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SAB-R3000A

Ordering Information

Type Ordering code | Package Function

SAB-R3000A-20-S Q67120-C597 | P-MQFP-160 | 32-bit RISC Processor, 20 MHz
SAB-R3000A-25-S Q67120-C790 | P-MQFP-160 | 32-bit RISC Processor, 25 MHz
SAB-R3000A-25-A Q67120-C719 | C-PGA-145 32-bit RISC Processor, 25 MHz
SAB-R3000A-25-AE Q67120-C590 | C-PGA-175 32-bit RISC Processor, 25 MHz
SAB-R3000A-25-QF | Q67120-C598 | C-QFP-172 32-bit RISC Processor, 25 MHz
SAB-R3000A-33-A Q67120-C720 | C-PGA-145 32-bit RISC Processor, 33 MHz
SAB-R3000A-33-AE Q67120-C498 | C-PGA-175 32-bit RISC Processor, 33 MHz
SAB-R3000A-33-QF Q67120-C599 | C-QFP-172 32-bit RISC Processor, 33 MHz

Note: Alternative package and speed variations available on request.

Introduction

The SAB-R3000A is a high-performance microprocessor architecture implemented as a
full-custom CMOS VLSI chip which achieves 28 VAX 11/780 mips average at 33 MHz. It
is a single chip microprocessor that consists of two tightly-coupled 33 MHz units. The first
is a full 32-bit RISC CPU. The second unit is a System Control Processor (CP0) that inte-
grates the functions needed to keep the CPU from idling for memory access (Memory
Management) and/or for Interrupt and Exception handling. The System Control Processor
contains a Translation Lookaside Buffer (TLB) and control registers to efficiently support a
virtual memory system, as well as all the control logic to realize separate caches for
instructions and data. This architecture permits a dual-cache bandwidth of up to
264 Mbytes/second at 33 MHz using standard SRAM devices. It is possible for up to
three external coprocessors (including the SAB-R3010A floating-point accelerator) to be
coupled with the SAB-R3000A. The synchronous coprocessor interface generates all the
addresses and manages the memory interface control, which minimises the ammount of
glue logic required to build an SAB-R3000A based system.

Note: The SAB-R3000A is a shrink version of the SAB-R3000 which is optimised for
33 MHz operation. It is identical to the SAB-R3000 except for four new fea-
tures. The differences are:

— the four known CPU errata have been fixed.

~ an extra bit has been added to the Status register. This is the ’reverse
endian” bit, bit 25 of the Status regiser. The setting (i.e. logic value 1) of this
bit allows the endianess chosen at-Reset to be changed dynamically when
in user space.

- the following mode select options have been added, which can be chosen
during Reset:  Ignore parity, DispParRevEnd, and MPAdr Disable.

These features are covered in detail in their relative sections.

The SAB-R3000A also has new improved packages, which are pin compatible
to the SAB-R3000 packages. The new packages are all "cavity-down” with an
integral copper/tungsten heat slug for improved thermal characteristics.
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SAB-R3000A

Figure 1
Logic Symbol Pin Names
Data(31:0) Data Bus
DataP(3:0) Even Parity for Data Bus
AdrLo(17:0) | Low Adress Bus
Tag(31:12) Cache Tag and High Adress Bus
TagP(2:0) Even Parity over TagV and Tag Bus
P M — 2> Dato(31:0)  TagV Tag Validity Indicator
Reset Synchronous Initialization
K> DaleP(3:0) === —
CpSync Coprocessor Synchronization
Cle2xsys ’ Run P in Run or Stall Stat
Clk2xSmp . :> AdrLo(17:0) un rocessor in Run or Stall State
ocks = -
Clk2xRd ~ ——» Exc Exception
Clk2xPhi  ~—— CpBusy Coprocessor Busy
Tag(31:12) A —
DCik «—] <:> CpCond(3:0) | Coprocessor Condition
DRd <« <:> TogP(2:0)  BusError Bus Error
Dwr ] CGCh{G WrBusy Write Busy for Main Memory
<1 (Int
fClk mertoce j¢——> TagV RdBusy Read Busy for Main Memory
IRd <+
Wr «— MemWr Main Memory Write
le——  Reset MemRd Main Memory Read
XEn ]
AccTyp(2:0) | Access Type
Srsout 5 pr:( : Syst cfp k Out
— sOu stem Clock Ou
AceTyp(2:0) < 1 Memory —> CpSync —Xé Ry 3 Enable (Read Buft
MemRd «— | Inferfare > Run n ead Enable (Read Buffer)
MemWr -« —> Exc DWr Data Cache Write Enable
RdBusy — ——¥ lnﬁzz;";‘ f¢——— CpBusy Wr Instruction Cache Write Enable
WBusy  — < Cplond(3:1) B3 Data Cache Read Enable
CpCond(0}) —»] — :
Bus Error ——» IRd Instruction Cache Read Enable
DClk Data Cache Latch Enable
Power Supply
IClk Instruction Cache Latch Enable
z =
T i WPLO0921 Int(5:0) Interrupt Bus
GND Ve Clk2xSys System Clock
Clk2xSmp Data Read Sample Clock
Clk2xRd Data Driver Disable Clock
Clk2xPhi Internal Phase Definition Clock
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SAB-R3000A

Pin Configurations

- This package is not recommended for designs above 25 MHz
- Fully pin compatible to SAB-R3000

Figure 2
C-QFP-172 Cavity Down with Heat Slug (Top View)
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SAB-R3000A

Pin Configurations (cont’d)

- This Package is not recommended for designs above 25 MHz.
- Pinout is compatible to SAB-R3000

Figure 3
C-PGA-145 Cavity Down with Heat Slug (Top View)

T2 3 4 5 6 7 8 9 10 11 12 13 14 15

Voo |Adrio | Adrlo | Adrlo| v | Adrio | Adrlo |CpCond|Adrio")|adrlo®)} Tnir | Tnfr | Wr | Reset | v,
A cc cc 2 cc
[ 10 11 14 15 0 16 17 2 5 | Busy
B AdrLo | DRA2 | Adrlo | Adrlo | AdrLo | IRdZ | Adrlo |CpCond| Tnfr | infr | Cp | Bus | OWrZ | Tog | Tag
3 7 9 12 13 1 1 3 | Busy | Error 12 15
Adrlo | Adrlo ] v, Adrlo | Adrlo| Gnd | Gnd | V, infr | Inir | Rd } Gnd | Tag | Tag | Ta
C <C cc 9 g g
0 4 5 8 0 4 | Busy 13 PO 18
D Data | Adrlo| Gnd | Index Tag | Tag | Tog
1 2 Pin 14 17 19
E DataP | Dota | AdrLe Tog | Tog | ¥
0 0 1 16 20
F Vee | Data § Data Gnd { Tag § Tog
7 2 21 23
G Dato | Date | Gnd Gnd | Tog | Tog
4 3 22 P1
H Doto | Data | Data Vee | Tag | Teg
6 5 8 25 24
J Data | DataP } Data Tag | Tag | Tag
10 1 9 28 29 26
K Dota | Data | Gnd Gnd | Tag | Tag
15 1 P2 27
L Vee | Data Dota Acc | Tog | Tag
12 17 Typ2 | 31 30
M Data | Dats fDatoP Gnd | Acc | ¥
13 16 2 Typt
N Data } Dota | Data | Gnd | Dota | Data | Vee | Ve | Gnd | Gnd | DRT [MemWr|WemRd] Run | Tagv
14 18 19 24 P3
p Dota | Dato | Wr2 | Dota | Data | Dota | XEn | Data | Clk2x | cik2x | ocik | iRaT | wri | Tp | Ace
23 20 22 26 27 30 | Sys { Rd Sync | Typ0
Q Veo | Dota | Data | Date [ Dota |- Gnd | Date | Exc § Clk2x | Cik2x |SysOuf] vee | 101k | DWFT § v
21 25 31 28 29 Phi | Smp

MPP00923

") AdrLo 16 & 17: are multi-function pins which are controlled by mode select programming on the
interrupt pins at reset time.
Adrio 16: MP_Invalidate, CpCond (2).
Adrto 17: MP__Stall, CpCond (3).
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SAB-R3000A

Pin Configurations (cont’d)

- Inner ring added with Vc/GND pins.
- Outer three rings identical to the C-PGA-145 except for pin Al.

Figure 4
C-PGA-175 Cavity Down with Heat Slug (Top View)

1t 2 3 4 5 6 7 8 9 10 11 12 13 14 15

A No 7] Adrlo | AdrLo | Adrlo| V¥ | Adrlo | AdrLo |CpCond AdrLo AdrLo )] Tnfr | infr Wr | Reset | Vce
[ Pin 6 10 1" 14 15 0 16 17 2 5 Busy
B AdrLo | DRaZ | AdrLo | AdrLo | Adrlo | 1RdZ | AdrLo JcpCond] Tnir | infr | Cp | Bus | DWr2 | Tag | Tog
3 7 9 12 13 1 1 3 | Busy | Error 12 15
C Adrlo | Adrlo| Voo | Adrlo|Adrlo} Gnd | Gnd | Ve infr | infr Rd 6nd | Teg | Tag | Tog
: 0 4 5 8 0 4 | Busy 13 PO 18
D Data §Adrlo| Gnd | Gnd | Ve | Gnd | Vec Gnd | Voo | Gnd | Yec Gnd { Tag | Tag | Tag
1 2 14 17 19
E DataP | Data | Adrlo| ¥ Vee | Tog | Tog | Ve
0 0 1 16 20
F Vee | Data | Date | Gnd Gnd | Gnd | Tag | Tag
7 2 21 23
G Data | Data | Gnd | Vee Vee | Gnd | Tag | Tog
4 3 22 P1
H Dota | Dota | Dato | Gnd Gnd Vee | Tog | Tog
6 5 8 25 24
J Dala | DotaP} Data | Ve Vee | Tog | Tag Tag
10 1 9 28 29 26
K Date | Data | Gnd | Gnd Gnd | Gnd | Tog | Tog
15 1A P2 27
L Vee | Data | Data | Ve ' Vec | Ace | Tag | Tag
12 17 Typ2 | 31 30
M Data | Data [DataP| Gnd § Voo | Gnd | Voo | Ond | Voo | Gnd | Yoo ] Ond | Gnd | Acc | K¢
13 | 16 ] 2 Typt
N Data | Data | Date § Gnd | Data | Data | Vee} Voo | Gnd | Gnd | DRAT |MemWr [MemRd] Run | TagVv
14 18 19 24 P3
Data | Data | Wr2 | Dato | Data { Data | XEn | Daio | Cik2x | Cik2x | DCIk | TRdT | iWrl | Tp | Ace
P L
23 20 22 26 27 30 | Sys | Rd ync | Typ0
Q Ve | Dot | Dato § Data | Data | Gnd | Data § Exc | Cik2x{ Cikax [SysOut| vee | 1CIk | DWrl | vee
21 25 31 28 29 Phi | Smp
MFPP00968

b] AdrLo 16 & 17: are multi-function pins which are controlled by mode select programming on the
interrupt pins at reset time.
AdrlLo 16: MP__invalidate, CpCond (2).
AdrLo 17: MP__Stall, CpCond (3).
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SAB-R3000A

Pin Configurations (cont'd)

Figure 5
P-MQFP-160 Cavity Down with Heat Slug (Top View)
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SAB-R3000A

Pin Definitions and Functions

Symbol Pin Number /0 | Function
%
CPGA- | CPGA- | CaFp. | p-maFp- | )
145 175 172 160
Data Q4,P8,Q7, | Q4,P8,Q7, | 38,32,33, |6,17,15, 110 | A 32-bit bus used for all instruction
(31:0) Qs,P8,P5, | Q5,P6,P5, | 35,36,39, |11,954, and data transmission among the
Q3,N5,P1, | Q3,N5,P1, | 40,4147, |3,1552,1, processor, caches, memory interface,
P4,Q2,P2, | P4,Q2,P2, | 42,43,44, |158,157, and coprocessors.
N3,N2,L3, | N3,N2,L3, | 45,48,49, |154,153,
M2,K1,N1, | M2,K1,N1, | 50,59,561, 152,143,
M1,L2,K2, | M1,L2,K2, | 52,53,54, |150,149,
J1,J3,H3, J1,J3,H3, -| 73,74,75, 147,145,
F2,H1,H2, | F2,H1,H2, | 81,76,77, 142,141,
G1,G2,F3, | G1,G2,F3, | 78,79,82, 140,131,
D1,E2 D1,E2 83,84 139,137,
135,133,
129,128,
127
DataP N6,M3,J2, | N6,M3,J2, | 37,46,55, |7,156,144, | I/O | A 4-bit bus containing even parity over
(3:0) E1 E1 80 132 the data bus.
Tag L14,L15, L14,L15, 165,163, 48,51,52, 1’0 | A 20-bit bus used for transferring
(31:12) | J14,J13, J14,J13, 162,161, 53,54,56, cache tags and high addresses
K15,415, K156,J15, 160,157, 58,59,62, between the processor, caches, and
H14,H15, H14,H15, 156,154, 63,64,66, memory interface.
F15,G14, F15,G14, 148,141, 67,68,69,
F14,E14, F14,E14, 140,139, 70,74,76,
D15,C15, D15,C15, 138,137, 78,79
D14,E13, D14,E13, 136,135,
B15,D013, B15,D13, 133,132,
C13,B14 C13,B14 131,130
TagV N15 N15 166 47 /O | The tag validity indicator
TagP K14,G15, [ K14,G15, 164,150, 50,61,72 /O | A 3-bit bus containing even parity over
(2:0) C14 C14 134 the catenation of TagV and
Tag(31:12).
AdrLo A10,A9,A7, | A10,A9,A7, | 118,117, 95,97,102, | O An 18-bit bus containing byte ad-
(17:0) A6,B7,B5, | A6,B7,B5, | 111,99,98, | 104,106, dresses used for transferring low
A4,A3,B4, | A4,A3,B4, | 97,96,95, |109,111, addresses from the processor to the
C5,B3,A2, | C5B3,A2, | 94,93,92, {113,115, caches and memory interface.
C4,C2,B1, | C4,C2,B1, | 91,9089, |[116,117, AdrLo 16 and 17 are Multifunction
D2,e3,C1 | D2,E3,C1 | 88,87,86, |118,119, pins,
85 122,123, AdrLo{16): MP_lInvalidate, CpCond2
124,125 AdrLo(17): MP_Stall, CpCond3
126
IRd1 P12 P12 15 31 0 Read enable for the instruction cache.
wr1 P13 P13 13 35 (0] Write enable for the instruction cache.
IRd2 B6 B6 5 30 (0] An identical copy of IRd1 used to split
the load.
71 = Input
= Output
Siemens Aktiengesellschaft 8



SAB-R3000A

Pin Definitions and Functions (cont’d)

Symbol Pin Number 1/0 | Function
)
C-PGA- C-PGA- C-QFP- P-MQFP- )
145 175 172 160

IWr2 P3 P3 3 34 0 An identical copy of Wr1 used to split
the load.

IClk Q13 Q13 6 28 6} The instruction cache address fatch
clock. This clock runs continuously.

DRd1 N11 N11 14 33 e} The read enable for the data cache.

DWr1 Q14 Q14 12 37 0 The write enable for the data cache.

DRd2 B2 B2 4 32 e} An identical copy of DRd1 used to
split the load.

Dwr2 B13 B13 2 36 e} An identical copy of DWr1 used to
split the load.

DClk P11 P11 7 26 e} The data cache address latch clock.
This clock runs continuously.

XEn P7 P7 34 13 e} The read enable for the Read Buffer.

AccTyp | L13,M14, L13,M14, 167,168, 46,45,44 O A 3-bit bus used to indicate the size of

(2:0) P15 P15 169 data being transferred on the data bus,
whether or not a data transfer is
occurring, and the purpose of the
transfer. The run encoding of the
Access Type is iliustrated in the table
below.

AccTyp AccTyp size
(2 (1:0)
1 XX no transaction
0 00 byte
0 01 half word
0 10 tribyte
0 11 word

MemWr | N12 N12 1 38 e} Signals the occurrence of a main
memory write.

MemRd | N13 N13 172 39 0] Signals the occurrence of a main
memory read.

BusError | B12 B12 128 84 [ Signais the occurrence of a bus error
during a main memory read or write.

Run N14 N14 170 43 (6] Indicates whether the processor is in
the run or stall state.

Exc Qs Qs 31 19 O | Indicates that the instruction about to
commit state should be aborted, and
other exception related information.

SysOut | Q11 Qn 8 25 0] A reflection of the internal processor
clock used to generate the system
clock.

71 = input

O = Output
Siemens Aktiengesellschaft 9



SAB-R3000A

Pin Definitions and Functions (cont’'d)

Symbol

Pin Number

C-PGA-
145

C-PGA-
175

C-QFP-
172

P-MQFP-
160

110
%)

Function

CpSync

P14

P14

171

40

A clock which is identical to SysOut
and used by coprocessors for timing
synchronization with the CPU.

RdBusy

cn

Ct1

127

85

The main memory read stall
termination signai. In most system
designs RdBusy is normally asserted
and is deasserted only to indicate the
successful completion of a mgmory
read. RdBusy is sampled by the
processor only during memory read
stalls.

WrBusy

A13

A13

126

86

The main memory write stall initiation/
termination signal.

CpBusy

B11

B11

125

87

The coprocessor busy stall initiation
termination signal.

B8.A8

B8,A8

113,112

99,100

A 2-bit bus used to transfer conditional
branch status from the coprocessors
to the main processor.

A12,C10,
B10,A11,
B9,C9

A12,C10,
B10,A11,
B9,C9

124,123,
122,121,
120,118

88,89,90,
91,92,93

A 6-bit bus used by the memory inter-
face and coprocessor to signal mask-
able interrupts to the processor. It is
also used to specify the processor's
mode during Reset. The Table below
summarizes the mode selectable
features

int WCycle XCycle

Int(0)| DBIkSize0 DBIkSize1

int(1)| 1BkSize0 IBIkSize1

Int(2) | DispParRevEnd IStream

int(3)| Reserved StorePartial

int(4) [ Phase DelayOn | Phase DelayOn

Int(5) R3K R3K

Int YCycle ZCycle

Int(0)} ExCache BigEndian

Int(1)| MPAdrDisable Tristate
Int(2)| IgnoreParity NoCache

int(3) MPS BusDriveOn
Int(4)| Phase DelayOn | Phase DelayOn

nt(5) R3K R3K

Y1 = Input
O = Output

Siemens Aktiengesellschaft
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SAB-R3000A

Pin Definitions and Functions (cont’d)

Symbol Pin Number 1/0 | Function
!
CPGA- | GCPGA- | CQFP- | P-MQFP- | )
145 175 172 160

Clk2 x P9 P9 16 23 | The master double frequency input

Sys clock used for generating SysOut.

Cik2 x Q10 Q10 27 21 | A double frequency clock input used

Smp to determine the sample point for data
coming into the processor and
Coprocessors.

Clk2 x P10 P10 9 24 | A double frequency clock input used

Rd to determine the enable time of the
cache RAMSs.

Clk2 x Q9 Q9 30 20 | A double frequency clock input used

Phi to determine the position of the
internal phases 1 and 2.

Reset A14 A14 129 83 | Synchronous initialization input used
to force execution starting from the
reset memory address. Reset must be
asserted asynchronously at any time.
It must be deasserted synchronously
during phase 1.

GND D3,C6,C7, | D3,C6,C7, |69,66,65, 14,16,18, Ground

C12,F13, C12,F13, 64,60,56, 27,29.42,
G13,K13, G13,K13, 29,28,24, 55,57,60,
M13,N10, M13,N10, 23,22,18, 71,73,75,
N9,Q6,N4, | N9,Q6,N4, 17,159,158, 77,81,82,
K3,G3 K3,G3,D8, |152,151, 101,110,
D6,D4,F12, | 147,146, 112,114,
F4,H12,H4, | 145,116, 121,130,
K12,K4, - 115,107, 136,138,
M12,M10, 104,103, 151,160
M8,M6,M4, |71,70
D12,D10
Vee F1,C3,A5, |F1,C3,A5, 67,63,62, 8,10,12, Power Supply (+5 V)
C8,A15, C8,A15,E15,|61,58,57, 22,4149,
E15,H13, H13,M15, 26,25,21, 65,80,94,
M15,Q15, |Q15Q12, 20,1911, 96,98,103,
Q12,N8, N8,N7,Q1, 10,68,155, | 105,107,
N7,Q1, L1,D5,E12, | 149,144, 108,120,
L1,A1 E4,G12,G4, | 143,142, 134,146,
J12,J4,112, {110,109, 148,159
L4,M11,M9, [ 108,106,
M7,M5,D11, 1 105,102,
Dg,D7 101,100

Resvd - - 153,114,72 Reserved

(2:0)

) 1 = input

O = Output
- Siemens Aktiengeselischaft 11



SAB-R3000A

Functional Description

The SAB-R3000A consists of two integrated processors — a RISC CPU and a System
Control Processor (CP0). Figure 6 is a block diagram of the SAB-R3000A which shows

the functions incorporated within it.

Figure 6
Functional Block Diagram
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SAB-R3000A

Basic Architecture

On the right hand side of figure 6 is the CPU datapath that implements the 5-stage pipe-
line, which will be explained shortly. The datapath consists of a stack of functional units
including 32 General Registers, ALU, '32-bit Shifter and an autonomous Multiply/Divide
unit. An Address Adder and Increment MUX for the PC generate instruction and data
addresses alternatively at double the basic clock rate. This is necessary so that the
SAB-R3000A can access both the Instruction and Data caches in a single CPU cycle,
due to the mulitiplexed Data bus.

On the left of figure 6 is the System Control Processor (CP0). It's major element is a fully
associative 64-entry Translation Lookaside Buffer (TLB), which translates a 20-bit virtual
page number into a physical page frame number in a clock phase. As well as address
translation the System Control Coprocessor also manages the exception handling and
error recovery, the external cache interface, the memory control interface and the
external coprocessor interface. It also incorporates on-chip tag comparators, parity
generators and checkers.

Integer CPU

Pipeline Architecture

The execution of a single SAB-R3000A instruction consists of five primary steps or pipe
stages.

(1Y IF Instruction Fetch:
Access the TLB and translate the instructions virtual address into its physical
address to read an instruction from the I-cache. Note that the instruction is
not actually read into the processor until the beginning (phase 1) of the RD
pipe stage. Refer to figure 7.

(2) RD Register Fetch / Instruction:
Read any required operands from the CPU registers while decoding the
instruction.

(3) ALU ALU Operation:
Perform the required operation on instruction operands.

(4) MEM Memory Access:

Access memory (D-cache) if required (for a Load or Store instruction).
(5) WB Writeback:

Write back ALU results or value loaded from D-cache to the register file.

Each of these steps requires approximately one CPU cycle as shown in figure 7 (parts of
some operations lap over into another cycle while other operations require only
1/2 cycle).
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Figure 7

Execution Sequence of an Instruction

ICACHE
D

RF

oP

IVA

iTLB
DVA
DTLB
DCACHE
wB

Instruction Cache Access

Instruction Decode

Register Operand Fetch

Operation (ALU/Shift)

Instruction Virtual Address Calculation
TLB Access for Instruction
Data Virtual Address Calculation

TLB Access for Data
Data Cache Access

Write Back to Register File

IF RD ALU MEM WwB
| !
ICACHE | 1D 0P we |
RF | OVA [ DTLB| DCACHE
IVA | ITLB
1
L\/_J MPT00925
one cycle
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Figure 8
Overlapped execution of 5 instructions

SAB-R3000A Instruction Pipeline

(5-deep)
7
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" .
EREREEEREE
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Instruction
Flow | IF r«zf; ALU | MEM | WB I
T
'IF RDIALUIMEMIWBI
MPADD926

Current
CPU
Cycle

The SAB-R3000A uses a 5-stage pipeline to achieve an instruction execution rate
approaching one instruction per CPU cycle. Thus the execution of five instructions at a
time are overlapped as shown in figure 8. This pipeline operates efficiently because
different CPU resources (address and data bus accesses, ALU operations, register
accesses and so on) are utilized on a non-interfering basis. As figure 9 illustrates there is
not only parallelism due to pipelining but also parallelism within the execution of a single
instruction.

The clock cycle is divided into two phases. To access the external Instruction and data
caches (ICACHE, DCACHE) requires 1 cycle, as do major internal operations (OP, DA,
IA). Instruction Decode (ID) is simple enough to occur within one phase, overlapped with
Register Fetch (RF). Instruction address calculation and translation (IA) also overlaps
Instruction Decode and Register Fetch, it consists of instruction virtual address calcula-
tion (IVA see figure 7) and TLB access for instruction address translation (ITLB). The In-
struction address calcuiation and translation that is performed in the present instruction is
for the second instruction following the present instruction, as shown in figure 9 (i.e. IA in
Instr. O is for Instr. 2).
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Figure 9
Instruction Pipeline Dependencies
Phase v 2 v 2 b2 2]t ]2 ]2 |
Instr.O:l ICACHE | 1D 0P
RF pa | | ocacre o | we |
0 T Operand Bypass
n2) o | X i for Zero Delay
i o ' (Back to Bock
i h C Operations)
Instr. 1: [ icacke (] o op |
Howr oA || ocacwe | we ]
] T
owe
Branch Delay > ! | < Load Delay
(1 cycle) AL Ih (1 cycle)
Instr.2: L ICACKE | 1 oP
RF DA DCACHE | w8 |
IA(4)
Instr. 3: [ cacke | o0 oP

RF DA pcAcHE | we |

lA(S) MP100927

1A (n) : Instruction Address Calculation and Translation for Instr.”n”
DA : Data Address Calculation and Translation
(For the other abbreviations see figure 8)
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IA is performed here especially so that a branch, for example, at Instr. 0 in figure 9 can
address the ICACHE access of Instr. 2 (see dotted line A), i.e. one cycle latency. What
happens is that after the condition has been evaluated (i.e. for a conditional branch),
either PC+2 or the Branch Target address is MUXed to the IF stage of the second
succeeding instruction (again dotted line A). This means that if the branch is taken the
branch target address is the address of Instr. 2. On the other hand, if the branch is not
taken, PC+2 (i.e. two sequential instructions after the current PC) is the address of
Instr. 2. Data address calculation and translation (DA) is similar to 1A.

Similarly, a load at Instr. 0 fetches data that are immediately used by the OP of instr. 2
(dotted line C), while an ALU/Shift result gets passed directly into Instr. 1 with no delay
(dotted line B). This tight coupling between instructions makes for a highly efficient
pipeline. Note that the IA-ICACHE and DA-DCACHE cycles are displaced by one phase,
so that the corresponding TLB and cache accesses can be interleaved on a single set of
buses (see also figure 7).

As shown the SAB-R3000A uses a number of technigues internally to enable execution of
all instructions in a single cycle, such as bypassing between instructions in the pipeline to
keep the latency of branches and memory references to 1 cycle and to allow ALU results
to be used in the succeeding instruction. However, there are two categories of
instructions whose special requirements could disturb the smooth flow of instructions
through the pipeline:

e Load instructions have a delay, or latency, of one cycle before the data being loaded
is avaitable to another instruction.

® Jump and Branch instructions also have a delay of one cycle while they fetch the
instruction and target address if the branch is taken.

The SAB-R3000A continues execution despite the inherent 1-cycle delay. Loads, Jumps
and Branches do not interrupt the normal flow of instructions through the pipeline, i.e. the
pipeline is_not stalled. The processor always executes the instruction immediately
following one of these " delayed instructions ". Instead of having the processor manage
these pipeline delays, the SAB-R3000A turns over the responsibility for dealing with
"delayed instructions " to software. Thus the assembler must insert an appropriate
instruction immediately following a " delayed instruction ". It also has the responsibility of
ensuring that the inserted instruction has no dependencies relating to the " delayed
instruction ". In the SAB-R3000A architecture only multi-cycle delays (e.g. waiting for
SAB-R3010A results, MUL/DIV results, etc.) are handled by hardware interlocks - 1-cycle
delays, as described, are handled much more efficiently by software for all
implementations (thus guaranteeing scalability).
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CPU Registers

There are 32 general purpose 32-bit registers, two 32-bit registers that hold the results of
integer multiply and divide operations, and a 32-bit program counter as shown in
figure 10.

Figure 10
CPU Registers

3 General Purpose Registers 0

r0  (Hord wired to Zero)
ri

r2

r29
r30

r31 (Link Register)

31 Multiply/Divide Registers 0
HI
Lo

31 Program Counter 0
pC |

MPAQ0928

The 32 General Purpose Registers are treated symmetrically, with two exceptions — rQ is
hardwired to a zero value, and r31 is the link register for Jump And Link instructions.
Register r0 may be specified as a target register for any instruction when the result of
the operation is discarded. The register maintains a value of zero under all conditions
when used as a source register.

The two Multiply/Divide registers (HI, LO) store the double-word, 64-bit result, of multiply
operations or the quotient and remainder of divide operations.
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The Program Counter contains the current virtual address of the next instruction to be
executed.

There is no condition code register. If an instruction generates a condition, the
corresponding flags are stored in a general purpose register. This means that the
pipeline is freed of any special mechanisms to by-pass condition codes, interlock on
them, or abort writing them on exceptions. Instead the methods already implemented to
deal with register-value dependencies are employed. Further, conditions mapped onto
the register file are subject to the same compile-time optimizations in allocation and
reuse as other register variables.

There is also no Program Status Word (PSW) register — the functions traditionally
provided by a PSW are instead provided in the Status and Cause registers incorporated
within the CPO. CPO has a number of special purpose registers that are used in
conjunction with the memory management system and during exception processing.
These will be explained in the CP0O section

Data Formats

The SAB-R3000A defines signed/unsigned 32-bit words, 16-bit half-words and 8-bit bytes.
The byte ordering is configurable either little-endian (IAPX x86%, NS32000°, DEC VAX®) or
big-endian (MC680x0°, IBM 370°%) byte ordering. Hence it is compatible with existing
databases generated by machines that access bytes in either order.

Bit 0 is always the least significant (rightmost) bit, thus bit designations are always little-
endian (although no instructions explicitly designate bit positions within words). Figures
11 and 12 show the ordering of bytes within words, and the ordering of words within
multiple-word structures for the big-endian and little-endian conventions.

Special instructions are provided for addressing words that are not aligned on 4-byte
(word) boundaries (Load/Store-Word-Left/Right; LWL, LWR, SWL, SWR). These
instructions are used in pairs to provide addressing of misaligned words with one
additional instruction cycle over that required for aligned words.

iAPX x869 is a trademark of INTEL

NS320009 is a trademark of National Semiconductor
DECVAX® is a trademark of Digital Equipment Cooperation
MC680x0° is a trademark of Motorola Inc.

IBM 3709 is a trademark of IBM Cooperation

Siemens Aktiengesellschaft 19



SAB-R3000A

Figure 11
Addresses of Bytes within Words: Big Endian

Word
X 31 24 23 16 15 87 0 Address
Higher
Address 8 9 10 1" 8
ﬁ 4 5 6 7 4
Lower 0 1 2 3 0
Address
MPA00929
e Most significant byte is at lowest address.
e Word is addressed by byte address of most significant byte.
Figure 12
Addresses of Bytes within Words: Little Endian
Word
. 31 24 23 16 15 87 0 Address
Higher
Address " 10 9 8 8
ﬁ 7 6 5 4 4
Lower 3 2 1 0 0
Address

MPADDI30

e |east significant byte is at lowest address.

e Word is addressed by byte address of least significant byte.
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Addressing

The SAB-R3000A uses byte addressing, with alignment constraints for half-word and
word accesses; half-word accesses must be aligned on an even byte boundary and word
accesses must be aligned on a byte boundary divisible by four. Any attempt to address a
data item that does not have the proper alignment causes an alignment exception. As
said earlier special instructions are provided for addressing words that are not aligned.

The SAB-R3000A supports only one addressing mode - base register plus a signed
16-bit offset, which covers the most common case in High Level Languages and is very
fast. The assembler, however, synthesizes some additional addressing modes to present
more traditional addressing capabilities to the assembly language programmer.

Instruction Set Overview

All SAB-R3000A instructions consist of one 32-bit word. There are only three instruction
formats (immediate, jump and register) as shown in figure 13.

The single instruction length simplifies instruction fetch and decode and eliminates the
overhead for instructions crossing word and page boundaries within the memory
hierarchy, thereby simplifying the interaction of instruction fetch with the virtual memory
management unit. The three instruction formats ensure that opcodes and register
descriptors are always found in the same bit locations. This enables register fetch to
proceed in parallel with operation decode on all instructions, which is exactly what
happens in the RD pipestage. More complicated (and less frequently used) operations
can be synthesized by the compiler using sequences of simple instructions.

The SAB-R3000A instruction set can be divided into the following groups:

® Load/Store instructions move data between memory and general registers. They are
all I-type instructions, since the only addressing mode supported is base register plus
16-bit, signed immediate offset. These are the only instructions which access memory.

e Computational instructions perform arithmetic, logical and shift operations on values
in registers. They occur in both R-type (both operands and the result are registers)
and I-type (one operand is a 16-bit immediate value) formats.

e Jump and branch instructions change the control flow of a program. Jumps are
always to a paged absolute address formed by combining a 26-bit target with four bits
of the Program Counter (J-type format, for subroutine calls) or 32-bit register
addresses (R-type, for returns and dispatches). Branches have 16-bit offsets relative
to the Program Counter (I-type). Jump and Link Instructions save a return address in
Register 31.

® Coprocessor instructions perform operations in the coprocessors. Coprocessor
Loads and Stores are I-type. Coprocessor computational instructions have
coprocessor-dependent formats (see SAB-R3010A datasheet).
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® Coprocessor 0 instructions perform operations on the System Control Coprocessor
(CPO) registers to manipulate the memory management and exception handling
facilities of the processor.

e Special instructions perform a variety of tasks, including movement of data between
special and general registers, system calls and breakpoint. They are always R-type.

A detailed summary of the instruction set is provided in the Instruction Set Summary
section.

Figure 13
Instruction Formats

I-Type (Immediate)

3 26 25 21 20 16 15 0
op rs rt immediote

J-Type (Jump)

31 26 25 0
op target

R-Type (Register)

31 26 25 2120 16 15 1110 65 0
op rs rt rd shamt funct
MPAOOI 31

where:
op . is a 6-bit operation code
rs . is a 5-bit source register specifier
rt : is a 5-bit target (source/destination) register or branch condition
immediate : is a 16-bit immediate, branch displacement or address displacement
target : is a 26-bit jump target address
rd : is a 5-bit destination register specifier
shamt : is a 5-bit shift amount
funct : is a 6-bit function field
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System Control Coprocessor

The SAB-R3000A CPU supports up to 4 coprocessors (designated CPO through CP3),
which are tightly coupled co-execution units that share a single instruction stream with the
CPU. The System Control Coprocessor (CPQ) is incorporated on the SAB-R3000A chip
and supports the virtual mémory system and exception handling functions (traps, inter-

rupts, memory and internal operation faults) of the SAB-R3000A. CPO incorporates a
64-entry TLB plus the registers shown in figure 14.

Figure 14
The CPO Registers

Memory Management & Exception Handling
VY 727 ////
EntryHi Entrylo ///'Siofus//// /ouse/
Register Register ///Reglsfer/ /Regmier
/ o s /.
63
/////// ///
( TLB Index %onfexf? ////
Transiation Register Register Re rster
Lookaside Buffer) ’ / - % / 3 %
7
S . 7 07
("Sofe” entries) Random //,/odVA// % o7 //
) (See Random Reg.) Register %Regw'fer //R//g/l/sfer

MPADO932

D Used with Virlual Memory System

Used with Exception Processing

The virtual memory system is implemented using a TLB and a group of programmable
registers as shown in figure 14. The other registers shown are used to perform the
exception handling capabilities. Table 1 provides a brief description of each register. In

this table the number of each register is given. Logically the registers are numbered from
0 to 31. The numbers not contained in the table are unused.
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Table 1

System Control Coprocessor (CP0) Registers

Register Description Number
EntryHi High half of a TLB entry 10
EntryLo Low half of a TLB entry 2
Index Programmable pointer into TLB array 0
Random Pseudo-random pointer into TLB array 1
Status Mode, Interrupt enables, and diagnostic status info 12
Cause Indicates nature of last exception 13
EPC Exception Program Counter 14
Context Pointer into kernel's virtual Page Table Entry array 4
BadVA Most recent bad virtual address 8
PRId Processor revision identification 15

Access to these registers and CPO specific instructions (e.g. MTCO) may be restricted by
setting CPO to an "unusable" state (see status register). When the processor is executing
in kernel mode the usability of CPO is ignored, i.e. it is always considered usable. This
means that requests to manipulate CPQ from kernel mode are always granted. However,
it is possible for the Kernel to grant unrestricted access to CPO registers by setting it to a
usable state. Kernel and User modes are described in the next section.

Memory Management System

The SAB-R3000A has an addressing range of 4 Gbytes. Since most systems implement
physical memory sizes under 4 Gbytes, the SAB-R3000A’s virtual memory system logical-
ly expands the available physical memory space by translating addresses composed in a
large virtual address space into the physical memory space. All mapping is performed by
the TLB in CPO. The TLB is fully associative and maps 64 4-Kbyte pages, sharable
among user processes with minimal context-switch overhead, due to the PID (Process
Identifier) number associated with each TLB entry.

Operating Modes

There are two operating modes in the SAB-R3000A, the Kernel mode and the User
mode. The processor normally operates in User mode untit an exception is detected
forcing it into Kernel mode. It remains there untii a Restore From Exception (rfe)
instruction is executed.
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Figure 15

1024 MBytes
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Address mapping is different for Kernel and User modes. The User mode address space
is a subset of the Kernel mode address space - i.e. the current User process owns a
linear 2 Gbyte address space that is included in a 4 Gbyte Kernel address space.
Figure 15 shows the virtual-to-physical memory map for both User mode and Kerne!
mode segments.

User Mode Virtual Addressing

When the processor is operating in User mode, a single, uniform virtual address space
(kuseg) of 2 Gbytes is available to the current user process. All valid User mode virtual
addresses have the most significant bit cleared to 0 — i.e. address references above
Ox7FFFFFFF (Ox means hex in a "C" type notation) cause an Address Error exception.
All references to kuseg are mapped through the TLB, which also controls the cacheability
of an access (the N-bit in a TLB entry). In Kernel mode, references to kuseg are treated
just like User mode references, streamlining Kernel access to User data. Kuseg is
typically used to hold all User code and data, and the current User process typically
resides here, plus shared libraries in systems that have them.

Kernel Mode Virtual Addressing

In Kernel mode, three distinct virtual address spaces (in addition to kuseg) are available.

Kernel Cached, Unmapped - ksegO:

This segment is 512 Mbytes long starting at 0x80000000. References within kseg0 are
direct-mapped onto the first 512 Mbytes of physical address space, use cache memory,
but do not use TLB entries. That is to say that the physical address selected is defined
by subtracting 0x80000000 from the virtual address (in order to directly map it into the
first 512 Mbytes of physical memory). Typically some Kernel data and some of its
executable code are kept here.

Kernel Uncached, Unmapped - kseg1:

Kernel segment kseg1 begins at 0xa0000000 and is also 512 Mbytes long. Like kseg0 it
is direct-mapped onto the first 512 Mbytes of physical address space using no TLB
entries. That is to say that the physical address selected is defined by subtracting
0xa0000000 from the virtual address. Unlike ksegO, it uses uncached references. An
operating system typically uses kseg1 for I/O registers, ROM code and disk buffers.

Kernel Mapped - kseg2:

This segment is 1 Gbyte long, beginning at 0xc0000000. Like kuseg, it uses TLB entries
to map virtual addresses to arbitrary physical ones, with or without caching (N-bit in a
TLB entry). Operating systems typically use kseg2 for Kernel stacks and pre-process
data that it must remap on context switches, for User page tables (memory maps), and
some dynamically allocated data areas.
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Figure 16
TLB EntryLo & EntryHi Registers

PFN :

E

TLB EntryHi Register

63 44 43 38 37 32

VPN PID 0

20 6 6

VPN Virtual Poge Number. Bits 31...12 or virtual address.

PID  Process ID field. A 6-bit field which lets multiple processes
share the TLB while each process has a distinct mapping
of otherwise identical virtual page numbers.

E Reserved. Currently ignores writes, returns zero when read.

TLB EntryLo Register

31 1211 10 9 87 0

PFN N|DfV]G 0

20 oror 8
MPAD0934

Page Frame Number. Bits 31. .12 of the physical address. The SAB-R3000A
maps a virtual page to the PFN.

: Non-cacheable. If this bit is set, the page is marked as non-cacheable and

the SAB-R3000A directly accesses main memory instead of first accessing
the cache.

: Dirty. If this is set, the page is marked as "dirty” and therefore writable. This

bit is actually a "write-protect” bit that software can use to prevent alteration
of data. lf an entry is accessed for a write operation when the D bit is cleared,
the SAB-R3000A causes a TLB Mod trap. The TLB entry is not modified on
such a trap.

: Valid. If this bit is set, it indicates that the TLB entry is valid; otherwise, a

TLBL or TLBS Miss occurs.

: Global. If this bit it set, the SAB-R3000A ignores the PID match requirement

for valid translation. In kseg2, the Global bit lets the kernel access all mapped
data without requiring it to save or restore

PID (Process ID) values.

Reserved. Currently ignores writes, returns zero when read.
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Virtual Memory Control

A high level description of the address space has been given - now the low-level details
of the virtual memory system shall be discussed. The following registers which will be
described are used for virtual memory control.

EntryHi and EntryLo:

This register pair and a single TLB entry have the same format, and so are described
together. These two registers provide the data pathway (i.e are a buffer) through which
the TLB is read, written or probed. When address translation exceptions occur, these
registers are loaded with the relevant information about the address that caused the
exception. EntryLo is the natural form of a Page Table Entry (PTE), however, since PTE's
are always loaded by system software, not by the SAB-R3000A hardware, an operating
system can use another format for memory resident PTE's. The register pair is illustrated
in figure 16, a TLB entry is equivalent to the concatenation of these two registers.

Index Register:

The Index register is a 32-bit, read-write register, which has a 6-bit Index field. This field
runs from 0 to 63, indexes an entry in the TLB and is used as a subscript to read or write
any TLB entry. The high-order bit shows the success or failure of a TLB Probe (tibp)
Instruction. Figure 17 shows the format of the index register.

Figure 17
Index Register

31 30 1413 87 0
P v Index [ l
}
1 17 6 8
MPA00I3S
P . Probe failure. Set to 1 when the last TLBProbe (tibp) instruction was
unsuccessful.
index : index to the TLB entry that will be affected by the TLBRead and TLBWrite

instructions.
: Reserved. Currently ignores writes, returns zero when read.
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Random Register:

The Random register is a 32-bit register, which has a 6-bit Random field which indexes a
random entry in the TLB. The Random field is decremented every machine cycle, but is
constrained to the range from 8 to 63. It is used to speed up pseudo-random TLB refill
under Operating System control. The TLB Write Random (tibwr) instruction is used to
write the TLB entry that this register indexes: The first 8 entries (0 to 7) in the TLB are
"safe" entries (see figure 14) because a tlbwr instruction can never replace the contents
of these entries. Typically these 8 entries are reserved by the Operating System.

The contents of this register can be read to verify proper operation of the process (not
normally required). To further simplify testing, the Random field is set to a value of 63
when the SAB-R3000A is reset. Figure 18 illustrates the Random register.

Figure 18
Random Register

3 1413 87 0
T T
0 l Random 0

18 6 8
MPA0936

Random: A random index (with a value ranging from 8 to 63) to a TLB entry.

E : Reserved. Currently ignores writes, returns zero when read.
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Virtual Address Translation

During virtual-to-physical address translation, the processor compares the PID number
and the highest 20 bits (the VPN) of the virtual address to the contents of the TLB.
Figure 19 illustrates the TLB address translation process.

Figure 19
TLB Operation
Current Address
Process ID
5 0 31 30 29 12 1 0 Virtual
Address
VPN ! Offset
H/_/ ;_\/_/
PID VPN Flags PFN
63 —
62 —>
61 —_—>
60 —>
. . CAM .
o1 . (Content Addressable RAM
. Memory) .
3 e
2 —
1 e
0 E—
~—.
I‘—‘—_J i
S S —
i : i
N D |V G ‘ ‘
| |
v v v
b Physical
| Address
\
3 1817 12 11 0
Nole: CAM+RAM=TLB N ,7,7 e MTAD0RIT
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A virtual address matches a TLB entry when:

e the Virtual Page Number (VPN) field of the virtual page address matches the VPN
field of the TLB entry and,

e either the Global (G) bit of the TLB entry is set, or the PID field of the virtual address
(as held in the EntryHi register) matches the PID field of the TLB entry.

While the Valid (V) bit of the TLB entry must be set for a valid translation to take place, it
is not involved in the determination of a matching TLB entry.

if a TLB entry matches, the physical address and access control bits (N, D and V) are
retrieved from the matching TLB entry. Otherwise a TLB miss (reference to kseg2), or a
UTLB miss (reference to kuseg) exception occurs. If the V bit is not set, a TLB miss
exception is taken. Finally, if the access is a Write and the Dirty (D) bit is not set, a TLB
modification exception occurs. If the Noncacheable (N) bit is set, the physical address
that is retrieved is used to access main memory, bypassing the cache.

Exception Handling System

The term exception is used for any infrequent or exceptional event that causes the
processor to make a temporary transfer of control from its current process to another
process that services the event. There are two main classes of exceptions in the
SAB-R3000A:

® machine exceptions, such as program traps, overflow and address translation
exceptions.

® external asynchronous exceptions, which include six maskable external hardware
interrupts, bus error and reset.

There are eight interrupts available, the hardware generates six and software two.

The exception handling system is responsible for efficiently handling relatively infrequent
events, such as TLB misses, arithmetic overfiow, /O interrupts and system calls. On
detection of an Exception the SAB-R3000A suspends the normal sequence of instruction
execution; the processor exits User mode and is forced into Kernel mode where it can
respond to the exceptional event. These events interrupt the normal execution flow by
aborting the instruction which causes the exception and all those following in the pipeline
which have already begun execution. The Exception Program Counter (EPC) is loaded
with the appropriate restart location where execution should resume after the exception
has been serviced. The restart location in the EPC is the address of the instruction which
caused the exception or, if the instruction was executing in a branch delay slot, the
address of the branch or jump instruction immediately preceding the delay siot. The
SAB-R3000A then performs a direct jump into a designated handler routine.

A minimal amount of state is saved in the CPO registers in order to facilitate the analysis
of the cause of the exception, the servicing of the event which caused it, and the
resumption of the original flow of execution.
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The pipelined nature of the SAB-R3000A complicates the exception handling system.
Exceptions which occur late in the pipeline effectively necessitate aborting instructions
which have already begun execution but which logically should execute after the
exception handling routine. Even taking this into account all SAB-R3000A exceptions are
precise. That is, each exception is handled in a way that reflects serial completion of all
instructions prior to the exception; the instruction which causes it and all those that foilow
are aborted and can be re-executed after servicing the exception. What this means
(referring to figure 20) is that, for example, when an exception occurs in the ALU stage
of Instr. 2, that Instr. 3 and 4, which have already started execution in the pipeline, do not
alter the state of the machine so that execution may always properly resume after
servicing the exception. Precise exception handling is shown in figure 20.

Figure 20
Precise Exception Handling

Preceding
Instr.1: tF RD ALU MEM w8 Instructions
Executed
- Y -
instr.2: | IF RD ALU |
. No State ‘
Instr.3: u RD Committed i
Exception Deloyy ——» i
EPC:=PC, Y I
OLD:=PREV *), Instr.4: IF
PC: =Ev
Instr.EV: IF RO ALU MEM WwB
Instr.EV+1: If RD ALU MEM
*) Refer to KU and IE bits of Stalus Register MPAODS 38

EV:  Exception Vector
EPC: Exception PC

Even though the machine is relatively deeply pipelined, exceptions are reported
synchronously, so that all exceptions for a particular instruction are reported prior to
exceptions for its succeeding instructions. Said another way, all exceptions are reported
as if the processor was not pipelined.
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There is only a one-cycle delay from when an exception occurs to when the exception
handling routine is started (i.e. reaction time). This can be seen in figure 20, i.e. an
exception occurs in the ALU cycle of Instr.2 (e.g. Overflow) and one cycle later the first
instruction of the servicing routine is started (i.e. Instr.EV). This can be seen on the AdrLo
bus for an interrupt exception as is shown in figure 21. In the cycle after Int (indicating an

external interrupt exception) has been asserted the Exception Vector (EV) address is on
the address bus.

Figure 21
Interrupt Exception Latency

Phase I [ T R A R I 2 R O
Clock //_—\__/'—\_/_\_/_\__/'—\_/

Cycle Run Run Run Run Run

st Yot X OO oo X o X XX X

J

.

MPT00933
Where:
Dn . is the Data Transaction for Instr. n
In . is the Instruction Fetch for Instr. n
% : means an incorrect datum.
EV : Exception Vector
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There is also an associated exception latency. This depends on how late the exception
occurs in the pipeline. The exception latency can be 0-3 cycles in duration. It is the
number of instructions which were aborted, that had already begun execution in the
pipeline but which logically. should execute after the exception handling routine - as
discussed earlier. The concept of Exception latency is illustrated in figure 22.

Figure 22
Exception Latency
Exception
IF RD ALU MEM WB < Cousing
w 1 Instruction
0—» L IF RD ALY MEM wB
I — I RD ALU MEM WB
L
a
t
O F RD ALU MEM w8
[+
y
3 > IF RD ALU MEM WB

_

0-3 cycle latency instruction Flow

MPAGD940

Exception Types

Table 2 lists each of the exception types which are handled by the processor, giving a

short description of each.

There are only 3 exception vectors provided, one for Reset and one for UTLB miss
exceptions (0xbfc00000 and 0x80000000 respectively), each of the remaining exceptions
causes execution to resume at the General exception vector (0x80000080). When the
BEV bit of the Status Register is set, the UTLB miss exception vector address is changed
to Oxbfc00100 and the General exception vector address is changed to Oxbfc00180.
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Table 2
SAB-R3000A Exceptions
Maskable Exception Mnemonic Cause Exception
Vector
Reset Reset Assertion of SAB-R3000A’s Reset signal
causes an exception that transfers control | 0xbfc00000
to the special vector at virtual address .
0Oxbfc00000.
UTLB miss UTLB User TLB miss. A reference is made (in 0x80000000
either User mode or Kernel mode) to a|
page in kuseg that has no matching TLB | oyxpic00100
entry.
TLB miss TLBL (load) A referenced TLB entry’s Valid bit isn't
TLBS (store) set or there is a reference to a kseg2
page that has no matching TLB entry.
TLB modified Med During a store instruction, the Valid bit is
set but the Dirty bit is not set.
Bus Error IBE Assertion of the SAB-R3000A’'s BERR
(Instruction) signal due to such external events as bus
DBE (data) timeout, backplane bus parity errors.
invalid physical addresses or invalid
access types.
NO Address Error AdEL (load) Attempt to load, fetch, or store an un-
AdES (store) aligned word; that is, a word or halfword
at an address not evenly divisible by 4 or 2:80000080
2, respectively. Also caused by reference Oxbic00180

to a virtual address with most significant
bit set white in User mode

YES

Overflow Ovf Two's complement overflow during add or
subtract.

System call Sys Execution of the syscall instruction.

Breakpoint Bp Execution of the break instruction.

Reserved RI Execution of an instruction with an

Instruction undefined or reserved major operation
code (bits 31..26), or a special instruction
whose minor opcode (bits 5..0)  is
undefined.

Coprocessor CpU Execution of a coprocessor instruction

Unusable when the CU (Coprocessor Usable) bit is’
not set for the target coprocessor.

Interrupt Int Assertion of one of the SAB-R3000A's six

hardware interrupt inputs or setting of one
of the two software interrupt bits in the
Cause register.

Siemens Aktiengesellschaft

35



SAB-R3000A

The Exception Handling Registers

The CPO registers shown on the right of figure 14 contain information that is related to
exception processing. Software can examine these registers during exception processing
to determine such things as the cause of an exception, and the state of the CPU at the
time of an exception. Two other registers, the Index register and the Random register,
described in the Memory Management System section, may also contain useful
information when handling exceptions related to virtual memory errors.

Cause Register:

The contents of this 32-bit register describe the last exception as shown in figure 23.
The ExcCode field indicates the reason for the exception as listed in table 3. The
remaining fields indicate pending external interrupts (IP), pending software interrupts
(Sw), which, if any, coprocessor was found unusable (CE), and the occurrence of an
exception in a branch delay slot (BD). All bits in the register, excluding the Sw bits, are
read only. The Sw bits can be written into, to set or reset software interrupts.

Figure 23
Cause Register

3

29 28 27
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ExcCode

0

1

2

6

2
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4
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MPADO941

BD : Branch Delay. Set to 1 if last exception was taken while executing in a
branch delay slot.

CE : Coprocessor Error. Indicates the unit number referenced when a
Coprocessor Unusable Exception is taken.

IP : Interrupts Pending. Indicates the external interrupts that are pending.
IP[5..0] = Interrupt [5..0]

Sw : Software Interrupts. Indicates which of the two software interupts are
pending. This field may be written into to set or reset software interrupts.

ExcCode : Exception Code field. Described in table 3.

: Reserved. Currently ignores writes, returns zero when read.
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Table 3
Cause Register ExcCode Field
Number Mnemonic | Description
0 int External interrupt _
1 MOD TLB modification exception
2 TLBL TLB miss exception (Load or instruction fetch)
3 TLBS TLB miss exception (Store)
4 AdEL Address error exception (Load or instruction fetch)
5 AdES Address error exception (Store)
6 IBE Bus error exception (for an instruction fetch)
7 DBE Bus error exception (for a data load or store)
8 Sys Syscall exception
9 Bp Breakpoint exception
10 RI Reserved Instruction exception
11 CpU Coprocessor Unusable exception
12 Ovf Arithmetic overflow exception
13-15 - reserved

Exception Program Counter Register (EPC):

On exception, this register records the address to where processing should be resumed
after an exception has been serviced. The EPC register contains the virtual address of
the instruction which was the cause of the exception; when that instruction is in a branch
delay slot, the EPC contains the virtual address of the immediately preceding branch or
jump instruction. The EPC register format is shown in figure 24.

Figure 24
EPC Register
31 0
EPC
32 MPA00S42

Status Register:

The Status register is a read/write register that contains the Kernel/User mode, interrupt
enable and diagnostic state of the processor, i.e. it contains all major machine status bits.
All bits in the Status register, excluding TS which is read only, are readable and writable.
Figure 25 shows the format of the Status Register.
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Figure 25
Status Register
31 282726 25 2423 22 21 20 19 18 17 1B
o V]| TS { PE | CM | PZ | SwC | IsC
Cusiced) | Ol REL Ol 00

4 2 1 2 1 1 1 1 1 1 1

15 87 6 5 4 3 2 1 0

IntMask
Intr5...0 Sw1...0

8 2 1 1 1 1 1 1
MPAO0943

0 KUo | IEo | KUp | 'Ep | KUc | IEc

*} Indicoles primary use is for diagnostics and testing.

Ccu . Coprocessor Usability. These bits control usabitity of the four possible coprocessors:
Cu3, Cu2, Cul, and Cul. if a CU bit is set (= 1). that coprocessor is usable.

RE . Reverse endian in user mode. If set to 1. all partial word unaligned data references
in user mode will have the opposite byte ordering from the endianess chosen at
Reset, provided the DispParRevEnd option is selected.

7 BEV . Bootstrap Exception Vector. If set to 1, causes the SAB-R3000A tc use the
alternate, bootstrap vectors for UTLB Miss and general exceptions.

7 TS : TLB Shutdown. Set to 1 if SAB-R3000A has disabled TLB due to catastrophic error.
Cleared only by Reset.

% PE © Parnity Error. Set to 1 if cache parity error occurs. Reset by writing a 1 to this bit.

% CM : Cache Miss. Set to 1 if most recent D-Cache load resuited in a miss
{only when the D-Cache is isolated).

% PZ 1 Parity Zero. When set to 1, causes zero to replace normal outgoing parity bits.

9 SwC . Swap Caches. Controls switching of control signals for I-Cache and D-Cache.

" 1sC : lIsolate Cache. When set to 1, isolates D-Cache from main memory system.

IntMask : Interrupt Mask. When a bit is set to 1. the corresponding hardware interrupt
[Intr 5..0] or software interrupt {[Sw1..0] is enabled.

KUo . Kernel/User mode, old. Set to 0 if Kernel, 1 if User.

IEo : Interrupt Enable, old. Set to 1 to enable. 0 to disable.

KUp : Kernel’User mode, previous. Set to 0 if Kernel, 1 if User.
|IEp . Interrupt Enable, previous. Set to 1 to enable, 0 to disable.
KUec . KernelUser mode, current. Set to 0 if Kernel, 1 if User.
IEc 1 Interrupt Enable, current. Set to 1 to enable, 0 to disable.

: Reserved. Currently ignores writes, returns zero when read.
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The Status register contains a three level stack (current, previous, and old) of the
Kernel/User mode bit (KU) and the interrupt enable (IE) bit.

When an exception is taken .the stack is pushed, i.e. the current Kernel:-User mode (KUc)
and current interrupt enable mode (IEc) bits are saved into the previous mode bits. The
previous mode bits (KUp and IEp) are saved into the old mode bits (KUo and |Eo). The
current mode bits are cleared to cause the processor to enter Kernel mode and turn off
interrupts. This three level set of mode bits allows the SAB-R3000A to respond to two
levels of exceptions before software must save the contents of the Status register.
Figure 26 shows how the mode bits are pushed when an exception is taken.

Figure 26
Status Register and Exception Recognition

5 4 3 2 1 0

KUo | 1E0 | KUp | 'Ep | KUc IEc
Exception recognition l ////o
KUo | IEo | KUp | IEp [ Kue | IE

c

MPACO944

When an exception handler has completed execution the processor must return to the
system context that existed prior to the exception. This is achieved by the Restore From
Exception (rfe) instruction. The rfe instruction, when executed, pops the three level stack,
i.e. the previous mode bits (KUp and IEp) are restored into the current mode bits (KUc
and lEc). Likewise, the old mode bits (KUo and {Eo) are restored into the previous mode
bits. The old mode bits themselves remain unchanged. The actions of the rfe instruction
are illustrated in figure 27.

Figure 27
Restoring from Exceptions

N
The rfe Instruction l :;\\\\
v __ v

MPA00945
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Bad Virtual Address Register:

The BadVAddr register saves the entire bad virtual address for any addressing exception;
Adel or AdeS. Figure 28 shows this register format.

Figure 28
BadVAddr Register

31 0

Bad Virtua! Address

32 MPAO0S46

Context Register:

The Context register contains a pointer to the current user process’s page map, located
in kseg2 (kernel-mapped). 1t is designed for use in the UTLB miss handler, which loads
TLB entries for normal user mode references.

The BadVPN field is not writable, it holds the VPN from the most recent virtual address
for which the translation was invalid (i.e. an address exception). The 19-bit BadVPN field
contains bits 30...12 (user segment Virtual Page Number) of the BadVAddr register. Bit 31
is excluded, because the UTLB miss handler is only invoked on user segment references
whose highest virtual address is Ox7FFFFFFF.

The PTEBase field is writable as well as readable and indicates the base address of the
page map of the current user address space. This register is implemented for the conve-
nience of the Operating System. Figure 29 shows the format of the Context register.

Figure 29
Context Register

31 21 20 21 0

BTEBase BadVPN 0

1" 19 2
MPAC0947

PTEBase : Holds the base for the Page Table Entry (set by software).

BadVPN : Holds the failing Virtual Page Number (set by hardware). This field is
read-only and contains bits 30..12 (user-segment VPN) of the
BadVAddr register.

E 1 Unused; ignored on writes, zero when read.
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Processor Revision Identifier Register:

This 32-bit read only register contains information that identifies the implementation and
revision level of the Processor and System Control Coprocessor. The format of the
register is shown in figure 30.

Figure 30
Processor Revision Identifier Register
PRId Register 31 16 15 87 0
0 imp Rev
16 8 8
MPAQ0948
imp . Implementation identifier.
Rev . Revision identifier.

: Reserved. Currently ignores writes, returns zero when read.

Memory System Hierarchy

The high performance capabilities of the SAB-R3000A processor places stringent de-
mands on the memory system configuration. In order to achieve the goal of an instruction
execution rate of one instruction per CPU cycle, the SAB-R3000A demands a memory
bandwidth of 200 Mbytes/second at 25 MHz from the memory system configuration.

The memory system requirements can be seen in figure 31.

This high memory bandwidth is realized by a high performance memory hierarchy which
centers on the use of external caches. Separate data and instruction caches are imple-
mented, and the processor alternates accesses of the two caches during each CPU
cycle - thus 2 words/CPU cycle, as shown in figure 31, are accessed. Both caches are
physical as opposed to virtual, may vary in size from 4 to 256 Kbytes each depending on
the performance required, and are implemented using standard SRAM devices.

The update policy employed is a write-through policy, which simplifies the data consisten-
cy problem between cache and main memory. All data that is written to the data cache is
also written out to main memory. Write buffers capture this data from the SAB-R3000A at
CPU clock rates and then update main memory at its slower clock rate - therefore not
stalling the processor. A simplified diagram of the high performance memory system is
shown in figure 32.
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Figure 31
Memory Bandwidth
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Figure 32
An SAB-R3000A System with a High-Performance Memory System
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Processor Interface

The SAB-R3000A supports interfaces to external caches, main memory and coproces-

sors. Figure 33 illustrates the external interfaces of the SAB-R3000A processor.

Figure 33

Processor Interface
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External Cache Interface

As described earlier the SAB-R3000A supports separate caches for instructions and data.
As was seen in figure 6 the physical address coming out of the TLB is split across the
external buses; AdrLo (18 bits) and TAG (20 bits plus valid and 3 parity bits). The caches
are addressed by the 18 bit address bus AdrLo. Since AdrLo presents byte addresses
and the caches are organised as words, its least significant 2 bits are not used by the
caches. The most significant six bits of AdrLo bus are identical to the least significant six
bits of the TAG bus but are output with AdrLo timing. This overlap allows cache size to
vary with implementation (i.e. from 4 to 256 Kbytes).

The processor interleaves accesses to the two caches on the AdrLo, TAG and DATA
buses. Instruction fetch begins with AdrLo (IAd) clocked through a transparent latch by
IClk during phase 2 of a machine cycle, and continues until DATA (tin) and TAG (ITagin)
are latched on the chip at the end of the next phase 1. This is shown in figure 34. in the
diagram IAdr and DAdr buses are latched versions of AdrLo. — Refer also to figure 33.

Figure 34
Cache Interface Operation

Phose 1 ! 2

| | 1
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Dout Data out
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Adrio: I DAd I Ad [ DAd I iAd l D Tagin |Data Tagin
D Tagout | Data Tag out
IAdr: 1Ad | 1Ad l 1Ad
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OAdr: I DAd I DAd IAd Instruction address

I’'DClk Transparent latch
ICik: _\__/—\_—/—\_ enable

I/DRd Instruction/Data
DClk: _/_—\_/—\______/— read enable
B Dwr Data write
Rd w enable
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Similarly, data fetch begins with AdrLo (DAd) clocked by DClk during phase 1, and
completes with Data (Din) and Tag (DTagin) latched on the chip at the end of phase 2.
During data stores, all three buses are outputs from the chip to the cache and memory
interface. The AdrLo (DAd) is transmitted during phase 1 and the Data (Dout) and Tag
(DTagout) during phase 2. The memory interface combines AdrLo and Tag to generate
the full 32-bit real address for main memory access. Refer to figure 34 for details.

The cache interface integrates all circuitry that would normally be required between a
processor and raw cache RAMS, such as the control lines for cache write and tristate
output enables which are all generated on chip.

Partial word stores such as Store byte and Store halfword are handled as read-modify-
write operations by the SAB-R3000A. During the initial memory access pipestage of a
partial word store, the processor does a Load (a read) from the cache at the store
address and forces a single cycle stall. If the load hits, then the data to be stored is
merged with the cache data - this is done in the SAB-R3000A. Then the result is written
into the cache during the stall cycle. It is done this way because the cache is word
addressable only.

Sometimes the caches must be flushed explicitly, when the contents of a physical page
changes by a path that bypasses the caches (i.e. DMA). For an explicit flush of the
D-Cache interrupts must be disabled and the IsC bit in the Status Register must be set,
to enable Isolated Cache Mode. The Valid bit of a specific cache entry now can be set to
0 by doing an assembly language Store Byte (sb) instruction to the cache line. Note, the
SAB-R3000A does not perform a Read-Modify-Write operation and cannot affect memory
when the D-Cache is isolated. If -Cache entries should be flushed the caches must be
swapped by setting the SwC bit in the Status Register. The |-Cache now behaves like a
D-Cache and can be flushed in the same manner as described above.

Memory Interface

The memory interface which is shown on the bottom left of figure 33 contains several
signals which synchronize memory access events. MemRd and MemWr are asserted on
cache miss (i.e. main memory read access initiated) and store respectively, while
CpCond0 determines if it is a single or multiple word transfer. The access type, i.e. byte,
half word, tribyte, and word transfers are determined by the AccTyp(2:0) bits.

The principal supporting mechanism for main memory operations is the processor stall
cycle. Main memory stalls occur when loads miss in the cache or when stores are
blocked by the write buffer. RdBusy and WrBusy control the termination and initiation of
the stalls when the cache misses or the write buffer is full. BusError warns of memory
access errors such as parity error or bus timeout. XEn is the read enable signal for the
read buffer. The memory interface can also support system configurations where one or
both caches are missing.
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External Coprocessor Interface

The external coprocessor interface is illustrated on the bottom right of figure 33. It is
designed to support the SAB-R3010A floating point accelerator, in what is called a tightly
coupled interface, and up to two additional coprocessors. External coprocessors are con-
nected to the DATA bus only. During each cycle in which a valid Instruction-Data pair is
on the bus, the coprocessors accept an Instruction. The coprocesors decode the Instruc-
tion in parallel with the main processor and, if it is a coprocessor Instruction, one of the
coprocessors will proceed to execute the Instruction. A coprocessor condition (CpCond)
signal, one for each coprocessor type, allows the main processor to branch on a copro-
cessor condition set up by a previous operation. Any coprocessor can assert CpBusy to
stall the main CPU when a coprocessor instruction is issued while the coprocessor in
question still has the required functional unit busy with an earlier operation.

The SAB-R3000A asserts Run to advance operations in the coprocessors. When Run is
deasserted in the nth cycle, coprocessors disregard the Instruction-Data pair presented in
the (n-1)th cycle. The assertion of Exc (Exception) indicates that the SAB-R3000A is
taking an exception. CpSync is used for timing synchronization between the SAB-R3000A
and the coprocessor.
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System Configuration

Due to the flexible interfaces of the SAB-R3000A it can be used in a variety of system
configurations, ranging from high-end Workstations and parallel processors to low-end
embedded control applications.

A high performance system configuration, which is suitable for high-end computing
applications, is shown in figure 35.

The main components of this system, along with the SAB-R3000A, are separate
Instruction and Data caches (64Kbyte each) and the SAB-R3010A Floating Point
Accelerator. Main memory consists of DRAM. When a 25 MHz SAB-R3000A and
SAB-R3010A are used in conjunction with 20 ns SRAMs this system can deliver 22 VAX
mips. Such system configurations are employed in high-end UNIX Workstations.

The SAB-R3000A is not only suited to high-end computing applications, it is also well
suited to provide cost effective solutions for embedded control applications. The
SAB-R3000A may be used to design systems with different degrees of performance.This
can be achieved by varying the cache size (4 to 256 Kbyte each), the number of primary
caches (0, 1 or 2), the /O system configuration and the frequency the system will run at.

There is a 512 Mbyte unmapped uncached region in the Address Space organisation
(see Memory Management System) which can be used for a slow main memory interface
when a cache is not implemented. There are also two other possibilities to implement a
system without cache

(a) cause a cache miss all the time; this can be achieved by having an external
register, which upon cache access requests by the processor returns a deasserted
Valid bit (i.e. invalid cache entry).

(b) Have the operating system mark every page as uncacheable in the page table TLB
by setting the "N” (Non-cacheable) bit in the TLB entry. This should be done for
both Kernel and User.

An example of a cost effective system configuration for a deterministic real time
embedded application is illustrated in figure 36.
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Figure 35
Solution for High-End-Computing Application
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It is extremely difficuit to apply the normal cache solution here due to the deterministic
requirement. The SAB-R3000A can be configured so that a deterministic behaviour can
be guaranteed. The technique employed is to use the synchronous bus (cache interface)
to drive SRAMs where they perform the function of local main memory. The system confi-
guration illustrated here is an example of a real time system with predictable responses
of external and internal events, minimum context switch overhead and with a deterministic
behaviour.
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Figure 36
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The system consists of a memory system with 128 Kbytes for instructions and 128 Kbytes
for Data (SRAMs). The asynchronous memory control (main memory interface) is used to
address the PROM which contains the program to be loaded at initialization. With a
25 MHz SAB-R3000A and 20 ns SRAMs over 20 VAX mips can be achieved. The worst
case reaction time to an interrupt is 7 to 9 instructions, which consists of the system
overhead until the user interrupt routine takes control. In this case, due to the fact that
everything is in the SRAMs, it takes only one cycle per instruction so the reaction time to
an interrupt is 7 to 9 machine cycles (280 - 360 ns).
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Instruction Set Summary

The following section is a table of the instructions available in the SAB-R3000A. The
instructions are listed in alphabetical order. For a more detailed description of the
operation of each instruction refer to the "MIPS RISC ARCHITECTURE" book by Gerry
Kane. A chart at the end of this section lists the bit encoding for the constant fields of
each instruction.

Instruction Notation Convention

The table that follows is split up into three columns:- Instruction, Format and Operation.
The Instruction column contains the mnemonic name of the instruction and its meaning.
The instruction format (refer to figure 13) and Assembly language notation, for each
instruction, is listed in the Format column. The Operation column describes the operation
performed by each instruction using a high level language notation. Special symbols used
in the notation are described in table 4.

Table 4
SAB-R3000A Instruction Operation Notations

Symbol Meaning

— Assignment

I Bit string concatenation

xY Replication of hit value x into a y-bit string. Note that x is always a single-bit value.

x¥.Z Selection of bits y through z of bit string x. Little-endian bit notation is always used.
If y is less than z, this expression is an empty (zero length) bit string.

+ Two's complement addition

- Two's complement subtraction

* Two's complement multiplication
div Two's complement integer division
mod Two’s complement . modulo

- Two's complement less than comparison

and Bitwise logic AND
or Bitwise logic OR

xor Bitwise logic XOR
nor Bitwise logic NOR

GPR[x} General Register x. The content of GPR[0] is always zero. Attempts to alter the content of
GPR[0] have no effect

CPR(z,x] | Coprocessor unit z, general register x

CCR(z,x} | Coprocessor unit z, control register x

T+i Indicates the time steps (CPU cycles) between operations. Thus, operations identified as
occurring at T+ 1 are performed during the cycle following the one where the instruction was
initiated. This type of operation occurs with loads, stores, jumps, branches and coprocessor
instructions.

vAddress Virtual address
pAddress | Physical address
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In the Load/Store operation descriptions, the functions listed in table 5 are used to
summarise the handling of virtual addresses and physical memory.

Table 5

Load/Store Common Functions

Function Description

Addr Uses the TLB to find the physical address given the virtual address.
Translation The function fails and an exception is taken if the entry for the page

containing the virtual address is not present in the TLB (Translation
Lookaside Buffer).

Load Memory

Usés the cache and main memory to find the contents of the word
containing the specified physical address. The low-order two bits of
the address and the access type field indicate which of each of the
four bytes within the data word need to be returned. If the cache is
enabled for this access. The entire word is returned and loaded into
the cache.

Store Memory

Uses the cache, write buffer, and main memory to store the word or"
part of word specified as data into the word containing the specified
physical address. The low-order two bits of the address and the
access type field indicate which of the four bytes within the data word
should be stored.
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Instruction Set Summary

#pus
18bierl + 0d * Od

0laz 0} jenb3y

usyl] uojipuod JI L+ 1 10 uey) idjealn)

(0="'¢ [si]lydD) ~ uonIpuod 1osyo ‘'s1 7399 uo youesg

z0 119810 | 1 (Shesyo) ~ 1abie) L ‘adA)-| 2398
jipue

10618} + 0d - Od

uay) UONIPUOD J L+ | [enb3

([HdD = [s1]4dD) ~ uonipuoo 19s)0 ‘M 's1 O3g uo youeig

20 119SH0 | p1(Sh1esyo) ~ 1ob1el 31 ‘9dAr) ‘o3g
Npus

19611+ Od~ Od anJj| z

UL} UOHIPUOD I (L + | 10ss920.1d0n)

[z]puondo ~ uonipuod 18S10 1208 uQ yosueig

2011880] v\ (Shosyo) ~ 1obie) L tadAy| 11209
Jpud

196181+ 0d~ Od as|eq z

usy} UOIPUOD JI L+ 1 108s920.1d09

[zlpuondn ou  ~ uompuod j9syjo 4z09 uO yaueig

Z01 198401 v, (Shiesyo) ~ 10bie} ‘L ‘8df1-| ‘4208

djeIpaww| puy

(0°S}[si]ddD pue sreipowuw)| 10 ~ (MHID L alelpawwi ‘si ‘U |ANY ‘2dAl-| IANY

puy

[L]ddD pue [s1]ddD ~ [P]HdD L p'si'pr Ny ‘edA-y ANV

paubiisun ppy

[LlddD + [s1]HdD ~ [P1]HdD 1 U ‘si ‘pd NQAAY ‘2dA-y ‘naagy

paubisun

ajeIpaww] ppy

0"Slajeipawwy g (S'ateipawiwl) + [sJ]HdD ~ [W]HdD 1| erepawu ‘st ‘u niaay ‘edAy| ‘NIaay

ajelpswiw| ppy

0"Slajetpawiwy g {Stereipawwn) + [s1]Hdo ~ [MlHdD L ajeipawwil ‘S1 ‘W jAQY ‘odA-| Qv

ppY

M]udD +[si]lddD ~ [p1]ddD ‘L U ‘s1‘pJ Aqy ‘edA-y aav

uonesado jeuloy uonsnnsu|

53

Siemens Aktiengesellschaft



SAB-R3000A

Mv3dg Neaig
Js|pueH uondaox3 ~0d ‘adAr-y Mv3da
npus
196181+ 0d ~ Od
uay] uonipuod §I L+ | _m:Uw
(Mydo = [s1]udD) ~ uonipuod 1940 ‘U ‘'sJ INg| JON uo youeig
20 118SY0 | p1(SHesyo) ~ 10b1e) L ‘adAy| :aNg
sipus
19618+ Od = Od
UBY) UONIPUOD )1 L+ ] N
8+ Od ~ [1eludo puy 0197 ueyl
(1= '€ [s]lddD) ~ uompuod 19SH§0 ‘S1yZ 19| SS9 uo youeig
0 118840 | p1(Shesyo) —~ 10bae) L ‘adAy-y vz18
spus
10618} + Od =~ Od
uday} UCIIPUOD I (L + 1 0187 ueyl
(1 ='€{si]lHdD) ~ uonipuod 19SH0 ‘sl 7119 | $S97 uo youeig
20 1198Y0 | y1(ShBsyo) ~ 10b1e] 1 ‘8dAr-| 'z11g
jipue
18611 + Od ~ Od ole7
usy} UOHIPUOD JI L + 1 0} [enb3 1o uey}
([04]ddD = [s1]ddD) 10 (1 = '€ [s1]ydD) ~ uonpuod 19S50 's1 7319 | $S97 UO Yyouelig
20 119SHO | y1(Sh1asyo) ~ 1obie} 1 ‘adAy-| :Z319
spus
18b1e1+ 0d ~ Od o7
uay}) UCIPUOD JI | + | ueyy Jajealn
([01]14dD = [s1]14dD) pue (0= £ [s1]lUdD) ~ uonipuod 19840 's1 7199 uo youeig
20 1 19SHO | y1(Shosyo) ~ 1obie) 1 ‘8dAy-| 17194
jipus
1eb1e1+0d ~ Od Jul] puy
uay} UOHIPUOD Jt L+ | 04197 0} jenb3y
8+ Od~ [1eludo 10 uey) IB1RDID
(0="¢ [s1}ddD) ~ vonipuoo 19sH0 's1y¥Z3949 uo youeig
20 119840 | vy (Shasyo) ~ 19618} L ‘adA-| vZ3ng
uonesado =101 8 (o B ] uononAsu|

54

Siemens Aktiengesellschaft



SAB-R3000A

dwoy~0d L+1 s1yr| 29sibay dwnp
[si]4dD ~ dway L ‘adA)-y or
dwoy-0d L+l S1'pryYver 1918160y
8+90d ~ [PlludD S1Yvr| Hurn puy dwnp
[ss]ddD ~ dws} ‘1 ‘adA)-y yivre
dway~0g L+1
8+0d ~ [1£]4dD 196use) Tyr | i puy dump
20 1106Je) § 827180y ~ dwa) 1 ‘odA-r ave
dwa} -~ Dd L+1 obue dwnp
20 1 1e61e} § 8271604 ~ dwa) L ‘2dfy-p r
(gdo10) pow ([s1]4dDK0) ~ IH
(WadD10) Ap ([si]lydDr0) ~ 01 L
paugepun -~ |H
paugepun -~ Q7 -l
paugepun -~ |H U ‘s1 NAIQ | peubisun apinQ
pauyepun -~ Q7 2-l ‘adAr-y ‘NAIG
[Wudo pow {si]lddD ~ IH
[Mlddo ap [silddD  —~ 01 1
pauyopun -~ |H
psugepun ~ Q7 -1
paugepun - |H M ‘s1AIQ apIng
pauyepun -~ Q1  g-l 2df)-y ‘AlId
z 10ss9201doD
ejep = [przlynd cL+1L 2910 |01 10JU0D BAOW
Mludo - ejep L ‘odAy-y ZD1D
z uonesadp
unjod zdQ0D 108s9204d0D)
(unjoo "z) uonesadQ 10ssa201doD L :adf) s0ss9901d0D Zd0D
Z 10ss39001d
-00) wol4
elep - [Wl4dD L+ 1 P ‘W 2040 101U0D 9AON
[prz]ynn — ejep 1 ‘adA-y 2049
uonesado jewo4 uonongsul

55

Siemens Aktiengesellschaft



SAB-R3000A

jIpud
o1Aq.87a1Aa.8 + Shwaw | g (MA48 + Stwaw) ~[WiH4D
asje
214a.g-91 aa.g-1Ewaw | g, (P98 1 Ewawn) - [L]UdD
uay) ueipuzbig 41
0" tssalppyA—-alig
(ssalppvd ' GHOMATIVH 91aesyse)uou)AIowdNpeo]-waw
(sselppyA) uone|sues] Ippy ~(8|qeayde)uou ‘ssaippyd)
[osealydn + 0 Shasyo | g1(Shesyo)-ssaippya

1+l

(9seq) 19840 ‘U H7
‘adAy-|

piomjleH peon
‘H1

Jipus
alka.g aikag + Lwaw | pz0-[MIHLD
as|e
aika.g-ve ahag-lewow | pz0-[HIH4D
uayl ueipuzafig
0"lssalppya—aliq
{ssalppyd ‘31 AQ ‘@igesayoenuou) AIowasppeo-waw
(sseippyA) uone|suel | 1ppy ~(8|geaydeduou ‘ssaippyd)
[oseq]lydo +075hos0 | g4(5H19sY0)~sS8IppPYA

b+l

(eseq) 1980 ‘U N1
‘adAy-)

paubisun
8lAg peo
‘Nai

JIpus
Q8 AAAE + LuaW | 5z(3HA8 + Lwaw)~[ulHdD

osje

akq.8-vg oIkA8- I Cwaw | pz(PHA8-IEWwaw)~[U]HdD !
uayl ueipuzbig 41
0"lgsaippyA—alig
(ssaippyd ‘1 AQ ‘Biqeaude Huou) AIOWSNPeoT-Waw
(ss@ippyA) uonesuel] IppY ~(d3jgeayoeuou ‘ssaippyd)
[oseqlydo + 0'Shasyo | gi(S1asyo)ssalppyA

L+l

L

(eseq)  19SKO ‘W g7
‘2dAy-|

alAg peo
g7

uonesado

1ewsod

uonoNAsy|

56

Siemens Aktiengesellschaft



SAB-R3000A

‘waw[1'zjHdD L+ 1
0"lgsalppya—~aliq
(z01 € ‘€ssa1ppyd AHOM 21989YIBOUOU)AIOWNPEO T WaW Z 1083201400
(ssaIppyA) uone(suel [ Ippy “(8|qesydeduou ‘ssaippyd) (aseq) 19SH0 ‘W ZOM 0] pJOM PEOT
[oseqlddD + 0 Shasyo| g4(S119sY0) "sSaIPPYA L 'adAr-| ZOMT
‘wow-WlddD L+ L
0”lssaIppyA-alig
(ssa1ppyd ‘QHOM'@1geaydoe)UOU) AIOWSNPeOT-WaW
(sselppyA) uone|sues}Ippy ~(8|geaysenuou ‘ssaippyd) (oseq) 19830 ‘U M PIOM PO
[eseqlddD + 0'S19sY0 | g,(51195)j0)~SSBIPPYA L ‘adf1-) ‘M1
ajelpaww|
alelpawiwt ‘U N7 Jeddn peon
910 | Srepawwi-llgdD L 0dAr) 1N
Jipus
a1Aq.5 9448 + Shwaw 1910~ [NHdD
as|e
21ka.8-91 aikA8-LEwaw | 910~[u]ddD
uay uelpugbig g 1L+ 1
0" lssalppyA—olAq
(ssa1ppyd ' QHOMATVH ‘81geayoe)uou)AIoWaNPeO T WaW paubisun
(SSaIppyA) uone[suRl] IppY —~(djgeayoenuou ‘ssalppyd) (oseq) 1980 ‘U NH1 piomyieH peo’
[oseq]ddD * 0'5hasyo j gi(SH1esyo)-ssaippya ‘L adAy| ‘NHT
uonesado jewio4 uononsy|

57

Siemens Aktiengeselischaft



SAB-R3000A

z Jossaosoido)

ejep ~ [U]lddD 1+ 1 P4 W ZD4NW wol4 aron
(p+Z]ydD ~ Blep L ‘adA1-y 24N
z 10ss9901doD)
|104ju0D) wasAg
eep - [ulddD L+l P4 "M 004N wol4 anoN
[proludD elep L ‘adA1-y 004
)pua
aka.8+8" 1Ewaw j 24082 e[ YdD~[HUIHdD
asp
alka.g-ve tewow | A8 +8  LE[U]udD-[MHdD _
uay) uepulbig § L+ 4
ypua
(ssa1ppyd‘aifg-qHOM ‘81Aq‘a|qeay o UOU)AIOWIB N PEO T~ WAW
aspe
(201 € ‘essaippyd’alAg ajgesayoe)uou)AIoWaNPeOT-WaW
uay} ueipu3hig §i
0”lgsaippyA—alig
(ss21ppyA) Uone|SURI L IPPY ~(BjgEBYOBDUOU ‘SSRIPPYd) (eseq) 19syo ‘1 YMm |[1ubid piom peon
[eseq)ddD + 07519s0 | 91(SHASHO)~SSBIPPYA L ‘adAy| ‘"M
Jipus
0"aMa8-E2[u]ydD § 0 M8+ Lwaw[u]udo
as|a
0 1-ekasulydo | 0"MA8-ICwew-[LlydD
uayy ueipuaBIg B L+ L
Jipus
(z01 ¢ ' }Essaippyd aifq‘ajgesyoe)uou)AIoWNPeoT-WatU
aso
(ssaippyd‘allg-QHOM ‘dl1geay2e)UOU)AIOWSNPEO -~ WaW
uay} uelpu3abig it
0"lgsalppya—~alig
(ssa1ppyA) uonejsuel ] 1ppy ~(ajqeayde)uou ‘ssaippyd) (oseq) 19Syo ‘U JM1| Yo piop peo]
[oseq]ydD + 0'Shasyo | g,(SHesyo)-ssaIppyA L ‘adAx| M
uonessdo jewod uonoNAsu|

58

Siemens Aktiengesellschaft



SAB-R3000A

M ‘S1'pI YON 10N
[M]ddD sou [s1]4dD - [PilHdD 1L ‘adA)-y 'HON
cee9) - 4
0iey -~ 07
(Wlgdor o)d[silddor o) - ¥ L
pauyepun -~ |H
paugspun -~ Q1 -1 paubisun
psuyspun - |4 u'st NLINN Adniny
pauyspun Q7 2-1 ‘8dAl-y NLINN
ceeg - 1H
01y -0
Widdoudsilgde - ) L
pauyepun -~ |H
psugepun - Q7 1-L
pasuyepun - |H st NN Aldmniy
psuyapun - Q7 gL adA)-y LN
[si]lado - O0 L
pauyspun  ~ Q7 -1 SI 0L 07 01 8rON
paugepun -~ Q7  g-L ‘adA1-y ot
[si]ydo - H L
paugepun -~ 4 I1-1 SIHLN IH 01 9AOW
pauyepun  ~ |4 ig-1 ‘adAl-y THLN
z 108s3201d0D
elep - [przlydo 1+l P! U ZOLIN 0] 9AOW
[Lddo ~ elep L ‘adf1-y ZOIW
10859201d09)
|053U0D
elep ~ [projddo L+ L P! ‘U 0DLN |weishs o) anon
44D ~ ejep L ‘odf1-y 001N
PI'OT4IN| O woi4 8noN
01~ [pllddD L ‘adfy-y ‘014N
[IRTSET |H Wol4 9A0N
IH ~ [p1lddD L ‘adA-y IH4W
Co_um‘_wao lewio4 uononsy|

59

Siemens Aktiengesellschaft



SAB-R3000A

3lqeuen
S1 U 'p1 ATIS | 1eO1BOT Yo YIuS
0 b[siyao0 | 010 11HdD-19[u]yge - [pi]ludD 1 ‘adAl-y ATIS
weys
U pl 1S | 1201607 Yo WS
wieysQ | OWBUS- IS4y - [palHdD L ‘adA)-| 1S
Awmw\_UU/\Q ,EMU .OEO>>H_|_<I .m_n_mmso.mOcocv \COEOS_whogm 4+ 1
spud
214,80 | 07PHA8-LE[]y gD ~elEp
as|9
a1ka.g-510 | 072498+ Sl [ulydn-erep
uayy ueipu3abig 4
0"lssalppyr—dliq
(sseuppyA) uonejsuel | Ippy ~(sjgeayoenuou ‘ssaippyd) (9seq) 19syo ‘W HS piomjieH 21018
[aseq]ddD + 0791850 || 9,(5119510)~SSaIPPYA L ‘adAy-) ‘HS
(ssaippyd ‘elep ‘31 AQ ‘9)1gBoudBHUOU) AIOWONDIOIS | + |
Iipua
0i1Aq.g0 | 0 A8~ LE[U]ydO—erep
5|9
aka.g-v20 | 072HA8+ L[u]lydD-erep
uay) uelpuzbig j
0"tssalppyA—aliq
(ssaippyA) uonesuel | 1ppy ~(ajqeaydeHuou ‘ssaippyd) (oseq) 19s)0 ‘U g3 alAg a1018
[eseqlddD + 0"Shosyo | g1(Shasyo)-ssaippya L ‘adA)-| ‘as
uondeaosxy
WwoiH 9l0jsay
¢75Yg | v IeYS - HS L 34y ‘adAi-y ‘344
Jleipawun ‘sy ‘W IHO sjeipawwi| 10
(07SHsalydD 10 sreipawun)| 9 "1E[sI]H4D ~ [MIHD L ‘adAy-| 4O
U 's1'p1yo 10
MHdD 0 [s1]4dD ~ [PilddD gl ‘adA)-y 'HO
co_amhwno ljewiod uonodnIIsuy

60

Siemens Aktiengesellschaft



SAB-R3000A

a|qenea _uo_moq

S1°M 'pI ATHS wbry yius
(O Vs 14dO) VE[IHON 0 pisnwas0 " [PIHAD L -edhi-y ATHS
1e21607
1weys 1 ‘pJ IHS Wb Wus
WRUSTLE MY D 1 yweysO * [PilHAD 1 ‘0dA)-y 1YS
s|qetiep
answyILY
SI ‘U ‘PI AVHS Wby Wys
(118049 eI D 0 pisipgaol EIHIHAD) = [PAlHdD L ‘adA1-y 'AVHS
T
weys ‘U ‘p1 yys Wby yys
MWEUSTLE[N]Y D 1) yweys(HE[L]ddD) ~ [Pa]ddD 1 ‘adA)-y VYS
#pua
ze0 ~ [pa]lgdD
as|a paubisun uey
Liig0 ~ [P1lddD M 's1'pr LIS $597 U0 198
uayl ([MJHdD1 0) >([s)]4dD1 0) # 1 ‘8dAl-y ‘NLIS
ypud
2¢0 ~ [M]ddD paubisun
as|o ojeIpaww| ueyj
Liig0 ~ [MlddD aleipawilt ‘s1 ‘U NIL1S §597 uo 189
uay) (0"Starepawwy gy (Steretpawun) | 0)>([SH4ON 0) § L ‘9dA-| NLIS
Jipud
ze0 ~ [W]4dD
as|o ajeipawul] ueyl
Lig0 = [M]lgdD slelpswwl ‘s1 U 118 $$87 U0 188
uay (0" Stajeipawwyy g;(Stererpawwt) > {S1JHdDO #1 1 ‘adAy) S
#pud
2¢0 ~ [p1]lydD
as|a ueyl
L11g0 ~ [pa]lgdD U si'pr 1S $$97 U0 Jog
uay) [ulddD > [s1l4dD & L ‘0dA1-y 178
uonesado 1ewo4 uonosnasu|

61

Siemens Aktiengesellschaft



SAB-R3000A

jipus
(20 | ¢ 'Essalippyd eiep‘alAg a|gesaydeHuou) AI0WaNaI0IS
as|o
(sselppyd erep'alAg-qHOM B1geayde)uou) AIOWSN8101S
uayj uepu3big §i L+ L
Jpua
SMAGYT 1EL]YJO | aiha.g-ve0 ~BIEP
as|9
0149.8"1€[U]HdD | a14a.80~ BIEP
uay) velpuzbig
0"lssalppyA—aliq
(SS8IppVA) uone|suel ] IppYy ~(9]qesydeuou’ssaippyd) (9seq) 19SH0 ‘U TMS | 491 PIOM 91018
[aseqlydo + 0'Shasyo | g1(Shesyo)-ssaippya 0l ‘adAy-| TIMS
(z01 ¢ +€ssauppyd ‘elep ‘Gl ‘sjqesydeuou) AJIOWBWBIOIS L + |
[¥zlydD—erep z 10ss9201d0)
(ssaippyA) uone|suel] Ippy ~(81geaydenuou ‘ssaippyd) (9seq) 19SH0 ‘U ZDMS | WOJ) PIOA 8I0)S
[oseqlydy + 0"Shasyo | g1 (S119s40)~SSAIPPYA L ‘adA)-| ZOMS
(ssaippyd ‘elep ‘QHOM 'B|gesydenuou) AIOWSNSBIOIS | + |
(Mlddo-elep
(ssaippyA) uole|suel{IppY ~(d|qesydenuou ‘ssaippyd) (9sEQ) 19540 ‘U MS PIOAN B101S
[oseqlddD + 0'5Hasyo | 91(5HOSH0)~SSAIPPYA L ‘adA)-| ‘MS
U 's1'pl NS 1oengng
(MIddD- [s4]HdD ~ [pi]udD L ‘adA-y 'ans
paubisun
W ‘s1'p1Ngans oengnsg
lgdo- [s11ddD - [p)ydD L ‘adAl-y ‘nans
uonesado )ewlo4 uonanysuy|

62

Siemens Aktiengeselischaft



SAB-R3000A

aleipaswwy aleIpawiw|
‘S1U1HOX 10 9AISN|OX3]
(07S![s4]ydD J0x areipowun) | 94 1E[sa]lydD ~M]HdD L ‘2d1y IHOX
W 'S1'pl HOX 10 aAIsn|oxg
[Mlydo sox [s1]HdD ~[PllddD L ‘adf-y HOX
Anua gl
o7Anug -07IE[8 Clwopuey]gil dMETL| wopuey SlUm
1HA)UZ ~C€ €98 ¢l wopuey]gll 1 ‘adh1-y ‘HMETL
Anua g1l
07Anug ~0"1€[8 Cixapu} g1 IMG1L|  Ppaxapu| Slum
IHAu3 ~2€7E9[8 €lxapui} g1 L ‘adf-y IMaIL
Anus g1
0"IE[8"Eixapu)] g1 ~07AHU] Hgll| paxapul peay
e e9[8 Eixapuy] g1 ~iHANUT L ‘adf-y HaL
10jpus
npus
g0 107511 10 ~xapu
uay (9" AU =8E7EYgT 1) 10 8gT])
pue (2" eAnug = [P 7€9g 1) 0 Anua Buyorew
1-seuu3giL o Ul t 10} dg1l| 101 @11 eqoid
1£0 I L ~Xapuy il :adA-y dg1L
TIVOSAS IeD waisAg
telpueHuondaox3 —~ Od ‘2dA-y “TIVOSAS
npus
(ssaippyd‘erep'alfq-aHOM ‘B1qeayoeuou) AIOWSNI0IS
os|a
(z0 1 T +essauppyd ‘elep'alAq sjgeaydeuou) AIOWSN3I0IS
vay) ueipuabig it L+ |
#pus
a1ka.g0) O A8 IE[U]H4D ~erep
as|o
a1ka.g-p201 0738+ L[ujygo-erep
uay} ueipu3hig 41
0"lssaippyA-siAg Wby
(ss@ippyA) uonesuel | 1ppy ~(8|qesydeuou ‘ssaippyd) (oseq) 19SHO ‘U UMS PIOAN 91018
[eseq)ydo +0'5hesyo | g4(SHasyo)-ssaippya ‘L ‘0dA)-| ‘HMS
uoneJado jeuo4 uononisy|

63

Siemens Aktiengeselischaft



SAB-R3000A

Instruction Encoding

op
28..26

31..29 01234567
0 [SPECIAL |REGIMM J JAL BEQ BNE BLEZ | BGTZ
1| ADDI | ADDIU | SLTI SLTIU | ANDI ORI XORI LUI
2| copo | cop1 | cOP2 | COP3 ® ® ® ®
3 ® ® [ ® ® ® ® ®
4 LB LH LWL LW LBU LHU LWR ®
5 SB SH SWL SwW ® ® SWR ®
6 ® LWCt | LWC2 | LWC3 ® ® ® ®
7 ® SWC1 | SWC2 | SWC3 ® ® ® ®

SPECIAL function
2.0
5.3 0 1 2 3 4 5 6 7
0| SLL ® SRL SRA SLLV ® SRLV | SRAV
1 JR JALR ® ® SYSCALL| BREAK ® ®
2 | MFHI MTHI | MFLO | MTLO ® ® ® ®
3| MULT |{MULTU | DI DIVU ® ® ® ®
4| ADD | ADDU SUB SUBU AND OR XOR NOR
5 ® ® SLT SLTU ® ® ® ®
6 [ ® ® ® ® ® ® ®
7 ® ® ® ® ® ® ® ®
REGIMM rt
18..16

20..19 0 1 2 3 4 5 6 7
0| BLTZ | BGEZ ~ ~ ~ ~ ~ ~
1 ~ ~ ~ ~ ~ ~ ~ ~
2 |BLTZAL |BGEZAL ~ ~ ~ ~ ~ ~
3 ~ ~ ~ ~ ~ ~ ~ -~

® Codes marked with a '®" cause unimplemented instruction exceptions and are reserved for future
versions of the architecture.

~  Codes marked with a‘~" are not valid and are reserved for future versions of the architecture. The results
of such an encoding are undefined.
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COPzrs
23..21
25..24 0 1 2 3 4 5 6 7
0 MF ~ CF ~ MT ~ CT ~
1 BC ® ® ® ® ® ® ®
2 co
3
COPz rt
18..16
20..19 0 1 2 3 4 5 6 7
0 BCF BCT ~ ~ ~ ~ ~ ~
1 ~ ~ ~ ~ ~ ~ ~ -
2 ~ ~ ~ ~ ~ ~ ~ ~
3 ~ ~ ~ ~ ~ ~ ~ ~
COPO function
2.0
4.3 0 1 2 3 4 5 6 7

0 ~ TLBR | TLBWI ~ ~ ~ TLBWR ~
1| TLBP ~ ~ ~ ~ ~ ~ ~
2 RFE ~ ~ ~ ~ ~ ~ ~
3 ~ ~ ~ ~ ~ ~ ~ -
4 ~ ~ ~ ~ ~ ~ ~ ~
5 ~ ~ ~ ~ ~ ~ ~ ~
6 ~ ~ ~ ~ ~ ~ ~ ~
7 ~ ~ ~ ~ ~ ~ ~ ~

® Codes marked with a '®' cause unimplemented instruction exceptions and are reserved for future

versions of the architecture.

~  Codes marked with a ‘~' are not valid and are reserved for future versions of the architecture. The results
of such an encoding are undefined.
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Resetting the SAB-R3000A

The Reset input signal is used to force processor execution to start at the reset vector
(reset exception servicing routine) and to initialize the processor state. The Reset signal
must be asserted for a minimum of 6 cycles to guarantee processor initialization. After a
reset has occurred (i.e. before the exception handling routine has been executed) the
following processor state is guaranteed:

® KUc, the current Kernel/User bit, is zero corresponding to Kernel mode.

IEc, the current interrupt enable bit, is zero corresponding to interrupts disabled.

TS, the TLB shutdown bit, is zero corresponding to TLB enabled.

SwC, the Swap Cache bit, is zero corresponding to caches not swapped.

BEV, the Boot Exception Vector bit, is one corresponding to selection of the bootstrap
exception vector.

® The Random register is set to 63.

When the Reset signal is deasserted in the nth cycle, the logic levels on the 6 interrupt
pins during the n-4, n-3, n-2 and n-1 cycles are sampled by the processor to determine
various processor operating modes such as Endianness, Cachelessness, Test etc. The
last four cycles before the cycle in which the Reset signal is deasserted are called the W,
X, Y and Z cycles, respectively. Figure 37 illustrates these four cycles. The Reset timings
are described in the Timing Parameters section.

Figure 37
W, X, Y and Z Cycles on Reset Deassertion

n-4 n-3 n-2 n-1 n
Sys0ut Mﬂﬂj_\_

~

Reset (] /

MPT00955
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The Mode Select Summary Table, given in the Pin Definitions and Functions section,
summarizes the processors mode selectable features and is reproduced here.

Table 6 .
Summary of Mode Select

Int W Cycle X Cycle Y Cycle Z Cycle

Int(0) DBIkSize0 DBIkSize1 ExCache BigEndian
Int(1) IBlkSize0 IBIkSize1 MPAdrDisable Tristate

Int(2) DispParRevEnd IStream IgnoreParity NoCache
Int(3) Reserved StorePartial MPS BusDriveOn
Int(4) PhaseDelayOn PhaseDelayOn PhaseDelayOn PhaseDelayOn
int(5) R3K R3K R3K R3K

Note that all reserved modes in this table must be driven asserted to guarantee
compatibility with future processor revisions.

Data Block Size (DBIkSize(1-0)) and Instruction Block Size (IBIkSize(1-0)) are two bit
encodings of the block length used for data and instructions respectively, when block
refill is enabled. Block refill is enabled by the CpCond(0) signal; refer to the main memory
reads section on page 80. Table 7 illustrates this encoding.

Table 7
DBIkSize(1-0) iBIkSize(1-0) Size
00 00 32 words
01 01 16 words
10 10 8 words
11 11 4 words

Asserting DispParRevEnd causes the processor to signal parity errors during cache
miss stalls for cacheable memory references. When this mode bit is asserted, the RE bit
(bit 25 in the Status register) is asserted and the KUc bit (bit 1 in the statuts register) is
asserted (user mode), the processor is configured to execute user code compiled for the
endianess opposite to the endianess for which the system is configured. This feature is
only available when R3K mode is selected.

Asserting PhaseDelayOn causes the processor to insert additional phase delay into its
input clock paths. This additional phase delay allows coprocessors to minimize their
skew, i.e. phase lock, to the SAB-R3000A. PhaseDelayOn must be valid for the entire
reset period.

When R3K is asserted the processor is enabled to operate as per the SAB-R3000A
specification. Deassertion of R3K enables the processor to function as an SAB-R2000.
R3K must be valid for the entire reset perid.

The instruction streaming capability is enabled when IStream is asserted. When |Stream
is deasserted, instruction streaming is disabled. Note, instruction streaming is only avai-
lable when R3K mode is selected.
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Asserting StorePartial causes the processor to handle partial word store operations
according to the SAB-R3000A specification. When StorePartial is deasserted the
processor handies stores like the SAB-R2000. Note, StorePartial is only available when
R3K mode is selected.

The assertion of ExCache (Extended Cache size) causes the processor to provide two
additional cache address outputs, AdrLo17-16. Deassertion causes these two pins to
function as CpCond3-2.

Asserting MPAdrDisable causes the processor to place the AdrLo bus in the high impe-
dance state during multiprocessor stalls. This feature is only useful when multiprocessing
support features are enabled.

Asserting IgnoreParity causes the processor to ignore cache parity errors. Parity is
generated correctly regardless of this mode. This feature is only available when R3K
mode is selected.

Asserting MPS (Multi-Processing Stall) enables the multiprocessing support features of
the SAB-R3000A. Deasserting disables these features. Note, multiprocessing features are
only available when R3K mode is selected.

Byte order or Endianness is determined by the value of BigEndian. Assertion will result
in Big Endian ordering, while deassertion will result in Little Endian ordering.

Assertion of Tristate causes the processor to tristate all of its outputs. In this condition
the processor outputs can be driven by an external medium.

When NoCache is asserted all memory references are forced to occur at the processor
cycle rate, i.e. no cache miss stalls occur.

Data and Tag buses are driven during phase 2 of write busy and coprocessor busy stalls
when BusDriveOn is asserted. If the Data and Tag buses are not being driven externally
during these stalls and fast TTL inputs are connected to the bus, the BusDriveOn should
be asserted to prevent bus oscillation due to the bus being pulled to the trip point of Fast
TTL.

In the Mode Select Summary Table a negation bar means active low. This means, for
example, in the Z cycle, if Int(0) has logic value low, Big Endian mode will be selected.
On the other hand, if Int(0) has logic value high, Little Endian mode will be selected (i.e.
the opposite).

Note that the Reset signal must be asserted asynchronously and deasserted synchro-
nously with the output Clock Sysout in phase 1. The reason for asserting Reset
asynchronously is to avoid a possible dead-lock if the Sysout is used to clock it. More
detailed information can be obtained in the "MIPS SAB-R3000A Processor Interface”
specification and in a MIPS application note entitled "Resetting the SAB-R3000A and
SAB-R3010A". Figure 38 illustrates the SAB-R3000A and SAB-R3010A Coprocessor
Interface with the reset logic.
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Figure 38
SAB-R3000A and SAB-R3010A Coprocessor Interface
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The Reset Exception itself occurs when the Reset signal is asserted and then
deasserted. The Reset exception vector is selected to appear within the uncached,
unmapped memory space (kseg1) of the machine so that instructions can be fetched and
executed while the cache and memory system are still in an undefined state.The Reset
exceptions special interrupt vector is Oxbfc00000. This is a virtual address and resides in
kseg1 as explained in the Memory Management section. Kseg1 is direct mapped into the
first 512 Mbytes of physical memory and the physical address is defined by subtracting
0xa0000000 from the virtual address of the reset exceptions interrupt vector, which yields
0x1fc00000. This can be seen in figure 39, which illustrates the sequence of events
when Reset is deasserted, i.e. when the processor comes out of reset. As can be seen
the address (physical) on the Tag and AdrLo Buses is 0x1fc00000, as expected. Refer to
table 10 in the Timing Specification section for the notation.

Figure 39

Reset Behavior
. instr.
Stall ' ' CocheMiss I l
Cycle { Run | Run | Run | Run | Run | Stoll | Stal | stell | Fixup | Run
Phase [ojapofe ez ofzirafrzftjalr]at}2]1]2
oar - O~ O~~~
w00 -

°

Exception

Interrupt

Reset

= _ N\
\
/

AWAWAWAN

o).

Mode X

_/

MP100956

Siemens Aktiengesellschaft 70




SAB-R3000A

Multi-Processing Support

Architecturally the SAB-R3000A is suitable for Multi-processing. The physical cache (tag
and index being physical) eases the implementation of a multi-processing system, due to
the fact that there are no synonym problems caused by mapping different virtual addres-
ses to the same physical address. The way in which the architecture is partitioned, i.e.
on-chip cache control and MMU and off-chip Floating Point Accelerator, aliows the
designer to choose a compact and flexible processing node as required.

As described in the previous section it is possible, during Reset, to select various modes
in which the SAB-R3000A should operate, one of these is multi-processing mode. When
this mode is selected the signals CpCond2 and CpCond3 which normally double as ad-
dress pins now switch roles to MP__Invalidate and MP__Stall respectively. This has the
consequence that now the maximum primary cache addressable is 128 Kbytes
(64 Kbytes data and 64 Kbytes instruction). This comprises the hardware support pro-
vided by the SAB-R3000A for multi-processing.

it and it should be noted this is recommended, the MPAdrDisable mode is aiso selected
during Reset, then the AdrLo bus is placed in the high impedence state during Multipro-
cessor stalls. This allows an external agent. such as a Snooper, to drive this bus with the
invalidate address as required. This saves having to use a Transparent latch to decouple
the AdrLo Bus from the invalidate address bus during invalidate cycles. Figure 40 illu-
strates a multiprocessing system implemented with the SAB-R3000A and SRAMs with an
on-chip latch for the cache. As can be seen the only extra hardware required at the
processor side is an Invalidate Address Register for synchronisation purposes.

The functionality of the two MP__Support signals shall be described using a multi-
processing system where a Snooper is employed to watch the main memory bus, as
shown in figure 40. The Snooper compares the addresses on the main memory bus to
those in a secondary cache (high performance systems) or to a duplicate set of Tags
(low cost implementation). If there is a match the Snooper can assert the MP_ Stall
signal, which forces a multi-processing stall (MP stall) cycle.

During the first cycle of an MP stall no cache activity occurs. If the MP__Invalidate signal
is not asserted by the Snooper, the CPU will issue DRd pulses every cycle and read data
from the data cache until the end of the stall or until MP__Invalidate is asserted.

When MP__Invalidate is asserted it causes the processor to assert DWr and a "0" is
written to the Tag Valid bit of the cache entry, thereby invalidating that entry. At the same
time an arbitrary Tag and Data, essentially the contents of the internal latches left over
from earlier bus transactions, are driven out on their respective buses. The cycle after
MP__Stall is deasserted also contains no cache activity.

The Snooper can always invalidate a cache entry without ever reading out the Tags, by
simply asserting MP__Stall and MP__Invalidate simultaneously. It also has the possibility
to first read the Tags to determine if indeed the invalidation is necessary and then decide
to assert the MP__Invalidate signal - this can be used in a two level cache design to
check if the entry in the primary cache must be invalidated.
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The only accesses made to the processor’s data cache by the Snooper occur when
Tags match. This minimises the frequency of interference. Instead of updating entries
they are simply invalidated to minimise cost and data traffic.

An MP stall sequence is described in the Timing Parameters section.

Figure 40
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Absolute Maximum Ratings

Case temperature under bias (Tc) ... .. .. . i 0to+90°C
Storage temperature (T'st) ..« oot -65t0+150°C
Supply Voltage (Vo) - v i e [P -05t0+7.0V
Input voltage (Viymin. = - 3.0 V for pulse width less than 15 ns) ... .. -05t0+7.0V
Note: Stresses above those listed under. "Absolute Maximum Ratings” may cause

permanent damage to the device. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability. Not more than one
output should be shorted at a time. Duration of the short should not exceed 30
seconds.

DC Characteristics
Tc=0t0+80°C;Vec=5V+5%

Parameter Symbol Limit values Unit | Test
16.67 MHz 25 MHz 33.33 MHz condition
min. Tmax. min. max. min. max.

Operating Parameters

Output HIGH voltage | Von 35 - 3.5 - 35 - Vv Vee =min.
Ioy=-4 mA

Output HIGH voltage | Vouc @ | 4.0 - 4.0 - 4.0 - \ Ve =min.
Iop=-4mA

Output LOW voltage Vor - 0.4 - 0.4 - 0.4 \ Vee =min,
IoL=4 mA

input HIGH voltage Vin 2 Vece 2 Vee 2 Vee A

+0.25 +0.25 +0.25
Input LOW voltage Vi nj-05 0.8 -0.5 0.8 -0.5 0.8 A
Input HIGH voltage Ving 2| 3.0 Vee 3.0 Vee 3.0 Vee \%
+0.25 +0.25 +0.25

Input LOW voltage Vis 2| -05 0.4 -0.5 0.4 -0.5 0.4 A

Input capacitance Crn - 10 - 10 - 10 pF

Output capacitance Cout - 10 - 10 - 10 pF

Operating current Icc - 600 - 650 - 700 mA Vee=5.25V

Load capacitance Cg |- .75 - 50 - 50 pF

1) Vi (min.)=- 3.0 V for pulse width less than 15 ns

2) Vinsand Vi gapply to Clk2 X Sys, Clk2 x Smp, Clk2 xRd, Clk2 % Phi, CpBusy, and Reset.

3) Vowc applies to Run and Exc.

4) Crqis to be taken as a per-pin average. If the average capacitance across all outputs is above this level,
then the specification is violated. Operation above the Cg maximum may impair the useful life of the device.
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AC Characteristics
Tc=0t080°C;Voc=5V+5%

Notes:  All output timings are given assuming 25 pF of capacitive load. Output timings
should be derated where appropriate as per the table below.

All timings referenced to 1.5 V.

Parameter Symbol Limit values Unit | Test
16.67 MHz 25 MHz 33.33 MHz condition

min. I max. | min. max. | min. max.

Clock Parameters 1)

Input clock high tokHigh | 12 2 | - 8 2 |- 6 2 |- ns -

Input clock low tcklow | 12 @ |- 8 2 |- 6 2 |- ns —

Input clock period towp 30 500 20 500 15 500 ns -

Clk2 X Sys to 4] teye o] tcye 0 tCyc ns -

Clk2 x Smp = = e

Clk2xSmp to 0 toye 0 tcye 0 Loy ns -

Clk2 xRd 4 e 4

Clk2 x Smp to 9 tcyc 5 t Cyc 45 tCye ns -

Clk2 X Phi e - ==

Run Operation Parameters

Data enable {DEN -1 -2 -05 -1.5 - -1.5 ns -
Data disable tDDis 0 -1 0 -0.5 0 -0.5 ns -
Data valid toval - 3 - 3 - 25 ns 25 pF Load
Write delay twiDly 0 5 0 3 0 3 ns 25 pF Load
Data setup tps 9 - 7 - 5 - ns -
Data hoid tDH -1.5 - -1.5 - -1.5 - ns -
CpBusy setup tces 13 - 9 - 7 - ns -
CpBusy hold tceH -1.5 - -1.5 - -1.5 - ns -
Access type(1:0) tacTy 1 7 1 - 3.5 ns 25 pF Load
Access type(2) tAT2 1 17 1 12 - 8.5 ns 25 pF Load
Memory write tMwr 1 27 1 - 135 ns 25 pF Load
Exception tExc 1 7 1 - 3.5 ns 25 pF Load
Address valid taval - 2 - 2 - 2 ns 25 pF Load
Int Setup tints 9 - 7 - 5 - ns 25 pF Load
Int Hold tintH -1.5 - -1.5 - -1.5 - ns 25 pF Load

1) The clock parameters apply to all four 2xClocks: Clk2 X Sys, Clk2 x Smp, CLK2xRd, and CIk2 X Phi.
2) Clock transition time < 5ns for 16.67 MHz and 25.0 MHz and<2.5 ns for 33 MHz.
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AC Characteristics (cont'd)

Parameter Symbol Limit values Unit | Test
16.67 MHz 25 MHz 33.33 MHz condition
" min. I max. min. max. min. max.

Stall Operation Parameters

Address valid tsaval - 30 - 20 - 15 ns 25 pF Load
Access type tSAcTy - 27 - 18 - 13.5 ns 25 pF Load
Memory read initiate tMRdI 0 27 0 18 0 135 ns 25 pF Load
Memory read IMRAT 1 7 1 5 0 35 ns 25 pF Load
terminate
Run terminate tsy 3 17 3 10 2 75 ns 25 pF Load
Run initiate tRun 0 7 0 4 0 2 ns 25 pF Load
Memory write tSMWr 3 27 3 18 2 13.5 ns 25 pF Load
Exception valid tSExc 3 15 3 10 2 7.5 ns 25 pF Load
Reset Initialization
Reset pulse width 1) tRST1 6 - 6 - 6 - Toye |
Reset puise width 2) tRST2 3000 - 3000 |- 3000 |- Teye )| -
Reset puise width 3) tRST3 128 - 128 - 128 - Teye ¥ -
Capacitive Load Deration
Load derate Cip 0.5 2 05 1 0.5 1 ns/ -

25pF

1) No SAB-R3010A Floating-Point Coprocessor is connected to the CPU.

2) SAB-R3010A Floating-Point Coprocessor is connected to the CPU. Phase Lock Loop is enabled. Reset
must be asserted for 3000 clock cycles or 200 microseconds, whatever is longer.

3) SAB-R3010A Floating-Point Coprocessor is connected to the CPU. Phase Lock Loop is disabled.

4) Teyc is one CPU clock cycle (two cycles of a 2x clock)
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As described earlier the SAB-R3000A supports interfaces to external cache, main
memory and coprocessors. This section describes the timing parameters and operation
of the important cases for each of these interfaces along with Interrupt, Reset and Muiti-
processing examples.

Operation Fundamentals

A “"cycle" is the basic instruction processing unit of the SAB-R3000A processor. Cycles
in which forward progress is made, i.e. an instruction is retired, are called "run" cycles.
An -instruction is retired either by its completion or in the presence of an exception its
abortion. Cycles in which no forward progress is made are called "stall" cycles. Stall
cycles are used for -resolving urgent situations such as cache misses on loads, write
system busy during stores, and coprocessor interlocks. All cycles can be classified as
either run cycles or stall cycles. There are four types of stall cycles: "wait" stall cycles -
simply known as stall cycles; "refill" stall cycles - which occur only during main memory
reads; “"multi-processor” (MP) stall cycles - allow the memory system to read or
invalidate specific data cache entries; and "fixup" stall cycles - occur during the final
cycle of the stall and are used in general to fix up the conditions which caused the stall.
Processor transactions which occur during the first half of the cycle are called phase -1
transactions while those which occur during the second half of the cycle are called phase
2 transactions. Figure 41 summarizes the cycles in the SAB-R3000A.

Figure 41
SAB-R3000A Cycles
cycle
run stall
| | |
wait refill MP fixup
(stall)
MPS00958
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As described earlier coprocessors maintain synchronization with the SAB-R3000A by
monitoring the signals Run and Exc. Run is asserted by the SAB-R3000A during run
cycles and deasserted during stall cycles. When Run is deasserted during the nth cycle,
the coprocessor(s) disregard(s) the instruction-data pair presented during the n-1th
cycle. When Run is reasserted during the m th cycle, the coprocessor(s) take(s), as a
replacement for the instruction-data pair which was disregarded, the instruction-data pair
presented during the m-1 th cycle - which was the final fixup cycle for whatever stall
sequence was occurring.

Exc is used by the coprocessor(s) to track exception related information during run
cycles and stall related information during stall cycles.

During phase 1 of run cycles Exc indicates whether an exception has occurred for the
instruction which is currently in its “writeback” pipestage. Unless the exception is
occurring as a result of an interrupt request by the coprocessor, the assertion of Exc
prevents any state from being committed in the coprocessor.

During phase 2 of run cycles Exc indicates whether an interrupt request is being
granted for the instruction which is currently in its "memory access” pipestage.

During phase 1 of stall cycles Exc indicates whether the current stall cycle is a fixup
cycle. When a fixup cycle is occurring, it is guaranteed that the data present on the
Data bus is valid. The coprocessor uses the fixup indication to qualify the use of data
sampled from the bus during the stalil.

During phase 2 of stall cycles Exc indicates whether the current stall is a Coprocessor
Busy Stall.

The use of the Exc signal is summarised below.

Table 8

phase 1 phase 2
Run Exc1W IntGr2M
Stall Fixup1 CpBusy2

Siemens Aktiengesellschaft 77



SAB-R3000A

Processor Input Clocks

The SAB-R3000A has four separate double frequency (i.e. in a 25 MHz system these
clocks are 50 MHz) input clocks. They can be adjusted to obtain optimum positioning of
cache interface signals. The absolute timing of these input clocks with respect to the
processor outputs is undefined, only the differences are important. A short description of
these four clocks follows.

Clk2 x Sys:

is the master clock and must lead all others. It determines the position of SysOut (the
processors output clock) with respect to Data, Tag and Address buses.

Clk2 X Smp:

determines the sample point for data coming into the processor on all processor
inputs except those coming directly from coprocessors.

Clk2 x Rd:

controls output enable time and provides sufficient address access to sample address
hold from end of write, and data hold from end of write.

Clk2 X Phi:

determines the position of the internal phases, phase 1 and phase 2.

Table 9 illustrates the 2 x Clock dependency of the processors timing controlled outputs.
Outputs are referenced only to "rising edges"” of the 2XxClocks. The assertion
dependency is indicated by 1 and deassertion by | .

Table 9

Cik2xSys | Clk2xSmp | Clk2xRd Clk2 x Phi
ICIk,DCIk l 1
iRd, DRd, XEn | 1
iWr, DWr 1
SysOut Tl
Data, Tag ) 1
Address 11
All Others T
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Figure 42 shows the four 2% input clocks.

Figure 42
2x Input Clocks
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in the timing diagrams which follow, timing specifications are given relative to a shifted
version of the processor output clock SysOut. The clock is called PhiOut and is a virtual
clock, i.e. the processor does not actually produce this output. It is shown in the timing
diagrams for reasons of clarity, because its period is synchronous with a machine cycle.
The shift amount is equal to the difference between Clk2xSys to Clk2x Phi and, as is
shown in figure 42, is Tsys. Also, in the timing diagrams Clk2 xSys and SysOut are
shown to clarify the relationship between these signals.

In reality SysOut is produced rather than PhiOut since this provides a signal with timing
appropriate for synchronizing system transactions to the processor. Timings are given
relative to PhiOut since this makes determining the position of the input clocks the most
straightforward. The timing of any output with respect to SysOut can be determined from
its timing with respect to PhiOut by adding Tsys.
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Timing Diagram Notation

The following timing diagrams describe various transactions of the processor. Table 10
illustrates the notational conventions used in these diagrams.

Table 10
Character Meaning
| Instruction
D Data
Active low
Y% An incorrect datum
! An unused datum
Z The high impendance state
Ad Address
in into processor
out out of processor
27 not valid or Don’t Care
cD cache Data
pD processor Data
Cache Timing

Cache operation was explained in the Interface section. Figure 43 illustrates cache ope-
ration and timing. During run cycles the Access Type bus, AccTyp(2:0), indicates whether
or not a phase 2 transaction is scheduled for that cycle and the size of the datum being
transferred. Table 11, below, summarizes AccTyp encoding during run cycles.

Table 11
AccTyp(2) | AccTyp(1:0) size
1 XX no transaction
0 00 byte
0 01 half word
0 10 tribyte
0 11 word
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Figure 43
Cache Timing
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Main Memory Reads

When a LOAD misses in the cache, a main memory read is initiated. Main memory reads
are supported by read busy stalls and the MemRd, RdBusy and CpCond0 signals. Two
types of main memory reads are supported, single word transfers and multiple word
transfers. Multiple word transfer or block refill is further divided into two cases, Refill and
Streaming. Block size for block refill can be varied from 4, 8, 16 or 32 words. Refill occurs
while the processor is in the non run state, i.e. instructions are not being executed. Refill
is supported for both instructions and data. Streaming is only for instructions and occurs
while the processor is in the run state, i.e. the processor executes instructions directly
from the instruction stream coming from memory.

Selection between single and multiple word transfers is determined by the CpCond0 input
(i.e. asserted - multiple word transfer, deasserted - single word transfer). When an
uncached reference occurs CpCond0 is ignored and the reference is forced to be a
single word transfer.

Note : CpCond0 is used for transfer size selection only during read busy stalls.

If the DispParRevEnd mode is enabled, AccTyp(1) is asserted during cached
references if the current stall was caused by a parity error, and deasserted if
parity was correct. Otherwise AccTyp(1) is undefined during cache miss stalls
caused by cached references.

Table 12 summarizes the meaning of the AccTyp(2:0) bus during main memory reads.

Table 12
AccTyp(2) AccTyp(1:0) | size type
0 00 byte uncached/unkown
0 o1 half word uncached/unkown
0 10 tribyte uncached/unkown
0 11 word uncached/unkown
1 PO word cached/data
1 P1 word cached/instruction
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Figure 44 illustrates a single word transfer. Entry into the stall is indicated by the asser-
tion of MemRd which occurs in the cycle following the one in which the LOAD missed.
During the stall the SAB-R3000A presents the read address on the AdrLo and Tag buses
and tristates the Data bus. This state is maintained untit RdBusy is deasserted. RdBusy is
deasserted during phase 1 of the cycle in which the memory system will provide Data
and Data parity to the processors read buffer. This is the termination of a read busy stall
cycle. The read buffer is the register which couples the main memory bus to the cache
bus during main memory reads.

The cycle following that in which RdBusy is deasserted is the fixup cycle. During this
cycle the appropriate cache is written (in this case the Data cache) with the data returned
by main memory. This is performed by reading the Read Buffer (XEn) and writing to the
Data cache at the same time (DWr). Simultaneously, Tag and Tag parity are also written
to the cache.

Note : The cache write does not occur if the stall was due to an uncached reference.
The processor resumes run operation on the cycle following the fixup cycle if no
other stall is pending.
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Main Memory Writes

Main memory writes are accomplished through a write buffer which accepts writes at
cache speeds. A write is indicated to the Write Buffer by the assertion of the MemWr
signal. If the write buffer becomes full and a further write is attempted it causes a write
busy stall, this is illustrated in figure 45. The first write shown fills the write buffer causing
it to assert WrBusy. The write which is attempted in the next cycle is not accepted by the
write buffer and is redone by the processor during the fixup cycle. The write busy stall is
terminated when the write buffer deasserts WrBusy to indicate it can accept another
write. The cycle following its deassertion will be the fixup cycle.

Interrupts

The SAB-R3000A has 6 general purpose interrupt inputs which are sampled during
phase 2 of all run and fixup cycles. After causing an interrupt exception to occur, the
interrupts continue to be sampled during each phase 2 to provide a level sensitive
indication of the active interrupt(s). Figure 46 shows the Interrupt Timing.

Reset Timing

The Reset input is used to force processor execution starting at the reset exception
vector and to initialize processor state. Its operation is explained in the Resetting the
SAB-R3000A section. Figure 47 illustrates its timing parameters.

Coprocessor Timing

During run cycles, the operation and timing of coprocessor LOADS and STORES is
identical to that of the main processor. This can be seen in figure 48. To provide
synchronization when required, the SAB-R3000A supports coprocessor busy stalls. The
operation of such a stall is also illustrated in figure 47. The coprocessor must assert
CpBusy during the "ALU" cycle of the coprocessor instruction to initiate such a stall. To
terminate the stall CpBusy must be deasserted during phase 1. The cycle following this
deassertion is the fixup cycle.

Muiti-Processor Timing

The multi-processing interface and operation was described in the Multi-processing
Support section. A MP stall cycle is illustrated in figures 49 and 50. In this example
CpCond2 (MP__Invalidate) is asserted for two consecutive cycles causing two DWr's
to occur. Further cases are covered in detail in the Processor interface Specification
(MIPS Computer Systems).
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Figure 46
interrupt Timing

Phase 1 2 1 2 * 1

Ty
SysOut |
PhiOut 1( 3L )C jC -‘( #
i

Instruction None Execute

Cycle Fixup Run

Int(5.0) ot Tnt

_'!mH MPTON963

Siemens Aktiengeselischaft 87



SAB-R3000A

1 79600 LdW

T T T 7 S \E L 55 XX @@ (1:6) 4u1

LS oy Kc_\ _
Ha~ _‘% {258y

5
uny uny uny uny uny apky
[ I I I I
34n39x3 s3pop 3134) Z S3POW 2124 A sapoi 3134) x sapoy 3Ky m 300W
J.ﬂ - X 4 X A~ p S A X - Uﬂl 1noIYd
et LT,
|||/||.|\||||./|||\||/|||ﬁl|l.|/||.|.|\| L/ nosks
- 3ty
14 3 z 3 A l z 4 z l 3soyy

Buswiy 109[8S 8pon Z pue ‘A ‘X ‘M ‘19saey
Ly aanbig

88

Siemens Aktiengesellschaft



SAB-R3000A

9600 tdW
7 ] o v‘me 7
:ﬂ r
I G %C ﬁx
N
2T & M \% 7
X
W el el -
G qE )
- asm\.l — \L.g:“v nsm\ll
i LT i ) (un) nog D1  VIVO
el Sy Eiing SO et oY p-— oniy
X 3215 X 3715 \& pariasay 3215 B YA (owdhv
v X pva X eVl vﬁ, pvd X (0 L1)SS3Ippy P03y oyl X_ pva_ X pvi_X__pva X 074pY
]
uny dnxi4 11045 uny uny ak)
[ T [ I I
3§n39x3 auoN 3UON poo7 d3j 3.045 d3 voi§Indysu]
ﬂ - \_  {nowd
|T|\|| 1ngsAs
s
z 4 asoyyd

neis Asng Jossaosoidod yum — Buiwiy esepaiul 10sse8204dod

gv ainbiy

89

Siemens Aktiengesellschaft



SAB-R3000A

996001 dW

3j0PNDALL W 240pIjoAL dW PO3Y dW
A \ 7 A
| 1
4/ T.ﬁ [ N 2 N V4 [ —4 TN ma
"9..& -
] a2 =
- shs
‘ —
|\||I/! uﬁllun ?M:LJ *y M0
AT ke e e (APPNOAUdid)
fuT t._ {2) puo3d)
duss, WOy - J'—Lv. l'a.._m*
4 ol Oy
- K .i’_l. | (IvisdW)
X H te) puoydy
s6; |l o]ty .'_ Y _Ar
*;Em« Y - 1080
= Hay -
I\ (T U] U1 ] Pt avL
LU Ul 1 "\ / L
el — S0 et
i : —D T-+— vivo
u3iag
7
11545 noiS __ﬂm _:_zm %_a 21343
Loz mc_oz 3UON auoN poo) vonINIysu|
—
ps L JI.J — L inowg
— «, — ] -
T /] S, e N By s O Ny 7
z L \ z L L z L asnyg

so|9ho arepenul-diN pue peay-dIN Buimoys 21049 uny e wouy Bunisug
:(e) wed - (je1s Buissasosdpiny

6y 8anbi4

90

Siemens Aktiengesellschaft



SAB-R3000A

Figure 50
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Package Outlines

Figure 51

Ceramic-Package, C-QFP-172
(Ceramic Quad Flat Pack)
"Top View”
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Figure 52

Ceramic-Package, C-PGA-145
(Ceramic Pin Grid Array)
"Bottom View”
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Figure 53
Ceramic-Package, C-PGA-175
(Ceramic Pin Grid Array)
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Figure 54

"Top View”

Plastic-Package, P-MQFP-160
(Plastic Metric Quad Flat Pack)
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