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Chapter 1

Overview

This document is targeted for the ASIC designer who is integrating a version of a MIPS32™ 4KE™ processor core into
the system ASIC. This document is applicable to both those integrators who are using a hard core and those who are
integrating a soft core.

In addition to this overview chapter, the document contains the following chapters:
» Chapter 2, “Signal Description,” on page 3 describes the pins of the core.

» Chapter 3, “EC Interface,” on page 19 describes the EC interface protocol used by the core.

» Chapter 4, “EJTAG Interface,” on page 35 discusses the EJTAG interface used by the core, including the optional
EJTAG TAP controller and the PDtrace interface.

» Chapter 5, “Coprocessor Interface,” on page 43 describes the Coprocessor 2 interface and protocol used by the core.

» Chapter 6, “Scratchpad RAM Interface,” on page 59 describes the Scratchpad RAM interface that may optionally be
present on the core.

» Chapter 7, “Performance Monitoring Interface,” on page 83 describes the Performance Monitor interface that may be
used to count interesting events on the core.

» Chapter 8, “YMC Simulation Model,” on page 87 describes models that can be used in place of the 4KE core. One
model is described in this chapter, a cycle-exact simulation model compiled with the Synopsys Verilog Model
Compiler tool (VMC). The VMC model provides a cycle-exact model of a 4KE core that is used as a golden
reference model in the customer verification environment for soft core licensees. It is also used by hard core
integrators and others who do not receive the RTL to simulate with the 4KE core.

» Chapter 9, “Clocking, Reset and Power,” on page 97 covers issues related to handling the clock insertion delay of the
4KE core. Additionally, the hardware reset requirements of the core, as well as power management techniques, are
discussed.

» Chapter 10, “Design For Test Features,” on page 101 discusses general DFT features which may be preset on the
4KE core. Details are specific to a particular implementation of the core.

1.1 Environment Variable Setup

Some UNIX paths described in the document refer toMiieS _ PROJECEnvironment variable, which should point to
the top level of the 4KE core deliverables. To set this variable:

% cd <release directory>

% setenv MIPS_PROJECT ‘pwd‘ # Note that these are back-ticks, not single quotes

MIPS32™ 4KE™ Processor Core Family Integrator's Guide, Revision 02.00 1
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Chapter 2

Signal Description

This chapter describes the signals on a MIPS32™ 4KE™ processor core. Only naming conventions and actual signal
names are listed in this chapter. The specific interface protocols to which each signal adheres are described in subsequent
chapters.

This chapter contains the following sections:

» Section 2.1, "Naming Conventions"

» Section 2.2, "Detailed Signal Descriptions"

2.1 Naming Conventions

The signal direction key for the signal descriptions is showialite 2-1below.
Table 2-1 Signal Type Key

Type Description
In Input to the core, unless otherwise noted, sampled on the rising edge of the appropriate clock
signal.
out Output of the core, unless otherwise noted, driven at the rising edge of the appropriate ¢lock
signal.
Aln Asynchronous inputs that are synchronized by the core.
Sin Static input to the core. These signals control configuration options and are normally tied to
either power or ground. They must not change state Bhil€oldReseit deasserted.
sout Static output from the core. These signals control configuration options in an optional connected
Coprocessor 2. These signals are static and do not ever change state.

The names of interface signals present on a 4KE core are prefixed with a unique string, according to their primary
function. Table 2-2defines the prefixes used for 4KE core interface signals.

Table 2-2 Signal Prefix Key

Prefix Description

EB_ Signals directly related to the EC interface.
SI_ General system interface signals, which are not part of the EC interface.
EJ_ Signals related to the EJTAG interface.

TC_ Signals related to the EJTAG Trace interface.

CP2_ Signals related to the Coprocessor 2 interface.

PM_ Performance monitoring signals.

{I,D}SP_ Instruction/Data ScratchPad RAM interfaces
MIPS32™ 4KE™ Processor Core Family Integrator's Guide, Revision 02.00 3
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Chapter 2 Signal Description

Table 2-2 Signal Prefix Key

Prefix Description
gscan/Bist Signals related to design-for-test features, either scan or memory Built-In-Self-Test (BIST).
gmb Signals related to integrated memory BIST.

Generally, most signals have active-high assertion levels if not otherwise specified in the tables. Signals ending in the
suffix “_N’ are active low.

2.2 Detailed Signal Descriptions

All core signals are listed ifable 2-3below. Note that the signals are grouped by logical function, not by expected
physical location. All signals, with the exceptionEaf TRST_Nare active-high signalEJ_DINTandSI_NMIgo
through edge-detection logic so that only one exception is taken each time they are asserted.

Table 2-3 Signal Descriptions

Signal Name

Type

Description

System Interface:Refer to Chapter 9, “Clocking, Reset and Power,” on page 97 for more details

Clock Signals: Refer to Section 9.1, "Clocking" on page 97 for more details

SI_Clkin

In

Clock input. All inputs and outputs, except a few of the EJTAG signals, gre
sampled or asserted relative to the rising edge of this signal.

SI_Clkout

Out

Reference clock. This clock signal provides a reference for de-skewing any
clock insertion delay created by the internal clock buffering in the core.

Reset Signals: Refer to Section 9.2, "Reset and Hardware Initialization" on page 98 for a description of the various types of

reset.
SI_ColdReset Aln Hard/Cold reset signal. Causes a Reset Exception in the core.
Non-maskable Interrupt. An edge detect is used on this signal. When thjs
SI_NMI Aln signal is sampled asserted (high) one clock after being sampled deasserted, an
NMI is posted to the core.
S|_Reset Aln Soft/Warm reset signal. Causes a SoftReset Exception in the core.

Power Management Signals: See Section 9.3, "Power Management" on page 99 for more details

This signal reflects the state of the ERL bit (2) in the SR@usregister and

S| ERL Out indicates the error level. The core assBitERLwhenever a Reset, Soft
Reset, or NMI exception is taken.
This signal reflects the state of the EXL bit (1) in the SRQusregister and
SI_EXL Out indicates the exception level. The core ass&it&XLwhenever any exceptior
other than a Reset, Soft Reset, NMI, or Debug exception is taken.
This signal reflects the state of the RP bit (27) in the E&tRtusregister.
SI_RP Out Software can write this bit to indicate that the device can enter areduced power
mode.
This signal is asserted by the core whenever the WAIT instruction is execuited.
S|_Sleep Out The assertion of this signal indicates that the clock has stopped and that the
core is waiting for an interrupt.
Interrupt Signals:
SI_EICPresent sin Indicates whether an external interrupt controller is present. Value is visib|e to

software in the&Config3g,c register field.
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2.2 Detailed Signal Descri

ptions

Table 2-3 Signal Descriptions (Continued)

Signal Name

Type

Description

SI_EISS[3:0]

In

General purpose register shadow set number to be used when servicing
interrupt in EIC interrupt mode.

an

SI_IAck

Out

Interrupt acknowledge indication for use in external interrupt controller mg
This signal is active for a sing®_Clkincycle when an interrupt is taken.
When the processor initiates the interrupt exception, it loads the value o
SI_Int[5:0] pins into theCause,p,_field (overlaid withCausgs7 p2), and
signals the external interrupt controller to notify it that the current interru
request is being serviced. This allows the controller to advance to anoth
pending higher-priority interrupt, if desired.

de.
f the

pt
er

SI_Int[5

:0]

In/Aln

Active high Interrupt pins. These signals are driven by external logic and w
asserted indicate an interrupt exception to the core. The interpretation of
signals depends on the interrupt mode in which the core is operating; th
interrupt mode is selected by software.

TheSI_Intsignals go through synchronization logic and can be asserted
asynchronously t&1_CIkIn.In External Interrupt Controller (EIC) mode,
however, the interrupt pins are interpreted as an encoded value, so they

be asserted synchronously3b Clkinto guarantee that all bits are received by

the core in a particular cycle.

The interrupt pins are level sensitive and should remain asserted until th
interrupt has been serviced.

In Release 1 Interrupt Compatibility mode:

» All 6 interrupt pins have the same priority as far as the hardware is
concerned.

* Interrupts are non-vectored.
In Vectored Interrupt (VI) mode:
» TheSI_Intpins are interpreted as individual hardware interrupt reques

« Internally, the core prioritizes the hardware interrupts and chooses an
interrupt vector.

In External Interrupt Controller (EIC) mode:

« An external block prioritizes its various interrupt requests and produce
vector number of the highest priority interrupt to be serviced.

« The vector number is driven on tBé Intpins, and is treated as a 6-bit
encoded value in the range of 0..63.

* When the core starts the interrupt exception, signaled by the assertio
SI_lAck it loads the value of th®l_Int[5:0] pins into theCausg,p,_ field
(overlaid withCausgs7 |po). The interrupt controller can then signal
another interrupt.

hen
hese
e

must

[s.

n of

SI_IPL[5:0]

Out

Current interrupt priority level from th®tatugs, register field, provided for
use by an external interrupt controller. This value is updated wheSg¢vEkck
is asserted.

SI_IPTI[2:0]

Sin

Indicates theS|_Inthardware interrupt pin that the timer interrupt pin

(SI_Timerln} is combined with external to the core. The value of this bug i

visible to software in thintCtl,p, register field.

SI_swi

nt[1:0]

Out

Software interrupt request. These signals represent the value 1§
field of theCauseregister. They are provided for use by an external interr
controller.

upt
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Table 2-3 Signal Descriptions (Continued)

Signal Name Type Description

Timer interrupt indication. This signal is asserted wheneveCthmtand
Compareregisters match and is deasserted wheCtmpareregister is
written. This hardware pin represents the value othiesg, register field.

For Release 1 Interrupt Compatibility mode or Vectored Interrupt mode:

In order to generate a timer interrupt, 8ie Timerintsignal needs to be
brought back into the 4KE core on one of theSixintinterrupt pins in a
system-dependent manner. Traditionally, this has been accomplished by
muxingSI_Timerlnwith SI_Int[5]. ExposingSI_Timerlintas an output allows
S| Timerint out more flexibility for the system designer. Timer interrupts can be muxed ¢

- ORed into one of the interrupts, as desired in a particular systersl| Tin¢
hardware interrupt pin with which tt&_TimerIntsignal is merged is
indicated via thé&I_IPTI static input pins.

=

For External Interrupt Controller (EIC) mode:

The SI_Timerlntsignal is provided to the external interrupt controller, which
then prioritizes the timer interrupt with all other interrupt sources, as desired.
The controller then encodes the desired interrupt value d3l thet pins.
SinceSI_Intis usually encoded, ti&d_IPTIpins are not meaningful in EIC
mode.

Configuration Inputs:

Unique identifier to specify an individual core in a multi-processor system.

. The hardware value specified on these pins is available EBRS@pNuym
SI_CPUNum[s3:0] Sin register field, so it can be used by software to distinguish a partlcular processor.
In a single processor system, this value should be set to zero.

Indicates the base endianness of the core. Value is visible to software in the

ConfigQg register field.
S| Endian Sin SI_Endian Base Endian Mode
0 Little Endian
1 Big Endian

The state of these signals determines whether merging is allowed in the
16-byte collapsing write buffer. Value 8f_MergeMode[0js visible to
software in theConfigQyy, register field.

SI_MergeMode[1:0] Merge Mode
SI_MergeMode[1:0] Sin 00, No Merge
01, Reserved
10, Full Merge
11, Reserved

The state of these signals can constrain the core to only generate certain byte
enables on EC interface transactions. This eases connection to some existing
bus standards. Value 81_SimpleBE[O]s visible in theConfigQ;g register
field. See Section 3.6, "SimpleBE Mode" on page 32 for more details.

SI_SimpleBE[1:0] Byte Enable Mode
SI_SimpleBE[1:0] Sin 00, All BEs allowed
Naturally aligned bytes, halfwords,

0% and words only
10, Reserved
11, Reserved
6 MIPS32™ 4KE™ Processor Core Family Integrator's Guide, Revision 02.00
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2.2 Detailed Signal Descriptions

Table 2-3 Signal Descriptions (Continued)

Signal Name Type Description
EC Interface Refer to Chapter 3, “EC Interface,” on page 19 for more details.
Indicates whether the target is ready for a new address. The core will ngt
EB_ARdy In complete the address phase of a new bus transaction until the clock cyclg after
EB_ARdyis sampled asserted.
When asserted, indicates that the values on the address bus and accesp types
EB_Avalid Out lines are valid, signifying the beginning of a new bus transadEBnAVvalid
is always be valid (unqualified).
EB Instr out When asserted, indicates that the transaction is an instruction fetch not a data
- referenceEB_Instris only valid wherEB_AValidis asserted.
EB Write out When asserted, indicates that the current transaction is a write. This sighal is
— only valid whenEB_Avalidis asserted.
When asserted, indicates that the current transaction is part of a cache fi|l or a
EB Burst out write burst. Note that there is redundant information containE®irBurst
— EB_BFirst EB_BLastandEB_BLen[1:0] This is done to simplify the system
design - the information can be used in whatever form is easiest.
. When asserted, indicates beginning of the b&Bt.BFirstis always valid
EB_BFirst Out (unqualified).
EB_BLast Out When asserted, indicates end of buBt. BLastis always valid.
Indicates length of the burst. This signal is only valid when EB_AValid is
asserted.
EB_BLen[1:0] Burst Length
EB_BLen[1:0] Out 00, reserved
01, 4
10, reserved
11, reserved
When sampled asserted, sub block ordering is used. When sampled deasgserted,
EB_SBlock Sin sequential addressing is used. Value is visible to software iBNhteld of the
ConfigOregister.
Indicates which bytes of theB_RData[31:0]Jor EB_WData[31:0]buses are
involved in the current transaction. If BB_BE[3:0] signal is asserted, the
associated byte is being read or writtEl®_BE[3:0]lines are only valid while
EB_AValidis asserted.
EB_BE[3:0] |Read Data Bits Sampled Write Data Bits
EB_BE[3:0] out Signal Driven Valid
B EB_BEJ[0] EB_RData[7:0] EB_WnData[7:0]
EB_BE[1] EB_RData[15:8] EB_WData[15:8]
EB_BE[2] EB_RData[23:16] EB_WData[23:16]
EB_BE[3] EB_RData[31:24] EB_WData[31:24]
. Address lines for external bus. Only valid wHeB_AValidis asserted.
EB_A[35:2] Out EB_A[35:32] are tied to 0009in the 4KE cores.
EB_WData[31:0] Out Output data for writes.
EB_RData[31:0] In Input data for reads.
Indicates that the target is driving read dat&8n RDatalines.EB_RdVal
EB_RdVal In must always be validEB_RdVamay never be sampled asserted until the rising
edge after the correspondiB®_ARdywas sampled asserted.
MIPS32™ 4KE™ Processor Core Family Integrator's Guide, Revision 02.00 7
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Chapter 2 Signal Description

Table 2-3 Signal Descriptions (Continued)

Signal Name

Type

Description

EB_WDRdy

In

Indicates that the target of a write is ready. B2 WDatdines can change in
the next clock cycleEB_WDRdymay not be sampled until the rising edge
where the correspondiriEB_ARdyis sampled asserted.

EB_RBErr

Bus error indicator for read transactioB8_RBEriis sampled on every rising
clock edge until an active samplingleB_RdValEB_RBErrsampled with
assertedeB_RdValindicates a bus error during re&B_RBErrmust be
deasserted in idle phases.

EB_WBEIrr

Bus error indicator for write transactiorSB_WBErris sampled at the rising|
clock edge following an active samplek_WDRdyEB_WBErrmust be
deasserted in idle phases.

EB_EWBE

Indicates that any external write buffers are empty. The external write buffers

must deasseEB_EWBEnN the cycle after the correspondiB®_WDRdyis

asserted and ke&B_EWBEdeasserted until the external write buffers are

empty. See Section 3.7, "External Write Buffers" on page 32 for more de

EB_WWBE

Out

ails.

When asserted, indicates that the core is waiting for external write buffefs to

empty. See Section 3.7, "External Write Buffers" on page 32 for more de

EJTAG Interface: Refer to Chapter 4, “EJTAG Interface,” on page 35 for more details.

implement the TAP controller.

TAP Interface. These signals comprise the EJTAG Test Access Port. These signals will not be connected if the core

Active low Test Reset InpufRST) for the EJTAG TAPEJ_TRST_Must be

EJ_TRST_N In asserted at power-up to cause the TAP controller to be reset.
EJ_TCK In Test Clock Input TCK) for the EJTAG TAP.
EJ_TMS In Test Mode Select InpuTMS for the EJTAG TAP.
EJ_TDI In Test Data InputTDI) for the EJTAG TAP.
EJ_TDO Out Test Data OutpuTDO) for the EJTAG TAP.
Drive indication for the output ofFDO for the EJTAG TAP at chip level:
1: TheTDO output at chip level must be in Z-state
0: TheTDO output at chip level must be driven to the valuEadf TDQ
EJ_TDOzstate Out ) ) ] )
IEEE Standard 1149.1-1990 defirnd30 as a 3-stated signal. To avoid havin
a 3-state core output, the 4KE core outputs this signal to drive an extern
3-state buffer.
Debug Interrupt:
Value of DINTsup for the Implementation register. A 1 on this signal indica
EJ DINTsu Sin that the EJTAG probe can uB¢NT signal to interrupt the processor. This
- P signal should be asserted if th&NT pin on the EJTAG probe header is
connected to thEJ_DINTinput of the core.
Debug exception request when this signal is asserted in a CPU clock pe
EJ_DINT In after being deasserted in the previous CPU clock period. The request s cl
when debug mode is entered. Requests when in debug mode are ignorg
Debug Mode Indication
Asserted when the core is in Debug Mode. This can be used to bring the
EJ_DebugM out out of a low power mode (see Section 9.3, "Power Management" on pag

for more details). In systems with multiple processor cores, this signal ca
used to synchronize the cores when debugging.

ails.

does not

tes

riod
pared
od.

core
e 99
n be

Device ID Bits: These inputs provide an identifying number visible to the EJTAG probe. If the EJTAG TAP controller
implemented, then these inputs are not connected. These inputs are always available for soft core customers. On h
the core “hardener” may set these inputs to their own values.

s not
ard cores,
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2.2 Detailed Signal Descri

ptions

Table 2-3 Signal Descriptions (Continued)

Signal Name

Type

Description

EJ_ManufiD[10:0]

Sin

Value of theDevice 104, 5p register field. As per IEEE 1149.1-1990 sectiq
11.2, the manufacturer identity code shall be a compressed form of JEQ
standard manufacturer’s identification code in the JEDEC Publications1
which can be found at: http://www.jedec.org/

ManuflD[6:0] bits are derived from the last byte of the JEDEC code by
discarding the parity bit. ManufID[10:7] bits provide a binary count of the
number of bytes in the JEDEC code that contain the continuation chara
(Ox7F). Where the number of continuations characters exceeds 15, these]
contain the modulo-16 count of the number of continuation characters.

n
EC
D6,

cter
4 bits

EJ_PartNumber[15:0]

Sin

Value of theéDevice IDbainumber€gister field.

EJ_Version[3:0]

Sin

Value of theéDevice Qg sionregister field.

System Implementation Dependent Outputs: These signals come from EJTAG control registers. They have no eff¢
core, but can be used to give EJTAG debugging software additional control over the system.

oct on the

port.

Soft Reset Enable. EJTAG can deassert this signal if it wants to mask soft
EJ_SRstE Out resets. If this signal is deasserted, none, some, or all soft reset sources|are
masked.
EJ PerRst out Peripheral Reset. EJTAG can assert this signal to request the reset of some or
- all of the peripheral devices in the system.
EJ PrRst out Processor Reset. EJTAG can assert this signal to request that the core be reset.
- This can be fed into th®l_Resesignal
TCtrace Interface: These signals are the connected to the Trace Capture Block (TCB) inside the core. Except for the

TC_ChipTriglnand theTC_ChipTrigOutall of the following pins will normally be connected to an on-chip Probe Interface
Block (PIB). The PIB is placed close to the physical probe pins, and will handle the final off-chip transmission on th

e trace

TC_PibPresent

Sin

Must be asserted when a PIB is attached to the TC Interface. When de-as
(low) all the other inputs are disregarded.

serted

TC_TrEnable

Out

Trace Enable, when asserted the PIB must start the TR_CIk output runnin
can expect valid data on all other outputs.

j and

TC_ClockRatio[2:0]

Out

Clock ratio. This is the software-set clock-ratio from T@BCONTROLBg
register field. The value will be within the boundaries definedBy CRMax
andTC_CRMin.The table below shows the encoded values for clock rati

TC_ClockRatio Clock Ratio

000 8:1 (Trace clock is eight times the core clock)

001 4:1 (Trace clock is four times the core clock)

010 2:1 (Trace clock is double the core clock)

011 1:1 (Trace clock is same as the core clock)

100 1:2 (Trace clock is one half the core clock)

101 1:4 (Trace clock is one fourth the core clock)

110 1:6 (Trace clock is one sixth the core clock)

111 1:8 (Trace clock is one eighth the core clock)

TC_CRMax[2:0]

Sin

Maximum Clock ratio supported. This static input setsSTRBCONFIG-rpmax
register field. It defines the capabilities of the PIB module. This field
determines the maximum valueBE_ClockRatio

TC_CRMin[2:0]

Sin

Minimum Clock ratio supported. This input sets T@BCONFIG-rmin
register field. It defines the capabilities of the PIB module. This field
determines the minimum value B€_ClockRatio

MIPS32™ 4KE™ Processor Core Family Integrator's Guide, Revision 02.00
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Table 2-3 Signal Descriptions (Continued)

Signal Name Type Description

This static input will set thE CBCONFIGy register field. It specifies the
number of actual data trace pins on the probe (4, 8 or 16).

If this interface is not driving a PIB module, but some chip-level TCB-like
module, then this field should be set to 2’b11 (reserved valu&/¥hr

TC_ProbeWidth [Number physical data
TC_ProbeWidth[1:0] Sin pin on PIB
00 4 bits
01 8 bits
10 16 bits
11 Not directly to PIB

This input identifies the number of bits picked up by the probe interface
module (PIB) in each “cycle”.

If TC_ClockRatidndicates a clock-ratio higher than 1:2, then clock
multiplication in the Probe logic is used. The “cycle” is equal to each core
clock cycle orSl_CIkIn

If TC_ClockRatidndicates a clock-ratio lower than or equal to 1:2, then
“cycle” is (clock-ratio * 2) of the core clock cycle. For example, with a clo¢k
ratio of 1:2, a “cycle” is equal to core clock cycle; with a clock ratio of 1:4| a
“cycle” is equal to one half of core clock cycle.

This input controls the down-shifting amount and frequency of the trace word
onTC_Data[63:0] The bit width and the correspondifi¢_DataBitssalue is
shown in the table below.

TC_DataBits[2:0] In
TC_DataBits[2:0] | Probe uses following bits
from TC_Dataeach cycle
000 TC_Data[3:0]
001 TC_Data[7:0]
010 TC_Data[15:0]
011 TC_Data[31:0]
100 TC_Data[63:0]
Others Unused
This input might change as the valueTad_ClockRatio[2:0]changes.
TC Valid out Asserted when a new trace word is started of @eData[63:0]signals.
- TC_Validis only asserted wherC_DataBitsis 100.
When asserted, an névC_Validin the following cycle is stalledTC_ Validis
still asserted, but thEC_Datavalue andlrC_Validis kept static, until the cycle
TC Stall In afterTC_Stallis sampled low.
TC_Stallis only sampled in the cycle before a n@@_Validcycle. And only
whenTC_DataBitsis 100, indicating full word of C_Data
This signal is asserted when the Cal biT@BCONTROLBs set.
TC_Calibrate Out For a simple PIB which only serves one TCB, this pin can be ignored. Fpr a
multi-core capable PIB which also use€_ValidandTC_Stall the PIB must
start producing the calibration pattern when this signal is asserted.
10 MIPS32™ 4KE™ Processor Core Family Integrator's Guide, Revision 02.00
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Table 2-3 Signal Descriptions (Continued)

Signal Name

Type

Description

TC_Data[63:0]

Out

Trace word data. The value on this 64-bit interface is shifted down as indicated
in TC_DataBits[2:0] First cycle where a new TW is valid on all the bits apd

TC_DataBits[2:0]is 100,TC_Validis also asserted.

The Probe Interface Block (PIB) will only be connected to [(N-1):0] bits of t
output bus. N is the number of bits picked up by the PIB in each core cl

is
ck

cycle. For clock ratios 1:2 and lower, N is equal to the number of physical tface
pins (legal values of N are 4, 8, or 16). For higher clock ratios, N is larger than

the number of physical trace pins.

TC_ProbeTrigln

Rising edge trigger input. The source should be the Probe Trigger input
input is considered asynchronous, i.e., double registered in the core.

TC_ProbeTrigOut

Out

Single cycle (relative to the “cycle” defined the descriptiom®©f DataBit$
high strobe, trigger output. The target of this trigger is intended to be the
external probe’s trigger output.

TC_ChipTrigin

In

Rising edge trigger input. The source should be on-chip. The input is
considered asynchronous, i.e., double registered in the core.

TC_ChipTrigOut

Out

The

Single cycle (relative to core clock) high strobe, trigger output. The target of

this trigger is intended to be an on-chip unit.

Coprocessor 2 Interface:Refer to Chapter 5, “Coprocessor Interface,” on page 43 for more details.

Instruction Dispatch: These signals are used to transfer an instruction for the 4KE core to the COP2 coprocessor.

CP2_ir_0[31:0]

Out

Coprocessor Arithmetic and To/From Instruction Word. Valid in the
cycle beforeCP2_as QCP2_ts Oor CP2_fs_Qs asserted.

CP2_irenable_0

Out

Enable Instruction Registering.When deasserted, no instruction strobes
will be asserted in the following cycle. When asserted, timengbe an

instruction strobe asserted in the following cycle. Instruction strobes include

CP2_as_QCP2_ts_QCP2_fs 0

Note: This is the only late signal in the interface. The intended function is to

use this signal as a clock gater on the capture latches in the coprocessq
CP2_ir_0[31:0].

CP2_as 0

Out

Coprocessor 2 Arithmetic Instruction Strobe.Asserted in the cycle after an
arithmetic Coprocessor 2 instruction is availablecg2_ir_0[31:0] If
CP2_abusy_(vas asserted in the previous cycle, this signal may not be
asserted. This signal must never be asserted in the same cy@P2hés 0
or CP2_fs_Qs asserted.

CP2_abusy 0

r for

Coprocessor 2 Arithmetic BusyWhen asserted, a Coprocessor2 arithmetic

instruction may not be dispatche@P2_as_(Gcan not be asserted in the cycle

after this signal is asserted.

CP2_ts O

Out

Coprocessor 2 To StrobeAsserted in the cycle after a To COP2 Op
instruction is available o&8P2_ir_0[31:0]. If CP2_tbusywas asserted in the
previous cycle, this signal will not be asserted. This signal can never be
asserted in the same cycle th@®2_as_Gr CP2_fs_Qs asserted.

CP2_tbusy 0O

To Coprocessor 2 BusyWhen asserted, a To COP2 Op must not be
dispatchedCP2_ts_Qmay not be asserted in the cycle after this signal is
asserted.

CP2. fs 0

Out

Coprocessor 2 From StrobeAsserted in the cycle after a From COP2 O
instruction is available o&8P2_ir_0[31:0]. If CP2_fbusy_Q@vas asserted in
the previous cycle, this signal must not be asserted. This signal may ne
asserted in the same cycle tG@®2_as_Gr CP2_ts_Qs asserted.

CP2_fbusy 0O

From Coprocessor 2 BusyWhen asserted, a From COP2 Op may not bg
dispatchedCP2_fs_Q0may not be asserted in the cycle after this signal is
asserted.

MIPS32™ 4KE™ Processor Core Family Integrator's Guide, Revision 02.00
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Chapter 2 Signal Description

Table 2-3 Signal Descriptions (Continued)

Signal Name Type Description

Big Endian Byte Ordering. When asserted, the processor is using big endian
byte ordering for the dispatched instruction. When deasserted, the processor is
using little-endian byte ordering. Valid the cycle bef@®2_as Q0CP2_fs 0
or CP2_ts_Gs asserted.

CP2_endian_0 Out

MIPS32 Compatibility Mode - Instructions. When asserted, the dispatched
instruction is restricted to the MIPS32 subset of instructions. Please refer to the
MIPS64™ architecture specification for a complete description of MIPS32
CP2 inst32 0 sout pompatitl)ilcilty mode. Valid the cycle befof@P2_as_QCP2_fs_GorCP2_ts_0

- - is asserted.

Note: The 4KE core is a MIPS32 core, and will only issue MIPS32
instructions. Thu€P2_inst32_0s tied high.

Kernel/Debug Mode.When asserted, the processor is in kernel or debug

CP2_kd_mode_0 Out mode. Valid the cycle befoleP2_as_QCP2_fs_Oor CP2_ts_(s asserted.

To Coprocessor Data: These signals are used when data is sent from the 4KE core to the COP2 coprocessor, as |part of
completing a To Coprocessor instruction.

Coprocessor To Data StrobeAsserted when To COP Op data is available pn

CP2_tds_0 Out | Cp> tdata_0[31:0]
Coprocessor To Order.Specifies which outstanding To COP Op the datalis
for. Valid only whenCP2_tds_Qs asserted.
CP2_torder_0[2:0 Order
000, Oldest outstanding To COP Op data transfer
001, 2nd oldest To COP Op data transfer.
010, 3rd oldest To COP Op data transfer.
CP2_torder_0[2:0] SOut 011, 4th oldest To COP Op data transfer.
100, 5th oldest To COP Op data transfer.
101, 6th oldest To COP Op data transfer.
110, 7th oldest To COP Op data transfer.
115 8th oldest To COP Op data transfer.
Note: The 4KE core can never send Data Out-of-Order, thus
CP2_torder_0[2:0]is forced to 009
To Coprocessor Data Out-of-Order Limit. This signal forces the integer
processor core to limit how much it can reorder To COP Data. The valug on
this signal corresponds to the maximum allowed value to be used on
CP2_tordlim_0[2:0] Sin CP2_torder_0[2:0]
Note: The 4KE core will never send Data Out-of-Order, thus
CP2_tordlim_0[2:0]is ignored.
CP2_tdata_0[31:0] out To Coprocessor DataData to be transferred to the coprocessor. Valid when

CP2_tds_0s asserted.

From Coprocessor Data: These signals are used when data is sent to the 4KE core from the COP2 coprocessor, ps part of
completing a From Coprocessor instruction.

Coprocessor From Data StrobeAsserted when From COP Op data is

CP2_fds_0 In available orCP2_fdata_0[31:0]

12 MIPS32™ 4KE™ Processor Core Family Integrator's Guide, Revision 02.00

Copyright © 2001-2002 MIPS Technologies Inc. All rights reserved.



2.2 Detailed Signal Descriptions

Table 2-3 Signal Descriptions (Continued)

Signal Name

Type

Description

CP2_forder_0[2:0]

Coprocessor From Order.Specifies which outstanding From COP Op the
data is for. Valid only whe@€P2_fds_(0s asserted.

CP2_forder_0[2:0 Order
000, Oldest outstanding From COP Op data transfer
001, 2nd oldest From COP Op data transfer.
010, 3rd oldest From COP Op data transfer.
011, 4th oldest From COP Op data transfer.
100, 5th oldest From COP Op data transfer.
101, 6th oldest From COP Op data transfer.
110, 7th oldest From COP Op data transfer.
111 8th oldest From COP Op data transfer.

Note: Only values 009and 003 are allowed; see th@P2_fordlim_0[2:0]
description below.

CP2_fordlim_0[2:0]

SOut

From Coprocessor Data Out-of-Order Limit. This signal sets the limit on

how much the coprocessor can reorder From COP Data. The value on th

signal corresponds to the maximum allowed value to be used on
CP2_forder_0[2:0]

Note: The 4KE core can handle one Out-of-Order From Data transfer.

S

CP2_fordlim_0[2:0]is forced to 003. The core can also never have more than

two outstanding From COP instructions issued, which also automatically
limits CP2_forder_0[2:( to 001,

CP2_fdata_0[31:0]

In

From Coprocessor DataData to be transferred from the coprocessor. V4l

whenCP2_fds_(Qs asserted.

Coprocessor Condition Code Check: These signals are used to report the result of a condition code check to the
from the COP2. This is only used for BC2 instructions.

CP2_cccs_0

In

Coprocessor Condition Code Check StrobéAsserted when coprocessor
condition code check bits are available@®2_ccc_0

CP2_ccc O

In

Coprocessor Conditions Code Check/alid whenCP2_cccs_0s asserted.
When asserted, the branch instruction checking the condition code shoulg
the branch. When deasserted, the branch instruction should not branch

Coprocessor Exceptions: These signals

are used by the COP2 to report exception for each instruction.

Coprocessor Exception StrobeAsserted when coprocessor exception

MIPS32™ 4KE™ Processor Core Family Integrator's Guide, Revision 02.00
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IKE core

take

CP2_excs 0 I | signalling is available 08P2_exc_@ndCP2_exccode .0
CP2 exc O In Coprocessor ExceptionWhen asserted, a Coprocessor exception is signaled
— = on CP2_exccode_0[4:0Malid whenCP2_excs_(@s asserted.
Coprocessor Exception CodeValid when bothCP2_excs_@ndCP2_exc_0
are asserted.
CP2_exccode[4:0 Exception
01016 (RI) Reserved Instruction Exceptipn
CP2 exccode 0[4:0 In (IS1) Available for Coprocessor
- 0[4:0] 1000¢ specific Exception
(IS1) Available for Coprocessor
1000% specific Exception
10016 C2E Exception
All others Reserved
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Chapter 2 Signal Description

Table 2-3 Signal Descriptions (Continued)

bP2

signalling that the instruction is nullified, and no further transactions will tg
place for this instruction. Valid whe@P2_nulls_0s asserted.

Signal Name Type Description
Instruction Nullification: These signals are used by the 4KE core to signal nullification of each instruction to the C
COprocessor.
Coprocessor Null Strobe Asserted when a nullification signal is available ¢
CP2_nulls_0 Out CP2_null 0
Nullify Coprocessor Instruction. When deasserted, the 4KE core is
CcP2 null 0 out signalling that the instruction is not nullified. When asserted, the 4KE core is

ke

Instruction Killing: These signals are used by the 4KE core to signal killing of each instruction to the COP2 coprog

eSSOr.

Coprocessor Kill Strobe.Asserted when kill signalling is available on

the

CP2_kills_0 Out | cp2 kill_o[1:0].
Kill Coprocessor Instruction. Valid whenCP2_kills_Qis asserted.
CP2_kill_0[1:0] Type of Kill
00, Instruction is not killed and
01, results can be committed
CP2_kill_0[1:0] Out 1 Instruction is killed.
O (not due taCP2_exc_P
11 Instruction is killed.
2 (due toCP2_exc_P
If an instruction is killed, no further transactions will take place on the
interface for this instruction.
Miscellaneous COP2 signals:
CP2 reset out Coprocessor ResetAsserted when a hard or soft reset is performed by the
— integer unit.
COP2 PresentMust be asserted when COP2 hardware is connected to
CP2_present el Coprocessor 2 Interface.
Coprocessor Idle.Asserted when the coprocessor logic is idle. Enables {
CP2_idle In processor to go into sleep mode and shut down the clock. Valid only if

CP2_presents asserted.

he

Performance Monitoring Interface: These signals can be used to implement performance counters which can be |
monitor hardware/software performance

sed to

alis
pTM

nal is
and

PM_DCacheHit Out This signal is asserted whenever there is a data cache hit.
PM_DCacheMiss Out This signal is asserted whenever there is a data cache miss.
This signal is asserted whenever there is a hit in the data TLB. This sigt]
PM_DTLBHit Out valid only on the 4KEc™ core and should be ignored when using the 4Kg
and 4KEm™ cores.
This signal is asserted whenever there is a miss in the data TLB. This sig
PM_DTLBMiss Out valid only on the 4KEc core and should be ignored when using the 4KEp
4KEm cores.
PM_ICacheHit Out This signal is asserted whenever there is an instruction cache hit.
PM_ICacheMiss Out This signal is asserted whenever there is an instruction cache miss.
PM_InstComplete Out This signal is asserted each time an instruction completes in the pipelin

14
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2.2 Detailed Signal Descri

ptions

Table 2-3 Signal Descriptions (Continued)

al is
and

gnal
and

alid
Em

alid
Em

Signal Name Type Description
This signal is asserted whenever there is an instruction TLB hit. This sign
PM_ITLBHit Out valid only on the 4KEc core and should be ignored when using the 4KEp
4KEm cores.
This signal is asserted whenever there is an instruction TLB miss. This si
PM_ITLBMiss Out is valid only on the 4KEc core and should be ignored when using the 4KEp
4KEm cores.
This signal is asserted whenever there is a joint TLB hit. This signal is v
PM_JTLBHit Out only on the 4KEc core and should be ignored when using the 4KEp and 4}
cores.
This signal is asserted whenever there is a joint TLB miss. This signal is
PM_JTLBMiss Out only on the 4KEc core and should be ignored when using the 4KEp and 4}
cores.
This signal is asserted whenever there is a successful merge in the writ
PM_WTBMerge Out through buffer.
PM_WTBNoMerge out This signal is asserted whenever a hon-merging store is written to the w

through buffer.

rite

ScratchPad RAM interface: This interface allows a ScratchPad RAM (SPRAM) array to be connected in parallel wit
cache arrays, enabling fast access to data. There are independent interfaces for Instruction and Data ScratchPad
order to achieve single cycle access, the ScratchPad interface is not registered, unlike the other core interfaces. Th

more careful timing considerations. Refer to Chapter 6, “Scratchpad RAM Interface,” on page 59 for further details.

h the
s. Note: In
S requires

Copyright © 2001-2002 MIPS Technologies Inc. All rights reserved.

DSP_TagAddr[19:4] Out Virtual index into the SPRAM used for tag reads and writes.
DSP_TagRdStr Out Tag Read Strobe - Hit, Stall, TagRdValue use this strobe.
DSP_TagWrStr Out i'{%?c\é\tlgtvev hSetquotkz)eu-plé1 astz}t?rfél\f atgg\;/ ;?usec.)ftware configurable, this signal will
Out Talg Compare Value - This bus is used for both tag comparison and tag pwrite

value.
DSP_TagCmpValue[23:0] ggg:ggsct(z)né%attgrsn?Pr;;hheit/k;l:;;sage is {PA[31:10], 2’b0} and contains the

For tag writes, the bus contains {PA[31:10], Lock, Valid} from TagLo

register.
DSP_DataAddr[19:2] Out Virtual index into the SPRAM used for data reads and writes.
DSP_DataWrValue[31:0] Out Data Write Value - Data value to be written to the data array.
DSP_DataRdStr Out Data Read Strobe - Indicates that the data array should be read.
DSP_DataWrStr Out Data Write Strobe - Indicates that the data array should be written.
DSP_DataWrMask[3:0] Out Data Write Mask - Byte enables for a data write.
DSP_DataRdValue[31:0] In Data Read Value - Data value read from the data array.

In Tag Read Value - Tag value read from the tag array. Writtérag oregister

DSP_TagRdValue[23:0] on a CACHE instruction. Read value maps into thegg.ofields:

{PA[31:10], Lock, Valid}
DSP_Hit In Hit - Indicates that this read was to an address covered by the SPRAM.
DSP_Stall In Stall - Indicates that the read has not yet completed.
DSP_Present Sin Present - Indicates that a SPRAM array is connected to this port.
ISP_Addr[19:2] Out Virtual index into the SPRAM used for both reads and writes of tag and [data.

MIPS32™ 4KE™ Processor Core Family Integrator's Guide, Revision 02.00 15
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Table 2-3 Signal Descriptions (Continued)

Signal Name

Type

Description

ISP_RdStr

Out

Read Strobe - indicates a read of the tag and data arrays. Hit and Stall s
are also based off of this strobe.

gnals

ISP_TagWrStr

Out

Tag Write Strobe - If SPRAM tag is software configurable, this signal wi
indicate when to update the tag value.

ISP_DataTagValue[31:0]

Out

Write/Compare Data
For data writes, this is the value to be written to the data array.

For tag writes the bus contains the {8'b0, PA[31:10], Lock, Valid} from th
TagLoregister.

For tag comparison, the bus has the address to be used for hit/miss

determination in the format {8'b0, PA[31:10], Uncacheable, 1'b0}. When
high, the Uncacheable bit indicates that the physical address bits (PA[31
are to an uncacheable address; when the Uncacheable bit is low, the ph
address is to a cacheable address.

10])
ysical

ISP_DataWrStr

Data Write Strobe - Indicates that the data array should be written.

ISP_DataRdValue[31:0]

Data Read Value - Data value read from the data array.

ISP_TagRdValue[23:0]

Tag Read Value - Tag value read from the tag array. Writtérag oregister
on a CACHE instruction. Read value maps into thiegg ofields:
{PA[31:10], Lock, Valid}

ISP_Hit

Hit - Indicates that this read was to an address covered by the SPRAM.

ISP_Stall

Stall - Indicates that the read has not yet completed.

ISP_Present

Sin

Present - Indicates that a SPRAM array is connected to this port.

Scan Test Interface:These signals provide the interface for testing the core. The use and configuration of these pi

implementation-dependent.

NS are

gscanenable

This signal should be asserted while scanning vectors into or out of the
Thegscanenablsignal must be deasserted during normal operation and
during capture clocks in test mode.

core.

gscanmode

This signal should be asserted during all scan testing both while scanning and

during capture clocks. Thgscanmodsignal must be deasserted during
normal operation.

gscanramwr

This signal will optionally provide direct control over the read and write
strobes of the RAM arrays in the core. This control will only occur if
gscanmodés also asserted, and if this feature was selected when the core
built. gscanramwiis recommended to be held low during normal (non-sc
operation.

was
an)

gscanin_x

This signal is input to a scan chain. (x may be an integer greater than or €
to 0)

qual

gscanout_x

This signal is output from a scan chain. (x may be an integer greater thg
equal to 0)

n or

BistIn[n:0]

Input to the user-specified BIST controller

BistOut[n:0]

Out

Output from the user-specified BIST controller

Integrated Memory BIST Interface: These signals provide an interface to integrated memory BIST features present
the core for testing the internal cache SRAM arrays. Refer to Chapter 10, “Design For Test Features,” on page 101

details about the use of this interface.

vithin
for more

gmbinvoke

In

Enable signal for integrated BIST controllers.

gmbdone

Out

Common completion indicator for all integrated BIST sequences.

MIPS32™ 4KE™ Processor Core Family Integrator's Guide, Revision
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2.2 Detailed Signal Descriptions

Table 2-3 Signal Descriptions (Continued)

Signal Name Type Description
gmbddfail out \all\:p:yr.] high, indicates that the integrated BIST test failed on the data cache data
gmbtdfail out \&ll\t{paill? high, indicates that the integrated BIST test failed on the data cache tag
gmbwafail out When high, indicates that the integrated BIST test failed on the data cache way

select array.

e When high, indicates that the integrated BIST test failed on the instructipn
gmbdifail Out cache data array.
g When high, indicates that the integrated BIST test failed on the instruction
gmbtifail Out cache tag array.
e When high, indicates that the integrated BIST test failed on the instructipn
gmbwifail Out cache way select array.
MIPS32™ 4KE™ Processor Core Family Integrator's Guide, Revision 02.00 17
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Chapter 3

EC Interface

This chapter describes the EC interface, which is present on all MIPS32 4KE processor cores. The EC interface is
generally described in the companion document, til€dnterface Specificatioj2]. The rest of this chapter discusses
the specific 4KE implementation of the EC interface.

This chapter contains the following major sections:

» Section 3.1, "Interface Transactions"

» Section 3.2, "Outstanding Transactions"

» Section 3.3, "Sequential Transactions"

» Section 3.4, "Write Buffer"

Section 3.6, "SimpleBE Mode"

Section 3.7, "External Write Buffers"

3.1 Interface Transactions
The cores implement 32-bit unidirectional data buE&s:RData[31:0]for read operations arieB_WData[31:0]for
write operations. The following sections describe the bus transactions:
» Section 3.1.1, "Fastest Read Transaction"
» Section 3.1.2, "Single Read with Wait States"
» Section 3.1.3, "Fastest Write Transaction"
» Section 3.1.4, "Single Write with Wait States"
» Section 3.1.5, "Burst Read"
» Section 3.1.6, "Burst Write"
» Section 3.1.7, "Back-to-Back Reads"
» Section 3.1.8, "Back-to-Back Writes"
» Section 3.1.9, "Read Followed by Write with Reordering"
» Section 3.1.10, "Write Followed by Read with Reordering"

3.1.1 Fastest Read Transaction

The core allows data to be returned in the same clock that the address is driven onto the bus. This is the fastest type of
read cycle as shown in Figure 3-1 on page 20.
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Clock # 1 2 3 4 5 6 7 8

siewout | L L[ L[ L[ LT LI LI 1L
EB_ARdy _ /

es As2) 7777 /XNa X7 7/ 3R 7 177777777 777777717777777777
es seso) L/LIXNaX 777777 TRTTTT 7777777 77777777
EB_Avalid /S N\ > Driven by system logic

EB_RData31:0] /////// /N3N [/ /LA /111111

EB_RdVal /] _\/
4

-
A

EB_RBErr /_

es_wite  ////\ NN/ LT

Figure 3-1 Fastest Read Cycle

In this transaction, the core drives address and control onto the bus and sBBipRdVakctive on the next rising edge
of the clock.

3.1.2 Single Read with Wait States

Figure 3-2 on page 21 shows a single read transaction with one address wait state and one data wait state. The core drives
address ont&B_A[35:2] and byte enable information orfi® BE[3:0]. To maximize performance, the bus interface

does not define a maximum number of outstanding bus cycles. Instead the interface providisARe\input signal;

this signal is driven by external logic and controls the generation of addresses on the bus. Current versions of the 4KE
cores can only have a maximum of 8 reads and 8 writes outstanding, but future versions may have a larger number of
outstanding transactions.

The core drives an address whenever it becomes available, regardless of theEBatARHyHowever, the core always
continues to drive the address until the clock aiBr ARdys sampled asserted. For example, on the rising edge of clock
2 in Figure 3-2 on page 21, tiieB_ARdysignal is sampled low, indicating that external logic is not ready to accept the
new address; however, the core still drii#s A[35:2]in this clock as shown. On the rising edge of clock 3 the core
sample€€EB_ARdyasserted and continues to drive the address until the rising edge of clock 4.

TheEB_Instrsignal is asserted during a single read cycle if the read is for an instruction fetcRBI #/alidsignal is
driven in each clock th&B_A[35:2]is valid on the bus. The core drives &R Writesignal low to indicate a read
transaction.

TheEB_RData[31:0JandEB_RdVakignals are first sampled on the rising edge of clock 4, one clockiElieARd\is
sampled asserted. Data is sampled on every clock thereaftdBinRidValis sampled asserted.

If a bus error occurs during the data transaction, then external logic assE&iss RBErrsignal in the same clock as
EB_RdVal
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Clock # 1 3 4 5 6 7 8

SIC T R A

Addr {Address and|Control held until clock after EB_ARdy

EB_ARdy 777>\Wai§/77_‘<npled asserted
es_apss2) /777X eid /77777717 7771777717 777777777
es seo) /7 Valid LLIRL P
EB_Avalid > Driven by system logic

)
es_Rroaw310]  ////// /[ 1TSS )]

EB_RdVal /| {;/
~

EB_RBErT /]

EB_Write  ////\ N\

Figure 3-2 Single Read Transaction with Wait States

3.1.3 Fastest Write Transaction

The core allows thEB_WDRdysignal to be driven active in the same clock that address and data are driven onto the
bus. This is the fastest type of write cycle as shown in Figure 3-3 on page 22.
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Clock # 1 2 3 4 5 6 7 8
sickout | L) [ | L] | | | |
EB_ARdy —/ AN

e apsz LLLLIKNSXL /L0
es_write //// XL LA
EB_BERO /////XNaid X/ /[ /L
B avaid /[ |\

Data is Driven until clock after EB_WDRdy

ee woata(sr:0l /////XNadX/// /) /11PN L

" Driven by system logic

EB_WDRdy _/_ _\s—’—;’

EB_WBErr /——\/

Figure 3-3 Fastest Write Transaction

In this transaction, the core drives address and control onto the bus and &Bnpé3Rdyactive on the same rising
edge of the clock.

3.1.4 Single Write with Wait States

Figure 3-4 on page 23 shows a write transaction with one address wait state and two data wait states. The core drives
address and control information onto & _A[35:2] andEB_BE[3:0] signals on the rising edge of clock 2. As in the

single read cycle with wait states, these signals remain active until the clock edge aE& thRdysignal is sampled
asserted. The core assertsBie Writesignal to indicate that a valid write cycle is on the bus, and asE&tg#\WValidto

indicate that a valid address is on the bus.

The core drives write data onEB_WData[31:0]in the same clock as address and continues to drive data until the clock
edge after th&B_WDRdysignal is sampled asserted. If a bus error occurs during a write operation, then the external
logic asserts thEB_WBErrsignal one clock after assertie@® WDRdy
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Clock #

SI_CIkOut

EB_ARdy

EB_A[35:2]

EB_Write

EB_BE[3:0]

EB_AValid

EB_WData[31:0]

EB_WDRdy

L

1 2 3 4 5 6 7 8
. L L] | L |
ddr _y Address and Control held until clock after EB_ARdy

A
L[N/

npled asserted

‘\san

L1111

///

///

////

\ s

///

///

////

X LLLIN

///

///

////

//// /X Valid

(/1)

/////X alid

__V \
i Data is Driven \3:'.;

clock|after EB_W\DF\&dy
[/

[/[/

/1]

/[l

EB_WBEIrr

Drn

iven by s

ystem logic

T

[T\

3.1.5 Burst Read

Figure 3-4 Single Write Transaction with Wait States

The core is capable of generating burst transactions on the bus. A burst transaction is used to transfer multiple related
data items. Redundant signals are provided so that system logic can treat a burst transaction either as one transaction or
as multiple independent transactions.

Burst read transactions initiated by the core always contain four data transfers. In addition, the data requested is always
a 16- byte-aligned block. Burst reads are always initiated for cacheable instruction or data reads which have missed in
the primary instruction or data cache.

The order of words within this 16-byte block varies depending on which of the words in the block is being requested by
the execution unit and the ordering protocol selected. The burst always starts with the word requested by the execution
unit and proceeds in either an ascending or descending order wrapping at the end of an aligrebla@:#kand

Table 3-2show the sequence of address bits 2 and 3.

Table 3-1 Sequential Burst Order

Starting Address EB_A[3:2] Address Progression of EB_A[3:2]
00 00, 01, 10, 11
01 01, 10, 11, 00
10 10, 11, 00, 01
11 11, 00, 01, 10
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Table 3-2 SubBlock Burst Order

Starting Address EB_A[3:2] Address Progression of EB_A[3:2]
00 00, 01, 10, 11
01 01, 00, 11, 10
10 10, 11, 00, 01
11 11, 10, 01, 00

Figure 3-5 on page 25 shows an example of a burst read transacticrorélarives address and control information onto
theEB_A[35:2]andEB_BE[3:0] signals on the rising edge of clock 2. Aghe single read cycle, these signals remain
active until the clock edge after tli&B_ARdysignal is sampled asserted. The core continues to BBseAValidas long

as a valid address is on the bus.

The EB_Instr signal is asserted if the cycle is an instruction fetch EBheBurstsignal is asserted throughout the cycle
to indicate that a burst transaction is in progress. The core ass&® tBEirstsignal in the same clock as the first
address is driven to indicate the start of a burst cycle. In the clock that the last address is driven, the coEBa&ients

to indicate the end of the burst transaction.

The core first samples ti#B_RData[31:0]bus one clock aftdéB_ARdyis sampled asserted. External logic asserts
EB_RdValo indicate that valid data is on the bus. The core registers data internally wheBeRelValis sampled
asserted.

Note that on the rising edge of clock 6 in Figure 3-5 on page Z5BhBRdValsignal is sampled deasserted, causing a
wait state betweeData 2andData 3 External logic asserts teB_RBErrsignal in the same clock as data if a bus error
occurs during that data transfer.

MIPS32™ 4KE™ Processor Core Family Integrator's Guide, Revision 02.00
Copyright © 2001-2002 MIPS Technologies Inc. All rights reserved.



3.1 Interface Transactions

Clock # 1 2 3 4 5 6 7 8

SLClkout || | | | | | | | |

EBARdy  STIN//IN// \Q/\\\
ee sz 77777) Aa X Ad XA Y R X777 7777777777777777
EB_instt  ////. valid N\
EB_BE[3:0] i

EB_Burst ] \\
\

EB_BFirst / I\
EB_BLast / N\

EB_AValid / \ > Driven by system logic
g

/
EB_RData[31:0] ///1// /) )/ /XDatalXpata2)/ /) %MD?MSXDM%X// /////
EB_Rdval /1T NX// %Jgitf [/ XN\
EB_RBE VAR V/ARN YARY/ARN
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Figure 3-5 Burst Read Transaction Timing Diagram

3.1.6 Burst Write

Burst write transactions are used to empty one of the write buffers. A burst transaction is only performed if the write
buffer contains 16 bytes of data associated with the same aligned memory block; otherwise individual write transactions
are performed. Figure 3-6 on page 26 shows a timing diagram of a burst write transaction. Unlike the read burst, a write
burst always begins with EB_A[3:2] equal to 00b.

The core drives address and control information ont&BeA[35:2]andEB_BE[3:0] signals on the rising edge of clock 2.
As in the single read cycle, these signals remain active until the clock edge af#B tidRdysignal is sampled asserted.
The core continues to driieB_AValidas long as a valid address is on the bus.

The core asserts tiiEB_Write EB_Burst andEB_AValidsignals during the time the address is dri®. Write
indicates that a write operation is in progress. The assertioB dBurstindicates that the current operation is a burst.
EB_AValidindicates that a valid address is on the bus.

The core asserts tlieB BFirstsignal in the same clock that address 1 is driven to indicate the start of a burst cycle. In
the clock that the last address is driven, the core ag&rBLastto indicate the end of the burst transaction.

In Figure 3-6 on page 26 the first data wdddt@l) is driven in clocks 2 and 3 due to thB_WDRdysignal being
sampled deasserted on the rising edge of clock 2, causing one wait state cyclEBMAEDRdys sampled asserted
on the rising edge of clock 3, the core responds by driving the secondiatad)(on the rising edge of clock 4.
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External logic drives the EB_WBETr signal one clock after the corresponding assertion of EB_WDRdy if a bus error has
occurred as shown by the arrows in Figure 3-6 on page 26.

Clock # 1 3 4 5 6 7 8

SICCT 2 I
VAR7ER/EN /4 ‘\\
[/ /X AdrL X Adr2 X Adr3 X ada X/ // )/ ]/ i
EB BE[30] /// N\
/

EB_ARdy

EB_A[35:2]

EB_Write  / / N/ 71777777777/
EB_Burst / \
EB_BFirst /— \
EB_BlLast \ > Driven by system logic
EB_Avalid |/ /
oz
EBWData[31:0}] ///X  Datal }( D;taz ;( Data3;<D§tfa4 7/1/////

ite 1 Tl

EB_WDRdy ann// w;ﬁ%%@( /111
EB_WBETrT / 1T\ XX

Figure 3-6 Burst Write Transaction Timing Diagram

3.1.7 Back-to-Back Reads

Figure 3-7 on page 27 shows the basic timing relationships of signals during a back-to-back read transaction. During a
back-to-back read cycle, the core drives addresses for both read cyclE8oA{85:2] and byte enable information
ontoEB_BE[3:0]. Note that unlike the 4K cores, the 4KE cores do not necessarily leave a dead clock between address
transactions.

To maximize performance, the core does not define a maximum number of outstanding bus cycles. Instead the core
provides theEB_ARdyinput signal. This signal is driven by external logic and controls the generation of addresses on
the bus.

An address is driven by the core whenever it becomes available, regardless of thee&ateRufy however, the core
always continues to drive the address until the clock &®RrARdys sampled asserted. For example, on the rising edge
of clock 2 in Figure 3-7 on page 27 thB_ARdysignal is sampled low, indicating that external logic is not ready to
accept the new address. However, the core still diBRsA[35:2]in this clock as shown. on the rising edge of clock 3,
the core sampldSB_ARdyasserted and continues to drive the address until the rising edge of clock 4.

TheEB _Instrsignal is asserted during a read cycle if the read is for an instruction fetceH h&Validsignal is driven
in each clock thaEB_A[35:2]is valid on the bus. The core drives tBB_Writesignal low to indicate a read transaction.
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TheEB_RData[31:0landEB_RdVakignals are first sampled on the rising edge of clock 4, one clockieBeARdys
sampled asserted. Data is sampled on every clock thereaftdfBinRidValis sampled asserted.

For the two back-to-back reads showrHigure 3-7 both reads have one address wait state. The first read has one data
wait state since thEB_RdValfor that read is sampled in clock 5, two cycles after the sampled asseEBnARdy

The second read data is returned as fast as possible, with no data wait stateEEBné&ditalis sampled in clock 6,

one clock after the sampling of EB_ARdy

If a bus error occurs during the data transaction, external logic assétf® tRBErrsignal in the same clock as
EB_RdVal

Clock # 1 2 3 4 5 6 7 8

siewoue [ L L] L L] LI L] LT[

Address and Control held until clock after EB_ARdy
Addr ¥ sampled asserted

EB_ARdy ///\Wait/ /7 N ///T\
EB_A[35:2] /////X Address 1 add2 X/ /171717

EB_Instr,

es_eea) /////X_ Veid X vaidN X////////
EB_AValid Driven by system logic
] ey
EB_Roata[310l  //////////// Data 1YDafa 2 [[IV]]]
EB_RdVal / £ \

EB_RBEIr f_\ _\
EB_Wiite  ////\ [/ [/////

Figure 3-7 Back-to-Back Read Transaction Timing Diagram

\l

3.1.8 Back-to-Back Writes

Figure 3-8 on page 28 shows a timing diagram of a back-to-back write operation. In any bus transaction, the core drives
address, control, and data information as they becomes available, regardless of thEBtaAdRdi/ If the EB_ARdy

signal is asserted at the time that the address is driven by the processor, indicating that the external agent can accept
another address, then the processor can drive a new address on the following clock.

In Figure 3-8 on page 28, address, control, and dafdté1/Data) become available and are driven onto the bus by the
core during clock 2EB_ARdyis sampled deasserted on the rising edge of clock 2, indicating that the external agent is
not ready to accept a new address. This causes one address wait stat¥\fotahaddress. The processor continues to

drive the bus with th@Vritel address and control until the clock af8_ARdyis sampled asserted. In this case,
EB_ARdyis sampled asserted on the rising edge of clock 3, allowing the processor to drive new address and control on
the rising edge of clock 4.

TheEB_WDRdignal is driven by the external agent to indicate that it has accepted the data on the bus. In this example,
theEB_WDRdysignal is sampled deasserted by the core on the rising edge of clock 3, causing the core to hold the data
(Datal) during the following cycle, clock 4. The external agent asgeBsWDRdyuring clock 3, which is sampled by

the core on the rising edge of clock 4, indicating that is has accepted the data on the bus. The core continues to drive data
until one clock afteEB_WDRdys sampled asserted, so the core dribasaluntil the rising edge of clock 5. Note that
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EB_WDRdwill never be sampled earlier than the rising edge in which the asso&&edRdyis sampled asserted. If
EB_WDRdyvas asserted on the rising edge of clock 2 (one cycle befoleBh&RdY, then it would have been ignored.

The core can drive new datadta?) on the rising edge of clock 5. On the rising edge of clock 5, the core detects

EB_WDRdydeasserted, causing the processor to hatd? in the following cycle. On the rising edge of clock 6
EB_WDRdys sampled asserted, therefore, the core can stop dikita® on the rising edge of clock 7.

Clock # 1 2 3 4 5 6 7 8

o neey 777\ /77NN /77 I IIITITITITITIT

pregfitave Mu_x_w X///////////////////
EB_Writej/ / \</ / / /
EB_AValid / \
e8_woatazr0] /////X 3 baal ) Datad X//////////////
: : ‘ : /\j

Write

EB_WDRdyi s wva.y Nz //////////
EB_WBETT ///////////////Mahd1><//////>®ahd2></////////////

Figure 3-8 Back-to-Back Write Transactions

3.1.9 Read Followed by Write with Reordering

Figure 3-9 on page 29 shows a timing diagram of a read followed by a write operation with the operations being
completed out of order. Since data is transferred for read and write operations on independent unidirectional buses (and
their corresponding ready indicators), the bus interface allows read and write operations to complete out of order with
respect to how the read and write addresses were initiated.

The core drives address, control, and data information onto the bus as it becomes available, regardless of the state of
EB_ARdylfthe EB_ARdysignal is asserted at the time that address is driven by the processor, indicating that the external
agent can accept the address, the processor can drive a new address on the following clock.

Address and control for the read operation become available and are driven onto the bus by the core on the rising edge
of clock 2. The external agent HaB_ARdyasserted so there are no address wait states for the read. The processor
continues to drive the bus until one clock afieB _ARdyis sampled asserted. The write address and control information

are driven on the rising edge of clock 4(1 clock after it could have been sent). The external ageBEBagsRdygor

an additional clock, which is sampled by the core on the rising edge of clock 4, so the core could have driven a new
address (not shown) on the rising edge of clock 5.

The external agent asserts tBB_WDRdysignal on the rising edge of clock 4, indicating its ability to accept the write
data, even though the read operation has not completed. The core drives write data for one di@KVva&Rdyhas
been sampled asserted. This causes the processor to drive data until the rising edge of clock 5.

Read data is driven onto the bus during clock 5, one clock after the write operation has completed. The core samples the
EB_RdValsignal asserted on the rising edge of clock 6, causing the processor to latch the data and terminate the read
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cycle. Note that it is the responsibility of the external agent to ensure the correct data is returned when re-ordering data
transactions.

Clock # 1 2 3 4 5 6 7 8
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Figure 3-9 Read Followed by Write Transaction with Reordering

3.1.10 Write Followed by Read with Reordering

Figure 3-10 on page 30 shows a timing diagram of a write followed by a read operation with the operations being
completed out of order.

The core drives address, control, and data information as it becomes available, regardless of theBta&&dyIf the
EB_ARdysignal is asserted at the time that address is driven by the processor, indicating that the external agent can
accept the address, the processor can drive a new address on the following clock.

Address, control, and data for the write operation become available and are driven by the core on the rising edge of clock
2. The processor continues to drive the address and control bus&BurtRRdyis sampled asserted. SifeB_ARdy

was not sampled asserted on the rising edge of clock 2, an address wait state results. The aEBerA&upé

sampled on the rising edge of clock 3, causing the processor to drive the write address and control until the rising edge
of clock 4. The read address and control are then initiated on the bus on the rising edge of clock 5 (the read could have
started in clock 4). Note that a new address (not shown) could have been driven on the bus on the rising edge of clock 6.

The external agent drives read data and asserEEBthRdValksignal in clock 5, indicating that valid read data is on the
bus, even though the write operation has not completed. The core registers the read data on the rising edge of clock 6,
thereby completing the read operation.
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By default, the core drives write data at the same time as the write address and continues to drive data for one clock after
EB_WDRdyis sampled asserted. This causes the processor to drive data in clocks 2 - 7. In this example, the external
agent assertSB_WDRdyn clock 6 and is sampled active by the core on the rising edge of clock 7, one clock after the
read operation has completed. The core continues to drive data until the rising edge of clock 8 and the write operation is
completed. Note that it is the responsibility of the external agent to ensure the correct data is returned when re-ordering
data transactions.

Clock # 1 2 3 4 5 6 7 8
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Figure 3-10 Write Followed by Read Transaction with Reordering

3.2 Outstanding Transactions

The EC interface itself does not limit the number of transactions that can be active at any time. Instead, the number of
external transactions can be throttled via control offBe ARdyinput. This input indicates that the external controller
can accept a new transaction.

The bus interface implementation of the 4KE core contains enough buffering to allow a maximum of 16 transactions to
be active simultaneously, as follows:

» Four bursted instruction reads

» Four bursted data reads

 Eight writes to a single 16B line
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When designing a generic EC interface controller, keep in mind that other MIPS processor cores designed to the EC
interface may allow a different number of transactions to be active.

3.3 Sequential Transactions

Back-to-back read accesses of the same type (Instruction or Data) will have an additional timing constraint. Only one
request of a given type is allowed to be outstanding; therefore the second address will not come out onto the bus until at
least 1 cycle after the last read data for the first address was returned. This behavior is not part of the EC interface
specification and should not be relied on in a generic EC interface controller.

Unlike the 4K processor cores, the 4KE cores will not add a dead clock between address transactions. For example, an
instruction read address can come onto the bus immediately after a data read address.

3.4 Write Buffer

The write buffer is organized as two 16 byte buffers. Each buffer contains data from a single 16 byte aligned block of
memory. One buffer contains the data currently being transferred on the external interface, while the other buffer
contains accumulating data from the core.

Data from the accumulation buffer is transferred to the external interface buffer under one of these conditions:

» When a store is attempted from the core to a different 16-byte block than is currently being accumulated.

* SYNC instruction. TheCACHE instruction also performs an impli&tYNC.

* Store to a valid word in the buffer if merging is disabled.

» Any store to uncached memory.

A load to the line being merged.

» A complete 16B line has been gathered for a burst write and the bus is idle.

Note that if a transfer is forced and the data in the external interface buffer has not been written out to memory, the core
is stalled until the memory write completes. After completion of the memory write, accumulated buffer data can be
written to the external interface buffer.

3.5 Merging Control

All 4KE cores implement two 16 byte collapsing write buffers that allow byte, halfword, tri-byte, or word writes from
the core to be accumulated in the buffer into a 16 byte value before bursting the data out onto the bus in word format.
This buffer also gathers dirty cache lines during an eviction. Note that writes to uncached areas are never merged.

Merging can be disabled. If merging is disabled, the buffer will still attempt to gather an entire 16B line to generate a
bursted write. If a store is attempted to a word that is already valid in the write buffer, the buffer will be flushed and the
two stores will not merge.

The merging option is selected by tBe MergeMode[1:0]jnput. The encoding is shown Tiable 2-3
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3.6 SimpleBE Mode

The merging write buffer and even individual load and store instructions can generate bus transactions with byte enable
patterns that are not directly supportable on other bus standards. To facilitate connection to these types of buses, the core
has a mode where it will only generate bus transactions that are naturally aligned bytes, halfwords, or words. This is
referred to as SimpleBE mode, selected wBérSimpleBE[1:0]s set to 0%. The default mode for the EC interface, in

which the full range of byte enable combinations may occur, is selected 8lIh&mpleBE[1:0]s set to 09. Note that
theSl_SimpleBbbus is a static input which must be set to DC values at power-up of the core. The other two possible
values ofSI_SimpleBEre currently reserved and should not be selected.

Allowable byte enables in SimpleBE mode are showreinie 3-3

Table 3-3 Allowable Byte Enables in SimpleBE Mode

EB_BE[3:0] (binary)

0001

0010

0100

1000

0011

1100

1111

The only load instruction that attempts to generate a complex byte enable combination is an uncached LWL/LWR
instruction requesting a tri-byte from memory. In SimpleBE mode, this transaction will be turned into a word request on
the bus. When the full word is returned, the core will only use the appropriate 3 bytes. In normal mode, load operations
to uncached space are always for the exact bytes requested. In SimpleBE mode, however, uncached tri-byte loads are
turned into a full word request, the memory system must be capable of tolerating an uncached request to the fourth byte
which won't actually be used by the core.

Merging stores or SWL/SWR instructions can also attempt to generate complex byte enable combinations. When a write
transaction with complex byte enables is detected internally, the core will split the write into two transactions on the bus.
Each transaction meets one of the byte enable combinations shdabigr8-3 one with the upper two byte enables
deasserted and one with the lower two deasserted.

The setting ofSl_SimpleBEs independent of the value f&_MergeModeFor example, the full merging option could
be chosen foBl_MergeModgwhile SimpleBE mode is selected BF SimpleBE

3.7 External Write Buffers

32

Some systems may have external write buffers to increase bus efficiency and system performance. The core has a
two-signal interface which can allow software to have some control over the external write buff@¥Nihe

instruction is intended to form a barrier between load/store instructions before and after it in the instruction stream. Upon
execution of &YNC instruction, the core will complete all pending read requests and flush the internal write buffer. The
core will also asseEB_ WWBHOo signal to the system that it is waiting for the Write Buffer Empty signal (EB_ EWBE).

The SYNC instruction will not complete until thEB_EWBEnput is asserted.

In most systems, thHeB_ EWBE signaik tied high. Just using tHeB_ WWBEsignals does not ensure coherency. If a
write is in the external write buffer, then the core can generate a read request to the given address without asserting
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EB_WWBHEbecause the core has no knowledge of the external write buffers). Therefore, any write buffers in the system
must maintain coherency with reads.

TheEB_WWBE/EB_EWBIBterface can be used to ma&&¥NCs “harder” by forcing the flush of the external write
buffers. This is a system/SW design issue - a decision must be made in determining what the system do8¥WNken a
instruction is executed (and the same will be done for other synchronizing instructions GACHIS).

In order to minimize the delay when the write buffers are already empty (EBtHEWBEsignal is not used and just

tied high),EB_EWBEcan be sampled befoEB_WWBHS seen externally. This will only happen if the internal write
buffers are empty and no writes are on the EC interface. If there are writes already on the bus or new writes caused by
the SYNC, EB_EWBEwill not be sampled until the cycle that the final write is accepted.
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Chapter 4

EJTAG Interface

This chapter discusses chip-level integration details for the EJTAG-related signals on a MIPS32™ 4KE™ core, as well

as some system level requirements. A comparison of EJTAG versus JTAG is covered first, to clarify the differences and
similarities. Then EJTAG chip and system issues related to one or multiple 4KE cores within a single chip are discussed.
This chapter contains the following sections:

» Section 4.1, "EJTAG versus JTAG"

» Section 4.2, "How to Connect EJ_* Pins"

» Section 4.3, "Multi-Core Implementations"

» Section 4.4, "EJTAG Trace"

An EJTAG TAP controller is an optional feature in a 4KE core. If the 4KE core under use does not contain the EJTAG
TAP controller, then much of this chapter is irrelevant.

Reference to the genefaI TAG Specificatiof8] can be found several times in this chapter. MIPS recommends that you
become familiar with the general EJTAG Specification in addition to this chapter, before deciding how to integrate
EJTAG into your chip.

4.1 EJTAG versus JTAG

The name EJTAG is often confused with IEEE JTAG boundary scan, but EJTAG is not related to boundary scan. EJTAG
is a set of hardware-based debugging features on a MIPS processor, accessible by debug software. EJTAG is used by
software programmers to control and debug code execution, as well as to access hardware resources within a MIPS
processor during code development. The interface for EJTAG access to the core uses a superset of the JTAG TAP
interface, but that is really its only similarity with boundary scan.

Read the “EJTAG Debug Support” chapter in Mi®S32™ 4KE™ Processor Core Family Software User's Manual
[1]to learn more about the software debugging capabilities of EJTAG.

4.1.1 EJTAG Similarities to JTAG

From a functional viewpoint, the following features are inherited from the JTAG TAP interface:

 Protocol for selecting data and control registers usthgrMS

« Serial protocol for transmitting data in and out of the selected registeriE&ifidplandEJ_TDQ

» Asynchronous reset to the EJTAG TAP controller u§idgTRST _NTRST?.

» EJ_TCKdriving the clock input of all the EJTAG TAP controller registers.

Because of these similarities, it is possible to share certain physical resources between the TAP controllers in EJTAG

and JTAG. MIPS recommends NOT sharing any logic or pins between JTAG and EJTAG. MIPS recognizes that reducing
pin count is often necessary in large System-on-a-Chip (SOC) chip designs.
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36

4.1.2 Sharing EJTAG Resources with JTAG

It is theoretically possible to share the TAP controller for JTAG and EJTAG purposes because the EJTAG control
commands do not use reserved JTAG commands. This TAP sharing is not supported by the 4KE core, however. The 4KE
core has its own independent TAP controller that is reserved exclusively for EJTAG operation.

Because the EJTAG electrical specification is identical to the JTAG specification, it is possible to share the physical chip
pins between the two TAP controllers between EJTAG and JTAG. There are two ways this might be accomplished, but
both of them have issues which must be considered.

4.1.2.1 Daisy-Chained TDI-TDO

One method is to hook up the physical pii@K, TMSandTRST*in parallel to both TAP controllers, and then
daisy-chain th& DI/TDO pins in the following manner:

 physical pinTDI to JTAGTDI

* JTAGTDOto EJTAGEJ_TDI

» EJTAGEJ_TDOto physical pinfDO.

» EJTAGEJ_TDOzstat¢o output enable of physicaDO.

Figure 4-1 on page 36 shows the sefial-TDO chain setup with parallel control of the TAP controllers.
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EJTAG TAP

EJ_TRST_N
EJ_TCK
EJ_TMS
EJ_TDI
EJ_TDO

EJ _TDOzstate

YYVYY

Figure 4-1 Daisy-ChainedTDI-TDO Between JTAG and EJTAG TAP Controllers
Some EJTAG debug tool chains can handle this configuration. If another TAP controller in the path to the EJTAG TAP
controller can be identified, then the debug software must be told the following items:
* the Instruction word length of the JTAG TAP controller
« the Instruction word command to select the bypass register (usually all 1's)
« the length of the bypass register (usually one bit)

This will enable the debugger to always select the bypass register within the JTAG TAP controller during EJTAG access,
and compensate for the bypass register length.
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The main problem is the presence of the serial EJTAG TAP controller in the JTAG TAP path; automatic JTAG
testbenches do not like the visibility of another TAP controller inside the chip. MIPS strongly recommends NOT using
the setup in Figure 4-1 on page 36 for sharing TAP controller external pins between an EJTAG TAP and a JTAG TAP.

4.1.2.2 Multiplexed Pin Access

A select signal can choose which TAP controller has access to the physical pins. How the user wishes to gate off the
inputs of the unselected TAP controller depends on the presence of an asynchronous reset input. In Figure 4-2 on page
37, a setup which anticipates the existencERBT*on the “CHIP JTAG TAP” controller is shown.

SOC_CHIP
TAPSelect CHIP JTAG TAP
*
R 1 "_:D-> TRST*
™S [ > -PQ))'_»E TS
™ = - DI
1l TDO
DO Ol TDO_OEN
1|
0 4KE core
;’CI }-»| EJ_TRST_N
EJTCK
EJTMS
EJTDI
EJTDO
EJ_TDOzstate

Figure 4-2 Multiplexing Between JTAG and EJTAG TAP Controllers

TAPSelectn Figure 4-2 on page 37 is shown as an SOC_CHIP external input, and NOT as internal logic or registered
signal. This is for two important reasons:

1. When doing board level interconnect testing. The JTAG controller should be able to work the boundary scan
without any other controlled pins beyond the five JTAG pins.

2. When the board holding the SOC_CHIP is used for software development, EJTAG must be functional on the TAP
controller while the 4KE core (and thus probably the entire SOC_CHIP) is held in reset. During reset, EJTAG
commands can initialize the 4KE core to leave the reset state in Debug Mode, and thus the debug interface can
control the 4KE core before it attempts to fetch the first instruction.

The two reasons above also imply ti#&tPSelecinust be valid and fixed while using either of the two TAP controllers.
For system integrityTAPSelecshould also be kept valid while there is no probe connected to the TAP Probe Connector.
One small implication to this is, that tHAPSelecinput can not be tested by JTAG boundary scan. It might be wise to
NOT have boundary scan include h&PSelectnput logic. This is, however, the only problem in this shared TAP
controller configuration. A two-way jumper on the PCB could be created to select the fixed TfeRSefect

If pin sharing between EJTAG and JTAG TAP controllers is absolutely unavoidable, MIPS recommends the
implementation shown in Figure 4-2 on page 37.

4.2 How to ConnectEJ_* Pins

In the previous section, issues concerning the sharing of EJTAG TAP and JTAG TAP pins were discussed. This section
assumes that the chip has a separate set of EJTAG TAP pins. Other non-TAP EJTAG pins on the 4KE core will require
separate pins on the chip. This section will discuss how to connect Bl theins in the chip.
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4.2.1 EJTAG Chip-Level Pins

The EJTAG TAP signals on the 4KE core &@: TCK, EJ_TMS, EJ_TDI, EJ_TRST_N, EJ_T&@EJ_TDOzstate

An extra signaEJ_DINT (Debug Interrupt) can also be connected to an external pin. Figure 4-3 on page 38 shows the
intended connection to the chip. Pin names for the chip have been chosen as the usual JTAG TAP signal&; with an “
prefix.

SOC_CHIP
4KE core
Probe Connector EDINT; > Optional »{ EJ_DINT
oy | Optional VDD —»| EJ_DINTsup
<« EJ_DebutM
TRST* | Optional ETRST*_| , 1~ Optional »| EJ_ TRST_N
TCK ETCKy | o »| EJ_TCK
T™S ETMS_ | »| EJ_TMS
TDI ETDI| »| EJ_TDI
TDO |« ETDO |, T EJ_TDO
EJ_TDOzstate
RST* RESET ,
System _|—>—>|>—> Chip Reset
Reset logic

Figure 4-3 EJTAG Chip-Level Pin Connection

AC timing characteristics for tHETDOdriver and the input buffers can be found in Section 7.2, “AC Timing
Characteristics”, of the EJTAG Specification. In particular notice that all the probe pins must have pull-up or pull-down
logic attached. As shown in Figure 4-3 on page 38, all the chip-level pins have corresponding pins on the EJTAG Probe
ConnectorRST*is special, because an assertion (active low) on this pin must result in a system level reset. Refer to
Figure 4-4 on page 40 for further details on EJTAG-related reset circuitry.

4.2.1.1 OptionalETRST* Pin

Although theETRST*is an optional input pin on the chip, it is strongly recommended thaETRST*pin be present.

If this pin is not used, on-chip logic is needed that as€eitsSTRST_ Mt power-up. This assertion can ONLY happen on
power-up or at cold-start. Any soft reset of the chip and 4KE core must not affedegthERST_Nignal. Special timing
also applies to the deassertiontsesf TRST_NRefer to Section 6.3 of the EJTAG Specification, “OptichRIST*Pin”

for more details.

4.2.1.2 OptionalEDINT Pin

The EDINT input pin is also optional. An assertion &_DINTin the 4KE core triggers a Debug Interrupt Exception.
This will stop the normal program flow within the 4KE core and force it to the Debug Exception Vector. The same effect
can be achieved by setting the EjtagBrk bit in the EJTAG Control Register. The EJTAG Control Register is accessed
through the TAP controller pins, which takes multiBlECK clock periods.

The difference is that asserting t8& DINTinput has much lower latency, and gives faster control over forcing the
processor into Debug Mode. If fast entry into Debug Mode is not neededE=DIBYIT pin can be removed from the chip.

EJ_DINTon the 4KE core may also be connected to on-chip logic, such as a Multi-Core Breakpoint Unit (see Figure
4-5 on page 41 for more details). TB& DINTsup(EJTAG Debug Interrupt Pin Supported) input on a 4KE core is
asserted only if th&J_DINTinput connected to thBINT pin of the Probe Connector. Ti&) DINTinput may not be
disabled if the th&J DINTsupnput is deasserte@tJ DINTsups only used to set the DINTsup bit in the EJTAG
Implementation Register.
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If EJ_DINTon the 4KE core to an interrupt source is not connected, thefeboFINTandEJ_DINTsupmust be
deasserted by connecting them to logic zero.

4.2.2 EJTAG Device ID Input Pins
The Device ID Register in the EJTAG TAP controller gets its values directlyEbrivianufID[10:0]

EJ_PartNumber[15:0pndEJ_Version[3:0] If these pins are not already tied off to specific values by a hard core
provider, the integrator is free to choose what values to plagEd dPartNumeber[15:0andEJ_Version[3:0]

4.2.2.1 EJ_ManuflD[10:0]

EJ_ManufID[10:0]must be a compressed form of a JEDEC standard manufacturer’s identification code. See “Section
4.2.2, "EJTAG Device ID Input Pins" on page 39"

4.2.2.2 EJ_PartNumber[15:0]

EJ_PartNumber[15:0]s recommended to be a manufacturer-specific number identifying this core as a MIPS 4KE core.
A new physical cache configuration could facilitate a new valueJoPartNumber[15:0] but could also be an
increment of the number on tBd_Version[3:0]input.

4.2.2.3 EJ_ Version[3:0]

EJ_Version[3:0]is recommended to be unique for each new physical layout, with theBaniRartNumber[15:0]nput.

4.2.3 EJTAG Software Reset Pins

Two reset-related EJTAG outputs are controlled by corresponding bits in the EJTAG Control Register: Peripheral Reset
(EJ_PerRstis controlled by the PerRst bit, and Processor R&gJetRrRs} is controlled by the PrRst bit.

Another software reset-related pin is Soft Reset En&dlegRstlE This pin is driven from the SRE bit in the Debug
Control Register (the DCR is a memory-mapped register present within the 4KE core, accessible in Debug Mode).

4.2.3.1 EJ_PrRstSignal
Processor Reset can be interpreted as “System Soft Reset”. When the PrRst bit is asserted by EJTAG debug software,
the result must be one of two possible scenarios:

1. The entire system is reset. This could be achieved by connEdtiRgRstto chip (internal or external) soft reset
logic.

2. Nothing happens. Eith&J_PrRsis left unconnected or the assertion is gated off by other logic likEthé&SRstE
pin.

A protocol exists using the Rocc (Reset Occurred) bit for debug software to identify which of the two scenarios occurs.
Figure 4-4 on page 40 shows one possible implementation for the B3eRiRst

4.2.3.2 EJ_PerRstSignal

Peripheral Reset can be used as a soft reset of the peripherals surrounding the 4KE core. The effect of an asserted
EJ_PerRsts implementation-dependent; however, it should never result in a reset of the 4KE core itself. Figure 4-4 on
page 40 shows one possible implementation of the usé dferRst
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4.2.3.3 EJ_SRstEpin

As described earlier, this signal can be used to control one or more Soft Reset sources in the system reset logic. See
Figure 4-4 on page 40 for a possible implementation.

4.2.3.4 A Reset Logic Implementation
Figure 4-4 on page 40 shows a possible implementation &ltherRstEJ_PerRsandEJ_SRstBins in a system.

Note that in this example all the Reset control logic is place outside the chip containing the 4KE core. This requires 3
extra output signals, but this need not be the case.

SOC_CHIP

Chip Reset 4KE core

RESET MIPS_4KE_RESET »| SI_ColdReset

OTHER_RESETl—»

A
\

Optional _ PRRST

- EJ_PrRst
Optional | PERRST EJ PerRst
Optional| _ SRSTEN EJ_SRstE
EJTAG
Probe
Connector Reset Logic
DINT . % 5\ Periph Soft Reset
TRST* B
TCK - » \ Soft Reset
TMS Other Soft 3@—» J
TDI Reset Sources
TDO Hard Reset %\/ Hard Reset
. Sources %
RST 'PROCESSOR_RESET[ Timer Hold
- Reset
Peripheral PERIPH_RESET Timer Hold
devices reset ‘ Reset

Figure 4-4 Reset Circuitry Implementation

Note: TheRST*input to the Reset Logic from the Probe Connector is a required connection when implementing EJTAG
into the system.

4.3 Multi-Core Implementations

In a chip configuration with multiple 4KE cores, all EJTAG TAP controllers can share one set of EJTAG TAP controller
pins. The MIPS-recommended daisy-chain connection for a Multi-Core configuration is shown in Figure 4-5 on page 41.

40 MIPS32™ 4KE™ Processor Core Family Integrator's Guide, Revision 02.00

Copyright © 2001-2002 MIPS Technologies Inc. All rights reserved.



4.3 Multi-Core Implementations

SOC_CHIP
4KE core Multi-Core
Breakpoint Unit
Master
ETRST* s———» EJ TRST_N
— - EJ_DebugM >

ETCK EJ TCK _ g DebugM_0
ETMS > EJLTMS EJ_DINT | DINT_O

ETDI » EJ_TDI

ETDO — EJ_TDO
- EJ_TDOzstate

4KE core

EJ_TRST_N
EJ_TCK EJ_DebugM »{ DebugM_1

EJ_TMS <

EJ_TDO
EJ_TDOzstate

! |+VVV

4KE core

» EJ_TRST_N
» EJ_TCK

» EJ_TMS

— EJ_TDI
EJ_TDO

EJ TDOzstate

EJ_DebugM » DebugM_n

EJ_DINT = DINT_n

EDINT (> »| DebugM_Ext

Figure 4-5 Multi-Core Implementation

4.3.1 TDI/TDO Daisy-Chain Connection

In a Multi-Core implementation, one of the processor cores is often be the Master. In Figure 4-5 on page 41, the Master
core isfirstin thefDI/TDOdaisy-chain to get a low latency access to control and data registers in the Master core. When
a large number of EJTAG TAP controllers are connected in the daisy-chain, the placement of the Master core be of any
significance.

The chip’s ETDO output enable is controlled by EJ_TDOzstate in the last core in the chain because this core drives the
TDO chip pin.

4.3.2 Multi-Core Breakpoint Unit

The Multi-Core Breakpoint Unit (MCBU) shown to the right in Figure 4-5 on page 41 is an implementation-dependent
block. Each core can signal whether or not it is in Debug Mode basedBa iBebughMoutput. When doing Multi-Core

debug, a low latency entry into Debug Mode may be desired for all or some of the other processor cores on the chip,
based on the entry of one of the processors into Debug Mode. For example, a Slave core might rely on full operation by
the Master core; then the Master core’s entry into Debug Mode can trigger a Debug InErrpN{) to the Slave

core(s). This would place each Slave core in Debug Mode with low latency after the Master core entered Debug Mode
(depending on implementation, the latency would be less than 10 cycles).
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Debugger software can detect that the Master core has entered Debug Mode, and trigger this for the Slave core(s). This
might be supported by your Debug software as an automatic feature. The detection and the following Slave core(s) debug
trigger would have to go through the serial TAP controller chain, which could take hundreds of cycles before the Slave
core(s) enter Debug Mode.

The physical implementation and/or programmability of the MCBU is a system decision beyond the scope of this
document; however, if an MCBU is designed, e DebugMsignal is a level-sensitive signal aBd DINTIs rising
edge-triggered. CreatinglANT_xsignal from a simple OR-function of one or m&rebugM_xsignals does not have
the desired effect. A rising edge detection ddebugM_>output signal is needed to generate the desired rising edge on
aDINT_xinput signal. Once in Debug Mode, the 4KE core ignores any subsequent Debug InterEiptB T

4.4 EJTAG Trace

42

A 4KE core can support EJTAG Trace features, which enables real-time tracing of the Program Counter and load/store
address and data values. The trace logic is included as a build time option. Four basic options are possible:

1. No trace logic included.

2. Trace logic to on-chip trace memory (embedded within the core).

3. Trace logic to support an off-chip trace probe (with off-chip trace memory).

4. Combination of options 2 and 3.

If options 1 or 2 are present, then th€_output pins on the core will be statically driven to zero, and allli@e inputs

are ignored. With option 2, access to the trace features and on-chip trace memory occurs through the standard EJTAG
probe.

If options 3 or 4 are present, then the TCtrace Interface on the 4KE core is active BAditiputs and outputs must
be connected to a core external Probe Interface Block (PIB), or tied off. If a PIB is not implemented tharCall the
inputs should be tied low.

The specific implementation details for the PIB and how to connect it to the core can be fourttlinABeTrace
Control Block Specificatiof].
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Chapter 5

Coprocessor Interface

This chapter describes the MIPS Core Coprocessor Interface supported by the MIPS32™ 4KE™ processor core. The
MIPS Core Coprocessor Interface is described in the companion documenGdite@oprocessor Interface
Specificatiorf5]. The Core Coprocessor Interface is an optional feature in a 4KE core. If the 4KE core does not contain
the Core Coprocessor Interface logic, then this chapter is irrelevant. This chapter discusses the specific 4KE
implementation of the Core Coprocessor Interface, in the following sections:

» Section 5.1, "Introduction”

» Section 5.2, "Coprocessor Instructions"
» Section 5.3, "Signal Configuration"

» Section 5.4, "Interface Protocols"

» Section 5.5, "Power Saving Issues"

5.1 Introduction

The 4KE core Coprocessor Interface allows a single Coprocessor 2 (COP2) to be connected to the integer unit. The
function of Coprocessor 2 is user-definable and is intended to allow special-purpose engines, such as a graphics
accelerator that is integrated into the architecture. The 4KE corendimsgpport an interface to a floating-point unit,

which is dedicated to Coprocessor 1 in the MIPS32™ architecture. The special handling for floating-point instructions
needed in the integer unit, as well as the extra signaling needed between the integer unit and a floating-point unit, is not
present in a 4KE core.

The Coprocessor Interface has the following features:

» No late or critical signals are part of the interface. This allows for easier design and synthesis for coprocessor
designers.

» By keeping the interface as simple as possible, designers can concentrate on the coprocessor functionality rather than
its interface.

* Minimal required interface logic, thereby minimizing area and power overhead.

» Performance is not compromised. This interface is compatible with all high-performance features of the 4KE
processor core family.

» Fully compliant to the MIPS Core Coprocessor Interface standard.

5.2 Coprocessor Instructions

A 4KE core supports all MIPS32-compliant COP2 instructions, except the load double (LDC2) and store double (SDC2)
instructionsTable 5-1lists all the supported instructions and how they are decoded.
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Table 5-1 Supported Coprocessor 2 instructions

Instruction Decode Description
Load Word from memory to a Coprocessor 2 register.
LWC2 IR[31:26] = 110019 )
COP2 register number = IR[20:16], sub-selecf= 0
Store Word to memory from a Coprocessor 2 register.
SWC2 IR[31:26] = 111010 )
COP2 register number = IR[20:16], sub-selecf= 0
Move word from Coprocessor 2 register to processor general-purpoge
MEC2 IR[31:26] = 010019 & | register.

IR[25:21] = 00009
COP2 register number = IR[15:11], sub-select = IR[2:0]

Move word from Coprocessor 2 control register to processor
CEC2 IR[31:26] =010019 & | general-purpose register.

IR[25:21] = 00019
COP2 control register number = IR[15:41]

Move word to Coprocessor 2 register from processor general-purpoge
MTC2 IR[31:26] = 010019 & | register.
IR[25:21] = 00109

COP2 register number = IR[15:11], sub-select = IR[2:0]

Move word to Coprocessor 2 control register from processor
cTC2 IR[31:26] =010019 & | general-purpose register.

IR[25:21] = 00119
COP2 control register number = IR[15:41]

Branch on Coprocessor 2 condition false (likély)

BC2F IR[31:26] = 010019 & | The condition code check from the coprocessor should be set if the
BC2FL IR[25:23] = 01Q & condition is False.
IR[16] = O,

Condition is specified by IR[22:18].

Branch on Coprocessor 2 condition true (likly)

BC2T IR[31:26] = 010019 & | The condition code check from the coprocessor should be set if the
IR[25:23] = 01Q & condition is True.

BC2TL =
IR[16] = 1,

Condition is specified by IR[22:18].

IR[31:26] = 010010 & Perform Coprocessor 2 operation.

COPZ | |R[25] = 1,

Operation is specified by IR[24:0].

Note: [a] The LWC2 and SWC2 instructions has no room to specify a sub-select COP2 register value. sub-select 0 must be assumed.
Note: [b] The MFC2 and MTC2 instructions target a COP2 register (0-31) with a sub-select (0-7), effectively making the COP2|register
file of size: 32x8 = 256 registers.
Note: [c] The CFC2 and CTC2 instructions target COP2 control registers (0-31). There is no sub-select field, making the COPJ2 control
register file of size: 32 registers.

Note: [d] The BC2 instructions use IR[17] to select between branch and branch likely type instructions. The coprocessor wduld typi-
cally not care to look at IR[17] for BC2 instruction decodes.

Only instructions with the decode specifiediable 5-1may be sent to the coprocessor. If an instruction is not supported
by the coprocessor, then a reserved instruction (RI) exception must be sent back to the 4KE core (see Section 5.4.5,
"Coprocessor Exceptions").

The 4KE core only dispatches instructions to the coprocessor if the CU2 bit in th8t@R@register is set. Refer to the
MIPS32 4KE Processor Core Family Software User's Mafoatietails on Coprocessor 2 instructions and CPO
registers.
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5.3 Signal Configuration
The 4KE core Coprocessor 2 interface supports a subset of the possible features specifimténGbprocessor
Interface SpecificatiarFollowing is a list of the supported features of the 4KE core Coprocessor Interface:
» A single COP2 coprocessor is supported. No support for the floating-point COP1 coprocessor.
+ Data transfers are 32 bits. No support for 64-bit buses and 64-bit instructions (LDC2/SDC?2).
» One issue group is supported (group 0). No support for dual (or more) issue.

» Data from the coprocessor can only be one instruction out-of-order.

Data to the coprocessor is always sent in order.

An instruction is never nullified.

From a static pin configuration point of view, the supported features listed above have the following consequences (refer
to Table 2-3 on page #r a listing of all the 4KE core signals).

TheCP2_inst32_Mutput is tied high (logic 1). The 4KE core is a MIPS32 compliant core only, and does not support
any 64-bit features. All instructions assume the coprocessor behaves as a 32 bit device, mandated by always asserting
CP2_inst32_0A possibleCP2_tx32_Mutput from a coprocessbio the core is not defined on the interface of the core,

and can be left unconnected on the coprocessor.

TheCP2_tdata_0[31:0lnd theCP2_fdata 0[31:0Hata buses are only 32 bits wide. 64-bit transfers are not supported.

TheCP2_tordlim_0[2:0]input is ignored and theP2_torder_0[2:0]output is tied to 00§ since the 4KE core never

sends data out of order. The coprocessor attached to a 4KE core does not need to limit the use of out-of-order-ness. This
might not be true for other MIPS cores using the same interface. If a coprocessor is built which does not allow data it
receives to be sent out-of-order, then it can driveCth2_tordlim_0[2:0]signal to 006.

TheCP2_fordlim_0[2:0]output is tied to 00land theCP2_forder_0[2:1]input is ignored. No more than one

out-of-order data return is supported. O8k2_forder_0[0]is needed to define the out-of-order-ness of the data
received from the coprocessor. If data is sent to the 4KE core more than one out-of-order, then it would be a protocol
violation and the result from this is undefined.

The CP2_null_Ooutput is tied low (logic 0). With the 4KE core, the only instruction that may be nullified is an
instruction in a branch likely delay slot (when the branch isn’t taken). The branch condition is evaluated so early that
dispatch of the delay slot instruction can be suppressedCPe nulls_Gignal will still strobe once for each instruction
dispatched as required by the protocol. But no instruction is ever nullified.

Note: If the CP2_null_Oalways being low when implementing the coprocessor is relied upon, then might not be
compatible with future versions of the 4KE or other MIPS cores.

The CP2_resebutput is driven directly from a register. This register is driven by the internal reset, and clocked by the
core clock 81_ClIkInafter clock tree). This means that the assertion/deassertion is one cycle later than what the core sees.
This is not a problem as the first instruction after reset can never be a Coprocessor 2 instruction.

The CP2_preseninput determines the presence of a coprocessor. If this input is deasserted (logic 0), then the
Coprocessor Interface is disabled. All inputs should be driven static to their inactive values, and all outputs must be
ignored. It is not possible to set the CU2 bit in the GSRAQusregister ifCP2_presents deasserted (0).

1 static signal from a coprocessor, used to indicate it can only handle 32-bit transactions.
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Refer toTable 2-3 on page #r a complete listing of all the pins of the 4KE core.

The Coprocessor Interface is composed of several simple transfers:

* Instruction Dispatch - Starts coprocessor instructions.

» To COP Data- Transfers data to the coprocessor.

» From COP Data - Transfers data from the coprocessor.

» Coprocessor Condition Code Check Transfers coprocessor condition check result to the 4KE core.

» Coprocessor Exceptions Notifies the 4KE core whether any coprocessor exceptions happened for an instruction or
not.

* Instruction Nullification - Notifies the coprocessor whether instructions are nullified or not.

* Instruction Killing - Notifies the coprocessor whether instructions can commit state or not.

All transfers use the following protocol:

« All transfers are synchronously strobed, that is, a transfer is only valid for one cycle (when the strobe signal is
asserted). The strobe signal is a synchronous signal and should not be used to clock registers.

No handshake confirmation of transfer.
» Except for instruction dispatch, no flow control.

» Except for To/From COP data transfers, out of order transfers are not allowed. All transfers of a given type, except
To/From COP data transfers, must be in dispatch order.

Ordering of different types of transfers for the same instruction is not restricted.

After an instruction is dispatched, additional information about that instruction must be later transferred between the
coprocessor and the 4KE processor core. The additional information and the transfers required are summaloized in
5-2.

Note: For each dispatch type given in the table, all listed transfenegreéredto be completed. No transfers are optional.
however, after an instruction is killed or nullified, any additional transfers that have not already happened will not occur.
Once an instruction is killed or nullified, no further transfers for that instruction can happen. Additionally, if an
instruction is killed, then all transfers for all previously dispatched instructions will not happen either, including
instructions dispatched in the same cycle that the kill of an older instruction is sent.

Table 5-2 Transfers Required for Each Dispatch

Dispatch Type Required Transfers
« Instruction nullification or nét
To COP Op » To Coprocessor data transfer
(Lweca/mTC2/ |, .
CTC2) Coprocessor exceptions or not
* Instruction killing or not
« Instruction nullification or nét
FromCOPOp |, From Coprocessor data transfer
(swcz2/ MFc2/ |, :
CFC2) Coprocessor exceptions or not
* Instruction killing or not
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Table 5-2 Transfers Required for Each Dispatch (Continued)

Dispatch Type Required Transfers

) ) « Instruction nullification or nét
Arithmetic Op

(COP2)

+ Coprocessor exceptions or not

« Instruction killing or not

« Instruction nullificatio®
Arithmetic Op, Branch | o condition code check results
(BC2b) « Coprocessor exceptions or not

* Instruction killing or not

Note: [a] The 4KE core will always signal not-nullified on all instructions.

Note: [b] For a description of this instruction, refer to the MIPS ISA definition.

Each transfer can occur as early as the cycle after dispatch, and there is no maximum limit on how late the transfer can
occur. Only the dispatch interfaces have flow control, so that once dispatched, all transfers can occur immediately.

All transfers are strobed. The data is not buffered and is transferred in the cycle that the strobe signal is asserted—if the
strobe signal is asserted for 2 cycles, then two transfers occur. For instruction dispatches (Arithmetic, To COP, and From
COP instructions) the strobe sign@R2_as QCP2_ts OorCP2_fs_Qis asserted in the cycle after the instruction is
dispatched. This is done in order to insulate the strobe signals from poor timing. The dispatch cycle is the cycle where
the instruction bu€P2_ir_0[31:0]is valid.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SI_Clkin [7_| L L L e e e
CP2_as 0 | N\
CP2_ir_0[31:0] T XA BYXC
CP2_irenable 0 | /7\_|/ \
CP2_nulls_0 / \ / T\
CP2_null_0 ‘\ / ‘ ‘ ‘ ‘/ \ ‘ ‘

Figure 5-1 General Transfer Example

Figure 5-1 on page 47 above shows examples of the transfer of nullification information. All non-dispatch transfers
follow the same protocol.

Onedge4CP2 nulls_0 is asserted, signifying the null transfer for instruction A. Sig¥&2_null_0 is deasserted

on edge 4, instruction A is not nullified. Instruction B is dispatched on edge 4 and it receives the null transfer in the next
cycle at edge 5. Since it is the cycle after dispatch, this is the earliest possible time any transfer for instruction B could
happen.Instruction C is dispatched at edge 5. The nullification transfer is delayed for some reason until edge 10. In this
general example the instruction C is nullified. This will never happen on the 4KE core, also the nullify strobe is always
send in the cycle after dispatch on the 4KE core.

For all transfers except To COP Data and From COP Data, the ordering of the transfers is simple: all transfers of a
specific type (for example, nullification transfers) in a specific issue group must be in the same order as the order in which
the instructions were dispatched. Other kinds of transfers can be interspersed—for example, if four arithmetic
instructions were dispatched, there could be two nullification transfers, followed by four exception transfers, followed
by two nullification transfers.
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Note: If an instruction is killed or nullified, no remaining transfers for that instruction occur. In the cycle that the
instruction is being killed or nullified, transfers may occur, but will be ignored. Additionally, if an instruction is killed,
all instructions dispatched after the killed instruction are also killed.

The Coprocessor Interface is designed to operate with coprocessors of any pipeline structure and latency; if the 4KE core
requires a specific transfer by a certain cycle, then it will stall until the transfer has completed.

For transfers from the coprocessor to the integer unit, the allowable latencies are shetwa $3 The “Stage

Needed” column shows the integer unit pipeline stage where the data is used; if data is not available by the end of this
stage, then the integer pipeline will stall. The “Min” column shows the minimum time after dispatch that the integer unit
can accept the data (always one cycle). The “Max” column shows the maximum time after dispatch that the integer unit
could receive the data (always an infinite number of cycles). The “Max Without Stalling” column shows the longest time
after dispatch that the integer unit could receive the data without stalling.

Table 5-3 Allowable Interface Latencies from a Coprocessor to the 4KE Core

4KE Max
Stage Min Max Without
From To Needed | (cycles) | (cycles)| Stalling (cycles)
. : Coprocessor

Instruction Dispatch Exceptions M 1 0 1
From COP Instruction From Coprocessor Data M 1 o 1
Dispatch Transfer
Branch Instruction Coprocessor =2 1 o _1b
Dispatch Condition Code Check
Note: [a] The 4KE cores does not have any branch prediction logic. Because of this, the new address (Branch taken or not) must be avail-

able in the E stage in order to have the address ready for the instruction following the branch delay slot.
Note: [b] The minus one (-1) indicates that the Coprocessor 2 Branch instruction will always cause a minimum of two stall cyclgs, while

waiting for the Condition Code Check to be returned.

Because of its pipeline structure, the 4KE core does not generate all allowable latencies for transfers from the integer
unit to the coprocessofable 5-4summarizes these latencies. The “Stage Sent” column shows the integer unit pipeline
stage in which the transfer is performed. The “Min” column shows the shortest amount of time after dispatch that the
integer unit will send the data. The “Max” column shows the longest time after dispatch that the data could be sent.

Table 5-4 Interface Latencies from the 4KE Core to a Coprocessor

Stage Min
From To Sent | (cycles) Max
: . Instruction a
To COP instruction To Coprocessor : :
Dispatch Data Transfer A 2 1 dispatch later (2 outstanding transfers
Instruction Dispatch :Qiﬁméc“on A+1~ 3 2 dispatches later (3 outstanding transfers)
Note: [a] The null strobe (CP2_nulls_0) is an OR function of the dispatch strobes (CP2_as_0, CP2_ts_0 and CP2_fs_0).

The “Max” latency is given in dispatches and thus defines the number of pending transfers to be made. It is the number
of pending transfers that defines the interface logic required in the coprocessor.
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5.4.1 Instruction Dispatch

This transfer is used to signal the coprocessor to start coprocessor instructions. Data transfer instructions include those
that move data to the coprocessor from the integer processor core (To COP Ops), and those that move data from the
coprocessor to the integer processor core (From COP Ops).

Because data transfers for the To COP and From COP instructions occur later than the dispatch of the instructions, the
coprocessor itself must keep track of data hazards and stall its pipeline accordingly. The integer processor core does not
track coprocessor data hazards.

In a 4KE core, instructions are dispatched to the coprocessor in the last cycle of the E-stage of the integer pipeline.
Although the interface allows the coprocessor and integer pipelines to operate independently, it is important that the
dispatch occurs to both in the same cycle to ensure that all subsequent transfers are properly synchronized. The 4KE core
may not dispatch a coprocessor instruction when the integer pipeline is stalled. This is necessary to allow proper CP0O
exception handling.

CP2_as _QCP2_ts_0andCP2_fs_(are asserted in the cycle after the instruction is driven. These signals are delayed
strobe signals, and although this delay complicates the functional interface, it enables the processor to achieve very good
timing on these signals. Without this delay, these signals would have been timing-critical.

Because the above instruction strobes are delayed, the coprocessor would normally be required to register
CP2_ir_0[31:0]in every cycle and conditionally use it in the following cycle depending on the instruction strobes. This
protocol has the side effect of registering non-coprocessor instructions and partially processing them, thus potentially
increasing power consumption. T&®2_irenable_&ignal compensates for this effect by enabling the coprocessor to
avoid registering instructions that will never be dispatched @R2_irenable_Qow guarantee that this cycle is not a
dispatch cycleCP2_irenable_(high (1) indicates that this cycle might be a dispatch c@#_irenable_Qs a late

signal, making its timing critical. It should only be used to drive the enable input of the instructions latches.

Because of the tight relation between dispatch and required return from the coprocessor on the 4KE core, it is
recommended to do some amount of instruction decode in the dispatch cycle, and latch this decode based on
CP2_irenable_0This makes it more likely that data/exception returns from the coprocessor can be sentin the cycle after
dispatch, and provide stall free operation in the 4KE core.

Only one instruction strobe can be asserted at one @®2:as_QCP2_ts QandCP2_fs 0

CP2_inst32_@ndCP2_endian_@&re both part of an instruction dispatch. They instruct the coprocessor to:
» work in MIPS32-compatibility modedP2_inst32_(high)
» Handle internal byte/halfword coprocessor instructions as big-endian oper&tiRihsepndian_igh)

Because the 4KE core is a MIPS32-compatible core and does not support any MIPS64 specific features, the signal
CP2_inst32_Qs tied high (1).

The CP2_endian_Gignals are asserted during dispatch to notify the coprocessor of the proper byte-ordering mode to
use.
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Figure 5-2 Instruction Dispatch Waveforms

Figure 5-2shows example waveforms of four instruction dispatches.

» On edge 2, instruction A is dispatch@R2_ir_0[31:0], CP2_inst32_&ndCP2_endian_G@re all valid and
CP2_irenable_Qs driven high to indicate that this might be a dispatch cycle. On edge 3, instruction A is strobed as
an arithmetic instruction bgP2_as 0

* On edge 5, instruction B is valid @P2_ir_0[31:0]. Instruction B is also an arithmetic instruction. because the
CP2_abusy_Gignal is detected high on edge 5, preventing arithmetic instruction strobes, the instruction is not
strobed on edge 6. On edgeC®2_abusy_(s detected low, and the instruction is then strobed on edge 9 using
CP2 as 0

» On edge 6 CP2_fbusy_0 was asserted. Because no From COP Op instruction was attempted dispatched in this cycle
this assertion is ignored.

» On edge 9, instruction C is dispatched. This is a From COP Op, requesting data from the coprocessor to be sent to the
4KE core.CP2_fbusy (s not driven high on edge 9, and thus instruction C is strobed on edge 10.

* On edge 12, instruction D is valid, a@&2_irenable_Gs driven high. Instruction D is a To COP Op instruction.
CP2_tbusy_Gs not asserted on edge 12, but for some internal reason in the 4KE core. Instruction D is not strobed
until edge 14. On edge 12P2_tbusy_0s driven high from the coprocessor, but this is too late to prevent the
instruction strobe o€P2 ts 0

The CP2_abusy 0, CP2_tbusy 0 and CP2_fbusy 0 signals are the only means for the coprocessor to prevent the 4KE
core to dispatch instructions. When dispatched, all subsequent transactions for each instruction can happen immediately
and the coprocessor must have buffers available to receive any information that might be transmitted from the core to
the coprocessor. The reason to have 3 different instruction strobes is to enable a coprocessor to prevent one type of
instruction

5.4.2 To Coprocessor Data Transfer

The Coprocessor Interface transfers data to the coprocessor after a To COP Op has been dispatched. Only To COP Ops
utilize this transfer. The coprocessor must have a buffer available for this data after the To COP Op has been dispatched.
If no buffers are available, then the coprocessor must prevent dispatch by agd¥e?titigusy O

The Coprocessor Interface allows out-of-order data transfers. Data can be sent to the coprocessor in a different order
from the order in which the instructions were dispatched. When data is sent to the coproce$3®p, tteeder_0[2:0]

signal is also sent. This signal tells the coprocessor if the data word is for the oldest outstanding To COP data transfer or
the second oldest. The coprocessor can prevent the 4KE from reordering To COP Data byaR®ingrdlim_0[2:0]

to 000,
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Note: The 4KE never sends data out of order. TBB2_torder_0[2:0]is tied to 009 andCP2_tordlim_0[2:0]is
ignored.

Only word transfers are supported and the data is sebP@ntdata_0[31:0]

The integer unit can transfer data to the coprocessor in the cycle after it is received from the memory subsystem. In the
event of a cache miss, this can potentially happen many cycles after dispatch.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
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CP2ts 0 |
CP2_ir_0[31:0] T
CP2_tds_O
CP2_tdata_0[31:0]
CP2_torder_0[2:0] DS €D S

Figure 5-3 To Coprocessor Data Waveforms

Figure 5-3shows waveforms for 3 To COP Op instructions and the data transfer associated with this instruction. On
edges 2, 4 and 5 the To COP Op instructions A, B and C respectively are dispatched to the coprocessor. Because they
are To COP Ops, theP2_ts_GOstrobe is used to strobe the instruction dispatch.

On edge 5, the data associated with instruction A is valid. This is indicated §§RBetds_Qriven high (1). Because
CP2_torder_0[2:0]is 00G, ties the data to the oldest outstanding To COP Op, which is instruction A.

On edge 6, data for instruction B is valid. This is the earliest after dispatch, that data will be sent from the 4KE core. The
interface must however support data to be sent as early as the cycle after dispatch (edge 5 for instruction B) to be
compliant with other MIPS cores using the Core Coprocessor Interface.

Data for instruction C is not sent until edge 12. This could be due to a data-cache miss, but could have many other 4KE
core internal reasons. The Coprocessor must support any cycle delay from instruction dispatch to data transmit on To
COP Ops.

5.4.3 From Coprocessor Data Transfer

The Coprocessor Interface transfers data from the coprocessor to the integer processor core after a From COP Op has
been dispatched. Only From COP Ops utilize this transfer. Note that the 4KE core has buffers for this data that enables
the transfer to occur as early as the cycle after dispatch.

The Coprocessor Interface allows out-of-order transfer of data. That is, data can be sent from the coprocessor in a
different order from the order in which the instructions were dispatched. When data is sent from the coprocessor, the
CP2_forder_0[2:0]signal is also sent. This signal tells the integer processor core if the data is for the oldest outstanding
From COP data transfer or the second oldest. The 4KE core supports a maximum of 1 out-of-order transfer and drives
CP2_fordlim_0[2:0]= 1 00%,.

Note: It is illegal for a coprocessor to dri@P2_forder_0[2:0]> 1 001,.
Only word transfers are supported, and the data must be s€forfidata_0[31:0]
For both memory stores (SWC2) and move instructions (MFC2/CFC2), the integer pipeline can stall if data is not

available by the M stage. This is because the data to be stored/moved to a register is needed early in the following
A-stage. By receiving the data in the M-stage, the Coprocessor Interface can have non-critical timing.
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Figure 5-4 From Coprocessor Data Waveforms

Figure 5-1shows example waveforms for 4 From COP Op instructions, and the data transfer associated with these
instructions. On edge 2, 4, 5 and 9 the From COP Ops A, B, C and D respectively are dispatched from the integer core.
They are all From COP Ops, thd®2_fs_(s used to strobe the instruction.

On edges 5 and 6, data for instruction A and B are returned from the coprocessor. The data is returned in order of
instruction dispatch, andP2_forder_0[2:0]is consequently driven to 0OQMata for instruction B is sent in the cycle
after dispatch. This is needed to ensure stall free operation in the 4KE core. The data for instruction A is one cycle
delayed, causing one stall cycle in the 4KE core.

On edge 11, data for instruction D is returned to the integer core. This is the second oldest outstanding data transfer,
CP2_forder_0[2:0]is driven to 1 004to indicate one out of order in the data transfer.

On edge 12, the data for instruction C is finally returr@82_forder_0[2:0]is driven to 0 009 because this is the oldest
outstanding data transfer.

5.4.4 Condition Code Checking

The Coprocessor Interface provides signals for transferring the result of a condition code check from the coprocessor to
the integer processor core. Only BC2 instructions utilize this transfer. These instructions are dispatched to both the
integer processor core and the coprocessor.

For each instruction dispatched, a result is sent back to the integer processor core that says whether or not to take the
branch.

For this reason, the coprocessor must interpret the type of instruction to decide whether or not to execute it.
Customer-defined BC2 instructions are thus possible. Four main flavors of BC2 instructions exists (BC2T, BC2TL,
BC2F and BC2FL). The integer core does not care if itis a True or False branch. It will only distinguish between a branch
and a branch likely type instruction. The coprocessor is the unit that determines if the branch should be taken or not. A
taken branch is indicated by asserting the condition code @R2kccc 0= 1. The not taken branch is indicated by
CP2_ccc_0C=0.

With the 4KE core, the address of the second instruction following a branch is calculated in the branch instruction’s
E-stage, which is the dispatch stage. The condition contributes to the address calculation. The BC2 instruction is
dispatched to the coprocessor, but stalled in the IU’s E-stage until the coprocessor returns the condition result.

The condition code check from the coprocessor is registered on the input to the 4KE core. The values are not available
until the cycle after return from the coprocessor.

Note: The 4KE core always stalls for a minimum of 2 cycles in E-stage for any BC2 instruction sent to the coprocessor.
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Figure 5-5 Condition Code Check Waveforms

Figure 5-5shows an example waveform for two BC2 instructions. BC2 instructions belong to the arithmetic COP Op
group of instructions and the dispatch is thus strobed using the CP2_as_0 strobe.

On edges 2 and 6, BC2 instructions are dispatched from the integer unit. The condition code check for instruction A is
returned as fast as possible, which is on edge 3. This means that the stall penalty was kept at the minimum of 2 cycles.
CP2_ccc_GUs set (3) indicating to the integer core to go ahead and take the branch.

On edge 11, condition code for instruction B is returned. The four cycle extra delay means that the 4KE core will stall
for a minimum of 6 cycles for this BC2 instructioBP2_ccc_(Gs driven low indicating to the integer core that the branch
is not to be taken.

5.4.5 Coprocessor Exceptions

All instructions dispatched utilize this transfer. It is used to signal if an instruction caused an exception in the
coprocessor. This transfer must happen even if the instruction did not cause an exception in the coprocessor.

When a coprocessor instruction causes an exception, the coprocessor must signal this to the integer processor core so it
can start execution from the exception vector. The coprocessor can signal a Reserved Instruction exception (RI) for any
instruction dispatched.

Signalling for Reserved Instruction exceptions is divided between the integer processor core and the coprocessor as
follows:

» The integer processor core signals Reserved Instruction exceptions for non-arithmetic coprocessor instructions that
are not valid To COP Ops or From COP Ops:

— (IR[31:26] = 010019) & (IR[25:24] = 00) & (IR[22:21] = 11,): Reserved To/From COP Ops.
— (IR[31:26] = 010019) & (IR[25:24] = 00) & (IR[22:21] = 0L): unimplemented DMFC2/DMTC2 COP Ops.
— (IR[31:30] = 11) & (IR[28:26] = 11G): unimplemented LDC2/SDC2.

» The coprocessor hardware must sighal Reserved Instruction exceptions for all unimplemented arithmetic coprocessor
instructions:

— (IR[31:26] = 010019 & (IR[25] = 1,) & (IR[24:0] = unimplemented COP2 instruction)

— (IR[31:26] = 010019 & (IR[25:24] = 0L,) & (IR[23:21] = unimplemented Branch instruction).
Note: The 4KE core does not dispatch the instructions that it is responsible for Rl exception signaling. This might not
be the case for other integer cores featuring this interface. In this case, the instruction can always later be nullified or

killed. A fully compliant coprocessor must be able to handle this and is allowed to signal no-exception on these
instructions.

The coprocessor should only signal Coprocessor 2 exceptions (C2E) for any implemented COP2 instruction which has
an execution problem. All unimplemented legal COP2 instructions should signal an RI exception.
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Note: For imprecise exceptions, the exception sent is not related to the current instruction, the C2E exception can only
be sent on dispatched COP Ops that are NOT part of the instructions that the integer core are guaranteed to signal Rl as
defined above.

The coprocessor may also signal one of two implementation-specific exception codes (IS1 and 1S2). These exception
codes can be used to trigger special software exception handling routines. A special handler can be started quicker as the
exception handler does not need to read a specific coproGmssaregister, as might be needed on the general C2E
exception. The rules for C2E exception also apply to IS1 and IS2 exceptions.

Note: A coprocessor can signal an exception for all To/From COP Ops. An exception on a To/From COP Op cannot
depend on the associated data, except for the data sent from the integer core on a CTC2 instruction

The integer processor core detects Coprocessor Unusable exceptions for all coprocessor instructions.

The 4KE core needs the exception transfer for all instructions in the M-stage to avoid stalling. It must signal exceptions
in the first cycle of the A-stage, and will stall in the M-stage if it has to wait for the transfer.

If imprecise coprocessor exceptions are allowed, then the coprocessor can use the “No exception” signal immediately
after dispatch. This will prevent stalling in the integer pipeline while waiting for precise results; if an exception does
occur for that instruction, then a subsequent coprocessor instruction can be flagged as exceptional (although imprecise),
or else an interrupt could be signalled through the normal integer processor core interrupBinmifs:0]).
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Figure 5-6 Exception Waveforms

Figure 5-6shows example waveforms for an exception return from three coprocessor instructions. In this example, the
exception returns are all arithmetic COP Ops,@R@_as_(Qs used to strobe the dispatch.

On edges 2, 6 and 7, instructions A, B and C respectively are dispatched. A is an unimplemented arithmetic instruction,
causing a Reserved Instruction exception (RI). B is an implemented arithmetic instruction, as is C, but some errors
occurred while executing the instruction, causing a C2E exception.

On edge 3, an RI exception for instruction A is returned to the integerGR2e excs_Bet (1) signals that the
CP2_exc_0s valid. CP2_exc_Q@lriven high (1) signals that a valid exception is on CP2_exccode[4:0]. Ref€alxde
2-3 on page 4dor descriptions of the valid exception bit values.

On edge 9, no exception is returned for instruction B. On edge 11, the C2E exception for instruction C is returned to the
integer core.

1 Exception based on the data sent on a CTC2 is possible if the control value written indicates that the instruction stsocédisdway
exception.
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5.4.6 Instruction Nullification

Allinstructions dispatched utilize this transfer. Used to signal if an instruction was nullified in the integer processor core,
this transfer happens even if an instruction was not nullified so that the coprocessor knows when it can begin operation
of subsequent operations that depend on the result of the current instruction.

Normally, an instruction is killed only when the pipeline is being flushed because an exception occurred. In this case, all
subsequent instructions in the pipeline (both coprocessor and integer core pipelines) are also killed. An instruction may
also be killed because it is in the delay slot of a branch-likely instruction that did not branch. This type of killing is called
instruction nullification. In this case, subsequent instructions in the pipeline are unaffected by the nullification.

Nullification must be performed in an early stage of the pipeline to ensure that subsequent instructions can begin with
the correct operands.

In the cycle that an instruction is nullified, other transfers for that instruction may still occur, but no further transfers for
that instruction can occur in subsequent cycles. Exceptions caused by a nullified instruction are masked by the integer
processor core.

Note: The 4KE core never nullifies an instruction. No nullify is always transferred in the cycle after dispatch.

Nullification transfers follow the generic example given in Figure 5-1 on page 47.

5.4.7 Instruction Killing

All instructions dispatched utilize this transfer. This is used to signal if an instruction can commit state or not. This
transfer happens even if an instruction is not being killed so that the coprocessor knows when it can writeback results
for the instruction.

Due to various exceptional conditions, any instruction may need to be killed. The integer processor core contains logic
which tells the coprocessor when to kill coprocessor instructions.

When a coprocessor instruction is being killed because of a coprocessor-signalled exception, the coprocessor may need
to perform special operations. For example, if an arithmetic COP2 instruction signalled a C2E exception, then later is
killed due to this exception. Some internal status bits might need to be updated before clearing the pipe. On the other
hand, if that same instruction was killed because of a higher priority exception, those status bits must not be updated.
For this reason, as part of the kill transfer, the integer processor core tells the coprocessor if the instruction is killed due
to a coprocessor-signalled exception or not.

When a coprocessor instruction is killed, all subsequent coprocessor instructions that have been dispatched are also
killed. This is necessary because the killed instruction(s) may affect the operation of subsequent instructions (for
example, because of bypassing). In the cycle in which an instruction is killed, other transfers may occur, but after that
cycle, no further transfers occur for any of the killed instructions. A side-effect of this is that the other instructions that
are killed do not have a kill transfer of their own. In effect, they are immediately killed and thus their remaining transfers
cannot be sent, including their own kill transfer. Previously nullified instructions do not have a kill transfer either,
because once nullified, no further transfers can occur.

Note: If the integer processor core dispatches a coprocessor instruction in the same cycle that a kill is being signalled to
the coprocessor, then that instruction is also considered killed.

The integer unit knows in an instruction’s A stage whether the instruction is to be killed or not. In order to avoid critical
timing signals being passed directly to the coprocessor, the integer unit will register its A stage kill signal before sending
it to the coprocessor.
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Figure 5-7 Instruction Killing Waveforms

Figure 5-7shows example waveforms for instruction killing.
On edges 2, 6 and 7, instructions A, B and C are dispatched.

On edge 5, instruction A is notified of a no-kill. This instruction can now commit internal state and register writes in the
coprocessor.

On edge 12, instruction B is killed. The value of §)on CP2_kill_0[1:0], indicates that the instruction was not killed

due to an exception sent by itself. Instruction B therefore does not commit any state or register bits in the coprocessor.
If CP2_kill_O[1:0]was (11), then the B instruction could commit state bits, indicating the cause of the exception it sent
(not shown).

Instruction C never gets@P2_kills_0strobe, because the killing of instruction B also killed instruction C. An indirectly
killed instruction like instruction C can never commit any state or register bits in the coprocessor.

5.5 Power Saving Issues

The power saving issues have already been touched on in the previous sections. This section specifies what to do and
what not to do in order to minimize power dissipation in the 4KE core and the coprocessor.

5.5.1 No coprocessor Present
If a hard-core version of a 4KE core is being used that includes the Coprocessor Interface, but there is no plan to connect
a coprocessor to the core, then the following must be observed:
» Tie CP2_presentow (0). Tying this input low, will prevent any use of the Coprocessor Interface.

* Tie all strobe inputs@P2_fds QCP2_cccs_@ndCP2_excs Ylow (0). If the 4KE core is implemented using gated
clocks on local registers, then the strobe inputs on each bus are used as the enable signal in the clock gating logic for
the input capture registers.

« Tie all other inputs to a static value. All other inputs are ignored, Wifeh presents low (0).

The above rules are very simple to implement. TieC&P2_xxandCP2_xxinputs to the 4KE core low (0) if there is no
coprocessor attached to the integer core.

5.5.2 How to UseCP2_idle

CP2_idleis an input to the 4KE core. When a coprocessor is attached to the core, it is important to use this input properly
in order for theNAIT instruction to work effectively.

TheWAIT instruction enables power saving features within the 4KE core. WMBIT is executed, the 4KE core will
stall the front of the pipe, and wait for all older instruction and pending bus activity to complete. Once this is detected,
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all but about one hundred flops have their clock gated off via one top-level clock gating circuit. The only way to reawaken
the core is to signal an interrupt 8h_Int[5:0], SI_NMIlor EJ_DINT, or by resetting the core usi&j Resebr
SI_ColdReset

While the WAIT instruction ensures that no new instructions go down the pipe in the integer core, nothing is implicitly
done to tell the coprocessor to prepare for a possible stopping of its clock. This is wh€RZhiellesignal is used. The
coprocessor must assert this signal high whenever no instruction execution occurs within the copE®@gdtwis

part of the logic that determines when the top level clock gating element can turn off the clock. If this signal is deasserted
then the clock will never be gated off in the 4KE core, and the whole purposé/@heinstruction is lost. The
CP2_idleinput is ignored whe@P2_presenis low.

Itis important to note that theP2_idleinputcannotbe used to reawaken the 4KE core. AfterW&IT instruction has

actively stopped the main clock to most of the 4KE core flops, a deassert@ibfidlewill restarts this clock but leaves

the processor issuing NOPs down the pipe. The coprocessor cannot awaken the core by d€®&ddiadf some

external source requires service from either the integer core or the coprocessor (via the integer core), then this external
source must assert an interrupt directly to the 4KE core.

5.5.3 Gating the Clock to the Coprocessor

For power reasons, the designer of the coprocessor is encouraged to use a top-level clock gater on the clock tree
distributed within the coprocessor. The 4KE core has an ougtu§leepwhich indicates when the internal clock in the
integer core is stoppeHigure 5-8shows an example of how to implement and control a top-level clock gater in the
COprocessor.

System Clock

4KE core Coprocessor

SI_Clkin Clock Input Clock gater
B L_Clkin ClkOuf

SI_Sleep Clock Gate p[>pEnable v

Core i

cop Clock to
s coprocessor
H

Figure 5-8 Use of SI_Sleep for Clock-Gating in the Coprocessor

5.5.4 Using strobe signals as gating inputs on the sub-interfaces
Each of the sub-interfaces of the Coprocessor Interface has a strobe signal associated with it.
Figure 5-9 on page 58 shows how this strobe signal can be used as the enable input to a clock gater driving the clock to
the corresponding data portion of the interface. The “To Data” interface is shown as an example. Instruction nullification
and instruction killing can use the same scheme, but the low number of bits in the data portion of these two sub-interfaces
might not make it worth the effort.

The instruction dispatch interface is different as its strobe signals arrive one cycle after the instruction word.
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Coprocessor

Coprocessor Clock

CP2_tds 0 » ToDataValid

Clock gater
Clkin ClkOut
Enable

ToDataOrder

CP2 tdata 0[31: > g@.’ ToData

Figure 5-9 Clock-Gating of To Data Registers in Coprocessor

CP2 torder 0[2:0’

Figure 5-10shows the intended use®©P2_irenable_ OCP2_irenable 0 is usethly as a gated-clock enabling signal
when the clock-gating on the capture of the instruction word is introduced. For all other purpdSE2_the 0
CP2_ts_0andCP2_fs_Qare the true qualifiers for a valid instruction.

Coprocessor

Coprocessor Clock
CP2_as 0

CP2 ts 0 ,—% InstructionValid
CP2 fs 0 M

Clock gater
LpClkin ClkOut

CP2_irenable_0

Instruction

CP2 ir 0[31:0] >l Pre

decoding

Figure 5-10 Clock Gating of Instruction Registers in Coprocessor

The Pre-decoding block frigure 5-10represents combination logic before the receiving flops for the instruction
register. This block is most likely needed before the Instruction register if stall-free operation on coprocessor instructions
in the 4KE core is to be maintained. Refer to Table 5-4 on page 48, for information on allowable latencies to maintain
stall-free operation.
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Chapter 6

Scratchpad RAM Interface

The Scratchpad RAM (SPRAM) option on a MIPS32™ 4KE™ core is designed to provide low-latency access to on-chip
memories. SPRAM is supported for both instruction and data references. The SPRAM port is accessed in parallel with
the caches. This saves a number of cycles that would normally be required going through the BIU and the EC interface.

The pin list associated with the SPRAM interface was introduc€tapter 2, “Signal Description,” on pageTdis
chapter contains further details about the use of the interface in a system. The chapter contains the following major
sections:

Section 6.1, "SPRAM Features"

Section 6.2, "SPRAM Overview"

Section 6.3, "SPRAM Interface Transactions"

Section 6.4, "External Access to Scratchpad Memory"

Section 6.5, "SPRAM Initialization"

Section 6.6, "Using the same design for ISPRAM and DSPRAM"

Section 6.9, "Reference Design"

6.1 SPRAM Features

SPRAM combines some features of main memory and caches. SPRAM has the following features:

A SPRAM data array can be up to 1MB in size, much larger than the maximum 64KB cache size.

There are separate interfaces to instruction SPRAM (ISPRAM) and data SPRAM (DSPRAM). The presence of
SPRAM on the I-side or D-side can be independently configured.

The ISPRAM and DSPRAM interfaces are not completely symmetric. There are no stores to the ISPRAM, so this
asymmetry saves some pins.

A full tag array is not needed for SPRAM. The equivalent tag functionality is normally replaced by a simple decode
of the physical address to determine hit or miss.

The cache way-select (WS) array is not needed for SPRAM.

A SPRAM port logically replaces one way of a cache. If both SPRAM and cache are present, then the maximum
cache associativity is 3.

Stores to a data SPRAM only go to the scratchpad, and are never written to main memory. For local data, this will
reduce the bus bandwidth associated with store traffic, as compared to the write-through or write-back protocols
employed by stores to a data cache.

Instruction SPRAM can service uncached references, enabling processor boot with no EC interface accesses.

Backstalling. The SPRAM port can stall the core if the SPRAM array was busy the previous cycle or if data is not
ready. This can enable other sources to access the SPRAM without the need for dual-porting the array. This is useful,
for example, if there is a DMA engine filling the SPRAM or if a unified I/D SPRAM is desired. A cache, in contrast,
has fixed single-cycle timing.
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6.2 SPRAM Overview

A block diagram of a basic 4KE system with SPRAM functionality is shoviigare 6-1

The SPRAM interface is designed to be flexible enough to work with a variety of system designs. A variety of memory
devices can be connected to the SPRAM interface: SRAM, ROM, flash, etc. If desired, memory-mapped functions can
also be connected, as long as the interface protocol is met. Multi-ported devices can also be used; in this case, the
ISPRAM or DSPRAM interface is logically connected to just one of the ports, with other system logic unrelated to the
4KE core utilizing the other port(s).

4KE core
- —

“ »
ISP&M irf DSPRAM i/f
]

i

ECi/f

f\
ISPRAM ] DSPRAM

y

Figure 6-1 Basic SPRAM Block Diagram

The SPRAM array effectively replaces a cache way and is always located at the last cache way. A SPRAM array can be
used with or without caches. If caches are present in conjunction with SPRAM, then the maximum cache associativity
is 3. The existence of an ISPRAM or DSPRAM interface must be selected at build time for the 4KE core. Even if selected
at build time, an SPRAM device need not be connected to the interface. In this case, the SPRAM-related core input pins
should be tied off to 0.

The SPRAM array, like the cache arrays, is indexed with a virtual address and the “tag” comparison (really just decode
logic for an SPRAM) is performed using a physical address. Note that because the SPRAM “way” can be larger than the
1KB minimum page size, it is possible to have virtual aliasing in the SPRAM. (The potential aliasing issue exists only
in TLB-mapped regions with the 4KEccore; with the fixed MMU in the 4KEm™ and 4KEp™ cores, the effective
minimum page size is 512MB). Virtual aliasing occurs when a single physical address is accessed via two different
virtual addresses that can simultaneously be resident in memory. This is not handled by the hardware and programmers
must be aware of it.

During normal operation, it will be impossible for a reference to hitin both the SPRAM and cache. If this error condition
does occur via manipulation of the cache or SPRAM tags, the cache overrides the SPRAM and the SPRAM hit indication
is ignored.

6.2.1 SPRAM Differences versus a Cache

SPRAM behaves much like a cache way, with a few exceptions:
» Software must ensure a SPRAM entry has been initialized before it is read, to avoid reading spurious data.

* ISPRAM never refills automatically. To move instructions into the SPRAM, software must use the CACHE
instruction.

» DSPRAM does not fill automatically, either. It should normally be initialized with stores to the address range.
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» Store operations which hit in the DSPRAM do not produce writes to main memory, unlike write-through stores that
hit in the cache and write to main memory.

» The SPRAM array is not required to hold the last read value.

6.2.2 Independent Tag/Data accesses

The D-side SPRAM interface has independent tag and data ports. This is done to aid the efficiency of stores. A store
must perform a lookup to determine if/\where to write the data, then the actual data must be written. Because the lookup
does not need to access the data array, these operations can occur in parallel if the data writes are buffered within the
core, as described further in Section 6.2.4, "Delayed Stores".

Many of the signals on the SPRAM interface apply to only one of the tag/data accesses, while others applyableoth.
6-1 shows which signals are related to tag access, data access, or both and when they are logically valid.

Table 6-1 SPRAM Interface Cycle Timing

Typical
Timing,
as % of
min.
Signal Name Port| Dir. | cycle Validity relative to strobes/stalls
This is valid during the cycles that RdStr, TagWrStr, or DataWrStr are asserted. If Stall
ISP_Addr Both Out 80 is asserted, this value will be held until the cycle that Stall is deasserted.
ISP_RdStr Both | Out 90 Asserted when tag and data lookups are being performed.
This is valid during the cycle that TagRdStr or TagWrStr is asserted. If Stall is assqrted,
DSP_TagAddr Tag Out 80 this value will be held until the cycle that Stall is deasserted.
DSP_TagRdStr Tag Out 90 Asserted when a tag lookup is being performed
{1,D}SP_TagWrStr Tag out 90 Asserted when a CACHE instn is writing the tag - note: this will never be assertgd in

the cycle after TagRdStr/RdStr to avoid a conflict on TagCmpValue

For reads, this is valid the cycle after TagRdStr/RdStr. If Stall is asserted, this value
DSP_TagCmpValue Tag Out 40 will be held until the cycle after Stall is deasserted.
For writes, this is valid the same cycle as TagWrStr.

This is valid during the cycle that DataRdStr or DataWrStr is asserted. If Stall is

DSP_DataAddr Data | Out 80 asserted the following clock, this value will be held until the cycle that Stall is
deasserted.
DSP_DataWrValue Data | Out 80 This is valid in the same cycle that DataWrStr is asserted. If Stall is asserted the

following clock, this value will be held until the cycle that Stall is deasserted.

Data | oOut 40 This is valid in the same cycle that DataWrStr is asserted. If Stall is asserted the
following clock, this value will be held until the cycle that Stall is deasserted.

ISP_DataTagValue For reads, this is valid the cycle after TagRdStr/RdStr. If Stall is asserted, this value

Tag Out 40 will be held until the cycle after Stall is deasserted.
For tag writes, this is valid the same cycle as TagWrStr.

Asserted when a data read is being performed - this will never be asserted unlgss
{I.D}SP_DataRdStr Data | Out %0 TagRdStr is also asserted.
{I,D}SP_DataWrStr Data | Out 90 Asserted when a data write is being performed.
DSP_DataWrMask Data | Out 80 Valid when DataWrStr is asserted

For single cycle access, read data should be returned the cycle after DataRdStr/[RdStr
{I,D}SP_DataRdValue| Data In 60 is asserted. For multi-cycle accesses, read data should be returned in the same cycle
that stall is deasserted.
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Table 6-1 SPRAM Interface Cycle Timing (Continued)

Typical
Timing,
as % of
min.
Signal Name Port | Dir. cycle Validity relative to strobes/stalls
For single cycle access, tag value should be returned the cycle after TagRdStr/RgStr is
{I,D}SP_TagRdValue | Tag In 70 asserted. For multi-cycle accesses, tag value should be returned in the same cygle that
stall is deasserted.
{I,D}SP_Hit Tag In 60 For single cycle access, this should be valid the cycle after TagRdStr/RdStr is asserted.

For multi-cycle accesses, this should be valid in the same cycle that Stall is deasserted.

{I,D}SP_Stall Tag In 40 returned or tag value is not available. Remains asserted until the lookup can be

The Stall signal can be related to either Tag or Data access. Because both Tag anjd Data
Both accesses can occur at the same time, the input should be the OR of both Tag and Data
stall sources.

Should be asserted in the cycle after TagRdStr/RdStr if hit determination cannqgt be

completed. It is not possible to stall a tag write.

Should be asserted in the cycle after DataRdStr/RdStr if read data cannot be retuirned.
Remains asserted until the read data is available.

Data Should be asserted in the cycle after DataWrStr if the data write has not been
completed.
{I,D}SP_Present Both In Static | Static configuration input

6.2.3 Timing Considerations

The SPRAM interface, unlike the other external interfaces on a 4KE core, is not fully registered; however, all signals are
synchronous to the rising edge of the primary core cBEiClkin Outputs on the SPRAM interface may have a

significant amount of logic after the preceding flop(s), and inputs may go through some combinational logic before being
registered by the core. This situation complicates timing analysis associated with the core, but is necessary in order to
achieve maximum performance of the interface.

The expression of timing constraints for the SPRAM interface depends on many factors, such as maximum target
frequency, process technology, standard cell library characteristics, setup and access times for the SPRAM array, etc.,
so it is difficult to provide a generic set of timing guidelines that will apply in all situations. The “Typical Timing”

column inTable 6-1shows the timing of SPRAM interface signals, expressed as a percentage of the minimum target
period, since most users are usually interested in achieving the maximum possible frequency of the core.

Many of the outputs arrive late in a cycle, so the external SPRAM block can’'t perform much additional logic on themin
the cycle they are driven, without adversely affecting the overall cycle time of the coré. Fiteand especially_Stall

signals are critical inputs to the core. Care must be taken in the amount of logic performed by the external SPRAM block
when driving these signals. For example, stall generation based on the decoding of the physical address
(DSP_TagCmpValuer ISP_DataTagValues probably not possible if maximum frequency is desired. For lower target
frequencies, of course, the timing constraints showrainle 6-1can be relaxed.

6.2.4 Delayed Stores

A store buffer exists within the core for holding the last store data. Due to the separate tag and data accesses described
in Section 6.2.2, "Independent Tag/Data accesses", the store data written to the DSPRAM data array is actually for the
previous store, while the “tag” address is for the current store. This means that the DSPRAM data array for a specific
store is not guaranteed to be written until trextstore is executed in the pipeline. During cycles in which the DSPRAM

is otherwise idle, pending store data can be written with no corresponding tag access. If the store buffer is empty when
the current store is processed, then only the “tag” transaction will occur.
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6.2.5 Tag Reads and Writes

The interface allows for “tag” values to be read and written. This capability is not used in normal operation. The tag
values are read/written by the CACHE instruction. This can optionally provide a mechanism for software to determine
the SPRAM configuration and change it. The reference design shows one possible use for this interface - software can
probe the SPRAM to determine the base address and whether it is enabled. These values are also write-able, allowing
software to dynamically configure the SPRAM parameters. A more complex SPRAM could use tag values at multiple
indexes to encode even more configuration information.

6.2.6 Uncacheable References to SPRAM

Normally, only cacheable addresses can be serviced by the caches on a 4KE core; uncacheable references ignore the
cache data and go directly to the EC bus interface. The I-side SPRAM interface has been enhanced to optionally allow
uncacheable references to occur to the ISPRAM. This feature enables booting directly from an ISPRAM that has been
pre-loaded with the boot sequence (booting always begins in an uncacheable region of memory, as dictated by the
MIPS32™ Architecture).

The uncacheable access is handled by essentially providing an extra physical address bit to the ISPRAM, via
ISP_DataTagValue[1]When high, this bit indicates that the reference is uncacheable, while a low value denotes a
cacheable address. An ISPRAM implementation may choose to use this additional information to qualify the generation
of ISP_Hitas desired.

The uncacheable support only applies to the ISPRAM, and references to the D-side SPRAM must always be cacheable.
The DSPRAM interface does not contain the “extra” physical address bit BStheTagCmpValubus. Because the
cacheability information may not be determined until after the cache/SPRAM access has started, uncacheable references
will still be presented to the DSPRAM, but the data will not be used and an external bus request will be initiated. The
DSPRAM does not need to directly support uncacheable references, since software can ensure that references intended
for the DSPRAM are always specified within a cacheable region of memory.

6.2.7 Backstalling the SPRAM interface

The normal cache interface has fixed single-cycle timing. Both the I- and D-side SPRAM interfaces allow the SPRAM
to backstall the core if it is busy, via assertion of{tli2}SP_Stallsignal. This mechanism may be used to support
multi-cycle timing on the SPRAM interface. For example, the backstall mechanism could allow a single-port SRAM to
arbitrate between the core access and an external interface.

The following considerations should be noted when using the backstalling capability:
» When{l,D}SP_Stallis asserted, thig, D}SP_Hit signal is ignored by the core.

» The{l,D}SP_Stallsignal is a timing-critical input to the core. Care should be taken when creatifBR8P_Stall
signal, as it feeds into the main pipeline stall logic and must be valid approximately halfway into the cycle. The stall
signal is also used asynchronously by the core to prevent the next access from occurring, and to conditionally hold
some interface signals valid from the prior request. For these reasofif)}8€_Stalltiming is generally more
critical than{l,D}SP_Hit. In low-frequency applications, the stall signal may be generated combinationally, based on
the physical address presented onDB®_TagCmpValuer ISP_DataTagValubuses; for timing reasons, however,
this is not recommended when maximum core frequency is desired. For max. frequency, it is recommended to derive
the stall signal from the strobes and index address asserted in the previous cycle, as well as the fact that some external
device is using the SPRAM array in the current cycle.

- If {I,D}SP_Stallis asserted for an address that hits in the cache, the cache hit is preserved but the core pipeline will
be needlessly stalled as long{BP}SP_ Stallis asserted.

» Refer toTable 6-1for a description of how core outputs behave when stall is asserted. The strobe signals are not held
asserted by the core during a stall. The address and write values are held valid during a stall, for the related tag or data
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port that is active. For example, if a read transaction is occurring on the tag port but the data port is idle, then the
address and/or write value associated with the tag port will be held valid during a stall, but the addresses or write
value on the data port is “don’t care” data and may change during the stall sequence.

6.2.8 Access Granularity

The widths of the data bus for read and write requests to SPRAM are shdahlm6-2 A read always returns a word
(32 hits) of data. The core internally handles any alignment necessary for sub-word read requests, like byte loads or
MIPS16 instruction fetches.

Table 6-2 Read and Write Width for SPRAM Arrays

Max Read Width Min Read Width Max Write Width Write Granularity
Array (bits) (bits) (bits) (bits)
ISPRAM 32 32 32 32
DSPRAM 32 32 32 8

Writes to ISPRAM are always a full word. The maximum width of DSPRAM writes is a word, but one, two, or three
bytes can be written as well. The byte lanes to be written to DSPRAM are controlleddgfRhBataWrMask[3:0]

bus, as shown ifiable 6-3 when a bit irDSP_DataWrMasks high, the corresponding byte frad$P_DataWrValue
should be written to the array.

Table 6-3 Byte Control for DSPRAM Writes

DSP_DataWrMask | DSP_DataWrValue
bit asserted bits to be written
[0] [7:0]
[1] [15:8]
2] [23:16]
3] [31:24]

6.2.9 Unified I/D SPRAM

Separate interfaces are provided from the core to |- and D-side SPRAM. It is possible to create a shared I/D SPRAM, if
desired. A unified SPRAM could allow a system to dynamically share the same memory array between the needs of
instruction and data, as compared to the build-time partitioning which must be done for the separate Harvard-style
interfaces.

If a unified SPRAM is desired, the existing | and D SPRAM interfaces on the core would need to be brought into a
common external block, as illustratedrigure 6-2 Since | and D requests can occur in the same cycle, a method to
handle simultaneous requests will be required. A dual-ported memory could be used to handle simultaneous I/D
requests. With a single-ported memory, the backstalling mechanism described previously is one way the I/D
prioritization could be achieved.
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Figure 6-2 Unified I/D SPRAM Block Diagram

6.2.10 SPRAM considerations with MIPS16

If SPRAM is used in conjunction with the MIPS16 capabilities of the 4KE core, a new twist must be considered. MIPS16
includes support for PC-relative loads, in which a data address reads the instruction stream (typically to read constants
intermixed with the instruction text segment). For a normal cache-based processor core, there is always backing system
memory which is used to service cache misses. If a PC-relative load misses in the D-cache, it will be filled from system
memory. Both the I-cache and D-cache could contain copies of the “same” location, but this is generally ok since
PC-relative loads are used to access constants located in the instruction memory and are not normally written.

If an ISPRAM is present, however, an issue can arise with servicing the D-side PC-relative load if there is no backing
memory in the system. The core itself does not handle this situation, so it will need to be dealt with by the system
hardware and/or software, if required.

If a unified I/D SPRAM is employed, then no action will be required since all instruction and data values are already
located in the same array. For separate ISPRAM and DSPRAM arrays, the exact method to handle the PC-relative loads
will depend on the system. In some cases, the compiler might have the ability to separate text and constant segments, so
the code might be loaded into ISPRAM and constants could be loaded into DSPRAM when the arrays are initialized.

If the constants are really located in the ISPRAM array, then when a PC-relative load is presented to the DSPRAM, the
DSPRAM block will need to detect the address range(s) where PC-relative load is held, backstall the DSPRAM
interface, divert the DSPRAM reference to the ISPRAM (or elsewhere in the system) to get the constant data, and then
return the data to the core.

6.2.11 Restartability of SPRAM accesses

The location of the SPRAM interface within the pipeline has some implications related to events which may cause an
transaction to be replayed. Exceptions that occur late in the pipeline, after the SPRAM access has already occurred, can
cause the instruction which caused the access to be killed and possibly re-executed at a later point in time, depending on
the exception handler. Examples of such exceptions include interrupts, bus errors, and EJTAG or Watch breakpoints.
These exception are detected after the SPRAM access has occurred, but the exception PC will point to the instruction
which caused the access, or perhaps even a preceding instruction. Hence, the SPRAM accesses will generally need to be
restartable, so the SPRAM device must be capable of re-playing the read or write after the exception has been processed.
Care must be taken for memory-mapped devices which may be attached to the SPRAM interface, so they can handle the
potential replay of a read or write access.
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6.2.12 Connecting I/O Devices to the Scratchpad Interface

In addition to, or perhaps instead of, an SRAM array, it is possible to connect I/O devices to the SPRAM interface.
Connecting 1/O devices to the cache interface allows low latency, high throughput access to critical 1/O devices in the
system. To accomplish this, the implementer must ensure that the behavior of the I/O devices meets the same
requirements as the SPRAM. I/O devices connected to the SPRAM port must be capable of re-playing reads and writes
with no adverse effects, as described in Section 6.2.11, "Restartability of SPRAM accesses".

6.2.13 Null connection to unused SPRAM interface

The presence of ISPRAM and/or DSPRAM interfaces must be chosen when the core is built. Even if the SPRAM
interface is present, there need not be a device connected to it. If the interface is not to be used{l{Dd8EhePresent

input signal to the core should be driven low. All other input signals to the core for the unused SPRAM interface should
also be tied low, to avoid floating inputs. All output signals from the core related to the unused SPRAM interface can be
left unconnected.

6.3 SPRAM Interface Transactions

Strobe signals on the SPRAM interface determine the type of transaction that is active. In general, there are independent
interfaces for “tag” accesses and “data” accesses. For some transaction types, both the tag and data interfaces are usec
to process the same request. In other cases, the tag and data interfaces may process unrelated requests.

Table 6-4shows the type of transaction indicated by the tag/data read/write strobe signals. All four strobes are present
on the DSPRAM interface. On the ISPRAM interface, there are three strobes: a single read strobe and separate tag/data
write strobes. Note that some strobe combinations never occur.

Table 6-4 SPRAM Transaction Types

DataWrStr TagWrStr TagRdStr DataRdStr Transaction Type
0 0 0 0 No access
X 0 0 1 Not possible
0 0 1 0 DSPRAM: Store address lookup with no data write

ISPRAM: Instruction fetch or CACHE read (fill or index loag
0 0 1 1 tag)
DSPRAM: Load or CACHE read (index load tag)

0 1 0 0 CACHE write (index store tag)

0 1 0 1 Not possible

0 1 1 X Not possible
ISPRAM: CACHE write (index store data)

! 0 0 0 DSPRAM: Idle cycle store or CACHE write (index store datg)
ISPRAM: Not possible

1 0 1 0
DSPRAM: Store lookup with store data write

1 0 1 1 Not possible

1 1 X X Not possible
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This remainder of this section contains timing diagrams for typical read and write transactions to SPRAM. Since the
DSPRAM interface is a superset of the ISPRAM interface, the diagrams only depict DSPRAM transactions. The
relationship of interface signals which are only present on the DSPRAM interface to the ISPRAM is discussed in Section
6.6, "Using the same design for ISPRAM and DSPRAM" on page 75.

6.3.1 Single Read

Figure 6-3shows the timing diagram for a single SPRAM read. This scenario can occur for the following conditions:
+ data load to DSPRAM

* instruction fetch to ISPRAM

e CACHE read (index load tag to either SPRAM or a fill lookup to ISPRAM)

« store address lookup to DSPRAM, when no previous store data is pending (in tSPagagRdStwill assert,
but DSP_DataRdStwill not)

The 4KE core initiates the read by asserting read strobe sign&R (TagRAStDSP_DataRdSjrand by driving a valid

index on the address bussBSP_TagAddmDSP_DataAddyduring cycle 1. Typically, these signals are used by
synchronous logic in the external DSPRAM block to perform a read on the rising edge of cycle 2. Also during cycle 2,
the physical address for tag compariso8P_TagCmpValyes driven by the core.

The external DSPRAM block uses the strobe and address information driven by the core to determine that the address
is indeed within the range mapped by the SPRAM array, and that the requested read data can be returned immediately.
Thus, the external logic assefiSP_Hitand deasser8SP_Stalin cycle 2, while driving the read data on bus
DSP_DataRdValudg-or the minimum read response, the hit and stall signals must be signalled combinationally after
performing a tag comparison on the physical address provided dd®RsTagCmpValué he external logic might also

return tag read data associated with a CACHE instruction request, B$BuJagRdValydf that is relevant for the

SPRAM implementation.
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Figure 6-3 Single DSPRAM Read

6.3.2 Single Multi-Cycle Read

Figure 6-4shows the timing diagram for a single DSPRAM multi-cycle read, and illustrates the back-stalling capability
of the interface. This is similar to the single-cycle read case described in Section 6.3.1, "Single Read", but now the
external SPRAM logic was unable to immediately service the read request.

The read request is initiated by the core in cycle 1 by driving read strobes and index addresses. In cycle 2, however, the
SPRAM access cannot be completed for some reason, so the external logic responds by B&fri8igll The value

driven onDSP_Hitis ignored by the core whenever stall is asserted. The stall indication is used combinationally by the
core to hold the index addresses valid for the original request. In this case, stall is asserted for two cycles, and is finally
deasserted in cycle 4. During cycle 4, the SPRAM array access proceeds, and external logic asserts hit and drives the
requested read data.

Note that while stall is asserted, the index and tag addresses are held by the core, but the strobe signals are not. The core
will never assert another strobe request while stall is asserted.

68 MIPS32™ 4KE™ Processor Core Family Integrator's Guide, Revision 02.00

Copyright © 2001-2002 MIPS Technologies Inc. All rights reserved.



6.3 SPRAM Interface Transactions

Clock #
clk

DSP_DataRdStr

DSP_DataWrStr

DSP_TagRdStr

DSP_TagWrStr

valid LI
Valid L/
DsP_Tagcmpvaluel23:0] ///////X valid XL
psp_patawrMask(z:0] ///////// /1 /11 /11111 DL
psp_patawrvalue(s1:0] //////////1/// /11111111

ose_vie///// [[/1I/1I/ T |\
psp_stall /////\// ] \
DSP_DataRdValue[31:0] //// //// /// MM //// ////////

DSP_TagRavalue(23:0] ///////////////// X V#id L1

DSP_DataAddr[19:2]

DSP_TagAddr[19:4]

SN -

Figure 6-4 Single Multi-Cycle DSPRAM Read

6.3.3 Single Write

Figure 6-3shows the timing diagram for a single DSPRAM write. OBIgP_DataWrStis active. This is the simplest

write scenario and can occur when store data is sent to the DSPRAM during an idle cycle when no other loads or stores
are being processed. This case can also occur when a CACHE index store data operation is presented to the SPRAM
array.

The core initiates the write in cycle 1, by driving the write stralf®R_DataWrS}; data index address
(DSP_DataAddy, write data DSP_DataWrValug and byte mask)SP_DataWrMask Since the tag strobes are not
active, the tag index address and tag physical address are not valid.

The SPRAM logic is able to complete the write during cycle 2, so the stall S8Rl Stall is deasserted and the
transaction completes. Note that the hit sigB&R_Hi) is not looked at by the core, since the tag strobe signals are
inactive.

For an idle cycle store, the tag address transaction occurred at some earlier point. The core tracks the fact that the
previous tag lookup was a DSPRAM hit, and presents only the corresponding index address and store data to the
DSPRAM for the transaction here.
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6.3.4 Single Multi-Cycle Write

Figure 6-6shows the timing diagram for a single DSPRAM multi-cycle write, and illustrates the back-stalling capability
of the interface. This is similar to the single-cycle write case described in Section 6.3.3, "Single Write", but now the

Figure 6-5 Single DSPRAM Write

external SPRAM logic was unable to immediately service the write request.

The core initiates the write in cycle 1, by driving the data write strobe, index address, store data, and byte mask. But the
external DSPRAM logic is unable to process the write during cycle 2, so it responds by asserting DSP_Stall, in this case
for two cycles. The core holds the address, store data, and byte mask valid while the stall signal is asserted. During cycle
4, the write could proceed, and the external logic then deasserts stall to complete the write transaction.
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Figure 6-6 Single Multi-Cycle DSPRAM Write
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6.3.5 Simultaneous Tag Read and Data Write

Figure 6-7presents a transaction in which a write to the data interface occurs at the same time as a read to the tag
interface. This is an extension to the data