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Area-optimized and low power consumption JavaCard processor

ZHANG De-xue, GUO Li, FU Zhong-gian

(Department o f Electronic Science and Technology, USTC, Hefei 230026 ,China)

Abstract: AOJCP is a microcode based, area-optimized, low power consumption JavaCard processor. The
overall architecture of microcode processor, the microcode design unifying single-cycle and control-
acknowledge mechanism and execution process of JavaCard instruction are discribed. The implementation
result in FPGA(field programmable gate array) shows that AOJCP takes up 1 410 LogicCells(about 16 k
gates), that the highest estimated frequency is 36. 2 MHz, and that the power consumption is 48 mW
when it runs at 3. 7 MHz.
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Tab. 1 Java processor projects
I H 245 SCRERIE SEIT o R H R /MHz TEAD
JSMi3! JavaCard ¥, FPGA 2 400 LCs 7.5 o
LavaCorel4 Java %, FPGA 3 800 LCs 20 =
Komodo Java,50 $§4 e 2 600 LCs 20 &
PicoJaval®’ Java RTL #it 440 k ] N/A P
JOPpLs] Java FPGA 1831 LCs,3.25 kb 101 =
Moon Java FPGA 3 660 L.Cs,4 kb N/A w
aJilel”] Java ASIC 25 k ['T+ROMs 100 =
[EY  “h IR b, B4 LC 8 LogicCell, /& FPGA W IEA B0 AR F—A 4 AR LUT in—4 D fiik
Ko AT ASIC B 12 17,
o) SR PHEIDRE A DL T, T S T T S8 A L LAk

PR EAADE Java WA FRER I H , L0 THY
JavaCard BEAFACFRER VT H M A2 0L, 2 1 41
T AR Java B FALPRES,

1 I H R RDL I E 7D AR
TRBT SRS AL s BB SR e PR Re, o5 A T AR
KA G ER AR AR JavaCard B4 LAl
FH LT ASSCER T — AP L AL AL AR s #E 8 B
bR B JavaCard fifl £ &b PR 4% & 11-AOJCP (area-
optimized JavaCard processor).

1 AOJCP BjiZit
1.1 &IRE
11,1 BT s 28 3%t

Java T H RE R X R E S ENRELSE
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Fig. 1 Data-path and control-path
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Fig. 2 Microcode design that unified single-cycle

and control-acknowledge mechanism

Wit A Z R 2SS . LLAME
GEAERG, 50 5 JOP J5ik 1 AOJCP Jridifs 1
fai Al 1Y B3t S I Ol 46 i verilog AU K B,
begin-end F{ } U, TECAUID A B .

JOP J5# : case(microcode)

wait MEMWR: { if(! memrw_ack) { hold mcp<l=~
hold_mep; }/ /A K 2 7 2, 07 35 i
AR AR
else { memwr<<=0; } }// ¥WFI R
BEIMEFS
MEMWR: { memwr<<=1; } endcase//BHREES
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AOJCP J7#; : case(microcode)
MEMWR: { if(! memrw_ack) { memwr<C=1; hold_
mep<<=~hold_mcp; }//ILKl 2
else{ memwr<=0; } } endcase
RPIEIE) FPGA SEIEE R LR 2.
&2 JOP 5 AOJCP RS SEB ik b i
Tab. 2 Comparison of microcode implemetation
between JOP and AQJCP

Hik WAL LogicCells SR 1B
jor 2 9 64
AQJCP 1 6 46
""" mo 1 3 18

X JOP ik, AOJCP J5 35 Jo75 & 1 16
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Fig. 3 Flow chart of main control logic
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Tab.3 Summary of test routines
B9 0E 3 Mk 1 Wik 2
WH JavaCard REFAEa, T

UL GR R (E 00 Z it ig A

PUATHIS A% 11 575 1173

AT JavaCard $8 41451 458 22

3t /JavaCard $§4> 25 48.8

VCD X (R FIIFEs ) sort. ved class_method. ved

F4 HBESCHBLER
Tab. 4 Comparison of executive cycles for typical instructions

[HE0E 3 AOJCP JOP  aJile-100  TINI
sadd/iadd %) 21 2 8 789
getfield (B 48 25 23 2 398
invokestatic(FATHES i) 186 101 92 5 869
if_acmpne_w( LBk 42 6 18 1265
[FEY TINI 2L, 247 R 2 8051 AL 3 2% |,
20 MHz

JavaCard FN FH XF Ab PRSP BE 1Y 25 5K 2 /)N
T Java fix AN . AR UL 7 X SC BT, i
R P 3 I ok 3. TMHz ik A W 2 Bk, Bt
AOJCP A /& SEBr I FHESK.

2 AOJCP WL R
LA Xilinx XC2S400E & Hbr s 3, %4~ R 40
(& HME ROM, RAM) S #1228 38 5 F1 410 LCs

(4 ASIC 19 16 k D) 26 5 I 23 A 4 kbit
block RAM, +& H i /MK JavaCard Al {4 4b B 28 52
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s e A% 36, 2 MHz. ffi ] Xilinx XPower™® T.
EokAEHE AOJCP 1 DI #E. XPower 2T, £ 1 4)
H IR re A4 i) VCD(value change dump) SCH:,
DASRASHERA 1) B 900 R S0 AN [ 30T TAE 70 A
4RI 5.
£S5 AOJCP IiFER
Tab.5 Power consumption of AQJCP

B /MHz  I#E (sort. ved) /mW  ZH#E (class_method. ved) /mW

0 38 38
3.7 48 48
10 65 61
20 90 86
36. 2 122 126
100 279 280

[#) 3.7 MHz 2 MY JavaCard B4 45 5% ; 36. 2 MHz &
AOJCP 2 (i % i M %5 100 MHz J2& FH T 5 aJile-100
Lt

X aJile-100 [ PI#E : aJile-100 42 ASIC £
PR Java A BEES . B HEET alile AYRAS b E 45
¥ JEM2 , BB 17 A B AR L A0 R0, AT S2 R
SERENY Java MEUMLFE 25 EF S0 1R SCH) 4,
HHE Java MR RRBIRL, AT H T3 SERTECR 5 6
H aJile-100 b AOJCP %% 4%, AOJCP &It H T
JavaCard &5t , U JavaCard 384 #. 100 MHz
BRAT ,alile-100 TAERE T IIEE 257 mW; H A —
T2 TR FPGA fil ASIC SEEL Al —i% i1, FPGA 3
FERZJE ASIC S 4~ 8 fi5. & F] ASIC 5
FPGA WIERY 22, i ASIC 523 AOJCP BYZhFE
WO AR, 3k L LU AN 275 5 AR T2
SEHL) FPGA O i IFES BB A R K 5.
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AOJCP HAVIN IIFER . i TFE JavaCard & 55 L ff
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