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From Vacuum Tubes to Very Large Scale
Integration: A Personal Memoir
JOSEPH C. LOGUE

This article traces one man’s journey through the various different forms of
electronics and how they were developed and used at IBM. It also illumi-
nates some of the reasons why particular decisions about various technolo-
gies were taken and the longer term results of those actions. It started as a
personal memoir that was intended, by the former editor of our Biographies
department (Eric Weiss) to be part of his usual submission. The article was,
however, not finished until after Eric had retired from that position, so it is
being used as a feature article instead.

Introduction
YHU\�LQGLYLGXDO�VKRXOG�EH�IRUWXQDWH�HQRXJK�WR�KDYH�D�PHQWRU�
0\�ILUVW�PHQWRU�ZDV�&XUW�6HJOHU��P\�VFRXWPDVWHU��+H�UHFRJ�

QL]HG� WKDW� ,� KDG� D� QDWXUDO� EHQW� IRU� ZRUNLQJ�ZLWK�P\� KDQGV� DQG
VXJJHVWHG��EHFDXVH�KH�IHOW� ,�ZDV�FROOHJH�PDWHULDO�� WKDW� ,�JR� WR�DQ
DFDGHPLF� KLJK� VFKRRO� UDWKHU� WKDQ� D� WHFKQLFDO� VFKRRO�� ,� DP� TXLWH
FHUWDLQ�WKDW�WKLV�VXJJHVWLRQ�FKDQJHG�P\�OLIH�

Early Life
0\� IDWKHU�� D� \DUGPDVWHU� IRU� WKH�5HDGLQJ�5DLOURDG�� GLHG� LQ� ����
ZKHQ�,�ZDV�����VR�P\�PRWKHU�DQG�,�PRYHG�IURP�3KLODGHOSKLD� WR
%URRNO\Q��1HZ�<RUN��WR�OLYH�ZLWK�P\�VLVWHU��(OHDQRU��DQG�KHU�KXV�
EDQG��$QWKRQ\�0D]]DQ��DQG�P\�ROGHU�EURWKHU��(DUO��+DYLQJ�EHHQ
LQ�WKH�%R\�6FRXWV�LQ�3KLODGHOSKLD��,�EHFDPH�DVVLVWDQW�VFRXWPDVWHU
WR�6HJOHU��$V�SDUW�RI�P\�VFRXWLQJ�ZRUN��,�EXLOW�D�GHPRQVWUDWLRQ�RI
PLQHUDO� IOXRUHVFHQFH� DQG� D� PRGHO� VWHDP� HQJLQH� WKDW� GURYH� DQ
HOHFWULF� JHQHUDWRU�� ,�ZDQWHG� WR� EHFRPH� DQ� HOHFWULFDO� SRZHU� HQJL�
QHHU�� ,�FDQQRW�GHILQH�ZKHQ�RU�KRZ�,�JRW� WKLV�XUJH��VLQFH�P\�SDU�
HQWV�ZHUH�QRW�FROOHJH�JUDGXDWHV��$W�WKLV�SRLQW��P\�KREELHV�WHQGHG
WR�HOHFWURQLFV��EHFDXVH�LW�ZDV�WRR�GLIILFXOW�IRU�PH�WR�ZRUN�ZLWK�RU
EXLOG�JHQHUDWRUV��,�EXLOW�UDGLR�UHFHLYHUV��FU\VWDO�GHWHFWRUV��DQG�RQH�
DQG� WZR�WXEH� VHWV��$W�(UDVPXV�+DOO�+LJK�6FKRRO� LQ�%URRNO\Q�� ,
IRXQG�PDWK��SK\VLFV��DQG�FKHPLVWU\�VR�H[FLWLQJ�WKDW�,�GLG�QRW�KDYH
WR� VWXG\� WR� JHW� JRRG�PDUNV��ZKLFK�ZDV� QRW� WKH� FDVH� LQ� (QJOLVK�
KLVWRU\��DQG��WR�D�OHVVHU�H[WHQW��JHRJUDSK\�

Cornell University
,�HQWHUHG�&RUQHOO�8QLYHUVLW\�LQ�������SODQQLQJ�WR�EHFRPH�DQ�HOHF�
WULFDO� SRZHU� HQJLQHHU�� %\� WKH� HQG� RI� P\� IUHVKPDQ� \HDU�� ,� KDG
WXUQHG�WR�HOHFWURQLFV��,Q�HDFK�RI�WKH�IROORZLQJ�WKUHH�\HDUV��,�DGGHG
WKUHH� KRXUV� SHU� VHPHVWHU� LQ� SK\VLFV� DQG� PDWK� WR� P\� SUHVFULEHG
FRXUVHV��,�QRZ�VHH�WKDW�,�ZDV�FRQVWUXFWLQJ�IRU�P\VHOI�D�FRXUVH�LQ
HQJLQHHULQJ�SK\VLFV��QRW�WKHQ�D�UHFRJQL]HG�FRXUVH�RI�VWXG\�DW�&RU�
QHOO�8QLYHUVLW\�

,� HQMR\HG� ERWK� J\PQDVWLFV� DQG� ZHLJKW� OLIWLQJ� DQG� EHFDPH
TXLWH�VWURQJ��DOWKRXJK�,�ZHLJKHG�RQO\�����SRXQGV��7R�IRUFH�PH

WR�XVH�VSHHG�LQVWHDG�RI�EUXWH�VWUHQJWK��WKH�FRDFK�RI�WKH�ZUHVWOLQJ
WHDP� PDWFKHG� PH� DJDLQVW� D� ����SRXQG� VHQLRU� RQ� WKH� KHDY\�
ZHLJKW� WHDP�� ,�JRW�KLP� LQ�D�VFLVVRUV�JULS� ORZ�DURXQG�KLV�ZDLVW�
+H�ODVWHG�IRU�DERXW�WKUHH�PLQXWHV��:KHQ�KH�JDYH�XS��KH�VWRRG�XS
DQG� WKHQ� LPPHGLDWHO\� NHHOHG� RYHU� LQ� D� GHDG� IDLQW�� 7KH� DQJU\
ZUHVWOLQJ�FRDFK�WROG�PH�WR�JLYH�XS�HLWKHU�ZHLJKW�OLIWLQJ�RU�ZUHV�
WOLQJ��,�JDYH�XS�ZUHVWOLQJ�

Slaughterhouse Summer
'XULQJ�WKH�VXPPHU�RI�������P\�EURWKHU�LQ�ODZ�JRW�PH�D�MRE�DV�D
PDLQWHQDQFH�ZRUNHU� LQ�D�FDWWOH�VODXJKWHUKRXVH�DW���WK�6WUHHW�DQG
��WK�$YHQXH�LQ�1HZ�<RUN�&LW\��ORFDWHG�QH[W�WR�WKH�FRQVWUXFWLRQ�RI
WKH�/LQFROQ�7XQQHO��6KRUWO\�DIWHU�,� MRLQHG�WKH�FRPSDQ\�� WKH�PHDW
FXWWHUV�� EXW� QRW� WKH� PDLQWHQDQFH� ZRUNHUV�� ZHQW� RQ� VWULNH�� 7KDW
HYHQLQJ�DW�GLQQHU��P\�EURWKHU�LQ�ODZ��ZKR�ZDV�D�PDQDJHU� LQ� WKH
VODXJKWHUKRXVH�� WROG�PH�WKH�SODQW�VXSHULQWHQGHQW�ZDV� WHQGLQJ�WKH
ERLOHUV� LQ� WKH� ERLOHU� URRP��7KH�QH[W� GD\�� ,� NQRFNHG�RQ� WKH� EDFN
GRRU�RI�WKH�HQJLQH�URRP�DQG�ZDV�JUHHWHG�E\�WKH�SODQW�VXSHULQWHQ�
GHQW��+H�DVNHG�PH�ZKDW�,�ZDQWHG��DQG�,�H[SODLQHG�WKDW�,�ZDQWHG�WR
ZRUN��+H� WKHQ�DVNHG�PH� LI� ,�ZDV� IDPLOLDU�ZLWK� ILUHV��0\�DQVZHU
ZDV��³6XUH�´�$IWHU�KHDULQJ� WKDW� UHVSRQVH��KH� OHG�PH�WR� WKH�ERLOHU
URRP��WROG�PH�,�ZDV�WKH�ILUHPDQ��DQG�SURPSWO\�OHIW�

:KHQ�,�KDG�VDLG�³6XUH�´�,�ZDV�WKLQNLQJ�DERXW�FDPSILUHV��1RZ�
VWDQGLQJ�LQ�WKH�ERLOHU�URRP�ZLWK�WKH�URDU�RI�D�IXUQDFH�QH[W�WR�PH��,
VDZ�WKDW�,�ZDV�ZURQJ��,W�EHFDPH�TXLWH�REYLRXV�WKDW�,�KDG�WR�XQGHU�
VWDQG�KRZ�WKH�ERLOHUV�ZRUNHG�LQ�RUGHU�WR�EH�DEOH�WR�DVN�LQWHOOLJHQW
TXHVWLRQV��$W� WKH� HQG�RI� DERXW� DQ�KRXU�� ,� KDG� D� JRRG� WKHRUHWLFDO
NQRZOHGJH�RI�KRZ�WKH�YDULRXV�JDGJHWV�LQ�WKH�ERLOHU�URRP�ZRUNHG�
DQG�,�DVNHG�/DUU\��WKH�FKLHI�HQJLQHHU��WR�FKHFN�PH�RXW�RQ�KRZ�WR
UHLJQLWH�WKH�IXUQDFH�LI�WKH�IODPH�ZHQW�RXW��WKH�ORFDWLRQ�DQG�RSHUD�
WLRQ�RI�WKH�ERLOHU�IHHG�SXPS��DQG�RWKHU�GHWDLOV��+H�WKHQ�H[SODLQHG
KRZ�WR�GR�WKH�MRE�RI�D�ILUHPDQ�

6LQFH�,�ZDV�YHU\�FRQFHUQHG�DERXW�WKH�GLVDVWHU�WKDW�ZRXOG�UHVXOW
LI� WKH�ZDWHU� ERLOHG� RXW� RI� WKH� ERLOHU� DQG� WKH�ZDWHU� WXEHV� EXUQHG
RXW�� ,� NHSW� WKH� ZDWHU� OHYHO� FORVH� WR� WKH� WRS� RI� WKH� ZDWHU� JDXJH�
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FRQVWDQWO\�DGMXVWLQJ�WKH�IXHO�RLO�YDOYH�WR�NHHS�WKH�VWHDP�SUHVVXUH
DW�����SRXQGV�SHU�VTXDUH�LQFK��7R�GR�WKLV�GXULQJ�WKH�ILUVW�ZHHN��,
ZDV�EXVLHU� WKDQ�D�RQH�DUPHG�SDSHUKDQJHU��7KHQ� ,� UHDOL]HG� WKDW� ,
FRXOG�VWRUH�PRUH�HQHUJ\� LQ� WKH�ERLOHU� LI� ,�NHSW� WKH�ZDWHU� OHYHO� LQ
WKH�ERLOHU�ORZHU��DW�RQH�LQFK�DERYH�WKH�ERWWRP�RI�WKH�ZDWHU�JDXJH
UDWKHU� WKDQ� DW� WKH� WRS�� 7KLV� DGGLWLRQDO� HQHUJ\� NHSW� WKH� SUHVVXUH
IDLUO\�FRQVWDQW�LQ�VSLWH�RI�VWHDP�XVDJH��$W�WKH�HQG�RI�P\����KRXU
VKLIW��P\�SUHVVXUH�UHFRUGLQJ�FKDUW�H[DFWO\� WUDFNHG� WKH�����SRXQG
SUHVVXUH� OLQH�� ,�EHFDPH�ERUHG�� ,�ZHQW� WR�/DUU\�DQG�JRW� WKH�DGGL�
WLRQDO�MRE�RI�HQJLQH�URRP�PHFKDQLF��ZKLFK�,�GLG�ZKLOH�DW�WKH�VDPH
WLPH�WHQGLQJ�WKH�IXUQDFH�URRP�ILUHV�

$W� WKH�HQG�RI� WZR�ZHHNV�� ,�ZDV�JLYHQ�D� UDLVH� WR� WKH� IXOO� ILUH�
PDQ¶V�UDWH��ZKLFK�DPRXQWHG�WR�������SOXV�RQH�KDOI�FHQW�SHU�KRXU
IRU�DQ�HLJKW�KRXU�GD\�ZLWK�D�PXOWLSOLHU�RI����� WLPHV�IRU�RYHUWLPH
DQG�D�WZR�WLPHV�PXOWLSOLHU�RQ�6XQGD\V�DQG�KROLGD\V��0\�VKLIW�ZDV
IURP���$0�XQWLO���30�IRU�VHYHQ�GD\V�DQG�WKHQ���30�WR���$0�IRU
WKH� QH[W� VHYHQ� GD\V�� 1HHGOHVV� WR� VD\�� RQH� LV� QRW� ERUHG� ZKHQ
ZRUNLQJ�WKRVH�KRXUV�

In essence, he said that it was
impossible for me to find the solution
to a very serious problem in 15 or 20

minutes when two of his best
electricians had not been able to solve

the problem in more than six weeks.

Cornell as a Sophomore
$IWHU� UHWXUQLQJ� WR�&RUQHOO� IRU�P\�VRSKRPRUH�\HDU��RQH�6DWXUGD\
QLJKW� ,� DWWHQGHG� WKH� UROOHU� VNDWLQJ� ULQN� RQ� WKH� FDPSXV�� ,� VDZ� D
\RXQJ�ODG\�VNDWLQJ�ZLWK�D�IHOORZ�,�GLG�QRW�NQRZ��7KH�\RXQJ�ODG\
KDG�EHHQ�D�VWXGHQW�DW�(UDVPXV�+DOO�+LJK�6FKRRO��EXW�,�KDG�QHYHU
JRWWHQ� XS� WKH� FRXUDJH� WR� PHHW� KHU� HYHQ� WKRXJK� ,� ZDV� TXLWH� DW�
WUDFWHG�WR�KHU��,�FXW�LQ�RQ�WKH�\RXQJ�PDQ�DQG�LQWURGXFHG�P\VHOI�WR
-HDQQH�1HXEHFNHU��7KH�IDFW� WKDW� ,�KDG�DWWHQGHG�(UDVPXV�HQDEOHG
PH�WR�VHW�XS�D�IXWXUH�GDWH�ZLWK�KHU��6KH�ZDV�D�IUHVKPDQ�VWXG\LQJ
WR�EHFRPH�D�YHWHULQDULDQ�

$IWHU�PDQ\�GLVFXVVLRQV�RYHU�VHYHUDO�\HDUV��,�ZDV�DEOH�WR�FRQ�
YLQFH�KHU� WKDW�EHLQJ�PDUULHG� WR�PH�ZRXOG�QRW�SUHYHQW�KHU� IURP
KDYLQJ�D�YHWHULQDU\�SUDFWLFH�DQG�UDLVLQJ�D�IDPLO\��:H�ZHUH�PDU�
ULHG�RQ����0DUFK�������,�JUDGXDWHG�RQ����)HEUXDU\��������,�FDQ
FHOHEUDWH� P\� JUDGXDWLRQ� RQO\� RQFH� HYHU\� IRXU� \HDUV��� -HDQQH
JUDGXDWHG� LQ� -XQH� ������ DQG� RXU� VRQ�5D\PRQG�ZDV� ERUQ� RQ� �
-XQH�������0DULO\Q�ZDV�ERUQ�RQ����0DUFK�������LQ�/RQJ�,VODQG�
1HZ�<RUN��DQG�3DXO�ZDV�ERUQ�RQ����'HFHPEHU�������LQ�3RXJK�
NHHSVLH�� 1HZ� <RUN�� -HDQQH� LV� UHWLUHG� QRZ� IURP� D� ODUJH�� DQG
VPDOO�DQLPDO� SUDFWLFH� DQG� KDV� ZULWWHQ� WZR� ERRNV� DERXW� YHWHUL�
QDU\�PHGLFLQH�

York Safe and Lock
7KH�IROORZLQJ�VXPPHU�EHIRUH�VWDUWLQJ�P\�MXQLRU�\HDU��,�JRW�D�MRE�DW
WKH�<RUN�6DIH�DQG�/RFN�&RPSDQ\�LQ�<RUN��3HQQV\OYDQLD��$OWKRXJK
,�ZDV�KLUHG�WR�EH�DQ�HOHFWULFLDQ��,�ZDV�DVVLJQHG�WR�VKRYHOLQJ�SLOHV�RI
FRDO�DURXQG� WKH�FRDO�\DUG��$W�QRRQ��%LOO�$\UH�� WKH�ERVV�� VDYHG�PH
DQG�WXUQHG�PH�RYHU�WR�6FRWW\��WKH�IRUHPDQ�RI�WKH�HOHFWULFDO�PDLQWH�
QDQFH�VKRS��0\�QHZ�MRE�ZDV�WR�IL[�HOHFWULFDO�SUREOHPV�LQ�WKH�KXJH

SURGXFWLRQ�PDFKLQH�WRROV�DV�DQ�HOHFWULFLDQ¶V�KHOSHU�
:KHQ� ,�JRW�P\�SD\FKHFN�DW� WKH�HQG�RI� WKH� ILUVW�ZHHN�� ,�PXVW

KDYH�PXPEOHG� VRPHWKLQJ� XQGHU�P\� EUHDWK�� EHFDXVH�$\UH� DVNHG
PH�ZKDW�ZDV�ZURQJ�� ,� VDLG� WKDW� LW� DSSHDUHG� WKDW�P\� UDWH� RI� SD\
ZDV����FHQWV�SHU�KRXU��+H�DVNHG�PH�ZKDW�UDWH�RI�SD\�,�KDG�DJUHHG
WR�ZKHQ�,�ZDV�KLUHG��,�WROG�KLP�WKDW�WKHUH�ZDV�QR�DJUHHPHQW��WKDW�,
WKRXJKW� ,� ZRXOG� EH� SDLG� WKH� JRLQJ� UDWH� IRU� DQ� HOHFWULFLDQ�� $\UH
VDLG�� ³,� EHW� \RX� ZLOO� QHYHU� WDNH� DQRWKHU� MRE� ZLWKRXW� JHWWLQJ� DQ
DJUHHPHQW�RQ�ZKDW�\RXU�VDODU\�ZLOO�EH�´�,�QHYHU�GLG�

$�VKRUW�WLPH�ODWHU��$\UH�GHVFULEHG�D�SUREOHP�WKH\�ZHUH�KDYLQJ
ZLWK� WKH� SKRQH� V\VWHP� EHWZHHQ� WKH� JXDUG� KHDGTXDUWHUV� DQG� WKH
HLJKW�JXDUG�WRZHUV��+H�VXJJHVWHG�WKDW�,�WUDFN�GRZQ�WKH�WZR�HOHF�
WULFLDQV�ZKR�ZHUH�ZRUNLQJ� RQ� WKH� SUREOHP�� WDON�ZLWK� WKHP�� DQG
JHW� EDFN� WR� KLP�ZLWK�P\� UHFRPPHQGDWLRQV�� ,� IRXQG� WKH� HOHFWUL�
FLDQV�LQ�FUDPSHG�TXDUWHUV�DQG�QRW�DW�DOO�FRRSHUDWLYH�DERXW�WHOOLQJ
PH�WKHLU�SUREOHP��$ERXW�D�ZHHN�ODWHU��$\UH�DVNHG�PH�ZK\�,�KDG
QRW� UHSRUWHG�EDFN� WR�KLP�� ,�H[SODLQHG��DQG�$\UH� WROG�PH� WKDW� WKH
HOHFWULFLDQV�KDG�EHHQ�ZRUNLQJ�RQ� WKH�SUREOHP�IRU� VL[�ZHHNV�DQG
ZHUH�QRZ�SURSRVLQJ�WKDW�DOO�WKH�XQGHUJURXQG�ZLULQJ�IRU�WKH�JXDUG
SKRQHV�EH�UHSODFHG��+H�HPSKDVL]HG�WKDW�KH�ZDQWHG�PH�WR�JR�EDFN
RXW�WKHUH�DQG�ILQG�RXW�ZKDW�QHHGHG�WR�EH�GRQH�

,� ORFDWHG� WKH� HOHFWULFLDQV� LQ� WKH�JXDUG�KHDGTXDUWHUV�RIILFH� DQG
JRW� WKHLU� DWWHQWLRQ� E\� WHOOLQJ� WKHP� WKDW� $\UH� KDG� VHQW�PH�� 7KH\
VDLG�WKH�WURXEOH�ZDV�QRLVH�RQ�WKH�OLQHV��7KH\�FRQQHFWHG�PH�ZLWK�D
JXDUG�WRZHU�DQG�DV�,�FKLWFKDWWHG�ZLWK�WKH�JXDUG��,�KHDUG�WKH�VRXQG
RI� IU\LQJ� EDFRQ�� ,� LPPHGLDWHO\� FRQFOXGHG� WKDW� WKH� QRLVH� ZDV
FDXVHG�E\�WKH�FDUERQ�JUDQXOH�PLFURSKRQH��7R�FRQILUP�P\�VXVSL�
FLRQV��,�IRXQG�WKDW�WKH�QRLVH�FKDQJHG�DV�,�WLSSHG�P\�KHDG�OHIW�DQG
ULJKW��,�WROG�WKH�WZR�HOHFWULFLDQV�WKDW�WKH�PLFURSKRQHV�LQ�WKH�JXDUG
SKRQHV�VKRXOG�EH�UHSODFHG��7KH\�ODXJKHG�XQWLO�WKH\�ZHUH�JDVSLQJ
IRU�EUHDWK�� ,� VXJJHVWHG� WKDW� WKH\� UHSODFH� WKH�PLFURSKRQH�HOHPHQW
LQ�WKH�SKRQH�LQ�WKH�JXDUG�KHDGTXDUWHUV�DQG�GR�WKH�VDPH�LQ�D�JXDUG
WRZHU�DQG� WKHQ�VHH� LI� WKH�QRLVH�GLVDSSHDUHG��7KH\� UHIXVHG� WR�DF�
FHSW�P\�VXJJHVWLRQ��,�WKHQ�WROG�WKHP�P\�RQO\�RSWLRQ�ZDV�WR�UHSRUW
WR�$\UH�

,�H[SODLQHG�WR�$\UH�WKH�FDXVH�RI�WKH�SUREOHP�DQG�KRZ�WR�IL[�LW�
+H�GLG�QRW�WDNH�P\�H[SODQDWLRQ�DW�DOO�ZHOO��,Q�HVVHQFH��KH�VDLG�WKDW
LW� ZDV� LPSRVVLEOH� IRU� PH� WR� ILQG� WKH� VROXWLRQ� WR� D� YHU\� VHULRXV
SUREOHP�LQ����RU����PLQXWHV�ZKHQ�WZR�RI�KLV�EHVW�HOHFWULFLDQV�KDG
QRW�EHHQ�DEOH�WR�VROYH�WKH�SUREOHP�LQ�PRUH�WKDQ�VL[�ZHHNV��$\UH
WKHQ� WROG� PH� ³WR� JR� EDFN� RXW� DQG� VSHQG� VRPH� WLPH´� DQG� FRPH
EDFN�ZLWK�D�PRUH�GHILQLWLYH�DQVZHU�

$W� WKLV� SRLQW�� ,� PDGH� D� YHU\� VWXSLG� HUURU� LQ� WKDW� ,� WRRN� KLV
VWDWHPHQW�³WR�JR�EDFN�RXW�DQG�VSHQG�VRPH�WLPH´�OLWHUDOO\��:KDW�,
GLG�ZDV� WR�VSHQG�VRPH� WLPH� WR� WU\� WR�GHWHUPLQH�DGGLWLRQDO� LQIRU�
PDWLRQ�IRU�$\UH��6LQFH�P\�PRWLYDWLRQ�ZDV�WR�VSHQG�VRPH�WLPH�� ,
GHFLGHG�WR�JR�XS�RQ�WKH�URRI�RI�WKH�SODQW�DQG�WDNH�D�VXQEDWK��7KLV
ZRXOG�JLYH�PH�WLPH�WR�WKLQN�XS�DGGLWLRQDO�VXJJHVWLRQV��7KLV�ZDV
WKH�DFWLRQ�,�WRRN�

$IWHU� DERXW� WZR�KRXUV� VXQEDWKLQJ�� ,� UHWXUQHG� WR� WKH� VKRS� DQG
FDOOHG�$\UH�RQ�WKH�SKRQH��8VLQJ�D�SKRQH�ZDV�IRUWXQDWH��VLQFH�P\
IDFH�ZDV�QRZ�VRPHZKDW�VXQEXUQHG��,�WROG�$\UH�WKDW�UHSODFLQJ�RQH
PLFURSKRQH� HOHPHQW� LQ� WKH� WHOHSKRQH� LQ� WKH� JXDUG� KHDGTXDUWHUV
ZRXOG� VROYH� KDOI� WKH� SUREOHP�� 5HSODFLQJ� DOO� QLQH� PLFURSKRQH
HOHPHQWV�LQ�WKH�SKRQHV�LQ�WKH�JXDUG�WRZHUV�DQG�LQ�WKH�JXDUG�KHDG�
TXDUWHUV� ZRXOG� VROYH� WKH� FRPSOHWH� SUREOHP�� 8QIRUWXQDWHO\�� WKLV
DQVZHU�GLG�QRW� VXLW� KLP��+H�DVNHG�PH�� LQ� OHVV� WKDQ� IORZHU\� ODQ�
JXDJH��LI�WKHUH�ZDV�DQ\�ZD\�WR�SURYH�WKDW�,�ZDV�ULJKW��,�VDLG��³<HV�
RI�FRXUVH�´
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,�GHFLGHG�WR�GD]]OH�KLP�ZLWK�D�GUDPDWLF�SURRI��,�PDGH�D�VHWXS
RQ�D�EHQFK�ZLWK�WZR�ERUURZHG�SKRQHV��D�SRZHU�VXSSO\��DQG�D�'X
0RQW�����RVFLOORVFRSH�ERUURZHG�IURP�D�VHFUHW�HOHFWURQLFV�VHFWRU
ZLWK�ZKLFK� WR�GHPRQVWUDWH�ZDYHIRUPV�DQG�SXW� RQ� DQ� LPSUHVVLYH
GHPRQVWUDWLRQ�WKDW�FOHDUO\�SURYHG�WKDW�WKH�QRLVH�SUREOHP�IROORZHG
WKH�PLFURSKRQHV�ERUURZHG�IURP�WKH�JXDUG�WRZHUV��$V�6FRWW\�DQG
$\UH�OLVWHQHG�WR�WKH�SKRQH�FRQQHFWLRQ�RQ�WKH�EHQFK�DQG�ZDWFKHG
WKH� VFUHHQ� RQ� WKH� RVFLOORVFRSH�� ,� FRXOG� VHH� WKDW� WKH� HOHFWULFLDQV
ZHUH� ZDWFKLQJ� WKLV� ZKROH� GHPRQVWUDWLRQ� IURP� D� GLVWDQFH� ZLWK
SX]]OHG� H[SUHVVLRQV�� 7KH� PLFURSKRQHV� ZHUH� FKDQJHG�� DQG� WKH
QRLVH�SUREOHP�GLVDSSHDUHG�

I went to Professor Ballard and
suggested to him that I had a better
way to configure a magnetron and

sketched it on the blackboard.
He immediately erased my sketch

and told me to forget the idea.

+DYLQJ�FRQFOXGHG�WKDW�,�ZRXOG�JHW�QR�VDODU\�LQFUHDVHV�IURP�WKH
<RUN�6DIH�DQG�/RFN�&RPSDQ\��,�FKHFNHG�ZLWK�P\�EURWKHU�LQ�ODZ
WR�VHH�LI�,�FRXOG�JHW�DQRWKHU�MRE�DW�WKH�VODXJKWHUKRXVH��7KH�DQVZHU
ZDV�DQ�HPSKDWLF�\HV�� ,�DVNHG�<RUN�GLUHFWO\� WR�EH�UDLVHG� WR������
DQ�KRXU��ZKLFK�ZDV�ZKDW� WKH�HOHFWULFLDQV�ZHUH�SDLG�HYHQ� WKRXJK
WKH\�ZHUH�QRW�DEOH�WR�VROYH�WKH�SUREOHP�DIWHU�VSHQGLQJ�PRUH�WKDQ
VHYHQ�RU� HLJKW�ZHHNV�RQ� LW�� ,� WROG� WKH�<RUN� SHUVRQQHO�PDQDJHU� ,
ZDV�DERXW�WR�FDWFK�D�WUDLQ�IRU�1HZ�<RUN�WR�JHW�P\�SUHYLRXV�MRE
EDFN� DQG� WKDW� ,�ZRXOG� UHWXUQ� WR�<RUN� WR� WHUPLQDWH�P\� HPSOR\�
PHQW� ZLWK� WKH� <RUN� 6DIH� DQG� /RFN� &RPSDQ\�� +H� PDGH� PDQ\
SURPLVHV�WR�WU\�WR�JHW�PH�WR�FKDQJH�P\�PLQG��EXW�QRQH�RI�WKHP
ZDV�VDWLVIDFWRU\�

Back at Cornell
$W�WKH�VWDUW�RI�P\�MXQLRU�\HDU��,�OHDUQHG�IURP�5D\�3RKO��D�VHQLRU�LQ
WKH�(OHFWULFDO�(QJLQHHULQJ�6FKRRO��DERXW�WKH�LQRUGLQDWH�DPRXQW�RI
WLPH�ZDVWHG�RQ�SXUHO\�URWH�DVVLJQPHQWV�UHTXLUHG�RI�HOHFWULFDO�HQ�
JLQHHUV� KDQGHG� RXW� E\� WKH� PHFKDQLFDO� HQJLQHHULQJ� ODERUDWRU\�
$IWHU�WKUHH�RU�IRXU�KRXUV�RI�ODERUDWRU\�ZRUN��VWXGHQWV�KDG�WR�W\SH
WKHLU�UHSRUWV��GUDZ�WKH�FXUYHV�LQ�LQN��DQG�FRS\�YROXPLQRXV�SKUDVHV
IURP�GHVLJQDWHG�WH[WV��7KLV�UHTXLUHG�DERXW����KRXUV�

,�SURSRVHG�WR�P\�FODVV�PHPEHUV�WKDW�ZH�DOO�NHHS�JRRG�UHFRUGV
RI� WKH�DPRXQW�RI� WLPH�WKDW�ZH�ZHUH�IRUFHG�WR�VSHQG�LQ�SUHSDULQJ
WKHVH� UHSRUWV��$W� WKH�HQG�RI� WKH� ILUVW� VHPHVWHU�RI�RXU� MXQLRU�\HDU�
WZR� RWKHU� FODVV� PHPEHUV� DQG� ,� SUHVHQWHG� RXU� FDVH� WR� 3URIHVVRU
(�0��6WURQJ��FKDLUPDQ�RI� WKH�IDFXOW\�FRPPLWWHH�RI� WKH�(OHFWULFDO
(QJLQHHULQJ�6FKRRO��7KH�UHVW�RI� WKH�FRPPLWWHH�ZDV�FRPSRVHG�RI
:�&�� %DOODUG� DQG� /�$�� %XUFNP\HU�� 6WURQJ� VDLG� WKDW� LW� ZDV� QRW
SRVVLEOH� WR�DVN� WKH�0HFKDQLFDO�(QJLQHHULQJ�6FKRRO� WR�FKDQJH� LWV
FRXUVH� WR� PHHW� RXU� GHPDQGV� LQ� WLPH� IRU� WKH� VHFRQG� KDOI� RI� RXU
MXQLRU�\HDU��EXW�WKH�ODE�FRXUVHV�ZHUH�FKDQJHG�WKH�IROORZLQJ�\HDU�

'XULQJ�P\�MXQLRU�\HDU� �������� ,�GHFLGHG�LW�ZRXOG�EH�EHWWHU� WR
HQOLVW�LQ�WKH�DUPHG�IRUFHV�UDWKHU�WKDQ�EH�GUDIWHG��+DYLQJ�GLVFXVVHG
LW�ZLWK�P\�ZLIH�� ,� WULHG� WR�HQOLVW� LQ� WKH�$UP\�$LU�&RUSV�EXW�ZDV
UHMHFWHG�EHFDXVH�RI�D�KHUQLD�DQG�ZDV�FODVVLILHG�DV��)�

%\�P\�VHQLRU�\HDU��,�KDG�FRQFOXGHG�WKDW�WKH�URWDWLQJ�PDFKLQHU\
FRXUVH�ZRXOG�QRW�SUHSDUH�PH�IRU�P\�IXWXUH��VLQFH�,�VDZ�HOHFWURQ�

LFV� EHFRPLQJ� PXFK� PRUH� LPSRUWDQW�� ,� SHWLWLRQHG� WKH� (OHFWULFDO
(QJLQHHULQJ�6FKRRO� WR� UHSODFH� WKH� URWDWLQJ�PDFKLQHU\� ODERUDWRU\
FRXUVH�DQG�VXEVWLWXWH� WKDW�FRXUVH�ZLWK�D�FRXUVH� LQ�SK\VLFV�� ,�ZDV
UHIXVHG��7KH�5RWDWLQJ�0DFKLQHU\�'HSDUWPHQW�ZDV�KHDGHG�E\�3UR�
IHVVRU� %XUFNP\HU�� RQH� RI� WKH� WKUHH� SURIHVVRUV� RQ� WKH� )DFXOW\
&RPPLWWHH�RI�WKH�(OHFWULFDO�(QJLQHHULQJ�6FKRRO�

7KH� FRXUVHV� LQ� HOHFWURQLFV� ZHUH� H[FLWLQJ�� :KLOH� OLVWHQLQJ� WR
3URIHVVRU�%DOODUG¶V� OHFWXUH�RQ�D�VSOLW�SODWH�PDJQHWURQ��,�EHJDQ�WR
VNHWFK� DQ� HLJKW�FDYLW\�PDJQHWURQ��$IWHU� WKH� HQG� RI� WKH� SHULRG�� ,
ZHQW�WR�3URIHVVRU�%DOODUG�DQG�VXJJHVWHG�WR�KLP�WKDW�,�KDG�D�EHWWHU
ZD\�WR�FRQILJXUH�D�PDJQHWURQ�DQG�VNHWFKHG�LW�RQ�WKH�EODFNERDUG�
+H�LPPHGLDWHO\�HUDVHG�P\�VNHWFK�DQG�WROG�PH�WR�IRUJHW�WKH�LGHD�
7KLV�DSSHDUHG�YHU\�XQXVXDO�DQG�LPSURSHU�WR�PH�

%HIRUH� DQG�GXULQJ�P\� VHQLRU�\HDU�� ,�ZRUNHG� WR�KHOS�SD\� IRU
P\� HGXFDWLRQ� E\� ZDVKLQJ� GLVKHV� LQ� D� IUDWHUQLW\� KRXVH� DQG� DV�
VLVWLQJ�LQ�3URIHVVRU�*DUWOLHQ¶V�UHVHDUFK�SURMHFW��,�KHOSHG�3URIHV�
VRUV� -LP�.UXPKDQVOH� DQG� -RKQ� 7ULVKND� RI� WKH� 3K\VLFV� 'HSDUW�
PHQW�WR�GHYHORS�D�PDJQHWLF�DPSOLILHU�WR�UHSODFH�D�.HOYLQ�EULGJH
FLUFXLW� IRU� WKH� 1DY\� WR� EH� XVHG� LQ� DQ� RFHDQ� GHSWK� JDXJH�� 7KH
PDJQHWLF�DPSOLILHU�ZRXOG�GUDZ�PXFK�OHVV�EDWWHU\�FXUUHQW�DQG�EH
PRUH�VHQVLWLYH�

Teaching at Cornell
,� ZDV� VXUSULVHG� ZKHQ�� MXVW� EHIRUH� JUDGXDWLRQ�� 3URIHVVRU
%XUFNP\HU�DVNHG�PH�LI�,�KDG�HYHU�JLYHQ�DQ\�WKRXJKW�WR�WHDFKLQJ�
+H�VDLG�KH�ZRXOG� OLNH� WR�RIIHU�PH�D�SRVLWLRQ�DV� LQVWUXFWRU� LQ�KLV
URWDWLQJ�PDFKLQHU\�ODERUDWRU\��,Q�YLHZ�RI�WKH�IDFW�WKDW�,�KDG�SHWL�
WLRQHG� WR� EH� H[FXVHG� IURP� WKH� YHU\� FRXUVH� LQ� ZKLFK� 3URIHVVRU
%XUFNP\HU� ZDV� QRZ� RIIHULQJ� PH� D� WHDFKLQJ� DVVLJQPHQW�� ,� ZDV
WDNHQ�DEDFN��$IWHU�WDONLQJ�RYHU�WKH�RIIHU�ZLWK�P\�ZLIH��ZH�GHFLGHG
WKDW�,�VKRXOG�DFFHSW�LW��7KHUH�ZHUH�WZR�EHQHILWV�WR�WKH�RIIHU��)LUVW�
DQ� XQGHUJUDGXDWH� GHJUHH� JDYH� D� OLPLWHG� HGXFDWLRQ� LQ� D� KLJK�
WHFKQRORJ\�ILHOG�WKDW�ZDV�PRYLQJ�YHU\�UDSLGO\��6HFRQG��,�FRXOG�WU\
P\�KDQG�DW�WHDFKLQJ��ZKLFK�,�IHOW�ZRXOG�EH�LQWHUHVWLQJ�

:KHQ� 3URIHVVRU�.UXPKDQVOH� OHDUQHG� WKDW� %XUFNP\HU� KDG� RI�
IHUHG�PH�DQ�LQVWUXFWRUVKLS��KH�VXJJHVWHG�WKDW�,�HQUROO�LQ�KLV�ODER�
UDWRU\� FRXUVH� DQG� XVH� WKH� EXLOGLQJ� RI� D� FDYLW\�PDJQHWURQ� DV�P\
VHPHVWHU� SURMHFW�� $V� ZH� ZHUH� ILQLVKLQJ� WKH� GHYHORSPHQW� RI� WKH
PDJQHWLF�DPSOLILHU��,�QRWLFHG�WKDW�ZLWK�]HUR�FXUUHQW�LQ�WKH�FXUUHQW
GHWHFWRU�ZLQGLQJ�RI�WKH�DPSOLILHU��ZH�REWDLQHG�D�VLJQLILFDQW�UHDG�
LQJ�LQ� WKH�RXWSXW�PHWHU��.UXPKDQVOH�H[SODLQHG�WKDW� LW�ZDV�GXH�WR
%DUNKDXVHQ� QRLVH�� +H� H[SODLQHG� WKDW� PDJQHWLF� GRPDLQV� LQ� WKH
3HUPDOOR\�FRUH�RI� WKH�PDJQHWLF�DPSOLILHU�FKDQJHG�WKHLU�PDJQHWL�
]DWLRQ�LQ�D�UDQGRP�IDVKLRQ�DQG�ZLWK�D�UDQGRP�DPSOLWXGH��,�LPPH�
GLDWHO\� OLNHQHG� WKH� SUREOHP� WR� VDQG� VOLGLQJ� GRZQ� DQ� LQFOLQHG
SODQH�� ,I� WKH� LQFOLQHG�SODQH� LV�YLEUDWHG�� WKH� VDQG�ZLOO� VOLGH�GRZQ
WKH� SODQH� VPRRWKO\� DQG� QRW� FOXPS� WRJHWKHU�� 0\� VXJJHVWLRQ� WR
.UXPKDQVOH�ZDV�WKDW�ZH�DSSO\�ZKDW�,�FDOOHG�D�VKDNHU�YROWDJH��RI
DSSUR[LPDWHO\� ������� F\FOHV�� WR� EH� VXSHULPSRVHG� RQ� WKH� ������
F\FOH� GULYLQJ� VLJQDO� 7KLV� VKRXOG� FDXVH� WKH�PDJQHWLF� GRPDLQV� WR
IOLS�DW�WKH��������F\FOH�UDWH�

$� ZHHN� RU� WZR� ODWHU�� ZKHQ� ,� HQWHUHG� WKH� ODERUDWRU\�� ,� IRXQG
.UXPKDQVOH� HFVWDWLF�� +H� KDG� WULHG� FRXSOLQJ� D� +HZOHWW�3DFNDUG
DXGLR�VLJQDO�JHQHUDWRU�SXWWLQJ�RXW��������F\FOHV�LQ�VHULHV�ZLWK�WKH
������F\FOH� GULYLQJ� VLJQDO� DQG� IRXQG� WKDW� WKH� %DUNKDXVHQ� QRLVH
KDG�GHFUHDVHG�E\�D�IDFWRU�RI������+H�REVHUYHG�WKDW�ZH�KDG�GRQH
ZKDW� %HOO� /DEV� KDG� ZRUNHG� RQ� ORQJ� DQG� KDUG� WR� DFKLHYH�� ZLWK
OLWWOH�VXFFHVV��ZKHUHDV�ZH�KDG�DFKLHYHG�WZR�RUGHUV�RI�PDJQLWXGH
LPSURYHPHQW�ZLWK�YHU\�OLWWOH�HIIRUW��,W�ZDV�P\�XQGHUVWDQGLQJ�WKDW
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�������,(((�$QQDOV�RI�WKH�+LVWRU\�RI�&RPSXWLQJ��9RO������1R���������

&RUQHOO�KDG�DSSOLHG�IRU�D�SDWHQW�EXW�ZDV�WXUQHG�GRZQ��EHFDXVH�WKH
$&�ELDV�VLJQDO�XVHG�RQ�ZLUH�UHFRUGHUV�DW�WKH�WLPH�KDG�DQWLFLSDWHG
RXU�LQYHQWLRQ��7KLV�LV�WKH�W\SH�RI�GLVDSSRLQWPHQW�WKDW�D�UHVHDUFKHU
RU�GHYHORSHU�FDQ�H[SHFW�RQFH�LQ�D�ZKLOH�

0\�WHDFKLQJ�VFKHGXOH�FRQIOLFWHG�ZLWK�.UXPKDQVOH¶V�ODERUDWRU\
FRXUVH��.UXPKDQVOH��KRZHYHU�� WKRXJKW�WKH�FDYLW\�PDJQHWURQ�LGHD
ZDV�JRRG� HQRXJK� WKDW� KH�ZHQW� DKHDG� DQG� FRQVWUXFWHG� RQH�XVLQJ
ZKDW� ORRNHG� OLNH� D�ZDWHUZKHHO��ZKHUHDV�PLQH� FRQVLVWHG�RI� HLJKW
FLUFXODU�FDYLWLHV�DURXQG�D�FHQWUDO�FLUFXODU�FDYLW\��+H�KRRNHG�XS�KLV
PDJQHWURQ�DQG�GHWHUPLQHG�WKDW�WKH�PDJQHWURQ�ZRUNHG�YHU\�ZHOO�

+LV�VXFFHVV�ZDV�VKRUW�OLYHG��3URIHVVRU�*LEEV��FKDLUPDQ�RI� WKH
3K\VLFV� 'HSDUWPHQW�� GHPDQGHG� WKDW� KH� UHPRYH� WKH� PDJQHWURQ
IURP�WKH�YDFXXP�V\VWHP��+H�WKHQ�WRRN�LW�XS�WR�KLV�RIILFH�DQG�SXW�LW
LQ�KLV�VDIH��$W�WKLV�SRLQW��ZH�OHDUQHG�WKDW�FDYLW\�PDJQHWURQV�ZHUH
FRQVLGHUHG� KLJKO\� VHFUHW� E\� WKH� JRYHUQPHQW� EHFDXVH� WKH\� ZHUH
XVHG� LQ� UDGDU�V\VWHPV��3URIHVVRU�*LEEV�GLG�QRW�ZDQW� WKH�ZRUG� WR
JHW� RXW� WKDW� &RUQHOO�ZDV� H[SHULPHQWLQJ�ZLWK� FDYLW\�PDJQHWURQV�
VLQFH� SURIHVVRUV� ZKR� NQHZ� DERXW� FDYLW\� PDJQHWURQV� PLJKW� EH
VXVSHFWHG�RI�LQDGYHUWHQWO\�OHWWLQJ�WKH�LQIRUPDWLRQ�VOLS�RXW��1RZ�,
XQGHUVWRRG� ZK\� 3URIHVVRU� %DOODUG� KDG� HUDVHG�P\� VNHWFK� RQ� WKH
EODFNERDUG�DQG�KDG�WROG�PH�WR�IRUJHW�WKH�LGHD��:H�QRZ�NQRZ�WKDW
E\� WKDW� WLPH�� WKH� *HUPDQV� KDG� FHUWDLQO\� VKRW� GRZQ� HQRXJK� DLU�
ERUQH�UDGDUV�WR�KDYH�SHQHWUDWHG�WKH�VHFUHW�

Teaching was interesting, challenging,
productive, and gratifying. Teaching,

unlike engineering development,
gives immediate gratification.

7HDFKLQJ�ZDV� LQWHUHVWLQJ��FKDOOHQJLQJ��SURGXFWLYH��DQG�JUDWL�
I\LQJ�� 7HDFKLQJ�� XQOLNH� HQJLQHHULQJ� GHYHORSPHQW�� JLYHV� LPPH�
GLDWH� JUDWLILFDWLRQ�� 2QH� FDQ� ZRUN� IRU� \HDUV� RQ� D� GHYHORSPHQW
HIIRUW�EHIRUH�DFKLHYLQJ�VXFFHVV��,Q� WHDFKLQJ��KRZHYHU�� LW� LV�SRV�
VLEOH� WR� WHOO� GXULQJ� \RXU� SUHVHQWDWLRQ� ZKHWKHU� \RX� DUH� FRPLQJ
DFURVV�WR�\RXU�VWXGHQWV��,I�WKH�VWXGHQWV�KDYH�SX]]OHG�H[SUHVVLRQV
RU� ILGJHW� LQ� WKHLU� VHDWV� RU� GR� QRW� DVN� DQ\� TXHVWLRQV�� \RX� NQRZ
LPPHGLDWHO\� WKH\� KDYH� QRW� FRPSUHKHQGHG�ZKDW� \RX� KDYH� EHHQ
WHOOLQJ� WKHP��2QFH� LQ�D�ZKLOH��\RX�ZLOO�KDYH� WKH�JUHDW�SOHDVXUH
RI�KDYLQJ�D�YHU\�VKDUS�VWXGHQW�DVN�YHU\�SHQHWUDWLQJ�TXHVWLRQV�RU
HYHQ�GHVFULEH�DQ�DSSURDFK�\RX�KDG�QRW�FRQVLGHUHG��7KLV� LPPH�
GLDWH� VHQVH�RI�JUDWLILFDWLRQ� LV�ZKDW� VHWV� WHDFKLQJ�DSDUW� IURP� UH�
VHDUFK�DQG�GHYHORSPHQW�ZRUN�

:KLOH� ,� ZDV� WHDFKLQJ�� ,� ZDV� DOVR�ZRUNLQJ� WRZDUG� D�PDVWHU¶V
GHJUHH� LQ� HOHFWULFDO� HQJLQHHULQJ� XQGHU� 3URIHVVRU� %DOODUG� DV� P\
JUDGXDWH�VWXGHQW�DGYLVRU��+H�ZDV�D� WUXH�JHQWOHPDQ�DQG�DQ�H[FHO�
OHQW�WHDFKHU��+H�ZDV�DOZD\V�ZLOOLQJ�WR�WU\�WR�DQVZHU�DQ\�TXHVWLRQ�,
SRVHG� WR� KLP��0\� ILUVW� WKHVLV� LQYROYHG� GHYHORSLQJ� DQ� HOHFWURQLF
GHYLFH� WR� JHQHUDWH� DQ� DQDORJ�ZDYHIRUP� RI� DOPRVW� DQ\� VKDSH� E\
GHIOHFWLQJ� D� UHFWLOLQHDU� HOHFWURQ� EHDP� DFURVV� D� PHWDO� WHPSODWH�
7KLV� LQYROYHG�ERWK� DQ� HOHFWURQ�EHDP�JXQ�DQG�D�YDFXXP�V\VWHP�
ZKLFK�,�KDG�WR�IDEULFDWH��,�XQGHUWRRN�WR�IDEULFDWH�LW�RXW�RI�VWHHO�DQG
JODVV��0\� IULHQGV� LQ� WKH� 3K\VLFV� 'HSDUWPHQW� SRLQWHG� RXW� WKDW� LW
ZDV�YHU\�GLIILFXOW�WR�ILQG�WKH�YDFXXP�OHDNV�LQ�D�JODVV�V\VWHP�DQG
QH[W�WR�LPSRVVLEOH�WR�ILQG�WKHP�LQ�D�VWHHO�DQG�JODVV�V\VWHP��$IWHU�,
PDFKLQHG� WKH� YDFXXP� GLIIXVLRQ� SXPS� SOXV� DOO� RI� WKH� VXSSRUWLQJ
KDUGZDUH�� ,� IRXQG� WKDW� ,� FRXOG� DFKLHYH� D� YDFXXP� RI� ��-�� PP� RI
PHUFXU\�LQ�DERXW����PLQXWHV��7KHUH�ZHUH�QR�OHDNV�

%XW�,�VWXPEOHG�LQ�FRQVWUXFWLQJ�WKH�HOHFWURQ�EHDP�JXQ��,�WULHG�WR
PDNH�WKH�GHIOHFWLRQ�SODWHV�E\�HOHFWURSODWLQJ�FRSSHU�RQWR�SURSHUO\
PDFKLQHG�EUDVV�IRUPV�FRYHUHG�ZLWK�ZD[��ZKLFK�ZHUH�WKHQ�FRDWHG
ZLWK�JUDSKLWH� WR�PDNH� WKH�VXUIDFH�FRQGXFWLQJ� IRU� WKH�HOHFWURSODW�
LQJ�SURFHVV��7KH�ZD[�HQDEOHG�WKH�HOHFWURSODWHG�FRSSHU�HOHFWURGH�WR
EH�UHPRYHG�IURP�WKH�EUDVV�IRUP�E\�PHOWLQJ�WKH�ZD[��%XW� WKH�UH�
VXOWLQJ� HOHFWURSODWHG� HOHFWURGHV� ZHUH� ZRUN�KDUGHQHG�� 7R� DQQHDO
WKHP��,�KDG�WR�KHDW�WUHDW�WKHP��ZKLFK�WKHQ�FDXVHG�WKHP�WR�GLVWRUW�
7KLV�ZDV�WRR�PXFK��,�GLVFRQWLQXHG�WKLV�WKHVLV�VXEMHFW�DQG�LQVWHDG
GLG�D�PDWKHPDWLFDO�DQDO\VLV�RI� WKH� UDWLR�GHWHFWRU�RI�D� IUHTXHQF\�
PRGXODWHG� UHFHLYHU�� ,W� TXLFNO\� EHFDPH� FOHDU� WR�PH� WKDW� DQDO\VLV
FDQ�EH�PXFK�HDVLHU� WKDQ�V\QWKHVLV��EHFDXVH�VRPHRQH�HOVH�KDV�DO�
UHDG\�GRQH�WKH�V\QWKHVLV�

%HFDXVH�RI�P\�PDFKLQLQJ�DELOLW\��,�ZDV�DVNHG�WR�EH�WKH�IDFXOW\
DGYLVRU�IRU�WKH�PDFKLQH�VKRS�RI�WKH�(OHFWULFDO�(QJLQHHULQJ�6FKRRO�
,Q� WKLV� DVVLJQPHQW�� ,� KDG� WR�JLYH� VXJJHVWLRQV� WR����\HDU�ROG� WRRO
DQG�GLH�PDNHUV�ZKR�KDG�UHWLUHG�IURP�\HDUV�RI�SURGXFWLYH�ZRUN�LQ
LQGXVWU\��,�ZDV�VRPHZKDW�FRQFHUQHG�WKDW�P\�\RXWK��,�ZDV�WKHQ����
ZRXOG�EH�D�SUREOHP��+RZHYHU��ZH�JRW�DORQJ�YHU\�ZHOO�ZKHQ�WKH\
IRXQG� WKDW� ,�ZDV�FRPIRUWDEOH� LQ� D�PDFKLQH� VKRS�DQG�FRXOG�RIIHU
VXJJHVWLRQV�WKDW�ZRUNHG�RXW�WR�WKHLU�EHQHILW�

$�KXPRURXV�LQFLGHQW�WRRN�SODFH�LQ�D�JUDGXDWH�FRXUVH�JLYHQ�E\
3URIHVVRU� +DQV� %HWKH� HQWLWOHG� &ODVVLFDO� 0HFKDQLFV�� $OO� RI� WKH
JUDGXDWH� VWXGHQWV� LQ� WKLV� FRXUVH� H[FHSW�PH�ZHUH� HQUROOHG� LQ� WKH
3K\VLFV�'HSDUWPHQW��7KHUH�ZDV�D�YHU\�\RXQJ�VWXGHQW�LQ�WKH�FODVV
ZKR�DOZD\V�VDW�LQ�WKH�IURQW�URZ�DQG�QHYHU�DVNHG�DQ\�TXHVWLRQV�RI
3URIHVVRU� %HWKH�� :H� ZHUH� OHG� WR� WKH� FRQFOXVLRQ� WKDW� WKLV� YHU\
\RXQJ�PDQ�ZDV�SUREDEO\�D�JHQLXV�ZKR�KDG�JUDGXDWHG� IURP�FRO�
OHJH�DW�WKH�DJH�RI����RU����DQG�ZDV�WRR�VPDUW�WR�KDYH�WR�DVN�TXHV�
WLRQV��2QH�GD\��3URIHVVRU�%HWKH� UHPDUNHG� LQ�KLV�*HUPDQ�DFFHQW�
³<RX� ZLOO� UHPHPEHU� LQ� 3K\VLFV� ���� WKH� ZD\� ZH� KDQGOHG� WKLV
SUREOHP�ZDV�����´�$W�WKLV�SRLQW��WKH�\RXQJ�PDQ�UDLVHG�KLV�KDQG�DQG
DVNHG�3URIHVVRU�%HWKH�LI�WKLV�ZDV�QRW�3K\VLFV������%HWKH��ZLWK�KLV
*HUPDQ� DFFHQW�� UHSOLHG�� ³$FK� QR�� 7KLV� LV� D� FRXUVH� LQ� FODVVLFDO
PHFKDQLFV�´�:LWK� WKDW�� WKH� \RXQJ� ODG� JUDEEHG� XS� KLV� ERRNV� DQG
UDQ�RXW�WKH�GRRU��:KLOH�YHU\�KXPRURXV��WKLV�JDYH�DOO�RI�XV�D�JUHDW
GHDO�RI�UHOLHI�

Brookhaven National Laboratory
,Q�������,�FRPSOHWHG�P\�JUDGXDWH�ZRUN�DQG�ZDV�JUDQWHG�DQ�0((
GHJUHH�� 'U�� %XUURZV�� QRZ� KHDG� RI� WKH� (OHFWULFDO� (QJLQHHULQJ
6FKRRO��WROG�PH�WKDW�,�ZDV�EHLQJ�HOHYDWHG�WR�WKH�UDQN�RI�DVVLVWDQW
SURIHVVRU� RI� HOHFWULFDO� HQJLQHHULQJ�� %\� WKLV� WLPH�� P\� ZLIH� KDG
JRWWHQ�D�MRE�ZLWK�WKH�$63&$�KRVSLWDO�LQ�1HZ�<RUN�&LW\��0\�ZLIH
DQG�RXU�VRQ�5D\PRQG�OLYHG�ZLWK�KHU�DXQW�LQ�$PLW\YLOOH�RQ�/RQJ
,VODQG��&RUQHOO�GLG�QRW�SHUPLW�DQ�DVVLVWDQW�SURIHVVRU�WR�WDNH�JUDGX�
DWH� ZRUN� OHDGLQJ� WR� D� 3K'� GHJUHH�� :LWKRXW� D� 3K'� GHJUHH�� P\
IXWXUH�DV�D�SURIHVVRU�ZRXOG�EH�VHULRXVO\� OLPLWHG�� DQG�ZH�GLG�QRW
KDYH�WKH�IXQGV�WR�SHUPLW�PH�WR�GR�JUDGXDWH�ZRUN�DW�DQRWKHU�XQL�
YHUVLW\�� ,� UHTXHVWHG� DQG� UHFHLYHG� D� WHPSRUDU\� DVVLJQPHQW� WR
%URRNKDYHQ� 1DWLRQDO� /DERUDWRU\� RQ� /RQJ� ,VODQG�� 7KLV� HQDEOHG
RXU�IDPLO\�WR�JHW�WRJHWKHU�DQG�HQDEOHG�PH�WR�PDNH�WKH�OHDVW�SDLQ�
IXO�WUDQVLWLRQ�WR�LQGXVWU\�ZLWKRXW�WKH�FXOWXUDO�VKRFN�RI�JRLQJ�IURP
D�XQLYHUVLW\�DWPRVSKHUH�WR�LQGXVWU\�LQ�MXVW�RQH�VWHS�

$W� %URRNKDYHQ�� ,� ZRUNHG� RQ� WKH� UDGLR� IUHTXHQF\� FRQWUROV� RI
WKH� &RVPRWURQ�� D� ����ELOOLRQ� HOHFWURQ� YROW� SURWRQ� DFFHOHUDWRU�� ,W
ZDV�D�YDFXXP�FKDPEHU�ORRS�RI�IRXU�VWUDLJKW�VHFWLRQV�DQG�IRXU����
GHJUHH� TXDGUDQWV� RI� D� WRURLG�ZLWK� D� UHFWDQJXODU� FURVV�VHFWLRQ�� ,Q
WKH�WRURLGDO�VHFWLRQV��WKH�EHDP�ZDV�GHIOHFWHG�E\�PHDQV�RI�D�PDJ�
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QHWLF� ILHOG��7KH�VWUHQJWK�RI� WKH�PDJQHWLF� ILHOG�KDG� WR� LQFUHDVH�DV
WKH�VSHHG�RI�WKH�SURWRQV�LQFUHDVHG�LQ�RUGHU�WR�NHHS�WKHP�LQ�D�FLU�
FXODU�SDWK��7KH�SURWRQ�EHDP�ZDV�LQMHFWHG�LQWR�WKH�YDFXXP�FKDP�
EHU�DW���PLOOLRQ�HOHFWURQ�YROWV�DQG� WKHQ�DFFHOHUDWHG� WR�����ELOOLRQ
HOHFWURQ�YROWV�E\�WUDQVIRUPHU�DFWLRQ�

:KDW� ,� IRXQG� LQWHUHVWLQJ� DW�%URRNKDYHQ�ZDV� WKDW� WKHUH�ZDV� D
VPDOO�FDGUH�RI�HQJLQHHUV�DQG�VFLHQWLVWV�DQG�D�ODUJH�FDGUH�RI�WHFKQL�
FLDQV��/DWHU��DW�,%0��,�IRXQG�WKH�RSSRVLWH�WR�EH�WUXH��WKH�H[SODQD�
WLRQ�EHLQJ�WKDW�HQJLQHHUV�FRXOG�GR�WHFKQLFLDQV¶�ZRUN�EXW�QRW�YLFH
YHUVD�

$V� WKH� HQG� RI� P\� RQH�\HDU� DVVLJQPHQW� DW� %URRNKDYHQ� DS�
SURDFKHG��,�VDZ�WKDW�WKH�HFRQRP\�KDG�QRW�SLFNHG�XS��DQG�LW�ZDV�D
SRRU�WLPH�WR�JR�LQWR�LQGXVWU\��,�JRW�DQRWKHU�RQH�\HDU�DVVLJQPHQW�
'XULQJ� WKLV� VHFRQG� \HDU� DW�%URRNKDYHQ�� WKH�&RVPRWURQ�ZDV� EH�
JLQQLQJ�WR�WDNH�VKDSH��2QH�RI�WKH�SUREOHPV�ZDV�XQZDQWHG�HOHFWULF
ILHOGV�LQ�WKH�9DQ�GH�*UDDI�JHQHUDWRU��7R�LQYHVWLJDWH�WKLV�SUREOHP��,
ZDV�DVNHG�WR�FDOFXODWH�WKH�ILHOGV�LQVLGH�WKH�YDFXXP�FKDPEHU��0\
UHOD[DWLRQ� FDOFXODWLRQ� WKDW�PDGH�XVH�RI� WKH� FLUFXODU� V\PPHWU\�RI
WKH� VWUXFWXUH� UHTXLUHG�PDQ\�KRXUV� RQ� D�PHFKDQLFDO� FDOFXODWRU�� ,W
ZDV�WKLV�WHGLRXV�SURFHVV�WKDW�SUREDEO\�FDXVHG�PH�WR�FRQFOXGH�WKDW
FRPSXWHUV�ZRXOG�EH�WKH�ZDYH�RI�WKH�IXWXUH��7RZDUG�WKH�HQG�RI�P\
VHFRQG� \HDU� DW� %URRNKDYHQ� �������� ,� GHFLGHG� WKDW� QRZ�ZDV� WKH
WLPH�WR�JHW�LQWR�LQGXVWU\�DQG�MRLQ�D�FRPSDQ\�WKDW�ZDV�FRPPLWWHG
WR�GHYHORSLQJ�FRPSXWHUV�

I asked him where Poughkeepsie was
and who was there. When he told me

IBM was there, my response was, “Oh.”

,� UHFHLYHG� D� YHU\� DWWUDFWLYH� RIIHU� IURP�%RHLQJ� LQ� 6HDWWOH�� EXW
ZKLOH� DWWHQGLQJ� D� PHHWLQJ� DW� &ROXPELD� 8QLYHUVLW\�� ,� ZHQW� WR� D
GUXJVWRUH�WR�PDNH�D�WHOHSKRQH�FDOO��ZKHUH�,�KDSSHQHG�WR�VHH�-HUU\
+DGGDG�� D� IULHQG� IURP�&RUQHOO��+H� KDG� D� VFKRODUVKLS� IURP� ,%0
ZKLOH� DWWHQGLQJ�&RUQHOO��+H� LQWURGXFHG�PH� WR�5DOSK�3DOPHU� DQG
DVNHG�PH�ZKDW�,�ZDV�GRLQJ��,�WROG�KLP�,�ZDV�JLYLQJ�XS�WHDFKLQJ�DW
&RUQHOO� DQG� SODQQHG� WR� JHW� LQWR� FRPSXWLQJ�� 3DOPHU� DVNHG�PH� WR
YLVLW�KLP�LQ�3RXJKNHHSVLH��,�DVNHG�KLP�ZKHUH�3RXJKNHHSVLH�ZDV
DQG�ZKR�ZDV�WKHUH��:KHQ�KH�WROG�PH�,%0�ZDV�WKHUH��P\�UHVSRQVH
ZDV��³2K�´�,�KDG�KHDUG�WKH�UXPRUV�DERXW�,%0�DQG�ZDQWHG�QR�SDUW
RI� LWV� NLQG� RI� SDWHUQDOLVP�� +DGGDG� DVNHG� PH� LI� ,� ZRXOG� YLVLW
3RXJKNHHSVLH��DQG�,�JDYH�KLP�D�QRQFRPPLWWDO�\HV�

,�WROG�P\�ZLIH�DERXW�RXU�PHHWLQJ��DQG�VKH�ZDQWHG�WR�NQRZ�LI�,
ZDV� LQWHUHVWHG�� ,� VDLG� QR�� 7KLV� UHOLHYHG� KHU�� EHFDXVH� VKH� ZDV
ORRNLQJ�IRUZDUG�WR�OLYLQJ�LQ�WKH�6HDWWOH�DUHD��$ERXW�D�ZHHN�ODWHU��,
UHFHLYHG�D�FDOO�IURP�+DGGDG��,�ZDV�WRR�SROLWH�WR�WHOO�KLP�,�ZDV�QRW
LQWHUHVWHG��DQG�VR�,�DJUHHG�WR�JR�WR�3RXJKNHHSVLH�IRU�DQ�LQWHUYLHZ�

Starting at IBM
'ULYLQJ�XS� WKH�7DFRQLF�3DUNZD\� WRZDUG�3RXJKNHHSVLH��P\�FDU¶V
IDQ� EHOW� EURNH�� 7KLV�PDGH�PH� KDOI� DQ� KRXU� ODWH� IRU�P\�PHHWLQJ
ZLWK�%RE�%ODNHO\�� WKH�SHUVRQQHO�PDQDJHU�� ,�JDYH�%ODNHO\�P\�UH�
VXPH� DQG� H[FXVHG� P\VHOI� WR� ZDVK� P\� GLUW\� KDQGV��:KHQ� ,� UH�
WXUQHG�� ,�TXHVWLRQHG�KLP�DERXW� ,%0¶V�SDWHUQDOLVP��+H�H[SODLQHG
WKDW� WKH�VWRULHV�ZHUH�QRW� WUXH�DQG�JDYH�PH�H[DPSOHV� WKDW�FRQWUD�
GLFWHG�WKH�UXPRUV��,�WROG�KLP�DERXW�%RHLQJ¶V�VDODU\�RIIHU�DQG�H[�
SODLQHG�WKDW�,�ZRXOG�WDNH�OHVV�IURP�D�FRPSDQ\�WKDW�ZDV�SUHGRPL�
QDWHO\� LQYROYHG� LQ� D� FRPPHUFLDO� EXVLQHVV�� VLQFH� FRPSDQLHV� WKDW
DUH�LQYROYHG�ZLWK�PLOLWDU\�FRQWUDFWV�KLUH�DQG�ILUH�DFFRUGLQJ�WR�WKH

JRYHUQPHQW�FRQWUDFWV�WKH\�JHW��+H�LPPHGLDWHO\�PDWFKHG�%RHLQJ¶V
RIIHU�� DQG�� LQ� IDFW��ZKHQ� ,� UHWXUQHG� WR� /RQJ� ,VODQG�� KH� FDOOHG� WR
LQFUHDVH� WKH�RIIHU�� ,W�ZDV�REYLRXV� WKDW�+DGGDG�KDG�SXW� LQ�D�JRRG
ZRUG�

0\�ZLIH�ZDQWHG� WR�NQRZ�ZK\� ,�KDG�FKDQJHG�P\�PLQG�DERXW
MRLQLQJ�,%0��0\�H[SODQDWLRQ�ZDV�WKDW�%ODNHO\�KDG�FRQYLQFHG�PH
WKDW�WKH�UXPRUV�DERXW�,%0�ZHUH�H[DJJHUDWHG��0XFK�PRUH�LPSRU�
WDQW�ZDV� WKH� IDFW� WKDW�FRPSXWHUV�ZRXOG�EHFRPH�,%0¶V� OLIHEORRG�
ZKHUHDV�%RHLQJ¶V�LQWHUHVW�LQ�FRPSXWHUV�ZDV�RQO\�DV�D�PHDQV�ZLWK
ZKLFK�WR�GHVLJQ�DLUFUDIW�

,� MRLQHG� ,%0�RQ����0D\�������0\� LQLWLDO� DVVLJQPHQW�ZDV� WR
SURYLGH� HQJLQHHULQJ� VXSSRUW� IRU� WKH� HOHFWURVWDWLF�PHPRU\� RI� WKH
'HIHQVH� FDOFXODWRU��ZKLFK� ODWHU�ZDV� DQQRXQFHG� DV� WKH� ,%0�����
+DGGDG� KDG� KDUGZDUH� UHVSRQVLELOLW\� IRU� WKH� PDFKLQH�� DQG� 1DW
5RFKHVWHU�ZDV�LQ�FKDUJH�RI�V\VWHPV��%RWK�UHSRUWHG�WR�3DOPHU�

Williams Tubes
7KH�HOHFWURVWDWLF�PHPRU\�RI�WKH�,%0�����PDFKLQH�� WKH�:LOOLDPV
WXEH�� KDG� WZR� VHULRXV� SUREOHPV�� 7KH� ILUVW� ZDV� WKH� UHDG�DURXQG
UDWLR�� 7KH�PHPRU\� FRQVLVWHG� RI� ��� &57V�� 2QHV� DQG� ]HURV� ZHUH
VWRUHG�RQ�WKH�IDFHV�RI�WKH�WXEHV�DV�PLQXWH�FKDUJHV�DW�SUHFLVH�ORFD�
WLRQV�LQ�WKH�SKRVSKRU�FRDWLQJ�RQ�WKH�LQVLGH�VXUIDFH�RI�WKH�IDFH�RI
WKH�WXEHV��7KH�WXEH¶V�HOHFWURQ�EHDP�ERWK�VWRUHG�D�FKDUJH�WR�PDNH�D
³�´�DQG�XQFKDUJHG�D�VSRW�WR�PDNH�D�³�´�ZLWK�VHFRQGDU\�HOHFWURQV�
8QIRUWXQDWHO\�� D� UHSHDWHGO\� LQWHUURJDWHG� DGGUHVV� SURGXFHG�PDQ\
VHFRQGDU\�HOHFWURQV�WKDW�FRXOG�QHXWUDOL]H�DQ�DGMDFHQW�DGGUHVV��7KH
UHDG�DURXQG�UDWLR� LV� WKH�QXPEHU�RI� WLPHV�D�JURXS�RI� LPPHGLDWHO\
DGMDFHQW�DGGUHVVHV�FDQ�EH�LQWHUURJDWHG�EHIRUH�WKH�DGGUHVV�LQ�TXHV�
WLRQ� ORVHV� LWV� FRUUHFW� YDOXH� EHFDXVH� RI� WKLV� HIIHFW��7KH� JRDO�� DV� ,
UHFDOO�� ZDV� D� UHDG�DURXQG� UDWLR� RI� VHYHUDO� KXQGUHG�� ,QLWLDOO\�� ZH
ZHUH� QRW� HYHQ� FORVH�� %\� REVHUYLQJ� WKH� IDFH� RI� WKH� &57� ZLWK� D
PDJQLI\LQJ�WHOHVFRSH��,�VDZ�WKDW�WKH�HOHFWURQ�EHDP�GLG�QRW�UHSHDW�
HGO\�KLW�WKH�VDPH�VSRW�DOO�RI�WKH�WLPH��7KLV�OHG�PH�WR�EHOLHYH�WKDW
WKH�SRZHU�VXSSOLHV� IRU� WKH�GHIOHFWLRQ�DPSOLILHUV�ZHUH�QRLV\��)XU�
WKHU� WHVWLQJ�VKRZHG�WKDW�,�ZDV�ULJKW��,�UHGHVLJQHG�WKH�SRZHU�VXS�
SOLHV��DQG�WKH�UHDG�DURXQG�UDWLR�VSHFLILFDWLRQ�ZDV�PHW�

7KH�VHFRQG�SUREOHP�ZDV�WKH�³,QGLDQ�EODQNHW�SUREOHP�´�:KHQ
WKH� FRPSXWHU�ZDV� UXQQLQJ�� GDVKHV� DQG� GRWV� LQ� KRUL]RQWDO� VWULSHV
ZRXOG� DSSHDU� RQ� WKH� IDFH� RI� WKH� WXEHV�� DQG� WKH� PDFKLQH� ZRXOG
FUDVK��,W�JRW�WR�WKH�SRLQW�WKDW�WKLV�ERUGHUHG�RQ�WKH�VXSHUQDWXUDO�RU
WKDW� WKHUH�ZDV�VRPHWKLQJ�IXQGDPHQWDOO\�ZURQJ�ZLWK�WKH�PDFKLQH
WKDW�PLJKW�QHYHU�EH�IL[HG��,�FRQFOXGHG�WKDW�WKH�SUREOHP�ZDV�LQ�RQH
RU� ERWK�RI� WKH� GHIOHFWLRQ� DPSOLILHUV�� ,� H[SODLQHG�P\� LGHD� WR�3KLO
)R[��P\�ERVV��DQG�RWKHU�HQJLQHHUV�ZRUNLQJ�RQ�WKH�FRPSXWHU�EXW�WR
QR� DYDLO��+RZHYHU��+DGGDG� WDONHG� WR�PH� RQ� D� )ULGD\� DIWHUQRRQ�
+H� KDG� KHDUG� WKDW� ,� WKRXJKW� ,� NQHZ�ZKDW� WKH� SUREOHP�ZDV� DQG
KRZ�WR�IL[� LW��+H�DVNHG� LI� ,�FRXOG�FRPH� LQ� WKH�QH[W�GD\�VR� WKDW� ,
FRXOG�WU\�RXW�P\�LGHD�RQ�ZKDW�ZDV�FDXVLQJ�WKH�SUREOHP��,�DJUHHG�
7KH� WZR� GHIOHFWLRQ� DPSOLILHUV� ZHUH� '&� DPSOLILHUV� VWDELOL]HG� E\
QRQLQGXFWLYH�ZLUH�ZRXQG�DURXQG�IHHGEDFN�UHVLVWRUV�� ,�KDG�FDOFX�
ODWHG� WKDW�D�������SHUFHQW� UDSLG�FKDQJH� LQ� WKH�UHVLVWDQFH�RI� WKHVH
IHHGEDFN�UHVLVWRUV�FRXOG�FDXVH�WKH�SUREOHP�

7R�PDNH�RXU�6DWXUGD\�PRUQLQJ�H[SHULPHQW��,�VHOHFWHG�D�VPDOO
FDUERQ�UHVLVWRU�WKDW��ZKHQ�SODFHG�LQ�SDUDOOHO�ZLWK�RQH�RI�WKH�IHHG�
EDFN� UHVLVWRUV�� VKRXOG� FUHDWH� WKH� SUREOHP� WKDW� KDG� EHHQ� FDXVLQJ
VHULRXV�GHOD\V�LQ�WKH�SURJUDP�IRU�WZR�ZHHNV��7KXV��,�ZDV�DEOH�WR
GHPRQVWUDWH�WR�+DGGDG�WKDW�D������SHUFHQW�FKDQJH�LQ�WKH�YDOXH�RI
WKH� IHHGEDFN� UHVLVWRU�FDXVHG� WKH� ,QGLDQ�EODQNHW�SDWWHUQ��:H� WULHG
WKLV�H[SHULPHQW�PDQ\�WLPHV� WR�FRQYLQFH�RXUVHOYHV� WKDW� LW�ZDV�UH�
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SHDWDEOH��:H�ZHUH�ERWK�FRQYLQFHG��DQG�+DGGDG�VXJJHVWHG�WKDW�RQ
0RQGD\��,�UHPRYH�DQG�UHSODFH�WKH�UHVLVWRUV�LQ�TXHVWLRQ�DQG�GHWHU�
PLQH� ZKDW� WKHUH� ZDV� DERXW� WKHLU� FRQVWUXFWLRQ� WKDW� FDXVHG� WKH
SUREOHP�

7KH� UHVLVWRU�HOHPHQW�FRQVLVWHG�RI� WZR� UHVLVWDQFH�ZLUHV�ZRXQG
DV�WZR�FRXQWHU�URWDWLQJ�KHOL[HV�RQ�D�FHUDPLF�EREELQ��7KH�FHUDPLF
LQVXODWLQJ�FRDWLQJ�RQ�WKH�ZLUHV�GLG�QRW�DGKHUH��DOORZLQJ�HOHFWULFDO
FRQWDFW�EHWZHHQ�WKH�KHOL[HV�DW�SRLQWV�ZLWK�DOPRVW�WKH�VDPH�HOHFWUL�
FDO� SRWHQWLDO�� 7KLV�PDGH� H[WUHPHO\� VPDOO� EXW� VXGGHQ� FKDQJHV� LQ
WKH�WRWDO�HOHFWULFDO�UHVLVWDQFH�RI�WKH�ZLUH�ZRXQG�UHVLVWRU��:KHQ�WKH
UHVLVWRUV�ZHUH�UHSODFHG�ZLWK�SURSHUO\�FRQVWUXFWHG�FRPSRQHQWV�DQG
WKH�SUREOHP�GLG�QRW�UHFXU��WKH�WHQVLRQ�WKDW�KDG�EHHQ�FUHDWHG�E\�WKH
,QGLDQ�EODQNHWV�VORZO\�GLVVLSDWHG��DQG�WKLQJV�UHWXUQHG�WR�QRUPDO�

7KH�VRFLDO�G\QDPLFV�LQ�D�VLWXDWLRQ�OLNH�WKLV�DUH�LQWHUHVWLQJ��7KH
SUREOHP� DULVHV� VXGGHQO\�� FDXVLQJ� H[WUHPH� FRQFHUQ�� :KHQ� WKH
FDXVH�RI� WKH�SUREOHP�LV� LGHQWLILHG�DQG�IL[HG�� WKH�FRQFHUQ�VWLOO� UH�
PDLQV��EHFDXVH�FRQWLQXHG�SURRI�LV�UHTXLUHG�WKDW�WKH�IL[�LV�FRUUHFW�
7KLV�LV�HVSHFLDOO\�WUXH�LI�VHYHUDO�IL[HV�KDYH�IDLOHG��7KH�FRQYLFWLRQ
WKDW�D�IL[�KDV�EHHQ�DFKLHYHG�PD\�WDNH�D�ORQJ�WLPH�WR�EH�DFFHSWHG�
7KHQ�WKH�FRQFHUQ�VORZO\�GLPLQLVKHV�WR�WKH�SRLQW�ZKHUH�WKHUH�LV�QR
ORQJHU� D� FRQFHUQ�� WKH� RULJLQDO� FRQFHUQ� LV� VORZO\� IRUJRWWHQ�� DQG�
LQGHHG�� WKH� SUREOHP� LWVHOI� LV� IRUJRWWHQ�� 7KRVH�ZKR� GR� QRW� NQRZ
WKH�PLVWDNHV�RI�KLVWRU\�DUH�ERXQG�WR�UHSHDW�WKHP�

Transistors
$V�WKH�,%0�����QHDUHG�FRPSOHWLRQ�WRZDUG�WKH�HQG�RI�������+DG�
GDG�FDPH� WR�PH�DQG�DVNHG�PH� WR� MRLQ�D�VPDOO�JURXS�ZRUNLQJ�RQ
LQYHVWLJDWLQJ�WUDQVLVWRUV��LQYHQWHG�E\�%HOO�/DEV�LQ�������7KH�,%0
JURXS�FRQVLVWHG�RI�ILYH�\RXQJ�HQJLQHHUV�DQG�QR�WHFKQLFLDQV��,W�ZDV
QRW�REYLRXV� WR�PH�ZKR�PDQDJHG� WKH�JURXS�� DQG�+DGGDG�GLG�QRW
WHOO�PH� LI� ,�GLG��7KLV� DSSHDUHG�SHFXOLDU��EXW� ,�ZDV� VWLOO� QHZ�ZLWK
,%0��$OWKRXJK�,�KDG�KDG�D�JUHDW�GHDO�RI�FLUFXLW�GHVLJQ�H[SHULHQFH
ZLWK�YDFXXP�WXEHV��,�KDG�WR�OHDUQ�YHU\�TXLFNO\�DERXW�WUDQVLVWRUV��,
KDG�D�ILUP�IXQGDPHQWDO�XQGHUVWDQGLQJ�RI�VROLG�VWDWH�SK\VLFV��EXW�,
ZDV� WDNHQ� DEDFN� WR� OHDUQ� WKDW� WKH� JURXS� PHPEHUV� KDG� IRFXVHG
WKHLU�DWWHQWLRQ�RQ�SRLQW�FRQWDFW�WUDQVLVWRUV�

,� VSHQW�P\� ILUVW�ZHHN� LQ� WKH�JURXS�EXLOGLQJ� WUDQVLVWRU� FLUFXLWV
RQ�WKH�ZRUNEHQFK��,�IRXQG�WKDW�PLQRULW\�FDUULHUV�LQ�WKH�JHUPDQLXP
SUHYHQWHG� WKH� SRLQW�FRQWDFW� WUDQVLVWRU� IURP� LPPHGLDWHO\� WXUQLQJ
RII�ZKHQ�WKH�LQSXW�VLJQDO�ZDV�UHPRYHG��%\�SUHYHQWLQJ�WKH�FROOHF�
WRU� YROWDJH� IURP� DSSURDFKLQJ� WKH� EDVH� YROWDJH� RI� WKH� WUDQVLVWRU
ZLWK�D�GLRGH�FODPS��WKH�WXUQ�RII�FKDUDFWHULVWLF�RI�WKH�WUDQVLVWRU�ZDV
LPSURYHG��$W�WKH�HQG�RI�WKH�ZHHN��,�KDG�D�IHHO�IRU�WKH�SUREOHPV�RI
SRLQW�FRQWDFW�WUDQVLVWRUV��DQG�,�DVNHG�WKH�JURXS�LI�WKHUH�ZHUH�RWKHU
NLQGV� RI� WUDQVLVWRUV� DYDLODEOH�� 7KH\� WROG� PH� WKHUH� ZHUH� ERWK
JURZQ�MXQFWLRQ� WUDQVLVWRUV� DQG� DOOR\HG�MXQFWLRQ� WUDQVLVWRUV� DQG
GHVFULEHG� WKHLU� SUREOHPV�� ,�ZDV� WROG� WKH\�ZHUH� VORZ�� FRXOG� RQO\
ILQG�DSSOLFDWLRQ�LQ�KHDULQJ�DLGV��DQG�ZHUH�KLJKO\�WHPSHUDWXUH�VHQ�
VLWLYH� DQG� WKXV� QRW� VXLWDEOH� IRU� KLJK�VSHHG� GLJLWDO� FLUFXLWV�� 7KH
SRLQW�FRQWDFW� WUDQVLVWRUV�ZHUH�IDVWHU�DQG�PRUH�LQVHQVLWLYH�WR� WHP�
SHUDWXUH� FKDQJHV�� ,Q� DGGLWLRQ�� D� VLQJOH� SRLQW�FRQWDFW� WUDQVLVWRU
FRXOG�SURYLGH�D�FLUFXLW�ZLWK�WZR�VWDEOH�VWDWHV��,�UHDOL]HG�WKDW�+DG�
GDG�KDG�KDQGHG�PH�D�KRW�SRWDWR��EXW�,�WKRXJKW�LW�PLJKW�EH�SRVVLEOH
WR�WXUQ�DURXQG�WKLV�SRRU�VLWXDWLRQ��1RZ�,�KDG�WR�OHDUQ�PRUH�DERXW
MXQFWLRQ�WUDQVLVWRUV�

'XULQJ� WKLV�SHULRG��D�KHUQLD�RSHUDWLRQ��SHUIRUPHG�SULRU� WR�P\
MRLQLQJ� ,%0�� KDG� WR� EH� UHGRQH�� DQG� ,� ZDV� DZD\� IURP�ZRUN� IRU
VHYHUDO�ZHHNV��%\����0DUFK������� ,�KDG� LQGHSHQGHQWO\� LQYHQWHG
ZKDW�LV�QRZ�FDOOHG�WKH�6FKRWWN\�FODPS�FLUFXLW��)LJ����LV�D�FRS\�RI

SDJH� ��� RI�P\� HQJLQHHULQJ� QRWHERRN� VKRZLQJ� WKH� �1��$� GLRGH
WKDW�FODPSHG�WKH�FROOHFWRU�YROWDJH�WR�-��RU�-����YROWV�ZLWK�DOPRVW
HTXDO�UHVXOWV��3DWHQW�1R����������HQWLWOHG�³/DUJH�6LJQDO�7UDQVLV�
WRU� &LUFXLWV�+DYLQJ� 6KRUW� )DOO� 7LPH´�ZDV� LVVXHG� RQ� �� )HEUXDU\
������ $Q� HQJLQHHU� DW� 3KLOFR� REWDLQHG� D� SDWHQW� RQ� D� VLPLODU� DS�
SURDFK�EXW�ZLWK�D�GDWH�RI�LQYHQWLRQ�WKDW�ZDV�ODWHU�WKDQ�PLQH��7KH
,%0� SDWHQW� GHSDUWPHQW� WKUHZ� P\� SDWHQW� LQWR� LQWHUIHUHQFH� ZLWK
3KLOFR¶V�� ,%0� ZRQ� WKH� LQWHUIHUHQFH� DQG� LQFRUSRUDWHG� 3KLOFR¶V
FODLPV�LQWR�D�QHZ�SDWHQW�ZLWK�D�QHZ�LVVXH�GDWH�

)LJ�����(QJLQHHULQJ�QRWHERRN�VKRZLQJ�WKH�FRQFHSW�RI�WKH�FODPS�FLUFXLW�

:H�RUGHUHG�ERWK�W\SHV�RI�MXQFWLRQ�WUDQVLVWRUV��7KH\�ZHUH�DYDLO�
DEOH� IURP� VHYHUDO� VXSSOLHUV�� DQG� ZH� GHVLJQHG� FLUFXLWV� DURXQG
WKHP��:H�IRXQG�WKDW�ZH�FRXOG�GHVLJQ�DURXQG�WKH�WHPSHUDWXUH�VHQ�
VLWLYLW\�� ,� VDZ� WKHUH� ZDV� QR� IXQGDPHQWDO� UHDVRQ� ZK\� WKH� DOOR\�
MXQFWLRQ� WUDQVLVWRUV� FRXOG� QRW� EH� PDGH� WR� KDYH� D� KLJKHU� EDQG
ZLGWK��,�FRXOG�VHH�WKDW�DOOR\�WUDQVLVWRUV�ZRXOG�EH�PXFK�PRUH�UHOL�
DEOH� WKDQ� SRLQW�FRQWDFW� WUDQVLVWRUV� DQG� FRXOG� EH� SURGXFHG� HFR�
QRPLFDOO\�� ,Q� DGGLWLRQ�� WKH� MXQFWLRQ� WUDQVLVWRU� KDG� VLJQLILFDQW
SRZHU�JDLQ�RYHU�WKH�SRLQW�FRQWDFW�WUDQVLVWRU��,�WRWDOO\�FKDQJHG�WKH
GLUHFWLRQ� RI� WKH� JURXS� DQG� IRFXVHG� RXU� FLUFXLW� GHVLJQ� HIIRUW� HQ�
WLUHO\�RQ�DOOR\�MXQFWLRQ�WUDQVLVWRUV�

7KH�FKDQJH�LQ�GLUHFWLRQ�WRRN�PDQ\�PRQWKV��7KHUH�ZHUH�PDQ\
REVWDFOHV�� $UWKXU� /�� 6DPXHO� DQG� /OR\G� +XQWHU� KDG� FRQYLQFHG
XSSHU� PDQDJHPHQW� WKDW� SRLQW�FRQWDFW� WUDQVLVWRUV� ZHUH� LGHDOO\
VXLWHG�WR�,%0¶V�QHHGV��EHFDXVH�WKH\�ZHUH�IDVW��D�VLQJOH�WUDQVLVWRU
FRXOG�SURYLGH�WZR�VWDEOH�VWDWHV��DQG�WKH\�ZHUH�UHODWLYHO\� LQVHQVL�
WLYH� WR� WHPSHUDWXUH� FKDQJHV�� 7R� GHPRQVWUDWH� WR� WKH� UHDGHU� KRZ
VORZ�WKLV�SURFHVV�RI�FKDQJH�ZDV��+XQWHU�KDG�DVNHG�PH�WR�ZULWH�D
FKDSWHU� LQ� WKH� 0F*UDZ�+LOO� +DQGERRN� RI� 6HPLFRQGXFWRU� (OHF�
WURQLFV��7R�DYRLG�RU�PLQLPL]H�D�FRQIURQWDWLRQ�ZLWK�+XQWHU��,�VSOLW



,(((�$QQDOV�RI�WKH�+LVWRU\�RI�&RPSXWLQJ��9RO������1R����������������

P\� FKDSWHU� LQWR� WZR� SDUWV�� UDWKHU� WKDQ� GHOHWLQJ� DQ\� PHQWLRQ� RI
SRLQW�FRQWDFW� WUDQVLVWRUV�� 7KH� ILUVW� SDUW� GHDOW� ZLWK� SRLQW�FRQWDFW
WUDQVLVWRUV�DQG�WKH�VHFRQG�SDUW�ZLWK� MXQFWLRQ�WUDQVLVWRUV��7KLV�HQ�
DEOHG�PH� WR� MXVW�GHOHWH� WKH�SRLQW�FRQWDFW�VHFWLRQ�HQWLUHO\� LQ�D� IX�
WXUH�UHZULWH�

7KH� WUDQVLVWRU� LVVXH�ZDV� QHYHU� UHVROYHG� LQ� ,%0�� ,W� MXVW� IDGHG
DZD\� DV� LW� EHFDPH� HYLGHQW� WKDW� WKH� UHVW� RI� LQGXVWU\� KDG� DGRSWHG
MXQFWLRQ�WUDQVLVWRUV�

,Q�WKH�VXPPHU�RI�������3DOPHU�DVNHG�PH�WR�VHW�XS�DQ�HGXFDWLRQ
SURJUDP� IRU� ��� HQJLQHHUV� VHOHFWHG� IURP� ERWK� WKH� 3RXJKNHHSVLH
DQG�(QGLFRWW� ODERUDWRULHV��+H�ZDQWHG� WKH�FRXUVH� WR� WHDFK�KRZ� WR
GHVLJQ�WUDQVLVWRU�DQG�FRUH�PHPRU\�FLUFXLWV��,�GHVLJQHG�D�FRXUVH�RI
WKUHH�ZHHNV�RI�FODVVURRP�ZRUN�SOXV�VL[�ZHHNV�RI�ODERUDWRU\�ZRUN�
,�GLYLGHG�WKH����HQJLQHHUV�LQWR�VL[�JURXSV�WR�GR�D�SDSHU�GHVLJQ�RI
VL[�PDFKLQHV� GXULQJ� WKH� ODERUDWRU\� SRUWLRQ� RI� WKH� H[HUFLVH�� 7KLV
FRXUVH� EHFDPH� NQRZQ� DV� ³/RJXH¶V� &ROOHJH� RI� 'LJLWDO� .QRZO�
HGJH�´�LQ�LPLWDWLRQ�RI�WKDW�SUHZDU�UDGLR�EDQG��.D\�.\VHU¶V�³&RO�
OHJH�RI�0XVLFDO�.QRZOHGJH�´�3DOPHU�VDW� LQ�RQ�WKH�RUDO�H[DPLQD�
WLRQ�KHOG�DW� WKH�HQG�RI� WKH�FRXUVH� WR�XQGHUVWDQG�ZKDW� WKH�SDUWLFL�
SDQWV�KDG�OHDUQHG��,�SURSRVHG�WR�3DOPHU�WKDW� WKUHH�RI�WKH�VL[�PD�
FKLQHV�EH�EXLOW��+H�DJUHHG��7KH\�ZHUH�

��� WKH�'DWD�7UDQVFHLYHU�
��� WKH�6PDOO�$FFRXQWLQJ�0DFKLQH��DQG
��� WKH�7\SH�����FDOFXODWRU�

'XULQJ�WKLV�EXLOGLQJ�SURJUDP��,�GHFLGHG�WKDW�WKH�HLJKW�YROWV�ZH
KDG� VHOHFWHG� IRU� WKH�SRZHU� VXSSO\�ZDV� WRR� ODUJH�� ,�ZDV�QRW� FRQ�
FHUQHG�DERXW�WKH�UHOLDELOLW\�RI�WKH�WUDQVLVWRUV�DW�WKLV�YROWDJH�OHYHO�
UDWKHU�� ,�ZDV�FRQFHUQHG�DERXW� WKH� HQHUJ\� VWRUHG�RQ� VWUD\� FDSDFL�
WDQFH��6LQFH�HQHUJ\�LV�D�IXQFWLRQ�RI�&9�����E\�KDOYLQJ�WKH�VXSSO\
YROWDJH�� WKH�HQHUJ\� WKH� WUDQVLVWRU�PXVW� VXSSO\� LV� UHGXFHG�E\�RQH
IRXUWK�� DQG� D� JLYHQ� WUDQVLVWRU� FDQ� RSHUDWH� DW� D� KLJKHU� VSHHG�� )L�
QDOO\��D�FRPSXWHU�RSHUDWLQJ�DW�D�ORZHU�YROWDJH�OHYHO�ZRXOG�JHQHU�
DWH�OHVV�KHDW��7R�GHWHUPLQH�ZKDW�VXSSO\�YROWDJH�ZRXOG�EH�UHDVRQ�
DEOH�DQG�SUDFWLFDO��,�ILUVW�PDGH�DQ�HGXFDWHG�JXHVV�� ,� UHPHPEHUHG
WKDW�VLOLFRQ�=HQHU�GLRGHV�KDG�D�]HUR�WHPSHUDWXUH�FRHIILFLHQW�ZKHQ
WKHLU�=HQHU�YROWDJH�ZDV�DSSUR[LPDWHO\�ILYH�YROWV��,�WKRXJKW�WKDW�LQ
WKH�IXWXUH�LW�PLJKW�EH�SRVVLEOH�WR�XVH�D�=HQHU�GLRGH�LQ�VHULHV�ZLWK�D
GURSSLQJ�UHVLVWRU�DV�DQ�LQH[SHQVLYH�SRZHU�VXSSO\��8VLQJ�WKH�VDPH
VXSSO\�YROWDJH�IRU�DOO� WKUHH�H[SHULPHQWDO�PDFKLQHV�GLG�QRW�PDNH
PXFK�VHQVH�WR�PH��:LWK�WKLV�LQ�PLQG��,�GHFLGHG�WKDW�WKH�FLUFXLWV�IRU
WKH�WUDQVLVWRUL]HG�YHUVLRQ�RI�WKH�����FDOFXODWRU�VKRXOG�EH�GHVLJQHG
DURXQG�D�ILYH�YROW�SRZHU�VXSSO\��'LFN�:HLVV��WKH�WHDP�OHDGHU�RI
WKH� WUDQVLVWRUL]HG� ���� H[SHULPHQW�� REMHFWHG� VWURQJO\�� ,� DVVXUHG
KLP� WKDW� ,� ZRXOG� WDNH� FRPSOHWH� UHVSRQVLELOLW\�� )LJ�� �� VKRZV� D
�����SULQWHG�FLUFXLW�FDUG�WKDW�ZDV�XVHG�LQ�WKH�WUDQVLVWRUL]HG�YHU�
VLRQ� RI� WKH� ,%0� ���� FDOFXODWRU�� 7KH� JHUPDQLXP� WUDQVLVWRUV�
KRXVHG� LQ�D�KHUPHWLFDOO\�VHDOHG�FDQ��ZHUH�SOXJJHG� LQWR�VRFNHWV
IRU�HDV\�UHPRYDO�

7KH� ,%0� WUDQVLVWRUL]HG� ���� ZDV� FRPSOHWHG� LQ� WLPH� IRU� WKH
GHGLFDWLRQ�RI�WKH�,%0�����EXLOGLQJ�LQ�3RXJKNHHSVLH�RQ���2FWR�
EHU�������,W�FRQWDLQHG�����FDUGV�VXFK�DV�WKH�RQH�VKRZQ�LQ�)LJ���
KROGLQJ� ������ WUDQVLVWRUV� LQVWHDG� RI� WKH� ������ YDFXXP� WXEHV� LQ
WKH� FRPPHUFLDO� ����� ,W� FRQVXPHG� �� SHUFHQW� RI� WKH� SRZHU� DQG
RFFXSLHG� ��� SHUFHQW� RI� WKH� YROXPH� RI� WKH� FRPPHUFLDO� ����� ,W
ZDV�H[KLELWHG�DOO�DURXQG�WKH�8QLWHG�6WDWHV�ZLWK�IHZ�SUREOHPV��,Q
IDFW��+XQWHU�FULWLFL]HG�P\�FLUFXLW�GHVLJQ�DV�EHLQJ� WRR�FRQVHUYD�
WLYH��EHFDXVH�WKHUH�ZHUH�VR�IHZ�SUREOHPV��,W�PXVW�EH�HPSKDVL]HG
WKDW�DOO�WKH�FLUFXLWV�DQG�FDUG�GHVLJQV�IRU�WKUHH�H[SHULPHQWDO�WUDQ�

VLVWRUL]HG� PDFKLQHV� ZHUH� GRQH� E\� P\� JURXS�� FRQVLVWLQJ� RI
*HRUJH� %UXFH�� &DUWHU� 'RUUHOO�� 5D\� (PHU\�� %RE� +HQOH�� $O
/DPSH��DQG�PH�

)LJ�����$������SULQWHG�FLUFXLW�FDUG�XVHG�LQ�WKH�WUDQVLVWRUL]HG�YHUVLRQ�RI
WKH�,%0�����FDOFXODWRU��,W� LV�DSSUR[LPDWHO\����������LQFKHV�DQG�FRQ�
WDLQV�UHVLVWRUV��GLRGHV��DQG�WZR�WUDQVLVWRUV�LQVHUWHG�LQ�KROGHUV�

,Q�WKH�VXPPHU�RI�������3DOPHU�WROG�PH�WR�GHYHORS�QHZ�DQG�H[�
FLWLQJ� GHYLFHV� DQG� FLUFXLWV�� ,� VXJJHVWHG� WKDW� ZH� VKRXOG� WDNH� DG�
YDQWDJH�RI�ZKDW�ZH�KDG�OHDUQHG�IURP�WKH�WUDQVLVWRUL]HG�PDFKLQHV
WKDW�KDG�EHHQ�EXLOW�GXULQJ�/RJXH¶V�&ROOHJH�RI�'LJLWDO�.QRZOHGJH
DQG�XVH�WKHVH�UHVXOWV�WR�SUHSDUH�IRU�QHZ�SURGXFWV��,�FRXOG�QRW�VZD\
KLP��VR�P\�JURXS�VHW�RXW�RQ�D�³%OXH�6N\�3URJUDP´�RQ�RXU�RZQ��,
WROG� )UHG� ³5LFN´�'LOO�� D� VXPPHU� HPSOR\HH� LQ� ������ WR� GHVLJQ� D
VHPLFRQGXFWRU�GHYLFH�ZLWK����VWDEOH�VWDWHV�XVLQJ�VLOLFRQ��ZKLFK�,
FRQVLGHUHG�WR�EH�WKH�VHPLFRQGXFWRU�RI�WKH�IXWXUH��,�VXJJHVWHG�WKDW
KH�XVH�WKH�SULQFLSOH�RI�WKH�GRXEOH�EDVH�GLRGH��VR�DOO�VHPLFRQGXF�
WRU�DFWLYLW\�ZRXOG�WDNH�SODFH�LQVLGH�WKH�EXON�VLOLFRQ��0\�JRDO�ZDV
LQWHJUDWHG�FLUFXLWV��,&V��

%\�WKH�HQG�RI�WKH�VXPPHU��'LOO�KDG�GHPRQVWUDWHG�D�VLOLFRQ�GH�
YLFH�ZLWK�IRXU�VWDEOH�VWDWHV��+H�UDQ�LQWR�D�SUREOHP�ZLWK�-RKQ�/LW�
WOH��ZKR�REMHFWHG�WR�KLV�XVH�RI�VLOLFRQ�LQ�/LWWOH¶V�IXUQDFHV�EHFDXVH
/LWWOH�ZDV� IROORZLQJ� WKH�SDUW\� OLQH� WKDW�JHUPDQLXP�ZDV� WKH� ,%0
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VHPLFRQGXFWRU�RI�FKRLFH��,%0¶V�DUJXPHQW�ZDV�WKDW�WKH�FDUULHUV�LQ
JHUPDQLXP� KDG� D� KLJKHU� PRELOLW\� WKDQ� GLG� VLOLFRQ� DQG� KHQFH
ZRXOG�SURGXFH�IDVWHU�WUDQVLVWRUV��,�GLG�QRW�GLVDJUHH�ZLWK�WKLV�IDFW�
EXW� ,� ZDQWHG� WR� GR� ZKDW� ZDV� QHHGHG� WR� EXLOG� IDVW� PDFKLQHV�
ZKHWKHU�RU�QRW�WKLV�UHTXLUHG�WKH�IDVWHVW�LQWHUQDO�GHYLFHV�

,�WROG�+XQWHU�WKDW�LW�GLG�QRW�WDNH�PXFK�LPDJLQDWLRQ�WR�FRQFOXGH
WKDW� LW� VKRXOG� EH� SRVVLEOH� WR� R[LGL]H� VLOLFRQ� WR� SURGXFH� 6L2��� LQ
ZKLFK�FDVH��WUDQVLVWRUV�FRXOG�EH�SURGXFHG�WKDW�ZRXOG�QRW�UHTXLUH�D
KHUPHWLFDOO\�VHDOHG�HQFORVXUH��,�DOVR�SRLQWHG�RXW�WR�KLP�WKDW�ZLWK
VLOLFRQ¶V� KLJKHU� HQHUJ\� JDS�� WKH� WUDQVLVWRUV� FRXOG� RSHUDWH� DW� D
KLJKHU�WHPSHUDWXUH�WKDQ�ZLWK�JHUPDQLXP��6LOLFRQ¶V�ORZHU�PLQRULW\
FDUULHU�PRELOLW\�LV�RYHUFRPH�E\�LWV�DELOLW\�WR�EH�R[LGL]HG�VR�DV�WR
IRUP�D�SURWHFWLYH�ILOP��DQG�WKLV�HQDEOHV�VLOLFRQ�GHYLFHV�WR�EH�SDFN�
DJHG�LQ�D�VPDOOHU�YROXPH�WKDQ�JHUPDQLXP�GHYLFHV��7KLV�� LQ� WXUQ�
UHGXFHV� WKH� WLPH� GHOD\� LQ� WUDQVPLWWLQJ� DQ� HOHFWULFDO� VLJQDO� IURP
RQH� WUDQVLVWRU� WR�DQRWKHU��7KXV��D�FRPSXWHU�GHVLJQHG�DURXQG�VLOL�
FRQ� WUDQVLVWRUV� FDQ� EH� PXFK� IDVWHU� WKDQ� D� FRPSXWHU� GHVLJQHG
DURXQG�JHUPDQLXP�WUDQVLVWRUV��LQ�VSLWH�RI�WKH�ORZHU�PRELOLW\�RI�LWV
FDUULHUV�

While I have no proof, it would give me
a great deal of personal satisfaction if
the five-volt power supply standard for
ICs that TI established could be traced
to our pioneering effort on transistor

circuit design in the early 1950s.

$W�DERXW�WKLV�WLPH��:LOOLV�$��$GFRFN�RI�7H[DV�,QVWUXPHQWV��7,�
YLVLWHG�PH� LQ�3RXJKNHHSVLH� DQG� DVNHG� IRU� GUDZLQJV� RI� WKH� ORJLF
FLUFXLWV� LQ� WKH� WUDQVLVWRUL]HG�YHUVLRQ�RI� WKH� ���� FDOFXODWRU�� ,� VHQW
KLP�WKH�GUDZLQJV�KH�UHTXHVWHG��,�GLG�QRW�NQRZ�WKDW�-DFN�.LOE\�RI
7,�ZDV�LQYHQWLQJ�WKH�,&��:KHQ�+XQWHU¶V�KDQGERRN�ZDV�SXEOLVKHG
LQ�������WKH�FLUFXLWV�WKDW�ZHUH�XVHG�LQ�WKH�WUDQVLVWRUL]HG�YHUVLRQ�RI
WKH� ���� FDOFXODWRU� EHFDPH� SXEOLF� NQRZOHGJH���:KLOH� ,� KDYH� QR
SURRI��LW�ZRXOG�JLYH�PH�D�JUHDW�GHDO�RI�SHUVRQDO�VDWLVIDFWLRQ�LI�WKH
ILYH�YROW�SRZHU�VXSSO\�VWDQGDUG�IRU�,&V�WKDW�7,�HVWDEOLVKHG�FRXOG
EH�WUDFHG�WR�RXU�SLRQHHULQJ�HIIRUW�RQ�WUDQVLVWRU�FLUFXLW�GHVLJQ�LQ�WKH
HDUO\� ����V�� 7KDW�� DW� OHDVW�� LV� D� VWDQGDUG� IRU� ZKLFK� ,� ZRXOG� EH
SURXG�WR�EH�UHFRJQL]HG�

,�NQHZ� WKDW�P\�VPDOO�JURXS�RI�HQJLQHHUV�FRXOG�GHVLJQ�RQO\�D
OLPLWHG�QXPEHU�RI�SDUWV�DQG�SDFNDJHV��EXW�,�DOVR�EHOLHYHG�LW�ZRXOG
EH� SRVVLEOH� WR� GHVLJQ� D� VPDOO� QXPEHU� RI� WUDQVLVWRU� FLUFXLWV� WKDW
FRXOG� VDWLVI\� WKH� QHHGV�RI�PDQ\�GLJLWDO� V\VWHPV��%\�SODFLQJ�RQH
ORJLF� FLUFXLW� RQ� D� SULQWHG� FLUFXLW� FDUG�� RQO\� D� IHZ� SDUW� QXPEHUV
ZRXOG�EH�QHHGHG�WR�GHVLJQ�DQG�VHUYLFH�PDQ\�V\VWHPV��3DOPHU�ZDV
SD\LQJ� FORVH� DWWHQWLRQ� WR� P\� VWUDWHJ\�� DQG� KH� VRRQ� SXW� PH� LQ
FKDUJH� RI� VWDQGDUGL]DWLRQ�� +H� PDGH� LW� FOHDU�� DQG� VWDWHG� LW� LQ� QR
XQFHUWDLQ� WHUPV�� WKDW� WKH� UHDVRQ�KH�KDG�PH� UHSRUWLQJ� WR�KLP�ZDV
WKDW�LI�KH�JRW�ILUHG�IRU�ODFN�RI�VWDQGDUGL]DWLRQ�LQ�,%0��RQH�PLFUR�
VHFRQG�ODWHU�VR�ZRXOG�,�

'XULQJ�WKLV�SHULRG��,�ZDV�LQ�FKDUJH�RI�DOO� WUDQVLVWRU�FLUFXLW�GH�
YHORSPHQW��,�KDG�FKDOOHQJHG�P\�WHDP�WR�PHDVXUH�WKH�SHUIRUPDQFH
RI�WKH�WUDQVLVWRUV�LQ�DOO�UHJLRQV�LQ�ZKLFK�D�WUDQVLVWRU�FRXOG�EH�RSHU�
DWHG��7UDQVLVWRUV�GLG�EHVW�ZKHQ�RSHUDWHG�IDU�DZD\�IURP�VDWXUDWLRQ�
DV� ,� OHDUQHG� LQ� HDUO\�������:KHQ� ,� DVNHG� IRU� D� VZLWFKLQJ� FLUFXLW
WKDW�RSHUDWHG�WKH�WUDQVLVWRUV�DZD\�IURP�VDWXUDWLRQ��+DQQRQ�<RXUNH

FDPH� XS� ZLWK� RQH�� ,� GLG� QRW� SXVK� P\� HDUOLHU� LQYHQWLRQ� RI� WKH
6FKRWWN\�FODPS�FLUFXLW�EXW�FKDOOHQJHG�P\�SHRSOH�WR�FRPH�XS�ZLWK
D�EHWWHU�ZD\��DV�WKH\�GLG��'U��(PHUVRQ�3XJK�KDV�UHSRUWHG�D�GLIIHU�
HQW�YHUVLRQ�RI�WKLV�KLVWRU\��

The Movie
3DOPHU�VWURQJO\�VXJJHVWHG�WKDW�,�SXW�WRJHWKHU�D�PRYLH�WR�GHSLFW�WKH
EHQHILWV�RI�VWDQGDUGL]DWLRQ��%HDU� LQ�PLQG�WKDW�,�ZDV�QRW�VXLWHG�WR
EH� WKH� VWDQGDUGL]DWLRQ� F]DU�� EHFDXVH� ,� OLNHG� WR� LQYHQW� P\� ZD\
DURXQG�SUREOHPV�UDWKHU�WKDQ�VODYLVKO\�DGKHUH�WR�SUHVHW�VWDQGDUGV�
,QGHHG�� LQYHQWLRQ� LV� WKH� DQWLWKHVLV� RI� VWDQGDUGL]DWLRQ�� +RZHYHU�
ZKHQ�,�DP�WROG�WR�GR�VRPHWKLQJ�WKDW�LV�QRW�WRWDOO\�ULGLFXORXV��,�ZLOO
JHQHUDOO\�ILQG�D�ZD\�WR�DFFRPSOLVK�WKH�WDVN�EHFDXVH�RI�P\�LQYHQ�
WLYH�QDWXUH�

,�DVVHPEOHG�D�PRYLH�PDNLQJ�WHDP�DQG�WROG�WKHP�ZKDW�,�ZDQWHG
IRU�WKH�RSHQLQJ�VFHQH��.QRZLQJ�WKDW�WKH�ODUJH�PDLQIUDPH�YDFXXP
WXEH�FRPSXWHUV�QHHGHG�DSSUR[LPDWHO\�������SDUW�QXPEHUV�� ,�KDG
������YDFXXP�WXEH�PRGXOHV�ODLG�RXW�RQ�WKH�IORRU�LQ�D�UHJXODU�SDW�
WHUQ�DQG�KDG�WKH�FDPHUD�SDQ��DW�D�ORZ�DQJOH��DORQJ�WKH�ILUVW�URZ�RI
PRGXOHV�� DV� LI� WKH\�ZHUH�RQ�D� VKHOI��7KHQ� WKH�GROO\�PRYHG�EDFN
DQG� WRRN� LQ� WKH�ZKROH� VFHQH� RI� ������PRGXOHV�ZKLOH� WKH� YRLFH�
RYHU� SRLQWHG� RXW� WKH� ZDVWHIXOQHVV� RI� ODFN� RI� VWDQGDUGL]DWLRQ�� ,
WKRXJKW� LW� ZRXOG� JHW� SHRSOH¶V� DWWHQWLRQ�� +RZ� ULJKW� ,� ZDV�� %XG
%HDWWLH�� WKH�PDQDJHU� RI� WKH� ,%0�3RXJKNHHSVLH� /DERUDWRU\�� SUH�
YLHZHG�WKH�PRYLH�DQG�LPPHGLDWHO\�FDOOHG�3DOPHU�DQG�WROG�KLP�LI
7RP�:DWVRQ��-U���VDZ�WKLV�PRYLH��WKDW�KH��3DOPHU��ZRXOG�JHW�ILUHG�
0\�FDUHHU�DV�D�PRYLH�SURGXFHU�FDPH� WR�D� UDSLG�HQG��7KH�PRYLH
ZDV�QHYHU�VKRZQ��,�GLG�QRW�HYHQ�JHW�WR�WDNH�D�ERZ�OHW�DORQH�GR�DQ
HQFRUH�

3DOPHU� DOVR� LPSUHVVHG�RQ�PH� WKDW� KH�ZDQWHG� QR�PRUH� WKDQ� ��
SULQWHG� FLUFXLW� FDUG� SDUW� QXPEHUV�� ,� VDLG� WKDW� ZDV� LPSRVVLEOH�� EH�
FDXVH�,�KDG�WR�VXSSO\�FLUFXLWV�DQG�FDUG�SDUW�QXPEHUV�IRU� WKH������
WKH�������DQG�6WUHWFK�FRPSXWHUV��,�JXHVVHG�WKDW�LW�ZRXOG�WDNH�DW�OHDVW
���SDUW�QXPEHUV�WR�VXSSO\�WKH�UHTXLUHPHQWV�RI�DOO�WKH�WUDQVLVWRUL]HG
PDFKLQHV�EHLQJ�GHVLJQHG��7KH�QXPEHU�RI�SDUW� QXPEHUV�XOWLPDWHO\
UHOHDVHG�ZDV�DSSUR[LPDWHO\�������IRU�WKH������VHULHV�PDFKLQHV��6R
PXFK�IRU�3DOPHU¶V�DQG�P\�DWWHPSW�DW�VWDQGDUGL]DWLRQ�

0\�PRWKHU� GLHG� LQ� ����� DW� WKH� DJH� RI� ���� 6KH� KDG� XVHG� KHU
VDYLQJV� WR� VHQG� PH� WR� FROOHJH�� %\� ZDVKLQJ� GLVKHV�� ZRUNLQJ� RQ
UHVHDUFK�SURJUDPV�� WDNLQJ�VXPPHU� MREV��DQG�REWDLQLQJ�D�VFKRODU�
VKLS�� ,�ZDV�DEOH� WR� UHGXFH� WKH�FRVW� WR�P\�PRWKHU��$IWHU� ,� VWDUWHG
WHDFKLQJ�DW�&RUQHOO��P\�ZLIH�DQG� ,�ZHUH�SULYLOHJHG� WR�EH�DEOH� WR
VHQG�KHU�����SHU�PRQWK�IURP�P\�VDODU\�RI������SHU�VHPHVWHU��DQG
ZH�FRQWLQXHG�RXU�VXSSRUW�IRU�WKH�UHVW�RI�P\�PRWKHU¶V�OLIH�

Component Division
,Q�-DQXDU\�������,�MRLQHG�WKH�&RPSRQHQW�'LYLVLRQ�RI�,%0��,�ZDV
DVNHG�WR�DVVHPEOH�D�WHDP�WR�GHYHORS�WKH�QH[W�JHQHUDWLRQ�WHFKQRO�
RJ\� �1*7�� IRU� ,%0¶V� PDFKLQHV� WKDW� ZHUH� WR� IROORZ� WKH� MXVW�
DQQRXQFHG�6\VWHP�����OLQH��,�KDG�WR�GLUHFW�JURXSV�WKDW�ZHUH�RXW�
VLGH� WKH� &RPSRQHQW� 'LYLVLRQ¶V� ORFDWLRQV�� 2QH� ZDV� ORFDWHG� LQ
2ZHJR�� 1HZ� <RUN�� DQRWKHU� LQ� WKH� 5HVHDUFK� /DE� LQ� <RUNWRZQ�
1HZ�<RUN��DQG�RWKHU�JURXSV�ZHUH�DURXQG�3RXJKNHHSVLH�

7KH�JURXS�LQ�2ZHJR��KHDGHG�E\�'U��5LFR�'L�3LHWUR��KDG�EHHQ
ZRUNLQJ� RQ� ,&V�� 7KH� JURXS� LQ� <RUNWRZQ�� KHDGHG� E\� 'U�� +ROOLV
&DVZHOO�� KDG� EHHQ� ZRUNLQJ� RQ� VXSHUFRQGXFWLQJ� FU\RJHQLF� GH�
YLFHV�� ,� FRQFOXGHG� WKDW� ,�KDG�EHHQ�JLYHQ�DOO� WKH� WHFKQLFDO�SHRSOH
WKDW�XSSHU�PDQDJHPHQW�GLG�QRW�NQRZ�KRZ�WR�XVH�HIIHFWLYHO\��6LQFH



,(((�$QQDOV�RI�WKH�+LVWRU\�RI�&RPSXWLQJ��9RO������1R����������������

P\� SURJUDP� QHHGHG� SHRSOH�� WKLV� VROYLQJ�PDQDJHPHQW¶V� SUREOHP
RI�ZKDW�WR�GR�ZLWK�WKHVH�SHRSOH��)LUVW��,�WULHG�WR�XVH�WKH�,&�HIIRUW�LQ
2ZHJR�WR�VXSSRUW�WKH�1*7�SURJUDP��7KHQ�,�WULHG�WR�GHWHUPLQH�WKH
SUDFWLFDOLW\�RI�WKH�VXSHUFRQGXFWLQJ�SURJUDP�LQ�<RUNWRZQ��)LQDOO\�
,�KDG�WR�VHH�KRZ�WR�SDFNDJH�,&V�IRU�XVH�LQ�ERWK�VPDOO�FRPSXWHUV
DQG�PDLQIUDPHV�

7KHUH�KDG�EHHQ�QR�ZRUN�LQ�,%0�GLUHFWHG�WRZDUG�,&V�RU�KRZ�WR
SDFNDJH�WKHP��0RUH�WKDQ�WZR�\HDUV� ODWHU��,� OHDUQHG�WKDW�'U��-RKQ
*LEVRQ�� SUHVLGHQW� RI� WKH� GLYLVLRQ��'U��$QG\�(VKHQIHOGHU�� WKH� ODE
GLUHFWRU�RI�WKH�)LVKNLOO��1HZ�<RUN��/DE��(ULFK�%ORFK��LQ�FKDUJH�RI
GHYHORSPHQW�� DQG� 5REHUW� +HQOH�� D� VHQLRU� HQJLQHHU�� KDG� WROG� WKH
&RUSRUDWH�7HFKQLFDO�&RPPLWWHH��&7&��RI�,%0�LQ�1RYHPEHU�����
WKDW� ,&V�ZRXOG�QHYHU�EH� DEOH� WR� FRPSHWH�ZLWK�GLVFUHWH� VHPLFRQ�
GXFWRUV��+HQOH�VWDWHG� WKDW�GLVFUHWH�GHYLFHV�FDQ�EH� WHVWHG�RQH�DW�D
WLPH�DQG�FDQ�EH�VHOHFWHG�WR�FORVH�WROHUDQFHV��,Q�WKH�LQGXVWU\��WKLV�LV
FDOOHG�³FKHUU\�SLFNLQJ�´�+H�VDLG� WKDW�UHVLVWRUV� LQ� LQWHJUDWHG�FKLSV
FDQ�EH�PDGH�WR�WROHUDQFHV�RQO\�ZLWKLQ�����SHUFHQW��1HYHU�GXULQJ
P\�WZR�\HDUV¶� WHQXUH� LQ� WKH�&RPSRQHQW�'LYLVLRQ�GLG�DQ\RQH� WHOO
PH� WKDW� WKH� WRS� PDQDJHPHQW� RI� WKH� &RPSRQHQW� 'LYLVLRQ� KDG
FRPPLWWHG�WKHPVHOYHV�WR�ULGLFXOLQJ�,&V��7KH\�DVNHG�PH�WR�GHILQH
WKH�1*7�SURJUDP��7KH\�NQHZ�IURP�WKH�PRPHQW�,�VWHSSHG�LQ�WKH
GRRU� WKDW� ,�ZRXOG�EH�SXVKLQJ�,&V��EXW� WKH\�QHYHU�ZDUQHG�PH�RII
WKHP��6KRUWO\�DIWHU�,�MRLQHG�WKH�GLYLVLRQ��(VKHQIHOGHU�DVNHG�IRU�P\
SODQV��:KHQ� ,� JDYH�KLP�D� IDLUO\� GHWDLOHG�GHVFULSWLRQ� RI�P\�SUR�
JUDP��ZKLFK� LQFOXGHG�,&V��KH�DVNHG�IRU�PRUH�GHWDLOV�� ,�FRPSOLHG
ZLWK� WKLV� UHTXHVW�DQG�FRQFOXGHG� WKDW� ,�ZDV�EHJLQQLQJ� WR� UXQ� LQWR
EXUHDXFUDWLF� VWDWLF�� ,� GLG� QRW� NQRZ� WKDW� ,� ZDV� KLWWLQJ� D� SUHFRQ�
VWUXFWHG�ZDOO�RI�SUHMXGLFHG�LJQRUDQFH�

7KH�UHDGHU�PLJKW�FRQFOXGH�WKDW�,�ZDV�IUXVWUDWHG��DQG�KH�RU�VKH
ZRXOG�EH�FRUUHFW��0\�IUXVWUDWLRQ�ZDV�RXU�LQDELOLW\�WR�PDNH�SURJ�
UHVV� DW� WKH� UDWH� ,� IHOW� ZDV� DFKLHYDEOH�� /HW� PH� UHFDOO� WKH� ,QGLDQ
EODQNHW�SUREOHP��,W�WRRN�WZR�ZHHNV�IRU�P\�VROXWLRQ�WR�WKH�SUREOHP
WR�SHUFRODWH�XS�WR�+DGGDG��WKH�VHQLRU�WHFKQLFDO�PDQDJHU�RI�WKH����
SURJUDP��&HUWDLQO\�,�FRXOG�KDYH�JRQH�WR�+DGGDG�GLUHFWO\��EXW�WKDW
LV�QRW�P\�VW\OH��SDUWLFXODUO\�LQ�YLHZ�RI�WKH�IDFW�WKDW�KH�ZDV�LQVWUX�
PHQWDO�LQ�P\�MRLQLQJ�,%0�

,�QHHGHG�D�VROXWLRQ�DV�WR�KRZ�WR�SDFNDJH�,&V��,�DVNHG�'U��-DFN
5LVHPDQ�ZKDW�QHZ�ZRUN�KH�KDG�JRLQJ�RQ�LQ�KLV�VPDOO�ODERUDWRU\�
+H�VKRZHG�PH�DURXQG�DQG�LQWURGXFHG�PH�WR�'U��%HUQLH�6FKZDUW]�
D�FHUDPLFLVW��6FKZDUW]�VKRZHG�PH�FHUDPLF�VKHHWV�WKDW�ORRNHG�OLNH
WKLFN�VKHHWV�RI�SDSHU��+H�WROG�PH�

•� LW�ZDV�SRVVLEOH�WR�SULQW�SDWWHUQV�RQ�WKHVH�FHUDPLF�VKHHWV�E\
PHDQV�RI�D�VLON�VFUHHQ�SURFHVV�

•� WKH� LQN� FRXOG� FRQWDLQ� YHU\� ILQH� SDUWLFOHV� RI� D� UHIUDFWRU\
PHWDO�VXFK�DV�WXQJVWHQ�RU�PRO\EGHQXP��DQG

•� PDQ\� OD\HUV� RI� WKHVH� SULQWHG� VKHHWV� FRXOG� EH� ERQGHG� WR�
JHWKHU�DQG�VLQWHUHG�LQWR�RQH�VROLG�FHUDPLF�VKHHW�

,�DVNHG�KLP�LI�KROHV�FRXOG�EH�SXQFKHG�LQWR�WKH�JUHHQ�FHUDPLF�VKHHW
EHIRUH�ILULQJ�DQG�ILOOHG�ZLWK�WKH�LQN�VR�WKDW�SDWKV�FRXOG�EH�IRUPHG
WR�PDNH�FRQQHFWLRQV�EHWZHHQ�OD\HUV��+H�VDLG�WKDW�ZDV�SRVVLEOH��,
UHDOL]HG�,�ZRXOG�XVH�WKLV�SURFHVV�WR�PDNH�,&�SDFNDJHV�

Integrated Modules
(DUO\� LQ� ������ZH� FRQWUDFWHG�ZLWK� 7,� IRU� WZR� VHWV� RI� QLQH� LQWH�
JUDWHG�PRGXOHV�� ,� DVNHG� %LOO�0F&DQQ\�� ZKR� KHDGHG� XS� D� VPDOO
JURXS� LQ�P\�1*7�SURJUDP�� WR� GHVLJQ� DQG� EXLOG� D� WUDQVLVWRUL]HG
YHUVLRQ�RI�D�FDUG�SXQFK�PDFKLQH�XVLQJ�ODUJH�VFDOH�,&V�IURP�7,��,
ZDQWHG� WR� VHH� ZKDW� SUREOHPV� ZH� ZRXOG� HQFRXQWHU�� .LOE\�� ZKR

KHDGHG� WKH�7,� SURJUDP�� XVHG� WKH� VWDQGDUG� 7,� VHULHV� ��� ,&�ZD�
IHUV��(DFK�ZDIHU�ZDV�HOHFWULFDOO\�WHVWHG�WR�GHWHUPLQH�WKH�ORFDWLRQ
RI�WKH�JRRG�FLUFXLWV��DQG�WKHVH�ZHUH�WKHQ�LQWHUFRQQHFWHG�WR�IRUP
D� FRPSOHWH� ZRUNLQJ� ,&� RPLWWLQJ� DQ\� EDG� FLUFXLWV�� 7KH� ZDIHUV
FRQWDLQHG�PRUH�WKDQ�����ORJLF�FLUFXLWV��ZKLFK�ZH�FRQVLGHUHG�WR
EH� ODUJH�VFDOH� LQWHJUDWLRQ�� 7KH� SULQWHG� FLUFXLW� FDUG� FRQWDLQLQJ
QLQH�PRGXOHV�VKRZQ�LQ�)LJ����ZDV�WKH�UHVXOW�RI�WKLV�H[SHULPHQW�

)LJ�����$����������� LQFK�SULQWHG�FLUFXLW�FDUG�FRQWDLQLQJ�FRQYHQWLRQDO
FRPSRQHQWV�RQ�RQH�VLGH�DQG�QLQH�QRGXOHV��HDFK�FRQWDLQLQJ�D������LQFK
VLOLFRQ�ZDIHU�IDEULFDWHG�E\�.LOE\¶V�JURXS�LQ�7,�

0F&DQQ\¶V� H[SHULPHQW� VKRZHG� WKDW� LW� ZDV� SRVVLEOH� WR� EXLOG
DQG�GHEXJ�VXFK�D�V\VWHP��,W�DOVR�VKRZHG�PH�WKDW�ZH�KDG�WR�KDYH
PXOWLOD\HU�FHUDPLF�SDFNDJHV� WKDW�KHOG�PXOWLSOH�,&�FKLSV�FRQWDLQ�



From Vacuum Tubes to Very Large Scale Integration

�������,(((�$QQDOV�RI�WKH�+LVWRU\�RI�&RPSXWLQJ��9RO������1R���������

LQJ�RQO\�XVHIXO�FLUFXLWV��7KH�ZDVWHG�VLOLFRQ�DUHD�WDNHQ�XS�E\�EDG
FLUFXLWV�ZDV�XQDFFHSWDEOH��7KLV�FRQYLQFHG�PH�WKDW�P\�FRQFHSW�RI
WKH�1*7�SURJUDP�ZDV�KHDGHG�LQ�WKH�FRUUHFW�GLUHFWLRQ�

%\�-XQH�RI�������P\�1*7�SURJUDP�KDG�IRXU�SKDVHV�

•� ,Q� WKH� ILUVW� SKDVH�� ,&� FKLSV� ZLWK� D� IHZ� FLUFXLWV� ZRXOG� EH
SODFHG�RQ�FHUDPLF�FKLFOHWV�ZLWK����SLQV�DV�KDG�EHHQ�GHYHO�
RSHG�IRU�WKH�6ROLG�/RJLF�7HFKQRORJ\�SURJUDP��7KLV�ZRXOG
JHW�,%0�LQWR�,&�SURGXFWLRQ�ZLWK�WKH�PLQLPXP�H[SHQVH�DQG
ZLWK�WKH�PD[LPXP�EHQHILW�

•� ,Q�WKH�VHFRQG�SKDVH��,�SURSRVHG�ODUJHU�FKLFOHWV�WR�KROG�PRUH
LQSXW�RXWSXW�SLQV�WR�VXSSRUW�PRUH�FLUFXLWV�RQ�WKH�,&�FKLSV�

•� ,Q�WKH�WKLUG�SKDVH��P\�SURSRVDO�ZDV�DLPHG�DW�WKH�ORZ�HQG�RI
,%0¶V�SURGXFWV��IRU�ZKLFK�WKH�PRGXOHV�ZRXOG�XVH�FHUDPLF
PXOWLOD\HU�PRGXOHV�FRQWDLQLQJ�PDQ\�,&�FKLSV�

•� 7KH� IRXUWK� SKDVH� ZRXOG� EH� GLUHFWHG� WRZDUG� WKH� KLJK�HQG
FRPSXWHUV�� 7KHVH� PDLQIUDPHV� ZRXOG� PDNH� XVH� RI� PXOWL�
OD\HU� FHUDPLF�PRGXOHV� FRQWDLQLQJ�PDQ\� ,&� FKLSV� GLUHFWHG
WRZDUG�KLJK�VSHHG�DQG�OLTXLG�FRROLQJ�

:KHQ� ,� H[SODLQHG� WKLV� SODQ� WR�+DGGDG�� KH� WROG�PH� WR� IRUJHW� WKH
ILUVW� WKUHH� SKDVHV� DQG� FRQFHQWUDWH� RQ� WKH� IRXUWK� SKDVH�� ,�� OLNH� D
IRRO��OLVWHQHG�WR�KLP�

%\� WKH� EHJLQQLQJ� RI� ������ ,%0�ZDQWHG� D� QHZ� WHFKQRORJ\� WR
UHSODFH� WKH� VROLG� ORJLF� WHFKQRORJ\� RI� WKH� 6\VWHP� ����PDFKLQHV�
+DGGDG�DVVHPEOHG�D�FRPPLWWHH�WR�UHYLHZ�WKH�DYDLODEOH�WHFKQROR�
JLHV� DQG� WR� UHSRUW� WR� WRS�PDQDJHPHQW� DQ� DSSURDFK� WR� ³VDYH� WKH
GD\�´�0\�IRXUWK�SKDVH�SURJUDP�ZDV�PXFK�WRR�DJJUHVVLYH�WR�HYHQ
EHJLQ�WR�PHHW�WKH�QHHGHG�VFKHGXOH��+RZHYHU��WKHUH�ZDV�D�WHFKQRO�
RJ\�WKDW�KDG�EHHQ�TXLHWO\�ZRUNHG�RQ��DQG�LW�ZDV�SURSRVHG�WR�+DG�
GDG��,W�ZDV�P\�ILUVW�SKDVH�SURJUDP�RI�1*7��+DGGDG�MXPSHG�RQ�LW�
,�ZDV� WROG� WR�SXW� WRJHWKHU� D� WHDP� WR�ZRUN�RQ� WKLV� ³QHZ� WHFKQRO�
RJ\�´� ZKLFK� ZDV� QDPHG�0/7�� ,Q� GRLQJ� VR�� ,� VWULSSHG� WKH� 1*7
IRXUWK�SKDVH�SURJUDP�DOPRVW�EDUH�

Dr. Bill Harding ... dismantled my
multilayer ceramics laboratory.... To
avoid using multilayer ceramics, the

Components Division spent millions of
dollars.... This approach did not work.

,� GHFLGHG� WR� WHVW� WKH� FRPSHWHQFH� RI� ,%0� WRS�PDQDJHPHQW� LQ
$UPRQN��1HZ�<RUN��,�WROG�+DGGDG�WKDW�,�KDG�PRYHG�PRVW�RI�P\
SHRSOH�IURP�SKDVH�IRXU�WR�SKDVH�RQH��1RZ�GLG�KH�KDYH�D� MRE�IRU
PH"�+H�PDGH�PH�DVVLVWDQW� WR�'U��$UW�$QGHUVRQ��ZKR�UHSRUWHG�WR
'U��0DQQ\�3LRUH��YLFH�SUHVLGHQW�DQG�FKLHI�VFLHQWLVW��$QGHUVRQ�ZDV
VFKHGXOHG�WR�OHDYH�KLV�SRVW�GXULQJ�WKH�VXPPHU�RI�������DQG�ZKHQ
KH�OHIW��,�ZDV�JLYHQ�WKH�MRE�RI�VWDII�GLUHFWRU�RI�WKH�&7&��UHSRUWLQJ
WR�3LRUH��0\�MRE�ZDV�WR�DVVLVW�LQ�WKH�SUHSDUDWLRQ�DQG�HYDOXDWLRQ�RI
WKH�WHFKQLFDO�VWUDWHJLHV�IURP�WKH�PDQ\�GLYLVLRQV�RI�,%0�DQG�UHF�
RPPHQG� DFFHSWDQFH� RU� UHMHFWLRQ� WR� 3LRUH�� 7KHVH� VWUDWHJLHV� FRY�
HUHG�WKH�WHFKQLFDO�SODQV�RI�WKH�SDUWLFXODU�GLYLVLRQ�IRU�D�ILYH��WR����
\HDU�SHULRG��,�DOVR�ZDV�UHVSRQVLEOH�IRU�VWUXFWXULQJ�WKH�DJHQGD�IRU
HDFK� &7&�PHHWLQJ�� 7KH� PHHWLQJV� ZHUH� KHOG� PRQWKO\� DQG� ZHUH
DWWHQGHG�E\� WKH�SUHVLGHQWV�RI� WKH� ,%0�GLYLVLRQV�� ,�KDG�D� VWDII�RI
DSSUR[LPDWHO\�ILYH�YHU\�VHQLRU�WHFKQLFDO�SHRSOH��7KRVH�,�UHPHP�
EHU�DUH�*HRUJH�%ODQG��%RE�0\HUV��/\OH�-RKQVRQ��-LP�3RPHUHQH�
DQG�(XJHQH�6KDSLUR�

$W� WKH�&RPSRQHQW�'LYLVLRQ��'U��%LOO�+DUGLQJ��ZKR� WRRN�RYHU
ZKDW� ZDV� OHIW� RI� WKH� 1*7� SURJUDP�� GLVPDQWOHG� P\� PXOWLOD\HU
FHUDPLFV�ODERUDWRU\�DQG�SLORW�OLQH��(DUOLHU��,�KDG�WULHG�WR�FRQYLQFH
(G�*DUYH\��ZKR�ZDV� LQ� FKDUJH� RI�PDQXIDFWXULQJ� LQ� WKH�&RPSR�
QHQW�'LYLVLRQ��DQG�.DUO�:HLVV��LQ�WKH�,%0�%RHEOLQJHQ�/DERUDWRU\�
LQ�*HUPDQ\��RI�WKH�IXWXUH�QHFHVVLW\�RI�D�PXOWLOD\HU�FHUDPLFV�FDSD�
ELOLW\� ZLWKLQ� ,%0�� $OWKRXJK� *DUYH\� GLG� QRW� KHHG� P\� UHTXHVW�
:HLVV� GLG�� 7R� DYRLG� XVLQJ�PXOWLOD\HU� FHUDPLFV�� WKH�&RPSRQHQWV
'LYLVLRQ�VSHQW�PLOOLRQV�RI�GROODUV�WU\LQJ�WR�GHYHORS�D�PRGXOH�FRQ�
VLVWLQJ�RI�D�FHUDPLF�EDVH�WKDW�VXSSRUWHG�PXOWLSOH�OD\HUV�RI�HYDSR�
UDWHG�DOXPLQXP�ZLULQJ��ZKLFK�ZHUH�LQVXODWHG�IURP�HDFK�RWKHU�E\
JODVV��7KLV�DSSURDFK�GLG�QRW�ZRUN�

2QH�RI�WKH�ILUVW�WHFKQLFDO�VWUDWHJLHV�WR�FURVV�P\�GHVN�DV�VWDII�GL�
UHFWRU�RI�WKH�&7&�LQ�-XQH�RU�-XO\�RI������FDPH�IURP�%ORFK�IRU�WKH
&RPSRQHQWV� 'LYLVLRQ� RQ� WKH� VXEMHFW� RI� FRPSXWHU� PHPRULHV�� $W
WKDW� WLPH�� ,%0�ZDV� KHDYLO\� FRPPLWWHG� WR�PDJQHWLF� FRUH�PHPR�
ULHV��7KH�HVVHQFH�RI�WKH�VWUDWHJ\�ZDV�

��� WR�FRQWLQXH�ZLWK�WKH�0�����PHPRU\�IRU�WKH�QHDU�WHUP�
��� WR� GHSHQG�RQ� WKLQ�PDJQHWLF� ILOP�PHPRULHV� IRU� WKH� IXWXUH�

DQG
��� WR�³VSULQNOH´�VHPLFRQGXFWRU�PHPRULHV�LQ�FRPSXWHUV�ZKHUH

QHHGHG�IRU�UHJLVWHUV�

,� ZDV� DSSDOOHG�� EHFDXVH� WKLV� FRPSOHWHO\� LJQRUHG� ZKDW� ZDV� KDS�
SHQLQJ� LQ� WKH� VHPLFRQGXFWRU� LQGXVWU\�� ,� H[SODLQHG� P\� GLVDJUHH�
PHQW�ZLWK�WKH�0HPRU\�6WUDWHJ\�WR�3LRUH��DQG�KH�DVNHG�PH�WR�GUDIW
D�PHPR�WR�)UDQN�&DU\�IRU�KLV�VLJQDWXUH��$�\HDU� ODWHU��%ORFK�ZDV
UHSODFHG�E\�(G�'DYLV��$V�D�UHVXOW�RI�P\�FRQWLQXLQJ�HPSKDVLV�RQ
WKH� LPSRUWDQFH�RI� ,&V²DV�PDQDJHU�RI� WKH�1*7�SURJUDP��DV� WKH
VWDII� GLUHFWRU� RI� WKH� &7&�� DQG� ODWHU� DIWHU� ,� OHIW� $UPRQN²,%0
JDLQHG�D�OHDGHUVKLS�SRVLWLRQ�LQ�VHPLFRQGXFWRU�PHPRULHV�

,Q�������WKH�8�6��-XVWLFH�'HSDUWPHQW�VODSSHG�,%0�ZLWK�D�PR�
QRSRO\� VXLW�� ,� ZDV� SURPSWO\� UHSODFHG� E\� *HRUJH� .HQQDUG�� DQG
+DGGDG�ZDV�WUDQVIHUUHG�WR�WKH�3RXJKNHHSVLH�/DERUDWRU\��,�UHIXVHG
WKH�RIIHU�RI�D�MRE�LQ�WKH�,%0�5DOHLJK��1RUWK�&DUROLQD��/DERUDWRU\�
,�ZDV�DVVLJQHG�WR�+DGGDG�DV�KLV�WHFKQLFDO�DVVLVWDQW��,W�ZDV�REYLRXV
,�ZDV�EHLQJ�SODFHG�LQ�D�SDUNLQJ�RUELW��RXWVLGH�WKH�VSKHUH�RI�DFWLRQ�
6KRUWO\� DIWHU� ,� MRLQHG�+DGGDG�� KH� WROG�PH� WKDW� FRPSHWLWRUV�ZHUH
FDXVLQJ� ,%0� ILWV� E\� VHOOLQJ� SOXJ�FRPSDWLEOH� FRUH�PHPRU\�PRG�
XOHV�� ,� SURSRVHG� WKDW� ,%0� TXLFNO\� FKDQJH� LWV� FRUH� PHPRULHV� WR
VHPLFRQGXFWRU�PHPRULHV� DQG� KLGH� WKHP�XQGHU� WKH� FRYHUV� RI� WKH
PDLQIUDPH��$V�,�KDG�SRLQWHG�RXW�LQ������DW� WKH�VWDUW�RI� WKH�1*7
SURJUDP��D� VHPLFRQGXFWRU�PHPRU\�FRXOG�EH�SDFNDJHG� OLNH� ORJLF
DQG�FRXOG�EH�SODFHG�LQ�YHU\�FORVH�SUR[LPLW\�WR�ORJLF��WKXV�UHGXF�
LQJ�WKH�WLPH�GHOD\�EHWZHHQ�ORJLF�DQG�PHPRU\��,Q�DGGLWLRQ��D�VHPL�
FRQGXFWRU�PHPRU\�FRXOG�XVH�WKH�VDPH�SRZHU�VXSSO\�YROWDJH�OHY�
HOV�DV�ORJLF�

+DGGDG�VHW�XS�D�FRPPLWWHH� WR� VWXG\� WKH� LVVXH�ZLWK�PH�DV� WKH
VHFUHWDU\��$IWHU�DW�OHDVW�D�PRQWK�RI�PHHWLQJV��,%0�ODXQFKHG�D�WRS�
SULRULW\� HIIRUW� WR� GHYHORS� D� VHPLFRQGXFWRU� PHPRU\� FDSDELOLW\�� ,
OHDUQHG�DQ�LPSRUWDQW�OHVVRQ�IURP�WKLV��,W�LV�QHFHVVDU\�LQ�DQ\�ODUJH
RUJDQL]DWLRQ� WR�EXLOG�XS�D�FRQVHQVXV� WKDW� VXSSRUWV�\RXU�SURSRVDO
EHIRUH� WDNLQJ� \RXU� SURSRVDO� WR� KLJKHU� PDQDJHPHQW�� ³7RR� VRRQ
ROG��WRR�ODWH�VPDUW�´

,Q�������,%0�PDGH�PH�DQ�,%0�)HOORZ��7KLV�SHUPLWWHG�PH�WR
SXUVXH�DQ\�DFWLYLW\�WKDW�,�FKRVH�ZLWK�WKH�KHOS�RI�DERXW�ILYH�SHRSOH�
,� FKRVH� WR� LQYHVWLJDWH� SURJUDPPDEOH� ORJLF� DUUD\V� �3/$V��� ,� KDG
IHOW�IRU�D�ORQJ�WLPH�WKDW�WKH�PDVWHU�VOLFH�DSSURDFK�RI�WKH�&RPSR�
QHQWV� 'LYLVLRQ� ZRXOG� KDYH� D� OLPLWHG� OLIHWLPH�� )XUWKHUPRUH�� +DO



,(((�$QQDOV�RI�WKH�+LVWRU\�RI�&RPSXWLQJ��9RO������1R����������������

)OHLVKHU� KDG� EHHQ� GHYHORSLQJ� WKH� WKHRU\� RI� 3/$�� DQG�ZH� FRXOG
MRLQWO\�DGYDQFH�WKH�FRQFHSW��2XU�SURJUDPV�QHHG�QRW�FRQIOLFW��VLQFH
,� ZDV� SXUVXLQJ� WKH� SUDFWLFDO� DSSOLFDWLRQ�� ZKHUHDV� )OHLVKHU� KDG
EHHQ�FRQFHQWUDWLQJ�RQ�WKH�WKHRUHWLFDO�GHYHORSPHQW�

,Q� WKH�HDUO\�SDUW�RI� WKH�����V��,� MRLQHG�%RE�(YDQV� LQ�D� WULS� WR
,%0�*HUPDQ\� WR� VHH�:HLVV¶V� SURJUHVV� LQ� GHYHORSLQJ�PXOWLOD\HU
FHUDPLFV�� 2Q� KLV� UHWXUQ�� (YDQV� GHPDQGHG� WKDW� WKH� &RPSRQHQW
'LYLVLRQ� DGRSW�:HLVV¶V� ZRUN�� %ORFK� KDG� WR� IXUWKHU� GHYHORS� DQG
PDQXIDFWXUH� WKH� PXOWLOD\HU� FHUDPLF� SDFNDJH� WKDW� ZDV� VXEVH�
TXHQWO\� XVHG� LQ� ,%0¶V� PDLQIUDPH� FRPSXWHUV� LQ� WKH� ����V�� %\
WKHQ�� ,%0�IRXQG�� WR� LWV�JUHDW� VDWLVIDFWLRQ�� WKDW� WKH�PXOWLOD\HU� FH�
UDPLF� PXOWLFKLS� PRGXOH� FRXOG� EH� XVHG� WR� EXLOG� PDLQIUDPHV� WR
SURGXFH�D�PXOWLELOOLRQ�GROODU�UHYHQXH�VWUHDP�

,�VXJJHVWHG�WR�(YDQV� WKDW�6FKZDUW]�EH�JLYHQ�DQ�DZDUG�IRU� WKH
ZRUN� KH� KDG� SHUIRUPHG� E\� VHWWLQJ� XS� D�PXOWLOD\HU� FHUDPLF� SLORW
OLQH�� (YDQV� WROG� PH� WKDW� VXFK� D� VXJJHVWLRQ� KDG� EHHQ� SURSRVHG
EHIRUH�DQG�ZDV�UHMHFWHG�EHFDXVH�RQH�PDMRU�LQYHQWLRQ�KDG�QRW�EHHQ
SDWHQWHG�E\�6FKZDUW]��,�EXLOW�D�FDVH�WR�VXSSRUW�VXFK�DQ�DZDUG�E\
VKRZLQJ�WKDW�DOO�WKH�HOHPHQWV�RI�WKH�SUHVHQW�DSSURDFK�ZHUH�DQWLFL�
SDWHG�LQ�WKH�ZRUN�GRQH�LQ�WKH�1*7�SURJUDP��$V�D�UHVXOW��6FKZDUW]
UHFHLYHG��DV�,�UHFDOO��D���������SDWHQW�DZDUG�IURP�,%0�

We showed that the revenue after the
third year would be approximately

$50 million, and the product would be
profitable in the fourth year. Papes’s
response was that $50 million would

be lost in the round-off error of
the revenue of the division.

Supporting an FET Program
:H�EHJDQ� VXSSRUWLQJ�%LOO�*LDQRSROXV¶V� HIIRUW� LQ� WKH� ,%0�.LQJ�
VWRQ��1HZ�<RUN��/DERUDWRU\�WR�SURGXFH�D�FXVWRP�GHVLJQHG�ODUJH�
VFDOH�,&�FKLS�XVLQJ�131�DQG�313�ILHOG�HIIHFW�WUDQVLVWRUV��)(7V��LQ
D�G\QDPLF�ORJLF�FRQILJXUDWLRQ��7KH�&RPSRQHQW�'LYLVLRQ�KDG�EHHQ
GHYHORSLQJ�D�PDVWHU�VOLFH�DSSURDFK�WR�)(7�FKLSV��7KH�IXQGDPHQ�
WDO� SUREOHP� ZDV� WKDW� DQ� )(7� GHVLJQ� WKDW� PXVW� FRQVHUYH� VLOLFRQ
DUHD� FDQQRW� GULYH� PDQ\� RWKHU� FLUFXLWV�� ,Q� WKH� PDVWHU� VOLFH� DS�
SURDFK�� D� FLUFXLW� PD\� KDYH� WR� GULYH� DQRWKHU� FHOO� VRPH� GLVWDQFH
DZD\��EXW� WKH�VWUD\�FDSDFLWDQFH�RI� WKH�FRQQHFWLRQ�FRQGXFWRU�FDQ�
QRW� EH� NQRZQ� XQWLO� WKH� FRPSOHWH� FKLS� LV� GHVLJQHG�� $V� D� UHVXOW�
HDFK� FHOO�PXVW� EH� GHVLJQHG� WR� KDQGOH� WKH�ZRUVW�FDVH� FRQGLWLRQV�
ZKLFK�OHDGV�WR�FHOOV�WKDW

•� DUH�VORZ�
•� GUDZ�WRR�PXFK�FXUUHQW��DQG
•� FUHDWH�WRR�PXFK�KHDW�

7KH� &RPSRQHQW� 'LYLVLRQ� VDZ� *LDQRSROXV¶V� SURJUDP� DV� D� FRP�
SHWLWRU�WR�LWV�SURJUDP�DQG�SXEOLFO\�GHSUHFDWHG�LW�

,Q� VXSSRUWLQJ�*LDQRSROXV�� ,� KDG� SODFHG�P\� UHSXWDWLRQ� RQ� WKH
OLQH��:KLOH�,�FRQVLVWHQWO\�GLVDJUHHG�ZLWK�WKH�&RPSRQHQW�'LYLVLRQ
DQG�WKH�IRUHUXQQHU�RI�WKH�5HVHDUFK�'LYLVLRQ��,�DOPRVW�DOZD\V�ZDV
IRXQG�WR�EH�FRUUHFW��%HIRUH�*LDQRSROXV�KDG�D�VXFFHVVIXO�ZRUNLQJ
FKLS�� ,� GHFLGHG� WKDW� D� JRRG� RIIHQVH�PDNHV� WKH� EHVW� GHIHQVH� DQG
DWWDFNHG�WKH�&RPSRQHQW�'LYLVLRQ¶V�)(7�SURJUDP��,Q�WDONLQJ�WR�WKH

ZRUNLQJ�PHPEHUV�RI�WKH�)(7�SURJUDP��,�KDG�OHDUQHG�WKDW�LW�KDG�D
VHULRXV� WHFKQLFDO� SUREOHP��7KHLU� FLUFXLWV�ZRXOG� ODWFK� XS�� WKDW� LV�
DIWHU� WKH\�ILUHG�� WKH\�ZRXOG�FRQWLQXH� WR�FRQGXFW�FXUUHQW�DIWHU� WKH
LQLWLDWLQJ�VLJQDO�ZDV�UHPRYHG�� ,�SXW�P\�ILQGLQJV� LQ�D�PHPR� WR�D
QXPEHU�RI�SHRSOH��LQFOXGLQJ�+DGGDG��+DGGDG�FDOOHG�D�PHHWLQJ�WR
ZKLFK�,�ZDV�LQYLWHG��:KHQ�,�ZDONHG�LQ��+DGGDG�SRLQWHG�KLV�ILQJHU
DW�PH� DV� LI� WR� ILUH� D� JXQ� DQG� \HOOHG� ³%DQJ�´� 7KH� WHQRU� RI� WKH
PHHWLQJ�GLG�QRW�LPSURYH��,W�WRRN�VL[�RU�HLJKW�PRQWKV�EHIRUH�WKH
)(7� SURJUDP� ZDV� WHUPLQDWHG�� 7KH� VHPLFRQGXFWRU� GHYLFH� DS�
SURDFK� ZDV� FRUUHFW� RQFH� WKH� ODWFK�XS� SUREOHP� ZDV� IL[HG�� 7KH
PDVWHU�VOLFH�DSSURDFK�ZDV�DOO�ZURQJ��7KH�GHPLVH�RI�WKLV�&026
)(7�SURJUDP�LQ�WKH�&RPSRQHQW�'LYLVLRQ�ZDV�ODWHU�IRXQG�WR�EH�D
VHULRXV� VHWEDFN� IRU� ,%0�� 7KH\� WKUHZ� WKH� EDE\� RXW� ZLWK� WKH
EDWKZDWHU�

,W� ZDV� DQRWKHU� H[DPSOH� RI� VFLHQWLVWV� QRW� XQGHUVWDQGLQJ� WRWDO
SUDFWLFDO� DSSOLFDWLRQ�� $� WHFKQLFDO� RUJDQL]DWLRQ� PXVW� FRQWDLQ� D
EDODQFHG� UHSUHVHQWDWLRQ� RI� DOO� WKH� VNLOOV� WKDW� DUH� QHHGHG� IRU� WKH
SURJUDP�WR�EH�VXFFHVVIXO��,�IHHO�D�JUHDW�GHDO�RI�P\�VXFFHVV�FDQ�EH
DWWULEXWHG�WR�WKH�IDFW�WKDW�,�FUHDWHG�IRU�P\VHOI�DW�&RUQHOO�DQ�HQJL�
QHHULQJ±SK\VLFV� VHW� RI� FRXUVHV�� ,Q� DGGLWLRQ�� ,� DP�ZHOO�YHUVHG� LQ
ZKDW� LV� UHTXLUHG� WR� PDNH� SDUWV� DQG� PDQXIDFWXUH� D� SURGXFW�� ,Q
VKRUW��,�DP�SUDFWLFDO�

The Glass Cockpit
$V� DQ� ,%0� )HOORZ�� ,� VXSSRUWHG� WKH� GHYHORSPHQW� RI� WKH� ³JODVV
FRFNSLW�´� 0LNH� )DGHU� SURSRVHG� WR� UHSODFH� '¶$UVRQYDO� QHHGOH
PRYHPHQWV� LQ� WKH� LQVWUXPHQW� SDQHOV� RI� FRPPHUFLDO� DLUFUDIW�ZLWK
&57� GLVSOD\� VFUHHQV�� +H� NQHZ� ,� ZDV� DQ� DYLG� IOLHU� DQG� WKDW� ,
RZQHG� D� WZLQ�HQJLQH� $HUR� &RPPDQGHU� ����� ,� WKRXJKW� WKDW� WKLV
LGHD�PLJKW�EH�D�ZD\�WR�JHW�,%0�WR�VXSSRUW�D�FXVWRP�FKLS�GHVLJQ
HIIRUW�EDVHG�RQ�)(7�WHFKQRORJ\��ZKLFK�,�ZDV�FRQYLQFHG�ZRXOG�EH
QHHGHG�IRU�IXWXUH�ODUJH�PDLQIUDPHV��,�NQHZ�,�FRXOG�QRW�GR�WKLV�E\
MXVW�PDNLQJ� WKH�SURSRVDO� LQ�P\�\HDUO\� ,%0�)HOORZ� UHSRUW� RU� E\
JRLQJ�WR�PDQDJHPHQW��,�KDG�WR�VXSSO\�D�EXVLQHVV�RSSRUWXQLW\�WKDW
ZRXOG�OHDG�WKH�ZD\�

0\�JURXS� VHW� DERXW� WR� GHYHORS� D�PRGHO� IRU� GHPRQVWUDWLRQ� LQ
P\�DLUFUDIW��$�JDV�SDQHO�GLVSOD\�ZDV�GULYHQ�E\�D�VPDOO�FRPSXWHU
ZLWK�LQSXW�IURP�DQ�DWWLWXGH�J\UR��:H�VHW�XS�IRFXV�JURXSV�IRU�FKLHI
SLORWV�RI�FRPPHUFLDO�FRUSRUDWLRQV� WR�ZKRP�WKH�FRQFHSW�ZDV�SUH�
VHQWHG�LQ�GHWDLO��:H�GLG�D�PDUNHW�VWXG\�WR�GHWHUPLQH�WKH�UHYHQXH
DQG� PDQXIDFWXULQJ� FRVWV�� :H� PDGH� D� JUHDW� SUHVHQWDWLRQ� WR� 7HG
3DSHV�� SUHVLGHQW� RI� WKH� ,%0� 6\VWHP� 3URGXFWV� 'LYLVLRQ�� :H
VKRZHG� WKDW� WKH� UHYHQXH� DIWHU� WKH� WKLUG� \HDU� ZRXOG� EH� DSSUR[L�
PDWHO\� ���� PLOOLRQ�� DQG� WKH� SURGXFW� ZRXOG� EH� SURILWDEOH� LQ� WKH
IRXUWK�\HDU��3DSHV¶V�UHVSRQVH�ZDV� WKDW�����PLOOLRQ�ZRXOG�EH� ORVW
LQ�WKH�URXQG�RII�HUURU�RI�WKH�UHYHQXH�RI�WKH�GLYLVLRQ��7KLV�SURGXFW
SURSRVDO� DQG� P\� HIIRUW� WR� JHW� ,%0� LQWR� ODUJH�VFDOH� LQWHJUDWLRQ
ZLWK�WKH�)(7�WHFKQRORJ\��WR�SURWHFW�,%0¶V�IXWXUH�EXVLQHVV��ZRXOG
QRW�IO\��1R�SXQ�LQWHQGHG�

Communications Division
$IWHU�ILYH�\HDUV�DV�DQ�,%0�)HOORZ��,�JRW�EDFN�LQWR�D�PDQDJHPHQW
OLQH�MRE�E\�MRLQLQJ�WKH�&RPPXQLFDWLRQ�'LYLVLRQ�KHDGHG�E\�$OODQ
.URZH�� 7KH� &RPPXQLFDWLRQ� 'LYLVLRQ�� DPRQJ� RWKHU� WKLQJV�� ZDV
UHVSRQVLEOH�IRU�WHUPLQDOV��7KH�GLYLVLRQ�IRXQG�LW�GLIILFXOW�WR�JHW�WKH
FRPSRQHQWV�LW�UHTXLUHG��$�UHSUHVHQWDWLYH�IURP�GLYLVLRQ�KHDGTXDU�
WHUV� LQ� +DUULVRQ�� 1HZ� <RUN�� JDYH� XV� D� SHS� WDON� VD\LQJ� WKDW� ZH
VKRXOG�SHUVXDGH�WKH�&RPSRQHQW�'LYLVLRQ�DQG�RXU�EURWKHUV�LQ�(Q�
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GLFRWW�WR�ZRUN�KDUGHU�WR�WXUQ�RXW�PRUH�SURGXFWV�IRU�RXU�PDQXIDF�
WXULQJ� SODQWV�� ,� FRQWUDGLFWHG� KLP�� VD\LQJ� WKDW� ZH� VKRXOG� UHDOL]H
WKDW� LQ� JRRG� HFRQRPLF� WLPHV�� WKH� PDLQIUDPHV�� EHFDXVH� RI� WKHLU
KLJK� SURILW��ZHUH� JLYHQ� SULRULW\� IRU� FRPSRQHQWV�ZH� QHHGHG� DV� D
GLYLVLRQ��'XULQJ�SRRU�HFRQRPLF�WLPHV��ZH�FRXOG�JHW�WKH�SDUWV�ZH
QHHGHG��EXW�WKHQ�WKH�PDUNHW�IRU�RXU�SURGXFWV�ZDV�SRRU��,�VDLG�WKH
VSHDNHU� UHPLQGHG� PH� RI� 1HYLOOH� &KDPEHUODLQ� UXQQLQJ� DURXQG
(XURSH� ZLWK� KLV� XPEUHOOD� WU\LQJ� WR� DSSHDVH� $GROI� +LWOHU�� ,I� ZH
ZDQWHG�WR�VROYH�RXU�SUREOHPV��ZH�VKRXOG�VHHN�YHQGRUV�RXWVLGH�RI
,%0��7KHQ��DW�OHDVW��ZH�FRXOG�JHW�SDUWV�IRU�RXU�SURGXFWV�ZKHQ�WKH
HFRQRP\�ZDV�ERRPLQJ�

7KH�QH[W�WKLQJ�,�NQHZ�,�EHFDPH�WKH�GLYLVLRQ¶V�WHFKQRORJ\�PDQ�
DJHU�� ,�QHJRWLDWHG�D�FRQWUDFW�ZLWK�0DWVXVKLWD� LQ� -DSDQ� IRU�D�FRQ�
WUROOHU� IRU� D� JDV� GLVSOD\� SDQHO� IRU� WHUPLQDOV� EDVHG� RQ� WKH� 3/$
WHFKQRORJ\�WKDW�,�KDG�GHYHORSHG�DV�DQ�,%0�)HOORZ��,Q�QHJRWLDWLQJ
D�FRQWUDFW�ZLWK�0DWVXVKLWD�� ,� OHDUQHG�WKDW�0DWVXVKLWD�H[SHFWHG�WR
KDYH�WR�SURYLGH�XV�ZLWK�,%0¶V�XQLTXH�FRQQHFWLRQ�WR�D�VXEVWUDWH�LQ
WKH�IRUP�RI� OHDG�EDOOV��EXW�,� WROG� WKH�0DWVXVKLWD�HQJLQHHUV� WR�XVH
WKH� ZLUH� ERQGLQJ� ZLWK� ZKLFK� WKH\� ZHUH� TXLWH� IDPLOLDU�� )XUWKHU�
PRUH��VLQFH�D�WHUPLQDO�LV�WXUQHG�RII�DQG�RQ�PDQ\�WLPHV��WKH�UHVXO�
WDQW� WKHUPDO�F\FOLQJ�ZRXOG�FDXVH�IDWLJXH�IDLOXUHV�RI� WKH� OHDG�EDOO
FRQQHFWLRQV��,�LQYLWHG�ILYH�RI�WKH�0DWVXVKLWD�HQJLQHHUV�WR�.LQJVWRQ
WR�OHDUQ�DERXW�3/$�GHVLJQ��$W�WKH�HQG�RI�RQH�ZHHN��)XJLPRWR�6DQ�
WKH�0DWVXVKLWD�H[HFXWLYH�ZLWK�ZKRP�,�KDG�QHJRWLDWHG�GXULQJ�P\
ZHHN�LQ�-DSDQ��UHGXFHG�WKH�HVWLPDWHG�FRVW�RI������PLOOLRQ�IRU�WKH
FRQWUDFW� E\� �����PLOOLRQ�� EULQJLQJ� WKH� WRWDO� FRVW� WR� �����PLOOLRQ�
7KH�UHVXOWV�RI�0DWVXVKLWD¶V�HIIRUWV�ZHUH�TXLWH�VDWLVIDFWRU\�

My recommendation that the program
be continued was based on the fact that

the program had been so badly
mismanaged that it was difficult to
determine if the basic problem was
mismanagement or the technology.

Josephson Program
,Q�������,�KHDGHG�D�WHFKQLFDO�DXGLW�RI��,%0¶V�-RVHSKVRQ�SURJUDP
E\�D�JURXS�RI�DSSUR[LPDWHO\����HQJLQHHUV�DQG�VFLHQWLVWV��:H�PHW
IRU� VHYHUDO� ZHHNV�� 7KH� -RVHSKVRQ� SURJUDP� KDG� SHRSOH� LQ� (DVW
)LVKNLOO��1HZ�<RUN�� LQ�<RUNWRZQ��1HZ�<RUN�� DQG� LQ�5XVFKOLNRQ
QHDU� =XULFK� DQG� JRW� VRPH� ILQDQFLDO� VXSSRUW� IURP� WKH� 1DWLRQDO
6HFXULW\�$JHQF\��16$���2QO\� WKUHH�RI�XV� UHFRPPHQGHG� WKDW� WKH
SURJUDP� EH� FRQWLQXHG�� ,� ZDV� RQH��0\� UHFRPPHQGDWLRQ� WKDW� WKH
SURJUDP�EH�FRQWLQXHG�ZDV�EDVHG�RQ�WKH�IDFW�WKDW�WKH�SURJUDP�KDG
EHHQ�VR�EDGO\�PLVPDQDJHG�WKDW�LW�ZDV�GLIILFXOW�WR�GHWHUPLQH�LI�WKH
EDVLF�SUREOHP�ZDV�PLVPDQDJHPHQW�RU�WKH�WHFKQRORJ\�

7KH� SURJUDP� KDG� GHYHORSHG� D� VLHJH� PHQWDOLW\�� 7KH� SURJUDP
PHPEHUV� IHOW� WKDW� HYHU\� RWKHU� JURXS� LQ� WKH� <RUNWRZQ� 5HVHDUFK
/DERUDWRU\� ZDV� DJDLQVW� WKHP�� VR� WKH\� KLG� DOO� RI� WKHLU� WHFKQLFDO
SUREOHPV�� ,Q� DGGLWLRQ�� WKH�PHPEHUV� RI� WKH� -RVHSKVRQ� JURXS� KDG
YHU\� ORZ�PRUDOH��7KDW� SRUWLRQ�RI� WKH� JURXS� LQ�(DVW�)LVKNLOO�ZDV
QRW�JHWWLQJ�WKH�IDFWV�QHHGHG�WR�EXLOG�D�SLORW�OLQH��7KH�=XULFK�JURXS
KDG�EHJXQ�WR�HYLGHQFH�D�JHQHUDO�GLVVDWLVIDFWLRQ�ZLWK�WKH�WHFKQLFDO
GLUHFWLRQ�RI�WKH�SURJUDP��$W�ILUVW��,�GLG�QRW�WDON�WR�WKH�ZRUNHUV��EXW
DV�ZH�ZHUH�DERXW�WR�FRQFOXGH�WKH�DXGLW��,�EHJDQ�WR�JHW�LQSXW�IURP

WKH� ORZHU� OHYHOV�� $W� WKLV� SRLQW�� ,� FLUFXPYHQWHG� WKH� XSSHU�OHYHO
PDQDJHPHQW� DQG� WDONHG� GLUHFWO\� WR� ORZHU�OHYHO� PDQDJHUV� DQG
ZRUNHUV�� ,� OHDUQHG� WKDW� VLJQLILFDQW� SRUWLRQV� RI� WKH� WHFKQLFDO� GDWD
SUHVHQWHG�WR�XV�ZHUH�ZURQJ��,�FDOOHG�5DOSK�*RPRU\��ZKR�ZDV�LQ
FKDUJH� RI� DOO� ,%0� 5HVHDUFK��� DQG� WROG� KLP� WKDW� WKH� DXGLW� WHDP
UHSRUW�ZDV�QRW�ZRUWK� WKH�SDSHU�RQ�ZKLFK� LW�ZDV�ZULWWHQ��+H� WROG
PH�KH�ZRXOG�WDNH�FDUH�RI�LW��+H�RIIHUHG�PH�WKH�MRE�DV�PDQDJHU�RI
WKH�-RVHSKVRQ�SURJUDP�

,�ODWHU�OHDUQHG�WKDW�KH�KDG�PDGH�WKH�RIIHU�WR�VHYHUDO�RWKHUV�EH�
IRUH�PH��VR�,�VXVSHFW�WKDW�,�ZDV�WKH�RQO\�RQH�LQVDQH�HQRXJK�WR�WDNH
LW��,�VDLG�WKDW�,�ZRXOG�DFFHSW�KLV�RIIHU��EXW�KH�PXVW�XQGHUVWDQG�WKDW
,�KDG�RQO\�RQH�FKDQFH�LQ����WR�EH�VXFFHVVIXO�DQG�WKDW�LW�ZRXOG�WDNH
WZR�\HDUV�WR�GHWHUPLQH�LI�WKH�SURJUDP�ZRXOG�IO\��+H�WROG�PH�WKDW�,
ZRXOG�UHSRUW�WR�-LP�0F*URGG\��,�VDLG�WKDW�0F*URGG\�KDG�VWDWHG
SXEOLFO\�WKDW�LI�KH�JRW�WKH�FKDQFH��KH�ZRXOG�WHUPLQDWH�WKH�-RVHSK�
VRQ�SURJUDP��7KXV��ZKLOH�P\�FKDQFH�RI�VXFFHVV�ZRXOG�KDYH�EHHQ
YHU\�VPDOO��ZLWK�0F*URGG\�DV�P\�ERVV��LW�ZDV�]HUR��*RPHU\�VDLG
WKDW�KH�ZRXOG�WDNH�FDUH�RI�0F*URGG\�

/DWHU��0F*URGG\�DVNHG�PH�ZK\�,�KDG�WDNHQ�WKH�MRE��,�VDLG�WKDW
WKH�SURJUDP�KDG�EHHQ�VR�EDGO\�PLVPDQDJHG�WKDW�,�WKRXJKW�,�KDG�D
��� SHUFHQW� FKDQFH� RI� EHLQJ� DEOH� WR�PDNH� LW�ZRUN��+H� DVNHG�PH
YHU\�GLUHFWO\�WR�NHHS�KLP�LQIRUPHG�RI�DQ\�SUREOHPV�ZLWK�WKH�SUR�
JUDP� DV� VRRQ� DV� ,� OHDUQHG� RI� WKHP�� ,� DVVXUHG� KLP� WKDW� ,� ZRXOG�
7UXH� WR� *RPRU\¶V� ZRUG�� ,� GLG� QRW� KDYH� DQ\� WURXEOH� ZLWK
0F*URGG\��,Q�IDFW��ZH�JRW�DORQJ�YHU\�ZHOO�

)LUVW��,�DGGUHVVHG�WKH�PRUDOH�SUREOHP��7KHQ�,�KDG�WR�FRQYLQFH
WKH� UHVW� RI� WKH� JURXSV� LQ� ,%0�5HVHDUFK� WKDW� WKH� -RVHSKVRQ� SUR�
JUDP�ZRXOG�ZHOFRPH� WKHLU� LQSXW�DQG� WKDW� WKHUH�ZRXOG�QR� ORQJHU
EH�D�VLHJH�PHQWDOLW\��7KH�PHPEHUV�RI�WKH�-RVHSKVRQ�SURJUDP�ZHUH
KDQGSLFNHG� VFLHQWLVWV� IURP� WKH� WRS� XQLYHUVLWLHV� RI� WKH� 8QLWHG
6WDWHV�DQG�IRUHLJQ�FRXQWULHV��7KHUH�ZDV�QR�ZD\�WKDW�,�FRXOG�UXQ�D
JURXS� VXFK� DV� WKLV�ZLWKRXW� OHDQLQJ� YHU\� KHDYLO\� RQ� WKHLU� NQRZO�
HGJH�DQG�H[SHULHQFH�� ,� VSHQW� WKUHH�PRQWKV�JHWWLQJ� WKH� -RVHSKVRQ
SHRSOH� WR�XQGHUVWDQG� WKHLU�VWUHQJWKV�DQG�ZHDNQHVVHV�DQG� WR�KDYH
WKHP�GHILQH�WKH�W\SH�RI�RUJDQL]DWLRQ�WKDW�ZDV�QHHGHG��,�VHW�XS�VL[
FRPPLWWHHV�WR�GHILQH�WKH�SURJUDPV�LQ�NH\�WHFKQLFDO�DUHDV��7KLV�OHW
PH� GHWHUPLQH� ZKR� WKH� QDWXUDO� OHDGHUV� ZHUH� DQG� WKH� GHWDLOV� DQG
VFKHGXOHV�LQ�WKH�NH\�WHFKQLFDO�DUHDV�

$W�WKH�HQG�RI�WKUHH�PRQWKV��ZH�KDG�D�WHDP�RI�FRPSHWHQW�OHDG�
HUV�ZKR�KDG�GHILQHG�ZKDW�KDG�WR�EH�GRQH�DQG�RQ�ZKDW�VFKHGXOH��,Q
DGGLWLRQ��HYHU\ERG\�NQHZ�H[DFWO\�ZKDW�KDG�WR�EH�GRQH�DQG�ZKDW
UROH� WKH\� HDFK� KDG�� ,�ZDV� H[WUHPHO\� LPSUHVVHG�ZLWK� WKH� ODFN� RI
SROLWLFNLQJ�WKDW�RQH�ZRXOG�XVXDOO\�ILQG�LQ�VXFK�DQ�RUJDQL]DWLRQ�

7KH�SURJUDP�UHTXLUHG�D�GUDVWLF�FKDQJH�LQ�GLUHFWLRQ��,W�KDG�SUH�
YLRXVO\�EHHQ�VWUXFWXUHG�WR�EXLOG�D�VXSHUFRPSXWHU�EDVHG�RQ�VXSHU�
FRQGXFWLYLW\� DQG� -RVHSKVRQ� GHYLFHV� DQG� GHOLYHU� LW� WR�16$�� 7KLV
JRDO� ZDV� WRWDOO\� XQDWWDLQDEOH� ZLWK� D� JURXS� RI� DERXW� ���� VSUHDG
WKURXJK�WKUHH�VHSDUDWH�ORFDWLRQV�RQ�WZR�FRQWLQHQWV��,�FXW�WKH�JRDOV
GRZQ�FRQVLGHUDEO\��EXW�,�KDG�WR�GHPRQVWUDWH�WKDW�VXSHUFRQGXFWLY�
LW\�ZDV�D�WHFKQRORJ\�WKDW�ZDV�VXSHULRU�WR�VLOLFRQ�DQG�JDOOLXP�DUVH�
QLGH��7KH�SHUIRUPDQFH�RI�D�-RVHSKVRQ�FRPSXWHU�KDG�WR�EH�DW�OHDVW
DQ� RUGHU� RI� PDJQLWXGH� EHWWHU� WKDQ� LWV� FRPSHWLWLRQ� DW� D� FRVW� WKDW
ZRXOG�EH�VOLJKWO\�PRUH�WKDQ�D�PDFKLQH�GHVLJQHG�DURXQG�HLWKHU�RI
WKHVH� WZR� FRPSHWLQJ� VHPLFRQGXFWRUV�� :KLOH� WKH� SUHYLRXV� PDQ�
DJHPHQW�KDG�GRQH�D�FOHYHU�MRE�RI�GHILQLQJ�D�SDFNDJH�WKDW�FRXOG�EH
XVHG�DW�WKH�WHPSHUDWXUH�RI�OLTXLG�KHOLXP��WKH\�KDG�QRW�FRQVLGHUHG
WKDW� D� QHZ� WHFKQRORJ\�PXVW� EH�PHDVXUHG� RQ� D� FRVW�SHUIRUPDQFH
EDVLV�FRPSDUHG�WR�RWKHU�WHFKQRORJLHV�

%\�WKH�/DERU�'D\�ZHHNHQG�RI�������,�KDG�WR�GHFLGH�ZKHWKHU�RU
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QRW�WR�VLJQ�WKH�FRQWUDFW�ZLWK�16$�IRU�DQRWKHU�\HDU��:H�KDG�PDGH
VLJQLILFDQW� WHFKQLFDO� SURJUHVV� GXULQJ� WKH� SUHYLRXV� ��� PRQWKV�� ,
KDG�WROG�*RPRU\�WKDW�DIWHU�WZR�\HDUV��,�ZRXOG�WHOO�KLP�ZKHWKHU�WKH
SURJUDP�ZRXOG� IO\�� ,� KDG� WKH� UHVXOWV� RI� D� WHFKQLFDO� DXGLW� RI� WKH
SURJUDP�WKDW�,�KDG�DVNHG�3XJK�WR�KHDG�

7KH�NH\�SRLQWV�RI�WKH�DXGLW�UHSRUW�ZHUH�WKDW�ZLWK�PLQLPXP�GL�
PHQVLRQV�RI�����PLFURQ��WKH�-RVHSKVRQ�WHFKQRORJ\�PLJKW�EH�WZLFH
DV�IDVW�DV�WKH�FRPSHWLQJ�WHFKQRORJLHV��)XUWKHUPRUH��WKH�-RVHSKVRQ
PHPRU\� FHOO�ZRXOG� WDNH� XS�PRUH� DUHD� WKDQ� WKH� FRPSHWLQJ� WHFK�
QRORJLHV��7KLV�PLJKW� IRUFH� WKH�PHPRU\� IRU�D�-RVHSKVRQ�PDFKLQH
WR�KDYH� WR�EH�RSHUDWHG�DW� WKH� WHPSHUDWXUH�RI� OLTXLG�QLWURJHQ�ZLWK
VLOLFRQ� DV� WKH� VHPLFRQGXFWRU� PDWHULDO�� )LQDOO\�� WKH� WUDQVPLVVLRQ
OLQH�GHOD\�EHWZHHQ�WKH�PHPRU\�DQG�WKH�&38�ZRXOG�EH�XQDFFHSW�
DEOH�IRU�D�JHQHUDO�SXUSRVH�PDFKLQH�

$V�WKRXVDQGV�RI�SHRSOH�DURXQG�WKH�ZRUOG�ZHUH�HQJDJHG�LQ�LP�
SURYLQJ� WKH�VLOLFRQ� WHFKQRORJ\�� WKH�PLQLPXP�IHDWXUH�VL]H� IRU� WKH
VLOLFRQ�WHFKQRORJ\�ZDV�GHFUHDVLQJ��,W�ZDV�FOHDU�WKDW�WKH�����PHP�
EHUV�RI� WKH� -RVHSKVRQ�SURJUDP�FRXOG�QHYHU�FRPSHWH�ZLWK� WKLV� LQ
LPSURYLQJ� WKH� -RVHSKVRQ� WHFKQRORJ\��$� SURSHU� UHWXUQ� RQ� LQYHVW�
PHQW�FRXOG�QRW�EH�DFKLHYHG�ZLWK�WKH�-RVHSKVRQ�WHFKQRORJ\��,�WROG
-RKQ�$UPVWURQJ��ZKR�KDG�HDUOLHU�UHSODFHG�0F*URGG\�� WKDW� ,� UHF�
RPPHQGHG�WKH�WHUPLQDWLRQ�RI�WKH�SURJUDP��DQG�ZH�ERWK�LQIRUPHG
*RPRU\�� 7KH� GHFLVLRQ� ZDV� VXEVHTXHQWO\� UHYLHZHG� E\� +DGGDG�
(YDQV��/RXLV�%UDQVFRPE��DQG�RWKHU�PHPEHUV�RI�WKH�WRS�PDQDJH�
PHQW� LQ� ,%0�DQG�16$��7KHQ� ,� KDG� WKH� VDG� DVVLJQPHQW� RI� UHDV�
VLJQLQJ�WKH�SHRSOH�LQ�WKH�SURJUDP�

2QH�LQWHUQDWLRQDOO\�NQRZQ�PHWDOOXUJLVW�WKDQNHG�PH�IRU�ZKDW�KH
KDG�OHDUQHG�RQ�WKH�SURJUDP��+H�WROG�PH�WKDW�EHIRUH�,�WRRN�RYHU��KH
KDG� LQYHVWLJDWHG� ZKDWHYHU� VXEMHFW� FDXJKW� KLV� DWWHQWLRQ�� :KHQ� ,
FDPH�RQ�ERDUG��KH�IRXQG�WKDW�KH�ZDV�DVNHG�WR�WDUJHW�KLV�DWWHQWLRQ
WR�VXEMHFWV� WKDW�ZHUH�LPSRUWDQW� WR� WKH�RYHUDOO�SURJUDP��,� WKDQNHG
KLP�YHU\�VLQFHUHO\��EXW�LW�FDXVHG�PH�WR�WKLQN�DERXW�WKH�VWUXFWXUH�RI
WKH�SURJUDP�ZKHQ�,�MRLQHG�LW��:KDW�,�IRXQG�ZDV�WKDW�PDQ\�RI�WKH
��� 3K'V� RQ� WKH� WHDP�ZHUH� PRUH� LQWHUHVWHG� LQ� ZRUN� WKDW� ZRXOG
OHDG� WR� DQ� LQGLYLGXDO� SXEOLFDWLRQ� WKDQ� LQ� ZRUNLQJ� DV� D� WHDP� WR
DGYDQFH� WKH� SURJUDP�� ,� WKLQN�P\�PDQDJHPHQW� DSSURDFK�ZDV� LQ�
VWUXPHQWDO� WRZDUG� WXUQLQJ� D� EXQFK� RI� LQGLYLGXDOV� LQWR� D� WHDP�
3HUKDSV� WKH� PHWDOOXUJLVW� KDG� DWWHPSWHG� WR� H[SUHVV� WKLV� VDPH
WKRXJKW�LQ�D�GLIIHUHQW�ZD\�

:KLOH�,�ZDV�UHDVVLJQLQJ�P\�SHRSOH��$UPVWURQJ�DVNHG�PH�ZKDW
P\�LQWHUHVWV�ZRXOG�EH�IRU�D�QHZ�DVVLJQPHQW��,�VDLG�WKDW�,�GLG�QRW
ZDQW�WR�WKLQN�DERXW�D�QHZ�DVVLJQPHQW�XQWLO�,�KDG�P\�SHRSOH�SURS�
HUO\� SODFHG�� /DWHU�� ZKHQ� ,� WROG� $UPVWURQJ� WKDW� ,� KDG� DOO� RI� P\
SHRSOH�SODFHG�DQG�ZDV�QRZ�UHDG\�IRU�D�QHZ�DVVLJQPHQW��WKHUH�ZDV
GHDG�VLOHQFH��,�IHOW�WKLV�ZDV�D�ELW�XQXVXDO�DQG�GLG�QRW�NQRZ�ZKDW�WR
PDNH�RI�LW�

,Q�������*RPRU\�KDG�WROG�PH�WKDW�,�ZDV�QR�ORQJHU�HOLJLEOH�IRU
VWRFN� RSWLRQV�� %\� FRXSOLQJ� $UPVWURQJ¶V� VLOHQFH� ZLWK� WKLV� SUR�
QRXQFHPHQW�� ,� UHDOL]HG� WKDW� DQ\� IXWXUH� RXWVWDQGLQJ� DFFRPSOLVK�
PHQWV�ZRXOG�QR�ORQJHU�EH�DSSUHFLDWHG�E\�,%0��$W�WKDW� WLPH��'U�
+DUU\�.URHJHU��ZKRP�,�KDG�LQWHUYLHZHG�IRU�D�MRE�LQ�WKH�-RVHSKVRQ
SURJUDP�EHIRUH�,�GHFLGHG�LW�VKRXOG�EH�WHUPLQDWHG��WROG�PH�WKDW�KLV
FXUUHQW�ILUP��0LFURHOHFWURQLFV�	�&RPSXWHU�7HFKQRORJ\�&RUSRUD�
WLRQ�RI�$XVWLQ��7H[DV��ZDV�ORRNLQJ�IRU�D�YLFH�SUHVLGHQW��,�FRQWDFWHG
WKH� ILUP��ZDV� LQYLWHG� WR�$XVWLQ�� DQG�ZDV� LQWHUYLHZHG� E\� %REE\
,QPDQ��7KH�VDODU\�RIIHU�ZDV� LPSUHVVLYH��DQG� WKH�ERQXV�SODQ�ZDV
H[WUHPHO\�DWWUDFWLYH��0\�ZLIH�DJUHHG�WKDW�,�VKRXOG�WDNH�WKH�MRE�

,Q�P\�H[XEHUDQFH��,�PHQWLRQHG�P\�QHZ�MRE�WR�(YDQV��ZKR�ZDV
YHU\�QHJDWLYH�DERXW�P\�WDNLQJ�WKH�MRE��,�VDLG�WKDW�,QPDQ�KDG�DQ�

VZHUHG�P\�FRQFHUQ�DERXW�D�FRQIOLFW�RI�LQWHUHVW�RQ�P\�SDUW�E\�H[�
SODLQLQJ� WKDW�DQ� ,%0�H[HFXWLYH� WROG�KLP� WKDW�ZKLOH� ,%0�GLG�QRW
SODQ� WR� MRLQ� LQ� D� EXVLQHVV� UHODWLRQVKLS� ZLWK� 0LFURHOHFWURQLFV� 	
&RPSXWHU� 7HFKQRORJ\� &RUSRUDWLRQ�� WKDW� ,%0� GLG� ZLVK� WKH� ILUP
ZHOO� LQ� LWV�QHZ�YHQWXUH��(YDQV� WDONHG� WR�*RPRU\�DERXW�P\�GHFL�
VLRQ��DQG�*RPRU\�DVNHG�PH�LI�,�ZRXOG�WDON�WR�-RKQ�$NHUV��,�KDG�D
SURGXFWLYH�GLVFXVVLRQ�ZLWK�$NHUV��ZKR�VDLG�KH�ZRXOG�UHFRPPHQG
WR�WKH�ERDUG�WKDW�,�EH�DZDUGHG�D�UHVWULFWHG�VWRFN�RSWLRQ�LI�,�VWD\HG�
$V�D�UHVXOW��,�DJUHHG�WR�UHPDLQ�ZLWK�,%0�

Packaging Research
6LQFH� ,� KDG� DFFRPSOLVKHG� YHU\� VLJQLILFDQW� UHVXOWV� LQ� GHYHORSLQJ
GLJLWDO�FLUFXLWV�DQG�GLJLWDO�FLUFXLW�SDFNDJHV�RYHU�P\�\HDUV�LQ�,%0�
,� DVVHPEOHG� D� UHVHDUFK� HIIRUW� GLUHFWHG� WRZDUG� SDFNDJLQJ�� ,� ZDV
DSSRLQWHG� GLUHFWRU� RI� SDFNDJLQJ� WHFKQRORJ\� LQ� ,%0� 5HVHDUFK�
7KLV�VHHPHG�ILWWLQJ�LQ�YLHZ�RI�P\�SDVW�DFFRPSOLVKPHQWV�

��� UHGLUHFWHG�,%0¶V�HIIRUW�WRZDUG�MXQFWLRQ�UDWKHU�WKDQ�SRLQW�
FRQWDFW�WUDQVLVWRUV�

��� LQYHQWHG�WKH�6FKRWWN\�FODPS�FLUFXLW�
��� UHFRJQL]HG� WKH� EHQHILWV� RI� FRPSOHPHQWDU\� V\PPHWU\� LQ

FLUFXLW�GHVLJQV�
��� GHILQHG�WKH�VWDQGDUG�PRGXODU�V\VWHP�FRQFHSW�
��� HVWDEOLVKHG�D�ILYH�YROW�VLJQDO�VZLQJ�VWDQGDUG�ZLWKLQ�,%0�
��� HVWDEOLVKHG�WKH�ILUVW�HIIRUW�RQ�VLOLFRQ�LQ�,%0�
��� JXLGHG�WKH�LQYHQWLRQ�RI�WKH�FXUUHQW�VZLWFK�FLUFXLW�
��� HVWDEOLVKHG�DQ�,&�HIIRUW�LQ�WKH�&RPSRQHQW�'LYLVLRQ�
��� GHILQHG�D�IRXU�SKDVH�1*7�SURJUDP�WKDW�ZDV�YHU\�FORVHO\

IROORZHG�LQ�,%0�
���� LQLWLDWHG�WKH�067�SURJUDP�DV�WKH�ILUVW�SKDVH�RI�1*7�
���� DQWLFLSDWHG�WKH�QHHG�IRU�DQG�SXVKHG�FXVWRP�FLUFXLW�GHVLJQ�
���� WHUPLQDWHG�D�WKLQ�ILOP�PDJQHWLF�PHPRU\�SURJUDP�
���� OHG�,%0�LQWR�WKH�DGRSWLRQ�RI�VHPLFRQGXFWRU�PHPRULHV�
���� WHUPLQDWHG�WZR�VXSHUFRQGXFWLYLW\�SURJUDPV��DQG
���� PDQDJHG�D�QXPEHU�RI�VXFFHVVIXO�PDFKLQH�SURJUDPV�

:K\�GLG� ,� OLVW� SURJUDPV� ,� WHUPLQDWHG� LQ� D� OLVW� RI� DFFRPSOLVK�
PHQWV"�:KHQ� ,�ZDV� VWDII� GLUHFWRU� RI� WKH�&7&�� ,� JRW� WR� WKLQNLQJ
DERXW�P\�UROH�DQG�FRQFOXGHG�,�ZDV�GRLQJ�D�JRRG�MRE�RI�QXUWXULQJ
,%0¶V� WHFKQRORJ\� JDUGHQ�� EXW� ,� ZDV� QRW� GRLQJ� DQ\WKLQJ� DERXW
ZHHGLQJ�LW��,�H[SUHVVHG�WKLV�WKRXJKW�WR�DQ�LPSRUWDQW�VWDII�SHUVRQ�LQ
$UPRQN�� +H� VDLG� WKH� ULVN� LV� WRR� JUHDW� WR� WHUPLQDWH� D� SURJUDP�
VLQFH�D�FRPSHWLWRU�PD\�PDNH� WKH� WHFKQRORJ\�ZRUN�DQG� WKHQ�\RX
ZLOO�EH�UHPHPEHUHG�IRU�KDYLQJ�NLOOHG�LW��,�GLG�QRW�DJUHH��VR�,�WROG
3LRUH�RI�P\�WKRXJKW��+H�DVNHG�LI�,�KDG�D�SURJUDP�LQ�PLQG��,�NQHZ
3LRUH� KDG� D�ZDUP� VSRW� IRU� WKH� WKLQ� ILOP�PDJQHWLF�PHPRU\� SUR�
JUDP�LQ�%XUOLQJWRQ��9HUPRQW��:LWK�WUHSLGDWLRQ��,�VDLG�\HV��WKH�WKLQ
ILOP�PHPRU\�SURJUDP�LQ�%XUOLQJWRQ��3LRUH�GLG�QRW�EDW�DQ�H\H��EXW
KH�DVNHG�KRZ�ZRXOG�,�JR�DERXW�GRLQJ�LW��,�VDLG�VLQFH�3XJK�LV�YHU\
VXSSRUWLYH�RI�PDJQHWLFV��,�ZRXOG�KDYH�KLP�KHDG�XS�D�WDVN�IRUFH�WR
UHYLHZ�WKH�SURJUDP��3LRUH�DJUHHG�

7KH� WDVN� IRUFH� FDPH� EDFN� ZLWK� WKH� UHFRPPHQGDWLRQ� WKDW� WKH
SURJUDP�VKRXOG�FRQWLQXH��+RZHYHU��%LOO�6LPSNLQV��WKH�PDQDJHU�RI
WKH�SURJUDP��KDYLQJ�EHHQ�TXHVWLRQHG�DW� OHQJWK�E\� WKH� WDVN�IRUFH�
UHFRPPHQGHG�WKDW�WKH�SURJUDP�EH�WHUPLQDWHG��7KH�PDJQHWLF�WKLQ
ILOP�SURJUDP�ZDV�WHUPLQDWHG�

$W�RQH�WLPH��,�WRRN�D�FHQVXV�RI�WKH�,%0�)HOORZV�DQG�IRXQG�WKDW
DSSUR[LPDWHO\� ��� SHUFHQW� RI� WKHP� KDG� ZRUNHG� LQ� RQH� RU� PRUH
JURXSV�RI�ZKLFK�,�KDG�EHHQ�WKH�PDQDJHU��,�FRQVLGHU�LW�D�VLJQLILFDQW
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LQGLFDWLRQ� RI� WKH� IDFW� WKDW� ,� KDG�� LQ� DQ� LQGLUHFW� ZD\�� EHHQ� WKHLU
PHQWRU��,W�LV�P\�KRSH�WKDW�,�KDYH�LQ�VRPH�VPDOO�ZD\��WKURXJK�P\
JXLGDQFH� RI� HQJLQHHUV� DQG� VFLHQWLVWV� ZKR� KDYH� UHSRUWHG� WR� PH�
UHSDLG� 6HJOHU�� P\� %URRNO\Q� VFRXWPDVWHU�� IRU� WKH� NLQGQHVV� DQG
JXLGDQFH�KH�KDG�JLYHQ�PH�

,� UHWLUHG� IURP� ,%0� LQ� -XO\� RI� ����� DW� WKH� DJH� RI� ��� DIWHU� ��
\HDUV��:RUNLQJ�IRU�,%0�ZDV�DQ�H[FLWLQJ�DQG�VRPHWLPHV�IUXVWUDW�
LQJ� H[SHULHQFH�� ,W� LV� FRPIRUWLQJ� WR� UHDOL]H� WKDW� ,� KDG� PDGH� P\
PDUN� LQ� WZR� YHU\� LPSRUWDQW� DQG� IDVW�PRYLQJ� WHFKQRORJLHV� DQG
LQGXVWULHV�

References
>�@� &�-��%DVKH��/�5��-RKQVRQ��-�+��3DOPHU��DQG�(�:��3XJK��,%0¶V�(DUO\

&RPSXWHUV�� &DPEULGJH�� 0DVV��� 0,7� 3UHVV�� ������ 6HH� FKDSWHU� ���
VHFWLRQ����HQWLWOHG�³&XUUHQW�6ZLWFK�&LUFXLWV�´

>�@� /�3�� +XQWHU��+DQGERRN� RI� 6HPLFRQGXFWRU� (OHFWURQLFV�� 1HZ� <RUN�
0F*UDZ�+LOO�� ������6HH�6HFWLRQ� ���� SS�� ������� ,Q� SDUWLFXODU�� )LJV�
������DQG�������

Editor’s Note
$W� P\� UHTXHVW�� RQH� RI� /RJXH¶V� ,%0� PDQDJHUV� UHYLHZHG� WKLV
PHPRLU�DQG�PDGH�WKHVH�VOLJKWO\�HGLWHG�FRPPHQWV�

-RH�ZDV�JUHDWO\�DSSUHFLDWHG�DQG�DGPLUHG�E\�WKH�,%0�PDQ�
DJHPHQW�� DOWKRXJK� KH� ZDV� QHYHU� JLYHQ� WKH� FUHGLW� KH� GH�
VHUYHG��,Q�PDQ\�FDVHV��QRQWHFKQLFDO�FRQVLGHUDWLRQV�ZHUH�WKH
UHDVRQV� WKDW� GHFLVLRQV� ZHUH�PDGH� WKDW� VHHPHG� FRQWUDU\� WR
KLV�WHFKQLFDO�UHFRPPHQGDWLRQV��7KHUH�LV�QR�TXHVWLRQ�WKDW�KH
ZDV�RQH�RI�WKH�PRVW�WHFKQLFDOO\�SHUFHSWLYH�PLQGV�LQ�WKH�ODVW
KDOI�RI�WKH���WK�FHQWXU\��+LV�LQVLJKWV�DQG�SRZHUV�RI�DQDO\VLV
ZHUH�RI�LQHVWLPDEOH�KHOS�GXULQJ�WKH�JORU\�\HDUV�RI�,%0�DQG
WKH�VWDUWLQJ�\HDUV�RI� WKH�HOHFWURQLF�FRPSXWHU��+H�VKRXOG�EH
KHOG�LQ�KLJK�UHJDUG�E\�VWXGHQWV�RI�WKLV�KLVWRULF�HUD�

-RVHSK�&��/RJXH� LV� FKDLUPDQ� RI� WKH� ERDUG
RI�/RUH[�,QGXVWULHV��,QF��5D\�/RJXH��KLV�VRQ�
LV� SUHVLGHQW� RI� /RUH[�� ZKLFK� GRHV� FRQWUDFW
GHYHORSPHQW� LQYROYLQJ� KLJK� WHFKQRORJ\� IRU
D� QXPEHU� RI� ODUJH� FRUSRUDWLRQV�� 7KH� VHQLRU
/RJXH�DVVLVWV�KLV�VRQ�RQ�WHFKQLFDO�SUREOHPV
ZKHQ� QHHGHG�� /RJXH� IHHOV� KLV� JUHDWHVW� DF�
FRPSOLVKPHQW� KDV� EHHQ� VXFFHVVIXOO\� PDQ�
DJLQJ� HQJLQHHULQJ� DQG� VFLHQWLILF� JURXSV

HQJDJHG�LQ�KLJK�WHFKQRORJ\�DQG�PDFKLQH�GHYHORSPHQW��+H�KDG�WKH
JRRG� IRUWXQH� RI� EHLQJ� DEOH� WR� DQWLFLSDWH� WHFKQRORJLFDO� WUHQGV� VR
WKDW�WKH�JURXSV�XQGHU�KLV�FRPPDQG�ZHUH�DOZD\V�LQ�WKH�IRUHIURQW
RI� WKH� WHFKQRORJLHV� EHLQJ� GHYHORSHG�� ,Q� DGGLWLRQ�� KH� LV� YHU\
SOHDVHG� ZLWK� WKH� QXPEHU� RI� WHFKQLFDO� OHDGHUV� KH� KDV� KDG� WKH
JRRG�IRUWXQH�WR�LGHQWLI\�DQG�GHYHORS��7KH�SUHFHGLQJ�DXWRELRJUD�
SK\� JLYHV� WKH� GHWDLOV� RI� KLV� FDUHHU�� /RJXH� LV� D� PHPEHU� RI� WKH
1DWLRQDO�$FDGHP\�RI�(QJLQHHULQJ�RI� WKH�8�6��� D�)HOORZ�RI� WKH
,(((�� DQG� D� )HOORZ� RI� WKH� $PHULFDQ� $VVRFLDWLRQ� IRU� WKH� $G�
YDQFHPHQW�RI�6FLHQFH�

7KH�DXWKRU�FDQ�EH�FRQWDFWHG�DW
���%RDUGPDQ�5RDG
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