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Abstract

This paper proposes the control unit of a 32-bit high-performance RISC type microprocessor.
This control unit controls the whole data path of target processor and on chip instruction/data
caches in 4-stage pipelined scheme. For the improvement of speed, large parts of data path and
control unit are desiged by domino-CMOS and hard-wired circuit technology.

First, in this paper, target processor’s instruction set and data path are defined, and next, all
signals needed to control the data path are analyzed. The decoder of conrol unit and clock
generated logic block are implemented in DCAL (Dynamic CMOS Array Logic) with modified

clock scheme for the purpose of speed up and supporting RISC processor’s pipelined architecture
efficiently.
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Table 1. Op-code of instruction set.
00xxxx  Olxxxx 10xxxx  1lxxxx

xx 0000 LLDBS ADDI ADD BEQ
xx 0001 LDBU SUBI ADDC BNE
xx 0010 LDHS LDHI SUB BLT
xx 0011 LDHU ANDI SUBC BEG
xx 0100 LDWS ORI SUBR BLO
xx 0101 XORI BHS
xx 0110 BNV
xx 0111 BRV
xx 1000 STB CALL AND BRA
xx 1001 STH RET OR
xx 1010 STW SAVEPC XOR
xx 1011 SAVEPSW
xx 1100 SLLI BACKPSW SLL
xx 1101 SRLI RETI SRL
xx 1110 SRAI TRAP SRA
xx 1111
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Table 2. Definition of instruction set.
TYPE INSTRUCTION OPERATION TYPE INSTRUCTION OPERATION
A LDBS dest «—M[ src+imm] B OR dest+—srcl, OR. src2
A LDBU dest«—M[ sre-+imm] B XOR dest+—srcl. XOR. src2
A LDHS dest<—M[ src+imm] B SLL dest<srcl shifted by sh
A LDHU dest<+M[ sre+imm] B SRL dest<-rrcl shifted by sh
A LDWS dest«—M[ sre+imm] B SRA dest<—srcl shifted by sh
A STB M[ src+imm]<-dest C BEQ Npc<—pecl+imm
A STH M[ src-+imm]<+—dest C BNE Npe<—pel+imm
A STW M[ src+imm]+—dest C BLT Npc+—pel+imm
A ADDI dest+-src+imm C BGE Npc+—pcl+imm
A SUBIR dest«-src+imm C BLO Npc<—pcl+imm
A LDHI dest(31:16)« src+imm; C BHS Npc<—pel+imm
dest(31:16)«-0 C BNV Npc<-pel+imm
A ANDI C BRV Npc+—pcl+imm
A ORI C BRA Npc+—pel+imm
A XORI A CALL dest<«—pc2
a SLLI dest«src shifted by sh Npc<—pcl+offset
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 Npe«-R[ trap-Lpc]
B SUBR dest<—src2—srcl A TRAP dest«—Lpc
B AND dest<—srcl, AND. src2 Npc<-trap vector
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E 3. (b) 3 dlolabae) E
Table 3. (b) Operation of data path according to instruction.
Load Byte Signed(type A)
STAGE L STAGE 2 STAGE 3 STAGEY
6 | o, # # # ¢. 4 é # ' # # ¢ | & #
Tnstruction Fetch Tnst. R read ALU Data Losd Shifter Destz | RF. Write
DEC $2<= Al-IMM2 " (Align Prectarge
IMML REG.DEC |RB (Addition) | BAR<= | Tag SIGN. st ment)
(0:15) Bi<=§2 fALL:0) | detec EXT <= Dest?
(Tog B | Metch MMz tion
detection) 2018 Detection (Sign
RD<= Extention) SAR <= Dest2 <=
@512 |PCl<= | IMMZ BAR 53"1‘?‘;‘
NPC IMM1 e
INC Latch? <=
NPC
Interral
Latch<= | forwarding PC2<=
NPC PC1
Store Byte
STAGE 1 STAGE 2 STAGE 3 STAGE4 -
b | & # # & # # b | & # é ¢. é # # 4
Instruction Fetch Inst. REC. FILE _ ALU | (ADD) Data | Cache | fstore)
Bl <= SI
DEC
MM} s2<= Tog
0 115 | REG.DEC |D31:0) detec-
(Tag e tion
detection) RB Match ;Sfﬂ‘ N Al=IMM2 Shifter
(20:16) | Detection el Shifter (align-
<=82 ment)
RD IMM2 < = BAR <=
(2521} IMM1 EADD
PCl<= q:0)
NPC i
INC i
Interral PC2<= |SAR<= |
forwarding PCl BAR !
Latch <= ;
NPC |
| i
TRAP (type A)
STAGEL STAGE 2 STAGE3 STAGEY
« P Y b 4 % # o . P b ¢ o r s
Instruction Fetch Inst. ALU Dummy | RF. Write
DEC T Precharge
REG.DEC |Si<= |Al<=$l
(Tog LPC
detection) BI<= 852
S24R0 Destl <= | loache <=
PCi<= Data trapvector Des12 <=
RD<= | PCl<= pC2 3116} Destl
@5:21) | NPC | NPC <=
INC raprector
Latchl <= PC2 <=
NPC PCl
Calir (type A)
STAGEL STAGE?2 o STAGES STAGE 4
4| & # ¢ ¢ ¢ s A 4 ¢ & ¢ * é # #
Tnstruction Fetch Tnst. ALU| DDy RF.
DEC SIGN, AleiMz | T g WRITE | Precharge
IMM] REG.DEC | EXT
(Tog Bl <= leache < =
detection) IMM2 <= | PCI Destl <= | EADD
IMMI pC2 32
RD <=
(25121 NPC <=
FADD
PCl<= 3.2
NPC Dest? <=
INC Destl
PC2<=
. PCl
Latchl <=
NPC ]
(h)
(1010)
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Table 4. Control signals for data path. I:‘J CHj F‘#[
e £ ( ! b T cKp

Function Block | Control Signals l:[ LH L‘; [,l L{FJ HE ‘

sl s2 strbl Left Rightl Rotatel Right2 1 . 1 1 o] |
Shifter Rotate2 Right4 Rotate4 Right8 Rotate8 ¥4{ r

Right16 Rotatel6 SIGN BO 1 ‘1‘.
Mask Gen. strb2 LOG/ARI M[0 : 4]
IMM1 LOAD1 LOAD? (a)
IMM2 LOAD3 LOAD4 LOAD5 LOAD

cKe
SIGN EXT | BAR[1:0] sign VDD sign VSS MSB & .
SAR LOAD6 LOAD7 LOADS " 2\ pLANE
BAR B LOADI0 (NOR) \) (NOR) ‘
o/
ALU PO P1 P2 P3 K0 K1K2 K3 R0 R1R2R3 Cin =/ !
REG. FILE READ WRITE WordLA WordLLB
REG. Dec. 1 ¢2 /i CTK
PCU 81 82 $3 ¢4 SN
INPUT
LATCH CS (b)
BUS BR BW
J2l7. (a) DCALS F3 447
PSW psr psw -
: (b) tj 29 53
COMP cel0:3] Fig. 7. (a) Clock generator of DCAL,
(b) Operation of decoder.

EFs inpul Addr.

Data

op-code from Data Path +1 it bit

Path's each Funchon Blocx

a6, Aejfe 4=
Fig. 6. Block diagram of control unit.
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= = (b) H3v] PLAY AND#H o =2 243}
= ez Hujo .
DCAL PLA= AND%3i OR | INVERT Fig. 8. (a) Functional description of decoder PLA.
(b)

b) AND plane logic minimazation of
decoder PLA.
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Table5. Delay Time of basic elements.
Gate Delay Time Technology
P-MOS ins 2um
N-MOS Ins
Inverter 1. 7ns Double
2-IN NAND 2.7ns
2-IN NOR 2.0ns metal~-CMOS
5-IN NAND 5 0Ons
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Table 6. Each block’s delay time of control unit.
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Data Path TR. Delay Time
Decoder 1038 6. 2ns
M. D. 47 6. 4ns
P. L. Cont 265 5.4ns
Timing 270 2.7ns
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Table 7. Basic cycle time of processors.
Machine Pipe Line Cycle Time

RISC II 3 330ns (12MHz)
AM29000 4 ., 40ns (25MHz)
SPARK 4 30ns (33MHz)
MIPS LR300 ALC 5 40ns (25MHz)
MIPS LR2000/16 5 60ns (17MHz)
MIPS-X 5 50ns (20MHz)
SPUR 4 100ns (10MHz)
M88000 4 50ns (20MHz)
860 4 25ns (40MHz)
HyRISC 4 60ns (17MHz)
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