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Abstract

This paper proposes a program counter unit(PCU)on the pipelined architecture of RISC(Reduced
Instruction Set Computer) type high performance processors, PCU is used for supplying instruction
addresses to memory units (Instruction Cache) efficiently.

A RISC processor’s PCU has to compute the instruction address within required intervals con-
tinnously. So, using the method of self-generated incrementor, is more efficient than the conven-
tional one’s using ALU or private adder.

The proposed PCU is designed to have the fast +4 (Byte Address) operation incrementor that has
no carry propagation delay. Design specifications are taken by analyzing the whole data path
operation of target processor’s default and exceptional mode instructions. CMOS and wired logic
circuit technologies are used in PCU for the fast operation which has small layout area and power
dissipation

The schematic capture and logic, timing simulation of proposed PCU are performed on Apollo
W/S using Mentor Graphics CAD tools.
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Table 1. Format and operation of instruction set.

TYPE INSTRUCTION OPERATION TYPE INSTRUCTION OPERATION
A LDBS dest< —M{[src+imm] B OR dest < —src. ORsrc2
A LDBU dest<. —M|[src+imm| B XOR dest < —srcl. XOR. src2
A LDHS dest< —M|[src+mm] B SLL dest<-—srcl shifted by sh
A LDHU dest< —M[src+imm} B SRL dest < —srcl shifted by sh
A LDWS dest< —M|[src+imm]} B SRA dest <—srcl shifted by sh
A STB M(src+imm] < —dest C BEQ Npe<—pcl+imm
A STH M[src+imm] < —dest C BNE Npc< —pcl+imm
A STW M[src+imm] < —dest C BLT Npc< —pcl+imm
A ADDI dest < —src+imm C BGE Npe< —pcl+imm
A SUBIR dest < —src+imm C BLO Npe<—pcl+imm
A LDHI dest<31:16> < —src+imm; C BHS Npc<<—pecl+imm
dest(31:16) <—0 C BNV Npc< —pcl+imm
A ANDI C BRV Npe< —pcl+imm
A ORI C BRA Npc< —pcl-+imm
A XORI A CALL dest < —pc2
a SLLI dest < —src¢ shifted by sh Npc< —pcl+toffset
a SRLI dest < —src shifted by sh A RET Npc< —src
a SRAI dest < —src shifted by sh A SAVEPC dest < -—Lpc
B ADD dest < —srcl+src2 A SAVEPSW dest <psw
B ADDC dest < —srcl-+src2+carry A BACKPSW psw< —src
B SUB dest<—srcl-—src2 A RETI s bit<—p bit
B SUBC dest<—srcl—src2—carry Npc<—R[trap-Lpc|
B SUBR dest<—src2—srcl A TRAP dest < —Lpc
B AND dest <—srcl. AND. src2 Npc< —trap vector
A JUMPPC Npc< —R[SAVEPC]
6 5 5 16
type A I opP | dest ] src 1 imm
3l 2625 2120 1615 P
type a
type B [ opP I dest | srcl | sre2 l I
3T 2625 7120 1615 110
type C | OPI imm l
31 %
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Table 2. Exceptional instruction set on PCU.

Control Transfer Inst.
% Program Control
CALL dest<—pc2
Npc<—pcl+offset
RET Npc<—src
SAVEPC  dest<—Lpc
% System Control (Previleged Instruction)

SAVEPSW dest < —psw
BACKPSW psw< —src

RETI if i of psw is on
s bit<—p bit
Npce< —R[trap_ Lpc]
Trap TRAP dest
dest<—Lpc

Npe< —trap vector
Hardware Interrupt
INTR dest, #V
dest< —Lpc
Npe< —$#V
disable interrupt
(#V . hardware generated interrupt vector)

Jumppce Npc<< —R|SAVEPC]

JUMP and BRANCH Inst.

BEQ, BNE, BLT, BGE, BLO, BHS, BNV, BRV, BRA
op-code, srcl, src2, imm Npc<—pcl+imm

T2 Wao] AESol e ERE ehola st
gl ated 2. 22401“{ A4 5 ch712 kol o] 4lbg]
48 wEa] Atz Aee ol 4l ol
e} H2E 2ejstd 2367 F2 Phased 53¢
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Trap
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Z2g o shee Wl Az 2
. Operation of internal latch of PCU.
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M
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Table 3. Data path operation of deafult states.
Load Byte Signed{type A)
STACE | STAGE 2 STAGE 3 STAGE 4 []
¢ # [ # # 3 Iy ) 6 [ - 4 # * 3 4
| .
Instruction Fetch Inst. RF. read ALU Data | Load Shifter RF. Write
DEC S2<= | Al-IMM2 (Align- Precharge
IMM1 REG.DEC | RB Addition | BAR<= | Tag SIGN, sl ment) Dest2
(0 :15) efA (1:0) | detec EXT <=Desi?
(Tag tion
detection) RB<= | Mach Bi<= 52 Destz <=
(20116 | Detection MM2 EADD
(Sign SAR <= @31:0)
RD <= Extention) BAR
@521 PC1<= |IMM2<=
NPC IMMI
| INC Latch? <=
! NPC
[nternal
Latch <= [ Forwarding PC2<=
NPC PCl
Store Byte
STACGE STAGE2 STAGE3 STAGE4
# # % # 4 # “ 4 ¢ 4 ¢ 4 ¢ # ¢ ¢
T
Instruction Fetch Inst REG. FILE ALL | (ADD) Data | Cache (store) N
DEC BI<=SI
IMM1 S2<= Tog
(0:15 |REG.DEC |D{31:0} detec
e | tiON
(Teg RB S2<= Al-IMM2 Shifter
detection) {201 16 Match RD{31:0) Shifter {align-
Detection <=82 ment)
RD IMMZ <= BAR<=
@512 | PCl<=  |IMMI EADD
NPC a0 Deache <=
INC EADD
Internel SAR<= | @1:2)
Forwarding pC2<= | BAR
Latch <= PC1
1 NPC
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TRAP (type A)

3

1990%4:

4.
Table 4. Data path operation of exceptional states.

7H

CERICTE e

27 %

E

Fa A ol9)el mdel & dlolel 2 Fab

STAGE 1 STAGE 2 STAGE3 STAGE4
) #: 3 [ 3 #: [} ) ¢ 4 I3 ¢ b o 3 4
Instruction | Fewch Inst. ALU Dummy RF. Write
DEC Precherge
REG.DEC [S1<= [Al<=S§I
(Tag LPC Bi<=52
detection) S2¢<RO Destl <= | leache <=
PCI<= Data trapvector Dest2 <=
pC2 (316 Destl
RD<= [PCl<= NPC <=
@5:21) NPC trapvector
INC
Latchl <= PC2<=
NPC PC1
Callr (type A)
STAGE 1 STAGE2 STAGE 3 STAGE 4
s | 4 4. ¢ 6 | 4 3 é # b 4 # ¢ ¢ 4
| .
Instruction Fetch Inst. ALU | (ADD) RF.
DEC SIGN Al-IMM2 - WRITE Precharge
REG.DEC | EXT Bl<=
(Tag PC1 leache <=
detection) IMM2 <= Destl <= | EADD
IMM1 PC2 a1
NPC <=
RD <= .
EADD{31:2)
25:20) '
,PCl<=
;i NPC Desi2 <=
INC ) Destl
Latchl< = Paz<=
J NPC PC1 !
- |
Jumppe (type A}
STAGE L STAGE?2 STAGE3 STAGE4
b | 4 ¢ 4. # 4 4 b s 4 4 4 b # ¢. b
T
Instruction Fetch Inst. RF. read ALU
DEC Alc=s1 |~ BAR <= " NPC
REC.DEC |S1<=RA <=DATA
BI<=52 ?;A, ® B
(Tag RA e _
detection) RB <= $2<=RB r“"“‘
RO ta
PCl<=
NPC
INC
Save PC(type A)
STACGE1 STAGE?2 STAGE3 STAGEA
6 | & 4 4 ¢ ¢ # 4 m #: # s 4 4 ¢ b
1
Instruction Fetch Inst. RF. Write
DEC S2<= A R Precharge
REG. DEC | RO Al<=
(Tag S|
detection) RO Sl<= BI<=52
RD<= |PCi<= |LPC Destl <= Dest2 <=
(2520 | NPC Data Dest !
INC
PC2 <=
pcl
Latchl <=
NPC
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