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VLJQLILFDQWO\�UHGXFHG�WKURXJK�WKH�XVH�RI�FR�GHVLJQ
PHWKRGV�HPSOR\HG�LQ�$6,&�DQG�ILUPZDUH
GHYHORSPHQW���3URYLGLQJ�WKH�WRROV�DQG�PHWKRGV
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6LQFH�WKH�FXUUHQW�)3*$�WHFKQRORJ\�LV�D�NH\
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6OLGH����

7KH�SURGXFW�XQGHU�GHYHORSPHQW�ZDV�OHYHUDJHG
IURP�D�SUHYLRXV�SURGXFW�ZLWK�FKDQJHV�SODQQHG�WR
LQFUHDVH�WKH�VSHHG�DQG�SULQW�TXDOLW\�RI�WKH�SULQWHU
RXWSXW�DQG�UHGXFH�SURGXFW�FRVW���7KLV�UHTXLUHG
VLJQLILFDQW�FKDQJHV�WR�VRPH�FRUH�IXQFWLRQDO�EORFNV
RI�WKH�$6,&�DQG��VLJQLILFDQW�FKDQJHV�WR�WKH
ILUPZDUH�DQG�GULYHU���:KLOH�WKHVH�ZHUH�WKH�PDMRU
DUHDV�DIIHFWHG�WKHUH�ZHUH�DOVR�DGGLWLRQDO�FKDQJHV
LQFOXGHG�WR�DFKLHYH�WKH�FRVW�UHGXFWLRQV�

7KH�VFKHGXOH��SHUIRUPDQFH�DQG�UHVRXUFHV�ZHUH
VSHFLILHG�DQG�FRQVWUDLQHG�VR�WKH�ULVNV�QHHGHG�WR
EH�UHGXFHG�DV�PXFK�DV�SRVVLEOH�WR�JLYH�WKH
SURGXFW�GHVLJQ�WHDP�WKH�EHVW�FKDQFH�RI�VXFFHVV
LQ�PHHWLQJ�WKH�REMHFWLYHV���:H�KDG��JRRG�UHVXOWV
XVLQJ�UDSLG�SURWRW\SLQJ�WRROV�RQ�SUHYLRXV�SURMHFWV
DQG�ZLWK�WKH�VL]H�RI�)3*$V�H[SDQGLQJ�UDSLGO\�ZH
H[SHFWHG�UHGXFHG�SURWRW\SH�V\VWHP�FRPSOH[LW\�
IDVWHU�WXUQ�DURXQG�WLPHV�DQG�KLJKHU�FORFN�UDWHV�

:LWK�WKLV�LQ�PLQG��ZH�VHW�RXW�WR�LGHQWLI\�FXUUHQW
WRROV�DQG�WHFKQRORJLHV�WKDW�ZRXOG�HDVH�UDSLG
SURWRW\SLQJ�VR�ZH�FRXOG�EXLOG�ILUPZDUH
GHYHORSPHQW�V\VWHPV�HDUOLHU�LQ�WKH�SURGXFW
GHYHORSPHQW�F\FOH�WKXV�UHGXFLQJ�WKH�ULVN�RI
HQFRXQWHULQJ�REVFXUHG�V\VWHP�LQWHJUDWLRQ
SUREOHPV�DQG�$6,&�IXQFWLRQDOLW\�SUREOHPV�

6OLGH����

6SHFLILF�REMHFWLYHV�ZHUH�VHW�ZKLFK�ZRXOG�GULYH
WKH�FR�GHVLJQ�HIIRUW�DQG�UHGXFH�ULVN���)URP�SDVW
SURMHFWV��ZH�KDG�IRXQG�WKDW�WKH�HDUOLHU�WKH
ILUPZDUH�DQG�$6,&�HQJLQHHUV�DUH�ZRUNLQJ
WRJHWKHU�WR�SURYH�WKH�IXQFWLRQDOLW\�RI�D�V\VWHP
HOHPHQW��WKH�HDUOLHU�GHVLJQ�LVVXHV�DQG�EXJV�DUH
LGHQWLILHG�DQG�WKH�HDVLHU�WKH\�DUH�WR�IL[���'HVLJQ
DUFKLWHFWXUH�RU�VWUDWHJLHV�PD\�HYHQ�EH�DGDSWHG
EDVHG�RQ�QHZ�LQIRUPDWLRQ�DW�WKLV�HDUO\�SRLQW�LQ
WKH�SURMHFW�

7R�UHGXFH�VFKHGXOH�DQG�LPSURYH�UHVRXUFH
XWLOL]DWLRQ��WKH�DPRXQW�RI�HIIRUW�H[SHQGHG�RQ�WHVW
VWXEV�DQG�PDLQWHQDQFH�RI�PXOWLSOH�KDUGZDUH
SODWIRUPV�KDG�WR�EH�PLQLPL]HG��6RPHWLPHV�LW
VHHPV�HDVLHU�XS�IURQW�WR�GR�WKLQJV�GLIIHUHQWO\�IRU
HPXODWLRQ�WKDQ�IRU�WKH�ILQDO�$6,&���7KHUH�DUH
PXOWLSOH�GDQJHUV�DQG�LQHIILFLHQFLHV�DORQJ�WKDW
SDWK���0DLQWDLQLQJ�PXOWLSOH��DQG�VOLJKWO\
GLIIHUHQW��YHUVLRQV�RI�WKH�VDPH�EORFN�LV�WLPH
FRQVXPLQJ�DQG�ULVN\���7KH�§UHDO¨�GHVLJQ�LV�QRW
EHLQJ�H[HUFLVHG�LQ�WKH�FXUUHQWO\�RSHUDWLQJ
SURWRW\SH��$OVR��WKHUH�ZHUH�FHUWDLQ�IXQFWLRQV�WKDW
ZHUH�UHTXLUHG�E\�WKH�FKLS�EXW�QRW�QHFHVVDU\�IRU
WKH�RSHUDWLRQ�RI�WKH�SULQWLQJ�HPXODWLRQ�V\VWHP�
7KHVH�HOHPHQWV�ZHUH�SODFHG�DW�D�KLJKHU�OHYHO�RI
WKH�$6,&�GHVLJQ�WR�DYRLG�XQQHFHVVDU\�FRPSOH[LW\
LQ�PRGXOHV�WDUJHWHG�IRU�)3*$�LPSOHPHQWDWLRQ�

Introduction

l Development of  Color InkJet Printer

l Critical Coupling Between Driver, Firmware,
Electronics (Software + Hardware)

l Rapid Time-to-Market
(Schedule, Schedule, Schedule)

l Reduce Risk through Rapid Prototyping

Project Development Objectives

l Start Integration of Firmware and ASIC Code
before ASIC has been completed

l Run target firmware on target hardware

l Exercise all critical Print Modes

l Print using major modes prior to freezing ASIC

l Run at 1/2 target clock speed of 16 MHz

l Release Alpha Firmware for on-board ROM

l Exercise I/Os at speed

÷ IEEE 1284, High Speed Serial (Apple)



2QH�PLOHVWRQH�WKDW�LV�YHU\�FOHDU�DQG�ZHOO�GHILQHG
LQ�SULQWHU�GHYHORSPHQW�LV�SULQWLQJ�OHJLEOH�WH[W�DQG
FRUUHFW�LPDJHV���%\�VHWWLQJ�WKH�REMHFWLYH�RI
SULQWLQJ�XVLQJ�PDMRU�SULQW�PRGHV��DOPRVW�DOO�RI�WKH
PRGXOHV�RI�WKH�$6,&�DQG�ILUPZDUH�DUH�RSHUDWHG
LQ�FRQFHUW���7KLV�H[HUFLVHV�WKH�ILUPZDUH�LQ�D
PDQQHU�W\SLFDOO\�QRW�DFKLHYHG�XQWLO�SURWRW\SH
V\VWHPV�DUH�EXLOW�ZLWK�ILUVW�VLOLFRQ�$6,&V���7KH
IXQFWLRQDO�FRYHUDJH�RI�$6,&�FRGH�LV�DOVR�JUHDWO\
HQKDQFHG�

2QH�FRPSURPLVH�WKDW�ZDV�PDGH�WR�DOORZ�WKH�XVH
RI�)3*$V�ZDV�D�UHGXFHG�V\VWHP�FORFN�UDWH���7KLV
GHFLVLRQ�ZDV�EDVHG�RQ�OHQJWK\�GLVFXVVLRQV�RI
REMHFWLYHV�EHWZHHQ�PDQDJHPHQW��ILUPZDUH�DQG
KDUGZDUH�HQJLQHHUV��,W�ZRXOG�KDYH�WDNHQ�DQ
XQNQRZQ�DGGLWLRQDO�WLPH�WR�DFKLHYH�IXOO�VSHHG�
DQG�WKH�SRVVLELOLW\�H[LVWHG�WKDW�EORFNV�RI�+'/
ZRXOG�KDYH�WR�KDYH�EHHQ�UH�ZULWWHQ�WR�DFKLHYH�WKH
JRDO��,Q�WKH�HQG�LW�ZDV�GHFLGHG�WKDW�PRVW�RI�WKH
XOWLPDWH�JRDOV�ZRXOG�EH�DFKLHYHG�DW�D�UHGXFHG
FORFN�UDWH�DQG�VWLOO�PDNH�VFKHGXOH��'XH�WR�(0,
FRVWV�DQG�ULVN��WKH�SULQWHU�V\VWHP�FORFN�ZDV
WDUJHWHG�DW����0+]���,QLWLDO�VWXGLHV�LQGLFDWHG�WKDW
WKLV�ZDV�VWLOO�WRR�IDVW�WR�UXQ�WKH�HPXODWLRQ�V\VWHP
ZLWKRXW�VLJQLILFDQW�IXUWKHU�LQYHVWLJDWLRQ���7KXV
WKH�REMHFWLYH�RI�UXQQLQJ�DW���0+]�RU�KDOI�WKH
WDUJHW�V\VWHP�FORFN�ZDV�VHW���$GGLWLRQDO
FRQILJXUDWLRQ�UHJLVWHUV�ZHUH�DGGHG�WR�WKH�GHVLJQ
VR�WKDW�VFDOH�IDFWRUV�FRXOG�EH�VHW
SURJUDPPDWLFDOO\��WKXV�DOORZLQJ�UHDO�WLPH
RSHUDWLRQ�RI�DUHDV�VXFK�DV�,�2�DQG�'&�VHUYR�
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7KH�GHYHORSPHQW�V\VWHP�ZDV�FRPSRVHG�RI
ILUPZDUH�GHYHORSPHQW�WRROV��$6,&�GHYHORSPHQW
WRROV��GLJLWDO�V\VWHP�GHEXJ�WRROV��SURWRW\SH
SULQWHU�DQG�3&�UXQQLQJ�GULYHU�

7KH�ILUPZDUH�GHYHORSPHQW�HQYLURQPHQW
FRQVLVWHG�RI�DQ�+3�����ZRUNVWDWLRQ�UXQQLQJ�WKH
+3�HPXODWRU�LQWHUIDFH�DQG�GHYHORSPHQW�DQG
GHEXJ�HQYLURQPHQW��IRU�WKH�0RWRUROD������
SURFHVVRU��DQG�DQ�+3�LQ�FLUFXLW�HPXODWRU�IRU�WKH
������FRQQHFWHG�WR�WKH�/$1�DQG�D�������VRFNHG
RQ�WKH�SULQWHU�

7KH�$6,&�ZDV�FRGHG�LQ�9HULORJ�+'/��VLPXODWHG
ZLWK�9HULORJ�;/��FRPSLOHG�ZLWK�6\QRSV\V�+'/
&RPSLOHU��:DYHIRUP�GHEXJ�ZDV�GRQH�ZLWK
8QGHUWRZ�

7KH�$6,&�ZDV�FRPSLOHG�IRU�HLWKHU�WKH�WDUJHW
+3���SURFHVV�RU�$OWHUD���.����)3*$V�

7KH�SULQWHU�PHFKDQLVP�ZDV�OHYHUDJHG�IURP�WKH
SUHYLRXV�SURGXFW���7KH�3&%�ZDV�HQODUJHG�WR
LQFOXGH�WKUHH�=,)�VRFNHWV�IRU�WKH�)3*$V�DQG
FRQQHFWRUV�IRU�ORJLF�DQDO\]HU�SRGV�IRU�VLJQDO
REVHUYDWLRQ�
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Compute Servers
HP 735s K400

Workstation

Synopsys
Verilog
HP 64700 ICE
Altera

Logic Analyzer
HP 16500

PC

Altera 
Downloads
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HP 64700 ICE

IEEE 1284
Parallel

Printer Prototype

Development System Overview

l HP 68000 ICE for Firmware Development
l HP 16500C Logic Analyzer
l HP PC Running Driver to initiate Print Jobs
l ASIC Tools

÷ coded in Verilog
÷ Simulated with Verilog-XL
÷ Synthesized with Synopsys HDL Compiler

l HP 735/125 workstations on LAN
l Leveraged Previous Generation Mechanism
l Single PC Board, all product components plus

three ZIF sockets for FPGAs
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$�VXFFHVVIXO�$6,&�ILUPZDUH�SURMHFW��LI�LW�XVHV
HPXODWLRQ��ZLOO�FRQVLGHU�HPXODWLRQ�IURP�WKH
EHJLQQLQJ��7KH�$6,&�GHVLJQ�DQG�DUFKLWHFWXUH�LV
DIIHFWHG��DV�LV�ILUPZDUH���,W�LV�VXUSULVLQJ�KRZ�D
OLWWOH�XS�IURQW�SODQQLQJ�FDQ�PLQLPL]H�WKH
HPXODWLRQ�HIIRUW�

%RWK�ILUPZDUH�DQG�$6,&�WHDPV�EHQHILW�IURP�DQ
HPXODWRU�WKDW�LV�DV�PXFK�OLNH�WKH�ILQDO�$6,&�DV
SRVVLEOH��)LUPZDUH�JHWV�DQ�HDUO\�ORRN�DW�KDUGZDUH
DQG�D�SODWIRUP�RQ�ZKLFK�WR�GHYHORS�FRGH��7KH
$6,&�WHDP�KDV�DQRWKHU�DYHQXH�EHVLGH�VLPXODWLRQ
WR�WHVW�WKH�GHVLJQ�

6OLGH����

:H�XVHG�D�FRPPRQ�+'/�FRPSLOHU�IRU�$6,&�DQG
)3*$�V\QWKHVLV���7KH�FRPSLOHU�ZRUNV�EHVW�ZKHQ
LW�FDQ�V\QWKHVL]H�FRGH�WKDW�UHVXOWV�LQ�PRGXOHV�OHVV
WKDQ�WHQ�WKRXVDQG�JDWHV��7KLV�VL]H�UDQJH�DOVR
IDFLOLWDWHV�SDUWLWLRQLQJ�WKH�GHVLJQ�IRU
LPSOHPHQWDWLRQ�LQ�PXOWLSOH�)3*$V��7KH\�DUH�ELJ
HQRXJK�WR�JHW�DGHTXDWH�IXQFWLRQDOLW\�\HW�VPDOO
HQRXJK�WR�HDVLO\�PRYH�GXULQJ�WKH�SDUWLWLRQLQJ
SURFHVV���)3*$V�JHW�KDUGHU�WR�SDUWLWLRQ�ZKHQ
PRGXOHV�DUH�KXJH���,I�URRP�LV�QHHGHG�LQ�DQ�)3*$�
LW�LV�HDVLHU�WR�PRYH�D�VPDOO�PRGXOH�WKDQ�LW�LV�WR
EUHDN�XS�RQH�ODUJH�PRGXOH�LQWR�FRPSRQHQWV�

/DUJH�PRGXOHV�UHVXOW�LQ�IHZHU�RSSRUWXQLWLHV�WR
WXQH�DQ�HPXODWRU�GHVLJQ���%\�WXQLQJ�ZH�PHDQ
PRYLQJ�PRGXOHV�DURXQG�LQ�RUGHU�WR�HLWKHU�PDNH
PRUH�URRP�LQ�DQ�)3*$�IRU�IDVWHU�FRPSLOH�WLPHV�RU
IRU�IDVWHU�RSHUDWLRQ��7XQLQJ�LV�RQH�RI�WKH�IHZ
GHJUHHV�RI�IUHHGRP�DQ�HPXODWRU�GHVLJQHU�KDV�

7KHUH�XVXDOO\�LVQªW�WLPH��QRU�LV�LW�GHVLUDEOH��WR
GHVLJQ�D�VHSDUDWH�KLHUDUFK\�IRU�WKH�HPXODWRU�DQG
WKH�$6,&���,I�WKH�$6,&�KLHUDUFK\�LV�DUFKLWHFWHG�DW
WKH�EHJLQQLQJ��ZLWK�WKH�JRDO�WKDW�WKH�ERWWRP
OHYHOV�DUH�HPXODWDEOH���QR�H[WUD�HIIRUW�LV�UHTXLUHG�
'HVLJQ�WKH�KLHUDUFK\�VXFK�WKDW�DOO�RI�WKH�HPXODWRU
ILWV�DW�DQG�EHORZ�D�GHILQHG�OHYHO��0DNH�LW�D�GHVLJQ
JRDO��IURP�WKH�VHOHFWHG�OHYHO�RQ�GRZQ�ZLOO�EH
LQFOXGHG�LQ�WKH�HPXODWRU��7KLV�PDNHV�WKH
HPXODWLRQ�V\VWHPªV�KHDGHU�LGHQWLFDO�WR�WKH
FRUUHVSRQGLQJ�OHYHO�LQ�WKH�$6,&��7KLV�QRW�RQO\
UHGXFHV�WKH�QXPEHU�RI�VWUXFWXUDO�YHULORJ�QHWOLVW
ILOHV�WKDW�PXVW�EH�PDLQWDLQHG�EXW�LW�DOVR�DOORZV
VLPXODWLRQV�GHVLJQHG�IRU�WKH�$6,&�WR�UXQ�RQ�WKH
FRPSLOHG�HPXODWRU�JDWHV�

Tip: If project pressures allow the time, try to fit
your design into two or more vendor’s FPGA
products. It is usually not necessary to complete
the entire process, just place and route to arrive at
size and speed metrics.

Structuring for Synthesis

l Common HDL Compiler used for both ASIC and
FPGA synthesis.

÷ delivers best results when synthesized blocks result
in less than 10kgates.

l Keeping the size down also facilitates FPGA partitioning.

÷ easier to relocate smaller blocks into another FPGA.

÷ FPGAs get harder to partition with huge blocks.

÷ results in fewer opportunities to tune partitioning for
faster performance.

Emulation with FPGAs

l Consider emulation requirements and trade-offs early

÷ affects ASIC design and architecture

÷ affects firmware

l Emulation efforts may be minimized with up front planning

l Emulation benefits both ASIC and firmware

÷ firmware gets earlier look at hardware

÷ ASIC benefits from additional exercise of design

l Plan chip hierarchy with FPGA capabilities in mind

÷ Eliminates duplication efforts for ASIC and testbed



(PXODWLRQ�LV�QRW�D�UHSODFHPHQW�IRU�JRRG
IXQFWLRQDO�WHVW�YHFWRUV���(DFK�PHWKRG�KDV�LWV�RZQ
SODFH�DQG�HDFK�KDV�XQLTXH�FDSDELOLWLHV�RI�ILQGLQJ
GLIIHUHQW�W\SHV�RI�SUREOHPV�
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2QFH�GHILQLWLRQV�IRU�HDFK�KLHUDUFKLFDO�OHYHO�DUH
FUHDWHG��WKH�TXHVWLRQ�RI�ZKHUH�GHVLJQ�HQWLWLHV
EHORQJ��IDOOV�HDVLO\�LQWR�SODFH���7KH�KLHUDUFKLFDO
UHTXLUHPHQWV�IRU�WKH�HPXODWRU�ZLOO�VXSSRUW�WKH
$6,&�HIIRUW�DOPRVW�RQH�IRU�RQH�DQG�YLFH�YHUVD���$Q
H[DPSOH�RI�WKH�VXJJHVWHG�KLHUDUFK\�LV�RXWOLQHG�LQ
WKH�VOLGHV�
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7KH�ODVW�OHYHO�ZDV�GHVLJQDWHG�DV�EHLQJ�HPXODWDEOH�
+DYLQJ�PDGH�WKDW�GHFLVLRQ��WKH�SODFHPHQW�RI
UHVHW�WDVNV��PLVFHOODQHRXV�FORFN�FLUFXLWV��5$0�
520��&38�EHFRPHV�HDV\�WR�SODFH�LQ�WKH�$6,&
KLHUDUFK\�

(PEHGGHG�$6,&�HQWLWLHV�WKDW�FDQQRW�EH�HPXODWHG
DUH�DGGHG�DV�H[WHUQDO�GHYLFHV�

ASIC Hierarchy Example

l Testbench
÷ Clocks defined
÷ Board level components
÷ Instantiation of ASIC top level.
÷ This level is not part of the ASIC to be synthesized.

l Top level
÷ This is the complete chip - top hierarchical level.
÷ Instantiation of pads.
÷ Instantiation of Core.

ASIC Hierarchy Example

l Core
÷ Instantiation of RAM, ROM, CPU, PLL.
÷ Instantiation of LC module

l LC
÷ Includes test structures that will be synthesized as part

of ASIC but are not needed for printing system and
cause problems for FPGAs

÷ Instantiation of SC module

l SC
÷ Everything at this level and below goes into emulator
÷ Instantiation of all major functional modules
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2XU�WHVW�YHFWRUV�DUH�XVHG�LQ�ERWK�HQYLURQPHQWV
$6,&�DQG�HPXODWRU�DV�D�UHVXOW�RI��WKH�DERYH
KLHUDUFKLFDO�UXOHV��$Q\�SDWK�GLIIHUHQFHV��VXFK�DV
IHZHU�OHYHOV�RI�KLHUDUFK\�IRU�WKH�HPXODWRU��DUH
KDQGOHG�E\��LIGHIV¨�LQ�WKH�WHVWEHQFK�WKDW�LV�XVHG
IRU�ERWK�WKH�$6,&�DQG�WKH�HPXODWRU�

5XQQLQJ�VLPXODWLRQV�RQ�WKH�HPXODWRU�JDWHV�RIIHUV
HDUOLHU�GHWHFWLRQ�RI�DQ\�IXQFWLRQDO�SUREOHPV�WKDW
PD\�KDYH�UHVXOWHG�IURP�FRPSLOH�SUREOHPV�DQG
LQFUHDVHV�FRQILGHQFH�LQ�WKH�IXQFWLRQDOLW\�RI�WKH
)3*$�GRZQORDG�

6OLGH����

&RGLQJ�IRU�HPXODWLRQ�LV�D�SDSHU�E\�LWVHOI�DQG�D
WRSLF�WKDW�LV�ZHOO�FRYHUHG�LQ�WKH�OLWHUDWXUH�SXW�RXW
E\�WKH�)3*$�PDQXIDFWXUHUV��,W�ZLOO�QRW�EH
FRYHUHG�KHUH�LQ�GHWDLO�H[FHSW�IRU�WKUHH�LVVXHV�WKDW
DUH�SUREOHPDWLF�

,I�SRVVLEOH�GRQªW�GHVLJQ�ZLWK�QHJDWLYH�HGJH�IOLS�
IORSV�RU�XVH�LQYHUWHG�FORFNV��(DFK�WLPH�ZHªYH
GRQH�WKLV�LW�KDV�UHVXOWHG�LQ�GHVLJQV�WKDW�DUH�KDUG
WR�FRPSLOH��7KRVH�PRGXOHV�WKDW�KDYH�XVHG
QHJDWLYH�HGJHG�IOLS�IORSV�KDYH�EHHQ�WKH�VORZHVW�LQ
WKH�GHVLJQ�

,I�SRVVLEOH��GRQ
W�GHVLJQ�ZLWK�WUDQVSDUHQW�ODWFKHV�
0DQ\�)3*$�YHQGRUV�GRQªW�LQFOXGH�D�ODWFK�FHOO�LQ
WKHLU�OLEUDU\�VR�LW�EHFRPHV�URXWHG�ORJLF�ZLWK�WKH
SRWHQWLDO�IRU�JOLWFKHV�DQG�VNHZ�SUREOHPV���2IWHQ
WKH�FRPSLOH�UHVXOWV�ZLOO�EH�LQFRQVLVWHQW��WKH
FLUFXLW�ZRUNV�RQ�RQH�FRPSLOH�EXW�QRW�WKH�QH[W�

7U\�QRW�WR�XVH�LQWHUQDO�WUL�VWDWH�EXVHV��,I�\RX�FDQ�
URXWH�VHSDUDWH�EXVHV�IRU�UHDG�DQG�ZULWH�OLQHV�DQG
FRPELQH�UHDG�EXVHV�ZLWK�FRPELQDWLRQDO�ORJLF�

Simulation Benefits of Following
Hierarchy Conventions

l The same test vectors used for simulation
runs on ASIC and FPGA implementations.

l Any differences are accommodated through
the use of “ifdefs” in the verilog testbench.

l This leverage of test vectors leads to greater
confidence that emulation system will function
properly.

Code for Emulation

l Negative edge flip flops
÷ Hard for timing constrained FPGA synthesis

l Transparent latches in ASIC
÷ Subject to skew and delay problems in FPGA
÷ Inconsistent results, differ from one compile

to the next

l Internal tri-state buffers
÷ FPGA tool converts to gates anyway
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:KLOH�$6,&�DUHD�HTXDWHV�GLUHFWO\�WR�FRVW��WKH
DGGLWLRQ�RI�D�VPDOO�QXPEHU�RI�JDWHV�WR�LPSURYH
WKH�RYHUDOO�$6,&�UHVXOWV�RIWHQ�SD\V�UHDO�GLYLGHQGV�
2QH�H[DPSOH�LV�6&$1��ZKLFK�DGGV�FRQVLGHUDEO\
WR�WKH�DUHD�EXW�DOVR�JUHDWO\�HQKDQFHV�WHVWDELOLW\�
WKXV�VDYLQJ�FRVWV�GXH�WR�WHVW�HVFDSHV���$GGLQJ�D
IHZ�DGGLWLRQDO�UHJLVWHUV�RU�ORJLF�WR�D�GHVLJQ�WR
DFFRPPRGDWH�HPXODWLRQ�LV�VLPLODU�LQ�WKDW�LW
HQKDQFHV�WKH�WHVWDELOLW\�RI�WKH�$6,&�XS�IURQW�DV�LW
LV�EHLQJ�GHVLJQHG���2XU�JRDO�ZDV�WR�KDYH�DQ
LGHQWLFDO�GDWDEDVH�IRU�WKH�HPXODWRU�DQG�WKH�$6,&�

:H�WRRN�WKH�WDFN�WKDW�LI�ZH�FRXOG�DGG�D�VPDOO
DPRXQW�RI�KDUGZDUH�DQG�LW�ZRXOG�KHOS�WR�PHHW
WKH�DERYH�JRDO��LW�ZDV�ZRUWK�LW�

$V�DQ�H[DPSOH��ZH�DGGHG�KDUGZDUH�WR�VSHHG�XS
FORFNV�IRU�UHDO�WLPH�DFWLYLW\���6LQFH�WKH�HPXODWLRQ
V\VWHP�UDQ�DW�KDOI�WKH�WDUJHWHG�V\VWHP�FORFN��DQ\
UHDO�WLPH�UHIHUHQFH�FORFNV�QHHGHG�WR�EH�VFDOHG
EDFN�XS�ZKHQ�UXQQLQJ�LQ�WKH�HPXODWLRQ
HQYLURQPHQW���+DUGZDUH�ZDV�DGGHG�WR�LQVXUH�WKH
��0+]�GHULYHG�FORFN�ZDV�WKH�VDPH�IRU�WKH�$6,&
DQG�HPXODWRU��7KH�KDUGZDUH�FRVW�ZDV�VPDOO�DQG
WKH�EHQHILW�RI�LGHQWLFDO�$6,&�DQG�ILUPZDUH�VRXUFH
FRGH�ZDV�VLJQLILFDQW�

6OLGH����

<RX�FDQ�LJQRUH�WKLV�VHFWLRQ�LI�\RXU�HQWLUH�GHVLJQ
ILWV�LQWR�RQH�)3*$��:LWK�WKH�KLJKHU�GHQVLW\
)3*$V�DYDLODEOH�WRGD\��PRUH�GHVLJQV�ZLOO�ILW�LQWR�D
VLQJOH�)3*$��HVSHFLDOO\�ZLWK�)3*$V�DSSURDFKLQJ
���.JDWHV���+RZHYHU��PDQ\�GHVLJQV�ZLOO�VWLOO
UHTXLUH�PXOWLSOH�)3*$V�IRU�HPXODWLRQ�DQG��WKXV�
ZLOO�DOVR�UHTXLUH�WKH�GHVLJQ�WR�EH�SDUWLWLRQHG�

:H�KDYH�KDG�H[SHULHQFH�LQ�WKH�SDVW�ZLWK
DXWRPDWLF�SDUWLWLRQLQJ��EXW�KDYH�IRXQG�WKDW�WKH
WDVN�LV�YHU\�FRPSOH[�IRU�D�VRIWZDUH�WRRO�WR
SHUIRUP���7KLV�FRPSOH[LW\�WUDQVODWHV�LQWR�ORQJ
FRPSXWH�WLPH�DQG�IUHTXHQW�SDUWLWLRQLQJ�SUREOHPV�
6LQFH�WKH�SDUWLWLRQLQJ�WDVN�LV�RQO\�QHFHVVDU\�DW
WKH�EHJLQQLQJ�RI�D�GHVLJQ�DQG�ZKHQ�D�JURXS�RI
PRGXOHV�H[SDQGV�EH\RQG�WKH�OLPLWV�RI�WKH�)3*$�
WKHUH�LV�D�ORW�RI�FRPSXWH�WLPH�ZDVWHG�UHSHDWLQJ
WKH�WDVN�HYHU\�WLPH�DQRWKHU�FRPSLOH�LV�ODXQFKHG�
2Q�WKLV�SURMHFW��ZH�GHFLGHG�WR�PDQXDOO\�SDUWLWLRQ
WKH�GHVLJQ���7KLV�LV�UHDOO\�QR�PRUH�WKDQ�JURXSLQJ
IXQFWLRQDO�EORFNV�WRJHWKHU�DQG�SD\LQJ�DWWHQWLRQ�WR
WRWDO�VL]H�DQG�LQWHUFRQQHFW�UHTXLUHPHQWV�YV�
)3*$�UHVRXUFHV�

:H�VWDUW�ZLWK�HVWLPDWHG�JDWH�FRXQWV�RI�IXQFWLRQDO
PRGXOHV�WKDW�ZRXOG�JR�LQWR�WKH�HPXODWRU���$IWHU�D
QXPEHU�RI�WULDOV�ZH�GHWHUPLQHG�WKH�QXPEHU�RI
$6,&�JDWHV�WKDW�ZRXOG�ILW�LQWR�RQH�)3*$�DQG
SDUWLWLRQHG�WKH�GHVLJQ�HVWLPDWHG�WR�EH���.JDWHV
WR�ILW�LQWR�WKUHH�)3*$�GHYLFHV�

Partitioning SC Level to
Multiple FPGAs

l Make it easy to change
÷ Automate as much as possible

l Gate Count
÷ Leave room for expansion, revision and the

unknown.
÷ Don’t squeeze to fit into one part.

l Interconnections
÷ Partition to minimize number of interconnects.
÷ Partition to minimize delay of interconnecting

signals.

Maintaining Identical Source Files for
ASIC and Emulation System

l Goal - no branching of source code to support emulation.
÷ target firmware run on target hardware.
÷ exercise a real working model of ASIC.

l Sometimes this requires the addition of incremental gates
÷ An example is the addition of a configuration register

to initialize the counter in the 1MHz clock generator.

l Small gate cost delivers significant benefit.



7KHUH�LV�DV�PXFK�DUW�DV�VFLHQFH�WR�SODFLQJ�WKH
ULJKW�JURXS�RI�IXQFWLRQDO�PRGXOHV�WRJHWKHU�WR
IRUP�DQ�)3*$�SDUWLWLRQ��$OWKRXJK�LW�VHHPV�OLNH
WKH�SDUWLWLRQLQJ�WDVN�FDQ�EH�EURNHQ�GRZQ�LQWR�LWV
FRPSRQHQWV��NHHS�WRWDO�JDWH�FRXQWV�ORZ�HQRXJK
LQ�DQ�LQGLYLGXDO�SDUW�WR�DOORZ�URRP�IRU�H[SDQVLRQ�
EXJ�IL[HV�DQG�IXWXUH�UHYLVLRQV��.HHS�IXQFWLRQDO
EORFNV�WRJHWKHU��DQG�NHHS�WKH�IUHTXHQF\�RI
H[WHUQDO��VLJQDOV�WR�D�PLQLPXP��NHHS
LQWHUFRQQHFWLQJ��SLQV�XQGHU�WKH�PD[LPXP�IRU�WKH
SDFNDJH��+RZHYHU��SDUWLWLRQLQJ�LV�QRW�DOZD\V�DV
VWUDLJKWIRUZDUG�DV�LW�VHHPV���&LUFXLWV�WDNH�PRUH
VSDFH�WKDQ�LQWXLWLYHO\�REYLRXV��,QWHUFRQQHFWV
EHWZHHQ�IXQFWLRQDO�EORFNV�EHFRPH�SLQV�WKDW�DGG
XS�TXLFNO\�SDVW�PD[LPXPV���)3*$�SODFH�DQG
URXWLQJ�HIILFLHQFLHV�DQG�WRRO�LGLRV\QFUDVLHV�PDNH
WKH�SDUWLWLRQ�HTXDWLRQ�FRPSOLFDWHG��WR�WKH�SRLQW
WKDW�ZH�KDYH�FRPH�WR�WKH�FRQFOXVLRQ�WKDW�WKH�EHVW
ZD\�LV�WR�KDQG�SLFN�D�SDUWLWLRQ��WKHQ�WU\�LW��0DNH�LW
HDV\�WR�FKDQJH�SDUWLWLRQV�DQG�WU\�QHZ�RQHV��,W
XVXDOO\�WDNHV�D�FRXSOH�RI�WULHV�

8VXDOO\�WKH�$6,&�LV�QRW�FRPSOHWH�ZKHQ�WKH
HPXODWRU�SURMHFW�VWDUWV��:H�OHIW��URRP�IRU
H[SDQVLRQ��VR�ZH�GLG�QRW�KDYH�WR�UH�SDUWLWLRQ�LQ
WKH�PLGGOH�RI�WKH�SURMHFW�

7U\�WR�DQWLFLSDWH�VRPH�RI�WKH�IXWXUH�SLQV
QHFHVVDU\�DQG�UHVHUYH�WKHP���6RPH�)3*$
YHQGRUV�XWLOL]H�XQXVHG�SLQV�DV�URXWLQJ�UHVRXUFHV�
VR�\RX�FDQ
W�DVVXPH�WKDW�EHFDXVH�\RXU�GHVLJQ�KDV
QRW�XVHG�D�SDUWLFXODU�SLQ�WKDW�LW�LV�JRLQJ�WR�EH�OHIW
IUHH��:H�GHGLFDWHG�VRPH�H[WUD�SLQV�WR�VSDUHV�WR
DOOHYLDWH�WKLV�SUREOHP�

5LJRURXV�DGKHUHQFH�WR�QDPLQJ�FRQYHQWLRQV��KHOSV
VSHHG�WKH�SDUWLWLRQ�SUREOHP��E\�SURPRWLQJ�IDVWHU
XQGHUVWDQGLQJ��RI�XQIDPLOLDU�FRGH�

6OLGH����

7KLV�SURMHFW�UHOLHG�RQ�VFULSWV�IRU�V\QWKHVLV�DQG
VLPXODWLRQ��EXW�LW�FRXOG�KDYH�JUHDWO\�EHQHILWHG
IURP�VFULSWV�WR�SXW�SDUWLWLRQV�WRJHWKHU�DQG�FKHFN
WKHP�IRU�DFFXUDF\��&XUUHQWO\��ZH�DUH�XVLQJ�VFULSWV
LQ�WKH�HPXODWRU�FUHDWLRQ�SURFHVV���6FULSWV�DUH�D
JUHDW�WRRO�IRU�KHOSLQJ�ZLWK�WKH�ILUVW�WLPH�DFFXUDF\
RI�HPXODWRU�GHVLJQ���:LWK�SLQ�FRXQWV�RI�WKH�ODWHVW
JHQHUDWLRQ�RI�)3*$ªV�DSSURDFKLQJ�����DQG
V\VWHPV�LQYROYLQJ������SLQV�RU�PRUH�LWªV�DOO�WRR
HDV\�WR�PDNH�D�PLVWDNH�LQWHUFRQQHFWLQJ�PXOWLSOH
)3*$�SDFNDJHV�

:H�ZURWH�VFULSWV�WR�DXWRPDWH�WKH�SURFHVV�RI
)3*$�PRGXOH�FUHDWLRQ�DQG�LQWHU�)3*$�ZLULQJ�

:H�VWLOO�ZDQWHG�WR�DVVLVW�WKH�SODFLQJ�DQG�ZLULQJ�RI
DOO�WKH�)3*$V�RQ�WKH�ERDUG�VFKHPDWLF��6R�DQRWKHU
VFULSW�ZDV�FUHDWHG�WR�WDNH�WKH�RXWSXW�RI�WKH�$OWHUD
)3*$�WRRO�ZLWK�SLQ�DVVLJQPHQWV�DQG�FRQYHUW�WR
0HQWRU�*UDSKLFV�VFKHPDWLFV���:LWK�WKLV�VFULSW��D
VFKHPDWLF�SDJH�ZDV�FUHDWHG�IRU�HDFK�)3*$�

7LS��/HDYH�SOHQW\�RI�URRP�IRU�H[SDQVLRQ��0RVW
RI�WKH�)3*$�SODFH�DQG�URXWH�WRROV�ZRUN�EHVW
DQG�FRPSLOH�TXLFNHU�ZKHQ�SDUWV�DUH�QRW�ILOOHG
WR�FDSDFLW\�

Effective Use of Scripts

l Allows more control over partitioning.

÷ The designer is in the best position to group
modules.

l Generate accurate results

÷ Large number of nets and ports - manual
interconnection is error prone.

÷ Speeds creation of PCA schematic.

l Usable in future projects.

÷ Good scripts formalize a process that can be
used as is, or adapted to subsequent projects.

7LS��:H�ZURWH�D�VFULSW�FRQYHUWLQJ�WKH�WH[W
EDVHG��SLQ�DVVLJQPHQWV�JHQHUDWHG�E\�WKH
$OWHUD�WRRO��0D[�3OXV,,��LQWR�0HQWRU
*UDSKLFV�VFKHPDWLFV���7KH�UHVXOW�ZDV�D�KXJH
VDYLQJ�LQ�WLPH�DQG�3&%�DFFXUDF\�

7KH�VFULSW�XVHG�3HUO�DQG�$PSOH�WR�FUHDWH�D
VLQJOH�OHYHO�KLHUDUFK\�VFKHPDWLF�RI�HDFK
)3*$�WKDW�DXWRPDWLFDOO\�FRQQHFWHG�WKH
DSSURSULDWH�SLQV�EHWZHHQ�FKLSV�



7KH�VDPH�SURMHFW�VWUXFWXUH�UXOHV�PHQWLRQHG
HDUOLHU��SOXV�DWWHQWLRQ�WR�FRGLQJ�VWDQGDUGV��DOVR
KHOSV�ZKHQ�LW�FRPHV�WR�VFULSWV�

:H�DUH�JHWWLQJ�EHWWHU�DQG�EHWWHU�DW�JHWWLQJ
HYHU\RQH�RQ�WKH�WHDP�WR�EH�FRQVLVWHQW�LQ�WKH�XVH
RI��ILOH��PRGXOH�DQG�LQVWDQFH�QDPHV��:H�FDOO�DQ
LQVWDQFH�WKH�VDPH�DV�WKH�PRGXOH�QDPH�RU��LQ�WKH
FDVH�RI�PXOWLSOH�LQVWDQWLDWLRQV��ZH�XVH�D�VXIIL[�WR
GLVWLQJXLVK�EHWZHHQ�WKH�LQVWDQFHV��)LOHV��DUH
QDPHG�WKH�VDPH�DV�WKH�PRGXOHV�WKH\�FRQWDLQ��)RU
VFULSWV��LW�PHDQV�WKDW�SDUVLQJ�WKURXJK�WKH
GLUHFWRULHV��ILOHV��DQG�PRGXOHV�LV�HDVLHU�WR
DFFRPSOLVK�
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7KH�ERDUG�ZH�GHVLJQHG�IRU�WKLV�SURMHFW�ZDV
GLIIHUHQW�IURP�SUHYLRXV�HPXODWRU�GHVLJQV��:KHUH
SDVW�HPXODWRUV�ZHUH�WDEOH�WRS�ERDUGV�FDEOHG�WR
WKH�SULQWHU�PHFKDQLVP��WKLV�HPXODWRU�ERDUG�ZDV
VLPSO\�DQ�H[SDQVLRQ�RI�WKH�SULQWHU�3&$�WR�LQFOXGH
WKUHH�=,)�VRFNHWV�IRU�WKH�)3*$V��PDQ\�ORJLF
DQDO\]HU�FRQQHFWRUV�IRU�VLJQDO�REVHUYDWLRQ��DQG
RWKHU�HPXODWLRQ�VXSSRUW�FLUFXLWU\�

7KH�ERDUG��DERXW��;�ODUJHU�WKDQ�WKH�SURGXFWLRQ
ERDUG��FRQWDLQHG�WKH�ODUJHU�YROWDJH�UHJXODWRU
QHHGHG�IRU�WKH�)3*$V��DV�ZHOO�DV�H[WHUQDO�&38�
PHPRU\��DQG�DQDORJ�FRPSRQHQWV�

2XU�HPXODWRUV�GR�QRW�VHHP�WR�VWD\�LQ�RQH�SODFH
DQG�WDNH�D�EHDWLQJ�GXULQJ�PRYHV���:H�WULHG�WR
PDNH�WKH�V\VWHPV�UREXVW�HQRXJK�WR�ZLWKVWDQG�WKH
SXQLVKPHQW�RI�GD\�WR�GD\�ZHDU���(OLPLQDWLQJ
PDQ\�RI�WKH�FDEOHV�IURP�SUHYLRXV�HPXODWRU
GHVLJQV�UHVXOWHG�LQ�D�KLJKO\�SRUWDEOH�WHVW�YHKLFOH
ZLWK�VXSHULRU�UHOLDELOLW\�

:LWKRXW�D�GRXEW��ERDUGV�DUH�PRUH�VXVFHSWLEOH�WR
VWDWLF�WKDQ�LQ�WKH�SDVW�

7KH�)3*$V�EHFRPH�WKH�ILUVW�FRPSRQHQW
VXEVWLWXWHG�ZKHQ�VRPHWKLQJ�IDLOV�WR�ZRUN�
:LWKRXW�SURSHU�(6'�SUHFDXWLRQV��WKHUH�LV�D
FKDQFH�RI�FDXVLQJ�FDWDVWURSKLF�RU�SDUWLDO�IDLOXUH�RI
WKH�)3*$�GHYLFHV��7KLV�EHFRPHV�YHU\�H[SHQVLYH�
JLYHQ�WKH�FRVW�RI�WKH�ODWHVW�JHQHUDWLRQ�RI�GHQVH
GHYLFHV�

Emulator Board Design Issues

l Single board implementation results in reliable
operation.
÷ solid and robust connections improves reliability.
÷ No cables running between multiple boards.
÷ Small footprint on engineers desk.

l Emulation PCA mounts directly to mechanism.
÷ results portable implementation.
÷ may be easily moved without damage or problems.

l All critical signals brought out on LA pod connectors.

l ZIF sockets used for FPGAs.

7LS��-XVW�EHFDXVH�LWªV�D�SURWRW\SH�GRHVQªW
PHDQ�WKDW�LW�VKRXOG�QRW�EH�PHFKDQLFDOO\
VRXQG��8VH�JRRG�PHFKDQLFDO�SUDFWLFH�WR
VHFXUH�WHVW�HTXLSPHQW�FDEOHV�DQG�HPXODWRU
SRGV���,I�\RX�FDQ��GRQªW�REVFXUH�WKH�IURQW�RI
\RXU�ERDUG�E\�NHHSLQJ�ORJLF�DQDO\]HU�DQG
RWKHU�FDEOHV��IURP�GUDSLQJ�RYHU�LW�

7LS��(GXFDWH�ILUPZDUH�DQG�RU�VRIWZDUH�FR�
ZRUNHUV�RQ�SURSHU�(6'�SURFHGXUHV��7KLV
DYRLGV�ZDVWHG�WLPH�DQG�PRQH\�LQ�(6'
GDPDJHG�FKLSV�



6OLGH����

Changes are inevitable.  Bugs are identified and fixed
and improvements and additional features are added.
Sometimes changes are made to bring out an internal
signal for debug or timing or to add special hardware
for a special development function.

:H�XVHG�VRPH�EDVLF�UXOHV�JRYHUQLQJ�ZKDW�VSHFLDO
FKDQJH�UHTXHVWV�ZHUH�KRQRUHG�DQG�WULHG�WR
QRPLQDOO\�OLPLW�RXUVHOYHV�WR�RQH�KDUGZDUH�XSGDWH
SHU�ZHHN�

:H�WULHG�WR�OLPLW�WKH�FRQVWUDLQWV�SODFHG�RQ�WKH
GHVLJQ�LQ�ERWK�WKH�V\QWKHVLV�DQG�)3*$�SODFH�DQG
URXWH�SURFHVVHV���7KLV�WXUQHG�RXW�WR�EH�DQ
LWHUDWLYH�SURFHVV��DOZD\V�FRPSURPLVLQJ�EHWZHHQ
SHUIRUPDQFH�DQG�IDVW�WXUQ�DURXQG�WLPH�

:H�GLG�WU\�WR�NHHS�WKH�FKDQJH�SURFHVV�VLPSOH�
IDVW��DQG�KHDYLO\�VFULSWHG���7KH�VFULSWV�PDNH�LW
SDLQOHVV�WR�NLFN�RII�DQ�RYHUQLJKW�FRPSLOH�RU�VSDZQ
MREV�RYHU�PXOWLSOH�PDFKLQHV�WR�VSHHG�XS�WKH
RYHUDOO�WXUQ�DURXQG�WLPH�

6OLGH����

7KH�)3*$V�SDUWV�DUH�5$0�EDVHG�DQG�UHTXLUH�DQ
H[WHUQDO�VRXUFH�IRU�FRQILJXUDWLRQ�LQIRUPDWLRQ��:H
GHVLJQHG�WZR�VHSDUDWH�FRQILJXUDWLRQ�PHWKRGV
RQWR�WKH�HPXODWRU�V\VWHP�

7KH�GRZQORDG�FDEOH�SURYHG�LW
V�ZRUWK�GXULQJ
HPXODWRU�ERDUG�GHEXJ��DOORZLQJ�TXLFN�WXUQ�
DURXQG�WLPH��)LUPZDUH�HQJLQHHUV�ZLWK�VSHFLDO
KDUGZDUH�UHTXLUHPHQWV�DOVR�WHQGHG�WR�XVH�WKLV
PHWKRG�

2QFH�WKH�KDUGZDUH�VHWWOHG��VHULDO�(3520V��ZHUH
XVHG��ZKLFK�DXWRPDWLFDOO\�GRZQORDG
FRQILJXUDWLRQ�GDWD�HDFK�SRZHU�XS�F\FOH�

2QH�RI�WKH�DGYDQWDJHV�RI�SURJUDPPDEOH�)3*$V
FDQ�DOVR�EHFRPH�D�EXUGHQ���5HYLVLRQV�DUH�HDVLO\
JHQHUDWHG��0DNH�VXUH�WKDW�UHYLVLRQV�EHWZHHQ
)3*$�FRGH�UHOHDVHV�DUH�ZHOO�GRFXPHQWHG�DQG
HDV\�WR�PDLQWDLQ�

7KH�ODUJH�$OWHUD�SDUWV��IRU�H[DPSOH��UHTXLUH�WZR
VHULDOV�520V�SHU�)3*$��7KLV�SURMHFW�XVHG��WKUHH
)3*$V�SHU�V\VWHP���7KH�VL[�520
V�UHTXLUHG�WR
FRQILJXUH�WKH�GHYLFHV�QHHGHG�WR�EH�ZHOO�PDUNHG
DV�WR�WKHLU�UHODWLYH�SRVLWLRQ�RQ�WKH�ERDUG�DV�ZHOO
DV�LQGLFDWLQJ�ZKDW�UHYLVLRQ�RI�WKH�FRGH�WKH\
FRQWDLQHG�

Emulator Change Management

l Developed revision documentation and
communication process

÷ used web browser for easy access.

l Scheduled incremental releases.

l Optimized turn around by trading off
performance and packing density for turn
around time.

FPGA Programming

l Two programming methods for FPGAs:
– Download cable; used during emulator debug.
– Serial PROMS places in sockets on PCA;

downloads automatically during power-on
cycle.  (two per FPGA)

l Future improvements to FPGA Programming:
– Single Flash for all FPGAs.
– Takes less time to program and handle.



(YHU\�SURMHFW�JRHV�WKURXJK�DW�OHDVW�RQH�LQVWDQFH
ZKHQ�QHZ�ILUPZDUH�FRPSLOH�LV�FRXSOHG�ZLWK�QHZ
)3*$�FRGH��DQG�WKH�GHVLJQ�GRHVQªW�EHKDYH�WKH
ZD\�LW�GLG�§EHIRUH¨���$W�WKDW�PRPHQW��D�FOHDU
XQGHUVWDQGLQJ�RI�ZKDW�ZDV�FKDQJHG�LV�YLWDO�WR�D
TXLFN�UHVROXWLRQ�RI�WKH�SUREOHP��&OHDU�UHYLVLRQ
FRQWURO�KHOSV�PDLQWDLQ�DQG�FRQWURO�WKH�LQHYLWDEOH
VSHFLDO�YHUVLRQV�RI�WKH�KDUGZDUH�

:H�XVHG�ZHE�SDJHV�ZLWK�UHYLVLRQ�LQIRUPDWLRQ�IRU
DYDLODELOLW\��81,;�V\VWHPV�DQG�3&V��DQG�HDV\
DFFHVV�

(DFK�QHZ�ILUPZDUH�UHYLVLRQ�ZDV�YHULILHG����2XU
WHVW�HTXLSPHQW�SOD\HG�D�PDMRU�UROH�LQ�PDNLQJ�WKDW
MRE�JR�IDVWHU�DQG�HDVLO\�

7KH�YHULILFDWLRQ�SURFHVV�IUHTXHQWO\�LQYROYHG
SHRSOH�IURP�PXOWLSOH�GLVFLSOLQHV�DQG�GRPDLQV�
7KH�QRUPDO�WURXEOHVKRRWLQJ�JURXS��FRQVLVWHG�RI
ILUPZDUH�DQG�GLJLWDO�KDUGZDUH�HQJLQHHUV�
KRZHYHU��IUHTXHQWO\�WKH�DVVLVWDQFH�RI�PHFKDQLFDO
RU�DQDORJ�HQJLQHHULQJ�ZDV�QHHGHG�WR�JHW�DW�URRW
FDXVH��$QG�WKHQ�0XUSK\�VKRZHG�XS�

6OLGH����

$�IRUP�RI�0XUSK\ªV�ODZ�VD\V��WZR�GLJLWDO�VLJQDO
RXWSXWV�VKDOO�EH�LQDGYHUWHQWO\�FRQQHFWHG
WRJHWKHU��$QG�WKRVH�WZR��RU�PRUH��SRLQWV�VKDOO
DOZD\V�EH�WKH�VDPH�OHYHO��H[FHSW�RQFH�LQ�D�YHU\
JUHDW�ZKLOH�DQG�VHHPLQJO\�LQ�D�UDQGRP�IDVKLRQ��,Q
WKLV�SURMHFW�ZH�WKRXJKW�ZH�ZRXOG�EH�VPDUW�WR�DGG
VSDUH�WUDFHV�EHWZHHQ�WKH�WKUHH�)3*$V�RQ�WKH
3&%�

7KRVH�VSDUHV�ZHUH�OHIW�XQDVVLJQHG�LQVLGH�WKH
)3*$V��+RZHYHU��WKH�$OWHUD�)3*$V�XVH
XQDVVLJQHG�SLQV�DV�WLH�SRLQWV�IRU�LQWHUQDO�QRGHV�
6R�WKH�VSDUH�WUDFHV�LQDGYHUWHQWO\�FRQQHFWHG
YDULRXV�LQWHUQDO�QRGHV��RXWSXWV�DQG�LQSXWV
WRJHWKHU�DPRQJ�WKH�WKUHH�)3*$V�

6OLGH����

+DYLQJ�ERWK�DQ�RVFLOORVFRSH�DQG�D�ORJLF�DQDO\]HU
WRJHWKHU�ZDV�H[WUHPHO\�XVHIXO�IRU�WKLV�SUREOHP�
7KH�ORJLF�DQDO\]HU�LV�WKH�RQO\�ZD\�WR�ILQG��GLIILFXOW
SUREOHPV��HVSHFLDOO\�ZKHQ�WKH\�RFFXU
LQIUHTXHQWO\��OLNH�WKHVH�GLG��2QFH�D�ORJLF�DQDO\]HU
WULJJHU�ZDV�FUHDWHG��WKH�RVFLOORVFRSH�ZDV�XVHG�WR
LGHQWLI\�QRQ�ORJLFDO��DQDORJ�OLNH��EHKDYLRU�

:H�XVHG�WKLV�WRRO�FRPELQDWLRQ�IUHTXHQWO\�IRU
ILQGLQJ�DQG�VROYLQJ�YDULRXV��VSHFLILF�SUREOHPV��DV
ZHOO�DV�YHULI\LQJ�V\VWHP�SHUIRUPDQFH�

System Debug and Verification

l Configured FPGAs with additional outputs
of critical “internal” nodes to view more
meaningful information.

l Logic Analyzer was key to capturing
hardware state for verification and debug

l Created “split-out” board for carriage

Verification Examples

l Debugged PC board connectivity
÷ identified FPGA connection problems
÷ missing pull-ups (needed on development

board not ASIC)
÷ discrete analog section for servo feedback

processing
l Evaluate serial interface to carriage analog ASIC
l Look at pen control to carriage interface

÷ handshake between carriage and pen control
÷ 1200 DPI twice rate of 600 DPI - timing concerns
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2QH�LQVWDQFH�RI�WKH�YHULILFDWLRQ�SUREOHP�ZDV
YHULI\LQJ�DFFXUDWH�SDSHU�PRYHPHQW�EHWZHHQ
VXFFHVVLYH�URZV�RI�LQN�RQ�WKH�SDJH��7KLV�PRWLRQ�LV
FRQWUROOHG�E\�D�'&�PRWRU�DQG�VHUYR�V\VWHP�
3RVLWLRQ�SHUIRUPDQFH�RI�WKLV�EORFN�LV�VSHFLILHG�WR
EH�PRUH�DFFXUDWH�WKDQ����������LQFK�DQG�KDV�WR
FRVW�QHDUO\�QRWKLQJ���7KLV�VHUYR�KDV�D�YHU\�KLJKO\
FRQYROXWHG��EXW�KLJKO\�DFFXUDWH�DQG�LQH[SHQVLYH�
SRVLWLRQ�IHHGEDFN�V\VWHP��7KH�IHHGEDFN�FRQVLVWV
RI�WZR�FRPSRQHQWV�RQH�GLJLWDO�WKH�RWKHU�DQDORJ�
%RWK�FRPSRQHQWV�DUH�VDPSOHG�DW�WKH�VDPH�WLPH
EXW�WKHQ�WKH\�DUH�VSLW�XS��VHULDOL]HG�DQG�GHOLYHUHG
WR�WKH�GLJLWDO�$6,&�DW�GLIIHUHQW�WLPHV��7KH�WZR
FRPSRQHQWV�DUH�FRPELQHG�E\�ILUPZDUH�GXULQJ�WKH
LQWHUUXSW�VHUYLFH�URXWLQH�WR�IRUP�WKH�SDSHU
SRVLWLRQ�IHHGEDFN�WHUP�

6OLGH����

9HULI\LQJ�WKDW�WKH�FRPSRQHQWV�DUH�EHLQJ�UH�
FRPELQHG�FRUUHFWO\�LV�D�FRPSOH[�WDVN��,W�LV
QHFHVVDU\�WR�WLPH�FRUUHODWH�DQDORJ��VHULDO�GLJLWDO
DQG�ILUPZDUH�WDVNV�

:H�XVHG�WKH�+3������&�LQWHJUDWHG�ORJLF�DQDO\]HU
DQG�RVFLOORVFRSH�DQG������$�SURWRW\SH�DQDO\]HU
WR�YHULI\�WKDW�WKH�DQDORJ�DQG�GLJLWDO�FRPSRQHQWV
ZHUH�EHLQJ�UH�FRPELQHG�DW�WKH�GLJLWDO�$6,&
�HPXODWRU��LQWR�D�SURSHU�ZRUNLQJ�VHUYR�V\VWHP�
+3�QRZ�RIIHUV�WKH�HQKDQFHG�+3������$�V\VWHP
IRU�GHEXJ�

6OLGH����

7KH�V\VWHP�ZDV�SDUWLDOO\�YHULILHG�DV�DQDORJ�ZLWK
WKH�RVFLOORVFRSH��7KH�ORJLF�DQDO\]HU�GH�VHULDOL]HG
WKH�GDWD�VWUHDP�DQG�RQ�WKH�$6,&�HPXODWRU�ZH
ZHUH�DEOH��ZLWK�WKH�ORJLF�DQDO\]HU��WR�YHULI\�WKH
FRPSOHWHG�IHHGEDFN�SDWK�

7LS��2VFLOORVFRSH�SUREH�FOLSV�DUH�DYDLODEOH
WKDW��VROGHU�LQ�SODFH�RQ�WKH�3&%��WKH\�KROG�DQ
RVFLOORVFRSH�SUREH�GLUHFWO\�WR�WKH�3%&�
/RFDWLQJ�WKHP�DW�VWUDWHJLF�ORFDWLRQV�RQ�WKH
ERDUG�DOORZV�FRQYHQLHQW�KDQGV�IUHH�WHVWLQJ
IRU�WHVW�SRLQWV�WKDW�QHHG�WR�PRQLWRUHG
IUHTXHQWO\�

Printer Paper Position
Servo System

l Uses analog/digital and firmware components
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System Verification
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Verification Examples (2)

l Carriage position evaluation

÷ anticipated as problem area

÷ added internal nodes as outputs in FPGA

À carriage position register after decode and
extrapolator

÷ easily hooked up to logic analyzer

÷ first FPGA compile didn’t function properly

À state transitions were wrong

÷ FPGA recompiled with modified constraints

÷ verified as functioning properly through state
transitions
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7KH�IOH[LELOLW\�DQG�WXUQ�DURXQG�WLPH�RI�WKH�$6,&
HPXODWLRQ�V\VWHP�ZDV�NH\�WR�PHHWLQJ�WKH
VFKHGXOH���$Q�LQFUHPHQWDO�WXUQ�RQ�RQH�)3*$�WRRN
DV�OLWWOH�DV���KRXUV�DQG�D�PDMRU�FKDQJH�LQYROYLQJ
DOO�WKUHH�)3*$V�ZDV�DFFRPSOLVKHG�RYHUQLJKW�

7KH�V\VWHP�ZDV�IXOO\�LQWHJUDWHG�DQG�SULQWLQJ�IRXU
ZHHNV�SULRU�WR�QHWOLVW�UHOHDVH���7KH�UHPDLQLQJ
WLPH�ZDV�XVHG�WR�ZRUN�WKURXJK�D�SULRULWL]HG�OLVW�RI
V\VWHP�H[HUFLVHV��GHEXJJLQJ��WZHDNLQJ�FRGH��DQG
YHULILFDWLRQ�RI�FRGH�FKDQJHV�

$�VQDSVKRW�RI�WKH�ILUPZDUH�ZDV�WDNHQ�MXVW�SULRU�WR
DUWZRUN�UHOHDVH��DERXW���ZHHNV�DIWHU�QHWOLVW
UHOHDVH��IRU�SURJUDPPLQJ�WKH�RQ�ERDUG�520�

:KHQ�ILUVW�VLOLFRQ�ZDV�GHOLYHUHG�WKHUH�ZHUH�VRPH
SUREOHPV�ZLWK�WKH�DGDSWHU�ERDUG�IRU�WKH�,&(
V\VWHP��VR�$6,&V�ZHUH�VROGHUHG�GLUHFWO\�WR�D
FRXSOH�RI�SULQWHU�3&$V���7KH�ILUVW��V\VWHP�ZDV�XS
DQG�UXQQLQJ�DQG�SULQWLQJ�ZLWKLQ���KRXUV�RI�WKH
DUULYDO�RI�ILUVW�VLOLFRQ��

:KLOH�WKH�UHVXOWV�ZHUH�YHU\�JRRG��LW�ZDVQªW�TXLWH
VKLSSDEOH�VLOLFRQ���$�WLPLQJ�SUREOHP�ZDV
GLVFRYHUHG�LQ�DQ�LQWHUIDFH�WR�WKH�DQDORJ�$6,&
ZKLFK�GLGQªW�H[LVW�LQ�WKH�HPXODWLRQ�V\VWHP���7KLV
SUREOHP�GLG�QRW�RFFXU�LQ�WKH�HPXODWLRQ�V\VWHP
GXH�WR�WKH�UHGXFHG�FORFN�VSHHG��å�WDUJHW�FORFN
VSHHG�

6OLGH����

7KH�$6,&�DQG�ILUPZDUH�WHDPV�ZHUH�LQWHUVSHUVHG�
SODFLQJ�KDUGZDUH�DQG�ILUPZDUH�IRONV�WKDW�ZHUH
ZRUNLQJ�RQ�VXEV\VWHPV�QH[W�WR�HDFK�RWKHU���7KLV
DOORZHG�IUHTXHQW�GLVFXVVLRQV�OHDGLQJ�WR�TXLFN
DFFXUDWH�SODQV�ZLWKRXW�WKH�PDQ\�DVVXPSWLRQV
WKDW�DUH�VRPHWLPHV�PDGH�WR�NHHS�SURJUHVVLQJ�

,Q�RUGHU�WR�PLQLPL]H�WKH�HIIRUW�DQG�SUREOHPV
FDXVHG�E\�EULQJLQJ�XS�QHZ�$6,&�FRGH�RQ�WKH
HPXODWLRQ�V\VWHP�WKHUH�ZDV�RQH�FHQWUDO�DUHD�ZLWK
D�FRPSOHWH�GHYHORSPHQW�V\VWHP�ZKHUH�DOO�QHZ
KDUGZDUH�FRGH�ZDV�H[HUFLVHG�EHIRUH�EHLQJ
SURSDJDWHG�WR�RWKHU�V\VWHPV���7KLV�DOORZHG�WKH
ILUPZDUH�WHDP�WR�NHHS�PDNLQJ�SURJUHVV�RQ�WKH
FXUUHQW�UHYLVLRQ�ZKLOH�WKH�QH[W�UHYLVLRQ�ZLWK
DGGLWLRQV�RU�FKDQJHV�ZDV�GHEXJJHG���,I�WKH
FKDQJH�RU�DGGLWLRQ�ZDV�PDGH�DW�WKH�UHTXHVW�RI�D
ILUPZDUH�SHUVRQ�WKLV�LQGLYLGXDO�ZRXOG�MRLQ�RWKHUV
LQ�WKH�FRPPRQ�DUHD�WR�DVVLVW�LQ�GHEXJJLQJ�WKH
ODWHVW�UHYLVLRQ

7DNLQJ�RQ�WKH�PDQ\�WDVNV�UHTXLUHG�IRU�HPXODWLRQ
VRPHWLPHV�GRHVQªW�JHW�DOO�WKH�UHVSHFW�LW�GHVHUYHV�
+RZHYHU��KDYLQJ�DQ�H[SHULHQFHG�$6,&�GHVLJQHU
LQYROYHG�FDQ�PDNH�D�ELJ�GLIIHUHQFH���2Q�RXU�WHDP�
WKH�WDVN�ZDV�GLYLGHG�EHWZHHQ�D�YHU\�H[SHULHQFHG
SHUVRQ�DQG�D�UHFHQW�JUDGXDWH���7KH�H[SHULHQFH
DQG�DELOLW\�WR�ORRN�DW�WKH�HIIRUW�IURP�D�EURDG
SHUVSHFWLYH�DOORZHG�SUREOHPV�WR�EH�DYRLGHG�DQG
WKRXJKWIXO�FRQWLQJHQFLHV�WR�EH�ODLG�LQ�SODFH�

Results

l Emulator flexibility and turn around allow for
fine tuning of firmware algorithms

l Printed with emulation system 4 weeks prior to
netlist release.

l Lab Protos Printing (complete printer with ASIC)
÷ three hours after delivery of first chips
÷ running from on board ROM

l Identified timing problem w/interface to Carriage
Analog ASIC
÷ not found earlier due to 1/2 speed system

clock

Team/Organizational Issues

l Used one area (Integration Cube) to bring up new
code prior to rolling into other emulation systems.

l Co-location of Firmware and Hardware team
increased communication.

l Experienced ASIC Engineer responsible for compile
emulation process.

l Having a foundry engineer as a member of the team
was helpful in delivering high quality netlist.

l Team accommodated change of manager and
technical lead.



$QRWKHU�EHQHILW�WKDW�RFFXUUHG�E\�FKDQFH�ZDV�WKH
DGGLWLRQ�WR�WKH�WHDP�RI�DQ�H[SHULHQFHG�$6,&
HQJLQHHU�ZKR�ZRUNHG�IRU�WKH�IRXQGU\���7KH\�WRRN
RQ�GHVLJQ�UHVSRQVLELOLWLHV�IRU�PRGXOHV�WKDW
LPSURYHG�WKH�WHVWDELOLW\�RI�WKH�FKLS�DQG�SXVKHG
IRU�LPSURYHPHQWV�LQ�WKH�V\QWKHVLV�SURFHVV�WR
GHOLYHU�D�EHWWHU�QHWOLVW��RQH�WKDW�QHHGHG�D
PLQLPXP�RI�PDQXDO�DGMXVWPHQWV�IRU�VXFFHVVIXO
SODFH�DQG�URXWH�

,W�LV�DOVR�LQWHUHVWLQJ�WR�SRLQW�RXW�WKDW�WKH
OHDGHUVKLS�RI�WKLV�WHDP�FKDQJHG�WZLFH���7KH�WHDP
DFFRPPRGDWHG�D�FKDQJH�LQ�ERWK�WKH�SURMHFW
PDQDJHU�DQG�OHDG�HQJLQHHU���7KLV�VSHDNV�WR�WKH
LQWHJULW\�DQG�V\QHUJ\�RI�WKH�WHDP�

6OLGH����

$V�PHQWLRQHG�HDUOLHU�LQ�WKH�UHVXOWV�VHFWLRQ��WKH
FRPSURPLVH�RI�UHGXFLQJ�FORFN�VSHHG�GLG�DOORZ�D
SUREOHP�WR�JR�XQGHWHFWHG�LQ�WKH�HPXODWLRQ
V\VWHP���:KLOH�VLJQLILFDQW�EHQHILWV�ZHUH�DFFUXHG
DV�D�UHVXOW�RI�WKLV�PHWKRGRORJ\��LW�ZRXOG�EH�YHU\
QLFH�WR�UXQ�WKH�HPXODWRU�V\VWHP�DW�WDUJHW�FORFN
VSHHGV�

$QRWKHU�DUHD�WKDW�KDV�EHHQ�D�FKDOOHQJH�LV�JHWWLQJ
PDQDJHPHQW�DQG�WKH�ILUPZDUH�WHDP�IXOO\�HQUROOHG
LQ�WKLV�PHWKRGRORJ\���7KHUH�ZHUH�VRPH�SRWHQWLDO
EDUULHUV�LQ�WKH�H[SHULHQFHG�SHUVRQ
V�WKRXJKW
SURFHVV�DERXW�ZKHQ�ILUPZDUH�PLOHVWRQHV�UHDOO\
PXVW�EH�DFKLHYHG���7KLV�PHWKRGRORJ\�LV�QHZ�DQG
GLIIHUHQW��QRW�OLNH�WKH�ROG�WULHG�DQG�WUXH�PHWKRG�
6LQFH�ILUPZDUH�LV�QRW�UHOHDVHG�RU�§IUR]HQ¨�XQWLO
PXFK�ODWHU�LQ�WKH�SURGXFW�GHYHORSPHQW�LW�LV�HDV\
SXVK�RXW�ILUPZDUH�PLOHVWRQHV���7KH�JRDO�RI
SULQWLQJ�EHIRUH�$6,&�QHWOLVW�UHOHDVH�KDV�KHOSHG
EULQJ�WKLV�LQWR�IRFXV�

6WUXFWXULQJ�WKH�$6,&�ZLWK�HPXODWLRQ�LQ�PLQG�DLGV
PDQXDO�SDUWLWLRQLQJ�WR�WDUJHW�)3*$�VL]HV�
$XWRPDWLQJ�WKLV�SURFHVV�IXUWKHU�ZLWK�VFULSWV�ZLOO
VDYH�WLPH�DQG�LQFUHDVH�WKH�UHOLDELOLW\�RI�UHVXOWV�

Areas for Improvement

l Increase system clock speed
÷ Pen Interface problem slipped past emulation

due to reduced emulation vs. target clock
speed.

l Sync up Firmware and Hardware Schedule
÷ ended up cutting corners to get system

printing
l Improving manual partitioning process with

scripts.
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Summary

l Co-Design of ASIC and firmware improves
time-to-market.

l The methodology is enabled through the use of current
technologies for Logic Synthesis and FPGAs.

l Design for Emulation minimizes the resources and
time required, and improves reliability of results.

l Debug with integrated HP 15600C uncovered timing
problems.

l Effective design practices, i.e., use of conventions,
rules and scripts, is also essential for success.

Current HP Logic Analyzer Products

l HP16600A and 16700A Logic Analysis Systems

– simultaneous triggering of Scope, Logic
Analyzer and Source Code

l HP Serial Analysis Tool Set

l HP 16557D Deep Memory State/Timing
Analyzers

l HP 16534A 2GSa/sec, 2 channel Oscilloscope


