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Abstract -  This paper presents the design of a low power 16-bit 
asynchronous java processor for contactless smart card. It can 
directly execute the java bytecodes in a subset of the instruction 
set defined in the Java Card Virtual Machine specification. [1] 
The remaining java bytecodes are handled by software routines. 
Also, we intend to use asynchronous circuit design technique to 
reduce the power consumption of the java processor core. It 
has been fabricated in a CMOS 0.35-um technology and the 
experimental result shows that it is suitable for the contactless 
smart card. 
 

I. Introduction 
 

Java Card technology enables programs written in the Java 
programming language to run in smart cards. From software 
perspective, Java virtual machine defines a stack-based 
processor for implementing java bytecodes. Software JVM 
can emulate its architecture. Also, it is possible to design a 
microprocessor that can execute these bytecodes directly in 
order to increase the operating performance [2]. Since there 
are only a few proposed designs of java processor and even 
less in the contactless smart card context, the processor 
presented here is novel. Our proposed design is a 16-bit 
asynchronous java processor that can directly execute some 
useful instructions defined in [1] with 16-bit operands 
including register read/write operations, arithmetic 
operations, logic operations and branch operations. The rest 
of them including method invocation, method return, array 
operation and object manipulation are handled by software 
routines. The hardware features are shown in table 1. 
 

TABLE 1 
Hardware features 

 
 16-bit ALU 
 16X16-bit RAM 
 10 level 16-bit Stack 
 16-bit address bus 
 Two 16-bit I/O ports 

 
II. The Architecture of the Java Processor 

 
Asynchronous circuit design technique is used in order to 
reduce the power consumption. In this design, we use the 
four-phase handshaking protocol (Four-phase bundled data 
interface protocol) since simpler control logic can be 
realized for this protocol compared with the two-phase 
handshaking protocol. In the system of contactless smart 
card, low power consumption is preferred over high 
performance. So, the normally opaque latch controller 
shown in fig. 1 is chosen for our design. [3] 
 
 
 
 

 
Fig. 1  The normally opaque latch controller [3] 

 

 
Fig. 2  Paths for transmitting control bits and data bits (path 
1, path 2 and path 3 are the paths for transmitting control 
bits) 
 

TABLE 2 
The subset of the instruction set 

 
Instruction Paths involved 
sipush const 1, 4, 12 
iload index 1, 2, 4, 18, 15 
istore index 1, 2, 4, 18, 14 
iadd 1, 6, 7 
isub 1, 8, 9 
ishl 1, 10, 11 
ishr 1, 10, 11 
iand 1, 10, 11 
ior 1, 10, 11 
ixor 1, 10, 11 
if_scmpeq_w 
offset 

1, 4, 5, 8, 20, 21, 22 

if_scmpne_w 
offset 

1, 4, 5, 8, 20, 21, 22 

if_scmplt_w 
offset 

1, 4, 5, 8, 20, 21, 22 

if_scmpge_w 
offset 

1, 4, 5, 8, 20, 21, 22 



goto offset None 
jsr offset. 1, 5, 13 
ret 1, 19 
nop None 
stack2port 1, 3, 16 
port2stack 1, 3, 17 
sleep None 

 
Paths for transmitting control bits and data bits among the 
functional blocks are shown in fig. 2. In the asynchronous 
java processor, latches are used instead of flip-flops. Since 
the asynchronous circuit design technique is used, all the 
functional blocks including the stack, the block of local 
variables, the I/O ports, the PC latch, the operand latch, the 
addition block, the logic operation block and the branch 
operation block shown in this figure operate only when 
necessary. 
Techniques are adopted to decrease power consumption by 
reducing circuit activities. One example is in stack access. 
The java processor is a stack-based processor. So, its 
performance is limited by the frequent stack access. We use 
result-forwarding technique in order to increase the 
performance of the processor. So, the data written to the 
stack is forwarded when it is required in the next instruction 
normally through reading from the top of stack and this 
saves one write-stack operation. 
The 16X16bit RAM of the java processor realizes the block 
of local variables shown in fig. 2. The address of the RAM 
(variable index) is provided by the operand latch shown in 
this figure. 
The PC latch and the operand latch shown in fig. 2 are used 
to store the value of the program counter of the current 
instruction and the 16-bit operand read from the instruction 
memory in the fetch/decode unit respectively. 
The subset of the instruction set is shown in table 2. The 
instructions stack2port and port2stack that are not defined in 
[1] are added into the instruction set of the processor for 
manipulating the I/O ports. Also, the instruction sleep is 
added to the instruction set to support the sleep mode. 
Besides, there is no data transfer when executing goto, nop 
and sleep since these instructions are only executed in the 
fetch/decode unit. 
 

III. Implementation and experimental result 
 

The processor design is implemented using 0.35um CMOS 
process and the chip microphotograph of the java processor 
is shown in fig. 3. The size of the processor core is 1.2mm2. 
 

TABLE 3 
Experimental result 

 
Supply(V) MIPS Power (mW) MIPS/W 

3.3 18.7 14.1 1326 
3 17.2 10.8 1593 

2.5 14.2 6.3 2254 
2 10.2 2.5 4080 

 
The bytecodes of a test program are stored in the ROM of 
the java processor. Register read/write operations, arithmetic 
operations and branch operations are involved in the 

program. The experimental result shown in Table 3 is done 
by executing the bytecodes in the test program. 
 

 
Fig. 3  Chip microphotograph 

 
For a contactless smart card system, the external clock is 
13.56MHz [4] and the power consumption has to be less 
than 30mW. [5] The experimental result shows that the 
power consumption of the processor is 14.1mW when the 
speed is 18.7 MIPS (At 3.3V). Obviously, this can fulfil the 
requirement of the system of contactless smart card. We can 
reduce the power consumption by decreasing the supply 
voltage. Also, its power consumption is about equal to zero 
in the sleep mode. 
 

IV. Conclusion 
 

A low power asynchronous java processor for contactless 
smart card is designed and it can directly execute the java 
bytecodes in a subset of the instruction set defined in the 
Java Card Virtual Machine specification. [1] 
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