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Design for Consecutive Transparency Method of RTL Circuits
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Fig.1 Consecutive test access.
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Fig.2 DFT for consecutive test access.
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Fig.3 An RTL circuit and its port graph.
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Fig.5 Addition of thru function.
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Fig.7 Test architecture of the proposed method.

1114

000000000000000000000000
0000000000000000000000 20
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000D00000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000
0000 1000000000
00000000000000000000000
000000000000000000000000
000000000000000000 nO0000
000000000000000000000000
0000000000000000000 10000
03(b)0000000000000000 8(a)00
000 8(a)0000000000000000000

e D0DDO0DODOODOODOOOOODOOO
ooooo
000000000000000000000000
000000000000000000000000
000000000000

e D0DDODODOODODOODODOOO
ooooo
000000000000000000000000
000000000000000000000000
000000000000

e D0DDO0DODOODOODOOOOODOOO
000000000000000000000000
000000000000000000000000

Constraints for

making a PO v, ; consecutively transparent
for vy

ey 1=Xy0501 Xuzzert Xunses
for v,

X,23,05" Xy23.e6" Xu23,e30 = |
3m for v,

X231 Xv23,e4
for v,

X23.027 Xv23.e5 " X23,e7t Xy23e0

for v;

X23.e37 X236 Xv23.e8F Xo23,00T Xu23e01

(®

08 ODU0OOODOOOOUOODOOOO
Fig.8 An extended port graph and constraint examples.



0oodooodoooooooooooooooooooonono

ooooUoooolo0oU0oD o0 ANDOOOOO
OorROODOOOOOOOOOOOOOOODBOOOO
oooloooo

e JOOOOOOOOOODOOOOOOODODO
gooooooooooooobooooooooboo
oooooboooooOoOo0oboooOoooOo0on0ono kO
O000kxn OO0 ANDODOOODOO OROODO
oooooO0oO0OoOoOoO0ooooO0O00000 Exn
goboooooooooooobooooooobood
gooooboooooooobonbOOOOOOOOOO
gobooooooboil1o0ooooooooboOooooboo
gooooooooooooobooooooooboo
00 3xn0O0O00n0

e JOOOOOOOOOODOOOOOOODODO
oo
gooooooooooooooooooooood
gooooooooooooooooooooood
goboooooooooooobooooooobood
00o0oUoooo ANDOOUOOOO OrROOOO
gooooooooooooooooboooobo1oo0o0a
e JOOOOOOOOOODOOOOOOODODO
goooooooooooooobooooo
goooooboooooooooooobooooooon
gooooooooooooobooooooobood
goboooooooooooobooooooobood
goboooooooooooobooooooobood
O3xnO0O00

e JOOOOOOOOOODOOOOOOODODO
ooooooooo
goooooboooooooooooobooooooon
gooooooooooooobooooooooboo
goboooooooooooobooooooobood
goboooooooooooobooooooobood
goboooooooooooobooooooobood
000 3xnO00000O0O0O0COOOCOOOOO
oooooooo00 3xnO000000000000
gooooo

e JOOOOOOOOOODOOOOOOODODO
ooooooooooo
goooooboooooooooooobooooooon
goboooooooooooobooooooobood
goboooooooooooobooooooobood
gooooooo nO00oogl1ooooooooo
goo3boooobooooooooooooboboOod

000000 3xmO000

0000 200000000000 DFTO000O
0000 10000000000 GO0O0O0000
00000000000000000 (1)000 (8)
00000000000000000000

1 Oe00O0000O0OCOOO0O0vO
goooooooogod

0 otherwise

Ty,e =

1 0eOO0O0O00O0O0DODOCOOO
Te = gbooobooobooo

0 otherwise
Minimize:
Z Ze - cost(e) (1)
ecE

cost(e) D0 e ODOODOO

Subject to:
010 0D0000 v eVpr OOOOO

1= Z Loy e 2

Eout
ec Upi

Y =1 3)

e€EI"

Ydo

E Lvpie = E Lvp;e

geE%n eEEﬁ“t (4)
forall v € V — {vpi} — {vdo}

020 00000 ve € VPoOODOODO

L= )" @y (5)

e€ E;};‘f

> Tupe=1 (6)

e€cEI"

Vpo

E Tvpo,e = E Tvpe,e

e€ B e€ B (M)
for all v € V — {wa; } — {vpo}

1115



00000000000 2004/12 Vol. J87-D-I No. 12

030 00 eekEO000DO

Te > Ly,e for all v € Vpr U VPO (8)

0000w;0Ovw, 00000000000000
000D000000D000000000E" 000 v
000000000000 0ES 000 v0000
0000000000

0(2)0(3)00 (4000000 v, 00000
00 v,,00000000000 ve 00000 10
000000000000000000000000
000000000000000000000000
000000000000000000000000
(5)0(6)00 (7)000000 v, 00000000
000000 v0000 v, 00000 10000
0000000000000000 8(b)0000O0
000 v 00000000000000000 (8)
000000D000000000000000000
00000000000 (1)000000000000
000000000000000000000000
000000000000000000000000
00000000003.1000000000000
000000000000000000000000
000000D000000000000000000
000000D000000000000000000
000000D00000000000000000

01 0oooooooooo
Table 1 Characteristics of RTL benchmark circuits.

4. 0O 0ODO

O0O0OOORTLOODDOOODOOODOOO GCDO
JWFOLWF OO Paulin 0O 0OOO0O0OOO0OOOCOO
goooOoOoooOoOooooOoOooooooOoOoO 1
00000 100000¢%ircuits” OOOO0OOODO
“controller” 0O 0O “#PI” 00 “#PO” 00000
o0oo0o0oO0oooooooOoOooOooooooooo
00oo0oooooooOoOooooooooooooo
Joooo0ooObObOooOoDobOooooo 10000
“datapath” 00 0O “|bit|”0 “#PI” 00O “#PO” O
poooooobobbobuoooooobobobbooga
J0000000000o0o0o0ooo00O“Area” OO0
ooo0o0oO0ooUoooooOoOoOoOooooooooo
0000000000000 000 Design Compiler
OSynopsysD 00 p2lib0 000000000000

0 2000000000000 O0O0OOO0OCODOOO
o0oo0o0oO0ooUoooooOoooOooooooooo
000 200000¢%ircuits” 00000000 “Area
Overhead” 0000000 D0OO0OOOCDOOODODOOO
podobboobuooobuoooboboboooboo
“proposed” 0 O 0O “thru”0O “bypass MUX” O “con-
trollability for control signal” O O “test controller”
000o0oOooooooooooooooooooo
ooooOoOoooOooOoOooUooooooooooo
0000000000 0oO0o0oO0ooooOoogAND
oooooROODOCOOOUOOODOOODmMOOOOO
000D00000o0oDo000oOooog “otal” 00O

R R Controller Datapath
Circuits #PI| #PO | bit] | #P1] #PO Area 00000000 0oO0oOoOUoooOoOOgn “bypass
GCD 1 1 16 2 1 2384 MUX only” OOOOOOOOCOODOOOODODOO
JWF 1 0 16 5 5 10169
IWF 1 0 6 3 3 3377 pobgoobobooboobobooboobon
Paulin 1 0 32 2 2 | 36203 gbooooboooooooooooobooooboobobogo
02 0O0O00O0OO0OO0OOOoOoOoooooo
Table 2 Hardware and pin overhead of proposed method.
Area overhead(%)
Proposed
ircui Controllabilit; i
Creuits Thru Bypass MUX for Y Test controller | Total Bypass MUX only Fin overhead
control signal
aeD 0 0.38 1.38 1.92 2.08 10.11 3
(0) (1bit: 1) (and/or: 6, mux:1) ’ (1bit: 1, 16bit: 2)
IWF 1.26 ' 0.09 ‘ 0.74 1.09 318 ) 6.62 ) 4
(2) | (1bit: 1, 32bit: 1) | (and/or: 12, mux:3) (1bit: 1, 16bit: 5)
LWF 3.79 0:27 0.47 0.56 5.09 ) 7.88 ) 3
(2) (1bit: 1) (and/or: 4, mux:0) (1bit: 1, 16bit: 2)
Paulin 0.35 ' 0.67 ‘ 0.04 0.09 115 ) 1.38 ) 3
(1) | (1bit: 1, 32bit: 1) | (and/or: 4, mux:0) (1bit: 1, 32bit: 2)

1116



0oodooodoooooooooooooooooooonono

000000 “Pin Overhead” OO OOOOODODOO
00000 “hru”0 “bypass MUX” 0O “controllability
for control signal” 00O “bypass MUX only” 000
poboobobboboobooooboobon
goboooboobboobooboobobbob
0000000000000 00000 Ip_solve 00
000 [3j000bo000oboooooooog
000000000 0o00ooooooooooooog
ooOooooloOooOoOooOO

0200000000000DOO00DOODODOO
3.1%0000000000000000O000OOO
poboobooboboboobooooboobon
pobooobobbobooboobobooboon
poboobooboboboobooooboobon
o0o0ooo0ooo0ooo0ooo0oooooooooo
o0o0ooo0ooo0ooo0ooo0oooooooooo
o0o0ooo0ooo0ooo0ooo0oooooooooo
o0o0ooo0ooo0ooo0ooo0oooooooooo
pobooboboboboobooooboobon
poboobooboboboobooooboobon
poboobooboboboobooooboobon
pobooobooobooboobooboobbob
poboobooboboboobooooboobon
oo0ooO0o0ooo0ooo0ooooooooooooo
o0o0ooo0ooo0ooo0ooo0oooooooooo
0000000000000 nOD0OD0O0OOROOO
0o0o0ooo0oooooo0ooo0oooooooooo
gobooobooboobbobbobobooobon
gobooboooobboooooboob nO0OOOO0O
[log,n+1] 000000000000DOO00OOO
goo0 SseCOODOO0OOOODOOOUODOOUODOOd
000oO0o0o0ooSeCOOO0OO0OODODOODOOO
000000000000 000000000SeCO
ooooooooooo

5. O 0O O

gooooooooooooooobooooooon
gobooooooooooooboooooooboon
gobooooooooooooboooooooboon
gobooooooooooooboooooooboon
gboobooooboooboobooooooobooon
gobobooboooboobooboooboobooobooon
gboobooooboooboobooooooobooon
gboobooooboooboobooooooobooon

gboobooobooobooboobooboooboaoon
gboobooobooobooboobooboooboaoon
gboobooboooboobooboooobooon
gboobooobooobooboobooboooboaoon
gboobooboooboobooboooobooon
0000000000000 00000 SoCOOO
gooooooooooooooboooooooboo
goooooooooooooobooo

00 Oooooooooooooooooobo
gbooboooobooooboobooboobooobooon
gbooboooobooooboobooboobooobooon
gobooboobooobotbootoooooooooobooo
gboodobooobooboobooooboooboaoon
0000000000 BOo20 0000 1530001800
goooobobooooooooboooooooooaon

ONEDOUOOOOOOO0OODOO0OO0O0OODOOSTARCO

00oo0oO0ooO0SeCOOOOODOOOOOOODOOO
gooooooooooooooboooooooboa
ooooooo

a O

[1] Y. Zorian, E.J. Marinissen, and S. Dey, “Testing
embedded-core based system chips,” Proc. 1998 Int.
Test Conf., pp.130-143, Oct. 1998.

[2] N.A. Touba and B. Pouya, “Testing embedded cores
using partial isolation rings,” Proc. 15th VLSI Test
Symp., pp.10-16, May 1997.

[3] L. Whetsel, “An IEEE 1149.1 based test access ar-
chitecture for ICs with embedded cores,” Proc. 1997
Int. Test Conf., pp.69-78, Nov. 1997.

[4] S. Bhatia, T. Gheewala, and P. Varma, “A unify-
ing methodology for intellectual property and custom
logic testing,” Proc. 1996 Int. Test Conf., pp.639-648,
Oct. 1996.

[5] T. Ono, K. Wakui, H. Hikima, Y. Nakamura, and
M. Yoshida, “Integrated and automated design-for-
testability implementation for cell-based ICs,” Proc.
6th Asian Test Symp., pp.122—-125, Nov. 1997.

[6] P. Varma and S. Bhatia, “A structured test re-
use methodology for core-based system chips,” Proc.
1996 Int. Test Conf., pp.294-302, Oct. 1998.

[7] M. Nourani and C.A. Papachristou, “Structural fault
testing of embedded cores using pipelining,” J. Elec-
tron. Test., Theory Appl., vol.15, pp.129-144 1999.

[8] I. Ghosh, N.K. Jha, and S. Dey, “A low over-
head design for testability and test generation tech-
nique for core-based systems-on-a-chip,” IEEE Trans.
Comput.-Aided Des. Integr. Circuits Syst., vol.18,
no.11, pp.1661-1676, Nov. 1999.

[9] I. Ghosh, S. Dey, and N.K. Jha, “A fast and low cost
testing technique for core-based system-chips,” IEEE

1117



00000000000 2004/12 Vol. J87-D-I No. 12

Trans. Comput.-Aided Des. Integr. Circuits Syst.,
vol.19, no.8, pp.863-877, Aug. 2000.

[10] S. Ravi, G. Lakshminarayana, and N.K. Jha, “Test-
ing of core-based systems-on-a-chip,” IEEE Trans.
Comput.-Aided Des. Integr. Circuits Syst., vol.20,
no.3, pp.426-439, March 2001.

[11] DO0O0D0O00O0000“0C000000000000000
go0oo0o0o0o0oooooUoooD o0oO0Db-1m
vol.J85-D-I, no.2, pp.173-183, Feb. 2002.

[12] T. Yoneda and H. Fujiwara, “Design for consec-
utive testability of system-on-a-chip with built-in
self testable cores,” J. Electron. Test., Theory
Appl. (JETTA), Special Issue on Plug-and-Play Test
Automation for System-on-a-Chip, vol.18, no.4/5,
pp.487-501, Aug. 2002.

[13] M. Berkelaar, lp_solve, version 3.2, Eindhoven Uni-
versity of Technology, The Netherlans,
ftp://ftp.ics.ele.tue.nl/pub/Ipsolve

00016030 17000070 900000

oo 00 oOood

Di1o00000000000000 13
ooboo0oooooooOoooooooo
000 1400000000000000
00000000000000VLSI CADO
oooo0ooo0ooo0ooOooooooog
go0o0oO0oo0o0oOoooooooo
go0ooOooooooo

od 00 ooooooooo

0440000000000 49000
oo0oo0oooooooooooooo
goooUoooooooooooooog
0o000o000o0oooooooooooon
Os6000000000000000 59
gooo0ooooooooooooooog
000ooo0oooooooooooooooooooooo
0000000000000000000000000 Logic
Testing and Design for Testability[] MIT PressO 0000
000 O0OIEEE Computer Society Outstanding Contribu-
tion AwardO IEEE Computer Society Meritorious Service
Award J0000000000O0ODOIEEE Computer Soci-
ety Golden Core Member IEEE Fellow[

1118



