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ABSTRACT

SoC(System on Chip) technology is widely used in the field of embedded systems by providing high
flexibility for a specific application domain. An important aspect of development any new embedded system
is verification which usually requires lengthy software and hardware co-design. To reduce development
cost of design effort, the instruction set of microprocessor must be suitable for a high level language
compiler. And FPGA prototype system could be derived and tested for design verification.

In this paper, we propose a 16 bit FPGA microprocessor, which is tentatively-named EISC16, based on
an EISC(Extendable Instruction Set Computer) architecture for embedded applications. The proposed
EISCI16 has a 16 bit fixed length instruction set which has the short length offset and small immediate
operand. A 16 bit offset and immediate operand could be extended using by an extension register and an
extension flag.
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We developed a cross C/C++ compiler and development software of the EISC16 by porting GNU on an
IBM-PC and SUN workstation and compared the object code size created after compiling a C/C++
standard library, concluding that EISC16 exhibits a higher code density than existing 16 microprocessors.

The proposed EISC16 requires approximately 6,000 gates when designed and synthesized with RTL level
VHDL at Xilinix's Virtex XCV300 FPGA. And we design a test board which consists of EISC16 ROM,
RAM, LED/LCD panel, periodic timer, input key pad and RS-232C controller. It works normally at TMHz

clock.
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Application-specific processor, embedded system, FPGA processor, EISC processor, SoC(System on Chip)
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Fig. 2 EISC16 instruction set
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Table. 1 Exception Processing

[RESET]

[1] Clear %SR, %BK.b0, %$ER.H0

[2] Get %PC from 0x0000

{NMI]
[1] Push %PC, %SR, %ER
[2] Clear %SR.bl4, %SR.bl3, %BER.bO
[31 Get %PC from 0x0002

INT]

[1] Push %PC, %SR, %ER
[2] Clear %SR.b13, %ER.b0
[3] If ( %SR.b12 is 0) Get %PC from 0x0004
[4] Get interrupt vector V
at interrupt-acknowledge cycle
[5] Get %PC from 000V X 2
SWIJ

(1] Push %PC, %SR, %ER
[2] Clear %SR.b13, %ER.bO
[3] Get %PC from 000N X 2

where N is SWI vector
Interrupt Vector : 0x0000 - Ox00FF

0x0000-0x0001  v0O = Reset vector
0x0002-0x0003  v01 NMI auto-vector
0x0004-0x0005  v02 INT auto-vector
0x0006-0x001F v03 - vOF = SWI
0x0020-0x01FF v10 - vFF Interrupt vector

4. tjolg s Fx

EISC169] wiolf H& S8EE 19 40 E]lth
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Fig. 5 EISC16 pipeline operation
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E 2 EISC162 FAEf7{A
Table. 2 EISC16 Main State Machine

AgaE wESY Z2aPEE F4H glen, 3
2rhgel A4a9ln, AHAY A A7k 30K

State Description O|Eo ol RO FH3E =AV] ulFd #HlZ vz
State-0 Reset State e
State-1 Excention Vector Load State zzagjes Aot
gtate-% Il‘ilgizlstj gtate
tate- tate o o Amee
State-4 Instruction fetch E 3 EISCl6el 324 2ZEHO]
State ALU execution Table. 3 EISC16 cross software
ate and fetch next instruction Window-5. Window-NT.
State-6 Instruction fetch and Host platform Lin ! SUN ’
calculate load/store memory address Obiect Tile format %F
State-7 Memory read/write and Cross assembler Binutils-2.9.1
calculate load/store memory address Cross loader Binutils—2.9.1
State-8 ALU execution and Memorv write Binarv _utilities Binutils=2.9.1
State-9 ALU execution Cross C_compiler GCC-2.95.9
State~10 Memory read/write Cross Ct++ compiler, LIBSTDC++-2.10.0
State-11 Prepare for Push/Pop and C library Cvgnus NEWIIB-1.82
Memorv read/write C++ library GCC-2952
State-12 Prepare for Push/Pop Cross debugger GDB-5.0
State-13 Push/Pop operation Sirulator GDB-5.0
State-14 CALL instryction execution Real Time OS uC/0S-2.0
State-15 CAILR instruction execution Work bench V-IDE
State-16 Special machine cycle state
State-17 Interrupt Acknowledge state
State-18 PUSH  %PC execution E 4 2Xzco 37| HaE
State-19 PUSH %SR execution Table. 4 Object code size comparison table
State-20 PUSH %ER execution
State-21 Clear %SR _state ewlib-1.8.2Newlib-1.8 2Libstdc+¥| .,
State-22 Load %PC state Processor, (lihc) (ibm) 9100 | Total
60,899 66,630 135,649 263,178
EICSI6 | (00) (100) | (100) | (100)
H8-300 68,940 93,083 187,300 {357,244
m, 2ZEHN (126) (140) (138) || (136)
MIN10200 70,243 64,100 163,587 297,930
ATEYOE [BM-PCS SUN 3 AH o] oA 115) (%) (121 1 113)
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E 494 B m=9] A7) HlolE dfjely Z
3 &9 g2 EISCI6 k=9 A7|E 10082 sl9S
o AdiFel mx Aot}

Wz vl= vy A3 EISCI69 3= UxE HS-
30000 H|3l 27%, MN10200°] H]3}lo] 12% HE %
A etk wheba] EISCl60) C/C++ 5 g0 7
e HEHE +2Y& & 5 stk

V. SI=EHN 7 U AS
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o
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Table. 5 Gate counter

Gate Counter
Register File 3305
Main Control Block 1683
Data Input Block 477
728
Total 604

28 6. EISCI68} HAEHE
Fig. 6 EISC16 test board
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