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Abstract

Today's System-on-a-Chip (SoC) is designed with reusable IP cores to meet short time-to-market requirements.
However, the increasing cost of testing becomes a big burden in manufacturing a highly integrated SoC. In thus paper, we
propose an efficient test access mechanism that exploits an on/off-chip bus bridge for the Advanced High-performance
Bus (AHB) and Peripheral Component Interconnect (PCI) bus. The test application time is considerably reduced by
providing dedicated test stimuli input paths and response output paths, and by excluding the bus direction turnaround
delays. Experimental results show that area overhead and testing times are considerably reduced in both functional and
structural test modes. The proposed technique can be applied to the other types of on/off-chip bus bridges.
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TCanscore © Time to apply a test patter for each AHB core with [3]

SCLyr - Maximum scan chain length

PIKRy @ The number of 32-bit register set of the wrapper at the core
primary input side

POWx : The number of 32-hit wire set of the wrapper at the core primary
output side
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TAT yimcore = TPA2SCLy+ PIRy+POWy+T7)  (5)

TAT wupcore - Total test application time of [3] for each AHB core

TPy © The number of test patierns

TAP, ppoore = 2{TP(285CLy+ PIR+ POWy+ 7))

(6)

TATuapscore : Total test application time of [3] for each APB core
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Table 3. Characteristics of cores under test.
Total Area g Pt
(No. of NAND Gates) | Max. .can No. of 4
Cores No. of PIs | No. of POs |No. of DFFs Chain Coverage
y Vectors o
Original Full Scan Length (%)
Leon3 Processor 41901 46303 252 148 1166 37 386 99.75
SDRAM Controller 3701 4115 03 119 212 7 68 99.45
AHB-PCI Bridge 6364 7065 40 145 275 9 79 99.92
Ethernet MAC 32737 35580 109 243 1339 42 485 99.99
UART 9308 10623 69 32 524 17 231 0R.99
APB GPIO 4922 5107 78 104 9% 3 13 100
RTC 7566 9067 47 32 340 11 130 99.99
olg|g )% 25L& TR-bridged] A3 HAE A 7+ s0}e) 2709) 9¥& 7= NAND Alo|Ed] w3t

gate count | € 5, 6, 72 77}t Pls, POs, D-flipflop
o] olm Ff 27 A Ho|, HAE WY
fault coverage?t 27+ 3 8 9, 109 Qth.

(OverheadofTheOtherTechique — Overheadofproposed)
OverheadofTheOthter Technique

x 100(%)

(9)
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3 7|54 HAE A|7HE v @l
Eo] 27Fd w TIC7|¥F +2¢
BE 3572%9) HAE Mol Zol

ol b}

R

7_(3|

oA £ 4 l%o] AHBSH APB Fobe] &7
Q [BlE5 Fdo]l EoEcH

AHB, APB 3o} 7y7z Hit# o s 4327%, 69.37%, &

AH o ge 50.26% Stk [6]13% Atst= TR-bridge

AZFe

1L

E 4 HWHHN QW& E "W
Table 4. Comparison of area overhead.

Area Overheads Area
Cores (No. of NAND Red.
(Gates) (%)
Test interface TIC 2] 2983 7699
controller Proposed 70 .
(HTIC)
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Table 5. Comparison of functional test time

Test Time (No. of Clocks)
Key Transactions| TIC [2] - based Red. (%)
Proposed
(3], [6]
READVEC—> 0 40
WRITEVEC B 0.1
READVEC->
ADDRVEC 23643 7831 66.67
READVEC-> _
CONTVEC 80 215 e
WRITEVEC->
CONTVEC 218 139 0
Others 45578 45567 0
Total 98079 63042 35.72
E 6. =X gAE A7t "l
Table 6. Comparison of structural test time.
Test Time (No. of Clocks) Red
Cores Exclusive Concurrent over [3]
Scan-in/out scan-in/out (%)
[3] Prop.
Leon3
" 36284 20831 42.45
Processor
°D 1904 1231 35.29
AHB | Controller o
AHB-PCL 2598 1220 51.74
Bridge - ‘
Ethernet MAC 49955 28172 43.60
UART 20790 5792 72.14
APB GPIO 520 185 64.23
RTC 8320 2363 71.73
Total 120301 59834 50.26
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