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&DUROLQH�*UD\���&KULVWRSKHU�.LQJ���3DXO�5HHV��DQG�*XR\X ��
�1DWLRQDO�)DFLOLW\�IRU�8OWUD�3UHFLVLRQ�6XUIDFHV��2S7,&�

*O\QGŵU�8QLYHUVLW\�
6W�$VDSK��1RUWK�:DOHV��

�'HSDUWPHQW�RI�3K\VLFV�DQG�$VWURQRP\�
8QLYHUVLW\�&ROOHJH�/RQGRQ

/RQGRQ��8.�
�=HHNR�/WG�

&RDOYLOOH��/HLFHVWHUVKLUH��
�

�
,1752'8&7,2
,Q�WKLV�SDSHU�ZH�UHIOHFW�RQ�RXU�H[SHULHQFH�DW�WKH
1DWLRQDO� )DFLOLW\� IRU� 8OWUD� 3UHFLVLRQ� 6XUIDFHV� LQ�
1RUWK�:DOHV�� PDQXIDFWXULQJ� ���� �P� KH[DJRQDO�
RII�D[LV� PLUURU� VHJPHQWV�� DV� SURWRW\SHV� IRU� WKH�
(XURSHDQ� ([WUHPHO\� /DUJH� 7HOHVFRSH�� 7KH�
WHOHVFRSH�RSWLFDO� FRQILJXUDWLRQ� DVVXPHG� IRU� WKH�
ZRUN� KHUHLQ� UHSRUWHG�� ZDV� WKH� RULJLQDO� ��� P�
DSHUWXUH�GHVLJQ�>�@��VXEVHTXHQWO\�GH�VFRSHG�E\�
(62�WR���P���
��
7KH� SURWRW\SH� (�(/7� VHJPHQWV� DUH� SDUWLFXOD
FKDOOHQJLQJ� LQ� UHJDUG� WR� WKH� ORQJ� UDGLXV� RI�
FXUYDWXUH� ����P� ���� ����PP��� RII�D[LV�DVSKHULF�
IRUP�� HGJHV�� DQG� WKH� UHTXLUHPHQW� WR� match�
VHJPHQWV� LQ� WHUPV� RI� EDVH�UDGLXV� DQG� FRQLF�
FRQVWDQW�� $Q\� VXUIDFH�HUURU� FRQVHTXHQW� XSRQ�
PLV�PDWFK�� VLPSO\� FRQVWLWXWHV� D� WHUP�
RYHUDOO� HUURU�EXGJHW� UHTXLUHG� WR� PHHW� WKH� IRUP
VSHFLILFDWLRQ� �ZRUVW� VHJPHQW��� ��� QP� 50
VXUIDFH�� DYHUDJH� VHJPHQW��� ��� QP� 506�
VXUIDFH��� �7KH� ILUVW�VHJPHQW�52&�FDQ� WKHUHIR
GULIW�ZLWKLQ� WKH� VWDWHG� �������PP� WROHUDQFH��EX
VXEVHTXHQW�VHJPHQWV�PXVW�WKHQ�PDWFK�WKH�ILUVW
RQH��:H�GLVFXVV�KRZ�WKLV�KDV�EHHQ�DFKLHYHG��E\�
GLUHFWO\� JULQGLQJ� WKH� EDVH� RII�D[LV� DVSKHUH� L
WKH�KH[DJRQV�XVLQJ�WKH�&UDQILHOG�8QLYHUVLW\�%R;�
PDFKLQH� >�@�� DQG� WKHQ� SROLVKLQJ� RQ� D
=HHNR� &1&�PDFKLQH� DW� WKH�1DWLRQDO� )DFLOLW\� LQ�
1RUWK�:DOHV��
�
:H� KDYH� DOVR� LGHQWLILHG� VRPH� LQWHUHVWLQJ�
SDUDOOHOV�EHWZHHQ�DVSKHULF�PLV�ILW�RI�VXUIDFH�DQG
WRRO�RQ�RQH�VLGH��DQG�HIIHFWV�RI�G\QDPLF�UDQJH�RI�
DQ� LQWHUIHURPHWHU� RQ� WKH� RWKHU�� 7KH� DELOLW\� WR�
SHUIRUP� FRUUHFWLYH� SURFHVVLQJ� RI� JUH\� SDUWV� LV�
HFRQRPLFDOO\� DWWUDFWLYH� EXW� SUHVHQWV� LVVXHV� IRU�
PHWURORJ\�� :H� DOVR� GLVFXVV� KRZ� WKH�

UHTXLUHPHQWV�IRU�WKH�VXSSRUW�V\VWHP�IRU�WKH�SDUW�
DUH� GLIIHUHQW� IRU�PHWURORJ\� DQG� IDEULFDWLRQ�� DQG�
LWV�UHVROXWLRQ��
�
$63+(5,&�0,6),7�
*ULQGLQJ�DQG�SROLVKLQJ
7KH�VHJPHQW�SURFHVV�VWDUWV�ZLWK�%R;�JULQGLQJ�
WKH�RII�D[LV�DVSKHUH�>�@��ZKLFK�IRU�WKH�SHULSKHUDO�
VHJPHQWV�DUH�a����μm��DVSKHULF�ZLWK�UHVSHFW�WR�
WKH� VSKHUH�EHVW�ILW� WR� WKH�VSHFLILF�VHJPHQW��
SDUW� LV� WKHQ� SURFHVVHG� XVLQJ� D� FRPELQDWLRQ� RI�
ERQQHW�SROLVKLQJ� DQG� KDUG�WRRO� VPRRWKLQJ�� ERWK
ZLWK� UH�FLUFXODWHG� FHULXP� R[LGH� VOXUU\�� $VSKHULF
PLVILW�LV�QRW�DQ�LVVXH�IRU�ERQQHW�SROLVKLQJ��DV�WKH�
ERQQHW� QDWXUDOO\� PROGV� DURXQG� WKH� ORFDO�
DVSKHUH���
�
+RZHYHU�� ZLWK� KDUG� �H�J�� SLWFK�� WRROV�� WKH�PLVILW�
DV�WKH�WRRO�WUDYHUVHV�RYHU�WKH�DVSKHUH�OLPLWV�WKH�
PD[LPXP�SUDFWLFDO�WRRO�VL]H��7KLV�LV�H[DFHUEDWHG�
LI� WRRO�URWDWLRQ� LV� XVHG� WR� DFKLHYH� DGHTXDW
UHPRYDO�UDWH�� EHFDXVH� WKH� WRRO�� SHUIRUFH�� PX
LWVHOI� EH� URWDWLRQDOO\�V\PPHWULF�� 7KH� WRRO� LV
SUHVVHG�RQ�WKH�SDUW�DW�WKH�VWDUW�RI�WKH�UDVWHU�WRRO�
SDWK�� DQG� WKHQ�PLVILW� LQFUHDVHV� DORQJ� WKH� SDWK���
:H� KDYH� SUHYLRXVO\� FRQVLGHUHG� PLVILW�
TXDQWLWDWLYHO\�LQ�VRPH�GHWDLO�>�@��DQG�VKRZQ�WKDW
WKH� PD[LPXP� IRU� D� ���� PP� GLDPHWHU� URWDWLQ
KDUG� WRRO�� WUDYHUVLQJ� RYHU� DQ� RXWHU� (�(/7�
VHJPHQW�� LV�a����QP��7KH�FRUUHVSRQGLQJ�I
IRU�D�����PP�WRRO�LV�a����μP���
�
:KHQ� SROLVKLQJ� VHJPHQWV�� HPSLULFDO� HYLGHQFH�
LQGLFDWHV�WKDW�D�����PP�SLWFK�WRRO�VWDUWV�WR�OHDYH
PLG�VSDWLDO� IUHTXHQF\� DUWHIDFWV�� ZKHUHDV� D� ��
PP� RQH� GRHV� QRW�� :H� LQWHUSUHW� WKLV� DV�
FRUUHVSRQGLQJ� WR� WKH� SUHGRPLQDQWO\� ���� μP�
SDUWLFOH� VL]H� RI� WKH� &HUR[� 6XSHU� ����� FHULX
R[LGH�XVHG�>�@��:H�FRQWHQG�WKDW�WKH�SDUWLFOHV�DFW�
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DV� D� EXIIHU�� ZKHQ� SDUWLFOH�VL]H� H[FHHGV� PLVILW
7KLV� KDV� WKH� LPSOLFDWLRQ� WKDW� ODUJHU� WRROV� FRXOG�
EH�XVHG��SURYLGLQJ�WKDW�WKH�DEUDVLYH�SDUWLFOH�VL]H�
LV� LQFUHDVHG� LQ� SURSRUWLRQ� WR� WKH�PLVILW�� &��DQG
&�� � μP� DQG� �� μP�� DOXPLQLXP� R[LGH� DU
REYLRXV�FDQGLGDWHV�
�
,QWHUIHURPHW
7KHUH� DUH� SDUDOOHOV� ZLWK� LQWHUIHURPHWU\�� DQG� LQ�
SDUWLFXODU��RXU�XVH�RI�D�VXE�DSHUWXUH�QRQ�QXOOLQJ�
LQWHUIHURPHWHU�IRU���
�
� PHDVXULQJ�UHJLRQV�RYHUODSSLQJ�HGJHV��DW�WKH�

KLJKHU�VSDWLDO�UHVROXWLRQV�QHHGHG� WR�UHVROYH
GHWDLOV� RI� HGJH�SURILOHV� LQ� SURFHVV�
GLDJQRVWLFV�

� LQILOOLQJ� PLVVLQJ� GDWD� LQ� IXOO�DSHUWXUH� QXOOLQJ�
LQWHUIHURPHWU\��GXH�WR�&*+�DUWHIDFWV��DQG�D
VPDOO�FHQWUDO�REVWUXFWLRQ�LQ�WKH�RSWLFDO�WHVW��

�
5H�IRFXVLQJ� D� VXE�DSHUWXUH� LQWHUIHURPHWHU� DW�
JLYHQ�ORFDWLRQ�RQ�WKH�VXUIDFH�RI�D�VHJPHQW�EHDUV�
VLPLODULWLHV� WR� SUHVVLQJ� D� KDUG�� URWDWLQJ� WRRO� DW�
WKDW� ORFDWLRQ� DV� GHVFULEHG� DERYH�� WRRO�URWDWLRQ
IRUFHV� WKH� LWV� SURILOH� WR� EH� D[LDOO\�V\PPHWULF��
,QWHUIHURPHWHU� GHSDUWXUH� IURP� QXOO� LV� JLYHQ� E\�
WKH� GLIIHUHQFH� EHWZHHQ� WKH� VSKHULFDO� UHIHUHQFH�
ZDYHIURQW�� DQG� WKH� DVSKHULF� WHVW� ZDYHIURQW�� DV�
WKH�LQWHUIHURPHWHU�WUDFNV�DFURVV�WKH�VXUIDFH��7KH�
OLPLWLQJ�IDFWRU�LV�WKHQ�WKH�slope�RI�WKH�PLVILW�RYHU�
WKH� VXE�DSHUWXUH�� GXH� WR� ILQLWH� SL[HO�VDPSOLQ
RSWLFDO�WUDQVIHU�DQG�SKDVH�DPELJXLWLHV��
�
:H� FRQGXFW� VWLWFKLQJ� LQWHUIHURPHWU\� LQ�VLWX� RQ�
WKH� ����� =HHNR� PDFKLQH�� 7KLV� XVHV� D� GLRSWULF�
EHDP�H[SDQGHU� ZLWK� D� FOHDU� DSHUWXUH� RI� ����
PP�� IHHGLQJ� D��'� 7HFKQRORJLHV� ����� FRPSDFW�
VLPXOWDQHRXV�SKDVH� LQWHUIHURPHWHU� ����[���
SL[HOV���7KHUH�DUH����[����SL[HOV�DFURVV�WKH�����
PP�SXSLO��VR�RQH�SL[HO�SURMHFWV�WR�����μP�[�����
μP� RQ� WKH� VHJPHQW� VXUIDFH�� 3KDVH� DPELJXLW\�
RFFXUV� LI� WKHUH� LV� ≥�λ� 23'� EHWZHHQ� DGMDFHQW�
SL[HOV�� L�H�� ≥� a� ���QP� KHLJKW� YDULDWLRQ� RYHU� D�
ODWHUDO����μ�RQ�WKH�VXUIDFH��7KHRUHWLFDOO\��D�SXUH�
WLOW�WHUP�RI����μ�39�RYHU�WKH����PP�SXSLO�ZRXOG�
WKHUHIRUH� FRUUHVSRQG� WR� WKH� RQVHW� RI� SKDVH�
DPELJXLW\�� ,Q� SUDFWLFH�� ZH� ILQG� WKDW� WKH� OLPLW� LV�
DSSUR[LPDWHO\� ���� IULQJHV� RYHU� WKH� ���� PP�
GLDPHWHU�SXSLO��FRUUHVSRQGLQJ�WR�D�VXUIDFH�VORSH�
RI�DSSUR[LPDWHO\�����μ�UDG�
�
�
685)$&(�7(;785(�$1'�0($685(0(17�
7KH�(62�(�(/7�VSHFLILFDWLRQ�UHTXLUHV�D�VXUID
WH[WXUH� RI� ��� QP� 5D� �UHTXLUHPHQW�� DQG� ��� Q
5D� �JRDO���2ZLQJ� WR� WKH� VL]H� DQG� ZHLJKW� RI� WK

VHJPHQWV�� PHDVXUHPHQW� XVLQJ� D� VWDQGDUG�
EHQFK� WRS� ZKLWH� OLJKW� LQWHUIHURPHWHU� LV�
LPSUDFWLFDO�� 2Q�PDFKLQH� WHFKQLTXHV� UHTXLULQJ
FRQWDFW�ZLWK�WKH�SROLVKHG�VXUIDFH��VXFK�DV�VW\OXV�
DQG�UHSOLFDWLRQ��DUH�GHHPHG�WRR�KLJK�ULVN�DQG�VR�
DYRLGHG��
�
7H[WXUH� PHDVXUHPHQW� LV� FDUULHG� RXW� XVLQJ� WKH�
6XUIDFH� 7H[WXUH� $QDO\VHU� �67$��� RU� �'�
1DQR&DP��� SURYLGHG� E\� �'� 7HFKQRORJ\��
$UL]RQD��7KLV�GHYLFH�PRXQWV�GLUHFWO\�LQWR�WKH�WRRO�
VSLJRW� RI� WKH� =HHNR� ,53�PDFKLQH� �),*85(� �
WKHUHE\�DOORZLQJ�WKH�&1&�V\VWHP�WR�SRVLWLRQ�DQG�
DOLJQ� WKH� GHYLFH� IRU� PHDVXUHPHQW�� 7KH� ,53�
PDFKLQH� UDQJH�KDV�EHHQ�GHYHORSHG�ZLWK�VPD
IRRWSULQW� SROLVKLQJ� SURFHVVHV� LQ� PLQG�� VXFK� DV�
PLOOLPHWHU�VFDOH� IOXLG� MHW� SROLVKLQJ� >�@�� 7KL
SRVLWLRQDO� DFFXUDF\� DOORZV� WKH� 67$� WR� EH�
SRVLWLRQHG�DW�WKH�VDPH�VXUIDFH�ORFDWLRQ�IROORZLQJ
VXFFHVVLYH� SURFHVVLQJ� UXQV�� WR� REVHUYH� WKH
HIIHFWV�RI�SROLVKLQJ� RQ�VXUIDFH� WH[WXUH� DQG� VXE�
VXUIDFH�GDPDJH��,Q�WHVWLQJ��LW�LV�REVHUYHG�WKDW�DQ�
RQ�PDFKLQH�SRVLWLRQDO�UHSHDWDELOLW\�RI�����
EH�DFKLHYHG�>
�

�
 
FIGURE 1. STA fitted to the IRP1600 tool-
chuck, testing a full-size segment. 
 
7KH� XVH� RI� &1&� D[HV� WR� SRVLWLRQ� WKH�
PHDVXUHPHQW� GHYLFH� DOVR� SURYLGHV� DQ�
RSSRUWXQLW\� WR� DXWRPDWH� WKH� WHVWLQJ� SURFHVV��
=HHNR� DUH� FRPSOHWLQJ� GHYHORSPHQW
VRIWZDUH� DSSOLFDWLRQ� WR� DOORZ� WKH� GHILQLWLRQ� RI� D�
WHVWLQJ�UHJLPH��LQ�D�VLPLODU�PDQQHU�WR�D�SROLVKLQJ
WRRO�SDWK��),*85(�����7KLV�PHDVXUHPHQW�SODQ�L
WKHQ� H[HFXWHG� E\� WKH� VDPH� DSSOLFDWLRQ�� ZKL
XVHV� IHHGEDFN� IURP� WKH� LQWHUIHURPHWHU
DXWRPDWLFDOO\� WR�DOLJQ� WKH� GHYLFH�DQG�FRPPDQG�
PHDVXUHPHQW�� )ROORZLQJ� VRPH� LQLWLDO� VHW� XS�
WDVNV��XVHU� LQSXW� LV�QRW� UHTXLUHG��2XWSXW�GDWD� LV�
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DXWRPDWLFDOO\� VDYHG� DQG� D� UHSRUW� SURGXFHG�
FRQWDLQLQJ� GDWD� VWDWLVWLFV� DQG� DQ� LQGLFDWLRQ� RI�
PHDVXUHPHQW�TXDOLW\�
�

���
 
FIGURE 2.  Example STA measurement plan 
created using Zeeko Metrology Control Suite. 
 
),*85(� �� VKRZV�DQ� H[DPSOH�PHDVXUHPHQW�
WKH� ILUVW� VHJPHQW� FRPSOHWHG� E\� WKH� FRQVRUWLXP�
DQG� FHUWLILHG� E\� (62�� 7KLV� PHDVXUHPHQW� LV
W\SLFDO�RI� WH[WXUH�DFURVV� WKH�EXON�RI� WKH�VXUIDFH�
DW� ����� QP� 6D�RYHU�D� a����PP�[� ���PP�DUHD�
ZHOO� ZLWKLQ� WKH� (62� VSHFLILFDWLRQ�� 7KLV�
PHDVXUHPHQW�ZDV�REWDLQHG�ZLWK�D���[�REMHFWLYH��
SURYLGLQJ� D�SL[HO�VL]H�RI
KDV� =HUQLNH� WHUPV� XS� WR� DQG� LQFOXGLQJ� FRPD�
UHPRYHG�� )ROORZLQJ� VPRRWKLQJ�� WKHUH� LV� QR�
HYLGHQFH� RI� SUH�SROLVK� RU� VXE�VXUIDFH� GDPDJH�
DUWLIDFWV��
�

�
FIGURE 3. ESO E-ELT prototype segment  
texture measurement. Sa = 1nm after removal of 
relevant form terms. 
�

6XFK� SURFHVV� DXWRPDWLRQ� ZLOO� SURYH� FUXFLDO� LQ
PHHWLQJ�SURGXFWLRQ�UDWHV�I
�
75$&.,1*�%$6(�5$',86�
�
:LWK�PRQROLWKLF�SULPDU\�PLUURUV��D�VPDOO�HUU
EDVH�UDGLXV�LV�DFFRPPRGDWHG�E\�UH�IRFXVLQJ�
WHOHVFRSH�� )RU� D� VHJPHQWHG� SULPDU\� WKLV� VWLOO�
DSSOLHV� ±� EXW� RQO\� IRU� WKH� PLUURU� DV� D� ZKROH� ±�
KHQFH�WKH��������PP�WROHUDQFH�RQ�EDVH�UDGLXV��
$V�PHQWLRQHG�DERYH�� WKH�PDWFKLQJ�RI�VHJPHQWV�
LV� PXFK� PRUH� FKDOOHQJLQJ�� SDUWLFXODUO\� RYHU� D�
SURGXFWLRQ�VFKHGXOH�WKDW�ZLOO�VSDQ�VHYHUDO�\HDUV��
DQG�JLYHQ�WKHUPDO�GULIWV�LQ�WKH���P�KLJK�2SWLFDO�
7HVW� 7RZHU�� 5HPRYLQJ� WKH� SRZHU� WHUP� IURP�
LQWHUIHURPHWU\� GDWD� LV� QRW� DQ� RSWLRQ�� WKH�
VHJPHQWV� PXVW� EH� FRUUHFWLYH�SROLVKH
absolute� IRUP�GDWD�� UDWKHU� WKDQ� GDWD� relative� WR�
WKH�QHDUHVW�ILW�VSKHUH���
�
7KH�RQO\�WHQDEOH�VROXWLRQ�RI�ZKLFK�ZH�DUH�DZDUH�
LV�D� transfer standard��7KLV�PXVW�ERWK�EH�KLJKO\�
VWDEOH�� DQG� EH� VPRRWK�� WKRXJK� JOREDO� IRUP� LV�
OHVV�FULWLFDO��:H� WKHUHIRUH�SROLVKHG�DQ�RYHU�VL]H�
5 ��� P� =HURGXU� 0DVWHU� 6SKHULFDO� 6HJPHQW
�066�� WR� ��� QP� 506�� ZLWK� ���� QP� 506� IRU�
VSDWLDO�VFDOHV������PP�506�DQG�����QP�506�
IRU� VSDWLDO� VFDOHV� ����� PP� >�@�� 7KH� EODQN� LV
���PP�WKLFN��F�I�����PP�IRU�VHJPHQWV���DQG�V
VRPH� ��� WLPHV� VWLIIHU� WKDQ� D� VHJPHQW�� 7KLV�
DOORZV� PRXQWLQJ� RQ� D� VLPSOH� VXSSRUW� V\VWHP��
IXUWKHU�UHGXFLQJ�XQFHUWDLQWLHV�LQ�IRUP��
�
7KH�066�LV�GHSOR\HG�GLUHFWO\�RYHU�WKH�WRS�RI�WKH�
VHJPHQW�� ZKLFK� LV� OHIW� XQGLVWXUEHG� RQ� WKH�
,53����� PDFKLQH�� )XOO�DSHUWXUH� VHJPHQW�
LQWHUIHURPHWU\� LV� WKHQ� EUDFNHWHG� ZLWK� PHWUR
RI� WKH� 066�� 7KH� RQO\� RWKHU� GLIIHUHQFH� LQ� WKH�
UHVSHFWLYH�WHVW�FRQILJXUDWLRQV�LV�WKH�H[FKDQJH�RI�
WKH� VHJPHQW�&*+� IRU� DQRWKHU� GHVLJQHG� IRU�
WHVWLQJ�WKH�VSKHUH��
�
�
6(*0(17�6833257�6<67(0�,668(6�
6XSSRUW�5HTXLUHPHQWV�
6HJPHQW� VXSSRUW� V\VWHPV� DUH� UHTXLUHG� WR� IXOILO�
WZR�SXUSRVHV�
� 8QGHU� SURFHVV� IRUFHV�� WR� PDLQWD

JHRPHWULF� position� RI� WKH� VHJPHQW� LQ� WKH�
PDFKLQH� &1&� FRRUGLQDWH� IUDPH�� DQG�
PDLQWDLQ�distortion�RI�WKH�VHJPHQW�DW�D� OHYHO�
WKDW�GRHV�QRW�FRPSURPLVH�WKH�VXUIDFH�ILJXUH�
IRU�WKH�SURFHVV�EHLQJ�XVHG��

� )RU� PHWURORJ\�� PDLQWDLQ� GLVWRUWLRQ� RI� WKH�
VHJPHQW�DW� D� OHYHO� WKDW� GRHV� QRW� FRQWULEXWH�
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VLJQLILFDQW�HUURUV�WR�WKH�PHDVXUHPHQW�RI� WKH�
VXUIDFH�ILJXUH�DW�WKH�UHOHYDQW�SURFHVV�VWHS��

�
�
*ULQGLQJ�6X
)RU� JULQGLQJ� WKH� VHJPHQW� XVLQJ� WKH� %R;�
PDFKLQH��DQG�VXEVHTXHQW�PHDVXUHPHQW�XVLQJ�D�
FRRUGLQDWH�PHDVXULQJ�PDFKLQH��ERWK�DW�&DQILHOG�
8QLYHUVLW\��WKH�VHJPHQWV�ZHUH�PRXQWHG�RQ� WR�D
SODWHQ�PDGH�RI�KLJK�JUDGH�DOXPLQLXP��SUHFLVLRQ
GLDPRQG�WXUQHG� IODW� DQG� SDUDOOHO� >�@�� � +RZHYHU
WKH� UHDU� VXUIDFHV�RI� WKH� VHJPHQWV�DUH� WUXH� DQG�
IODW�DW�WKH�OHYHO�RI�RQO\������� μ�39��7KHUHIRUH�
WKH�VXSSRUW�SRLQWV�DUHDV�ZHUH�LOO�GHILQHG��OHDYLQJ
SRWHQWLDO� IRU� L�� XQTXDQWLILDEOH� JUDYLW\�LQGXFH
GLVWRUWLRQV� RI� WKH� VHJPHQW� DQG� LL�� ERWK� URFNLQJ�
DQG� GLVWRUWLRQ� XQGHU� JULQGLQJ� IRUFHV�� ,VVXH� L��
DERYH�ZRXOG�LQGLFDWH�D�VXUIDFH�WKDW�LV�PDFKLQHG�
WUXH� WR� WKH� GHVLJQ�IRUP� �DQG� VR� YHULILDEOH� E\
&00� GDWD� DFTXLUHG� ZLWK� WKH� VHJPHQW� RQ� WKH�
VDPH�VXSSRUW�SODWHQ���EXW� WKH�VHJPHQW�PDWHULDO�
QRW� EHLQJ� LQ� WKH� VWUHVV�IUHH� VWDWH�� (IIHFWV� RI� LL
DERYH�VKRXOG�EH�YLVLEOH�LQ�WKH�&00�GDWD���
�
7KH�ILUVW�SURWRW\SH�VHJPHQW��=HURGXU���JURXQG�WR�
WKH� RII�D[LV� DVSKHUH�� ZDV� PHDVXUHG� RQ� LWV�
JULQGLQJ� VXSSRUW� E\�&00��7KH� IRUP�ZDV�ZLWKLQ�
;;� μ� PV,� JLYLQJ� FRQILGHQFH� LQ� WKH� JULQGLQJ�
RSHUDWLRQ��7KH�VHFRQG�VHJPHQW��8/(��ZDV�DOVR�
JURXQG� RQ� WKH� %R;�� EXW� &00� GDWD� ZD
XQDYDLODEOH�� 7KHUHIRUH�� WKH� SDUW� ZDV� JLYHQ� D�
UDSLG� SUH�SROLVK� RQ� WKH� =HHNR� PDFKLQH�� MXVW�
VXIILFLHQW� WR� JOD]H� WKH� VXUIDFH� IRU� D� SUHOLPLQDU\�
LQWHUIHURPHWULF�PHDVXUHPHQW�� DQG� WKLV� UHYHDOHG�
in�excess�of�40μ�PV�form�error.�:H�VXVSHFW�WKDW�
WKH� VHJPHQW� PD\� KDYH� URFNHG� LQ� JULQGLQJ��
DOWKRXJK� LW� LV� SRVVLEOH� WKDW� WKH� 7Z\PDQ� HIIH
FRQWULEXWHG� WR� WKLV�� *ROLQL� DQG� -DFREV� >�@� KDYH�
REVHUYHG� LQ� UHJDUG� WR� 8/(� WKDW�� ³WKH� JULQGLQJ�
VXUIDFH� VWUHVVHV��NQRZQ�DV� WKH�7Z\PDQ�HIIHFW��
LQFUHDVHG� GUDPDWLFDOO\� LQ� WKH� WUDQVLWLRQ� IURP�
EULWWOH�WR�GXFWLOH�PRGH�JULQGLQJ´��,Q�WKLV�FRQWH[W��LW�
LV�QRWDEOH�WKDW�WKH�%R;�SURFHVV�H[KLELWV�DVSHFWV�
RI�GXFWLOH�UHPRYDO�
�
:H� KDYH� FRQVWUXFWHG� D� �� P� SURWRW\SH� K\EULG�
VXSSRUW�V\VWHP��RULJLQDOO\� LQWHQGHG� IRU�SROLVKL
�),*85(� ���� 7KLV� ZDV� D� K\GURVWDWLF� V\VWHP�
XVLQJ� HLJKWHHQ� %HOORIUDP� UROOLQJ� GLDSKUDJPV��
FRQILJXUHG�LQ�WKUHH�VHWV�RI�VL[��HDFK�RI�WKH
VHWV� DFWXDWHG� E\� D� VHSDUDWH� IOXLG�GLVS
DFWXDWRU�� (DFK� %HOORIUDP� XQLW� LQFRUSRUDWHG� D�
EHVSRNH�µK\GUR�H[SDQGD ¶�ORFNLQJ�PHFKDQLVP��
VR� WKDW� WKH� SDUW� FRXOG� ILUVW� IORDW�� DQG� WKHQ�
ORFNHG� LQ� SRVLWLRQ�� +\VWHUHVLV� LQ� WKH� K\GUR�
H[SDQGDEOH� ORFNV� SURYHG� H[FHVVLYH� IRU�

SROLVKLQJ�� EXW� WKLV� VROXWLRQ� VKRZV� FRQVLGHUDEOH�
SURPLVH�IRU�JULQGLQJ��ZKHUH�WKH�WROHUDQFHV�DUH�LQ�
WKH�PLFURQ�UDWKHU�WKDQ�QP�UHJLPH��
�

�
 
FIGURE 4.  Original prototype hybrid lockable 
hydrostatic support system.�
�
3ROLVKLQJ�6XSSRUW�
6HJPHQWV�DUH�SROLVKHG�RQ�WKH�=HHNR�����P�&1&
SROLVKLQJ� PDFKLQH� >�@�� PRXQWHG� RQ� D�
VWDQGDUGLVHG�VXSSRUW�V\VWHP��DQG�PHDVXUHG�LQ�
VLWX�E\�D�YDULHW\�RI�WHFKQLTXHV�
�

� )XOO�DSHUWXUH�QXOOLQJ�LQWHUIHURPHWU\�
� 6XE�DSHUWXUH�VWLWFKLQJ�LQWHUIHU
� :KLWH�OLJKW�WH[WXUH�LQWHUIHURPHWU\�
� 1RQ�FRQWDFW� SURILORPHWU\� �DXWRFROOLPDWRU�

��SHQWDSULVP�WHVW��
�
7KH�UHTXLUHPHQWV�RQ�WKH�VXSSRUW�V\VWHP�IRU� WKH�
PHWURORJ\� ZKLFK� FORVHV� WKH� FRUUHFWLYH� SURFHV
ORRS��DUH�D�FRXSOH�RI�RUGHUV�PRUH�FULWLFDO�WKDQ�IRU�
JULQGLQJ�� ,Q� SDUWLFXODU�� WKH� VXSSRUW� V\VWHP� LV�
UHTXLUHG� WR� HPXODWH� WKDW� ZKLFK� ZLOO� EH� XVHG� LQ�
WKH� WHOHVFRSH�� DVVXPLQJ� WKH� WHOHVFRSH� ]HQLWK�
SRLQWLQJ�� ,Q� WKLV� FRQILJXUDWLRQ�� FRUUHFWLYH�
SROLVKLQJ� ZLOO� UHPRYH� WKH� VLJQDWXUHV� RI� JUDYLW\
GHIOHFWLRQV�ZKHUH�µVHHLQJ¶�ZLOO�EH�EHVW��PLQLPX
DWPRVSKHULF�DLU�SDWK���$W�RWKHU�]HQLWK�GLVWDQFHV�
WKHUH�ZLOO�EH�VRPH�GHJUDGDWLRQ�RI�SHUIRUPDQF
�
*LYHQ� WKLV� UHTXLUHPHQW�� WKH� VHJPHQW� LV�
VXSSRUWHG� RQ� D� ���SRLQW� K\GURVWDWLF� ZKLIIOH�WUHH�
�),*85(� ���� 7KH� VXSSRUW� LV� EDVHG� RQ
%HOORIUDPV�� FRQILJXUHG� LQ� WKUHH� VHWV� RI� QLQH
HDFK� VHW� ZLWK� D� � VHSDUDWH� IOXLG�GLVSODFHPHQW
DFWXDWRU��$�PHWDO�GLDSKUDJP�IOH[XUH�ORFDWH
UHDU� ERUH� LQ� WKH� VHJPHQW� WR� SURYLGH� ODWHUDO�
FRQVWUDLQW�� 7KH� SUHFLVH� ORFDWLRQV� RI� WKHVH�
VXSSRUW�LQWHUIDFHV�RQ�WKH�UHDU�RI�D�VHJPHQW��DQG�
WKH� GHWDLOHG� LQWHUIDFH� GHVLJQV�� DFFRUG� ZLWK� WKH�
(62� VSHFLILFDWLRQ� >�@�� :LWKLQ� WKH� OLPLWV� RI�
UHVLGXDO� K\VWHUHVLV�� WKLV� HQVXUHV� WKDW� WKH�
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PHDVXUHG� VXUIDFH�IRUP� ZLOO� WUXO\� UHIOHFW�
SHUIRUPDQFH� LQ� WKH� WHOHVFRSH�� providing� WKDW�
DGGLWLRQDO� FRQVWUDLQWV� GHSOR\HG� WR� UHVLVW� WKH�
ODWHUDO� FRPSRQHQWV� RI� SROLVKLQJ� IRUFHV� DUH�
UHPRYHG��
�
7KH� K\GURVWDWLF� ZKLIIOH� WUHH� LV� QRW� VXLWDEOH� IRU
SROLVKLQJ� EHFDXVH� LW� LV� ³VRIW´� DQG� WKH� VHJPHQW�
FDQ� WLS�WLOW� XQGHU� YHUWLFDO�SROLVKLQJ� IRUFHV�DV� WKH�
K\GURVWDWLF�IOXLG�UH�GLVWULEXWHV��7KH�HIIHFW�RI�VXFK
PRWLRQ� LV� WR� GLVWXUE� WKH� =�RIIVHW� RI� WKH� ERQQHW�
SROLVKLQJ� SURFHVV� L�H�� WKH� ERQQHW� FRPSUHVVLRQ�
DJDLQVW� WKH� VXUIDFH�� DQG� VR� WKH� SROLVKLQJ� VS
VL]H� DQG� YROXPHWULF� UHPRYDO� UDWH�� )RU� WKLV�
UHDVRQ�� WKH� IOXLG�GLVSODFHPHQW� DFWXDWRUV� DUH
XVHG� WR� ORZHU� WKH� VHJPHQW� RQWR� D� VHSDUDWH�
VXSSRUW�IRU�SROLVKLQJ���
�

�
�
FIGURE 5. Dummy full-size segment integrated 
with polishing/metrology support system. 
�
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7KH� 2SWLFDO� 7HVW� 7RZHU� SURYLGHV� IXOO�DSHUWXUH
QXOO� LQWHUIHURPHWU\� RI� WKH� VHJPHQW� ZKLOVW� L
RQ� WKH� =HHNR� PDFKLQH�� $� �'� 7HFKQRORJLHV�
3KDVH� &DP� ����� LQWHUIHURPHWHU� SURYLGH
VLPXOWDQHRXV� SKDVH� DFTXLVLWLRQ� WR� IUHH]H�
YLEUDWLRQ�� 7KH� ��P� KLJK� DLU�FROXPQ� LV�
UDQGRPLVHG� ZLWK� IDQV�� $� W\SLFDO� PHDVXUHPHQW�
VHTXHQFH�� ZKHQ� QHDU� WR� ILQDO� IRUP�� ZLOO� LQYROYH�
DFTXLULQJ� PXOWLSOH� GDWD�VHWV�� HDFK� DIWHU�
H[HUFLVLQJ� WKH� K\GURVWDWLF� VXSSRUW� � V\VWHP� WR
DYHUDJH� UHVLGXDO� K\VWHUHVLV�� DQG� LQWHUOHDYHG
ZLWK�GDWD�VHWV�DFTXLUHG�ZLWK�WKH�066�LQVHUWHG�WR
SURYLGH� UH�FDOLEUDWLRQ� RI� WKH� WHVW�WRZHU� RSWLFV�
7KLV� FDQ� DPRXQW� WR� QHDUO\� ������ GDWD�IUDPHV��
7KH�WRWDO�WLPH�WR�DFTXLUH��VWRUH�DQG�SURFHVV�WKLV�
GDWD� LV�a��GD\V��ZKHUHDV� WKH� WRWDO�DFFXPXODWHG�
H[SRVXUH� LV� RQO\� D� IHZ� VHFRQGV�� � � 7K
FRQWULEXWRUV�WR�WKLV�RYHUKHDG�LQFOXGH��

� &&'�UHDGRXW��
� )UDPH�JUDEELQJ
� 'LVN�VWRUDJH

� 'DWD�IUDPH�VHOHFW�UHMHFW
� 'DWD� DYHUDJLQJ� RI� VHOHFWHG� IUDPHV

�WRZHU�WKHUPDO�FRQVWDQWV�
� &DOLEUDWLRQ� RI� WKH� WHVW�WRZHU� RSWLFD

V\VWHP�IURP�066�GDWD�
� 'DWD�DQDO\VLV�WR�FUHDWH�ILQDO�HUURU�

�
,Q�WKH�FRQWH[W�RI�VHJPHQW�VHULDO�SURGXFWLRQ�� LW� LV�
FOHDU� WKDW�VLJQLILFDQW� LQYHVWPHQW�ZLOO�EH� UHTXLUHG�
LQ�DW�OHDVW�WKH�IROORZLQJ�XSJUDGHV���
� +LJKHU�SRZHU� ODVHU� IRU� WKH� VLPXOWDQH

SKDVH�LQWHUIHURPHWHU�
� )DVW�GDWD�DFTXLVLWLRQ�KD
� ,PSURYHG� ,7� LQIUDVWUXFWXUH� IRU� GDWD�

SURFHVVLQJ�
� $GGLWLRQDO� VRIWZDUH� IRU� SLSH�OLQLQJ�

DXWRPDWLQJ�GDWD�DFTXLVLWLRQ�DQG�SURFH
� ,PSURYHG� WKHUPDO� HQYLURQPHQW� WR� UHGX

WKHUPDO� µQRLVH¶� DQG� VR� QXPEHU� RI� GDWD
IUDPHV�UHTXLU

� $XWRPDWHG�066�GHSOR\PHQW
�
&21&/86,21
7KH� SURWRW\SH� VHJPHQW� SURMHFW� KDV�
GHPRQVWUDWHG� HIIHFWLYHO\�� IRU� WKH� ILUVW� WLPH�
DQ\ZKHUH�� DQ� HQG�WR�HQG� SURFHVV� FKDLQ
RSHUDWHV� HQWLUHO\� RQ� VHJPHQWV� SUH�FXW� WR� WKH�
ILQDO�KH[DJRQDO�VKDSH��whilst meeting the edge-
quality specification.�

�
7KH� ILUVW� VHJPHQW� �GHVLJQDWHG�631���� ZDV� WKH�
VHJPHQW� RQ� ZKLFK� PXFK� RI� WKH� SURFHVV�
GHYHORSPHQW� DQG�GLDJQRVWLFV�ZDV�FRQGXFWHG�� ,W�
UHFHLYHG� IRUPDO� DFFHSWDQFH� IURP� (62��
DFFHSWDQFH�WHVWV�ZHUH�ZLWQHVVHG�E\�(62�DW�WKH�
1DWLRQDO�)DFLOLW\�VLWH�LQ�1RUWK�:DOHV
�
7KH� VHFRQG� VHJPHQW� 631��� KDV� EHHQ�
FRPSOHWHG� DQG� LV� DZDLWLQJ� WKH� (62� YLVLW� IRU�
DFFHSWDQFH� WHVWV�� 7KH� ILQDO� VXUIDFH� HUURU� ZDV
PHDVXUHG� WR� EH� ��QP� 506�� DQG� ���QP� 506�
DIWHU�UHPRYLQJ�WKH�(62�ORZ�RUGHU�DOORZDQFHV��
�
These represent the first prototype E-ELT 
segments produced anywhere that have 
achieved surface residuals of this quality. 
 
7KH� WKLUG� VHJPHQW� 631��� KDV� EHHQ� JURXQG� WR�
WKH�DVSKHULF�IRUP��DQG�LV�EHLQJ�SUHSDUHG�IRU� WKH�
SROLVKLQJ�F\FOHV�RQ�WKH�,53�����PDFKLQH���
�
7KH� SURMHFW� KDV� KLJKOLJKWHG� WKH� FRPSOH[�
LQWHUDFWLRQV� EHWZHHQ� PDQXIDFWXUH� DQG�
PHDVXUHPHQW�LQ�VHYHUDO�QRWDEOH�DVSHFWV��7KHVH�
DUH� DFFHQWXDWHG� E\� WKH� QHHG� L�� WR� DVVHUW�
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matching� RI� VHJPHQWV� DV� ZHOO� DV� WKHLU� RYHUDO
IRUP�� DQG� LL�� E\� WKH� EDVH�UDGLXV� RI� ��P� ZKLF
DGGV� FRPSOH[LW\� WR� WKH� RSWLFDO� WHVW� V\VWHP�� LQ�
RUGHU� WR� DYRLG� WHVWLQJ� RYHU� ORQJ� DLU�SDWKV�� 7KH�
NH\�LVVXHV�DUH�VXPPDULVHG�EHORZ��
� 7KH� LQWHUHVWLQJ� SDUDOOHO� EHWZHHQ� DVSKHULF�

PLVILW� LQ� SROLVKLQJ� DQG� G\QDPLF� UDQJH� LQ�
LQWHUIHURPH

� 7KH�FULWLFDO�HIIHFWV��SDUWLFXODUO\�DSSURDFKLQJ
WKH� VXE���QP� OHYHO�� RI� UHVLGXDO� VXSSRUW
V\VWHP�K\VWHUHVLV�RQ�PHDVXUHP

� 7KH� EHQHILWV� RI� FRQGXFWLQJ� PHWURORJ\�
HQWLUHO\� RQ� WKH� SROLVKLQJ� PDFKLQH�� DYRLGLQJ�
GLVWXUEDQFH� RI� WKH� SDUW�� GRZQ�WLPH�� DQG�
SRWHQWLDO� DFFLGHQWDO� GDPDJH�� ZKHQ
UHSHDWHGO\� UHPRYLQJ� DQG� UHSODFLQJ� WKH�
VHJPHQW�DW�HDFK�PHDVXUHPHQW�SROLVK�F\FOH�

� 7KH�GLVDGYDQWDJH�RI�RQ�PDFKLQH�PHWURORJ\��
DV� PHWURORJ\� WLHV�XS� PDFKLQH� UHVRXUFH
ZKHQ�LW�FRXOG�EH�SROLVKLQJ�DQRWKHU�VHJPHQW�

� 7KH� QHHG� IRU� D� VWDEOH� WUDQVIHU� VWDQGDUG� WR�
DVVHUW� PDWFKLQJ� RI� EDVH�UDGLXV� RI� PXOWLSOH�
VHJPHQWV�RYHU�WKH�VHYHUDO�\HDUV�GXUDWLRQ�RI
WKH� PDQXIDFWXULQJ� OLIH�F\FOH� IRU� IXOO�VFDOH
VHJPHQW�PDQXIDFWXUH�

� 7KH� QHHG� WR� UHGXFH� WKH� IUHTXHQF\� RI� 066�
FDOLEUDWLRQV� E\� LPSURYLQJ� WKH� WKHUPDO�
VWDELOLW\�RI�WKH�WHVW�HQYLURQPHQW�

� 7KH� LPSDFW� RQ� WRWDO� PDQXIDFWXULQJ� WLPH
FDXVHG� E\� GDWD� DFTXLVLWLRQ� DQG� SURFHVVLQJ
RYHUKHDG��
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