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Abstract

In order to test the board with IEEE 1149.1 boundary scan design, the test sequence must be applied as the bit stream.
However it is very tedious job to generate the test bit sequence since it requires the complete knowledge about the 1149.1.
This paper introduces a convenient PCI/USB interface controller, named as Test-Ready PCI (TRPCI) and Test-Ready USB
(TRUSB). Test Bus Controller has been developed by TI and Lucent aiming to generate the test bit stream as an
instruction level, thus even the novice test engineer can easily generate the test sequence.

Keywords : IEEE 1149.1, test bus controller, TRUSB, TRPCI
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Fig. 1. Architeciure of IEEE 1149.1 Boundary Scan.

Test-Logic-
! . Reset
0
Run-Test/ }1
oL %)

\

3% 2. TAP Mof7|e] A& FMolT
Fig. 2. TAP controller state diagram.

2. IEEE 1149.1 HIAE HO{7|

TBC (Test Bus Controller)= TI (Texas Instruments)
Abe] IEEE 11491 HAE A|oJ7]2M, 32E A|2d3}
Y A= wWHol w9 Az HIES
sy

a9 38 TBCY 29| TAP Aol 42 4& B
ot} S2E A2EM SHEL] o]=# 28 16HIE
glo|E] & wro} TCK, TMS, TDI 21 && AAJste TAP
o2 pujas, TAPLZHE TDO NI E Wol TLE
Nxrgoz RyE 538 53 H2EE FHIT

BSM2(Boundary Scan Master 2% Lucent A}¢]

Test Test
Device Device
#1 #2

TDO_ 1 0 1 DO
(Ter) x o
Test .

Addre -
Host 5 > Bus e

Controfier
Control TDI

a3 3 TBCS TAP2| ¢ of
Fig. 3. Example of TBC connection with TAP.



56

[EEE 11491 HZE Ao]7]2H4, TLE A|2dyg HE
o] TAP A}o]9] 47 W& TBCS 543t}

oj9} Fo] HZEE WHol AR & F e 99
7FA [EEE 1149.1 B|2E 7|7} EAsAT T2E
A" d237) 98 WiEel disix 127} il

T A7 st

II. Test—Ready PCI/USB QIE{H|O|A X|0{7|

& =FoA A<steE TRPCHTest-Ready PCDE
TRUSB (Test-Ready USB)= A F 79 E8og
UE § 9o e Z2AE A2d3 QEHH o2
A Z47ke] PCI 2 USB EFo]A o] BEolm,
02 s =9 TAPH QIH#HAE 9% [EEE
1149.1 HIZE Ao} =0t}

1. PCI QIEHO|A Ho| ==

duty o2 PCI Bl&t: 32bits, 33MHzE 53381
shte] T2E Alxde] of] PCI FA7F 4459
&9 AEHoAE FH}T Yo wEA A
2o MY 2 PC §9 ZT2E Al2addA PCI
WAZ A9 9 |

PCI A|#Ho]x A7) Target®t Mastere] F
7t g2 EF9 Targete ¥ A4S 358
T 8ol Masterd]l F&Eo] Tl o o
Masterd] 98e F2 3F2E AA"e (CPU%
9933t €tk Masters Targete] 71%5-& 2% ¥3hai,
of=g2, dolE, AAITE i ExHoE HaE
Ao 5= sief,

TRPCI ¢1E#loj2 Ao}7]E PCI Taget 715024

IEEE 1149.1 Test Controller

Command TAP Controller
Decoder State Machine
Command
r CLK —p| Register — TCK
RST — ] ™
] . a:.:a . = TRST
PCIuSB Ruquest—b] | Locd | OO pogiorr o EEE 1140.1
Intetface LY connote | [ ™5 > ap
with Host Ready 4—1 ( Convot | q11 R‘?W ;
Addres3[4..2) =—pf “ . . —» DI
Dara 1{1..0) ~—
\Da 0{%1.0] 4— 1| Resane (¢ 0
a2 4. IEEE 11401 HAE HIO{ =89 =
Fig. 4. Architecture of IEEE 1149.1 test controller block.

IEEE 1149.1 HI2E 7|50 W& PCI/USB S8 QIEHO|A 329 4

(659)

oN
oR
o

PCl Spec. 220 S@HEE HAANYR T84

W HAF5E PCl SIGAAM AF3s= PCl Compliance
Checklist - Revision 229 93+ Aele g 7j%=2

staet”.

2. USB QIE{H|O|A M| E5

HEAQ PCY AlEE Qg A2FX<Q USBE
H3 S92 vlolEHE AFEE Ho o, PCIg
fFARSHA, PCIY) Masters &S 433t Host®h 29l
H&sle FHAAE Clientd Moz Fol F=2
PC7l Hoste] 4&& 38 + U=E Ho
dlolefe] A3
5=, ol
Intermupt®] Wl 71A]
ar719 8=F 7HA

e 29E Hde W

A
A%

al

o

Afe] M3 E AT Yot
TRUSBA|®17]= PCE £3la] AojE W= Client
722 Ho glon deolHe &40l gl Buk

WA E dolHE FIWA Hol gt} o)& FdEE)
A8te] MicrochipAte] PICIGFS77 ulolZ 2 Z 2 A&
o]83te] National SemiconductorAte] USBN9603
USB EAAY AL FFegom, USB Spec. 1190
SERHEE T

3. IEEE 1149.1 HAE Ao £

B =FdAM Aorste IEEE 11491 HAE A9
E8L 72802 PCI ¢UEFH 0|2 A o]7]9] BAR (Base
Address Regite)3 3F 229] W2 49& Algslo
Fagh £3 PCI WAE 54 dolEs Fantong,

32bits9] HlolEE AMEEHY

I9 4% IEEE 11491 ©l2E Ao 89 FZE
BojFEeh AYE AX2HE Fo) Wols ddam,
TO/TID0  # A2 32bitse] TDI/TDO AlZE

A7tk TAP VO Ao7je AWRE dzgse 4
TAP A°}7]8] FelE LT TAP #lo] Ae)r]dl
o) TCK, TMS 4138 AXd3ta, TD/TDO #ixl~Efet
TDI/TDOE dAAFIt

g gHo] o] A8H A9,
A7) A7A TK AZE 022 5]
&2 TAP Aloi71¢] 7 Holg X3

a9 5& AW= AR AHY
8bitse] HHo9} A Ghitse] Y

ol
=



2006 108 HASetE

3 13 12 87 0

Command Register | [ #of Clock | Command |
Command 01h RunT&d/ld]e
02h: Shift_IR
03h: Shit DR
04h ~ FFh : Reserved
a3 5 HE FHx|Aee TA

Fig. 5. Consist of command register.

ot
lo

it
o e !
U

g U A3t 00he] Resetd

) 2] o g#gle] 5¥9 TCK &< TMS
Az 1% F33t TAP A7l A7)
Test-Logic-Reseto] == 3t} o o TDO
dA2B9 FE BT 022 %78t @tk 01hd
Run-Test/Idle®] 7%, TAP o719 AelE Test-
Logic—Resetoll A %“—“’—”1 28 $9F HF2A @t
webA BIST EE HAE A" 98 F HEE
FIyE A8 "]’%?}‘jr. 02hel Shift-IR%} 03he]

Jo of
119«4 oL

oY B

Shift-DR®| 7%, TAP Al°|7]¢l 4®E Shift-
IRDRAA 4% 28 o7 #F2A 3T F
Pause-IR/DREZ ©o|% A7t} o] ul, 948 257}
090 2%, Shift-IR/DR& AXANA &3 H=2

Pause-IR/DRZ o] FAZIt}. webA TDI #HA2E 9
Fe foe HE F9HE TDIE A8ty 4L 9
AHgEIAY TDOZ YeE ZA#E TDO A&
ARstn A& W) A

4. TRPCI/USB QIE{H|O|A H|O{7|29] S8

3% 62 £ =% A48 TRPCI/USB ¢UEH o]
Aoj7lel F=2E rRoF TRPCI/USB <IE o~
Aol7I7 HE H2AE £%58 2oz &g o,
gubxel PCI E& USB ledolx o7zt
=217 "k oA @) IEEE 11491 EI&AE Ao
o] Uult T Ay TS viAA gtk =T

a2l 6. TRPCIUSB 2lE{Ho|A HO{Z|el 7=
Fig. 6. Architecture of TRPCI/USB interface controller.

==X-4 43 # sD H

10z 57

HA2ELER AHEE de JFd £Hld &4AE

& ojd <cEHolxAsE AMRIA HEEE
S AAYE = vk old mEE AFEH
Z2IWe g Aol Bl
V. 43 & U Ay
1. Test Ready PCI/USRS| M|
E =FA] A¢® IEEE 11491 Test Bus

Controller B2 ™ol Tz Eo2 Datad
Decoding@}s] IEEE 1149.1] #23 TMS 435 %
TDI A58 AAsA B ot sjof Foz S0
Data 9 AddressE A%3}7] $1% Registerst Ha g
AT EL HAE A& FE EF, 422 TMSE 4
Ad F= BFo2 Yy AASGTE £3 PCIL 9H
Holx Aoy7|& AHAS7] 93 PCl 48 Fdske
PLXAFe] PLX9050 #-& AHg-3ted PCISH 712420 A
IEL FueE 4 YUEE sgon, 77 HEd|
33 A Ho)x EES A
3t USB E#Ho|2 Aoj7]e] 79 dste USB
Spec L1l &3he T&& BHA9F7] $1so, PICY w}
olzg AEZHH USBE E2tA7]7] 93 Firmware
£ HA 3], National Semiconductors] USBNGB USB
Transmitter & 7338t USB715¢ 3T & Y=
2 gt =g 32¥E 7gtez HAE Test Bus
Controllerdl] Ags=5 B3 As5s A & + 9
£ AEHo|2 A7) GA] AT

71849 fAE 2| HAE =] FEIR
da] 427 Verilog HDLZ AASAoH, o9 7%
A% (Functional Simulation)& <3371 9131 Mento
A+l ModelSim WA 57014 #A5-E 33T

ot it

5

2. Test Ready PCI/USB2| Function Simulation

TRPCI/USBE #A%3t7] ¢18 AA SoC tiid=o]
= ZtZ AND Al°lEZ FAHo oW, 7z
IEEE 11491 TAP Controller$} Boundary Scan
Cell2 Eeistd Ut} o] FE& Z42Z A5t
TBCst 2% J=r+= 19 77 2t} Boardol
£ IEEE 11491 ¥+£¢ TMS, TCK, TRST._n,
TDO #Hoz FAHo on, TBCAA AHH
AsEL T3 HZE 7bedtes FAHAU
tf =g BREQ 07132 77t Cored] ¥¥ A
S, 7= BHE9 5]0 8¢ e F1 o



58

IEEE 1149.1 EIAE 7|50| Y&EE PCI/USB E8 9

board
g

e

A

u_board

33 7. TBCe dAB0l ALSE EElte| dAX
Fig. 7. Connection of TBC and test board.
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Table 1. Test pattern for INTEST.
Cé)mmand Pattern &6”3"%
Reset command 0000 0000
Write TDI Register 0000 Offd
Shift_ IR command 0000 0c02 (12bits shift)
Read TDO Register 0000 Oaaa
Write TDI Register 0000 0003
Shift DR command 0000 0403 (4bits shift)
Run_Test/Idle command 0000 0001
Shift_DR command 0000 0103 (1bits shift)
Read TDO Register 0000 0541
Reset command 0000 0000

E 2 EXTESTE #I¢ EHAE mjH
Table 2. Test pattern for EXTEST.
Command Pattern (16%14)
Reset command 0000 0000
Write TDI Register 0000 Oeee (12bits shift)
Shift IR command 0000 0c02
Read TDO Register 0000 Oaaa
Write TDI Register 0000 0009
Shift_DR command 0000 0603 (6bits shift)
Run_Test/Idle command 0000 0001
Shift_DR command 0000 0303 (3bits shift)
Read TDO Register 0000 5403
Reset command 0000 0000
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Table 3. Deference of existing method.

Lucent Proposed
TI TBC ™
BSM ™ Method
Address/ . . |lower 16bit / 32bit /
i 5bit / 16bit . e
Bus width 16bit 32bit(3bit)
ASP Support O O O
Number of
Registers for 24 18 3
TEST
Maximum
30Mhz 65Mhz 33Mhz/66Mhz
Freq.
T t
AL | UART/PCI | UART/PCI | PCI/USB
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