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Chapter 1

EJTAG Trace Control Block Specification

1.1 Overview: The On-Chip Trace Control Block

The tracing logic within the processor core (not showRignire 1-) outputs all trace information on the PDtrace™
interface (shown ifrigure 1-). This PDtrace™ interface connects to the on-chip trace control block (TCB) unit. The
TCB is responsible for collecting the trace data sent every cycle on the PDtrace™ interface by the core’s tracing logic.
The TCB captures and stores this trace data in an on-chip trace memory or an off-chip trace memory using the Probe
Interface Block (PIB). A separate document, Bigtrace™ Interface SpecificatidRef[2], describes the tracing control

and mechanism on the processor core, and the PDtrace™ interface signals in detail. This document describes all
trace-related blocks and interfaces that are external to the processor core and the PDtrace™ interface. This includes:

 the TCB, with details on the internal architecture, i.e., registers, and how these registers are used to control tracing,
« the formats used by the TCB to write the trace information to memory,

« the interface between the TCB and the TAP controller,

* the TCtrace IF,

« the PIB, and

« the external Probe interface including its electrical characteristics.

Figure 1-1shows the TCB, the PIB, and the trace data path from the PDtrace™ IF to the Probe IF. It is optional whether
the TCB implements on-chip trace memory and/or the TCtrace IF with a PIB and off-chip trace memory.

Core Clock l

Probe IF
TCB
PDtrace™ IF (Trace Control Block) TCtrace IF PIB TR_TRIGIN
H 9 (Probe TR_TRIGOUT
......... Interface TR_DATA
» On-chip | Block)
TCB Tap IF ! ! TR_CLK
P TCBTap|+ Trace -
- interface || Memory TR_PROBE_N

TC_ChipTrigOut
TC_ChipTrigin

Figure 1-1 TCB and optional PIB overview

Figure 1-2shows the full system configuration when the TCB is streaming data to off-chip trace memory through the
PIB. The number of pins needed for trace data on the Probe IF is configurable to 4, 8, or 16.

EJTAG Trace Control Block Specification, Revision 1.04 1
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On-Chip ' Off-Chip
PDtrace™ IF '
: Probe IF
TCtrace IF
. Software/
Trace ' Debug host
genera- § 28 (31) | sy ! 4/8/16
tion Trace
Core [jlogic ? 1? ‘ PIB Regeneration
TCB -
<+ Software
9 -y —
TAP -;L» TCBTAPy : Debugger
Con- <+ 1 interface ' TraceControl
troller b= = / ' TraceMgsk | EJTAG
- : Probe
5 .

Figure 1-2 lllustration of the core and TCB with external trace memory

Figure 1-3shows the configuration where the TCB is streaming data to an on-chip trace memory. The size of the on-chip
trace memory is configurable. After trace capture has stoppe, the trace data in the on-chip memory is accessed through
the EJTAG probe by the Trace Regeneration Software.

On-Chip ' Off-Chip

PDtrace™ IF

// : Software/
' Debug host
28 (31) TCB F™™=n1 '
] E Trace
Core 1 Trace I Regeneration
<+ Memory Software
o = df
9 - o ay !
' TraceControl
’L’I .T(t:BfTAPI | TraceMask Debugger
<+ e . TraceData | EJTAG
e . ; Probe

Figure 1-3 lllustration of the core and TCB with internal trace memory

The TCB includes these primary interfaces:

e The PDtrace™ interface to the processor core. A detailed description about the PDtrace™ signal interface is
described in th®Dtrace™ Interface SpecificatidrRef[2].

e The TCB TAP interface, which connects the EJTAG TAP controller resident within the processor core to the TAP
functionality present within the TCB. This interface is describe@lapter 7, “Trace Control Block TAP Interface,”
on page 39

« An optional TCtrace interface to the PIB. This interface is described along with the Prolsehkkpier 8, “TCtrace
IF,” on page 4andChapter 9, “Probe IF,” on page 4if the TCB is configured with only on-chip trace memory, then
the TCtrace IF and the PIB are not needed.

2 EJTAG Trace Control Block Specification, Revision 1.04
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Chapter 2

Trace Message Format

One main function of the TCB is to capture trace information from the PDtrace™ interface and store it to trace memory.
This trace information is then analyzed by the trace reconstruction software in the debugger. Since tracing the entire run
of a program can require a lot of storage, compression of trace information is a desirable goal. While the trace
information undergoes one level of compression in the core, further compression is possible before the trace information
is stored to trace memory by the TCB. The TCB achieves this compression using a number of trace formats which
eliminate the storage of unnecessary trace bits in each cycle. This section describes these formats.

Note that the description of the trace formats refers to PDtrace™ interface signals. Hence, to fully understand the intent
of some of these trace formats, the reader must have a basic understanding of these signals or have access to the
PDtrace™ specification document.

2.1 Single-Pipe Tracing Formats

The formats discussed in this section are relevant only when the core or processor being traced is a single-issue, i.e.,
single pipeline implementation. The multi-pipeline case is discussgekiton 2.2, "Multi-Pipe Tracing Formats"

Recall that when the signBDO _lamTracings asserted by the processor, there is valid trace data on the other PDtrace™
interface signals, and these values must be captured and stored by the TCBPBMelamTracings de-asserted, no
useful trace information is on the other PDtrace™ interface signals, and no trace records need to be stored to trace
memory. Hence, whenever the processor has de-asserted@damTracingsignal, the TCB ignores the PDtrace™
interface signal values, and does not store anything to trace memory. In all the cases discussed below, the
PDO_lamTracingsignal is being asserted by the processor tracing logic.

2.1.1 Trace Format 1 (TF1)

A processor stall is identified wh&DO_InsComp[2:0]Jis 000,PDO_TType[2:0]is 000, and®DO_ Overflowis not

asserted. When the processor is stalled, no execution trace information needs to be recorded except that this was a stall
cycle. This can be done efficiently using a single bit “1” for this format. This is Trace Format 1 (TF1) as shigurie

2-1. Note that this stall information is needed only when tracing is used to account for all execution cycles, i.e.,
cycle-accurate tracing CBCONTROLB, = 1, seeSection 4.2, "TCBCONTROLB Registgr”

Note that when parsing a trace format sequence, if the first bit of the trace format is a one, then this is TF1 and the next
bit is the first bit of the next trace format.

Figure 2-1 TF1 (Trace Format 1)

EJTAG Trace Control Block Specification, Revision 1.04 3
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Chapter 2 Trace Message Format

2.1.2 Trace Format 2 (TF2)

A study of program traces shows that with only PC tracing enabled, nothing of significance needs to be captured a large
percentage of the time. For instance, wR&O_TType[2:0]is NT (000), i.e.No Transmission, the address/data bits
(PDO_AD is don't-cares and therefore do not need to be saved. So, RbBén TType[2:0]is NT andPDO_Overflow

is 0, the only significant trace signalPOO_InsComp[2:0]which describes the completed instruction. Having used a
single bit value of “1” for TF1, we indicate the combination of non-BRB®_InsComp[2:0] zeroPDO_TType[2:0]

and zerd®DO_Overflowin two bits (13). The next three bits of the format are the valué8&O_InsComp[2:0].This

trace format with five bits is called Trace Format 2 (TF2), as showigime 2-2

4 2 1 0
InsComp| 1| 0|

Figure 2-2 TF2 (Trace Format 2 Single-Pipe)

2.1.3 Trace Format 3 (TF3)

WhenPDO_TType[2:0]s notNT (000) andPDO_Overflows set to 0, all trace information needs to be captured. This
is the TF3 format shown iRigure 2-3 ThePDO _LoadOrder[2:0]signal is an exception in that it only needs to be
captured on the last cycle oDataTransmission transactioDT on thePDO_TType[2:0]signal). Hence, a slight
distinction is made between this format TF3 (which exclude$® LoadOrder[2:0]value, sed-igure 2-3, and the
format TF4 (which includes tHeDO_LoadOrder[2:0]value, sed-igure 2-3.

TF3 is distinguished from TF2 by having @Ggh the first three bits. TF3 may be either 27 or 43 bits wide, depending
on whether 16 or 32 bits of tiRDO_ADbus are included in the AD field. The AD field width is determined by the
TCBCONTROLApyy field. (SeeSection 4.1, "TCBCONTROLA Registgr”

26(42) 11 10 9 8 6 5 3 2 10
| AD |TMode|TEn4i TType| InsComFi) 4) {) P

Figure 2-3 TF3 (Trace Format 3 Single-Pipe)

2.1.4 Trace Format 4 (TF4)

The TF4 format is shown iRigure 2-4 TF4 covers the case wh&DO_TType[2:0]is set toDT andPDO_TEnds set
to 1, that is, the last cycle of the current data transmission. This is sh&iguia 2-4 where the pattern on bits [9:6]
distinguishes TF4 from TF3. Bits [8:6] are equal to 8@dr aPDO_TType[2:0value of DT and bit 9 has a value of 1
for PDO_TEnd

When capturing the cycle by cycle values on the PDtrace™ IF, the last cycle of a Load Data transmission cannot be
distinguished from the last cycle of a Store Data transmission (without saving information from a previous cycle, i.e.,
thePDO_InsCompralue from the first cycle of the data transaction). This means that the TF4 format will be used for
the last cycle of both Load and Store Data transmission, a small inefficiency.

29(45) 1413 11 10 98 7 6 5 3210
| AD |LoadOrde+ TMod{a 1| 1| c} ¢ |ns<:omb |o |o |c

Figure 2-4 TF4 (Trace Format 4 Single-Pipe)
4 EJTAG Trace Control Block Specification, Revision 1.04
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2.1.5 Trace Format 5 (TF5)

WhenPDO_Overflowis asserted, all other PDtrace™ IF trace values are undefined and hence all current cycle trace
values can be discarded. (When an overflow does occur, the PDtrace™ IF always sends a full PC value in the next cycle.
This is used for resynchronizing to the execution path.) The Trace Format 5 (TF5) slroguren2-5indicates this

overflow.

3 2 10

HEQDE

Figure 2-5 TF5 (Trace Format 5)

2.1.6 Trace Format 6 (TF6)

Trace Format 6 (TF6) shown Figure 2-Gs provided to the TCB to transmit information that does not directly originate
from the cycle by cycle trace data on the PDtrace™ interface. That is TF6 can be used by the TCB to store any
information it wants in the trace memory, within the contraints of the specified format. This information can then be used
by software for any purpose. For example, TF6 can be used to indicate a special condition, trigger, semaphore,
breakpoint, or break in tracing that is encountered by the TCB.

15 8 7
| TCBinfo

4 3 2 10
TCBcode | o| 1| qq

Figure 2-6 TF6 (Trace Format 6)

The definition of TCBcode and TCBinfo is shownTable 2-1

Table 2-1 TCBcode and TCBinfo fields of Trace Format 6 (TF6)

TCBcode Description TCBinfo
0000 Trigger Start: Identifies start-point of trace. TCBinfo identifies what caused the triggef.
Cause of trigger.
0100 Trigger End: Identifies end-point of trace. TCBinfo identifies what caused the trigger.| Taken from the
Trigger control
1000 Trigger Center: Identifies center-point of trace. TCBinfo identifies what caused the triggeel;_gister generating
this trigger.
1100 Trigger Info: Information-point in trace. TCBinfo identifies what caused the trigger.
No trace cycles:Number of cycles where the processor is not sending trace data
(PDO_lamTracings deasserted), but a stall is not requested by the TRIB (StallSending
is not asserted). This can happen when the processor, during its execution, switches|modes
internally that take it from a trace output required region to one where trace output was not
0002 requested. _ ) _ Number of cycles (All
For example, if it was required to trace in User-mode but not in Kernel-mode, then when #eeos is equal to 256)
processor jumps to Kernel-mode from User-mode, the internal PDtrace™ FIFO is enptfadpre than 256 is
then the processor deassd?BO_lamTracingand stops sending trace informaton. In ordemeeded, the TF6
to maintain an accurate account of total execution cycles, the number of such no-trace cyotesat is repeated.
have to be tracked and counted. This TCBcode achieves this goal.
0107 Back stall cycles:Number of cycles wheRDI_StallSendingvas asserted, preventing the
PDtrace™ interface from transmitting any trace information.
1x01
Reserved for future use Undefined
xx10

EJTAG Trace Control Block Specification, Revision 1.04
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Table 2-1 TCBcode and TCBinfo fields of Trace Format 6 (TF6) (Continued)

TCBcode Description TCBinfo
xx11 TCB implementation dependent :jrggleennagrrl]ttation

[a]: TF6 formats with this TCBcode is not transmitted wWi@BCONTROLRB, is 0

2.2 Multi-Pipe Tracing Formats

A processor with multiple pipelines requires additional support for sending trace information to trace memory. The TCB
can perform some combining and the kind of format crunching as shown in the single-pipe case to reduce the number
of bits that are sent out each cycle. If there are k pipelines within the core, 1, 2,... k, then for each cycle, the TCB generates
a trace format from each pipeline, in that respective order. The external software programmer must refer to the User’s
Guide for that core to determine the order of the pipelines as hooked up to the PDtrace™ interface.

The trace format TF1 is usable by the TCB without change for multi-pipe tracing. The TF1 format indicates that the
specific pipe did not complete an instruction and had no data to send.

TF5is acommon format. That s, all the pipes have to flush the trace buffer when just one of them has overflowed. Hence,
a single instance of TF5 will suffice to cover all the 1..k pipeline stages. The trace reconstruction software must take this
into account as it parses the trace formats in trace memory.

The TF6 format is also usable by the TCB without change, and as a common format. For exanijié)thamTracing
andPDO_StallSendingre common for all pipelines in a multi-pipeline processor. A TF6 format can be used after all
the formats for the respective pipelines have been sent. Note that if needed, pipeline-specific information can be encoded
within the TF6 format bits.

2.2.1 Multi-Pipe Trace Format 2-4 (TF2, TF3, TF4)

The TF2, TF3, and TF4 formats need the additi®D PgmOrder[2:0]value for multi-pipeline tracing. The
PgmOrder field is added to all of them, right after timsComp field, as shown ifrigure 2-7 Figure 2-8 andFigure

2-9. ThePgmOrder field is 3 bits wide to allow up to 8 pipelines. The number of processor pipelines is specified in the
TCBCONFIG; field. SeeSection 4.4, "TCBCONFIG Register (Reg 0)" on page 24

7 5 4 2 10
|Pngrde1‘ InsCom[} # P

Figure 2-7 TF2 (Trace Format 2 Multi-Pipe)

29(45) 14 13 12 11 9 8 6 5 3 21
| AD [TModd TEnd| PgmOrddr  TType| InsConfp |0 |o0 |

Figure 2-8 TF3 (Trace Format 3 Multi-Pipe)
TF4 for multi-pipe trace is defined as was the case for single-pipe trace. In the exarfjgaria 2-9 the TEnd bit (bit

12) is set, and the TType field (bits 8:6) is sdD10(100,).

EJTAG Trace Control Block Specification, Revision 1.04
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32(48) 1716 14 13 1211 9 8 7 6 5 3210
| AD |LoadOrdef TMode 1 PgmOrder fi o [o InsComp 0|0

[=]

Figure 2-9 TF4 (Trace Format 4 Multi-Pipe)
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Chapter 3

Trace Word Format

After compression of data into the Trace Formats, the trace information must be streamed to either on-chip or off-chip
dedicated trace memory. As seen in the previous chapter, each of the major Trace Formats are of different size. This
complicates the efficient storage of this information into a fixed-width on-chip memory. It also complicates the
transmission of this data through a fixed width interface to off-chip memory. To simplify the memory overhead and pin
bandwidth issues, the Trace Formats are first gathered into Trace Words of regular width. This section describes these
Trace Words.

3.1 Trace Word

A Trace Word (TW) is defined to be 64 bits wide. A TW has a 4 bit type indicator on bits [3:0], and regular TF's stacked
up in the remaining 60 bits of the wofdgure 3-1shows the 64-bit wide TW.

63 4 3 0
Trace Type

Figure 3-1 TW (Trace Word)

TheTrace portion of a TW consists of one or more Trace Formats, TF1 through TF6. Note that trace formats TF1, TF2,
TF5, and TF6 have a fixed size, while TF3 and TF4 can vary in size. The size of formats TF3 and TF4 is based on the
number ofPDO_ADDbits on the PDtrace™ interface. A further optimization is possible with an addrE&rAD

That is, the redundant sign bits (in the upper address bits) can be optionally chopped from the formats, especially if the
format straddles two TWs. This happens wiO_TTypés set toTPC, TLA, or TSA, TEnd is set to 1, and TMode

is set to O.

The processor mode is traced as a TF3 RiDO_TTypeset toTMOAS. A TMOAS always uses 16 bits of AD,
regardless of the PDO_AD bus width. Therefore, WRBXO_TTypas set toTMOAS, the TF3 formatin a TW is defined
to always have exactly 16 valid bits on the AD field, regardless Gi@BCONTROLALy field.

A TW is built by pushing in the TF’s back to back until all 60 bits of fhrace field are used. If the last TF does not fit
in Trace, it spills to the first bits of th@race field in the next TW. Th&ype indicator is used to indicate where the first
new TF starts in the neWace field. This indirectly indicates the number of bits used to complete theTF from the
previous TW.

Sometimes, when a TF cannot be completed in the remaining bits ofaifM/more efficient to discard those bits of
the TW, and simply repeat all of them in the following TM. This is indicated in TV, by settingType to 1. When
Typeis 1, the first new TF of a TW starts at bit O in thieace field. Since the previous TY\ended with an uncompleted
TF, a Type of 1 in TW4, instructs the decode software to discard the uncompleted TF in Tale 3-1describes the
word types for the TW.

EJTAG Trace Control Block Specification, Revision 1.04 9
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Table 3-1 Trace Word Type field description

Decimal

value of

the Type
field

The first new
TF starts at

this bit in the
Trace field

Description

N/A

This TW does not carry any trace information. Thace field is set to all zeroes.

In the off-chip interface, th€race field can be truncated to make the TW fit the bit-width
the off-chip interface.

For on-chip trace, this TW is not to be stored in memory.

This indicates a situation where a new TF is started at the beginning of this TW. This c
happen when: (1) a new trace is begun, (2) the TF in the previous TW was completed, &
an incomplete TF at the end of the previous TW is discarded.

If the last trace format of the previous TW was a TF3 with: TType s@RE, TLA or TSA,
TEnd set to 1 and TMode set to 0, and with at least one AD bit, then that is considered
completed TF format, and no bits are discarded from the previous TW.

an
nd (3)

(Type -1)* 4

The partial TF from the previous TW is completed in this TW in the bits available befor:
first new TF, i.e., bits 0..((Type -1)*4)-1) in the Trace field.

If extra bits are available after completing the straddling TF, the rest of the bits until the
new TF start are undefined.

TF3 formats sending the last part of a relative address are allowed to cut the AD bits tq
show the needed sign bits. This enables compression of sign-extebd@dADbits when the
TF3 straddles a TW.

e the

first

only

15

No new TE

The TF started in the previous TW could not be completed within 54.bttsiight complete
in this TW. But if it does not complete, then the next TW will haifge value higher than
one.

[1]: This will never happen with the currently defined TF’s, as the longest TF is only 49 bits wide.

[2]: 54 bits is the maximum allowable bits used to complete a TF from a previoygJTi\a new one is to start in TV This is so because®ype
value of 14 indicates the maximum bit position (bit 54) inTireee field, where a new TF will start.

As an example of how a TW is built, consider the trace sequence sholabia 3-2 In this example, th©DO_ADbus
is assumed to be 16 bits wide (a zero valud @BCONTROLARw)-

Table 3-2 Example Trace sequence

Cycle # Trace Format Cycle # Trace Format
1 TF3 (16 significant AD bits) 2 TF3 (16 significant AD bits)
3 TF2 4 TF1
5 TF1 6 TF1
7 TF1 8 TF2
9 TF2 10 TF1
12 TF2 11 TF2
13 TF2 14 TF1
15 TF3 (5 significant AD bits) 16 TF1
17 TF2 18 TF2
19 TF2 20 TF2

EJTAG Trace Control Block Specification, Revision 1
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Table 3-2 Example Trace sequence (Continued)

Cycle # Trace Format Cycle # Trace Format
21 TF3 (11 significant AD bits) 22 TF1
23 TF3 (6 significant AD bits) 24 TF6 (Stop indicator)

The TF sequence ifable 3-2will create the set of TW's shown ifigure 3-2 The grayed out boxes with a “u” are
unused bits. Grayed out boxes with an “s”, show redundant sign-bits from a TF3 format. These sign-bits could not be
compressed out, and must be included as part of the AD field. A “1” indicates the single bit of 1 in a TF1 format.

Trace Type
5 5 5 4 4 4 3 3 2 2 2 1
TW |9 6 2 8 4 0 6 2 8 4 0 6 2 8 4 03 0
1 (1] TR2 TF3 | TF3 1
UZEEEEEEEEEEEE TF3 11 2 | TR T2 [ b Tre| TR [od]1 1
3 TF3 1sd s TF3 TF2 tr2 | TR2 Ju TR2| 2
4 U| U|U|u| U|U| U|U|u| U|U| U|U uj uj uj ujuju U|U| U|U|u| U|U| U|U|u| U|U| U|U|u| U|U| U|U|u| TF6 (Stop) TF3 2

Figure 3-2 Trace Word from Example Trace inTable 3-2

In the example irfrigure 3-2 the TF3 straddling TWTW, have had insignificant sign bits cut from the full TF3 format.
It is optional for TCB hardware to do this extra compression of TF3 formats, but TW decode software must always be
designed to handle this extra compression.

3.1.1 Cycle Inaccurate Trace

The TF1 format is needed only when a sequence of the trace must show cycle-by-cycle behavior of the processor without
missing any cycles. When the trace regeneration software only needs to show the sequence of instructions executed, the
TF1 format which shows processor stall cycles can be omitted. In this latter situation, an additional optimization removes
bit zero on the other TF’s before storing to trace memory. The example trace seqUete &2will then produce

the TW’s shown irFigure 3-3 Note that, to reconstruct the trace accurately, external software must know what type of
tracing was enabled at the TCB.

Trace Type
5 5 5 4 4 4 3 3 2 2 2 1 1
TW (9 6 2 8 4 0 6 2 8 4 0 6 2 8 4 03 0
1| TR2 | T2 | TF3 TF3 1
2 [rrd TR2 | TR2| TR2| TR2[ds|ds[s|s|5|s]5]s] TF3 | tr2| TR2| TR2| TR[ 1
3 TF6 (stop) s|s| s|s|s|s|s|s|s|s TF3 s TF3 6
4 U|U|U|U|U|U|U|U|U|U|U|U|U|U Ul uj ujujufufuujuju U|U|U|U|U|U|U|U|U|U|U|U|U|U|U|U Ui U|U|U|U|U|U|U|U|U|U|U|U|U|U|U|U|U|TFE 2
Figure 3-3 Trace Word from Example Trace inTable 3-2(No TF1 trace)
In the example shown iRigure 3-3 the TF3 straddling TWTW3 have had insignificant sign bits cut from the full TF3
format. It is optional for TCB hardware to make this extra compression of TF3 format, but TW decode software must be
able to handle this.
EJTAG Trace Control Block Specification, Revision 1.04 11
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Chapter 3 Trace Word Format

Additionally when not tracing for cycle accurate information, the TF6 formats TCBcode 0001 and 0101 are omitted from

the Trace Words (not shown Figure 3-2andFigure 3-3. Cycle accurate versus cycle inaccurate tracing in controlled
by theTCBCONTROLRB, bit.

3.1.1.1 Trace Word collection.

Figure 3-4shows how the TCB builds the Trace Words from the Trace Formats cycle by cycle, as the PDtrace interface
sends trace information. Trace Words frBigure 3-2are used.

Trace Typs
4 4 4 2
Cyclg TW |9 6 2 8 4 0 6 2 8 4 0 8 4 03 |0
free TF3 1
2 free TF3 TF3 1
3 1 fl TF2 TF3 TF3 1
4 1f TR2 TF3 TF3 1
5 free 1 1
6 free 11 1
7 free 111 1
8 free TF2 111 1
9 free TF2 TF2 L 1
10 free 1 TF2 TF2 Lpp 1
11 2 free TF2 1 TF2 TF2 tppl 1
12 free TF2 TF2 ]  TF2 TF2 1111 1
13 free TF2 TF2 TF2 L TF2 TF2 | |1|1]1 1
14 free 1 TF2 TF2 TF2 L TF2 TF2 111|111 1
15 free | s| s|s| s| s| s| S| s| s| s| S| TF3 1 TFR2 TF2 TF2 | L TF2 TF2 | (1)111 1
16 fred 1 s| s| s|s| s| s| s|s|s|s|s TF3 1 TF2 TF2 TF2 | L TF2 TF2 | [1/12)1 1
17 TFZ4 1| s| s| s| s| s| s| s|s|s|s|s| TF3 1 TF2 TF2 TF2 | L TF2 TF2 | (1)1 1
free u TF2| 2
18 free TF2 |ul TF2| 2
19 free TF2 TF2 |ul TF2| 2
20| 3 free TF2 TF2 TF2 (ul TF2| 2
21 free S| s|s|s|s TF3 TF2 TF2 TF2 |ul TF2| 2
22 free 1s|s|s|s|s TF3 TF2 TF2 TF2 |u| TF2| 2
TF3 1 s|s|s|s|s TF3 TF2 TF2 TF2 |ul TF2| 2
23 free TF3 2
24 4 u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| u| TF6 (stop) TF3 2

Figure 3-4 Cycle by cycle Trace Word from Example Trace iffable 3-2

3.2 End of Trace indication.

In the examples in the previous section, the Trigger TF6 (stop: TCBcode == 0100) was used to indicate an End Trigger
and this implied an end to the tracing as well. This stop trigger deaBSBGONTROLBy and the TCB flushes out

12 EJTAG Trace Control Block Specification, Revision 1.04
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the current TW. However, tHECBCONTROLB,y bit can be deasserted for other reasons, and this trace end must be
indicated externally using a different mechanism to distinguish this from the end-trigger case. The recommended method
to accomplish this is to let the TCB fill the un-used bits in the last TW with zeroes. Note that nine bits of consecutive
zeroes in the Trace field will be identified as a TF3 with no information, that is, InsComp and TType are both zero. This

will never be ordinarily generated by the Trace Format generator, and can therefore be used as a end-of-trace indicator.

If less than nine bits remain in the last TW, then an incomplete TF is detected by trace software. After that no additional
TW are generated by the TCB. This should not be a problem for trace re-generating software, as this is just like any other
arbitrary cut in the trace stream.

3.3 On-chip Trace Memory Format

The on-chip trace memory is defined to be a 64-bit wide memory. The TW’s defiBedtion 3.1, "Trace Wordare
stored in consecutive address locations. The trace memory is only written when a full TW is available, hence a new TW
might not be written each cycle, since a new TW might not be created each cycle.

The memory image will exactly match the TW sequence shoWwiginme 3-2 on page 1dr Figure 3-3 on page 11
depending on whether TF1 formats are included.

3.4 Probe Trace Word transmission

Please se€hapter 8, “TCtrace IF,” on page &3 a detailed description of the TCtrace IF &idhpter 9, “Probe IF,”
on page 47or a detailed description of the PIB module.

The Probe interface can suppoffB_DATAbus width of 4, 8, or 16 bits. When a TW is ready to be sent, it is put on the
TC_Datapins to the PIB. The PIB will feed the TW through on the availdaife DATApins, starting withfC_Data[n:0]

on theTR_DATA[n:0]utilized pins. Depending on the value of n, this will take 16, 8, or 4 transmissions. If a clock
multiplier is used in the PIB, then 2, 4, 8, or 16 transmissions can be completed in one core clock cycle.

As long as no new TW is available for transmission,Tiie Databus will show all zeros, allowing the PIB to keep
transmitting this on th& R_DATAbits to also show all zeros.

On an 8 pinTR_DATAtrace interface, running at core-clock frequency, the trace from the TVFigjure 3-4will look

as shown irFigure 3-50n the Probe IF. This assumes sufficient buffering to hold the TW's in the TCB when they become
available for transmission, and a latency of one clock before the first part of an available TWI@) ttietabus, appears

on theTR_DATApIns.

Cycle| TR_DATA[7:0] Cycle| TR_DATA[7:0] Cycle |TR_DATA[7:0] Cycle [TR_DATA[7:0]
1 zero 11 TW,[55:48] 21 | TW,[31:24] 31 TW;[47:40]
2 zero 12 TW,[63:56] 22 | TW,[39:32] 32 TW,[55:48]
3 zero 13 zero 23 TW,[47:40] 33 TWS;[63:56]
4 zero 14 zero 24 TW,[55:48] 34 TW,[7:0]
5 TW,4[7:0] 15 zero 25 | TW,[63:56] 35 TW,[15:8]
6 TW,[15:8] 16 zero 26 TWS,[7:0] 36 TW,4[23:16]
7 TW,[23:16] 17 zero 27 TW;[15:8] 37 zero
8 TW,[31:24] 18 TW,[7:0] 28 | TW;[23:16] 38 zero
9 TW,[39:32] 19 TW,[15:8] 29 | TW;[31:24] 39 zero
10 TW,[47:40] 20 TW,[23:16] 30 | TWS;[39:32] 40 zero

Figure 3-5 Cycle by cycleTR_DATA (8-bit) of Example Trace inTable 3-2

EJTAG Trace Control Block Specification, Revision 1.04 13
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The probe sampling thER_DATApins should look for a non-zero transmission. When that happens, the following bits
up to a collective count of 64-bits (i.e. including the first non-zero 4/8/16-bit value) will form a TW. After 64-bits, the

probe should re-start looking for a new non-zero transmission. A non zero transmission can start at any time after a full
TW is received.

EJTAG Trace Control Block Specification, Revision 1.04
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Chapter 4

Trace Control Block Registers

The TCB uses several registers to control its operation. These registers are accessed via the EJTAG TAP interface. This

chapter describes these registers in detail. These registers are shiabie i landTable 4-2

Table 4-1 Registers in the Trace Control Block

Register Name EJTAG TAP Description
controller instruction
value
Control register in the TCB mainly used for controlling the trag
TCBCONTROLA 0x10 input signals to the core on the PDtrace interface.
Control register in the TCB that is mainly used to specify what]
do with the trace information. The REG [25:21] field in this regist
TCBCONTROLB 0x11 specifies the number of the TCB internal register accessed by
TCBDATA register. A list of all the registers that can be accesg
by the TCBDATA register is shown in.
This is used to access registers specified by the REG field in
TCBDATA O0x12 TCBCONTROLB register.

Table 4-2 Registers selected BFCBCONTROLBzgg(acessed through TCBDATA).

REG[4:0] Register Register Description Compliance
Selected
TCB Configuration register--holds information about the hardware :
0 TCBCONFIG configuration of the TCB. Required
1-3 Reserved Reserved for future use. Reserved
4 TCBTW Trace Word read register. This register holds the Trace Word just read
from on-line trace memory.
Trace Word Read pointer. It points to the location in the on-line trace
memory where the next Trace Word will be read. A TW read has the
5 TCBRDP side-effect of post-incrementing this register value to point to the next Reaquired if
TW location. (A maximum value wraps the address around to the ehquwe !
beginning of the trace memory). on-chipmemory
exists.
6 TCBWRP Trace Word Write pointer. It points to the location in the on-line trage
memory where the next new Trace Word will be written.
Trace Word Start Pointer. This points to the location of the oldest TW in
7 TCBSTP the on-line trace memory.
8-15 Reserved Reserved for future use. Reserved
) Trigger Control registers 0-7 are used to specify some conditions that .
16-23 TCBTRIGX cause the firing of triggers, and to control the resulting action. Optional
24-31 Reserved Reserved for future use. Reserved

EJTAG Trace Control Block Specification, Revision 1.04
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Chapter 4 Trace Control Block Registers

4.1 TCBCONTROLARegister

The trace output from the processor on the PDtrace interface can be controlled by the trace input signals to the processor
from the TCB. The TCB uses a control register, TCBCONTROLA, whose values are used to change the signal values

on the PDtrace input interface. External software (i.e., debugger), can therefore manipulate the trace output by writing

the TCBCONTROLA register.

TheTCBCONTROLAegister is written by an EJTAG TAP controller instructiGitBCONTROLAO0x10). See Ref1]
for more details regarding new TAP instructions.

Compliance: This register is required.
The format of thef CBCONTROLAegister is shown below, and the fields are describédhite 4-3

TCBCONTROLA Register Format
31 27 26 25 24 23 22 20 19 18 17 16 15 14 13 12 5 4 3 1 0

| Impl | 0|vModeg ADW syp [ TBIQ D B § K ASID | ¢ Mode| Qn

Table 4-3TCBCONTROLARegister Field Descriptions

Fields Description Read/ | Reset State| Compliance
Write

Name Bits

This field is reserved for implementation specific uge.
Impl 31:27 | Refer to the processor specification for the format and Undefined Optional
definition of this field.

0 26 Reserved for future use. Must be written as zero; 0 0

returns zero on read. Reserved

This field specifies the type of tracing that is supported
by the processor, as follows:

Encoding Meaning

00 PC tracing only

VModes 25:24 01 PC and load and store address tracing pnly R Preset Required

PC, load, and store address, and load and
store data.

10

11 Reserved

This field is preset to the value BDO_ValidModes

PDO_ADbus width.

ADW 23 | 0: ThePDO_ADbus is 16 bits wide. R Preset Required
1: ThePDO_ADbus is 32 bits wide.
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4.1 TCBCONTROLA Register

Table 4-3TCBCONTROLARegister Field Descriptions (Continued)

Fields Description Read/ | Reset State| Compliance
Write

Name Bits

Used to indicate the synchronization period.

The period (in cycles) between which the periodic
synchronization information is to be sent is defined|as
shown in the table below, when the trace buffer is either
on-chip or off-chip (as determined by the

TCBCONTROLB;( bit).
SyP On-chip Off-chip
000 2 27
SyP 22:20 001 2 2 RIW 100 Required
010 VA 2°
011 P 210
100 P 211
101 7 212
110 P 213
111 2 214

This field defines the value on tR®I_SyncPeriodsignal.

Trace All Branches. This signal is used to indicate that
the core must trace either full or incremental PC valyes
B 19 for all branches. Not just the unpredictable ones. R/W Undefined Required

This field defines the value on tR®I_TraceAllBranch
signal.

Inhibit Overflow. This signal is used to indicate to th
core trace logic that slow but complete tracing is
desired. Hence, the core tracing logic must not allow a
FIFO overflow and discard trace data. This is achieved
10 18 by stalling the pipeline when the FIFO is nearly fullso R/W Undefined Required
that no trace records are ever lost.

D

This field defines the value on tR®I_InhibitOverflow
signal.

When set to one, this enables tracing in Debug mode,
i.e., when the DM bit is one in tligebugregister. For
trace to be enabled in Debug mode, the On bit must be
one and either the G bit must be one, or the current
D 17 process must match the ASID field in this register. R/W Undefined Required
When set to zero, trace is disabled in Debug mode
irrespective of other bits.

This field defines the value on tR®I_DM signal.

This controls when tracing is enabled. When set,
tracing is enabled when either the EXL or ERL bits|in
the Statusregister is one, provided that the On bit (hbjit
E 16 0) is also set, and either the G bit is set, or the current R/W Undefined Required
process ASID matches the ASID field in this registe

=

This field defines the value on tR®I_E signal.
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Chapter 4 Trace Control Block Registers

Table 4-3TCBCONTROLARegister Field Descriptions (Continued)

Fields Description Read/ | Reset State| Compliance
Write

Name Bits

When set, this enables tracing when the core is in

Supervisor mode as defined in the MIPS32 or MIPSB4

architecture specification. This is provided the On hit
(bit 0) is also set, and either the G bit is set, or the 3

S 15 current process ASID matches the ASID field in this RIW Undefined

register.

Required

This field defines the value on tR®I_Ssignal.

When set, this enables tracing when the On bit is spt
and the core is in Kernel mode. Unlike the usual
definition of Kernel Mode, this bit enables tracing only
when the ERL and EXL bits in tt&tatusregister are
K 14 zero. This is provided the On bit (bit 0) is also set, and R/W Undefined Required
either the G bit is set, or the current process ASID
matches the ASID field in this register.

This field defines the value on tR®I_K signal.

When set, this enables tracing when the core is in User
mode as defined in the MIPS32 or MIPS64 architectyire
specification. This is provided the On bit (bit 0) is al§o
U 13 set, and either the G bit is set, or the current process R/W Undefined Required
ASID matches the ASID field in this register.

This field defines the value on tR®I_U signal.

The ASID field to match when the G bit is zero. When

ASID 12:5 the G bit is one, this field is ignored. RIW Undefined Required
This field defines the value on tR®I_ASIDsignal.
When set, this implies that tracing is to be enabled ffor
all processes, provided that other enabling functions ] )

G 4 (like U, S, etc.,) are also true. R/W Undefined Required

This field defines the value on tR®I_G signal.

—

When tracing is turned on, this signal specifies whg
information is to be traced by the core

Mode Trace Mode
000 Trace PC
001 Trace PC and load address

010 Trace PC and store address

011 Trace PC and both load/store addresses

Trace PC and load data (optional for all PDtrac|
100 specification revisions less than 3.0 and
Mode 31 supporting TCBs). R/W Undefined Required

101 Trace PC and load address and data

1

110 Trace PC and store address and data

111 Trace PC and both load/store address and ¢igta

The VModes field determines which of these encodin
are supported by the processor. The operation of th
processor i$JNPREDICTABLE if Mode is setto a
value which is not supported by the processor

D Q
(7]

This field defines the value on tR®I_TraceModesignal.
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4.2 TCBCONTROLB Register

Table 4-3TCBCONTROLARegister Field Descriptions (Continued)

Fields Description Read/ | Reset State| Compliance
Write

Name Bits

[¢))
>

This is the global trace enable switch to the core. Wh
zero, tracing from the core is always disabled, unlegs
enabled by core internal software override of the
PDI_xxinput pins.

On 0 R/W 0 Required
When set to one, tracing is enabled whenever the other
enabling functions are also true.

This field defines the value on tR®I_TraceOnsignal.

4.2 TCBCONTROLBRegister

The TCB includes a second control regislBEBCONTROLKOx11). This register generally controls what happens to
the trace information once it arrives at the TCB.

Compliance: This register is required.
The format of th CBCONTROLBegister is shown below, and the fields are describ&dbie 4-4

TCBCONTROLB Register Format
31 30 28 27 26 25 21 20 19 17 16 15 14 13 12 11 10 8 7 6 32 1 0

We| mpt | o | REG |lwg o [RMTRBF ™| d CR |Ch 0o | gaofcEN

Table 4-4TCBCONTROLBRegister Field Descriptions

Fields Description Read/ | Reset State| Compliance
. Write
Name Bits
Write Enable.
Only when set to 1 will the other bits be written in ;
WE 31 TCBCONTROLRB R 0 Required

This bit will always read O.

This field is reserved for implementations. Refer to the

Impl 30:28 | processor specification for the format and definition [of Undefined Optional
this field.
0 27:26 Reserved for future use. Must be written as zero; 0 0 Reserved

returns zero on read.

D

Register select: This field specifies the register, (on
REG 25:21 | among the set of registersTnble 4-3, to access R/W 0 Required
through theTCBDATAregister.
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Chapter 4 Trace Control Block Registers

Table 4-4TCBCONTROLBRegister Field Descriptions (Continued)

Fields Description Read/ | Reset State| Compliance
- Write
Name Bits
The write register field, when set, allows the registefr
selected by the REG field to be written as well as refad
whenTCBDATAIs accessed. Otherwise, the selecteld
register is only read.
Note that a JTAG register cannot be only written, it jis
WR 20 always read and written. Therefore, a register that has aR/W 0 Required
side-effect on read (s&ction 4.6, "TCBRDP
Register (Reg 5); will have the same side-effect when
written, since a read also happens on a write. Hence, it
is specified that when this field WR is set, it is
implementation dependent whether a side-effect of|a
read will occur when writing.
. Reserved for future use. Must be written as zero;
0 19:17 1 returns zero on read. 0 0 Reserved
Read on-chip trace memaory.
When written to 1, the read address-pointer of the
on-chip memory in regist&fCBRDPis set to point to
the oldest memory location written since the last reget
of pointers. Required
Subsequent access to (ReBTWregister (through the if on-chip
RM 16 TCBDATAregister), will automatically increment the| RIW1 0 memory
read pointer in regist&ftCBRDPafter each read. exists.
When the write pointer is reached, this bit is Otherwise
automatically reset to 0, and th€BTWregister will reserved.
read all zeros.
Once set to 1, writing 1 again will have no effect. The
bit is reset by setting the TR bit or by reading the last
Trace word inTCBTW
Trace memory reset. Required
When written to one, the address pointers for the if on-chip
R 15 on-chip trace memoryCBRDP and TCBWR&e R/W1 0 memory
reset to zero. Also the RM and BF bits are reset to p. exists.
This bit is automatically reset back to 0, when the reset Otherwise
specified above is completed. reserved.
Buffer Full indicator that the TCB uses to communicate Required
to external software that the on-chip trace memory |s if og-chi
full. Note that this applies only in the situation that the memorp
BF 14 on-chip trace memory is being deployed in the R 0 existsy
trace-from andtrace-to mode. (Se€hapter 10, )
“On-Chip Trace Memoryy’ Otherwise
This bit is cleared when writing a 1 to the TR bit reserved.
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4.2 TCBCONTROLB Register

Table 4-4TCBCONTROLBRegister Field Descriptions (Continued)

Fields Description Read/ | Reset State| Compliance
- Write
Name Bits
Trace Mode. This field determines how the trace
memory is filled when using the simple-break contrpl
in the PDtrace™ IF to start or stop trace.
™ Trace Mode
00 Trace-To
01 Trace-From
10 Reserved
11 Reserved Required
if on-chip
™ 13:12 | In Trace-To mode, the on-chip trace memory is filled, R 0 memory
continuously wrapping around, overwriting older Tra¢e exists.
Words, as long as there is trace data coming from the .
core. Otherwise
reserved.
In Trace-From mode, the on-chip trace memory is filled
from the point thaPDO_lamTracings asserted, and
until the on-chip trace memory is full.
In both cases, de-asserting the EN bit in this register
will also stop fill to the trace memory.
If a TCBTRIGxrigger control register is used to
start/stop tracing, then this field should be set to
Trace-To mode.
Reserved for future use. Must be written as zero;
0 11 returns zero on read. 0 0 Reserved
Off-chip Clock Ratio. Writing this field, sets the ratig
of the core clock to the off-chip trace memory interface Required
clock. The clock-ratio encoding is shownTable 4-5
" | ock " | if off-chip
. Remark: For example, a clock ratio of 1:2 implies & trace interface
CR 10:8 two times slow down of the Probe interface clock to the R/W 100 exists.
core clock. But, one data packet is sent per core clpck .
rising edge, while a data packet is sent on every edge of Otherwise
the Probe interface clock, since the Probe interface reserved.
works in double data rate (DDR) mode.
EJTAG Trace Control Block Specification, Revision 1.04 21

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



Chapter 4 Trace Control Block Registers

Table 4-4TCBCONTROLBRegister Field Descriptions (Continued)

Fields Description Read/ | Reset State| Compliance
- Write
Name Bits
Calibrate off-chip trace interface.
If set, the off-chip trace pins will produce the following
pattern in consecutive trace clock cycles. If more than
4 data pins exist, the pattern is replicated for each set of
4 pins. The pattern repeats from top to bottom until the
Cal bit is de-asserted.
Calibrations
pattern
3 2 10
0|0| 0|0
2
ﬁ Gl M Bl e Required
> 0|0| 0| O ) )
o o1l ol 1 if off-chip
cal 7 g . RIW 0 tracg >:ir;ct%rface
22 (1/0/0|o0 Otherwise
8= reserved.
s gl o|1/0]o0
Z |0_i 0|0| 1|0
£% (0|00 1
g
IS, 11| 1|0
o
.lf__:” 1{1|/0|1
1{0|1]|1
ol1|1|1
Note: The clock source of the TCB and PIB must bg
running.
. Reserved for future use. Must be written as zero;
0 6:3 returns zero on read. 0 0 Reserved
Cycle accurate trace.
When set to 1 the trace will include stall information.
When set to 0 the trace will exclude stall information,
and remove bit zero from all transmitted TF's.
CA 2 The stall information included/excluded is: RIW 0 Required
* TF6 formats with TCBcode 0001 and 0101.
» All TF1 formats except within the context of
multi-pipe processor tracing (when it is used for
individual pipes within the sequence of pipe
outputs).
If set to 1, trace is sent to off-chip memory using
TR_DATApins.
ofC 1 If not set, trace info is sent to on-chip memory. R/W Preset Required
This bitis read only if either off-chip or on-chip optio
exists. T
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4.3 TCBDATA Register

Table 4-4TCBCONTROLBRegister Field Descriptions (Continued)

Fields Description Read/ | Reset State| Compliance
Write

Name Bits

Enable trace.

This is the master enable for trace to be generated flom
the TCB. This bit can be set or cleared, either by
writing this register or from a start/stop/center trigge

=

When set to “1”, trace information is sampled on the
EN 0 PDO_xxpins. Trace Words are generated and sentfto R/W 0 Required
either on-chip memory or to the Trace Probe. The target
of the trace is selected by the OfC bit.

When setto “0", trace information on the PDO_xx pir]
isignored. A potential TF6-stop (from a stop trigger)
generated as the last information, and the TCB
pipe-line is flushed, and trace output is stopped.

nn

Table 4-5 Clock Ratio encoding of the CR field

CR/CRMin/CRMax Clock Ratio
000 8:1 (Trace clock is eight times that of core clock)
001 4:1 (Trace clock is four times that of core clock)
010 2:1 (Trace clock is double that of core clock)
011 1:1 (Trace clock is same as core clock)
100 1:2 (Trace clock is one half of core clock)
101 1:4 (Trace clock is one fourth of core clock)
110 1:6 (Trace clock is one sixth of core clock)
111 1:8 (Trace clock is one eighth of core clock)

4.3 TCBDATA Register

The TCBDATAregister (0x12) is used to access the registers defined BEB@ONTROLBg field, seeTable 4-2
Regardless of which register or data entry is accessed thf@BDATA the register is only written if the
TCBCONTROLRR bit is set. For read only registers Il @BCONTROLR R is a don’t-care.

Compliance: This register is required.

The format of theTCBDATAregister is shown below, and the field is describetidhle 4-6 The width of TCBDATAIs
64 bits when on-chip trace words (TWs) are accesBeB8T{Waccess).

TCBDATA Register Format
31(63) 0

| Data
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Chapter 4 Trace Control Block Registers

Table 4-6 TCBDATA Register Field Descriptions

Fields Description Read/Write Reset | Compliance
State

Names Bits

. : s . Only writable if
31:0 Register fields or data as defined by the :
63:0 | TCBCONTROLRBg field TCBCONTROLER 0 Required

Data

4.4 TCBCONFIG Register (Reg 0)

The TCBCONFIGregister holds hardware configuration information in the TCB.
Compliance: This register is required.

TCBCONFIG Register Format
31 30 25 24 21 20 17 16 14 13 11 10 9 8 6 5 4 3 0

|cFil Impl TRIG sz CRMax| CRMin| PW| PN | OJTO[T  REV

Table 4-7TCBCONFIG Register Field Descriptions

Fields Description Read/ | Reset State| Compliance
- Write
Name Bits
This bit is set if aSTCBCONFIG Iregister exists. In this
CF1 31 revision, TCBCONFIG1does not exist, and this bit R 0 Required
reads zero.
This field is reserved for implementations. Refer to the
Impl 30:25 | processor specification for the format and definitionjof 0 Undefined Optional
this field.
. Number of triggers implemented. This also indicates Legal values ;
TRIG 24:21 the number oTCBTRIGxregisters that exist. R are0-8 Required
Required
On-chip trace memory size. This field holds the if on-chip
encoded size of the on-chip trace memory. memor
sz 20:17 R Preset i
The size in bytes is given by*2*®). .., the lowest :
value is 256 bytes, and the highest is 8Mb. Otherwise
reserved.
Required
Off-chip Maximum Clock Ratio. if off-chip
CRMax 16:14 | Thisfield indicates the maximum ratio of the core clogk R Preset trace |_ntterface
to the off-chip trace memory interface clock. The EXIStS.
clock-ratio encoding is shown ifable 4-5 Otherwise
reserved.
Required
Off-chip Minimum Clock Ratio. if off-chip
CRMin 13:11 | Thisfield indicates the minimum ratio of the core clogk R Preset trace):intterface
to the off-chip trace memory interface clock. The EXISts.
clock-ratio encoding is shown iFable 4-5 Otherwise
reserved.
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4.4 TCBCONFIG Register (Reg 0)

Table 4-7TCBCONFIG Register Field Descriptions (Continued)

Fields

Name

Bits

Description

Read/
Write

Reset State

Compliance

PW

10:9

Probe Width: Number of bits available on the off-ch
trace interfac8 R_DATApins. The number of
TR_DATA pins is encoded, as shown in the table.

PW
00
01
10
11

Number of bits used onTR_DATA
4 bits
8 bits
16 bits

reserved

This field is preset based on input signals to the TQ
and the actual capability of the TCB.

B

Preset

Required

if off-chip
trace interface
exists.

Otherwise
reserved.

PiN

8.6

Pipe number.
For single-pipeline processors this field must read

For multi-pipeline processor, this field indicates the
number of pipes which are traced. If non-zero this al
indicates, that the 3-bit PgmOrder field is included
the TF2, TF3 and TF4 Trace Formats, as shown in
Figure 2-7 Figure 2-8andFigure 2-9 on page.7

The table below indicates the number of bits in
PgmOrder for the possible values of PiN.

PiN Number

of Pipes
traced

000 1
001
010
011
100
101
110
111

PgmOrder field included in
the TF2, TF3 and TF4
Trace Formats

No

Yes

O|IN|[oo|la|r~]wW]DN

Preset

Required

onT

When set, this bit indicates that on-chip trace memd

ry

is present. This bitis preset based on the selected option R

when the TCB is implemented.

Preset

Required

OfT

When set, this bit indicates that off-chip trace interfage

is present. This bitis preset based on the selected option R

when the TCB is implemented, and on the existencg
a PIB module TC_PibPresenasserted).

of

Preset

Required

REV

3.0

Revision of TCB. An implementation that conforms to

the described architecture in this document must have R

revision 0.

Required
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Chapter 4 Trace Control Block Registers

4.5 TCBTW Register (Reg 4)

The TCBTWregister is used to read Trace Words from the on-chip trace memory. The TW read is the TW pointed to by
the TCBRDPregister. A side effect of reading thi€BTWregister is that thE CBRDPregister increments to the next

TW in the on-chip trace memory. FCBRDPis at the max size of the on-chip trace memory, the increment wraps back
to address zero.

Compliance: Required if on-chip trace memory is implemented.
The format of th& CBTWregister is shown below, and the field is describéthbiie 4-8

TCBTW Register Format
63 0

| Data

Table 4-8TCBTW Register Field Descriptions

Fields Description Read/ Reset Compliance
Write State

Names Bits

Data 63:0 Trace Word R/W 0 Required

4.6 TCBRDP Register (Reg 5)

TheTCBRDPregister is the address pointer to on-chip trace memory. It points to the TW read when readiGgia/
register. When writing theCBCONTROLRB,, bit to 1, this pointer is reset to the current valug©@BSTP

Compliance: Required if on-chip trace memory is implemented.

The format of th& CBRDPregister is shown below, and the field is describethlyie 4-8 The value of n depends on
the size of the on-chip trace memory. As the address points to a 64-bit TW, lower three bits are always zero.

TCBRDP Register Format
31 ntl n 0

Address

Table 4-9TCBRDP Register Field Descriptions

Fields Description Read/ Reset Compliance
- Write State
Names Bits
Data 31:(n+1) | Reserved. Must be written zero, reads back zero. 0 D Required
Address n:0 Byte address of on-chip trace memory word. R/W 0 Required

4.7 TCBWRPRegister (Reg 6)

The TCBWRPegister is the address pointer to on-chip trace memory. It points to the location where the next new TW
for on-chip trace will be written.
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4.8 TCBSTP Register (Reg 7)

Compliance: Required if on-chip trace memory is implemented.

The format of theT CBWRPregister is shown below, and the field is describeddhle 4-8 The value of n depends on
the size of the on-chip trace memory. As the address points to a 64-bit TW, lower three bits are always zero.

TCBWRP Register Format
31 n+l n 0
Address

Table 4-10TCBWRPRegister Field Descriptions

Fields Description Read/ Reset Compliance
- Write State
Names Bits
Data 31:(n+1) | Reserved. Must be written zero, reads back zero. 0 D Requifed
Address n:0 Byte address of on-chip trace memory word. R/W 0 Required

4.8 TCBSTPRegister (Reg 7)

TheTCBSTPregister is the start pointer register. This register points to the on-chip trace memory address at which the
oldest TW is located. This pointer is reset to zero whenm@BCONTROLBg, bit is written to 1. If a continuous trace
to on-chip memory wraps around the on-chip memb®BSTRwill have the same value aEBWRP

Compliance: Required if on-chip trace memory is implemented.

The format of th& CBSTPregister is shown below, and the field is describethlvie 4-8 The value of n depends on
the size of the on-chip trace memory. As the address points to a 64-bit TW, lower three bits are always zero.

TCBSTP Register Format
31 ntl n 0

Address

Table 4-11TCBSTPRegister Field Descriptions

Fields Description Read/ Reset Compliance
: Write State
Names Bits
Data 31:(n+1) | Reserved. Must be written zero, reads back zero. 0 ) Requifed
Address n:0 Byte address of on-chip trace memory word. RW 0 Requirgd

4.9 TCBTRIGX Register (Reg 16-23)

Eight Trigger Control registers are defined. Each register is nar@&T RIGx wherex is a single digit number from 0
to 7 (TCBTRIGOis Reg 16). The actual number of trigger registers implemented is defined@BBONFIGR|
field. An unimplemented register will read all zeros and writes are ignored.

Each Trigger Control register controls when an associated trigger is fired and the resulting action. Please also read
Chapter 5, “Trigger Logic,” on page 3®r a detailed description of trigger logic issues.
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Chapter 4 Trace Control Block Registers

Compliance: The number of implemented trigger registers must be equal to the nUMBBCONFIGR,G.

TCBTRIGx Register Format

31 24 23 22 20 19 16 15 14 13 11 10 7 6 5 4 3 2 1 0
TCBinfo Trgd  Impl 0 CHPD| Impl 0 DM|CHPD| Type | FQ TH
ce TroTro Tri| Tri

Table 4-12TCBTRIGx Register Field Descriptions

Fields Description Read/ Reset Compliance
Write State

Names Bits

TCBinfo 31:24 TCBInfo to be used in a possible TF6 trace format when RIW 0

this trigger fires. Required

When set, generate a TF6 trace information when thi(s
trigger fires. Use TCBinfo field for the TCBinfo of TF(
and use Type field for the two MSB of the TCBtype of
TF6. The two LSB of TCBtype are 00.

The write value of this bit always controls the action from
the firing of this trigger.

When this trigger fires, if another higher priority trigger
fires simultaneously, then the action of this trigger canfbe .
suppressed. That s, the issue of the TF6 format would beR/W 0 Required
suppressed. If this ever happens, this can be detectgd by
reading the value of this field. If the Trace field was set|to

1, and this trigger action was suppressed, then the regd of
this Trace field will return a 0. (Note that the read valye

is always 0 if the write value was 0). The read value of 0
indicating a suppressed trigger action is valid until th
TCBTRIGX register is again written. That is, the read
value is 0 if the trigger fires but the trigger action wag
ever suppressed, since the last write.

Trace 23

1%

These bits are reserved for implementation specific
Imol 22:20 trigger actions (internal to the TCB). Refer to the 0

P ) processor specification for the format and definition of
this field.

Optional

0 19:16 Reserved. Must be written zero, reads back zero 0 q Reseryed

CHTro 15 When set, when this trigger fires, generate a single cycIeR/W 0

strobe onTC_ChipTrigOut Required

PDTro 14 When set, when this trigger fires, generate a single cycIeR/W 0

strobe onTC_ProbeTrigOut Required

These bits are reserved for implementation specific
Imol 13:11 trigger sources (internal or external to the TCB). Refento 0

P ) the processor specification for the format and definitipn
of this field.

Optional

0 10:7 Reserved. Must be written zero, reads back zero D g Reserved
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4.9 TCBTRIGXx Register (Reg 16-23)

Table 4-12TCBTRIGx Register Field Descriptions (Continued)

Fields

Names

Bits

Description

Read/
Write

Reset
State

Compliance

DM

When set, this Trigger will fire when a rising edge on the

Debug mode indication from the core is detected.

The write value of this bit always controls when this
trigger will fire.

If this trigger fires because this DM field is set, i.e., th
is the cause of the trigger firing, then this can be
determined by reading this DM field. If the DM field wal
written 1, then a read value of 1 indicates that this trigg
has fired since the last write. Note that the action fron
firing trigger could have been suppressed, and theref
reading this field would be the only definite way to tell
the trigger fired and whether this was the cause. This
special read value is valid until tieCBTRIGxegister is
written.

Note that if the write value was 0 the read value is alwg
0.

is

5
er RIW
ha
hre,
f

yS

Optional

CHTri

When set, this Trigger will fire when a rising edge on
TC_ChipTriglnis detected.

The write value of this bit always controls when this
trigger will fire.

If this trigger fires because this CHTrifield is set, i.e., th
is the cause of the trigger firing, then this can be
determined by reading this CHTTi field. If the CHTri fiel
was written 1, then a read value of 1 indicates that th
trigger has fired since the last write. Note that the acti
from a firing trigger could have been suppressed, an
therefore, reading this field would be the only definite
way to tell if the trigger fired and whether this was thg
cause. This special read value is valid until the
TCBTRIGxregister is written.

Note that if the write value was 0 the read value is alwg
0.

is

d
is R/IW
on

o

7

yS

Required

PDTri

When set, this Trigger will fire when a rising edge on
TC_ProbeTriglnis detected.

The write value of this bit always controls when this
trigger will fire.

If this trigger fires because this PDTri field is set, i.e., th
is the cause of the trigger firing, then this can be

determined by reading this PDTri field. If the PDTri fiel
was written 1, then a read value of 1 indicates that th
trigger has fired since the last write. Note that the acti
from a firing trigger could have been suppressed, an
therefore, reading this field would be the only definiteg

way to tell if the trigger fired and whether this was the

cause. This special read value is valid until the
TCBTRIGxregister is written.

Note that if the write value was 0 the read value is alwg
0.

is

ol
is RIW
on

)|

2

yS

Required
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Chapter 4 Trace Control Block Registers

Table 4-12TCBTRIGx Register Field Descriptions (Continued)

Fields Description Read/ Reset Compliance
Write State

Names Bits

Trigger Type: The Type indicates the action to take when
this trigger fires. The table below show the Type values
and the corresponding Trigger action.

Type Trigger action

00 |[Trigger Start: Trigger start-point of trace.

01 |[Trigger End: Trigger end-point of trace.

Trigger Center: Trigger center-point of

10 trace.

1%}

Trigger Info: No action trigger, only for trac

1 info.

The action is to set or clear ti€BCONTROLBy, bit. A
Start trigger will seTCBCONTROLRBy, an End trigger
will clear TCBCONTROLBy. The Center trigger will
clearTCBCONTROLRBy half way through the trace
memory from the trigger point. The trace memory size
determined by th@ CBCONFIG;; field for on-chip
memory, or from thd CBCONTROLApfield for

Type 3:2 | off-chip trace memory. RIW 0 Required

If Trace is set, then a TF6 format is added to the trag
words. For Start and Info triggers this is done before g
other TF's in that same cycle. For End and Center

triggers, the TF6 format is added after any other TF's|in
that same cycle.

S

> @

If the TCBCONTROLRB,, field is implemented it must
be set to Trace-To mode (00), for the Type field to contfol
on-chip trace fill.

The write value of this bit always controls the behavior pf
this trigger.

When this trigger fires, the read value will change to
indicate if the trigger action was ever suppressed. If $0
the read value will be 11. If the write value was 11 the
read value is always 11. This special read value is vglid
until the TCBTRIGxregister is written.

If the condition is not true, i.e., either the trigger did not
fire, or it fired and the action was not suppressed, theh it
is valid for the read value to read anything but 11.

Fire Once. When set, this trigger will not re-fire until thie
FO 1 TR bit is de-asserted. When de-asserted this trigger willR/W 0 Required
fire each time one of the trigger sources indicates trigger.

Trigger happened. When set, this trigger fired since the
TR bit was last written 0.

This bit is used to inspect if the trigger fired since this bit
was last written zero.

When set, all the trigger source bits (bit 4 to 13) will
TR 0 change their read value to indicate if the particular bit R/WO0 0 Required
was the source to fire this trigger. Only enabled trigge
sources can set the read value, but more than one is
possible.

D
=

Also, when set, the Type field and the Trace field will
have read values which indicate if the trigger action was
ever suppressed by a higher priority trigger.
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4.10 Reset State

4.10 Reset State

Reset state for all register fields is entered when one or both of the following two things happen:

1. ETT_SoftResahput is set high.

2. ETT_TRST_Nhput is set low.

Most fields can be reset synchronously on the next rising edg§ETofTCK

The fieldSTCBCONTROLA,,andTCBCONTROLBy should be reset asynchronously on any of the above two events.
Internal registers in the core-clock domain that need to reset musE TreafoftResetndETT_TRST_Ms

asynchronous reset inputs. It is not guaranteed that the core-clock is running when either of the two resets are asserted.
For synchronous register reset, the reset event must be remembered until the core-clock starts running.

Please se€hapter 7, “Trace Control Block TAP Interface,” on pagéd% description of thETT_pins.
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Chapter 5

Trigger Logic

The TCB is defined to optionally feature a trigger unit. Most of the actual implementation and functionality is
implementation dependent, but if implemented the base-line structure must be as defined in this section.

5.1 Trigger Logic Overview

The trigger logic is functionally split in three parts.
 Trigger Source logic.
* Trigger Control logic
 Trigger Action logic.

Figure 5-1shows the functional overview of the trigger flow in the TCB.

Trigger sources

Y YUYy

Trigger Source Logic

\ s 5 5 5 s Trigger strobes

Trigger control 1to 7 v

is optional in this Trigger Control Logic 7
trigger logic. -

Trigger Control Logic 1
Trigger Control Logic 0

Priority/
OR-function

Depending on the trigger
action, the Action
strobes must pass
through a priority
function or an OR-gate

Priority/
OR-function

Trigger Action Logic

Figure 5-1 TCB Trigger processing overview
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Chapter 5 Trigger Logic

5.1.1 Trigger Source Logic
A number of source events can be defined that cause a trigger to fire when the corresponding source condition is satisfied.

In this version of the TCB, three sources have been defined. These are the two trigg@Qn@hipTriginand
TC_ProbeTriginseeSection 5.3, "TCB Trigger Input/Output Signglsdnd the Debug Mode (DM) indication from the
processor core. The input triggers are all rising-edge triggers, and the Trigger Source logic must convert the edge into a
single cycle strobe to the Trigger Control logic.

5.1.2 Trigger Control Logic

Eight possible Trigger Control registelBGBTRIGX, x={0..7} are defined. Each of these registers controls a trigger fire
mechanism. They can have each of the Trigger Sources as the trigger event and they can fire one or more of the Trigger
Actions. This is defined in the Trigger Control regist€@BTRIGXseeSection 4.9, "TCBTRIGx Register (Reg 16-28)"

5.1.3 Trigger Action logic

A number of possible trigger actions in this version of the TCB are:

» Two output trigger strobe3,C_ChipTrigOutandTC_ProbeTrigOutThese are explained $ection 5.3, "TCB
Trigger Input/Output Signals"

e The TF6 trace format as information output into trace memory. This is explaiBedtion 4.9, "TCBTRIGXx
Register (Reg 16-23)Also readSection 5.2, "Simultaneous Triggers"

e The Start, End, and Center trigger actions. These are also explained in the sections pointed to above.

5.2 Simultaneous Triggers

Two or more triggers can fire simultaneously. The resulting behavior depends on trigger action set for each of them, and
whether they should produce a TF6 trace information output or not. There are two groups of trigger actions: Prioritized
and OR’ed.

5.2.1 Prioritized Trigger Actions

For prioritized simultaneous trigger actions, the trigger control register which has the lowest number takes precedence
over the higher numberddCBTRIGxregisters. The oldest trigger takes precedence over everything.
The following trigger actions are prioritized when two or mb@BTRIGxregisters fire simultaneously:

« Trigger Start, End, and Center type triggaif€ BTRIGty field set to 00, 01 or 10), which will assert/deassert the
TCBCONTROLBy bit. The Center trigger is delayed and will always chagBCONTROLBy because it is the
oldest trigger when it deasselfEBCONTROLBy. A Center trigger will not start the countdown if an even older
Center trigger is using the frame counter.

« Triggers which produce TF6 trace information in the trace fIBBBTRIGx,4ccbit is set).

Regardless of priority, thECBTRIGxR bit is set when the trigger fires, even if the trigger action was suppressed. If the
trigger is set to only fire once (tHECBTRIGx bit is set), then the suppressed trigger action will not be possible until
afterTCBTRIGxR is written O.

If a Trigger action is suppressed by a higher priority trigger, then the read value, wii@BiRIGxRg bit is set, for
the TCBTRIGx4cefield will be O for suppressed TF6 trace information actions. The read valueTIEBRIGX, e
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field for suppressed Start/End/Center triggers will be 11. This indication of a suppressed action is sticky. If any of the
two actions (Trace and Type) are ever suppressed for a multi-fire trigg@CEIRIGx bit is zero), then the read
values inTCBTRIGX*aceand/orTCBTRIGxy e are set to indicate a suppressed action.

5.2.1.1 Center Trigger

The Center trigger’s delayed deassertion ofif@8CONTROLRBy bit is always executed, regardless of priority from
another Start trigger at the time of (€ BCONTROLBy change. This means that if a Center trigger acts on the
TCBCONTROLBy, bit to turn it off, n/2 frames after the trigger actually fires, and a Start trigger hit the same cycle and
attempts to turn on the bit, then the Center trigger wins, regardless of the trigger number. This is because the oldest
trigger takes precedence.

However, if a Center trigger has started the count down from n/2, but not yet reached zero, then a new Center trigger will
NOT be executed. Only one Center trigger can have the cycle counter. This second Center trigger will store 11 in the
TCBTRIGxypefield. But, if theTCBTRIGx,cebit is set, a TF6 trace information will still go in the trace. This makes

it possible to determine the read value of IBTRIGx . field at the time of trigger source strobe.

5.2.2 OR’ed Trigger Actions

The simple trigger actions CHTro, PDTro and CTATrg from eECBTRIGxregister’s action logic, are effectively

OR’ed together to produce the final trigger. For example, one or more expected trigger strdliChipTrigOutcan
disappear. External logic should therefore not rely on counting of strobes to predict a specific event unless simultaneous
triggers are known not to occur.

5.3 TCB Trigger Input/Output Signals

Two sets of trigger input/outputs are defined onthe TCB. One setis defined to be chip internal, and the other setis defined
to be part of the probe interfad@ble 5-1shows the TCB signal names, and the related probe pin name for the probe
trigger signals.

Table 5-1 TCB Trigger input and output

TCB pin name | Probe pin name Description

N/A Rising edge trigger input. The source should be on-chip. The input

TC_ChipTrigin is considered async. l.e. double registered in the TCB.

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

TC_ChipTrigOut | N/A The target is supposed to be an on-chip unit.

Rising edge trigger input. The source should be the Probe Trigger
TC_ProbeTrigln TR_TRIGIN input. The input is considered async. l.e. double registered in the
TCB.

Single cycle (relative to probe clo@iC_ProbeClk high strobe,
TC_ProbeTrigOut | TR_TRIGOUT trigger output. The target is supposed to be the Probes Trigg
output.

4%
pL
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Chapter 6

PDtrace™ Interface

The TCB is on the receiving end of the PDtrace™ Interface, the processor core being the sender. The PDtrace™ Interface
is described in detail in the reference docunightSeveral control and configuration signals exist on the PDtrace IF.
This chapter in brief describes the TCB source oPthé xxsignals to the processor core.

Most of thePDI_xxpins are controlled from tiECBCONTROLAegister. When written, this register is checked and
the values of correspondiRDI_xxinput signals to the core are modifiékhble 6-1show a list of thé®?DI_xxsignals,
with the register/functional source in the TCB. The complete PDtrace™ signal list can be found in the reference
documen{2].

Table 6-1 PDtrace™ IF core input controls from TCB

Signal Name TCB source register/function

Either force to 1, or set to the evaluation of the following function:
PDI_TCBPresent

(TCBCONFIGqror TCBCONFIG o)

Set to the evaluation of the following function:

PDI_TBImpl
(TCBCONFIGy,,rand TCBCONFIG o¢7)

PDI_StallSending Set when additional trace data on Ri2O_xxsignal will cause the TCB fifo to overflow.
Set to the evaluation of the following function:

PDI_OffChipTB
(TCBCONTROLB;c)

PDI_SyncOffEn ilzltr?]%rdmr;f to 1, or cycle 0->1->0 when eitf@BCONTROLB¢c or TCBCONTROLAp

Controlled directly from the bit settings TCBCONTROLAPIlease refer t8ection 4.1,

All other PDI_xxsignal | »TcRCONTROLA Register” on page T6r details.
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Chapter 7

Trace Control Block TAP Interface

The Trace Control Block Registers are accessed through EJTAG TAP interface on the core. For this reason there must
be a way for the core EJTAG TAP controller to access the Trace Control Block registers in a TAP-like manner. This
section will describe the interface used for TAP access.

Since the core already implements an EJTAG TAP controller there is no need to duplicate the entire state-machine in the
Trace Control Block. The interface described in this section assumes that the reader is familiar with the (E)JTAG TAP
state machine and how it works.

7.1 Signal list
Table 7-1 Trace Control Block TAP Interface signals
Signal Name Direction Description Compliance

EJTAG TAP controller clock. This signal is not an output from the care,

ETT_TCK In but is the input to the TAP controller in the core. The TCB should uselthe Required
same.
This is the TDI signal from the EJTAG probe. As was the case with

ETT_TDI In ETT_TCK the TCB must use the same input as the TAP controller in the Required
core.
TAP reset. Async. reset input from the EJTAG probe. This is also ngt a :

ETT_TRST_N In signal from the core, but directly from the probe input. Required

ETT_SoftReset In The TAP controller state-machine is in Test-Logic-Reset state. Required

The TAP controller state-machine is in Data-Capture state.
ETT_Capture In Required
This indicates th&TT_Inst[4:0]input is valid.

ETT_Shift In The TAP controller state-machine is in Data-Shift state. Required

The TAP controller state-machine is in Data-Update state. .
ETT_Update In Required
This indicates th&TT_Inst[4:0]input is valid.

Current value of the instruction register in the TAP controller. This selects
which TCB register is the target in the Capture and Update cycles.

ETT_Inst[4:0] TCB Register
0x10 TCBCONTROLA
0x11 TCBCONTROLB
ETT_Inst[4:0] In ox12 TCBDATA Required
All Other’s Bypass

This table has the full list of registers which are supported by the TAP
controller in the core. Any un-implemented register above must select the
BypasgsegisterBypasss a single bit register which always resets to {0’
on Capture.

Serial output data, synchronousB6T_TCKrising edge. When the
ETT_TCBData Out ETT_Shiftis asserted an|TT_Inst[4:0]selects one of the three EJTAG  Required
TCB Registers, this output must present data

EJTAG Trace Control Block Specification, Revision 1.04 39

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



Chapter 7 Trace Control Block TAP Interface

7.2 Interface description

The TCB TAP interface is fully synchronous to the cld€KT_TCK All inputs are captured at rising clock edge and the
ETT_TCBDataoutput must also change only as a result of a rising edge.

All the ETT_xxinputs from the core are fully registered outputs of the core. The TCB can anticipate very early timing
on the assertion of these inputs. BT _TCBDataoutput is NOT captured into a rising edge register in the core, but
rather multiplexed directly to tHeTT_TDOoutput register, which changes state on falling é&6GE TCK The TCB

must guarantee good timing on this output, preferably directly from a rising=gdgel CKregister.

Figure 7-1shows a timing diagram for an access tot@BCONTROLAegister.

ETT TCK HT’—\T’—\’—\’—\’—\’—\'—\T"\"\"\"\"\T"\"\
ETT_TRST_N /
ETT_TDI § § Di0 X Di1 X Di2 X Di3 X Di4| §@9 Di30YDi31) §
ETT _SoftReset —\__||E E E E
ETT_Capture § § / % §
ETT_Shift g’ g" % g’
@ @ @ @
ETT_Update 3 3 3 3
(] (] (] (]
ETT_Inst[4.0] 0x10 (= TCBCONTROLA) 0x10 (= TCBCONTROLA)
ETT_TCBData XDoOXDolxXDo2xDo3XDod)  piDo3(03])

Figure 7-1 TCB TAP register access timing diagram

Inthe firsttwo cycleETT_TRST_M released, and the selection of an instruction register is started in the TAP controller
state-machine usingTT_TMSnot used by the TCB TAP). In the first multi-cycle block, the core TAP controller has its
internal instruction register set to OxX10TEBCONTROLAegister). This is reflected &TT_Inst[4:0]

After the other multi-cycle block, the core TAP controller is in Capture Data Register state. This is reflected on
ETT_CaptureWhenETT_Capturas set, the next rising edge &TT_TCKshould update the TCB TAP shift register,
with the value of the register selectedBYT_Inst[4:0](in this casef CBCONTROLA In the following 32 clock cycles

the shift register should then receive write datd&sdm_TDI and present read data BAT_TCBDatgL SB first on both
busses).

One or more cycles aft&fTT_Shiftis de-asserted, tHel'T_Updatesignal will be asserted for one cycle. Assertion of

ETT_Updatas the signal to write the current contents of the shift register to the register seledE8dbynst[4:0](in
this caseTCBCONTROLA

The EJTAG TAP controller will be moved to access other registers, which eventually changes the contents of the
ETT_Inst[4:0]pins. Even thougEBTT_Inst[4:0]is asserted long befoEEI' T_Captureand de-asserted long after
ETT_Updatethe TCB TAP should only sample the value, when el1@r_Captureor ETT_Updatds asserted.

Figure 7-2shows a top-level view of the data-path of the TCB TAP.
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ETT_TCK —p

ETT_TRST_N —p| v v v
ETT SoftReset —» [rcBcONTROLA| [TcBCONTROLB| | TCBADDRESS |

ETT_Ins4:0] —p)

ETT_Capture —p|
ETT_Shift —p
ETT_Update —p

[0]

[31:1]

ETT_TDI »  Shift register[31:1]

. | )l
[31:0] | >

| » ETT _TCBData

Figure 7-2 TCB TAP data-path

If one of the three TCB registers is unimplemented, access to an unimplemented register should work as a bypass
register.

Itis likely that the three TCB registers reside, or have counterparts which reside, in the core clock domain. In this case,
proper synchronization must be observed between the TAP and core clock domains when the shift register contents are
captured or when updates from the shift register are performed. In doing so, it is not guaranteed that the core clock is
“much” faster than th&TT_TCKclock, or that the core clock is running at all for that matter.

A more detailed implementation specification is beyond the scope of this document.
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Chapter 8

TCtrace IF

When the TCB is implemented with the ability to send the trace information to a probe, this is done through an
intermediate interface called the TCtrace IF. The TCtrace IF is used to connect a small Probe Interface Block (PIB) to
the TCB. The PIB module is the module driving the actual Probe I/0O pads which creates the Probe IF. The PIB is left as
a separate unit, because the I/O timing will benefit from the PIB being placed physically close to the pads. Also the PIB
can be more or less advanced with internal clock-multiplier to enable higher trace bandwidth on a limited number of
TR_DATAtrace pins.

The entire TCtrace IF is required in the TCB if Off-Chip Trace memory is implemented, otherwise it is optional. The

Chip-level trigger input and output§¢_ChipTriginandTC_ChipTrigOu} are required if one or more trigger control
registers are implemented.

8.1 Signal description

Unless otherwise noted, all the signals are synchronous with respect to the “core-clock”. The Sin inputs are static inputs
which should not change except when the core is reset.

Table 8-1 TCB TCtrace IF signals

Signal Name Direction Description

: Must be asserted when a PIB is attached to the TC Interface. Wherj
TC_PibPresent Sin de-asserted (low) all the other inputs are disregarded.

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

Maximum Clock ratio supported. This static input sets the

TCBCONFIGrMmax field. It defines the capabilities of the PIB
module.This sets the highest clock-ratio (lowest binary value) that the
TC_ClockRaticcan ever get.

TC_CRMax[2:0] Sin

Minimum Clock ratio supported. This input sets (€ BCONFIGrwmin
TC_CRMin[2:0] Sin field. It defines the capabilities of the PIB module. This sets the lowe
clock-ratio (highest binary value) that th€ _ClockRatiacan ever get.

D
(2]

Clock ratio. This is the software set clock-raticfi@BCONTROLBR.
TC_ClockRatio[2:0] Out The simple PIB shown iRigure 9-3 on page 5Would support only a
TC_ClockRatiovalue of “1:2".

This static input will set th€e CBCONFIG, field.

TC_Probewidth[1:0] Sin If this interface is not driving a PIB module, but some chip-level TCB-like
module, then this field should be set to 11 (reserved value for PW).
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Table 8-1 TCB TCtrace IF signals (Continued)

Signal Name

Direction

Description

TC_DataBits[2:0]

This input to the TCB identifies the number of bits picked up by the prg
interface module in each “cycle”.

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

If TC_ClockRatiandicates a clock-ratio lower than or equal to 1:2. Th
“cycle” is (Clock-ratio * 2) of the core clock cycle. for 1:2; “cycle” is
equal to core clock cycle. For 1:4; “cycle” is equal to one half of cor
clock cycle.

This input controls the down-shifting amount and frequency of the
Trace-Word oiTC_Data[63:0] The bit widths and the corresponding
TC_DataBitsvalue are shown in the table below.

TC_DataBits[2:0] Probe use 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]

101
110 Unused
111

This input might change as the valueTad ClockRatio[3:0]change.

be

pre

1%
=]

D

TC_Valid

Out

This is asserted when a new TW is started onltie Data[63:0]signals.
TC_Validis only asserted wheFC_DataBitsis 100.

TC_Stall

When asserted, an né&vC_Validin the following cycle is stalled.
TC_Validis still asserted, but thEC_Datavalue andlrC_\Validis kept
static, until the cycle aftéFC_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

TC_Calibrate

Out

This signal is asserted when fR€eBCONTROLB bit is set.

For a simple PIB which only serves one TCB, this pin can be ignored.
a multi-core capable PIB which also us&s_ValidandTC_Stall the PIB
must start producing the calibration pattern when this signal is asse|
SeeSection 4.2, "TCBCONTROLB Register" on pageut®ler the Cal
bit in Table 4-4 for a definition of the calibration pattern.

For

rted.

TC_Data[63:0]

Out

Trace word data. The value on this 64-bit interface is shifted down 4
indicated inTC_DataBits[2:0] In the first cycle where a new TW is valiq
on all the bits andC_DataBits[2:0]is 100,TC_Validis also asserted.

n

TC_ProbeTrigln

Rising edge trigger input. The source should be the Probe Trigger in
The input is considered async. l.e., double registered in the TCB.

put.

TC_ProbeTrigOut

Out

Single cycle (relative to the “cycle” defined the description of
TC_DataBit3 high strobe, trigger output. The target is supposed to be
Probe’s Trigger output.

the

TC_ChipTrigin

Rising edge trigger input. The source should be on-chip. The input
considered async. l.e., double registered in the TCB.

n

TC_ChipTrigOut

Out

Single cycle (relative to core clock) high strobe, trigger output. The ta
is supposed to be an on-chip unit.

get
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8.2 TC_Validand TC_Stalltiming

Figure 8-1shows the timing relationship betwee@_ValidandTC_Stall and wherTC_Datawill change value
depending ofC_Stall

Core Clock [ | | | |
TC Valid \

7C_Data[63:0] S| )@ ] X W, O
TC_Stall \ R y.Ard

Data is picked up outside the TCB
at these points

Figure 8-1TC_Validand TC_Stalltiming

The stall/valid timing shown ifrigure 8-1is the same as is used in the PDtrace™ interface, betRBénStallSending
andPDO_lamTracing
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Chapter 9

Probe IF

A trace system configured with a Probe is showfigure 1-2 on page. 2

Irrespective of the format that is being sent to external trace memory each cycle, the TCB sends out a number of bits via
PIB on the Probe IF. The TCB must have some internal buffering that allows this type and rate of transmission.

9.1 Interface definition

The Probe IF can be implemented in a number of widths, allowing a trade-off between the number of pins used, and the
available bandwidth for tracing. The ratio of the frequency on this interface to the CPU core clock frequency can also be
configured, to give the maximum bandwidth possible. The signals are defined below.

Table 9-1 External Probe Interface signals

Signal Name Direction Description
Clock to the probe containing the external trace memory. This may pe a
TR_CLK Out double data-rate clock (DDR) and therefore both of its edges may e
significant.

Data signals to external trace memory.

TR_DATA[15:0] Out These may be limited to the following set of possible widths:
4, 8, 16.

TR_TRIGIN In Trigger Input. Rising edge trigger input.

TR_TRIGOUT Out Trigger Output. Single cycle trigger output.
Active Low

Indicates that a probe is attached to the device. If this signal is inacfive
(high), the TR_ outputs can be disabled. It can also be used to control
TR_PROBE N In EJTAG signal routing if useful.

This signal is optional on a PDtrace ™-compatible device, but required on
all probes.

Debug mode: When asserted, indicates that the core has entered Debug
Mode.

TR_DM Out In a multi-core chip, this output can be an AND or an OR or some other

function of all the Debug-mode indications from each core. The actuial
function must be clearly specified in the multi-core chip documenta:Fon.

9.2 Probe Interface Block

The Probe Interface Block (PIB) is the module defined to be the on-chip link between the TCtrace IF and the Probe IF.
A PIB can be more or less advanced, and capable in term of clock-multiplication/clock-division. This section will show
three example implementations of a PIB.
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Chapter 9 Probe IF

9.2.1 Simple Probe Interface Block

Figure 9-1shows the simplest implementation of a PIB. This PIB will support only a clock-ratio of 1:2. The number of
TR_DATApins can be 4, 8, or 16. In this example the maximum, i.e., 16 bits is shown. The 4 bit option may be impractical
for some tracing options because does not provide sufficient bandwidth for the TCB to output trace data from the
processor without back-stalling the processor pipeline. The PIB data pin width would have to be determined on a per
application basis based on various trade-offs that are relevant for a specific user.

Core Clock

TC_Data[15]

I

T

I

I

I

I

: |

A > TR_DATA[15]
| o .—j' :

I

| | '
i > |
Y S— - TR_DATA[0]
i I i
i <
| '
I

I

I

I

I

I

I

I

I

TC_Datal0]

TC_ProbeTrigOut

|
> F_D TR_TRIGOUT
L |

TC_ProbeTrigin <

o e e - —

Figure 9-1 Simple Probe Interface Block

Table 9-2shows the static control inputs to the TCB for the PIBigure 9-1

Table 9-2 TCB Static Inputs for Simple PIB

Signal name Value Description
TC_CRMax[2:0] 100 Maximum clock-ratio is 1:2.
TC_CRMin[2:0] 100 Minimum clock-ratio is 1:2.
TC_ProbeWidth[1:0] 10 All the data pindR_DATA[15:0]are used in this chip.

The PIB will pick-up the 18 C_Data[15:0]bits each cycle.
The othefTC_Databits are not used by this PIB.
TC_DataBits[2:0] 010

=y

This informs the TCB to do down-shifting by 16 bits eag
cycle.

9.2.2 Probe Interface Block with Clock-Multiplier

When the core-clock frequency is below the data-rate that can be handled by the probe used for debugging, the PIB can
be implemented with a clock-multiplier between the Core-clock and the output registers. This can decrease the need for
dedicatedrR_DATApins and/or increase the bandwidth of the Probe IF.
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9.2 Probe Interface Block

If the multiplication factor is made programmable, thi€h CRMinandTC_CRMaxwill have different values. The
TC_DataBitsvalue, will become a function of thEC_ ClockRatimutput from the TCBFigure 9-2shows a PIB with a
clock-multiplier capable of doing 1x, 2x, and 4x clock multiplication. Note that only one output buffer for the 8

TC_DATA[7:0]pins is shown.

Core Clock

TC_ClockRatio[2:0] ———3»]
TC _DataBits[2:0] 4—:—
|

TC_Data[7:0] —E—>i }

TC_Data[15:8] _E_>

TC_Data[23:16] ——— 3

TC_Data[31:24] _E_>
|

TC_ProbeTrigOut

F—— — — — D —— ==

Clock-multiplier

|
|
|
(1x, 2x or 4x) E TR CLK
A !

Control

s : ﬁg TR_DATA[7:0]
L |

TC_ProbeTrigin <

A

TR_TRIGOUT

Figure 9-2 Probe Interface Block with Clock-multiplier

Table 9-3shows the static control inputs to the TCB for the PIBigure 9-2

Table 9-3 TCB Static Inputs for Clock-multiplier PIB

Signal name Value Description
TC_CRMax[2:0] 010 Maximum clock-ratio is 2:1 (4x on clock-multiplier is 2x on
TR_CLK.
TC_CRMin[2:0] 100 Minimum clock-ratio is 1:2.
TC_ProbeWidth[1:0] 01 Only the data pinSR_DATA[7:0]are used in this chip.
001 WhenTC_ClockRatias 1:2 (100). TCB will shift down the
TC_Data[63:0]with 8 bits for each Core-clock cycle.
o[- WhenTC_ClockRatias 1:1 (011). TCB will shift down the
TC_Dataits[2:0] 010 TC_Data[63:0]with 16 bits for each Core-clock cycle.
011 WhenTC_ClockRatias 2:1 (010). TCB will shift down the
TC_Data[63:0]with 32 bits for each Core-clock cycle.
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Chapter 9 Probe IF

9.2.3 Probe Interface Block with Clock-Divider

When a probe is not capable of capturing data at a data-rate equal to the Core-clock, then the PIB can divide down the
TR_CLK. APIB capable of Clock-division is shownigure 9-3 Note that this is very similar to the Simple PIB shown

in Figure 9-1The TCB is doing all the delay on tA&C_Datapins, so there is no need to actually run the output registers
slower than Core-clock. The Clock-divide is essentially just a counter which delays the invBrtéd Kfeedback, with

one or more cycles. The Clock-divider can handle any of the defined divisions.

TC_ClockRatio[2:0]
CoreClock — ¢ 3

TC_Data[15]

I

I

I

I

I

I

:
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i It E - TR_DATA[15]
| o I .

| .

| |
, - |
> B ?—D TR_DATA[0]
: - I
i >
I »
I

I

I

I

I

I

I

I

T

I

TC_Datal0]

TC_ProbeTrigOut

I
:» > ] TR_TRIGOUT
— I

TR_PROBE_N

TC_ProbeTrigin <

Figure 9-3 Probe Interface Block with Clock-divider

Table 9-4shows the static control inputs to the TCB for the PIB shoviigare 9-3

Table 9-4 TCB Static Inputs for Simple PIB

Signal name Value Description
TC_CRMax[2:0] 100 Maximum clock-ratio is 1:2.
TC_CRMin[2:0] 111 Minimum clock-ratio is 1:8.
TC_ProbeWidth[1:0] 10 All the data pin§R_DATA[15:0]are used in this chip.
The PIB will pick-up the 18C_Data[15:0]bits each
TR_CLKcycle.
TC_DataBits[2:0] 010 | \When the Clock-ratio is set lower then 1:2 in the TCB, the

TCB will keep theTC_Dataoutputs constant for 2, 3 or 4
Core-clock cycles (for Clock-ratios of 1:4, 1:6 and 1:8).
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9.3 DC Specifications

9.3 DC Specifications

The signaling voltage on the interface is dependent on the technology used to implement the code, and is signaled to the
probe using the VIO signal in the EJTAG interface. Therefore, the 10 standard on the EJTAG and the PDtrace™ external
memory interfaces shall use the same signaling voltages.

The output impedance of the drivers, and the impedance for signal traces on the board from the chip to the probe shall
be 50R, +/- 10%.

9.4 AC Specifications

Tclk

- — >
-< ! >
TR _CLK / \\\\ /
- Tvalid > - Tvalid >
TR_TRIGOUT

Int_Clkt J

[1]: Int_Clk is the target (PIB) internal clock used to generate the TR_CLK and data outputs. It is shown only for reference.

Figure 9-4 Probe interface signal timing diagram

9.4.1 Required target AC timing specs
 Duty cycle: (Tclk x 0.45) < Thi < (Tclk x 0.55)
» Data valid period: Tvalid > (Tclk x 0.33)
» Tvalid is centered in each half-clock period of an ideal (50:50 mark/spaceTti@LK

At TR_CLK= 133MHz, skew and jitter requirements are the same as DDR SDRAM (+/- 0.62ns w.r.t. clock edges) but
centered about the edges. (DDR spec gives +0.75/-0.50).

The output frequency is related by a fixed ratio to the core clock frequency as specifiedIGBEEONTROLBR field.
The core frequency must be clearly indicated in the target documentation.

9.4.2 Required Probe AC timing specs

All probes must be capable of operating in a range of 25MHz < Tclk < 50MHz. The range of Tclk frequencies that a
probe is capable of must be clearly indicated in the probe documentation.

The data valid period is relative tot_Clk, not TR_CLK and so is independent @R_CLKduty cycle. At high speeds,
it is assumed that probes will only use the rising edg@RofCLKto lock a PLL. At lower speeds, it may be possible
to use the delayed edgesTd®_CLKto latch data in a simple probe, as the overall margins will be larger.
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Chapter 9 Probe IF

9.4.3 Probe - Target Calibration

To enable probes to perform dynamic phase adjustment, a test pattern can be generated by the target, consisting of a fixed
bit pattern that is rotated through the available data bits. This is controlled B BE@ONTROLB, bit.

9.5 Connector

The connector used is a 38-pin AMP Mictor connector, part number AMP 2-0767004-2, as used by a number of logic
analyzers.

Table 9-5 Mictor Connector Pin Out

Pin no. Signal Pin no. Signal
1 Reserved 2 Reserved
3 TR_PROBE_N 4 VIO
5 TR_CLK 6 TR_CLK
7 TR_DATA[15] 8 TCK
9 TR_DATA[14] 10 T™MS
11 TR_DATA[13] 12 TDI
13 TR_DATA[12] 14 TDO
15 TR_DATA[11] 16 TRST*
17 TR_DATA[10] 18 RST*

19 TR_DATA[9] 20 DINT

21 TR_DATA[8] 22 TR_DM

23 TR_DATA[7] 24 Reserved
25 TR_DATA[6] 26 Reserved
27 TR_DATA[5] 28 Reserved
29 TR_DATA[4] 30 Reserved
31 TR_DATA[3] 32 Reserved
33 TR_DATA[2] 34 Reserved
35 TR_DATA[1] 36 TR_TRIGOUT
37 TR_DATA[O] 38 TR_TRIGIN

The number of usefiR_DATApins is configurable for a target system. T@BCONFIG,y, field indicates the used
number of outputs on the implementation of the TCB/PIB. Note that this needs to be hard-wired to the TCB from the
PIB using theTC_ProbeWidttsignal.

Any probe must support all 16 data pins. There is no way to make the TCB/PIB use less data pins than what is already
on the target chip.
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9.6 Logic analyzer probing

All probes shall implement the PDtrace™ and EJTAG signals as specified. Target systems may optionally provide a
14-pin connector (as specified in tB&TAG SpecificatioRef[1]) in addition to the Mictor connector, in which case
they should be effectively wired in parallel.

The additionallR_DMoutput, on pin 22, is an indication that the target processor-core has entered Debug Mode. This
is an optional pin on any target, but all probes must have the input. In a multi-core trace environmEeRt, Eidsignal
can be an implementation dependent function of the Debug-Mode indication from all the cores.

Reservegins are reserved for future extentions.

For this revision of the spec.:
» Target systems must leave these pins un-connected.

» Probes should not test for any value on these pins.

9.6 Logic analyzer probing

TheTR_PROBE_Iyin is usually not accessible to logic analyzer probes, and tied high through a pull-up resistor. If the
TR_PROBE_Iyin is used in the chip, to tri-state all fiie_outputs, it is recommended to add a jumper to force
TR_PROBE_Mctive (low), through a smaller pull-down resistor. This will enable a logic analyzer to monitor the probe
interface, without the need to driv®k PROBE_N
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Chapter 10

On-Chip Trace Memory

When trace memory is available on-chip, as showFigure 1-3 on page,2he memory is typically of smaller size than
if it were external. The assumption is that it is of some value to trace a smaller piece of the program.

With on-chip trace memory, the TCB can work in three possible modes:

1. Trace-From mode.

2. Trace-To mode.

3. Under Trigger unit control.

Software can select this mode using T@BCONTROLRB,, field. If one or more trigger control registerBGBTRIGX

are implemented, and they are using Start, End, or Center triggers, then the trace T@RE2AONTROLB,, should
be set to Trace-To mode.

10.1 On-Chip Trace Memory size

The supported On-chip trace memory size is 256 byte to 8 Mbytes, defined as powers of 2. The actual size is set in the
TCBCONFIG field.

10.2 Trace-From Mode

In the Trace-From mode, tracing begins when the processor enters in to a processor mode/ASID value which is defined
to be traced or when an EJTAG hardware breakpoint trace trigger turns on tracing. Trace collection is stopped when the
buffer is full. The TCB then signals buffer full usinigCBCONTROLBE When external software, polling this register,

finds theTCBCONTROLRBE bit set, it can then read out the internal trace memory. Saving the trace into the internal
buffer will re-commence again only when ti€BCONTROLBg bit is reset and if the core is sending valid trace data
(i.e.,PDO_lamTracingnot equal 0).

10.3 Trace-To Mode

In the Trace-To mode, the TCB keeps writing into the internal trace memory, wrapping over and overwriting the oldest
information, until the processor is reaches an end of trace condition. End of trace is reached by leaving the processor
mode/ASID value which is trace, or when an EJTAG hardware breakpoint trace trigger turns tracing off. At this point,
the on-chip trace buffer is then dumped out in a manner similar to that described hestom 10.2, "Trace-From

Mode".
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Appendix B

Revision History

Table B-1 Revision History

Revision

Date

Who

Description

01.00

FT

Initial release

01.01

August 28, 2001

FT

Changes this revision.

» Added a newChapter 6, “PDtrace™ Interface(pushed the
following chapters down one number).

* Clarified the purpose GICBCONTROLAN Section 4.1,
"TCBCONTROLA Register" on page 1&pecial attention to the Orj
field.

» Updated the description of tFeCBCONTROLRR bit in Section 4.2,
"TCBCONTROLB Register" on page 19

+ Clarified/Updated the description of tieBCONTROLBy bit in
Section 4.2, "TCBCONTROLB Register" on page 19

» Added sub-section heading@hapter 2, “Trace Message Format,”

» Added PDO_StallSending as a common signal for multi-pipeline
tracing inSection 2.2, "Multi-Pipe Tracing Formats" on page 6

» Re-arrangedable 3-2 on page 1@ go left-right and not top down
» Modified reset value 0fCBCONTROLBR to 100.

» Added compliance column ftable 4-2 on page 15

» Modified all register field references to REGISTERg, p.

* Renamed the AB field in TCBCONTROLA to TB.

01.02

September 18, 2001

FT

* Declassified document.

01.03

November 28, 2001

FT

* Renamed’R_PROBHo TR_PROBE_NChanged explanation to
define it as an active low pin.

01.04

March 21, 2002

RT/FT

» Added complete description of Trace Formats and Trace Words.
chapter 2 replaced by chapters 2 and 3. All following chapters
bumped one number.

* Modified NC (No Connect) pins on Trace Connector to Reserveq
Section 9.5, "Connector" on page. 52

» Small clarification on TC_CRMax and TC_CRMin input values in
Table 8-1 on page 43

» Removed the TCBTRIGx field CTATrg and the register TCBPDC|
since they were incompletely defined.

* In the TCBTRIGXx register, bits 16..19 and 7..10 have been redef
as Reserved and now only bits 20..22 and 11..13 are implement
dependent.

old

n

H

ned
ation

» Change name “Trigger About” to “Trigger Center”.
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