GLVWULEXWLRQ DW VFUHHQ·��


