PRELIMINARY DATA SHEET

NEC / MOS INTEGRATED CIRCUIT
] 1PD30450

VR4200™
64-BIT MICROPROCESSOR

DESCRIPTION

The uPD30450 {Vr4200) is one of NEC's RISC (Reduced Instruction Set Computer} microprocessors, VR
series™, and is a high-performance 64-bit microprocessor employing the RISC architecture developed by
MIPS.

The Vr4200 is intended for high-performance, low-cost systems, and features low power dissipation and
low cost to realize low-power application.

The detailed functions of the Vr4200 are described in the following manual. Be sure to read this manual
in designing your system.
*Vad200 User's Manual : [EU-1392

FEATURES
¢ Employment of RISC architecture developed by MIPS
® High-speed operation processing

+ 5-stage pipeline processing

= + Integer operation performance : B5 SPECint92
Floating-point operation performance : 30 SPECfp92
® B4-bit registers, integer operation unit, floating-point operation unit
® |nstruction set compatible with Vr4000™ series (conforming to MIPS-I/1I/111}
® Internal operating frequency : 80 MHz (input clock : 40 MHz)
¢ Cache memory (instruction : 16 KB, data : 8 KB}
* Low power dissipation {1.5 W TYP.)
¢ | ow power mode
= e System interface compatible with Vr4000PC™
e Supply voltage: 3.3 V0.3V
APPLICATION
® Work station of low-end model
& Battery-driven laptop or notebook type personal computers
® Embedded controller, etc.
ORDERING INFORMATION
Maximum Operating
Part Number Pakage Frequency {MHz)
#PD30450GD-80MML 208-pin plastic QFP {fine pitch} (CJ28mm) 80
uPD30450R-80 179-pin ceramic PGA (seam weld) "

The information in this documant is subject to changa without notice.

Document No. 1D0-3194

(0.D.No. ID—8763) © NEC Corporation 1994

Date Published November 1994 P a
P:neted Uin ISJann ” © MIPS Technologies Inc. 1992
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QUALITY GRADE
Standard

Please refer to “Quality Grade on NEC Semiconductor Devices” (Document number IEI-1209), published
by NEC Corporation, to determine the quality grade specification on the devices and their recommended
applications.

PIN CONFIGURATION

* 208-pin plastic QFP (Top View)
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* 179-pin ceramic PGA

Top View Bottom View
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Pad Name
No. Pad Name No. Pad Name No. Pad Name

1 Voo 7 VooP 13 Voo

2 GND ] PLLCap1 14 GND

3 PLLCap0Q 9 Voo 16 Voo

4 GNDP 10 GND 16 GND

5 GNDP 1 Voo
6 VooP 12 GND

Capacitance of Chip Capacitor

No. Capacitance [uF] No. Capacitance [uF]
1-2 10 9-10 10
3-4 0.001 1112 10
5-6 10 13-14 10
7-8 0.001 15-16 10

Remark The chip capacitor is mounted for shipment.
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No. Name No. Name No. Name No. Name
A2 { Voo cn SysAD41 K2 | SysAD16 T11 | SysADS?
A3 i GND €12 { SysAD10 kK3 | T2 T12 | SysAD26
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C10  SysAD40 K1 Voo TI0 | SysADS6
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Pin Name

BigEndian
ColdReset
DataRate
Diva
ExtRast

int (4:0)
JTCK

JTDI

JTDO

JTMS
MasterClock
MasterQut
NMI
PLLCap {1:0}
RClock
RdRdy
Release
Reset
Status (3:0)
Syncin
SyncQut
SysAD (63:0)
SysADC (7:0}
SysCmd (8:0)
SysCmdP
TClock
Validin
ValidOut
WrRdy

Voo

VooP

GND

GNDP

NC

Big endian

Cold reset

Data Rate

Divide by 4
External request
Interrupt request
JTAG clock input
JTAG data in
JTAG data out
JTAG command signal
Master clock
Master clock out

Non-maskable intarrupt request

Phase Locked loop capacitance
Receive clock

Read ready

Release

Reset

Status

Synchronization clock input
Synchronization clock output
System address/data bus
System address/data check
System command/data D bus
System command parity
Transmit clock

Valid in

o Valid out

Write ready

Power supply

Power supply for PLL
Ground

Ground for PLL

No Connection



NEC uPD30450

Contents

1. PINFUNCTIONS ......ooeececetrvtereeresensss s s srnssesasesenmesssenss an evrrennessesensrarssasrasanan areasnmnaansenns 8
2. CPUINTERNAL ARCHITECTURE ..........cccooveieeerreseransserensssnsans treseumsiaseescrennnsnntantsnannerenaaras rensenees 10
20 PIPBIING ...t e e s aemense e seememe e e e et .- 10

2.2 INTerNAl FUNCHON BIOCKS .............o et cesstst e eeeer s rassese e e s e seemee e emeesesetee e s ese e s seees 11

2.3 ReQiSers ... vessasicc s e s eseme e sereessesesmens emsessemeeesesasmassrennEER RSt iR e nn e ne e ntaes s e erenen 13
23,1 CPU FRQISTEIS ........cccevuierrrrreescssnessesass e assssssesssssesesssssstsessmssesestasasssesesmemmemssmmessememmssseseseee e se e 13

232 CPOKEQISIrS ...t e eeense e st e e e ese e sesmmsseesesees wmraesresessannnnanns 14

24 Data Format........oieeeceemece s S0t revresanesaasates nnEEassst bt v raraneran e e ee s mannnanants 16

2B CBORB ...ttt st a e s me AR b ettt et et e ettt et eeees 17

26 Virtual Storage ........ceoeceeevcveeineenrennen. EmeeeessenimataensessasEaRsansseemannr e anresantes tnnare e aneresaann 19
2.6.1  Virtual address SPACE ..........ceucuiceivcnecaenieereeeeresereeerssssssemeeessssssessasen weresressssens st 19

2.6.2  ACAress CONVEISION ............cccmureeceiricrnerenssensemsessesssssss somrenems s ersssessasaseassssrssessstmemeesesesessessssees 21

2.7 Exception Processing .........ccccoeeeeemeceecerenrans .- rmEtTseseremresRsRLeRERALsbesaearesnreerrebers s araananststrnn 22

3. FPUINTERNAL ARCHITECTURE ...........ooooooiieieceenersereeeeesssrsssssssmmsessssesseeseeess s s s s sescoe 23
BT FPURBQISIEIS ..ot es s satsocss e s semsesenssese seesessmtos e e e sosm s e eeeeee et ee s 23

3.2 DATS FOIMAL ...ttt sesscs e s srss st s st e e s eesee st e e semmeee s smemn e eeseses e s ee e 24

B. INTERFACE ...ttt s sems s e ssssn st veses s reresaness ssemesasse s e seese e et oo eeee e eeeeeeeeee 25
4.1 SYSIOMINTEITACE ...ttt et s tes s eams b e e s e see e s et e sees o en s 25
4.1.1  SYSTOM INTEITBCE FRQUEST ..........e.eceececeesee et eeceeeeececc s se s emseseseseee s s s essem s st e e e e e 25

4.1.2  Data transfar Fate COMIO] ... ..mmcuimeeecerisiec e ee e seeeesessasessessoeeeseseeseessesese e sss e e 26

.13 CRHOCK INTEITACE ... e es et ee e seeeeessvessressessnne s s esseseses s e sttt e e eee e eeees 26

4.1.4  Setting division ratio of SyStem INErFACE ...............c.couceeememeeeeeerer e oeeees e se e sees s 26

5. INTERNAL/EXTERNAL CONTROL FUNCTION .......c.omeeeeeemreemeeeeeesteteme e oo eeeeeeen 27
5.1 RESEE FUNCHION cc....e.o et sess e s sesna s s remenes e seseesese e e se ses st s eee et ee e eeeeeeeeeeeeens 27

5.2 INTBITUPE FUNCLION ..ot s eeeee e seeee et e s s e verescmsseesessensarins 27

5.3  JTAG BOUNAATY SCAN FUNCLION .......ccovreerrrssueessessessacesensse e eee e sosnmesessesesessssessosssmeeeseemeesseseeseee e eeen. 28

54  LOW POWES DISSIPATION DESIGN ......ccomrmorrverceesceeisese s eesnessceeeasemsenmsesesesseotastmsesesemsees e seeeeeeesmsesns 28

5.5 LOW POWET MO0 .........ooooeeereerreerant e essseessss s semsescesssssbesessemssesssms sese sessmms st seeesemeemees s e ssee 28

5.6 Hardware Debug SUPPOIt FUNRCHON ..........cceuceeiereieeceeereressreseessssesseesessssos s eeeeeeeseeeeeeeese e emesmns 29
5.6.1 Output of INTerNal ProCESSOr STATUS ..........v..u.eoceeerieecereeseece e ereeassesessssesseseesessseees e e s 29

5.6.2 Output of branch destination AAAreSS ..................coeeeeeeeeeeeresreeeee e eseeeseseeseseesess e 29

6. INSTRUCTION SET ......oonimirerureieenenerastressameasesenssosemensrasenssosmesasessssessssssssessesssesommesseseeseseee e ss 30
6.1 INSTIUCHON FOMMAY ..........oo. st st seeness s s sessseseenseensse s et st s st s st eeeeeeeee e eesess e 30

6.2 CPU INSIrUction Set ..........ecececvivmereeeeeeeeeerseeresesseesess SresmesseesmnestaerasEisaEisat e Rt R b nr e ne b veans snsaranns 30

6.3 FPU InStruction Set ...........cocecoveeeneeeeeeeevemeesessessens eeiimessieamrsssersssiasterraeae e rreassnnraaian . 38

6.4 INStruction EXEcUtion TIMO ..o seessesesosesessseassssassssenneseemeens hesresssesersmssarareanrer 37
B.4.T  CPUINSIIUCTION .......ooouvceitserearmeressemsenssrsssssssssssessonsemsssssssssessesasesssossesmeesssssensmssosesssossessensems e esen 37

6.4.2  FPUINSIIUCTION ........o.oeeeeecereeeeeeacscsseessssensesssestssosmsrssmsssssessmssssassens st seeeeemesmeeseseee s 38




NEC ©PD30450

7. ELECTRICAL SPECIFICATIONS {PRELIMINARY] .........cccocciimreremrennmrasmnssressrssssssansesessnsssesmrssssses 40
8. PACKAGE DRAWINGS ..........cccitinniiisininicsnsressissscnsarssessssenssssassssssnssssast serasssesssssesssossssss ssasosesnasaes 46
APPENDIX DIFFERENCES AMONG Vr4200, VR4000PC, AND VR4400PC™ .. ............cooveerrrrnnn.. 48



NEC

1PD30450

1. PIN FUNCTIONS

Pin Name Function o
External request.
ExtRqest This signal is issued by an external agent to request permission to issue an i
external request.
Releases interfaca.
Release This signal indicates that the processor releases the system interface to the slave o
status in response to the ExtRgst signal.
Read ready.
AdRdy This signal indicates that the external agent is ready to accept a read request from |
the processor.
System address/data bus. vo
SysAD (63:0) These pins form a 64-bit address/data bus for communication between the {3-state)
processor and external agent.
System address/data chek bus. (o]
SysADC (7:0) ystem . ess/data : u . . . (3|/ ,
These pins form an 8-bit bus including a check bit for the SysAD bus. -state
System command/data ID bus. /o
SysCmd (8:0} These pins form a 9-bit bus for communication of commands and data identifiers {3-state)
between the processor and external agent.
Systern command/data ID bus parity. Fl0)
SysCmdP
ystm This is an even parity bit for the SysCmd bus. (3-state)
Valid in.
Validin This signal indicates that the external agent drives a valid address or data on the i
SysAD bus and a valid command or data identifier on the SysCmd bus.
Valid out.
ValidOut This signal indicates that the processar drives a valid address or data on the 0]
SysAD bus and a valid command or data identifier on the SysCmd bus.
Write ready.
WrRdy This signal indicates that the external agent is ready to accept a write request from I
the processor,
Interrupt.
Int {4:0} These are general processor interrupt requests by which the input statuses of 1
bits 14 to 10 of the cause register can be checked.
NV Non-maskable interrupt. '
This is an interrupt request that cannot be masked.
T. i .
JTDI JTAG data input - |
Inputs JTAG serial data.
TAG clock i .
JTCK JTAG ctock input . |
Inputs JTAG serial clock.
JTDO JTAG data output. _ o
Outputs JTAG serial clock.
JTMS JTAG command. (
JTAG command signal. Indicates that the input serial data is command data.
Master clock,
MastarClock aster cloc . |
Inputs the master clock as the operating fraquancy of the processor.
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@: 1/4PClock, 1: 1/2PClock
However, a setting through this pin is not supported by the current Va4200.
Fix this pin to 1.

Pin Name Function 11O
Master clock output.
terQut . i , o
Mas Y Master clock output in synchronization with the master clock.
Receive clock.
RClock , . 0
Received clock as the system interface frequency.
Transmit clock.
TCiock . . o]
Transmit clock as the system interface frequency.
Synchronization clock output.
SyncOut Outputs a synchronization clock. SyncOut must be ¢connected to Syncin via the o]
mode| of delay cause among MasterOut, TClock, RClock, and external agent.
Synchronization clock input.
Syncln - |
Inputs a synchronization clock.
Cold reset.
This signal is asserted on power-ON reset or cold reset.
ColdReset SClock, TClock, and RClock start output in synchronization with the deassert 1
adge of this signal. This signal must also be deasserted in synchronization with
MasterQut.
Reset.
Resst This signal is assertad on power-ON reset, cold reset, or software reset. |
This signal must be deasserted in synchronization with MasterOut.
Status display.
Status (3:0) us cleplay . o
These pins output the internal statuses of the current processor cycle.
Big endian.
BigEndian Sets the endian mode of the system interface. |
0: little endian, 1: big endian
Data transfer rate.
- Sets the transfer rate of date at which the processor transfers data to the |
DateRate external agent.
0: DDx, 1: Dxx
Divide by 4 {operating frequency of system interface).
Sets the division ratio of the system interface frequency with respect to the
—_— ipeline clock.
Divé PP

PLLCap (1:0)Net*

Phase Locked Loop capacitance.
Connect a capacitor to adjust the intarnal PLL across these pins.

VooP Voo for PLL.
e Power supply for the internal PLL. -
Ground for PLL.
GNOP Ground for the internal PLL. -
Voo Powaer supply —
GND Ground —

Note These pins are provided to tha QFP only. These pins are provided on the top of the PGA, and a capacitor

is mounted for shipment.
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2. CPU INTERNAL ARCHITECTURE

2.1 Pipeline
Each instruction is executed in the following five steps:

(1) IC  Instruction cache fetch
(2) RF  Register fetch ‘
(3} EX Execution

(4} DC Data cache fetch

{5) WR Write back

The Vr4200 uses a 5-stage pipeline. The pipeline operates in accordance with a clock (PClock) two times
that of MasterClock, and instructions are executed at almost one per cycle. Therefore, ordinary instructions
are executed overlapping with each other, as shown in Fig. 2-1.

Fig. 2-1 Pipeline of Vr4200 (5 stages)

CNVAAVANAVAW AW AYAY AW AW

[ c T re T ex ] oc | we

¢ | RF | Ex [ DC

ws |

| ic | rF | Ex

pc | we |

| ¢ AF

EX | oc | we |

IC

RFE | Ex [ oc [ we ]

Current
CPU
cycle

10
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2.2 Internal Function Blocks
The Vr4200 consists of several functional blocks, such as an exscution unit, coprocessor 0, instruction
cache, data cache, and system interface.

Fig. 2-2 Internal Block Diagram

Address/data

f;

Control

)

System interface

MasterClock

l

Clock generator

i

Instruction cache

L

]

/N

Data cache

|

1

Coprocessor 0

instruction
address block

Pipeline
control block

-

Execution unit

11



NEC 1PD30450

{1} System interface
This block performs interfacing when the processor accesses an external device {such as a memory).
This interface is compatible with the system interface bus used by the Ve4000. The external device
is accessed by a 64-bit address/data multiplexad bus.

{2) Clock generator
The clock generator doubles the frequency of an externally input clock (MasterCiock) to generate
a pipeline clock (PClock). PClock is further divided by two and used as a system interface clock.

(3) Instruction cache
The instruction cache consists of direct mapping, virtual index, and physical tag type, and has a
capacity of 16K bytes.

{4) Execution unit
This block executes integer and floating-point operations. It consists of a 84-bit register file, 64-bit
integer/mantissa data bus, and exponent data bus.

{5} Coprocessor 0 (CP0)
This block performs exception processing. It contains a memory management unit {MMU}, and
manages addresses. Virtual addresses are converted into physical addresses by TLB {Translation
Lookaside Buffer: high-speed conversion buffer mechanism).

(6} Data cache
This cache consists of direct mapping, virtual index, and physical tag type, and has a capacity of 8K
bytes.

(7} Instruction address block
This block calculates the effective address of the instruction to be fetched next. It consists of a
program counter (PC} increment block, target address addition block, and branch address select
block.

{8) Plpseline control block
This block controls stall so that the pipeline can operate normally.

12
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2.3 Registers

2.3.1 CPU registers

Fig. 2-3 shows the CPU registers of tha VrR4200. The bit width of these registers is determined by the
operation mode of the processor {in 32-bit mode: 32 bits, in 64-bit mode: 64 bits).

Of the 32 general registers, the following two have special meanings:

» Register r0: The contents of this register are always 0. This register can be described as the target register
of an instruction when the result of an operation is to be discarded. When the value of 0 is necessary,
this register can be used as a source register.

« Register r31: This register is a link register for the JAL and JALR instructions. Therefore, do not use this
register by any other instructions.

The two multiply/divide registers (HI, LO) store the result of an integer multiplication, or the gquotient (LO)
and remainder {HI) resulting from an integer division.

Fig. 2-3 CPU Registers

General registers Multiply/divide registers

63 0 63 o]
10 | HI ]
r
r2 63 o

[ Lo |

r29 Program counter
30 63 0
131 | PC

No program status word (PSW) is provided. The function of the PSW is executed by the status register
and cause register integrated to the system control coprocessor (CPQ).

13
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2.3.2 CPO registers
The system control coprocessor 0 {CP0) supports virtual memory systems and exception processing.

Fig. 2-4 CPO Registers

Entry LoD

Entry Hi 2

10 Entry Lol 0
3I

47 !

TLB

{'Safe’ entry) 15*
oNnzz 0

Config
16

LLAddr Tag Lo Tag Hi
17 28° 29"

Remarks 1. The registers shown as white boxes in the above figure are used for memory management
system, and those shown in shaded boxes are used for exception processing.
2. “*" indicates a register number.

14
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Table 2-1 CPO Registers

No. Register Description
0 Index Programmable pointer to TLB array
1 Random Pseudo random pointer to TLB array (read only)
2 Entry LoD Second half of TLB entry for aven VPN
3 Entry Lo1 Second half of TLB entry for odd VPN
4 Context Pointer to virtual PTE table of kernsl in 32-bit mode
5 Page mastar Specifies page size
6 Wired Number of wired TLB entries
7 — RFU (Reserved for Future Use: reserved)
8 BadVAddr Displays virtual address where error occurs last
9 Count Timar count
10 Entry Hi First half of TLB entry (including ASID)
1 Compare Timer compare value
12 Status Sets opaeration status
13 Cause Displays cause of exception that occurs last
14 EPC Exception program counter
15 PRId Processor revision |D
16 Config Sets memory system mode
17 LLAddr Displays address of LL instruction
18 Watch Lo Lower bits of memory reference trap address
19 Watch Hi Higher bits of memory reference trap address
20 X context Pointer to virtual PTE table of kernel in 64-bit mode
21-25 — RFU
26 Parity error Parity bit of cache
27 Cache error Cache error and status register
28 Tag Lo Cache tag register, low
29 Tag Hi Cache tag register, high
30 Error EPC Error exception program counter
31 — RFU

15
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2.4 Data Format

The Vr4200 uses four data formats: double word (64-bit), word (32-bit), half word ( 16-bit), and byte (8-bit)

formats. The byte order can be configured in either big-endian or little-endian order.
Fig. 2-5 Byte Address in Word

{a) Big endian

N 24 23 1615 87 0 Word address
Higher address 8 9 10 " 8
5 6 7 4
Lower address 0 1 2 3 0

¢ The highest byte is the lowest address.
® A word is addressed by the address of the highest byte.

{b) Little endlan

N 24 23 16 15 87 ¢ Word address
Higher address 1 10 9 8 g
7 6 5 4 4
Lower address 3 2 L 0 0

® The lowest byte is the lowest address.
® A word is addressed by the address of the lowest byte.

Fig. 2-6 Byte Address in Double Word (1/2)

{a) Blg endian

63 0 Double word address

Higher address | 16 17 18 19 | 20 | 22 23 | 16
9 10 Nn 12 13 14 15
Lower address 0 1 2 3 4 5 6 7 0

® The highest byte is the lowest address.
® A word is addressed by the address of the lowest byte.
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Fig. 2-6 Byte Address In Double Word (2/2)

{a) Litle endlan

0 Double word address

16

63
Higher address | 23 22 21| 20 19 | 18 17 16
15 14 13 | 12 11 |10 9
Lower address 7 6 5 4 3 2 0

¢ The lowest byte is the lowest address,
e A word is addressed by the address of the lowest byte.

2.5 Cache

1

2)

Instruction cache
The features of the instruction cache are as follows:

* |nternal cache memory

« Capacity: 16K bytes

* Direct mapping

= Virtual index address

« Physical tag check

* 8-word (32-byte) cache line

Data cache
The features of the data cache are as follows:

« Internal cache memory

» Capacity: 8K bytes

» Write back

* Direct mapping

* Virtual index address

* Physical tag check

* 4-word (16-hyte) cache line

17
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Fig. 2-7 Cache Memory Block Diagram

{a) Instruction cache

] 310 309308 288287 323 0
PV PTag Data DataP

0
L 2 256 32

DataP . parity bit for data
Data : data{of 1 line)
PTag : physical tag

v - valid bit
P . tag parity
{b) Data cache
] 167 166 165 164 144 143 16 15 o]
PV | D| Plag Data DataP
1]
1 1 1 21 128 16

DataP : parity bit for data
Data : data {of 1 line)
PTag : physical tag

Vv : valid bit

P . tag parity
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2.6 Virtual Storage

2.6.1 Virtual address space

The Vr4200 has two operation modes: 32-bit and 64-bit modes. In addition, it also has three types of
operating modes: user mode, supervisor mode, and kernel mode. The following figures show the virtual
address space in the respective modes:

OxFFFF FFFF

OxB000 0000
Ox7FEF FFFF

0x0000 0000

OxFFFF FFFF

OxE00D 0000
OXDFFF FFFF

0xC000 0000
OxBFFF FFFF

0x8000 0000
Ox7FFF FFFF

0=0000 0000

Fig. 2-8 User Mode Address Space

32 bits

Addrass error

2GB
wiTLB mapping
Can be cachad

useg

OxFFFF FFFF FFFF FFFF

0=0000 0100 0000 0000
0x0000 OOFF FFFF FFFF

0x0000 0000 0000 0000

64 bits

Address error

1TB
wiTLB mapping
Can be cached

Fig. 2.9 Supervisor Mode Address Space

32 bits

Address error

05GB
w/TLB mapping
Can be cached

Address error

2GB
w/TLB mapping
Can be cached

sseg

suseg

OXFFFF FFFF FFFF FFFF

OxFFFF FFFF EQ00 0000
OxFFFF FFFF DFFF FFFF

OxFFFF FFFF C000 0000
OxFFFF FFFF BFFF FFFF

0x4000 0100 0000 0000
04000 OOFF FFFF FFFF

0x4000 0000 0000 0000
Ox3FFF FFFF FFFF FFFF

0x0000 0100 0000 0000
0x0000 OOFF FFFF FFFF

0=0000 0000 0000 0000

64 bits

Address error

Address error

Address error

178
wfTLB mapping
Can be cached

Address error

1TB
w/TLB mapping
Can be cached

xuseg

csseg

xsseg

xsuseg
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OxFFFF FFFF

0xEQ00 0000
OxDFFF FFFF

0xC000 0000
OxBFFF FFFF

0xAQ00 0000
Ox9FFF FFFF

Ox8000 0000
Ox7FFF FFFF

0x0000 0000

Fig. 2-10 Kernel Mode Address Space

32 bits

05GB
w/TLB mapping
Can be cached

05GB
w/TLB rmapping
Can be cached

0.5GB
/o TLB mapping
Can be cached

05GB
fw/o TLB mapping
Can be cached

2GB
w/TLB mapping
Can be cached

kseg3

ksseg

kseg1

ksegQ

kuseg

OXFFFF FFFF FFFF FFFF

OxFFFF FFFF EQ00 0000
OxFFFF FFFF DFFF FFFF

OxFFFF FFFF C000 0000
OxFFFF FFFF BFFF FFFF

OxFFFF FFFF AOOO 0000
OxFFFF FFFF 9FFF FFFF

OxFFFF FFFF 8000 0000
OxFFFF FFFF 7FFF FFFF

0xCO00 OOFF 8000 0000
0xC000 0OFF 7FFF FFFF

0xCO00 0000 D000 0000
OxBFFF FFFF FFFF FFFF

0x5800 0002 0000 0000
0x9800 0001 FFFF FFFF

0x9800 0000 0000 0000
Ox97FF FFFF FFFF FFFF

0x3000 0002 0000 0000
0x9000 0001 FFFF FFFF

0x3000 0000 D00C 0000
OxBFFF FFFF FFFF FFFF

0x4000 0100 0000 0000
Ox4000 OOFF FFFF FFFF

0x4000 000C 0000 0000
Ox3FFF FFFF FFFF FFFF

0x0000 0100 0000 0000
0x0000 OOFF FFFF FFFF

0x0000 0000 0000 G000

64 bits

05GB
w/TLB mappi:(f
Can be cach

0.5 GB
w/TLB mapping
Can be cached

05GB
w/TLB mapping
Can be cached

0.5GB
w/TLB mapping
Can be cached

Address earror

w/TLB mapping
Can be cached

Address error

wfo TLB mapping
Can be cachad

Address error

w/fo TLB mapping
Can be cached

Address error

1TB
w/TLB mapping
Can be cached

Address error

178
w/TLB mapping
Can be cached

ckseg3

cksseq

ckseg?

ckseg0

xkseg

xkphys

xkphys

xksseg

xkusegq
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2.6.2 Address conversion

Conversion from a virtual address to a physical address is carried out in page units by the internal TLB
(Translation Lookaside Buffer). TLB is of full-associative configuration and has 64 entries at the virtual address
side and 32 entries at the physical address sida. The page size is variable from 4K bytes to 16M bytes.

If a TLB entry is not hit, a TLB unmatch exception occurs in the 32-bit mode, and a XTLB unmatch exception
occurs in the 64-bit mode. Exchange the contents of TLB by software.

The following figure illustrates the outline of address conversion.

Fig. 2-11 Outline of Address Conversion

X 41 x-1 0

Virtual address

TLB
x =12, 14, 16, 18, 20, 22, 24
y = 39 {in 32-bit mode) Physical
71 {in 64-bit mode) address

35 x %1 0

A TLB entry is read/written by loading/storing the TLB entry indicated by the index register and random
register among entry Hi, Entry Lo1, Entry LoD, and page mask registers.
The following figure outlines TLB manipulation.

Fig. 2-12 Outline of TLB Manlpulation

Index register

TLB
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2.7 Exception Processing

When an exception is detected, interrupts are disabled, the operating mode is changed to the kernel mode,
and execution jumps to a specified exception handler,

Ifan exception occurs, the EPC register holds a restart address that is used to resume execution. The restart
address is the address of the instruction that has caused the exception, or the address ofthe branch instruction

immediately before if the instruction has been executed in the branch delay slot.

Table 2-2 Exceptions

Exception Vector {32-bit mode) Cause
Reset Ganerates if ColdReset signal has been made active once and
then inactive.
0xBFCO 0000 ol .
Soft Resat (BEV bit is auto- Gane.rates. when Reset signal has been made active once and
' matically set to 1.) then inactive.
NMI Generates when NMI signal falls.

TLB Unmatch

0x8000 0000 (BEV=0)
0xBFC0 0200 (BEV=1)

If TLB entry matching address refarenced in 32-bit mode is
missing.

XTLB Unmatch

0x8000 0080 (BEV=0)
0xBFCO 0280 (BEVa1)

If TLB entry matching address referenced in 64-bit mode is
missing.

Cache Error

0xA000 0100 (BEV=0)
OxBFCO 0300 (BEV=1)

Generates if parity error of system bus and cache is detscted.

TLB Invalid

TLB Change

Address Error

Bus Error

Integer Overflow

Trap

System Call

Break Point

Reserved Instruction

Coprocessor Cannot
be Used

Floating-point
Operation

Watch

Interrupt

0x8000 0180 (BEV=0}
0xBFCO 0380 (BEV=1)

if TLB entry matching referenced physical address is invalid.

If TLB entry matching physical address referenced by store
instruction is valid but cannot be written.

If word not positioned is accessed, or if virtual address that
cannot be used in user and supervisor modes is referenced.

If error is indicated by data identifier.

Generates if 2's complement overflow occurs as result of
exacuting addition or subtraction.

If condition becomes true when trap instruction is executed.

Generates when SYSCALL instruction is executed.

Generates when BREAK instruction is executed.

If attempt is made to execute undefined instruction.

If use of corresponding coprocessor unit is not enabled
when coprocessor instruction is executed.

If error occurs when FPU instruction is executed.

If attempt is made to reference physical address in watch
Lo/watch Hi register by load/store instruction.

If one of eight interrupt sources becomes active. Can be
classified into three types: external, software, and timer.

Remark The higher 32 bits of the exception vector are all 1 in the 64-bit mode, and the lower 32 bits are the

22
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3. FPU INTERNAL ARCHITECTURE

Unlike the Vr4000 and Va4400™, The FPU {(floating-point operation unit} of the Va4200 is integrated to the
CPU linteger operation unit), The CPU and FPU use the same data bus, and the FPU instructions are executed
by the hardware of the CPU.

Vr4200 logically handles the FPU as an independent coprocessor and can execute all the floating-point
instructions defined by MIPS ISA.

3.1 FPU Registers

{1}

(2)

{3)

Floating-point general registers {FGRs)

These registers are physical general registers and can be directly accessed. There are 32 general
registers. The bit length of these registers varies depending on the content of the FR bit of the status
register.

Floating-point registars (FPRs)
These 64-bit logical registers hold a floating-point value when a floating-point operation is executed.
The number of FPRs varies depending on the contents of the FR bit of the status register.

Floating-point control registers (FCRs)
There are the following two FCRs:

{a} Control/status register {(FCR31)
This register controls and monitors exceptions, holds the resuit of a comparison operation, and

sets a rounding mode.

(b} Processor/revision register (FCR0)
This register holds the revision information of the FPU.
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Fig. 3-1 FPU Registers

{a) FGR and FPR

{I) When FR bit=0 (i) When FR bit = 1
L Floating-point T . Floating-point
Floating-point register (FPR} general register {FGR) Floating-point register (FPR) general register (FGR)
31 0 63 0
FPRO {low) FGRO FPRO FGRO
(high} FGR1 FPR1 FGR1
- {low) FGR2 PFR2 PGR2
R2 {high) FGR3 ' :
FPR29 FGR29
{low) FGR28 FPR30 FGR30
FPR28 LT
(high) FGR29 PFR31 PGR31
EPR30 (low) FGR30
{high) FGR31
{b) FCR
{i} Control/status register (FCR31) {il) Processor/revision register (FCRO0)

31 0 31

0
| ] I |

3.2 Data Format
{1} Floating-point format
FPU supports 32-bit {single-precision) and 64-bit {double-precision) IEEE754 floating-point opera-

tions.

{2} Fixed-point format
The value of a fixed point is computed in the format of 2's compiement.
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4. INTERFACE

4.1 System Interface

The input/output timing of the processor is as follows:
* The processor output starts changing at the rising edge of SClock.
* The processor input is latched at the rising edge of SClock.

The following two buses are used for system interfacing:
» SysAD (63: 0} : This bus transfers addresses and data.
= SysCmd {8: 0) : This bus transfers commands and data identifiers.

The SysAD and SysCmd buses are bidirectional buses and are driven by the processor or external agent.
These buses enter the following two states depending on the direction in which they are driven:
+ Master state : The buses are driven by the processor to issue a processor request.
» Slave state : The buses are driven by the external agent to issue an external request.

The following two cycles are used depending on the information included in the SysAD bus:
» Address cycle : The valid address is included in the SysAD bus.
» Data cycle : The valid data is included in the SysAD bus.

Here are brief descriptions of the interface control signals:

* ValidOut : This signal is asserted by the processor when the SysAD and SysCmd buses are valid in the
master state.

+ Validin  : This signal is asserted by the external agent when the SysAD and SysCmd buses are valid
in the slave state.

« ExtRgst : This signal is asserted by the external agent when the external agent issues an external

request.

* Release : This signal is used by the processor to place the system interface in the slave state.

« RdRdy : This signal is used by the external agent to inform that it is ready to accept a processor read
request.

+« WrRdy : Thissignal is used by the external agent to inform that it is ready to accept a processor write
request.

4.1.1 System interface request
The system interface supports the following requests:

Request Outline Data Unit
Processor Read Request Read request to main memaory or /O
- 1-7 bytes, 2/4/8 words
Processor Write Request Write request to main memory or 1/0
Externat null Request Request to release system interface —
External Write Request Interrupt request from system bus 1 word

As an example of the protocol of the systemn interface request, Fig. 4-1 shows the timing of the processor
read request and read response.
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Fig. 4-1 Timing of Processor Read Request and Read Response (block transfer)

Master Slave Master

SCycler1|2|3|4IS|6]7|B|9—|—-10|11112=|

SClock
=y AWAVAVAWAVAVAVAVAVAVAVAN

SysAD{63.0) aaor \ Hi-Z 5oV HiZ
’ (710} IDLﬂDUrU) i ( (gt (
SysCmd{8:0} Feaa \ Hi-Z

xn- XEOD Hi-Z,
#0) (output)f 7 ( {i :;I (Ir\pi.rl)) -(
VahdQut
{output) \_/
Validin
{input) \__/
RdRdy
{input)

Relgase
toutput) \_/

4.1.2 Data transfer rate control
The system interface supports a data transfer rate of double words per 1 SCycle maximum.

{1) To transfer data from external agent to processor
The external agent can transfer data at any transfer rate. The datais accepted only in acyclein which
Validin is asserted.

(2) To transfer data from processor to external agent
The transfer rate is selected by the DataRate pin at reset from DDx and Dxx (D: data cycle, x: vacant
cycle).

4.1.3 Clock interface

The input clock of the V4200 is called MasterClock. This clock is internally multiplied to generate PClock
based on which the pipeline operation is performed.

The system bus operates based on $Clock. However, SClock is externally output. Instead, the CPU supplias
the external agent with RClock as the reference input clock and TClock as the reference output clock. The
operating frequencies of SClock, RClock, and TClock are usuaily half that of PClock, and the same as that of
MasterClock.

4.1.4 Setting division ratio of system interface

The division ratio of the system interface is set from the Diva pin at resetNote. The pipeline operating
frequency can be divided by two or four.

Where the external clock is 40 MHz, the pipeline operates at 80 MHz: therefore, the operating frequency
of the system bus is 40 MHz or 20 MHz.

Note Setting by this pin is not supported by the current Vr4200.
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5. INTERNAL/EXTERNAL CONTROL FUNCTION

5.1 Reset Function

Reset can be effected in three ways: power-ON reset, cold reset, and soft reset.

Cold reset and soft reset is effected with the power turned ON.

The internal status is initialized at reset. When soft reset is effectad, however, only the contents of the
system interface and cache memory bacome undefined, and the other internal status is not initialized but the
status before reset is retained.

(1) Power-ON reset and cold reset
Power-ON reset or cold reset is effected when both the ColdReset and Reset signals are made active.
During reset, data is input from the initial setting pin to set the internal initial status ofthe processor.
Table 5-1 shows the set contents of each pin.

Table 5-1 Setting of Initlal Status

Pin Name Set Contents
BigEndian Byte order
0: little endian
1: big endian
DataRate Data transfer rate of external device

0: DDx pattern
1: Dxx pattern

Div4 Note Operating speed of system interface {vs. PClock}
0: 1/4

1. 1/2

Note Setting of this pin is not supported by the current Vr4200.
Set this pin to 1.

{2) Soft reset
Soft reset is executed by making the Reset signal active. This reset does not input the initial status
from the initial setting pin, but the status before reset is retainad.

5.2 Interrupt Function

{1) Maskable interrupt
This interrupt is subject to mask control. Mask processing is performed by the status register
{whether each interrupt is processed or interrupts are processed all at once can be specified).
No priority is assigned to each interrupt,.

{a) Hardware interrupts (5 sources)

These interrupts are accepted when an external write request is issued or when the Int(4:0)
signal is asserted,
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(b) Software interrupt {2 sources)
These interrupts are accepted when the IPO and IP1 bits of the cause register are set to 1.

{c) Timer interrupt (1 source)
This interrupt is accepted when the value of the count register becomaes equal to the value of
the compare register and when the IP7 bit of the cause register is set to 1.

(2) Non-maskable interrupt {1 source)
This interrupt cannot be masked. It is accepted when the external write request is issued or when
the NMI signal is asserted.

5.3 JTAG Boundary Scan Function

Mutual connection of each device on the board can be tested by the boundary interface that uses the JTAG
protocol {the Vad4200 itself cannot be tested).

A TAP controller, JTAG instruction ragister, JTAG boundary scan register, and JTAG bypass register are
incorporated according to the specifications of JTAG (however, JTAG of the Vr4200 only has the external test
function of the JTAG boundary scan register).

5.4 Low Power Dissipation Design
The Vr4200 has made the following improvements to reduce the power dissipation, as compared with the
VR4000 and Vr4400;

* Power management of cache in bank units

= Cache prefetch (Two instructions are simuitaneously fetched.)

+ 3.3-V operation

» Employment of write back cache {to reduce the number of times the system bus is accessed)
* Integrating integer operation unit and floating-point operation unit

» Employment of simple 5-stage pipeline

= Power management by modular execution unit

These features make it possible that the Vr4200 operates on 1.5 W (TYP.).
Moreover, a low power mode in which the power dissipation can be dynamically reduced du ring operation
can also be used (refer to 5.5 Low Power Moda).

5.5 Low Power Moda

The Vr4200 is set in the low power mode when the bit 27 (RP bit) of the status register is set to 1.

Normally, the processor operates with the frequency of the CPU internal clock (PClock) two times higher
than that of MasterClock and the frequency of the system bus clock (SClock, TClock, RClock) the same as that
of MasterClock.

In the low power mode, however, the frequencies of PClock and the clock of the system bus are reduced
to the 1/4 of those in the normal operation mode. This means that the frequency of PClock is reduced to the
1/2 of that of MasterClock and that the frequency of the clock of the system bus is reduced to the 1/4 of that
of MasterClock.

This mode can therefore reduce the power dissipation of the CPU to about the 1/4 of that in the normal
operation mode.
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5.6 Hardware Dehug Support Function
The Vr4200 has a function to output which instruction is currently executed by the pipeline to Status (3:0).
Moreover, it can also output a branch destination physical address from SysAD {63:0) if the instruction
address is changed as a result of exacution of a branch or jump instruction or generation of an exception.
These functions can be used when the bit 24 {ITS bit: instruction trace} of the status register is set to 1.

5.6.1 Qutput of internal processor status

Status (3:0) outputs the current operation status of the pipeline and the category of the instruction executed
in the WB stage.

Status (3:0) is output in synchronization with the rising edge of PClock.

5.6.2 Output of branch destination address
This function forcibly generates an instruction cache miss in the following cases:

= If the branch condition is satisfied when a branch instruction is executed
« If the contents of PC are changed as a result of executing a jump instruction or generation of an exception.

If an instruction cache miss occurs, SysAD (63:0) issues a processor block read request, which allows the
external agent to know changes in addresses.

In response to the processor block read request, return response data in the same manner as to the normal
request. The output address is not the value of the PC {virtual address), but a physical address.
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6. INSTRUCTION SET

An instruction of the Vr4200 consists of 1 word (32 bits) located at the word boundary. There are the three
types of instruction formats, as shown in Fig. 6-1. By using only three instruction formats, decoding an
instruction is simplified. Operations and addressing modes that are complicated and are not used so
frequently are realized by the compiler.

6.1 Instruction Format
Flg. 6-1 Instruction Format

I-type {immediate type)
31 26 25 2120 16 15 0]
l op l rs r rmmediate l

J-type (Jump type)

31 26 25
l op target

|_Jo

R-type {register type)

31 2625 2120 1615 1110 65 0
op rs rt rd sa tunct —I

op 6-bit op code
rs 5-bit source register specifier
rt 5-bit target {source/destination} register or branch condition
immediate 16-bit immediate, branch displacement, or address displacement
target 26-hit unconditional branch target address
rd 5-bit destination register specifier
sa 5-bit shift amount
funct 6-bit function field

6.2 CPU Instruction Set

The CPU instructions of the Va4200 can be classified into an instruction set that is common to all the Va
series processors (ISA: Instruction Set Architecture), the instruction set that is executed by the Vr4000 series
(extended ISA), and a system control coprocessor instruction set. The list of each instruction set is shown
on the following pages.
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Table 6-1 CPU Instruction Set: ISA (1/3)

Instruction Description Format

Load/store instructions op base r offset

LB Load Byte LB rt, offset (base)
LBU Load Byte Unsigned LBU rt, offset (base)
LH Load Halfword LH rt, offset (base)
LHU Load Halfword Unsigned LHU rt, offset (base)
Lw Load Word Lw rt, offset (base)
LWL Load Word Left LWL r, offset (base)
LWR Load Word Right LWR rt, offset (base)
SB Store Byte SB rt, offset (base)
SH Store Halfword SH rt, offset (base)
SwW Store Word sSw rt, offset (base)
SWL Store Word Left SwL rt, offset (base)
SWR Store Word Right SWR rt, offset (base}
ALU immediate instructions op rs rt offset

ADDI Add Immediate ADDI rt, rs, immediate
ADDIU Add immaediate Unsigned ADDIU rt, rs, immediate
SLTI Set On Less Than Immediate SLTI n, rs, immediate
SLTiU Set On Less Than Immadiate Unsigned SLTIU r, rs, immediate
ANDI And Immediate ANDI rt, rs, immediate
ORI Or Immediate ORI rt, rs, immediate
XORI Exclusive Or Immadiate XORI rt, rs, immediate
LUl Load Upper Immediate LuI rt, immediate
3-operand type instructions op rs rt rd sa funct

ADD Add ADD rd, rs, it

ADDU Add Unsigned ADDU rd. rs, rt

suB Subtract SUB rd, rs, rt

suBuy Subtract Unsigned suByU rd, rs, rt

SLT Set On Less Than SLT rd, rs, rt

SLTU Set On Less Than Unsigned SLTY rd, rs, rt

AND And AND rd, rs, rt

OR Or OR rd, rs, it

XOR Exclusive Or XOR rd, rs, rt

NOR Nor NOR rd, rs, rt

Shift instructions op [ rt rd sa funct

SLL Shift Left Logical SLL rd, i1, sa

SRAL Shift Right Logicat SRL rd, rt, sa

SRA Shift Right Arithmetic SRA rd, rt, sa

SLLV Shift Left Logical Variable SLLV rd, rt, sa

SRLV Shfit Right Logical Variable SRLV rd, rit, rs

SRAV Shfit Right Arithmetic Variable SRAV rd, rt, rs
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Table 68-1 CPU Instruction Set: ISA (2/3)

Instruction Description Format
Multiply/divide instructions op rs r rd 88 funct
MULT Multiply MULT s, rt
MULTU Multiply Unsigned MULTU rs, rt

Div Divide Div rs, rt

DivU Divide Unsigned DIVU rs, rt

MFHI Move From HI MFHI rd

MFLO Move From LO MFLO rd

MTHI Move to HI MTHI rs

MTLO Move To LO MTLO rs

Jump instructions {1) op target

J Jump J target

JAL Jump And Link JAL target
Jump instructions (2) L op I rs | rt I rd | sa funct |
JR Jump Register JR rs

JALR Jump And Link Register JALR rs, rd
Branch instructions {1) l op I rs rt I offset j
BEQ Branch On Equsl BEQ rs, rt, offset
8NE Branch On Not Equsl BNE rs, rt, offset
BLEZ Branch On Less Than Or Equal To Zero BLEZ rs, offset
BGTZ Branch On Greater Than Zero BGTZ rs, offset
Branch instructions (2} REGIMM rs sub offset

aLTZ Branch On Less Than Zero BLTZ rs, offset
BGEZ Branch On Greater Than Or Equal to Zero BGEZ rs, offset
BLTZAL Branch On Less Than Zero And Link BLTZAL rs, offset
BGEZAL Branch On Greater Than Or Equal To Zero And Link BGEZAL rs, offset
Special instructions ‘E’ECIAL | rs | rt | rd I sa l funct
SYNC Synchronize SYNC

SYSCALL Systemn Call SYSCALL

BREAK Breakpoint BREAK

Coprocessor instructions (1} op base ad offset

LWCz Load Word To Coprocessor z LWCz r, offset (base)
SWC: Store Word From Coprocessor 1 SWC:z rt, offset {base)
Coprocessor instructions (2} COPz sub rt rd 0

MTCz Move To Coprocessor z MTCz rt, rd

MFC:z Move From Coprocessor z MFCz rt, rd

CTCz Move Control To Coprocessor z CTCz ft, rd

CFCz Move Control From Coprocessor z CFCz rt, rd
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Table 6-1 CPU Instruction Set: ISA (3/3)

Instruction Description Format
Coprocessor instructions (3) COPz co cofun
COPz Coprocessor z Operation COPz cofun
Coprocessor instructions (4) COPz BC br offset
BCzT Branch On Coprocessor z True BCzT offset
BCzF Branch On Coprocessor z False BCzF offset

Table 6-2 CPU Instruction Set: extended ISA (1/2)
Instruction Description Format
Load/store instructions op base rt offset
LD Load Doubleword LD rt. offset (base)
LDL Load Doubleword Left LDL rt, offset {basa}
LDR Load Doubleword Right LDR rt, offset (hase)
LL Load Linked LL rt, offset (base)
LLD Load Linked Doubleword LLD rt, offset (base)
Lwu Load Word Unsigned Lwu rt, offset {base}
SC Store Conditional sC rt, offset {base)
SCD Store Conditional Doubleword SCD rt, offset (base}
sD Store Doubleword sD rt, offset {base)
SDL Store Doubleword Left SDL rt, offset (base)
SDR Store Doubleword Right SDR rt, offset {base)
ALU immediate instructions op rs rt immediate
DADDI Doubleword Add Immediate DADDI t, rs, immediate
DADDIU Doubleword Add Immaediate Unsigned DADDIU rt, rs, immediate
3-operand type instructions I op | s re rd | sa J funct I
DADD Doubleword Add DADD rd, rs, rt
DADDU Doubleword Add Unsigned DADDU rd, rs, nt
DsSUB Doubleword Subtract DSUB rd, rs, 1t
DSUBL Doubleword Subtract Unsigned DsuBvL rd, rs, rt
Shift instructions op rs rt rd sa funct
DSLL Doubleword Shift Left Logical DSLL rd, rt, sa
DSRL Doubleword Shift Right Logical DSAL rd, rt, sa
DSRA Doubleword Shift Right Arithmetic DSRA rd, rt, sa
DSLLV Doubleword Shift Left Logical Variable DSLLY rd, i, rs
DSRLY Doubleword Shift Right Logical Variable DSRLV rd, rt, rs
DSRAV Doubleword Shift Right Arithmaetic Variable DSRAV rd, rt, rs
DSLL32 Doubleword Shift Left Logical+32 DSLL32 rd, rt, sa
DSRL32 Doubleword Shift Right Logical+32 DSRL32 rd, rt, sa
DSRA32 Doubleword Shift Right Arithmetic+32 DSRA32 rd, rt, sa
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Table 6-2 CPU Instruction Set: extanded ISA (2/2)

Instruction Description Format
Multiply/divide instructions op rs rt rd sa funct
DMULT Doubleword Multiply DMULT rs, rt
DMULTU Doubleword Multiply Unsigned DMULTU rs, rt

DDV Doubleword Divide DDIV rs,

DDIVU Doubleword Divide Unsigned DDIVU rs, rt

Branch instructions (1) op rs rt offset

BEQL Branch On Equal Likely BEQL rs, rt, offset
BNEL Branch On Not Equai Likely BNEL rs, rt, offset
BLEZL Branch On Less Than Or Equal To Zero Likely BLEZL rs, offset
BGTZL Branch On Greater Than Zero Likely BGTZL rs, offset
Branch instructions (2) REGIMMI rs I sub l oftset

BLTZL Branch On Less Than Zero Likely BLTZL rs, offset
BGEZL Branch On Greater Than Or Equal To Zero Likely BGEZL rs, offset
BLTZALL Branch On Less Than Zero And Link Likely BLTZALL rs, offset
BGEZALL Branch On Greater Than Or Equal To Zero And Link Likely BGEZALL rs, offset
Special instructions LSPECIAL | rs rt rd | sa l funct—l
TGE Trap If Greater Than Or Equal TGE rs, rt

TGEU Trap if Greater Than Or Equal Unsigned TGEU rs, rt

TLT Trap If Less Than TLT rs, rt

TLTU Trap If Less Than Unsigned TLTU rs, rn

TEQ Trap If Equal TEQ rs, rt

TNE Trap If Not Equal TNE rs, rt
Exception immediate instructions l REGIMM | s l sub I immediate

TGEI Trap If Greater Than Or Equal Immediate TGEI rs, immediate
TGEIU Trap If Greater Than Or Equal Immediate Unsigned TGEIU rs, immediate
TLTI Trap If Less Than immediate TLTI rs, immediate
TLTIU Trap If Less Than Immediate Unsigned TLTIU rs, immediate
TEQI Trap If Equal Immediate TEQI rs, immediate
TNEI Trap If Not Equal Immediate TNEI rs, immediate
Coprocessor instructions {1} COP:z sub rt rd 0

DMFCz Doubleword Move From Coprocessor z DMFC:z r, rd

DMTCz Doubleword Move To Copocessor z DMTCz rt, rd
Coprocessor instructions {2) op base rt offset

LDC: Load Doubleword To Coprocessor z LDCz rt, offset (base)
SDCz Store Doubleword From Coprocesser z SDC:z rt, offset {base)
Coprocessor instructions (3} COP: BC br offset

BCzTL Branch On Coprocessor z True Likely BCzTL offset

BCzFL Branch On Coprocessor z False Likely BCzFL offset
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Table 6-3 System Control Coprocessor{CP0) Instruction Set

Instruction Description Format

System control coprocessor instructions (1) COPO sub rn rd 0

MFCO Move From Coprocessor 0 MFCO r, rd
MTCO Move To Coprocessor 0 MTCO r, rd
DMFCO Doubleword Move From Coprocessor 0 DMFCO rt, rd
DMTCO Doubleword Move To Coprocessor 0 DMTCO rt, rd
System control coprocessor instructions (2} COPO co funct

TLBR Read Indexed TLB Entry TLBR

TLBWI Write Indexed TLB Entry TLBWI

TLBWR Write Random TLB Entry TLBWR

TLBP Probe TLB For Matching Entry TLBP

ERET Exception Return ERET

Systemn control coprocessor instructions (3) | CACHE base sub offset —I
CACHE Cache operation CACHE sub, offset {base)

6.3 FPU Instruction Set
All the FPU instructions are 32 bits long and positioned at a word boundary.
Table 6-4 lists the FPU instructions.
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Table 6-4 FPU Instruction Set

Instruction Description Format
Load/store instructions op bage ft offset
LWC1 Load Word To FPU LwC1 ft, offset (base)
SWC1 Store Word From FPU SWC1 ft, offeet (base)
LDC1 Load Dobleword To FPU LDC1 ft, offset (base)
SDC1 Store Doubleword From FPU SDC1 ft, offset (base)
Transfer instructions corPi sub rt fs 0
MTC1 Move Word To FPU MTC1 rt, fs
MFC1 Move Word From FPU MFC1 rt, fs
cTC Move Control Word To FPU CTCt rt, fs
CFC1 Move Control Wod From FPU CFC1 , fs
DMTC1 Doubieword Move To FPU DMTC1 rt, fs
DMFC1 Doubleword Move From FPU DMFC1 rt, fs
Conversion instructions | COP1 | fmt l 0 fs [ fd funct
CVT.S.fmt Floating-point Convert To Single Floating-point Format CVT.5.fmt fd. fa
CVT.D.fmt Floating-point Convert To Double Floating-point Format CVT.D.fmt fd, fs
CVT.L.fmt Floating-point Convert To Long Fixed-point Format CVT.L.fmt fd, fs
CVT.W.fmt Floating-point Convert To Single Fixed-point Format CVT.W.fmt fd, fs
ROUND.L.fmt | Floating-point Round To Long Fixed-point Format ROUND.L.fmt fd, fs
ROUND.W.fmt | Floating-point Round To Single Fixed-point Format ROUND.W.fmt fd, fs
TRUNC.L.fmt Floating-point Truncate To Long Fixed-point Format TRUNC.L.fmt fd, fs
TRUNC.W.imt | Floating-point Truncate To Single Fixed-point Format TRUNC.W.fmt  fd, fs
CEIL.L.frm1 Floating-point Ceiling To Long Fixed-point Farmat CEIL.L.fmt fd, fs
CEIL.W.fmt Floating-point Ceiling To Single Fixed-paint Format CEIL.W.fmt fd, fs
FLOOR.L.fmt Floating-point Floor To Long Fixed-point Farmat FLOOR.L.fmt fd, fs
FLOOR.W.fmt | Flaoting-point Floor To Single Fixed-point Format FLOOR.W.fmt fd. fs
Arithmetic operation instructions copP1 frnt ft fs fd funct
ADD.Tmt Floating-point Add ADD.fmt fd, fs, ft
SUB.fmt Floating-point Subtract SUB.fmt fd, fs, ft
MUL.fmt Floating-point Multiply MUL.fmt fd, fs, ft
DIV.fmt Floating-point Divide DIV.fmt fd, fs, 1t
SQRT.fmt Floating-point Square Root SQRT.fmt fd, fs
ABS.fmt Floating-point Absolute value ABS.fmt fd, fs
MOV .fmt Floating-point Move MOV.fmt fd, fs
NEG.frmt Floating-paint Negate NEG.fmt fd, fs
Compare instructions COoP1 fmt ft fs 0 funct
C.cond.fmt Floating-point Compare C.cond.fmt fs, ft
FPU branch instructions COP1 BC br offset
BC1T Branch On FPU True BC1T offset
BCIF Branch On FPU False BCIF offset
BC1TL Branch On FPU True Likely BC1TL offset
BC1FL Branch On FPU False Likely BC1FL offset
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6.4 Instruction Execution Time
In principle, the Vr4200 executes an instruction in one cycle. Some instructions, however, are executed
in two cycles. This section describes the case where two cycles are required to execute an instruction.

6.4.1 CPU instruction

(1) The data loaded by a load instruction cannot be used in a delay slot. When an instruction that uses
loaded data is located in a delay slot, the pipeline is stalled.
The store instruction causes the pipeline to be stalled by the delay slot if it is followed by a load or
store instruction.
When the condition of a branch instruction is satisfied, and when a jump instruction is executed,
the instruction at the destination address is executed after the delay slot.

Table 6-5 Number of Delay Slot Cycles

Instruction Category MNecessary Number of Cycles {PCycle)
Load 1
Store ' 1
Jump 1
Branch 1

(2) When an integer multiply or divide instruction is executed, the pipeline is stalled for the duration
of the following number of cycles:

Table 6-6 Number of Stall Cycles of Integer Multiply/Divide Instruction

Instruction Necessary Number of Cycles (PCycla)
MULT 12
MULTU 13
DIv 39
DIvU 39
DMULT 23
DMULTU 24
DDIv FAl
DDIVU 71
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6.4.2 FPU instruction
(1} To execute the load/storeftransfer instruction, the following number of cycles is necessary:

Table 6-7 Number of Execution Cycles of Load/Store/Transfer Instruction

Instruction Number of Cycles (PCycle)
LwC1 2/1Nete
sSwC1 1
LDC1 21 Note
SDCt 1
MTC1 1
MFC1 1
DMTC1 1
DMFC1 1
CTC 1
CFC1 1

Note If the load result is used by an instruction in the
delay slot, the pipeline is interlocked for the du-
ration of one cycle.
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(2) The following number of cycles is appended when the compare/arithmetic operation/branch

instruction is executed:

Table 6-8 Number of Delay Cycles of FPU Instruction Note 1

Number of Cycles (PCycle) Note 2
Instruction

S D w L
Add.fmt 3 3
Sub.fmt 2 2
Mul.fmt 1 20
Div.fmt 29 58
Sqrt.fmt 31 60
Abs.fmt 1 1
Mov.fmt 1 1
Neg.fmt 1 1
Round.W.fmt 5 5
Trunc.W.fmt 5 5
Ceil.W.fmt 5 5
Floor.W.fmt 5 5
Round.L.fmt 5 5
Trunc.L.fmt 5 5
Ceil.L.fmt 5 5
Floor.L.fmt 5 5
Cvt.S.fmt — 2 5 5
Cvt.D.fmt 1 — 5 5
Cvi.W.fmt 5 5
Cvt.L.frmt 5 5
C.cond.fmt 1 1
BC1T Note 3 1
BC1F Nota 3 1
BC1TL Note 3 1
BC1FL Note 3 1

Note 1. ifthe nextinstruction needs the result of a floating-point operation
instruction, one more PCycle is necessary for bypassing the hard-
ware interlock.

2. The multi-cycle floating-point operation instructions for which the
results are apparent are not shown in the above table. All these
instructions need 2 PCycle to be completely executed.

3. The branch delay slot of 1 PCycle defined in terms of structure is
applied to all the FPU branch instructions.
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7. ELECTRICAL SPECIFICATIONS (PRELIMINARY)

Thermal condition The temperature characteristics shown below is under a forcibly ventilated condition.
Theventilation condition differs depending on the operating condition. Inthe worst case,
however, a forced ventilation of 1.5 m/s min. is necessary.

Absolute Maximum Rating {7 = 25 °C}

Parameter Symbol Condition Rating Unit
Supply Voltage Voo -0.5t0 +4.0 v
Input Voltage Vi -0.5 to +4.0 v
Pulse of less than 15 ns -3.0to +4.0 v
Operating Temperature Note Topt 0to +85 °C
Storage Temperature Tug -65 to +150 °C

Note Top is determined by Tc (case temperature).

Caution 1. Do not short-circuit two or more outputs at the same time.

2. If the absolute maximum rating of even one of the above parameters is exceeded, the quality
of the product may be degraded. Therefore, unless the absolute maximum rating is strictly
observed, the product may be physically damaged. Use this product without any parameter
nearing these ratings.

The specifications and conditions shown in DC Characteristics and AC Characteristics below are
the range within which the product can operate normally, and within which the quality of the
product is guaranteed.

DC Characteristics {Tc = 0 to +856 °C, Voo = 3.3 V0.3 V)

Parameter Symbol Condition MIN. MAX, Unit
High-Level Output Voltage Von lon = -4 mA 2.4 v
High-Level Output Voltage Nets 1 Vone lon = -4 mA 27 v
Low-Level Output Voltage Vou lou = 4 mA 0.4 A
High-Level Input Voitage Note 2 Vin 2.0 Voo+0.56 v
Low-Level Input Voltage MNote 2 Vi -0.5 +0.8 v
Puise of less than 15 ns -3.0 +0.8 v
High-Level Input Voltage Nete 3 Vine 0.8 Voo Vop+0.5 v
Low-Level Input Voltage Note 3 Ve -05 0.2 Voo v
Pulse of less than 15 ns -3.0 0.2 Voo v
Operating Current loo 0.67 A
High-Level Input Leakage Current Ium Voo=36V, Vi=36V 10 HA
Low-Level Input Leakage Current b Voo=36V,Vi=0V -10 A
High-Level Output Leakage Current luon Voo=36V, Vi=36V 20 nA
Low-Level Output Leakage Current luow Voo=36V, Vi=0V -20 HA

Note 1. Applied to the TClock, RClock, and MasterOut pins
2. Applied to pins other than MasterClock
3. Applied to the MasterClock pin only.

Remark The supply current during operation is almost proportional to the operating clock frequency.
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Capacitance {Ta = 25°C, Voo =0 V)

Parametar Symbol Condition MIN. MAX. Unit
Input Capacitance Cin fc = 1 MHz, 0 V at pins other 10 pF
Output Capacitance Cou than those not measured 10 pF

AC Characteristics (Tc = 0 to +85 °C, Voo = 3.3£0.3 V}

Parameter Symbol Condition MIN, MAX, Unit
MasterClock High-Level Width tMCkHigh 6 ns
MasterClock Low-Level Width tMCkLow B ns
MasterClock Frequency Nete 10 40 MH:
MasterClock Cycle tumcie 25 100 ns
Clock Jitter tiClitter +500 ps
MasterClock rise time tMCRise 5 ns
MasterClock fall time tmcEan 5 ns
JTAG Clock Cycle tTAGCKP 4 x tMekp ns

Note The operation of the Vr4200 is guaranteed only when PLL is enabled. Inthe RP mode, it is guaranteed

at 40 MHz.

System Interface Parameters (Tc = 0 to +85 °C, Voo = 3.310.3 V)

Parameter Symbol Condition MIN. MAX. Unit
Data Qutput Delay Time Note 1 too C. =50 pF 2.0 10 ns
Data Setup Delay Time Note 1 tos 35 ns
Data Hold Delay Time Note? toH 1.5 ns
Mode Data Setup Delay Time Note2 | pypg 3.5 ns
Mode Data Hold Delay Time Nots 2 tMDH 1.5 ns
Status OQutput Delay Time tso CL=20pF 3.5 7.5 ns
Clock Rise Time Neted. 4 tcoRise 5 ns
Clock Fall Time Note 3. 4 tcoran C. = 50 pF 5 ns
Clock High-Level Width Nete3d tcOHigh 6 ns
Clock Low-Level Width Note3 tCOLow 6 ns

Note 1. Applied to all the interface pins except Status (3:0), BigEndian, DataRate, and Div4.
2. Applied to the BigEndian, DataRate, and Div4 pins. (However, the function of the Div4 is not

supported by the current Vr4200.)

3. Applied to the RClock, TClock, and MaterQut pins.
4. When applied to RClack or TClock, the parameter is set by the sum of the load capacitances of the
RClock0 and RClock1, or TClock0 and TClock1, with the PGA package. For example, if the sum of
the load capacitances of RClock0 and RClock1 is 75 pF, the clock rise and fall times are respectively

7 ns.
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Load Coefficlent
Rating
Parameter Symbol Condition Unit
MIN. MAX.
Load Coefficient CLD 2 ns/25 pF
Test Condition
SClock 15V
too
All output pins 15V
Test Load
All output pins
{except Status) but
I C. = 50 pF
Status pin DUT

C. = 20 pF
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Timing Chart
Clock timing
Lo Tracer - ‘
= TMCkHigh
] 80 %
MasterClock 50 %
- 20 %
MO ow TMCRse tMCFal
TCOHigh
A 3 80 %
MasterOut,
RClock,
TClI
Clock 20 %
tcoLow TCORma TCOFall
Clock |itter

MasterClock 50 % 7{

. .
TMCuitter TMCatter

MasterQut / /
TClock Note 1 50 9%
RClock Nete2

Note 1. When SyncOut and Synclnis connected with tha shortest path, the point of TClock of 50% is the point
of MastarClock of 50%.
2. RClock advances TClock 90 degrees in phase.

Remark To match the MasterClock edge, keep the wiring capacitances of the Syncin/SyncOut bus, TClock,
and RClock the same.
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System interface edge timing

— too
SysAD, SysADC,
SysCmd, SysCmdP {Qutput) Output
tDs —
—= toH
SysAD, SysADC, Inout
SysCmd, SysCmdP {Input) npu
— tbo
ValidOut, Release Output
tos o
—— toH
Vahidin, ExtRqst, Input

Reset timing

MasterClock
{MClk, input)

ColdReset

{inpurt}

Reset
{input)

BigEndian, DataRate.
Div4 Nete (inoy)

MasterQut
foutput}

RdRdy. WrRdy,

Int0-Int4

]{ / ,_/_-\__/_\_/_1_7 \
1os tos
tom f=-ton .
_\ More than I Y
N_| [64000 MCIk cycle, A
tos - " tos
1oH toH
More than
N 16 MClk cycle A
tMos tmpH

xia

Input

.

by

HZ < i

\

¥

Note The function of the Div4 pin is not supported by the current Vr4200.
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Relations of clocking (DivZ mode)

Cycle ‘ 1 2 ‘ 3 ‘ 4 ]
MasterClock
{input} y
SyncOut
o N\ N\ T\
PClock
SClock / \
{intarnal) —\_7(_\_] k / \
TClock  \
loutput) _—\_/,_\_/
AClock
(output} _/_\_/_
SysAD Driven
{output) x Data Data X
SysAD Received
linput) Data X Data X XDataX k Data

s

Status Driven
toH
{output}
tso 150
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8. PACKAGE DRAWINGS

208 PIN PLASTIC QFP (FINE PITCH) {([(028)

dotail of lead end

w
}
o 14
NOTE ITEM MILLIMETERS  INCHES

Each lead centerline is located within 0.08 mm (0.003 inch) of A 30.6:0.3 1.20520.012
its true position (T.P.) at maximum material condition. 0.009
P B 28.0:0.2 1.102+9-002
¢ 28.0+0.2 1.102+3-038
D 30.610.3 1.205+0.012

F 1.25 0.049

G 1.25 0.049
H 0.2040.10 0.008+0.004

| 0.08 0.003
J 0.5({T.P) 0.020 (T.P)
K 1.320.2 0.05110.008
0.008
L 0.510.2 0.020%5308
M 0.1510.05 0.00610.002

N 0.10 0.004

P 3.2 0.126
0.004
Q  0.4£0.t 0.01623 332

R 5°15° 5°45°
s 3.8 MAX, 0.150 MAX.

P208GD-50-LML, MML-1
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179 PIN CERAMIC PGA (SEAM WELD)

A
o] 4 p— \
cocoooooooocovooooo |18
=.=TL_-:_=';} ooooooocloocoocooDe|17
co0o0osboclocoooono 0|l
o060 o0 0|15
coo ooo|14
eoo ooo |13
-} ceo |12
coo o001
o 4 10
o T + - o : : o + ° : : [+]
LN ococpo |8
oo eon |7
ooo ooo|B
Qoo Qo005
coo cool4
DGO0000DO00CEOC00O0OGDO]]
o0 ofooocoooojbocooooQo|2
j ) ccoocococooojocooocncs |I
R VUTRPNMLEKIJHGFEDCRBA
Index mark
- - 7]
— Il = Il — -
|
o T ™ K
L@l ow @] :
X179R-100A
NOTE N ITEM| MILLIMETERS INCHES
Each laad centerline is located within $0.254
mm {#0.010 inch) of its true position (T.P.} at A 47.24x0.47 1.860+0.019
maximum material condition. D 47.24+0.47 1.860+0.019
E 2.03 0.080
F 254 (T.P) 0100 (T.P.}
G 3.320.2 0.130£0.008
H 117 MIN. 0.046 MIN.
| 3.22 0.127
J 5.62 MAX. 0221 MAX.
K $1.27+0.2 ¢0.050+0.008
L $0.46+0.05 $0.018x0 002
M 0.254 0.010
P 36.46 1.435
Q 1.8 o.0m
R 33.92 1.335
S 1.50 MAX. 0.053 MAX
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APPENDIX DIFFERENCES AMONG Vgr4200, VrR4000PC, AND VR4400PC™

tern

Vr4000PC Ve4400PC

Operating Frequency

Internal: 80 MHz,

external: 40 MHz

Internal: 100 MHz,
external: 50 MHz

Internal: 150 MHz,
aextarnal: 75 MHz

Pipeline 5-gstage pipeline 8-stage super pipeline
Delay Slot Branch: 1, load: 1 Branch: 3, load: 2
FPU Provided {common to Provided

integer operation block)
Physical Address 33 bits 36 bits

TLB

33 entry pairs

48 entry pairs

Cache Size

Instruction: 16 KB,
data: 8 KB

Instruction: 16 KB,
data: 16 KB

Instruction: 8 KB,
data: 8 KB

Cache Line Size

Instruction: 8 words,
data: 4 words

4/8 words selectable

System Interface
Division Ratio {vs. PClock)

2/4 selectable

2/3/4 selectable 2/3/4/6/8 selectable

System Bus Check Byte parity ECC/byte parity selectable
Write Data Transfer Rate DDx/Dxx selectable D-Dxxx setectable
{2 choices) (9 choices)
Bus Status of Unused Holds vatue of previous Undefined
Cycle cycle (only data at begin-
ning and in middle of
block)
Store Buffer 1 entry None 1 entry
External Normal Interrupt | Int {4:0) Int {5:0) {Int5 is shared by timer interrupt}

initial Setting at Reset

Set by dedicated pins
{BigEndian, DataRate,

Set by BTMC (input from dedicated serial pin)

Div4 Note)
Status Indication Output from Status {3:0) pin | None
Low Power Mode Reduces power to 1/4 None

PRId Register

Value of Imp area = 0x QA

Value of Imp area = 0x04

Package

179-pin PGA, 208-pin OFP

179-pin PGA

Supply Voltage

33v

5V

5V, 3.3 V {separate products)

Note Setting by this function is not supported by the current Va4200.
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NOTES FOR CMOS DEVICES

(1) PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note: Strong electric field, when exposed to a MOS device, can cause destruction of

the gate oxide and ultimately degrade the device operation. Steps must be
taken to stop generation of static electricity as much as possible, and quickly
dissipate it once, when it has occurred. Environmental control must be ad-
equate. When it is dry, humidifier should be used. Itis recommended to avoid
using insulators that easily build static electricity. Semiconductor devices must
be stored and transported in an anti-static container, static shielding bag or
conductive material. All test and measurement tools including work bench and
floor should be grounded. The operator should be grounded using wrist strap.
Semiconductor devices must not be touched with bare hands. Similar precau-
tions need to be taken for PW boards with semiconductor devices on it.

(2 HANDLING OF UNUSED INPUT PINS FOR CMOS

Note: No connection for CMOS device inputs can be cause of malfunction. If no

connection is provided to the input pins, it is possible that an internal input level
may be generated due to noise, etc., hence causing malfunction. CMOS devices
behave differently than Bipolar or NMOS devices. Input levels of CMOS devices
must be fixed high or low by using a pull-up or pull-down circuitry. Each unused
pin should be connected to VDD or GND with aresistor, if itis considered to have
a possibility of being an output pin. All handling related to the unused pins must
be judged device by device and related specifications governing the devices.

(3 STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note: Power-on does not necessarily define initial status of MOS device. Production

process of MOS does not define the initial operation status of the device.
Immediately after the power source is turned ON, the devices with reset function
have not yet been initialized. Hence, power-on does not guarantee out-pin
levels, 1/0O settings or contents of registers. Device is not initialized until the
reset signal is received. Reset operation must be executed immediately after
powaer-on for devices having reset function.

Related documents Vr4000, Va4400 User's manual - architecture {IEU-1344)

VRrR4000PC, Vr4400PC User's manual - hardware {IEU-1329)
Vr4000PC Data sheet {|C-3197)
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IMEMO]

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in this
document.
NEC Corporation does not assume any liability for infringement of patents. copyrights or other intellectual
property rights of third parties by or arising from use of a device described herein or any other hability arising
from use of such device. No license, either express, implied or otherwise, 1s granted under any patents,
copyrights or other intellectual property rights of NEC Corporation or others.
The devices listed in this docurnent are not suitable for use in aerospace equipment, submarine cables, nuclear
reactor control systems and life support systems. If customers intend to use NEC devices for above applications
or they intend to use "Standard” quality grade NEC devices for appiications not intended by NEC, please contact
our sales people in advance.
Application examples recommended by NEC Corporation
Standard: Computer, Office equipment, Communication equipment, Test and Measurement equipment,
Machine tools, Industrial robots, Audio and Visual equipment, Other consumer products, etc.
Special: Autormotive and Transportation equipment, Traffic control systems, Antidisaster systems, Anticrime
systems, etc.

Ma 926

Vra000, VR4000PC, Vrd200, Vad400, Va4400PC, and Ve series are trademarks of NEC Corporation.




