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About this document

Scope and purpose

This User’s Manual describes the Infineon AURIX™ TC3xx Platform family, a range of 32-bit multicore
microcontrollers based on the Infineon TriCore™ Architecture.

This family document covers the superset functionality. It is supplemented by a separate device specific
document “Appendix” that covers differences of a particular device to this family superset.
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27 System Timer (STM)

This chapter describes the System Timer (STM). The STM is designed for global system timing applications
requiring both high precision and long period.

27.1 Feature List

The STM has the following features:

+ Free-running 64-bit counter

+ All 64 bits can be read synchronously

« Different 32-bit portions of the 64-bit counter can be read synchronously

+ Flexible service request generation based on compare match with partial STM content
« Counting starts automatically after an Application Reset

« STM registers are reset by an Application Reset if bit ARSTDIS.STMxDIS is cleared. If bit ARSTDIS.STMxDIS is
set, the STM registers are not reset by application reset, and are reset by system reset instead.

Special STM register semantics provide synchronous views of the entire 64-bit counter, or 32-bit subsets at
different levels of resolution.
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27.2 Overview

Figure 1 provides an overview on the STM module. It shows the options for reading parts of the STM content.
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Figurel General Block Diagram of the STM Module

27.3 Functional Description

The STM is an upward counter, running at frequency fqyy,. In case of an Application Reset, the STM is reset if bit
SCU_ARSTDIS.STMxDIS is cleared. After reset, the STM is enabled and immediately starts counting up. It is not
possible to affect the content of the timer during normal operation. The timer registers can only be read but not
written to.

The STM can be optionally disabled for power-saving purposes, or suspended for debugging purposes. In
suspend mode, the STM clock is stopped but all registers are still readable.

Due to the 64-bit width of the STM, it is not possible to read its entire content with one instruction. It needs to be
read with two load instructions. Since the timer would continue to count between the two load operations, there
is a chance that the two values read are not consistent (due to possible overflow from the low part of the timer to
the high part between the two read operations). To enable a synchronous and consistent reading of the STM
content, a capture register (CAP) is implemented. It latches the content of the high part of the STM each time
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when one of the registers TIMO to TIM5 is read. Thus, CAP holds the upper value of the timer at exactly the same
time when the lower part is read. The second read operation would then read the content of the CAP to get the
complete timer value.

The STM can also be read in sections from seven registers, TIMO through TIM6, that select increasingly higher-
order 32-bit ranges of the STM. These can be viewed as individual 32-bit timers, each with a different resolution
and timing range.

The content of the 64-bit System Timer can be compared against the content of two compare values stored in the

CMPO and CMP1 registers. Service requests can be generated on a compare match of the STM with the CMPO or
CMP1 registers.
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27.3.1 Compare Register Operation

The content of the 64-bit STM can be compared against the content of two compare values stored in the CMPO

and CMP1 registers. Service requests can be generated on a compare match of the STM with the CMP0 or CMP1

registers.

Two parameters are programmable for the compare operation:

1. The width of the relevant bits in registers CMPO/CMP1 (compare width MSIZEXx) that is taken for the compare
operation can be programmed from 0 to 31.

2. Thefirst bit location in the 64-bit STM that is taken for the compare operation can be programmed from 0 to
31.

These programming capabilities make compare functionality very flexible. It even makes it possible to detect bit
transitions of a single bit n (n =0 to 31) within the 64-bit STM by setting MSIZE =0 and MSTART =n.

64-bit System Timer

|
31 23 15 7 '
STM_CMPO Pompare Begisterq
| | L | |
N
| |
: | Compare Match
MSIZEx = 0-31 | Event with STM_CMPO
MSTARTX = 0-31 | | Register
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r ]
63 55 47 39 31 | 23 15 L7
|
|

| |
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l—Y | Compare Match
Equal ? Event with STM_CMP1
| | Register

31 23 15 !7 '

STM_CMP1 QOmpare Begister 1.

T T A I v o
\—Y—/
MSIZE1 MCA06186

Figure2 Compare Mode Operation

Figure2 shows an example of the compare operation. In this example the following parameters are
programmed:

«  MSIZEO = 10001, = 17,; MSTARTO = 01010, = 10,

« MSIZE1=001115=7,; MSTART1=00111,=7,

A compare operation with MSIZE not equal 11111, always implies that the compared value as stored in the CMP
register is right-extended with zeros. This means that in the example of Figure 2, the compare register content

CMPO[17:0] plus ten zero bits right-extended is compared with STM[27:0] with STM[9:0] = 000,,. In case of register
CMP1, STM[14:0] with STM[6:0] = 00, are compared with CMP1[9:0] plus seven zero bits right-extended.
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27.3.2 Compare Match Interrupt Control

The compare match interrupt control logic is shown in Figure 3. Each CMPx register has its compare match
interrupt request flag (ICR.CMPxIR) that is set by hardware on a compare match event. The interrupt request flags
can be set (ISCR.CMPxIRS) or cleared (ISCR.CMPxIRR) by software. Note that setting ICR.CMPxIR by writing a 1 into
ISSR.CMPxIRS does not generate an interrupt at STMIRx. The compare match interrupts from CMP0 and CMP1 can
be further directed by ICR.CMPxOS to either output signal STMIRO or STMIRL1.

Compare Match 0
Event from CMP 0 o]
Register Set Y !
STMIRO
STM_ ICR Register |+ 2=

CMP1|CMP1|CMP1|CMP0O|CMPO| CMPO
0S IR EN | OS IR | EN

AAA A
T clear ™ 51| _STMIR1

Set ’

STM_ISCR Reg.

CMP1|CMP1|CMPO|CMPO
IRS | IRR | IRS | IRR

Set \
Clear

Compare Match 4 0

Event from CMP 1 o« o
Register Set 1

MCA06187

Figure3  STM Interrupt Control

The compare match interrupt flags ICR.CMPxIR are immediately set after an STM reset operation, caused by a
compare match event with the reset values of the STM and the compare registers CMPx. This does not directly
generate compare match interrupts because the compare match interrupts are automatically disabled after an
STM reset operation (ICR.CMPxEN =0). Therefore, before enabling a compare match interrupt after an STM
Application Reset, the software should configure the STM and modify the reset values of the compare registers.
Otherwise, undesired compare match interrupt events are triggered. The CMPxIR flags which are set after an STM
reset can be cleared by writing register ISCR with CMPxIRR set.

27.3.3  Using Multiple STMs

For systems thatinclude multiple CPUs there are also multiple STMs available. Each STM is aimed to serve as time
base for one individual CPU operating system main scheduler clock trigger. This is done by the usage of one
compare register and the associated interrupt generating the trigger.

All STM modules are connected and controlled by fs, and can therefore operate on the same frequency if
desired.

27.3.4 STMas Reset Trigger

A compare match triggered by an CMPO event can generate a reset in the system. The reset has to be enabled for
each STM module individually in register SCU_RSTCON.
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27.4

This section describes the registers of the STM.

Registers

infineon

Table 1 Register Overview - STM (ascending Offset Address)
Short Name Long Name Offset |Access Mode Reset Page
Address | pead Write Number
CLC Clock Control Register 0000, U,sv SV,E,P Application 7
Reset
ID Module Identification 0008, u,sv BE Application 8
Register Reset
TIMO Timer Register 0 0010, u,sv BE Application 9
Reset
TIM1 Timer Register 1 0014, U,Sv BE Application 10
Reset
TIM2 Timer Register 2 0018, u,sv BE Application 10
Reset
TIM3 Timer Register 3 001C, u,sv BE Application 10
Reset
TIM4 Timer Register 4 0020, u,sv BE Application 11
Reset
TIM5 Timer Register 5 0024, u,sv BE Application 11
Reset
TIM6 Timer Register 6 0028, u,sv BE Application 12
Reset
CAP Timer Capture Register 002C,, u,Sv BE Application 12
Reset
CMPx Compare Register x 0030,+x |U,SV U,Sv,p Application 13
*4 Reset
CMCON Compare Match Control 0038, u,sv U,Sv,P Application 14
Register Reset
ICR Interrupt Control Register | 003C, u,sv U,Sv,P Application 16
Reset
ISCR Interrupt Set/Clear Register | 0040, u,sv U,Sv,P Application 17
Reset
TIMOSV Timer Register 0 Second 0050, u,sv BE Application 9
View Reset
CAPSV Timer Capture Register 0054, u,sv BE Application 13
Second View Reset
0OCS OCDS Control and Status 00ES8,, u,sv SV,P,OEN |Debug Reset 19
Register
KRSTCLR Kernel Reset Status Clear | 00EC,, u,sv SV,E,P Application 22
Register Reset
KRST1 Kernel Reset Register 1 00FO0,, u,sv SV,E,P Application 21
Reset
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Table 1 Register Overview - STM (ascending Offset Address) (cont’d)

Short Name Long Name Offset |Access Mode Reset Page
Address | pead Write Number

KRSTO Kernel Reset Register 0 00F4,, u,sv SV,E,P Application 21
Reset

ACCEN1 Access Enable Register 1 00F8,, u,sv SV,SE Application 20
Reset

ACCENO Access Enable Register 0 00FC, u,sv SV,SE Application 20
Reset

27.4.1 Clock Control Register

Clock Control Register

The STM clock control register is used to switch the STM on or off and to control its input clock rate. After reset,
the STM is always enabled and starts counting. The STM can be disabled by setting bit DISR to 1.

CLC
Clock Control Register (0000,,) Application Reset Value: 0000 0000,,
31 ‘ 30 ! 29 ‘ 28 . 27 ‘ 26 . 25 ‘ 24 . 23 ‘ 22 . 21 ! 20 . 19 ‘ 18 . 17 ‘ 16
0
15 ‘ 14 ! 13 ‘ 12 . 11 ‘ 10 . 9 ‘ 8 . 7 ‘ 6 . 5 ! 4 3 2 1 0
0 EDIS 0 DISS | DISR
J l J I II' I J I rw rw r rw
Field Bits Type Description
DISR 0 rw Module Disable Request Bit

Used for enable/disable control of the STM module.
Note: fsry is generated by the CCU.

0 Nodisable requested
1, Disable requested

DISS 1 r Module Disable Status Bit

Bit indicates the current status of the STM module.
0 STM moduleis enabled

1l STM moduleis disabled

EDIS 3 rw Sleep Mode Enable Control
Used for module sleep mode control.

0 2 rw Reserved
Read as 0; shall be written with 0.
0 31:4 r Reserved

Read as 0; should be written with 0.
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Module Identification Register

The STM Module Identification Register ID contains read-only information about the module version.

ID
Module Identification Register (0008, Application Reset Value: 0000 C007,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MODNUM
. . : . . .
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MODTYPE MODREV
r | | r |
Field Bits Type Description
MODREV 7:0 r Module Revision Number

MODREYV defines the module revision number. The value of a module
revision starts with 01, (first revision). Current revision is 0x7.

MODTYPE 15:8 r Module Type
This bit field defines the module as a 32-bit module: CO,,
MODNUM 31:16 r Module Number Value
This bit field defines the module identification number for the STM:
0068,
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27.4.2 Timer/Capture Registers
Registers TIMO to TIM6 provide 32-bit views at varying resolutions of the underlying STM counter.

Timer Register 0
Register TIMOSV address the STM[31:0] bits at a second optional address as TIMO.

TIMO
Timer Register 0 (o010,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | STM_I31_0 | | |
. . : . . .
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | STM_I31_0 | | |
r
Field Bits Type Description
STM_31_0 31:0 r System Timer Bits [31:0] - STM[31:0]
This bit field contains bits [31:0] of the 64-bit STM.

Timer Register 0 Second View
Register TIMOSV address the STM[31:0] bits at a second optional address as TIMO.

TIMOSV
Timer Register 0 Second View (0050,,) Application Reset Value: 0000 0000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
STM_31_0
. . : ! . .
15 14 13 12|11 10|9 8|7 6|5 4|3 2|1 0
STM_31_0
r
Field Bits Type Description
STM_31_0 31:0 r System Timer Bits [31:0] - STM[31:0]
This bit field contains bits [31:0] of the 64-bit STM.
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Timer Register 1

TiM1
Timer Register 1

(0014,) Application Reset Value: 0000 0000,,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
STM_35_4
1 ;' 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
STM_35_4
1 IL 1 1 1
Field Bits Type Description
STM_35_4 31:0 r System Timer Bits [35:4] - STM[35:4]
This bit field contains bits [35:4] of the 64-bit STM.
Timer Register 2
TIM2
Timer Register 2 (0018,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
STM_39_8
1 ;' 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
STM_39_8
1 ;' 1 1 1
Field Bits Type Description
STM_39_8 31:0 r System Timer Bits [39:8] - STM[39:8]
This bit field contains bits [39:8] of the 64-bit STM.
Timer Register 3
TIM3
Timer Register 3 (o01cC,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
STM_43_12
1 1 1 1 1 1 II’ 1 1 L 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
STM_43_12
1 1 1 1 | tl’ 1 1 1 1
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Field Bits Type Description
STM_43_12 31:.0 r System Timer Bits [43:12] - STM[43:12]
This bit field contains bits [43:12] of the 64-bit STM.
Timer Register 4
TIM4
Timer Register 4 (0020,)) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
STM_47_16
1 IL 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
STM_47_16
1 II’ 1 1 1
Field Bits Type Description
STM_47_16 31:0 r System Timer Bits [47:16] - STM[47:16]
This bit field contains bits [47:16] of the 64-bit STM.
Timer Register 5
TIMS
Timer Register 5 (0024,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
STM_51_20
1 ;' 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
STM_51_20
1 ;' 1 1 1
Field Bits Type Description

STM_51_20 31:0

System Timer Bits [51:20] - STM[51:20]
This bit field contains bits [51:20] of the 64-bit STM.
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Timer Register 6

TIM6
Timer Register 6 (0028,)) Application Reset Value: 0000 0000,,
31 30 29 28 . 27 26 . 25 | 24 . 23 | 22 . 21 20 . 19 18 . 17 16
STM_63_32
. . : . . .
15 14 13 12 . 11 10 . 9 | 8 . 7 | 6 . 5 4 . 3 p . 1 0
STM_63_32
r
Field Bits Type Description
STM_63_32 31:0 r System Timer Bits [63:32] - STM[63:32]
This bit field contains bits [63:32] of the 64-bit STM.

Timer Capture Register

CAP
Timer Capture Register (002C,) Application Reset Value: 0000 0000,,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

STMCAP_63_32

th

15 14 13 12 11 10 9 8 T 6 5 4 3 2 1 0

STMCAP_63_32

rh
Field Bits Type Description
STMCAP_63_3 |31:0 rh Captured System Timer Bits [63:32] - STMCAP[63:32]
2 The capture register STMCAP always captures the STM bits [63:32] when

one of the registers TIMO to TIM6 or TIMOSV is read. This capture
operation is performed in order to enable software to operate with a
coherent value of all the 64 STM bits at one time stamp.This bit field
contains bits [63:32] of the 64-bit STM.

Note: Reading register TIMOSV captures also the read value for
register TIM6. In this way reading TIMOSV followed by CAPSV
delivers the timer values for the first read request.
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Timer Capture Register Second View

CAPSV
Timer Capture Register Second View (0054, Application Reset Value: 0000 0000,,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

STMCAP_63_32
th

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

STMCAP_63_32

th
Field Bits Type Description
STMCAP_63_3 |31:0 rh Captured System Timer Bits [63:32] - STMCAP[63:32]
2 The capture register STMCAP always captures the STM bits [63:32] when

one of the registers TIMO to TIM6 or TIMOSV is read. This capture
operation is performed in order to enable software to operate with a
coherent value of all the 64 STM bits at one time stamp.This bit field
contains bits [63:32] of the 64-bit STM.

Note: Reading register TIMOSV captures also the read value for
register TIM6. In this way reading TIMOSV followed by CAPSV
delivers the timer values for the first read request.

27.4.3 Compare Registers

The compare register CMPx holds up to 32-bits; its value is compared to the value of the STM.

Compare Register x

CMPx (x=0-1)

Compare Register x (0030,,+x*4) Application Reset Value: 0000 0000,,
31 30 29 28 . 27 26 . 25 24 . 23 22 . 21 20 . 19 18 . 17 16
CMPVAL

. . - . . .
15 14 | 13 | 12 | 11 10 | 9 8 | 7 6 | 5 4 | 3 2 | 1 0
CMPVAL
Field Bits Type Description
CMPVAL 31:0 rw Compare Value of Compare Register x
This bit field holds up to 32 bits of the compare value (right-adjusted).
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Compare Match Control Register

The STM Compare Match Control Register controls the parameters of the compare logic.

CMCON
Compare Match Control Register (0038,)) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0 MSTART1 0 MSIZE1
r I rw I r I I rw I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 MSTARTO 0 MSIZEO
r I rw I r I I rw I
Field Bits Type Description
MSIZEO 4:0 rw Compare Register Size for CMP0

This bit field determines the number of bits in register CMPO (starting
from bit 0) that are used for the compare operation with the System
Timer.

00, CMPO[0] used for compare operation
01, CMPO[1:0] used for compare operation
1E,, CMPO[30:0] used for compare operation
1F, CMPO[31:0] used for compare operation

MSTARTO 12:8 rw Start Bit Location for CMPO

This bit field determines the lowest bit number of the 64-bit STM that is
compared with the content of register CMPO bit 0. The number of bits to
be compared is defined by bit field MSIZEO.

00, STMIO] is the lowest bit number
01, STM[1]isthe lowest bit number
1E, STMI[30] is the lowest bit number
1F, STM[31]is the lowest bit number

MSIZE1 20:16 rw Compare Register Size for CMP1

This bit field determines the number of bits in register CMP1 (starting
from bit 0) that are used for the compare operation with the System
Timer.

00, CMP1[0] used for compare operation
01, CMP1[1:0] used for compare operation
1E,, CMP1[30:0] used for compare operation
1F, CMP1[31:0] used for compare operation
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Field Bits Type Description
MSTART1 28:24 rw Start Bit Location for CMP1
This bit field determines the lowest bit number of the 64-bit STM that is
compared with the content of register CMP1 bit 0. The number of bits to
be compared is defined by bit field MSIZE1.
00, STM[0]is the lowest bit number
01, STM[1]isthe lowest bit number
1E,, STM[30] is the lowest bit number
1F, STMI[31]is the lowest bit number
0 7:5, r Reserved
15:13, Read as 0; should be written with 0.
23:21,
31:29
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27.4.4 Interrupt Registers

Interrupt Control Register

The two compare match interrupts of the STM are controlled by the STM Interrupt Control Register.

ICR
Interrupt Control Register (003cC,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 . 21 20 . 19 18 . 17 16
0
! ! : ! ! !
15 14 13 12 11 10 9 8 . 7 6 5 4 3 2 1 0
| 0 | CMP1 |[CMP1l| CMP1 0 CMPO |CMPOI| CMPO
(02 R EN oS R EN
Tr ' ' rw rh rw r rw rh rw
Field Bits Type Description
CMPOEN 0 rw Compare Register CMPO Interrupt Enable Control
This bit enables the compare match interrupt with compare register
CMPO.

0g Interrupt on compare match with CMPO disabled
1  Interrupt on compare match with CMPO enabled

CMPOIR 1 rh Compare Register CMPO Interrupt Request Flag

This bit indicates whether or not a compare match event of compare
register CMPO has occured.

CMPOIR can be cleared by software and can be set by software, too (see
ISCR register). After a STM reset operation, CMPOIR is immediately set as
a result of a compare match event with the reset values of the STM and
the compare registers CMPO.

Note: This flag does not gate the interrupt generation. i.e., even if
this flag is not cleared, compare match event interrupts are
forwarded if CMPXEN is set.

0y Acompare match event has not been detected since the bit was

last cleared.
1z Acompare match event has been detected.
CMPOOS 2 rw Compare Register CMPO Interrupt Output Selection

This bit determines the interrupt output that is activated on a compare
match event of compare register CMPO.
0 Interrupt output STMIRO selected
1z Interrupt output STMIR1 selected
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Field Bits Type Description

CMP1EN 4 rw Compare Register CMP1 Interrupt Enable Control
This bit enables the compare match interrupt with compare register
CMP1.

0g Interrupt on compare match with CMP1 disabled
1  Interrupt on compare match with CMP1 enabled

CMP1IR 5 rh Compare Register CMP1 Interrupt Request Flag

This bit indicates whether or not a compare match event of compare
register CMP1 has occured.

CMPL1IR can be cleared by software and can be set by software, too (see
ISCR register). After a STM reset operation, CMP1IR isimmediately set as
a result of a compare match event with the reset values of the STM and
the compare register CMP1.

Note: This flag does not gate the interrupt generation. i.e., even if
this flag is not cleared, compare match event interrupts are
forwarded if CMPXEN is set.

0y Acompare match event has not been detected since the bit was
last cleared.
1z Acompare match event has been detected.

CMP10S 6 rw Compare Register CMP1 Interrupt Output Selection

This bit determines the interrupt output that is activated on a compare
match event of compare register CMP1.

0g Interrupt output STMIRO selected

1z Interrupt output STMIR1 selected

0 3, r Reserved
317 Read as 0; should be written with 0.

Interrupt Set/Clear Register

The bits in the STM Interrupt Set/Clear Register make it possible to set or cleared the compare match interrupt
request status flags of register ICR.

Note: Reading register ISCR always returns 0000 0000,,.
ISCR
Interrupt Set/Clear Register (0040, Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
! ! : ! ! !
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 CMP1I|CMP11|CMPOI | CMPOI
RS RR RS RR
J l J I J II’ J I J I l W w W w
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Field Bits Type Description

CMPOIRR 0 w Reset Compare Register CMPO Interrupt Flag
0 BitICR.CMPOIR is not changed.
1y BitICR.CMPOIR s cleared.

CMPOIRS 1 w Set Compare Register CMPO Interrupt Flag

0g BitICR.CMPOIR is not changed.

1,  BitICR.CMPOIRIs set. The state of bit CMPOIRR is “don’t care” in this
case.

CMP1IRR 2 w Reset Compare Register CMP1 Interrupt Flag
0g BitICR.CMP1IRis not changed.
1z BitICR.CMP1IRis cleared.

CMP1IRS 3 w Set Compare Register CMP1 Interrupt Flag

0 BitICR.CMP1IRis not changed.

1l BitICR.CMP1IRisset. The state of bit CMP1IRR s “don’t care” in this
case.

0 31:4 r Reserved
Read as 0; should be written with 0.
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27.4.5 Interface Registers

OCDS Control and Status Register
The OCDS Control and Status (OCS) register is cleared by Debug Reset.
The OCS register can only be written when the OCDS is enabled.

If OCDS is being disabled, the OCS register value will not change.When OCDS is disabled the OCS suspend control
is ineffective.

ocCs
OCDS Control and Status Register (0OES,,) Debug Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0 SU:ST SUS_P SuUs 0
r rh w w I r I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0
1 1 r 1 1 1 1 rW
Field Bits Type Description
SuUsS 27:24 rw OCDS Suspend Control
Controls the sensitivity of STMx to the suspend signal coming from CPUx
(CPUXSUSOUT)
04 Willnot suspend
1, Reserved, do not use this combination
2,, 64-bit counter will be stopped
others, Reserved, do not use this combination
SUS P 28 w SUS Write Protection
SUS is only written when SUS_P is 1, otherwise unchanged. Read as 0.
SUSSTA 29 rh Suspend State
0y Moduleis not (yet) suspended
1y Moduleis suspended
0 2:0 rw Reserved
Read as 0; must be written with 0.
0 23:3, r Reserved
31:30 Read as 0; must be written with 0.

Table 2 Access Mode Restrictions of OCS sorted by descending priority

Mode Name Access Mode Description

write 1 to SUS_P rw |SUS

(default) r SuUS
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Access Enable Register 0

The Access Enable Register 0 controls write access for transactions with the on chip bus master TAG ID 000000B
to 011111B (see On Chip Bus chapter for the products TAG ID <-> master peripheral mapping). The BPI_FPI is
prepared for a 6-bit TAG ID. The registers ACCENO / ACCEN1 are providing one enable bit for each possible 6-bit
TAG ID encoding.

Mapping of TAG IDs to ACCENO.ENx: ENO -> TAG ID 000000B, EN1 -> TAG ID 000001B, ...,EN31 -> TAG ID 011111B.

ACCENO
Access Enable Register 0 (00FC,) Application Reset Value: FFFF FFFF,,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

EN31 | EN30 | EN29 | EN28 | EN27 | EN26 | EN25 | EN24 | EN23 | EN22 | EN21 | EN20 | EN19 | EN18 | EN17 | EN16

r'w rw r'w rw r'w rw r'w rw r'w rw r'w r'w r'w rw r'w rw

15 14 13 12 11 10 9 8 I 6 5 4 3 2 1 0

EN15 | EN14 | EN13 | EN12 | EN11 | EN10 | EN9 | EN8 | EN7 | EN6 | EN5 | EN4 | EN3 | EN2 | EN1 | ENO

rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
Field Bits Type Description
ENn (n=0-31) |n rw Access Enable for Master TAGID n

This bit enables write access to the module kernel addresses for
transactions with the Master TAG ID n

05  Write access will not be executed

1, Write access will be executed

Access Enable Register 1

The Access Enable Register 1 controls write access for transactions with the on chip bus master TAG ID 100000B
to 111111B (see On Chip Bus chapter for the products TAG ID master peripheral mapping).

Mapping of TAG IDs to ACCEN1.ENx: ENO -> TAG ID 100000B, EN1 -> TAG ID 100001B, ..., EN31->TAG ID 111111B.

ACCEN1
Access Enable Register 1 (0OF8,,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0

Field Bits Type Description

0 31:0 r Reserved
Read as 0; should be written with 0.
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Kernel Reset Register 0

The Kernel Reset Register 0 is used to reset the related module kernel. To reset a module kernel it is necessary to
set the RST bits by writing with “1” in both Kernel Reset Registers related to the module kernel that should be
reset (kernel 0 or kernel 1). In order support modules with two kernel the BPI_FPI provides two set of kernel reset
registers. The RST bit will be re-set by the BPI with the end of the BPI kernel reset sequence.

Kernel Reset Register 0 includes a kernel reset status bit that is set to “1” by the BPI_FPI in the same clock cycle
the RST bit is re-set by the BPI_FPI. This bit can be used to detect that a kernel reset was processed. The bit can
be re-setto "0 by writing to it with "1".

KRSTO
Kernel Reset Register 0 (0OF4,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 RSI;I_-I_ST RST
J l J ' J ' r ' J ' l ' J rh rwh

Field Bits Type Description

RST 0 rwh Kernel Reset

This reset bit can be used to request for a kernel reset. The kernel reset
will be executed if the reset bits of both kernel registers are set.

The RST bit will be cleared (re-setto "0 ") by the BPI_FPI after the kernel
reset was executed.

0g Nokernel reset was requested

1,  Akernelreset was requested

RSTSTAT 1 rh Kernel Reset Status

This bitindicates wether a kernel reset was executed or not. This bitis set
by the BPI_FPI after the execution of a kernel reset in the same clock
cycle both reset bits.

This bit can be cleared by writing with “1” to the CLR bit in the related
KRSTCLR register.

0g Nokernel reset was executed

1,  Kernelreset was executed

0 31:2 r Reserved
Read as 0; should be written with 0.

Kernel Reset Register 1

The Kernel Reset Register 1 is used to reset the STM kernel. STM kernel registers related to the Debug Reset (Class
1) are not influenced. To reset the STM kernel it is necessary to set the RST bits by writing with “1” in both Kernel
Reset registers. The RST bit will be cleared with the end of the BPI kernel reset sequence.
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KRST1
Kernel Reset Register 1

31 30 29 28 27

(0oFo,)) Application Reset Value: 0000 0000,,

26 25 24 23 22 21 20 19 18 17 16

0
s ! s ! ! : s s ! .
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 RST
I I r I I I rwh

Field Bits Type

Description

RST 0 rwh

Kernel Reset

This reset bit can be used to request for a kernel reset. The kernel reset
will be executed if the reset bits of both kernel reset registers is set.
The RST bit will be cleared (re-setto “0°) after the kernel reset was
executed.

0; Nokernel reset was requested

1y Akernelreset was requested

0 311 r

Reserved
Read as 0; should be written with 0.

Kernel Reset Status Clear Register

The Kernel Reset Register Clear register is used to clear the Kernel Reset Status bit (<>_KRST0.RSTSTAT).

KRSTCLR
Kernel Reset Status Clear Register

31 30 29 28 27

(0OEC,,) Application Reset Value: 0000 0000,,

26 25 24 23 22 21 20 19 18 17 16

0
. . .r . . .
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 CLR
J l J I I r I J I I I w

Field Bits Type

Description

CLR 0 w

Kernel Reset Status Clear

Read always as 0.

0z Noaction

1z Clear Kernel Reset Status KRSTO.RSTSTAT

0 31:1 r

Reserved
Read as 0; should be written with 0.
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27.5 10 Interfaces

The table below list of interfaces of the STM to other modules.

Table 3 List of STM Interface Signals

Interface Signals 1/0 |Description

sx_fpi FPI slave interface

sx_irg_stm STM Interrupt Socket

SRO_INT out |System Timer Service Request 0
SR1_INT out |System Timer Service Request 1
27.6 Revision History

Table 4 Revision History

Reference ‘ Change to Previous Version ‘ Comment
V9.2.3

Page 23 ‘ Previous versions removed from revision history. ‘

V9.2.4

Page 19 Description of bit field “SUS” of register “OCDS Control and Status
Register” updated.

User’s Manual 27-23 V2.0.0
STMV9.2.4 OPEN MARKET VERSION 2.0 2021-02



AURIX™ TC3xx iﬁﬂﬁOl’l |

Generic Timer Module (GTM)

28 Generic Timer Module (GTM)
GTM general Architecture
TC3xx
GTM Wrapper (Infineon Specific)
GTM Kernel (Bosch IP) r—— "1
TOUT || ) |
form—>] — P SEL —'>| PORTs |
Cluster 0 | I
*|_SPE0 prmo (| | ||| T | maaan
L 5 ADC 1 " TOMO s |l
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“““ + f pTM4 | ) 0
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| PORTS (| [TIMIMUX| " _Psmo > 2;’: :EDSADC:
| - JTaml | I = senes
T” \ CTEM S
e |
r | —» FVADC L) bvanc |
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| MCS1 [+ TIM1 <:>U b l____ |
oo l f ATOM1 - ]
5 TICAN [ [] CAN/ I
Ir ! o PSM1 DTM5 > mux [ TTcan :
| Scu .
l_____ l . ===
: SENT || ) |
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| |
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____ | Yy i > TOMx
DTMAUX | | DTM1
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Figure 4 GTM Architecture block diagram

Note: The GTM system runs with the GTM global clock f, (referred in this chapter as SYS_CLK)
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28.1 Feature List

FEATURE LIST
The GTM module is comprised of two main parts:
+ the GTMIPv3.1.5.1, designed by Bosch

- The GTMIP consists of many different sub-modules, offering a wide-variety of functionality to address all
the most common applications that are relevant for a timer module

+ the GTM Wrapper® designed by Infineon
The following is a list of some of the most important GTM IP features found in the sub-modules:

+ Central/Edge aligned PWM Generation (TOM/ATOM)

+ Dedicated module for asymmetric dead time generation (DTM)

+ Dedicated support for DC-DC phase shift operation (DTM)

+ Logical combination of digital signals (DTM)

« Provide common time base for system (TBU)

+ Multiple capture/compare of external signals and combination with time stamps (TIM/ATOM/TBU)
+ Complexdigital signals generation (PSM, ATOM, MCS)

+ Digital signals filtering and characterization (TIM)

+ Inputsignal measurement and timeout detection (TIM)

« BLDC motor control using Block Commutation Mode (SPE, TIM, TOM)

+ Engine angle clock for engine management applications (DPLL, TIM, MAP, TBU)

+ Injection/Ignition pulses generation with dedicated HW support (DPLL, ATOM, MCS)
« Programmable RISC-like cores to offload the CPU (MCS)

+ Automatic data sharing between GTM modules without CPU/DMA (ARU,BRC)

« Configurable operating frequency up to 200MHz (CCM,CMU)

28.1.1 Delta to AURIX

Backward compatibility
+ TheGTMIPv3.1.5.1is fully backward compatible with previous generations
« The GTM wrapper is not fully backward compatible

- Some parts of the wrapper has been changed to increase the GTM flexibility and to address the higher
number of connectivities required by the AURIX second generation

GTM IP differences

The main differences between GTM2.x and GTM3.1.x are the following:

«  Maximum operation frequency extended up to 200MHz?

« GTM architecture divided in clusters

« Enhanced the MCS RISC-like processor enhanced with new instructions (i.e. MUL,DIV)

1) Forthe GTM Wrapper details, please refer to the GTM Implementation chapter
2) Only for the first five clusters
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+ Every MCS can access all the other GTM modules’ registers inside the same cluster

+ Every MCS can get interrupts from all the other GTM modules inside the same cluster
« MCS memory write protection against CPU/DMA accesses and other MCS

+ Added new configurable scheduling schemes to the ARU

+ Added the emergency switch off feature to the DTM modules

+ Improved the DPLL ticks generation and the bi-directional sensors support

+ Added new ADC Interface to the MCS

+ Added new TBU modulo counter (engine angle clock)

« Added new up-down counter mode to (A)TOM modules

+ Added new scheduling schemes to the MCS

GTM Wrapper differences

With the TC3xx devices, there are significant changes with the Wrapper:

+ Increased the number of selectable GTM output resources connected to each Port (from 4 to 12)
+ Added three more triggers towards ADC (from 2 to 5)

+ Implemented a new multiplexer to connect Port and ADC signals to DTM

+ Created a new interface to connect all the EVADC and EDSADC result registers to the MCS
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28.2 Overview
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Figure5 GTM Architecture Block Diagram

28.3 Generic Timer Module (GTM)

This document is based on the following GTM specification of the Robert Bosch GmbH:
+ Version: release-v3.1.5.1-2016.03.24
+ Date: 24 March 2016

28.3.1 Overview

This document is the specification for the Generic Timer Module (GTM). It contains a module framework with sub-
modules of different functionality. These sub-modules can be combined in a configurable manner to form a
complex timer module that serves different application domains and different classes within one application
domain. Because of this scalability and configurability the timer is called generic.

The scalability and configurability is reached with an architecture philosophy where dedicated hardware sub-
modules are located around a central routing unit (called Advanced Routing Unit (ARU)). The ARU can connect
the sub-modules in a flexible manner. The connectivity is software programmable and can be configured during
runtime.

Nevertheless, the GTM is designed to unload the CPU or a peripheral core from a high interrupt load. Most of the
tasks inside the GTM can run -once setup by an external CPU- independent and in parallel to the software. There
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may be special situations, where the CPU has to take action but the goal of the GTM design was to reduce these
situations to a minimum.

The hardware sub-modules have dedicated functionality's, e.g. there are timer input modules where incoming
signals can be captured and characterized together with a notion of time. By combination of several sub-modules
through the ARU complex functions can be established. E.g. the signals characterized at an input module can be
routed to a signal processing unit where an intermediate value about the incoming signal frequency can be
calculated.

The modules that help to implement such complex functions are called infrastructure components further on.
These components are present in all GTM variants. However, the number of these components may vary from
device to device.

Other sub-modules have a more general architecture and can fulfill typical timer functions, e.g. there are PWM
generation units. The third classes of sub-modules are those fulfilling a dedicated functionality for a certain
application domain, e.g. the DPLL serves engine management applications. A fourth group of sub-modules is
responsible for supporting the implementation of safety functions to fulfill a defined safety level. The module ICM
is responsible for interrupt services and defines the fifth group.

Each GTMis build up therefore with sub-modules coming from those four groups. The application class is defined
by the amount of components of those sub-modules integrated into the implemented GTM.
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28.3.2 Document Structure

The structure of this document is motivated out of the aforementioned sub-module classes. Section 28.4
describes the dedicated GTM implementation this specification is written for. It gives an overview about the
implemented sub-modules.

The following sections Section 28.5 up to Section 28.12 deals with the so called infrastructure components for
routing, clock management and common time base functions. Sections Section 28.13 to Section 28.16 describe
the signal input and output modules while the following Section 28.17 explains the signal processing and
generation sub-module with Section 28.18 its memory configuration. The next sections Section 28.19 to
Section 28.21 provides a detailed description of application specific modules like the MAP, DPLL and SPE. The
last sections Section 28.23 to Section 28.24 provide to safety related modules (not part of the Infineon safety
manual) like CMP and MON sub-modules. Section 28.22 describes a module that bundles several interrupts
coming from the other sub-modules and connect them to the outside world.

Note: Infineon: CMP and MON are not part of the safety manual. As safety measure the IOM is provided in
combination with GTP1/2 or CCU6.

Table5 Sub-module groups

Chapter

Sub-module

Group

Section 28.5

Advanced Routing Unit (ARU)

Infrastructure components

Section 28.6

Broadcast Module (BRC)

Infrastructure components

Section 28.7

First In First Out Module (FIFO)

Infrastructure components

Section 28.8

AEI-to-FIFO Data Interface (AFD)

Infrastructure components

Section 28.9

FIFO-to-ARU Interface (F2A)

Infrastructure components

Section 28.1
0

Clock Management Unit (CMU)

Infrastructure components

Section 28.1
1

Cluster Configuration Module (CCM)

Infrastructure components

Section 28.1
2

Time Base Unit (TBU)

Infrastructure components

Section 28.1 |Timer Input Module (TIM) 10 Modules
3
Section 28.1 | Timer Output Module (TOM) 10 Modules
4
Section 28.1 |ARU-connected Timer Output Module (ATOM) |10 Modules
5
Section 28.1 |Dead Time Module (DTM) 10 Modules

6

Section 28.1
7

Multi Channel Sequencer (MCS)

Signal generation and processing

Section 28.1
8

Memory Configuration (MCFG)

Memory for signal generation and processing

Section 28.1
9

TIMO Input Mapping Module (MAP)

Dedicated
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Table 5 Sub-module groups (cont’d)

Chapter Sub-module Group

Section 28.2 |Digital PLL (DPLL) Dedicated

0

Section 28.2 | Sensor Pattern Evaluation Module (SPE) BLDC support

1

Section 28.2 |Interrupt Concentrator Module (ICM) Interrupt services

2

Section 28.2 | Output Compare Unit (CMP) Safety features (not part of the Infineon safety
3 manual)

Section 28.2 | Monitoring Unit (MON) Safety features (not part of the Infineon safety
4 manual)

28.4 GTM Architecture

28.4.1 Overview

As already mentioned in the Introduction the GTM forms a generic timer platform that serves different
application domains and different classes within these application domains. Depending on these multiple
requirements of application domains multiple device configurations with different number of sub-modules (i.e.
ATOM, BRC, MCS, PSM, SPE, TIM, TOM, DTM) and different number of channel per sub-module (if applicable) are
possible.The device dependent configuration (i.e. the number of sub-modules) is listed in the device specific
appendix. The Parameter Storage Module (PSM) is only a virtual hierarchy and consists of the sub-module F2A,
FIFO and AFD.The Cluster Dead Time Module (CDTM) is also a virtual hierarchy and consists of up to six DTM
modules. It depends on the GTM device configuration which of the six DTM instances are available. Please refer
to device specific appendix for list of available DTM instances. In general, the first four DTM modules inside a
CDTMI[n] hierarchy are connected to the outputs of the TOM instance [n] of the cluster [n], the other two DTM
instances are connected to the outputs of the ATOM instance [n] of this cluster [n].

The cluster view of a GTM_IP architecture is depicted in Figure 6. This is a generic figure which shows a possible
GTM-IP device configuration.

The device dependent configuration (i.e. the count of sub-modules and channels per sub-module) is listed in the
device specific appendix.
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Figure6  GTM Architecture Block Diagram

The GTM is divided in multiple clusters 0...n. A certain amount of modules exist in each cluster. The operating
frequency of a cluster can be configured to OFF, aei_sys_clk or aei_sys_clk/2. The clock enable generation can be
implemented internal to the GTM_IP or external. In case of an external enable generation aei_sys_clk_en is used
to generate the internal clocks. In addition an enable watchdog is implemented to monitor the correctness of the
external applied enable signals aei_sys_clk_en.

The central component of the GTM is the Advanced Routing Unit (ARU) where most of the sub-modules are
located around and connected to. This ARU forms together with the Broadcast (BRC) and the Parameter Storage
Module (PSM) the infrastructure part of the GTM. The ARU is able to route data from a connected source sub-
module to a connected destination sub-module. The routing is done in a deterministic manner with a round-
robin scheduling scheme of connected channels which receive data from ARU and with a worst case round-trip
time.

The routed data word size of the ARU is 53 bit. The data word can logically be split into three parts. These parts
are shown in Figure 7. Bits 0 to 23 and bits 24 to 47 typically hold data for the operation registers of the GTM. This
can be, for example, the duty cycle and period duration of a measured PWM input signal or the output
characteristic of an output PWM to be generated. Another possible content of Data0 and Datal can be two 24 bit
values of the GTM time bases TBU_TS0, TBU_TS1 and TBU_TS2. Bits 48 to 52 can contain control bits to send
control information from one sub-module to another. These ARU Control Bits (ACB) can have a different meaning
for different sub-modules.It is also possible to route data from a source to a destination and the destination can
act later on as source for another destination. These routes through the GTM are further on called data streams.
For a detailed description of the ARU sub-module please refer to the ARU chapter.
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52 48 47 24 23 0

ACB ' Data 1 ’ Data 0

Figure7 ARU Data Word Description

The BRC is able to distribute data from one source module to more than one destination modules connected to
the ARU. The PSM sub-module consists of three sub-units, the AEI-to-FIFO Data Interface (AFD), FIFO-to-ARU
Interface (F2A) and the FIFO itself. The PSM can serve as a data storage for incoming data characteristics or as
parameter storage for outgoing data. This datais stored in a RAM that is logically located inside the FIFO sub-unit,
but physically the RAM is implemented and integrated by the silicon vendor with his RAM implementation
technology. Therefore, the GTM provides the interface to the RAM at its module boundary. The AFD sub-unit is the
interface between the FIFO and the GTM SoC system bus interface AEl (see Section 28.4.2.1 for detailed
discussion). The F2A sub-unit is the interface between the FIFO sub-unit and the ARU.

Signals are transferred into the GTM at the Timer Input Modules (TIM). These modules are able to filter the input
signals and annotate additional information. Each channelis for example able to measure pulse high or low times
and the period of a PWM signal in parallel and route the values to ARU for further processing. The internal
operation registers of the TIM sub-module are 24 bits wide.

The Clock Management Unit (CMU) serves up to 13 different clocks for the GTM and up to three external clock pins
GTM_ECLKO...2. It acts as a clock divider for the system clock. The counters implemented inside other sub-
modules are typically driven from this sub-module. Please note, that the CMU clocks are implemented as enable
signals for the counters while the whole system runs with the GTM global clock SYS_CLK.Y This global clock
typically corresponds to the micro controller bus clock the GTM-IP is connected to and should not exceed 100MHz
because of the power dissipation of the used transistors where the GTM is implemented with.

The TBU provides up to three independent common time bases for the GTM. In general, the number of time bases
depends on the implemented device. If three time bases are implemented, two of these time bases can also be
clocked with the digital PLL (DPLL) sub_inclc and sub_inc2c outputs. The DPLL generates the higher frequent
clock signals sub_incl, sub_inc2, sub_inclc and sub_inc2c on behalf of the frequencies of up to two input signals.
These two input signals can be selected out of sixincoming signals from the TIMO0 sub-module. In this sub-module
the incoming signals are filtered and transferred to the MAP sub-module where two of these six signals are
selected for further processing inside the DPLL.

Signal outputs are generated with the Dead Time Module (DTM), Timer Output Modules (TOM) and the ARU-
connected TOMs (ATOM). Each TOM channel is able to generate a PWM signal at its output. Because of the
integrated shadow register even the generation of complex PWM outputs is possible with the TOM channels by
serving the parameters with the CPU. It is possible to trigger TOM channels for a successor TOM sub-module
through a trigger line between TOM(x)_CH(15) and TOM(x+1)_CH(0). But to avoid long trigger paths the GTM
integrator can configure after which TOM sub-module instance a register is placed into the trigger signal chain.
Each register results in one SYS_CLK cycle delay of the trigger signal. Please refer to device specification of silicon
vendor for unregistered trigger chain length.

In addition, each TOM sub-module can integrate functions to drive one BLDC engine. This BLDC support is
established together with the TIM and Sensor Pattern Evaluation (SPE) sub-module.

The ATOMs offer the additional functionality to generate complex output signals without CPU interaction by
serving these complex waveform characteristics by other sub-modules that are connected to the ARU like the
PSM or Multi Channel Sequencer (MCS). While the internal operation and shadow registers of the TOM channels

1) SYS_CLK=fgpy clock provided by the GTM wrapper. f;, max value is 2xfspg = 200MHz
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are 16 bit wide, the operation and shadow registers of the ATOM channels are 24 bit wide to have a higher
resolution and to have the opportunity to compare against time base values coming from the TBU.

It is possible to trigger ATOM channels for a successor ATOM sub-module through a trigger line between
ATOM(x)_CH(7) and ATOM(x+1)_CH(0). But to avoid long trigger paths the GTM integrator can configure after
which ATOM sub-module instance a register is placed into the trigger signal chain. Each register results in one
SYS_CLK cycle delay of the trigger signal. Please refer to device specification of silicon vendor for unregistered
trigger chain length.

Together with the MCS the ATOM is able to generate an arbitrary predefined output sequence at the GTM output
pins. The output sequence is defined by instructions located in RAM connected to the MCS sub-module. The
instructions define the points were an output signal should change or to react on other signal inputs. The output
points can be one or two time stamps (or even angle stamp in case of an engine management system) provided
by the TBU. Since the MCS is able to read data from the ARU it is also able to operate on incoming data routed
from the TIM. Additionally, the MCS can process data that is located in its connected RAMs. The MCS RAM is
located logically inside the MCS while the silicon vendor has to implement its own RAM technology there.

The two modules Compare Module (CMP) and Monitor Module (MON) implement safety related features. The CMP
compares two output channels of the DTM and sends the result to the MON sub-module were the error is signaled
to the CPU. The MON modaule is also able to monitor the ARU and CMU activities.

In the described implementation the sub-modules of the GTM have a huge amount of different interrupt sources.
These interrupt sources are grouped and concentrated by the Interrupt Concentrator Module (ICM) to form a
much easier manageable bunch of interrupts that are visible outside of the GTM.

On the GTM top level there are some configurable signal connections from the signal output of the DTM modules
to the input signals of the TIM modules.
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Figure8  GTM signal multiplex
User’s Manual 28-10 V2.0.0

GTMV2.2.24 OPEN MARKET VERSION 2.0 2021-02



AURIX™ TC3xx iﬁﬂ eon

Generic Timer Module (GTM)

The next diagram gives an overview of the connectivity for different configuration of GTM global bit SRC_IN_MUX
of register GTM_CFG and the cluster configuration register CCM[y]_TIM_AUX_IN_SRC. The source selection is
defined per channel with the bit SRC_CH[x] and SEL_OUT_N_CH[x] in the register CCM[y]_TIM_AUX_IN_SRC.
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Figure9 TIM auxiliary input multiplexing

The trigger out of TIM (i.e. the signals TIM[i]_EXT_CAPTURE(7:0) of each TIM instance i) are routed to ATOM
instance [i] and TOM instance [i] with i=0...cITIM-1 (cITIM defines the number of available TIM instances, please
refer to device specific device specific appendix).This TIM trigger can be used to trigger inside the ATOM or TOM
instance either a channel or the global control register of AGC or TGCO/TGC1 unit.
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Figure10 TIM external capture forwarding to TOM and ATOM

The trigger out of TIM (i.e. the signals TIM[i]_EXT_CAPTURE(7:0) of each TIM instance i) are additionally routed to
the MCS instance [i]. This trigger forwarding can be enabled by register CCM[i]_EXT_CAP_EN.
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28.4.2 GTM Interfaces

In general the GTM can be divided into four interface groups. Two interface groups represent the ports of the GTM
where incoming signals are assembled and outgoing signals are created. These interfaces are therefore
connected to the GTM input sub-module TIM and to the GTM output sub-modules DTM.

Another interface is the bus interface where the GTM can be connected to the SoC system bus. This generic bus
interface is described in more detail in Section 28.4.2.1. The last interface is the interrupt controller interface.
The GTM provides several interrupt lines coming from the various sub-modules. These interrupt lines are
concentrated inside the ICM and have to be adapted to the dedicated micro controller environment where each
interrupt handling can look different. The interrupt concept is described in more detail in Section 28.4.5.

28.4.2.1 GTM Generic Bus Interface (AEI)

The GTM is equipped with a generic bus interface that can be widely adapted to different SoC bus systems. This
generic bus interface is called AE-Interface (AEl). The adaptation of the AEI to SoC buses is typically done with a
bridge module translating the AEI signals to the SoC bus signals of the silicon vendor. The AEI bus signals are
depicted in the following table:

Table 6 AEl bus signals

Signal name 1/0 Description Bit width
AEI_SEL I GTM select line 1
AEI_ADDR [ GTM address 32
AEl_PIPE [ AEl Address phase signal |1
AEI_W1R0 [ Read/Write access 1
AEl_WDATA [ Write data bus 32
AEl_RDATA 0 Read data bus 32
AEI_READY 0 Data ready signal 1
AEI_STATUS 0] AEI Access status 2

The AEI Status Signal may drive one of the following values:

Table7 AEI Status Signal

AEI_STATUS Description

0b00 No Error

0bo1 Illegal Byte Addressing
0b10 Illegal Address Access
Ob11 Unsupported Address

The signal value 0b00 is returned if no error occurred during AEI access.
The signal value 0b01 is returned if the bus address is not an integer multiple of 4 (byte addressing).
The signal value 0b11 is returned if the address is not handled in the GTM.

The signal value 0b10 is returned if the written register is a protected register (e.g. protected by bit RF_PROT) or
if the register is temporarily not writable because of sub-module internal state or the clock of the relevant cluster
is disabled.

In case of an illegal write access signaled by status 0b10 the register will not be modified.
Reading registers will never return status 0b10.
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Note: Exception for register CMU_CLK_CTRL. In case of write access signalled by aei_status 0b10 the register
will be modified each completely disabled bit.

The detailed list of register addresses with return status 0b10 can be found in the appendix.

28.4.2.2 GTM Multi-master and multitasking support

To support multi-master and multi-task access to the registers of the GTM a dedicated write-access scheme is
used for critical control bits inside the IP that need such a mechanism. This can be for example a shared register
where more than one channel can be controlled globally by one register write access. Such register bits are
implemented inside the GTM with a double bit mechanism, where the writing of 0b00 and 0b11 has no effect on
the register bit and where 0b01 sets the bit and 0b10 resets the bit. If the CPU wants to read the status of the bit
it always gets a 0b00 if the bit is reset and it gets an 0b11 if the bit is set.

28.4.3 ARU Routing Concept

One central concept of the GTM is the routing mechanism of the ARU sub-module for data streams. Each data
word transferred between the ARU and its connected sub-module is 53 bit wide. It isimportant to understand this
concept in order to use the resources of the GTM effectively. Each module that is connected to the ARU may
provide an arbitrary number of ARU write channels and an arbitrary number of ARU read channels. In the
following, the ARU write channels are named data sources and the ARU read channels are named data
destinations.

The concept of the ARU intends to provide a flexible and resource efficient way for connecting any data source to
an arbitrary data destination. In order to save resource costs, the ARU does not implement a switch matrix, but it
implements a data router with serialized connectivity providing the same interconnection flexibility. Figure 12
shows the ARU data routing principle. Data sources are marked with a green rectangle and the data destinations
are marked with yellow rectangles. The dashed lines in the ARU depict the configurable connections between
data sources and data destinations. A connection between a data source and a data destination is also called a
data stream.
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Figure 12 Principle of data routing using ARU

The configuration of the data streams is realized according to the following manner: Each data source has its
fixed and unique source address: The ARU read ID.The fixed address of each data source is pointed out by the
numbers in the green boxes of Figure 12. The address definitions of all available data sources in the GTM can be
obtained from the product specific appendix. The connection from a specific data source to a specific data
destination is defined by configuring the corresponding address of a data source (i.e. the ARU read ID) in the
desired data destination. The configured address of each data destination is pointed out by the numbers in the
yellow boxes of Figure 12.

Normally, the destination is idle and waits for data from the source. If the source offers new data, the destination
does a destructive read, processes the data and goes idle again. The same data is never read twice.

There is one sub-module for which this destructive read access does not hold. This is the BRC sub-module
configured in Maximum Throughput Mode (MTM). For a detailed description of this module please refer to
chapter “Broadcast Module (BRC)”.

The functionality of the ARU is as follows: The ARU sequentially polls the data destinations of the connected
modules in a round-robin order. If a data destination requests new data from its configured data source and the
data source has data available, the ARU delivers the data to the destination and it informs both, the data source
and destination that the data is transferred. The data source marks the delivered ARU data as invalid which
means that the destination consumed the data.

It should be noted that each data source should only be connected to a single data destination. This is because
the destinations consume the data. If two destinations would reference the same source one destination would
consume the data before the other destination could consume it. Since the data transfers are blocking, the
second destination would block until it receives new data from the source. If a data source should be connected
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to more than one data destination the sub-module Broadcast (BRC) has to be used. On the other hand, the
transfer from a data source to the ARU is also blocking, which means that the source channel can only provide
new data to the ARU when an old data word is consumed by a destination. In order to speed up the process of
data transfers, the ARU handles two different data destinations in parallel.

Following table gives an overview about the number of data destinations and data sources of each GTM instance

type.

Table 8 ARU source and destination address count per instance

Sub-module Number of data sources per Number of data destinations per
instance instance

ARU 1 0

DPLL 24 24

TIM 8 0

MCS 24 8

BRC 22 12

TOM 0 0

ATOM 8 8

DTM 0 0

PSM 8 8

ICM 0 0

CMP 0 0

MON 0 0

CCM 0 0

28.4.3.1 ARU Round Trip Time

The ARU uses a round-robin arbitration scheme with a fixed round trip time for all connected data destinations.
This means that the time between two adjacent read requests resulting from a data destination channel always
takes the round trip time, independently if the read request succeeds or fails.

28.4.3.2 ARU Blocking Mechanism

Another important concept of the ARU is its blocking mechanism that is implemented for transferring data from
a data source to a data destination. This mechanism is used by ARU connected sub-modules to synchronize the
sub-modules to the routed data streams. Figure 13 explains the blocking mechanism.

. j — — Wait until data
Wait until | ARU — is available
data is read

Data Source Data Destination

Figure 13 Graphical representation of ARU blocking mechanism
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If a data destination requests data from a data source over the ARU but the data source does not have any data
yet, it has to wait until the data source provides new data. In this case the sub-module that owns the data
destination may perform other tasks. When a data source produces new data faster than a data destination can
consume the data the source raises an error interrupt and signals that the data could not be delivered in time.
The new data is marked as valid for further transfers and the old data is overwritten.

In any case the round trip time for the ARU has a fixed reset value for a specific device configuration. The end value
of the round-trip counter can be changed with a configuration register ARU_CADDR_END inside the ARU. For
more details see the ARU specific chapter.

Itis possible to reset the ARU round-trip counter ARU_CADDR manually synchronous to CMU clock enable from
configuration register inside CMU module. Please refer to CMU specific chapter for more details.

One exception is the BRC sub-module when configured in Maximal Throughput Mode. Please refer to Broadcast
Module chapter for a detailed description.

28.4.4 GTM Clock and Time Base Management (CTBM)

Inside the GTM several sub-units are involved in the clock and time base management of the whole GTM.
Section 28.4.4.1 shows the connections and sub blocks involved in these tasks. The sub blocks involved are
called Clock and Time Base Management (CTBM) modules further on.
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28.4.4.1 GTM Clock and time base management architecture
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Figure 14 CTBM architecture

One important module of the CTBM is the Clock Management Unit (CMU) which generates up to 14 clocks for the
sub-modules of the GTM and up to three GTM external clocks CMU_ECLK]z] (z: 0...2). For a detailed description of
the CMU functionality and clocks please refer to Clock Management Unit chapter.

The five (5) CMU_FXCLK[y] (y: 0...4) clocks are used by the TOM sub-module for PWM generation.

A maximum of nine (9) CMU_CLK[x] (x: 0...8) clocks are used by other sub-modules of the GTM for signal
generation.
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Inside the Time Base Unit (TBU) one of CMU_CLK[x] (x: 0...7) clocks is used per channel to generate a common
time base for the GTM. Besides the CMU_CLK[x] signals, the TBU can use the compensated SUB_INC[iJc (i: 1,2)
signals coming from the DPLL sub-module for time base generation. This time base then typically represents an
angle clock for an engine management system. For the meaning of compensated (SUB_INC[ilc) and
uncompensated (SUB_INC[i]) DPLL signals please refer to the DPLL chapter. The SUB_INC[iJc signals in
combination with the two direction signal lines DIR[i] the TBU time base can be controlled to run forwards or
backwards. The TBU functionality is described in chapter “Time Base Unit (TBU)”.

The TBU sub-module generates the three time base signals TBU_TS0, TBU_TS1 and TBU_TS2 which are widely
used inside the GTM as common time bases for signal characterization and generation.

Besides the time base 1 and 2 which may represent a relative angle clock for an engine management system it is
helpful to have an absolute angle clock for CPU/MCS internal angle algorithm calculations. This absolute angle
clock is represented by the TBU base 3. The TBU channel 0 up to 2 are widely used inside the GTM as common
time (channel 0, 1 and/or 2) or angle (channel 1 and/or 2) bases for signal characterization and generation. The
TBU channel 3 is only configurable and readable by MCS0 or CPU.

As stated before, the DPLL sub-module provides the four clock signals SUB_INC/i] and SUB_INC[i]c which can be
seen as a clock multiplier generated out of the two input signal vectors TRIGGER and STATE coming from the MAP
sub-module. For a detailed description of the DPLL functionality please refer to chapter “Digital PLL Module
(DPLL)”.

The MAP sub-module is used to select the TRIGGER and STATE signals for the DPLL out of six input signals coming
from TIMO sub-module. Besides this, the MAP sub-module is able to generate a TDIR (TRIGGER Direction) and SDIR
(STATE Direction) signal for the DPLL and TBU coming from the SPEO and SPEL1 signal lines. The direction signals
are generated out of a defined input pattern. For a detailed description of the MAP sub-module please refer to
chapter “TIMO Input Mapping Module (MAP)”.

28.4.4.2 Cyclic Event Compare

With the time base module (TBU) the GTM provides three counters, where the counter of TBU_CHO represents a
time and the counter TBU_CH1 and TBU_CH2 may represent a time (if clock source is CMU_CLK generated inside
CMU) or an angle (if clock source is a DPLL sub_inc signal provided via CMU).

From application point of view it is necessary to divide the cyclic event counter representing time or angle into
two parts, the past and the future.The border of past/future is a moving border depending on current time or
angle value.The cyclic event counting and the moving border of past/future is depicted in the figure below.
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Figure 15 Cyclic event counter representing time or angle

Inside different submodules of GTM a grater-equal compare (in case of up-counting) or a less-equal compare (in
case of down-counting) against a TBU base value (representing time or angle) always means that it is checked if
the reference value is in relation to the current TBU value in the future or in the past.

28.4.5 GTM Interrupt Concept

The sub-modules of the GTM can generate thousands of interrupts on behalf of internal events. This high amount
of interrupts is combined inside the Interrupt Concentrator Module (ICM) into interrupt groups. In these interrupt
groups the GTM sub-module interrupt signals are bundled to a smaller set of interrupts. From these interrupt
sets, a smaller amount of interrupt signals is created and signaled outside of the GTM as a signal
GTM_<MOD>_IRQ, where <MOD> identifies the name of the corresponding GTM sub-module.

Moreover, each output signal GTM_<MOD=>_IRQ has a corresponding input signal GTM_<MOD>_IRQ_CLR that can
be used for clearing the interrupts. These input signals can be used by the surrounding micro controller system
as:

+ acknowledge signal from a DMA controller

+ validation signal from ADC

+ clearsignal from a GTM-external interrupt controller to do an atomic clear while entering an ISR routine
The controlling of the individual interrupts is done inside the sub-modules. If a sub-module consists of several
sub-module channels that are most likely to work independent from each other (like TIM, PSM, MCS, TOM, and
ATOM), each sub-module channel has its own interrupt control and status register set, named as interrupt set in

the following. Other sub-modules (SPE, ARU, DPLL, BRC, CMP and global GTM functionality) have a common
interrupt set for the whole sub-module.

The interrupt set consists of four registers: The IRQ_EN register, the IRQ_NOTIFY register, the IRQ_FORCINT
register, and the IRQ_MODE register. While the registers IRQ_EN, IRQ_NOTIFY, and IRQ_FORCINT signalize the
status and allow controlling of each individual interrupt source within an interrupt set, the register IRQ_MODE
configures the interrupt mode that is applied to all interrupts that belong to the same interrupt set.

In order to support a wide variety of micro controller architectures and interrupt systems with different interrupt
signal output characteristics and internal interrupt handling the following four modes can be configured:

+ Level mode,
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+ Pulse mode,

+ Pulse-Notify mode,

+ Single-Pulse mode.

These interrupt modes are described in more details in the following subsections.

The register IRQ_EN allows the enabling and disabling of an individual interrupt within an interrupt set.
Independent of the configured mode, only enabled interrupts can signalize an interrupts on its signal
GTM_<MOD>_IRQ.

The register IRQ_NOTIFY collects the occurrence of interrupt events. The behavior for setting a bit in this register
depends on the configured mode and thus it is described later on in the mode descriptions.

Independent of the configured mode any write access with value '1' to a bit in the register IRQ_NOTIFY always
clears the corresponding IRQ_NOTIFY bit.

Moreover, the enabling of a disabled interrupt source with a write access to the register IRQ_EN also clears the
corresponding bit in the IRQ_NOTIFY register but only if the error interrupt source EIRQ_EN is disabled.
However, if the enabling of a disabled interrupt is simultaneous to an incoming interrupt event, the interrupt
event is dominant and the register IRQ_NOTIFY is not cleared.

Additionally, each write access to the register IRQ_MODE, clears all bits in the IRQ_NOTIFY register. It should be
notified that the clearing of IRQ_NOTIFY is applied independently of the written data (e.g. no mode change).

Thus, a secure way for reconfiguring the interrupt mode of an interrupt set, is to disable all interrupts of the
interrupt set with the register IRQ_EN, define the new interrupt mode by writing register IRQ_MODE, followed by
enabling the desired interrupts with the register IRQ_EN.

Thus, a secure way for reconfiguring the interrupt mode of an error interrupt set, is to disable all error interrupts
of the error interrupt set with the register EIRQ_EN, define the new interrupt mode by writing register
IRQ_MODE, followed by enabling the desired error interrupts with the register EIRQ_EN.

The register IRQ_FORCINT is used by software for triggering individual interrupts with a write access with value
'1". Since a write access to IRQ_FORCINT only generates a single pulse, IRQ_FORCINT is not implemented as a
true register and thus any read access to IRQ_FORCINT always results with a value of '0".

The mechanism for triggering interrupts with IRQ_FORCINT is globally disabled after reset. It has to be explicitly
enabled by clearing the bit RF_PROT in the register GTM_CTRL (see Chapter 28.4.9.3)

For the modules AEl-bridge, BRC, FIFO, TIM, MCS, DPLL, SPE and CMP each interrupt may configured to raise
instead of the normal interrupt an error interrupt if enabled by the corresponding error interrupt enable bit in
register EIRQ_EN.It is possible for one source to enable the normal interrupt and the error interrupt in parallel.
Because both interrupt clear signals could reset the notify bit this is expected to cause problems in a system and
therefore it is strongly recommended to not enable both interrupt types at the same point in time.

Similar to enabling an interrupt, the enabling of a disabled error interrupt source with a write access to the
register EIRQ_EN also clears the corresponding bit in the IRQ_NOTIFY register only if the interrupt source
IRQ_EN is disabled. However, if the enabling of a disabled error interrupt is simultaneous to an incoming
interrupt event, the interrupt event is dominant and the register IRQ_NOTIFY is not cleared.

All enabled error interrupts are OR-combined inside the ICM and assigned to the dedicated GTM port gtm_err_irq.
A corresponding input gtm_err_irq_clr allows the reset of this error interrupt from outside the GTM (hardware
clear).

To be able to detect the module source of the error interrupt the ICM provides the register ICM_IRQG_MEI.

The error interrupt causing channel can be determined for the module FIFO by evaluating the ICM register
ICM_IRQG_CEIO.

The error interrupt causing channel can be determined for the modules TIM by evaluating the ICM register
ICM_IRQG_CEI1...2.
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The error interrupt causing channel can be determined for the modules MCS with all possible channel by
evaluating the ICM register ICM_IRQG_MCSJ[i]_CEl. In case of usage only the first 8 channels of each MCS the error
interrupt causing channel can be determined by evaluating the ICM register ICM_IRQG_CEI3...4.

28.4.5.1 Levelinterrupt mode

The defaultinterrupt mode is the Level Interrupt Mode. In this mode each occurred interrupt event is collected in
the register IRQ_NOTIFY, independent of the corresponding enable bit of register IRQ_EN and EIRQ_EN.

Aninterrupt event, which is defined as a pulse on the signal Int_out of Figure 16, may be triggered by the interrupt

source of the sub-module or by software performing a write access to the corresponding register IRQ_FORCINT,
with a disabled bit RF_PROT in register GTM_CTRL.

IRQ_occurred ( to ICM)

SW_clear !_evel
interrupt

mode

Other

Clear_in
- IRQ_occurred bits

Clear_out
IRQ_NOTIFY
IRQ_FORCINT

;:I>4‘— Int_in Int_out 4’—‘:}

IRQ_occurred bit

interrupt
source

IRQ_bit

IRQ_line (to ICM)

Other

Ij IRQ_bits
46_‘7 IRQ_EN

HW._clear

Figure 16 Levelinterrupt mode scheme

A collected interrupt bit in register IRQ_NOTIFY may be cleared by a clear event, which is defined as a pulse on
signal Clear_out of Figure 16. A clear event can be performed by writing '1' to the corresponding bit in the register
IRQ_NOTIFY leading to a pulse on signals SW_clear. A clear event may also result from an externally connected
signal GTM_<MOD>_IRQ_CLR, which is routed to the signal HW_clear of Figure 16. However, the hardware clear
mechanism is only possible, if the corresponding interrupt is enabled by register IRQ_EN.

As Table 9 shows, interrupt events are dominant in the case of a simultaneous interrupt event and clear event.

Table 9 Priority of Interrupt Events and Clear Events

Int_in Clear_in Int_out Clear_out
0 0 0 0
0 1 0 1
1 0 1 0
1 1 1 0

As shown in Figure 16 an occurred interrupt event is signaled as a constant signal level with value 1 to the signal
IRQ_bit, if the corresponding interrupt is enabled in register IRQ_EN.

With exception of the sub-modules ARU and DPLL, the signal /RQ_bit is OR-combined with the neighboring
IRQ_bit signals of the same interrupt set and they are routed as a signal /RQ_line to the interrupt concentrator
module (ICM). The interrupt signals IRQ_bit of the sub-modules DPLL and ARU are routed directly as a signal
IRQ_line to the sub-module ICM. In some cases (sub-modules TOM and ATOM) the ICM may further OR-combine
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several IRQ_line signals to an outgoing interrupt signal GTM_<MOD=>_IRQ. In the other cases the IRQ_line signals
are directly connected to the outgoing signals GTM_<MOD>_IRQ, within the sub-module ICM.

The signal IRQ_occurred is connected in a similar way as the signal /RQ_line, however this signal is used for
monitoring the interrupt state of the register IRQ_NOTIFY in the registers of the ICM.

The additional error interrupt enable mechanism for level interrupt is shown below.

IRQ_occurred ( to ICM)
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gtm_err_irq_clr (GTM-IP input port) J gtm_<xxx>_irq_clr (GTM-IP input port)

Figure 17 Levelinterrupt scheme for modules AEIl-bridge, BRC, FIFO, TIM, MCS, DPLL, SPE, CMP

A collected interrupt bit in register IRQ_NOTIFY may be cleared by a clear event, which is defined as a pulse on
signal Clear_out of Figure 17. A clear event can be performed by writing '1' to the corresponding bit in the register
IRQ_NOTIFY leading to a pulse on signals SW_clear. A clear event may also result from the externally connected
signal gtm_<MOD=>_irq_clr or gtm_err_irq_clr, which is routed as an HW_clear to Clear_in of Figure 17. However,
the hardware clear mechanism is only possible, if the corresponding interrupt or error interrupt is enabled by
register IRQ_EN or EIRQ_EN.

As it can be seen from the Figure 17 an occurred interrupt event is signaled as a constant signal level with value
1to the signal IRQ_bit, if the corresponding interrupt is enabled in register IRQ_EN.

28.4.5.2 Pulse interrupt mode

The Pulse interrupt mode behavior can be observed from Figure 18.
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Figure 18 Pulse interrupt mode scheme

In Pulse Interrupt Mode each Interrupt Event will generate a pulse on the IRQ_bit signal if IRQ_EN is enabled.
As it can be seen from the figure, the interrupt bit in IRQ_NOTIFY register is always cleared if IRQ_EN is enabled.

However, if an interrupt is disabled in the register IRQ_EN, an occurred interrupt event is captured in the register
IRQ_NOTIFY, in order to allow polling for disabled interrupts by software.

Disabled interrupts may be cleared by an interrupt clear event.
In Pulse interrupt mode, the signal IRQ_occurred is always 0.
The additional error interrupt enable mechanism for pulse interrupt is shown below.
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Figure 19 Pulse interrupt scheme for modules AEI-bridge, BRC, FIFO, TIM, MCS, DPLL, SPE, CMP

In Pulse Interrupt Mode each Interrupt Event will generate a pulse on the E/IRQ_bit signal if EIRQ_EN is enabled.
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As it can be seen from the figure, the interrupt bit in IRQ_NOTIFY register is always cleared if EIRQ_EN or IRQ_EN
are enabled.

However, if an error interrupt is disabled in the register EIRQ_EN, an occurred error interrupt event is captured
in the register IRQ_NOTIFY, in order to allow polling for disabled error interrupts by software.

Disabled error interrupts may be cleared by an error interrupt clear event.

In Pulse interrupt mode, the signal EIRQ_occurred is always 0.

28.4.5.3 Pulse-notify interrupt mode

In Pulse-notify Interrupt mode, all interrupt events are captured in the register IRQ_NOTIFY. If an interrupt is
enabled by the register IRQ_EN, each interrupt event will also generate a pulse on the IRQ_bit signal. The signal
IRQ_occurred will be high if interrupt is enabled in register IRQ_EN and the corresponding bit of register
IRQ_NOTIFY is set. The Pulse-notify interrupt mode is shown in Figure 20.

IRQ_occurred ( to ICM)

SW._clear pulse-notify

interrupt
Clear_in mode
Clear_out|
IRQ_NOTIFY
IRQ_FORCINT -
@; mn  Intout| iD

Other
IRQ_occurred bits

IRQ_occurred bit

interrupt IRQ_bit

source IRQ_line (to ICM)
Other
E IRQ_bits

— s R_EN

HW._clear

Figure 20 Pulse-notify interrupt mode scheme

The additional error interrupt enable mechanism for pulse-notify interrupt is shown below

IRQ_occurred ( to ICM)

SW_clear pulse-notify

interrupt
Clear_in mode
Clear_out
IRQ_NOTIFY
IRQ_FORCINT -
. IRQ_occurred bit
’\:I>4\g Int_in Int_out

interrupt IRQ_bit

source IRQ_line (to ICM)
Other
E IRQ_bits

EIRQ_occurred ( to ICM)

Other
IRQ_occurred bits

HW_clear
Other EIRQ_occurred bits

—H

EIRQ_EN Other
EIRQ_bits

EIRQ_line (to ICM)

gtm_err_irq_clr (GTM-IP input port) J gtm_<xxx>_irq_clr (GTM-IP input port)

Figure21 Pulse-notify interrupt scheme for modules AEIl-bridge, BRC, FIFO, TIM, MCS, DPLL, SPE, CMP
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In Pulse-notify Interrupt mode, all error interrupt events are captured in the register IRQ_NOTIFY. If an error
interrupt is enabled by the register EIRQ_EN, each error interrupt event will also generate a pulse on the E/IRQ_bit
signal. The signal EIRQ_occurred will be high if error interrupt is enabled in register EIRQ_EN and the
corresponding bit of register IRQ_NOTIFY is set. The Pulse-notify interrupt mode for error interrupts is shown in
Figure 21.

28.4.5.4 Single-pulse interrupt mode

In Single-pulse Interrupt Mode, an interrupt event is always captured in the register IRQ_NOTIFY, independent
of the state of IRQ_EN. However, only the first interrupt event of an enabled interrupt within a common interrupt
set is forwarded to signal /IRQ_line. Additional interrupt events of the same interrupt set cannot generate pulses
on the signal IRQ_line, until the corresponding bits in register IRQ_NOTIFY of enabled interrupts are cleared by a
clear event. The IRQ_occurred signal line will be high, if the IRQ_EN and the IRQ_NOTIFY register bits are set. The
Single-pulse interrupt mode is shown in Figure 22.

The only exceptions are the modules ARU and DPLL. In these modules the IRQ_occurred bit of each interrupt is
directly connected (without OR-conjunction of neighboring IRQ_occurred bits) to the inverter for suppressing
further interrupt pulses.

IRQ_occurred ( to ICM)

SW_clear

|

Other

Clear_in
- IRQ_occurred bits

Clear_out
IRQ_NOTIFY

IRQ_FORCINT
IRQ_occurred bit

Int_in Int_out|

IRQ_bit

interrupt
sourc,e) 4 on i: IRQ_line (to ICM)
er
E IRQ_bits
IRQ_EN glngle-pulse
interrupt

HW_clear mode

Figure 22 Single-pulse interrupt mode scheme

To avoid unexpected IRQ behavior in the single pulse mode, all desired interrupt sources should be enabled by a
single write access to IRQ_EN and the notification bits should be cleared by a single write access to the register
IRQ_NOTIFY.

The additional error interrupt enable mechanism for single-pulse interrupt is shown below.
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Figure 23 Single-pulse interrupt scheme for modules AEI-bridge, BRC, FIFO, TIM, MCS, DPLL, SPE, CMP

In Single-pulse Interrupt Mode, an error interrupt event is always captured in the register IRQ_NOTIFY,
independent of the state of EIRQ_EN. However, only the first error interrupt event of an enabled error interrupt
within a common error interrupt set is forwarded to signal E/RQ_line. Additional error interrupt events of the
same error interrupt set cannot generate pulses on the signal E/RQ_line, until the corresponding bits in register
IRQ_NOTIFY of enabled error interrupts are cleared by a clear event. The EIRQ_occurred signal line will be high,
if the EIRQ_EN and the IRQ_NOTIFY register bits are set. The Single-pulse interrupt mode for error interrupts is
shown in Figure 23.

To avoid unexpected EIRQ behavior in the single pulse mode, all desired error interrupt sources should be
enabled by a single write access to EIRQ_EN and the notification bits should be cleared by a single write access
to the register IRQ_NOTIFY.

The only exceptions are the modules ARU and DPLL. In these modules the EIRQ_occurred bit of each error
interrupt is directly connected (without OR-conjunction of neighboring EIRQ_occurred bits) to the inverter for
suppressing further error interrupt pulses.

28.4.5.5 GTM Interrupt concentration method

Because of the grouping of interrupts inside the ICM, it can be necessary for the software to access the ICM sub-
module first to determine the interrupt set that is responsible for an interrupt. A second access to the responsible
register IRQ_NOTIFY is then necessary to identify the interrupt source, serve it and to reset the interrupt flag in
register IRQ_NOTIFY afterwards. The interrupt flags are never reset by an access to the ICM. For a detailed
description of the ICM sub-module please refer to chapter “Interrupt Concentrator Module (ICM)”.

28.4.6 GTM Software Debugger Support

For software debugger support the GTM comes with several features. E.g. status register bits must not be altered
by a read access from a software debugger. To avoid this behavior to reset a status register bit by software, the
CPU has to write a '1' explicitly to the register bit to reset its content.

Table 10 describes the behavior of some GTM registers with special functionality on behalf of read accesses from
the AEI bus interface.
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Table 10 Register behavior in case of Software Debugger accesses

Module Register Description

AFD AFDI[i]_CH[x]_BUFFACC The FIFO read access pointers are not altered on behalf of a
Debugger read access to this register.

TIM TIM[i]_CH[x]_GPRO0/1 The overflow bit is not altered in case of a Debugger read access to
this registers.

ATOM ATOMIi]_CH[x]_SR0/1 In SOMC mode a read access to this register by the Debugger does

not release the channel for a new compare/match event.

Further on, some important states inside the GTM sub-module have to be signaled to the outside world, when
reached and should for example trigger the software debugger to stop program execution. For this internal state
signaling please refer to the GTM module integration guide.

The GTM provides an external signal gtm_halt, which disables clock signal SYS_CLK for debugging purposes. If
SYS_CLK is disabled, a connected debugger can read any GTM related register and the GTM internal RAMs using
AEI. Moreover, the debugger can also perform write accesses to the internal RAMs and to all GTM related registers
in order to enable advanced debugging features (e.g. modifications of register contents in single step mode).

28.4.7 GTM Programming conventions

To serve different application domains the GTM is a highly configurable module with many configuration modes.
In principle the sub-modules of the GTM are intended to be configured at system startup to fulfill certain
functionality for the application domain the micro controller runs in.

For example, a TIM input channel can be used to monitor an application specific external signal, and this signal
has to befiltered. Therefore, the configuration of the TIM channel filter mode will be specific to the external signal
characteristic. While it can be necessary to adapt the filter thresholds during runtime an adaptation of the filter
mode during runtime is not reasonable. Thus, the change of the filter mode during runtime can lead to an
unexpected behavior.

In general, the programmer has to be careful when reprogramming configuration registers of the GTM sub-
modules during runtime. It is recommended to disable the channels before reconfiguration takes place to avoid
unexpected behavior of the GTM.

28.4.8 GTM TOP-Level Configuration Register Overview

Table1ll GTM TOP-Level Configuration Register Overview

Register name Description see
Page

GTM_REV GTM Version control register 30
GTM_RST GTM Global reset register 31
GTM_CTRL GTM Global control register 31
GTM_AEI_ADDR_XPT GTM AEI Timeout exception address register 32
GTM_AEI_STA_XPT GTM AEI Non zero status register 33
GTM_IRQ_NOTIFY GTM Interrupt notification register 34
GTM_IRQ_EN GTM Interrupt enable register 36
GTM_EIRQ_EN GTM Error interrupt enable register 44
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Table1ll GTM TOP-Level Configuration Register Overview (cont’d)

(infineon

Register name Description see
Page

GTM_IRQ_FORCINT GTM Software interrupt generation register 37
GTM_IRQ_MODE GTM top level interrupts mode selection 39
GTM_BRIDGE_MODE GTM AEIl bridge mode register 39
GTM_BRIDGE_PTR1 GTM AEI bridge pointer 1 register 41
GTM_BRIDGE_PTR2 GTM AEI bridge pointer 2 register 42
GTM_MCS_AEM_DIS GTM MCS master port disable register 43
GTM_CLS_CLK_CFG GTM Cluster Clock Configuration 45
GTM_CFG GTM Configuration register 46
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28.4.9 GTM TOP-Level Configuration Registers Description

28.4.9.1 Register GTM_REV

Please keep in mind, that the actual Revision number is the reset value. This reset value is dependent on the
delivery done by Bosch AE for the actual device. In case of Infineon’s decision to change via metal fix for a different
version, the reset value contains the initial version.

GTM Version Control Register

Note: The numbers are encoded in BCD. Values "A" - "F" are characters.

REV
GTM Version Control Register (000000,,) Application Reset Value: 3153 15B6,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DEV_CODE2 DEV_CODE1 DEV_CODEO MAJOR
: : : :
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MINOR NO STEP
r r ' r '
Field Bits Type Description
STEP 7:0 r Release step
GTM Release step
NO 11:8 r Delivery number
Define delivery number of GTM specification.
MINOR 15:12 r Minor version number
Define minor version number of GTM specification.
MAJOR 19:16 r Major version number
Define major version number of GTM specification.
DEV_CODEO |23:20 r Device encoding digit 0
Device encoding digit 0.
DEV_CODE1 |27:24 r Device encoding digit 1
Device encoding digit 1.
DEV_CODE2 |31:28 r Device encoding digit 2

Device encoding digit 2.
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28.4.9.2 Register GTM_RST

GTM Global Reset Register

RST
GTM Global Reset Register (000004,,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BRIDG
0 E_MO 0
DE_W
1 RDIS 1 1 1 1 1
r rw r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0
1 1 r 1 1 1 1 r
Field Bits Type Description
BRIDGE_MOD |27 rw GTM_BRIDGE_MODE write disable
E_WRDIS This bit is write protected by bit RF_PROT
0  Writing of GTM_BRIDGE_MODE register is enabled
1z Writing of GTM_BRIDGE_MODE register is disabled
0 0, r Reserved
26:1, Read as zero, shall be written as zero.
31:28

28.4.9.3 Register GTM_CTRL

GTM Global Control Register

CTRL
GTM Global Control Register (000008,,) Application Reset Value: 0000 0001,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 ;' 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TO_M |RF_PR
AEIM_CLUSTER 0 TO_VAL 0 ODE oT
I" r I I rw I IL rw rw
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Field Bits Type Description

RF_PROT 0 rw RST and FORCINT protection

0g SWRST (global), SWinterrupt FORCINT, and SW RAM reset
functionality is enabled

1z SWRST (global), SWinterrupt FORCINT, and SW RAM reset
functionality is disabled

TO_MODE 1 rw AEI timeout mode

0  Observe: If timeout_counter=0 the address and rw signal in
addition with timeout flag will be stored to the
GTM_AEI_ADDR_XPT register. Following timeout_counter=0
accesses will not overwrite the first entry in the aei_addr_timeout
register. Clearing the timeout flag/aei_status error_code will
reenable the storing of a next faulty access.

1 Abort: In addition to observe mode, the pending access will be
aborted by signaling an illegal module access on aei_status and
sending ready. In case of a read, deliver as data 0 by serving of next
AEl accesses.

TO_VAL 8:4 rw AEI timeout value
These bits define the number of cycles after which a timeout event
occurs. When TO_VAL equals zero (0) the AEIl timeout functionality is

disabled.
AEIM_CLUSTE | 15:12 r AEIM cluster number
R These bits show the number of the AEI master port cluster which throws

the interrupts AEIM_USP_ADDR, AEIM_IM_ADDR and AEIM_USP_BE
depending on the AEI master port access status.Note: If one of the
corresponding irq notify bits (6:4) is set, this bit field will be frozen until
the interrupt notify bits (6:4) are cleared.

0 3:2, r Reserved
11:9, Read as zero, shall be written as zero.
31:16

28.4.9.4 Register GTM_AEI_ADDR_XPT
GTM AEI Timeout Exception Address Register

AEI_ADDR_XPT

GTM AEI Timeout Exception Address Register (00000C,,) Application Reset Value: 0000 0000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TO_W
0 1RO TO_ADDR
1 1 1 1 1 r 1 1 1 1 1 r 1 II’ 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TO_ADDR
1 1 1 1 1 II’ 1 1 1 1
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Field Bits Type Description

TO_ADDR 19:0 r AEl timeout address
This bit field defines the AEIl address for which the AEI timeout event
occurred.

TO_W1R0 20 r AEIl timeout Read/Write flag
This bit defines the AEI Read/Write flag for which the AEI timeout event
occurred.

0 31:21 r Reserved
Read as zero, shall be written as zero.

28.4.9.5 Register GTM_AEI_STA_XPT

GTM AEI Non Zero Status Register

AEI_STA_XPT
GTM AEIl Non Zero Status Register (00002C,) Application Reset Value: 0000 0000,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0 W1R0 ADDR
J l J I J r I J I J I r J II’ J
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADDR
r

Field Bits Type Description
ADDR 19:0 r AEIl exception address

This bit field captures the address of the first AEl access resulting with a
non-zero AEl status signal. The bit field can be cleared by clearing the
interrupt flags AEI_USP_ADDR,AEI_USP_BE, and AEI_IM_ADDR in the
register GTM_IRQ_NOTIFY.

W1R0 20 r AEIl exception Read/Write flag

This bit defines the AEI Read/Write flag for which the AEI non-zero event
occurred. This bit field captures the address of the first AEl access
resulting with a non-zero AEl status signal. The bit field can be cleared by
clearing the interrupt flags AEI_USP_ADDR, AEI_USP_BE, and
AEI_IM_ADDR in the register GTM_IRQ_NOTIFY.

0 31:21 r Reserved
Read as zero, shall be written as zero.
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28.4.9.6 Register GTM_IRQ_NOTIFY

GTM Interrupt Notification Register

IRQ_NOTIFY
GTM Interrupt Notification Register (oo0010,,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CLK_E|CLK_E CLK_E |CLK_E
0 N_EXP|N_EXP 0 N_ERR|N_ERR 0
_STAT |_STAT _STAT |_STAT
| ElL | EO | ElL | EO , , ,
r r r r r r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CLK_P AEIM_ |AEIM_ | AEIM_ AEI_I |AEI_U
0 ER_ER SLEI;ER USP_B|IM_AD USP_A 2|EI_BL|,5 M_AD |SP_AD :E)I(BTI_
R - E DR DDR - DR DR -
r I I rw rw rw rw rw rw rw rw rw
Field Bits Type Description
AEI_TO_XPT |0 rw AEI timeout exception occurred

This bit will be cleared on a CPU write access of value '1'. (As the bitis rw,
otherwise no clear.) A read access leaves the bit unchanged.

0; Nointerrupt occurred

1z  AEIL_TO_XPT interrupt was raised by the AEI Timeout detection unit

AEI_USP_ADD |1 rw AEl unsupported address interrupt

R This bit will be cleared on a CPU write access of value '1'. A read access
leaves the bit unchanged.

0; Nointerrupt occurred

1y AEI_USP_ADDR interrupt was raised by the AEl interface

AEI_IM_ADDR |2 rw AEl illegal Module address interrupt

This bit will be cleared on a CPU write access of value '1'. A read access
leaves the bit unchanged.

0y Nointerrupt occurred

1l AEI_IM_ADDR interrupt was raised by the AEl interface

AEI_USP_BE |3 rw AEl unsupported byte enable interrupt

This bit will be cleared on a CPU write access of value '1'. Aread access
leaves the bit unchanged.

0g Nointerrupt occurred

1l AEI_USP_BE interrupt was raised by the AEl interface

AEIM_USP_AD |4 rw AEl master port unsupported address interrupt

DR This bit will be cleared on a CPU write access of value '1'. Aread access

leaves the bit unchanged.

0g Nointerrupt occurred

1y AEIM_USP_ADDR interrupt was raised by the AEl master port
interface
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Field Bits Type Description
AEIM_IM_ADD |5 rw AEI master portillegal Module address interrupt
R This bit will be cleared on a CPU write access of value '1'. A read access
leaves the bit unchanged.
0g Nointerrupt occurred
1, AEIM_IM_ADDR interrupt was raised by the AEl master port
interface
AEIM_USP_BE |6 rw AEl master port unsupported byte enable interrupt
This bit will be cleared on a CPU write access of value '1'. Aread access
leaves the bit unchanged.
0g Nointerrupt occurred
1z AEIM_USP_BE interrupt was raised by the AEI master port interface
CLK_EN_ERR |7 rw Clock enable error interrupt
This bit will be cleared on a CPU write access of value '1'. Aread access
leaves the bit unchanged.
Read as zero in case of INT_CLK_EN_GEN =0b1.
0g Nointerrupt occurred
1 CLK_EN_ERRinterrupt was raised by clock enable watchdog
CLK_PER_ERR |8 rw Clock period error interrupt
This bit will be cleared on a CPU write access of value '1'. A read access
leaves the bit unchanged.
Read as zero in case of INT_CLK_EN_GEN =0b1.
0g Nointerrupt occurred
1 CLK_PER_ERRinterrupt was raised by clock enable watchdog
CLK_EN_ERR_ |24 r Erroneous clock enable state
STATEO This bit field defines the GTM external clk enable state for internal clock
aei_sys_clkat occurrence of the CLK_EN_ERR event.
Function only available with INT_CLK_EN_GEN = 0b0:
Read as zero in case of INT_CLK_EN_GEN =0b1.
0 Internal clock aei_sys_clk disabled
1 Internalclock aei_sys_clk enabled
CLK_EN_ERR_ |25 r Erroneous clock enable state
STATE1 This bit field defines the GTM external clk enable state for internal clock
aei_sys_clk /2 at occurrence of the CLK_EN_ERR event.
Function only available with INT_CLK_EN_GEN = 0b0:
Read as zero in case of INT_CLK_EN_GEN =0b1.
0 Internal clock aei_sys_clk /2 disabled
1 Internalclock aei_sys_clk /2 enabled
CLK_EN_EXP_ |28 r Expected clock enable state
STATEO This bit field defines the GTM expected clk enable state for internal clock

aei_sys_clk at occurrence of the CLK_EN_ERR event.
Function only available with INT_CLK_EN_GEN = 0b0:
Read as zero in case of INT_CLK_EN_GEN =0b1.

0 Internal clock aei_sys_clk disabled

1z Internalclock aei_sys_clk enabled
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Field Bits Type Description
CLK_EN_EXP_ |29 r Expected clock enable state
STATE1 This bit field defines the GTM expected clk enable state for internal clock

aei_sys_clk /2 at occurrence of the CLK_EN_ERR event.
Function only available with INT_CLK_EN_GEN =0b0:
Read as zero in case of INT_CLK_EN_GEN =0b1.

0 Internal clock aei_sys_clk /20 disabled

1 Internalclock aei_sys_clk /20 enabled

0 23:9, r Reserved
27:26, Read as zero, shall be written as zero.
31:30

28.4.9.7 Register GTM_IRQ_EN

GTM Interrupt Enable Register

IRQ_EN
GT%I_Interrupt Enable Register (000014,,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 . 19 18 . 17 16
0
\ \ : \ \ \
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CLK_P|CLK_E|AEIM_ | AEIM_|AEIM_| AEI_U | AEI_I |AEI_U |AEL_T
0 ER_ER |N_ERR|USP_B|IM_AD |[USP_A|SP_BE| M_AD |SP_AD|O_XPT
R_IRQ| _IRQ_ | E_IRQ |DR_IR|DDR_I|_IRQ_|DR_IR | DR_IR| _IRQ_
_EN | EN | _EN |[Q_EN|RQ_E| EN |Q_EN|QEN| EN

r rw rw rw rw rw rw rw rw rw

Field Bits Type Description
AEI_TO_XPT_I |0 rw AEI_TO_XPT_IRQ interrupt enable
RQ_EN 0 Disable interrupt, interrupt is not visible outside GTM

1l Enableinterrupt, interruptis visible outside GTM
AEI_USP_ADD |1 rw AEI_USP_ADDR_IRQ interrupt enable
R_IRQ_EN 0; Disableinterrupt, interrupt is not visible outside GTM

1l Enableinterrupt, interruptis visible outside GTM
AEI_IM_ADDR |2 rw AEI_IM_ADDR_IRQ interrupt enable
_IRQ_EN 0; Disableinterrupt, interruptis not visible outside GTM

1l Enableinterrupt, interruptis visible outside GTM
AEI_USP_BE_I |3 rw AEI_USP_BE_IRQ interrupt enable
RQ_EN

0; Disableinterrupt, interrupt is not visible outside GTM

1l Enableinterrupt, interruptis visible outside GTM
AEIM_USP_AD |4 rw AEI_MUSP_ADDR_IRQ interrupt enable
DR_IRQ_EN 0; Disableinterrupt, interrupt is not visible outside GTM

1y Enableinterrupt, interrupt is visible outside GTM
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Field Bits Type Description
AEIM_IM_ADD |5 rw AEIM_IM_ADDR_IRQ interrupt enable
R_IRQ_EN 0; Disableinterrupt, interrupt is not visible outside GTM
1y Enableinterrupt, interrupt is visible outside GTM
AEIM_USP_BE |6 rw AEIM_USP_BE_IRQ interrupt enable
_IRQ_EN 0; Disableinterrupt, interrupt is not visible outside GTM
1l Enableinterrupt, interruptis visible outside GTM
CLK_EN_ERR_ |7 rw CLK_EN_ERR_IRQ interrupt enable
IRQ_EN Read as zero in case of INT_CLK_EN_GEN =0b1.
0; Disableinterrupt, interrupt is not visible outside GTM
1y Enableinterrupt, interrupt is visible outside GTM
CLK_PER_ERR |8 rw CLK_PER_ERR_IRQ interrupt enable
_IRQ_EN Read as zero in case of INT_CLK_EN_GEN =0b1.
0; Disableinterrupt, interrupt is not visible outside GTM
15 Enableinterrupt, interrupt is visible outside GTM
0 319 r Reserved
Read as zero, shall be written as zero.

28.4.9.8 Register GTM_IRQ_FORCINT

GTM Software Interrupt Generation Register

IRQ_FORCINT
GTM Software Interrupt Generation Register (000018,,) Application Reset Value: 0000 0000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 1 1 1 ;' 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TRG_C|TRG_C|TRG_A|TRG_A TRG_A TRG_A TRG_A|TRG_A| TRG_A
0 LK_PE|LK_EN|EIM_uU| EIM_I |EIM_U El_us [EI_IM_|EI_US | EI_TO
R_ERR| _ERR |SP_BE|M_AD SP_AD| p_BE | ADDR |P_ADD| XPT
J \ J . . DR DR R
r rw rw rw rw rw rw rw rw rw
Field Bits Type Description
TRG_AEL_TO_ |0 rw Trigger AEI_TO_XPT_IRQ interrupt by software
XPT This bit is cleared automatically after write.
This bit is write protected by bit RF_PROT of CTRL
0z Nointerrupttriggering
15 Assert AEI_TO_XPT_IRQ interrupt for one clock cycle
TRG_AEI_USP |1 rw Trigger AEI_USP_ADDR_IRQ interrupt by software
_ADDR This bit is cleared automatically after write.
This bit is write protected by bit RF_PROT of CTRL
0z Nointerrupttriggering
1l Assert AEI_USP_ADDR_IRQ interrupt for one clock cycle
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Field

Bits

Type

Description

TRG_AEI_IM_
ADDR

2

rw

Trigger AEI_IM_ADDR_IRQ interrupt by software

This bit is cleared automatically after write.

This bit is write protected by bit RF_PROT of CTRL

0z  Nointerrupt triggering

1z Assert AEI_IM_ADDR_IRQ interrupt for one clock cycle

TRG_AEI_USP
_BE

3

rw

Trigger AEI_USP_BE_IRQ interrupt by software

This bit is cleared automatically after write.

This bit is write protected by bit RF_PROT of CTRL

0z Nointerrupttriggering

1 Assert AEI_USP_BE_IRQ interrupt for one clock cycle

TRG_AEIM_US
P_ADDR

4

rw

Trigger AEIM_USP_ADDR_IRQ interrupt by software

This bit is cleared automatically after write.

This bit is write protected by bit RF_PROT of CTRL

0z Nointerrupttriggering

1, Assert AEIM_USP_ADDR_IRQ interrupt for one clock cycle

TRG_AEIM_IM
_ADDR

5

rw

Trigger AEIM_IM_ADDR_IRQ interrupt by software

This bit is cleared automatically after write.

This bit is write protected by bit RF_PROT of CTRL

0z Nointerrupttriggering

15 Assert AEIM_IM_ADDR_IRQ interrupt for one clock cycle

TRG_AEIM_US
P_BE

6

rw

Trigger AEIM_USP_BE_IRQ interrupt by software

This bit is cleared automatically after write.

This bit is write protected by bit RF_PROT of CTRL

0z Nointerrupt triggering

1 Assert AEIM_USP_BE_IRQ interrupt for one clock cycle

TRG_CLK_EN_
ERR

rw

Trigger CLK_EN_ERR_IRQ interrupt by software

This bit is cleared automatically after write.

This bit is write protected by bit RF_PROT of CTRL

Read as zero in case of INT_CLK_EN_GEN =0b1.

0z  Nointerrupttriggering

1 Assert CLK_EN_ERR_IRQ interrupt for one clock cycle

TRG_CLK_PE
R_ERR

r'w

Trigger CLK_PER_ERR_IRQ interrupt by software

This bit is cleared automatically after write.

This bit is write protected by bit RF_PROT of CTRL

Read as zero in case of INT_CLK_EN_GEN =0b1.

0z  Nointerrupttriggering

1 Assert CLK_PER_ERR_IRQ interrupt for one clock cycle

31:9

Reserved
Read as zero, shall be written as zero.
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28.4.9.9 Register GTM_IRQ_MODE

GTM Top Level Interrupts Mode Selection Register

IRQ_MODE
GT%I_Top Level Interrupts Mode Selection Register(00001C,,) Application Reset Value: 0000 0000,,
31 30 29 28 . 27 26 . 25 24 . 23 22 . 21 20 . 19 18 . 17 16
0
. . : . . .
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | 6 | | | IRQ_I;AODE
' ' r ' ' ' w
Field Bits Type Description
IRQ_MODE 1:.0 rw Interrupt strategy mode selection for the AEI timeout and address

monitoring interrupts

The interrupt modes are described in Section 28.4.5.Note: This mode
selection is only valid for the six interrupts described in section Register
GTM_IRQ_NOTIFY

00 Levelmode

01; Pulse mode

10 Pulse-Notify mode

11, Single-Pulse mode

0 31:2 r Reserved
Read as zero, shall be written as zero.

28.4.9.10 Register GTM_BRIDGE_MODE

GTM AEI Bridge Mode Register
Note: All writable bits are write protected by bit BRIDGE_MODE_WRDIS

BRIDGE_MODE
GTM AEI Bridge Mode Register (000030,,) Application Reset Value: 0200 1001,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BRG_R
BUFF_DPT 0 ST
1 1 1 'I’ 1 1 1 1 1 L r 1 1 1 rW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SYNC_ MODE BYPAS| MSK_
0 INPUT 0 B‘OJ‘I;E_ _UP_P 0 S_SYN|WR_R I:g(l;)_E
_REG GR C SP
r r r r r G ' rw rw rw
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Field Bits Type Description

BRG_MODE 0 rw Defines the operation mode for the AEI bridge

Reset value depends on the hardware configuration chosen by silicon
vendor. BRG_MODE shall not be written with 0.

0  AEl bridge operates in sync_bridge mode

1,  AEl bridge operates in async_bridge mode

MSK_WR_RSP |1 rw Mask write response

With active write buffer MSK_WR_RSP=1, execution of actions can be

delayed due to previous inserted write actions in the transaction buffer

which wait to be serviced. This can lead to the fact that an access on the

bus to a different peripheral than the GTM might be executed earlier in

time than the write access buffered in the GTM. Applications must be

setup up with this in mind otherwise unexpected operation can happen.

0; Do not mask the write response. Depending on the selected
address the latency for execution can vary due to GTM internal
arbitration. After this time the status of the access will be signaled
by the signal AEI_STATUS to the bus interface.

1z Maskwriteresponse. The write buffer of the bridge is activated, the
actual access will be stored to the write buffer, and without latency
on the bus interface; the acceptance of the access is signaled.
AEI_STATUS=0b00 will be signaled. In case of a full write buffer, the
actual access will be postponed until the next write buffer entry
becomes free.
Note: The status of the executed write accesses can be observed by
using the notify bits AEI_USP_ADDR ,AEI_IM_ADDR, AEI_USP_BE in
the register GTM_IRQ_NOTIFY.

BYPASS_SYNC |2 rw Bypass synchronizer flipflops

Function only available with BRG_MODE=1

0g  Synchronizer flip-flops in use, latency increase due to
synchronization (aei_clk -> aei_sys_clk and back aei_sys_clk ->
aei_clk). This setting must be used if aei_clk and aei_sys_clk
operate fully asynchronous by independent clock sources.

1z Synchronizer flip-flops are bypassed. No additional latency due to
synchronization. This setting can be used if aei_clk and aei_sys_clk
are generated by clock gating or clock division out of a common
clocksource. Clock edges on aei_clk and aei_sys_clk generated out
of the same clock edge of the common clock source must have zero

skew.
MODE_UP_PG (8 r Mode update in progress
R 0 Noupdatein progress
1y Updatein progress
BUFF_OVL 9 r Buffer overflow register

A buffer overflow can occur while multiple aborts are issued by the
external bus or a pipelined instruction is started while FBC = 0 (see
GTM_BRIDGE_PTR1 register).

0g  No buffer overflow occurred

1l Buffer overflow occurred
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Field Bits Type Description

SYNC_INPUT_ |12 r Additional pipelined stage in synchronous bridge mode

REG Reset value depends on the hardware configuration chosen by silicon
vendor.

0; Noadditional pipelined stage implemented
1, Additional pipelined stage implemented. All accesses in
synchronous mode will be increased by one clock cycle.

BRG_RST 16 rw Bridge software reset

This bit is cleared automatically after write.
0z No bridge reset request

1,  Bridge reset request

BUFF_DPT 31:24 r Buffer depth of AEIl bridge
Signals the buffer depth of the GTM AEI bridge implementation.
Reset value depends on the hardware configuration chosen by silicon

vendor.
0 7:3, r Reserved
11:10, Read as zero, shall be written as zero.
15:13,
23:17

28.4.9.11 Register GTM_BRIDGE_PTR1

GTM AEI Bridge Pointer 1 Register

Note: This register operates on the AEI_CLK domain.

Note: This register holds diagnosis information about the AEI bus bridge. Each access to the GTM_IP will update the
defined pointer bit fields. Depending on the mode of GTM_MODE_BRIDGE (BRG_MODE, MSK_WR_RESP), the AEI
protocol and operating frequency which is use, the 4 pointer bit fields will change at different clock cycles relative to

the start of the transaction. This leads to the fact that reading the register can show values not equal to the defined
Initial Value, even directly after a write to GTM_BRIDGE_MODE with BRG_RST=1 was done.

BRIDGE_PTR1
GTM AEI Bridge Pointer 1 Register (000034,,) Application Reset Value: 0020 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RSP_TRAN_RDY FBC ABT_TRAN_PGR
r ' ' r ' r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ABT_T
RAN_P TRAN_IN_PGR FIRST_RSP_PTR NEW_TRAN_PTR
GR
r r 1 1 r 1 1 r 1
Field Bits Type Description
NEW_TRAN_P |4:0 r New transaction pointer
TR Signals the actual value of the new transaction pointer.
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Field Bits Type Description

FIRST_RSP_P |9:5 r First response pointer

TR Signals the actual value of first response pointer.

TRAN_IN_PGR |14:10 r Transaction in progress pointer (acquire)
Transaction in progress pointer.

ABT_TRAN_P |19:15 r Aborted transaction in progress pointer

GR Aborted transaction in progress pointer.

FBC 25:20 r Free buffer count

Number of free buffer entries.
Initial value depends on the hardware configuration chosen by silicon
vendor. (see BUFF_DPT in GTM_BRIDGE_MODE register).

RSP_TRAN_R |31:26 r Response transactions ready.
DY Amount of ready response transactions.

28.4.9.12 Register GTM_BRIDGE_PTR2

GTM AEI Bridge Pointer 2 Register
Note: This register operates on the GTM_CLK domain.

BRIDGE_PTR2
GTM AEI Bridge Pointer 2 Register (000038,,) Application Reset Value: 0000 0000,,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0
1 1 1 1 1 1 1 tl’ 1 1 L 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 TRAN_IN_PGR2
1 r 1 1 1 1 r 1
Field Bits Type Description
TRAN_IN_PGR (4:0 r Transaction in progress pointer (aquire2)
2 Transaction in progress pointer 2.
0 31:5 r Reserved
Read as zero, shall be written as zero.
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28.4.9.13 Register GTM_MCS_AEM_DIS

GTM MCS Master Port Disable Register

infineon

MCS_AEM_DIS
GTM MCS Master Port Disable Register (00003C,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0 DIS_CLS11 DIS_CLS10 DIS_CLS9 DIS_CLSS8
r ' w w rw w
15 14 13 12 11 10 9 8 7 6 5 4 3 pi 1 0
DIS_CLS7 DIS_CLS6 DIS_CLS5 DIS_CLS4 DIS_CLS3 DIS_CLS2 DIS_CLS1 DIS_CLSO
w w w w w w w w
Field Bits Type Description
DIS_CLSO 1:.0 rw Disable MCS AEIM access in cluster 0
Multicore encoding in use (DIS_CLSx(1) defines the state of the signal)
Any read access to a DIS_CLSXx bit field will always resultin a value 00 or
11 indicating current state. Amodification of the state is only performed
with the values 01 and 10. Writing the values 00 and 11 is always ignored.
005 Stateis0; MCSAEM accessin clusterx enabled (ignore write access)
01; Changestateto0
10 Changestatetol
11, Stateis 1; MCS AEM access in cluster x disabled (ignore write
access)
DIS_CLS1 3:2 rw Disable MCS AEIM access in cluster 1, see bit DIS_CLSO0
DIS_CLS2 5:4 rw Disable MCS AEIM access in cluster 2, see bit DIS_CLS0
DIS_CLS3 7:6 rw Disable MCS AEIM access in cluster 3, see bit DIS_CLS0
DIS_CLS4 9:8 rw Disable MCS AEIM access in cluster 4, see bit DIS_CLS0
DIS_CLS5 11:10 rw Disable MCS AEIM access in cluster 5, see bit DIS_CLS0
DIS_CLS6 13:12 rw Disable MCS AEIM access in cluster 6, see bit DIS_CLS0
DIS_CLS7 15:14 rw Disable MCS AEIM access in cluster 7, see bit DIS_CLSO0
DIS_CLSS8 17:16 rw Disable MCS AEIM access in cluster 8, see bit DIS_CLSO0
DIS_CLS9 19:18 rw Disable MCS AEIM access in cluster 9, see bit DIS_CLSO0
DIS_CLS10 21:20 rw Disable MCS AEIM access in cluster 10, see bit DIS_CLSO
DIS_CLS11 23:22 rw Disable MCS AEIM access in cluster 11, see bit DIS_CLS0
0 31:24 r Reserved
Read as zero, shall be written as zero.
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28.4.9.14 Register GTM_EIRQ_EN

GTM Error Interrupt Enable Register

EIRQ_EN
GTI\fIzError Interrupt Enable Register (000020,,) Application Reset Value: 0000 0180,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
. . : . . .
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CLK_P|CLK_E|AEIM_ | AEIM_|AEIM_| AEI_U | AEI_I |AEI_U | AEL_T
0 ER_ER |N_ERR|USP_B|IM_AD |[USP_A|SP_BE| M_AD |SP_AD|O_XPT
R_EIR | _EIRQ | E_EIR | DR_EI |DDR_E|_EIRQ | DR_EI | DR_EI|_EIRQ
QEN| _EN [ Q_EN|RQE|IRQ_E| _EN |RQ_E RQ_E| _EN

r rw rw rw rw r'w rw rw rw rw
Field Bits Type Description
AEL_TO_XPT_ |0 rw AEI_TO_XPT_EIRQ error interrupt enable
EIRQ_EN 0 Disable errorinterrupt, interrupt is not visible outside GTM
1, Enable errorinterrupt, interrupt is visible outside GTM
AEI_USP_ADD |1 rw AEI_USP_ADDR_EIRQ error interrupt enable
R_EIRQ_EN 0; Disable errorinterrupt, interrupt is not visible outside GTM
1y Enable errorinterrupt, interrupt is visible outside GTM
AEI_IM_ADDR |2 rw AEI_IM_ADDR_EIRQ error interrupt enable
_EIRQ_EN 0; Disable errorinterrupt, interrupt is not visible outside GTM
1y Enable errorinterrupt, interrupt is visible outside GTM
AEI_USP_BE_ |3 rw AEI_USP_BE_EIRQ error interrupt enable
EIRQ_EN 0; Disable errorinterrupt, interrupt is not visible outside GTM
1l Enable errorinterrupt, interrupt is visible outside GTM
AEIM_USP_AD |4 rw AEIM_USP_ADDR_EIRQ error interrupt enable
DR_EIRQ_EN 0 Disable errorinterrupt, interrupt is not visible outside GTM
1, Enable errorinterrupt, interrupt is visible outside GTM
AEIM_IM_ADD |5 rw AEIM_IM_ADDR_EIRQ error interrupt enable
R_EIRQ_EN 0 Disable errorinterrupt, interrupt is not visible outside GTM
1, Enable errorinterrupt, interrupt is visible outside GTM
AEIM_USP_BE |6 rw AEIM_USP_BE_EIRQ error interrupt enable
_EIRQ_EN 0 Disable errorinterrupt, interrupt is not visible outside GTM
15 Enable errorinterrupt, interrupt is visible outside GTM
CLK_EN_ERR_ |7 rw CLK_EN_ERR_EIRQ interrupt enable
EIRQ_EN Read as zero in case of INT_CLK_EN_GEN =0b1.
0 Disable errorinterrupt, interrupt is not visible outside GTM
1, Enable errorinterrupt, interrupt is visible outside GTM
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Field Bits Type Description
CLK_PER_ERR |8 rw CLK_PER_ERR_EIRQ interrupt enable
_EIRQ_EN Read as zero in case of INT_CLK_EN_GEN =0b1.

Read as zero, shall be written as zero.
0 Disable errorinterrupt, interrupt is not visible outside GTM
1, Enable errorinterrupt, interrupt is visible outside GTM

0 31:9 r Reserved
Read as zero, shall be written as zero.

28.4.9.15 Register GTM_CLS_CLK_CFG

GTM Cluster Clock Configuration

Note: For clusters greater than 4 (only MAX 100 MHz capable), the allowed setting for the CLS_CLK_DIV are 00,
and 10, (clock divider 2). For clusters <5, 200 MHz is available. In case a device has a single 100 MHz
cluster, the ARU will run with 100 MHz.

Note: Writing a value to a bit field CLS[c] CLK_DIV that is not available in the device, an AEl status 104 is
returned.
Note: The availability of configuration bits is indicated by value of bit CFG_CLOCK_RATE in register

CCM[c] HW_CFG. If CFG_CLOCK_RATE=0, only the values 005 and 01 are valid for bit fields
CLS[c]_CLK_DIV.

CLS_CLK_CFG
GTM Cluster Clock Configuration (0000BO,,) Application Reset Value: 00AA AAAA,,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0 CLS11_CLK_D|CLS10_CLK_D|CLS9_CLK_DI | CLS8_CLK_DI
IV v \'} \'}
J ‘ J r ' w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CLS7_CLK_DI | CLS6_CLK_DI|CLS5_CLK_DI|CLS4_CLK_DI|CLS3_CLK_DI|CLS2_CLK_DI|CLS1_CLK_DI|CLSO_CLK_DI
\'} \'} \') \'} \'} \') \'} '}
w w w w w w w w
Field Bits Type Description
CLSc_CLK_DI |2*c+1:2*c |rw Cluster c Clock Divider
V (c=0-11) This bit is only writable if bit field RF_PROT of register GTM_CTRL is
cleared.

005 Clustercisdisabled

01; Clustercisenabled without clock divider
105 Cluster cis enabled with clock divider
11; Reserved, do not use.

0 31:24 r Reserved
Read as zero, shall be written as zero.
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28.4.9.16 Register GTM_CFG

GTM Configuration Register

CFG
GTM Configuration Register (000028,,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 ;' 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SRC_I
0 N_MU
X
1 1 r 1 1 1 1 rW
Field Bits Type Description
SRC_IN_MUX |0 rw GTM_TIM[i]_AUX_IN input source selection
See Figure 9 for details.
0  Usefor TIM[i] output of TOM[n]
1z Use for TIM[i] output of TOM[i] (same cluster)
0 31:1 r Reserved
Read as zero, shall be written as zero.
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28.5 Advanced Routing Unit (ARU)

28.5.1 Overview

The Advanced Routing Unit (ARU) is a flexible infrastructure component for transferring 53 bit wide data (five
control bits and two 24 bit values) between several sub-modules of the GTM core in a configurable manner.

Since the concept of the ARU has already been described in the paragraph “ARU routing concept”, this section
only describes additional ARU features that can be used by the software for configuring and debugging ARU
related data streams.Also the definition of 'streams' and 'channels' in the ARU context is done in “ARU routing
concept”.

The principle of ARU data routing is described in “ARU Write Address Overview”. In the real GTM implementation
the ARU serves in parallel per clock period two individual data destinations, one destination at port ARU-0 and at
port ARU-1. Both ARU ports ARU-0 and ARU-1 are running by default in parallel but can be configured in dynamic
routing mode (see below) to run in an individual mode.

As already defined in the “ARU routing concept”, the ARU read ID is the address of the data source that is
configured in the data destination module. These ARU read ID's are selected by the individual counter of ARU
ports ARU-0 and ARU-1.

Via the ARU ports ARU-0 and ARU-1 with each ARU read ID two independent GTM sub-modules are addressed and
served. The combination of ARU port (ARU-0 or ARU-1) and the ARU read ID addresses one ARU wdata source (i.e.
the ARU write port of a GTM sub-module).

The assignment of ARU write ports of GTM sub-modules to the ARU ports ARU-0 and ARU-1 and the ARU read ID's
is device depending and can be found in the corresponding sub-chapter.

28.5.2  Special Data Sources

Besides the addresses of the sub-module related data sources as described in product specific appendix, the ARU
provides two special data sources that can be used for the configuration of data streams. These data sources are
defined as follows:

Address Ox1FF: Data source that provides always a 53 bit data word with zeros. A read access to this memory
location will never block a requesting data destination.

Address 0x1FE: Data source that never provides a data word. A read access to this memory location will always
block a requesting data destination. This is the reset value of the read registers inside the data destinations.
Address 0x000: This address is reserved and can be used to bring data through the ARU registers ARU_DATA_H
and ARU_DATA_L into the system by writing the write address 0x000 into the ARU_ACCESS register. This means
that software test data can be brought into the GTM by the CPU.

28.5.3 ARU Access via AEI

Besides the data transfer between the connected sub-modules, there are two possibilities to access ARU data via
the AEL

28.5.3.1 Default ARU Access
The default ARU access incorporates the registers ARU_ACCESS, which is used for initiation of a read or write
request and the registers ARU_DATA_H and ARU_DATA_L that provide the ARU data word to be transferred.

The status of a read or write transfer can be determined by polling specific bits in register ARU_ACCESS.
Furthermore the acc_ack bit in the interrupt notify register is set after the read or write access is performed to
avoid data loss e.g. on access cancelation.
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A pending read or write request may also be canceled by clearing the associated bit.

In the case of a read request, the AEl access behaves as a read request initiated by a data destination of a module.
The read request is served by the ARU immediately when no other destination has a pending read request. This
means, that an AEl read access does not take part in the scheduling of the destination channels and that the time
between two consecutive read accesses is not limited by the round trip time.

On the other hand, the AEIl access has the lowest priority behind the ARU scheduler that serves the destination
channels. Thus, in worst case, the read request is served after one round trip of the ARU, when all destination
channels would request data at the same pointin time.

In the case of the write request, the ARU provides the write data at the address defined by the ADDR bit field inside
the ARU_ACCESS register.

To avoid data loss, the reserved ARU address 0x0 has to be used to bring data into the system. Otherwise, in case
the address specified inside the ADDR bit field is defined for another sub-module that acts as a source at the ARU
data loss may occur and no deterministic behavior is guaranteed.

This is because the regular source sub-module is not aware that its address is used by the ARU itself to provide
data to a destination.

It is guaranteed that the ARU write data is send to the destination in case of both modules want to provide data
at the same time.

Configuring both read and write request bits results in a read request, if the write request bit inside the register

isn't already set. The read request bit will be set but not the write request bit. The following table describes the
important cases of the bit 12 (RREQ) and bit 13 (WREQ) of the ARU_ACCESS register:

Table12 WREQ and RREQ in ARU_ACCESS register

AEIl write access: actual value of next value of comment

aei_wdata (13:12) |ARU_ACCESS(13:12) |ARU_ACCESS(13:12)

00 01 00 cancel read request

00 10 00 cancel write request

01 10 10 unchanged register

10 01 01 unchanged register

11 00 01 both read and write request resultsin a
read request

11 10 10 as before but WREQ bit is already set ->
unchanged register

28.5.3.2 Debug Access

The debug access mode enables to inspect routed data of configured data streams during runtime.

The ARU provides two independent debug channels, whereas each is configured by a dedicated ARU read address
in register ARU_DBG_ACCESS0 and ARU_DBG_ACCESS1 respectively.

The registers ARU_DBG_DATAO_H and ARU_DBG_DATAO_L (ARU_DBG_DATA1_H and ARU_DBG_DATA1_L)
provide read access to the latest data word that the corresponding data source sent through the ARU.

Any time when data is transferred through the ARU from a data source to the destination requesting the data the
interrupt signal ARU_NEW_DATAO_IRQ (ARU_NEW_DATA1_IRQ) is raised.

For advanced debugging purposes, the interrupt signal can also be triggered by software using the register
ARU_IRQ_FORCINT.
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Please note, that the debug mechanism should not be used by the application, when a HW-Debugger is used to
trace the ARU communication. In that case, the debug registers are used by the HW-Debugger to specify the ARU
streams that should be traced.

28.5.4 ARU dynamic routing

A dynamic routing feature of the ARU is implemented and can be configured using the additional AEl registers:,
« ARU_CTRL

+ ARU_[x]_DYN_CTRL

« ARU_[x]_DYN_RDADDR

« ARU_[x]_DYN_ROUTE_LOW

+ ARU_[x]_DYN_ROUTE_HIGH

+ ARU_[x]_DYN_ROUTE_SR_LOW

« ARU_[x]_DYN_ROUTE_SR_HIGH

For further information see the register part of this chapter.

28.5.4.1 Dynamic routing - CPU controlled

The dynamic routing feature can be enabled separately for ARU-0 and ARU-1 by setting the corresponding bit
fields of the register ARU_CTRL.

The enabling of the dynamic routing feature is synchronized to the normal routing scheme if ARU master ID-0 is
addressed. The dynamic route will started with additional ARU master DYN_READ_IDO.

With the dynamic routing feature it is possible to insert additional ARU master ID's, DYN_READ_IDy (y:0-5), in a
defined manner into the normal ARU routing scheme.

While inserting additional ARU master ID's the normal ARU routing scheme is paused. Therefore please consider
that inserting additional ARU master ID's will lengthen the normal routing scheme.

It is possible to configure 6 additional ARU master ID's in the ARU_[x]_DYN_ROUTE_LOW/_HIGH registers for
both ARU-0 and ARU-1.

In the bit field DYN_CLK_WAIT of ARU_[x]_DYN_ROUTE_HIGH register the number of clock cycles has to be
configured, after which one of the additional ARU master ID's will be inserted.

After each configured number of clock cycles the defined ARU master ID's will be inserted cyclic one after each
other in the following manner:

...~>DYN_READ_IDO -> DYN_READ_ID1 -> DYN_READ_ID2 -> DYN_READ_ID3 -> DYN_READ_ID4 -> DYN_READ_ID5
->DYN_READ_IDO ->....

In the shadow registers ARU_[x]_DYN_ROUTE_SR_LOW/_HIGH further 6 ARU master, DYN_READ_IDy (y:6-11),
can be configured.

The bit DYN_UPDATE_EN in the ARU_[x]_DYN_ROUTE_SR_HIGH register controls whether the
ARU_[x]_DYN_ROUTE_LOW/_HIGH registers are updated from its shadow registers except DYN_UPDATE_EN, it
is not updated. The update is executed once after writing ARU_[x]_DYN_ROUTE_SR_HIGH. If update started
DYN_UPDATE_EN is reset.

With the DYN_ROUTE_SWAP option in the ARU_[x]_DYN_CTRL register it is possible to swap the registers
ARU_[x]_DYN_ROUTE_LOW/HIGH with its shadow registers ARU_[x]_DYN_ROUTE_SR_LOW/HIGH. The
swapping is executed always after the 6 ARU master DYN_READ_ID's are inserted. So it is possible to insert a
maximum of 12 ARU master DYN_READ_ID's cyclic after each configured number of clock cycles. If swap started
DYN_UPDATE_EN is reset.

Setting the bit field DYN_CLK_WAIT of ARU_[x]_DYN_ROUTE_HIGH register to zero, only the defined ARU
master DYN_READ_ID's will be executed. The normal ARU routing scheme is stopped.

User’s Manual 28-49 V2.0.0
GTMV2.2.24 OPEN MARKET VERSION 2.0 2021-02



AURIX™ TC3xx iﬁn eon

Generic Timer Module (GTM)

Setting the bit field DYN_CLK_WAIT of ARU_[x]_DYN_ROUTE_HIGH register to 15, only the normal ARU routing
scheme is executed. Inserting of additional ID's is stopped.

To reset the ARU caddr counter and ARU dynamic route counter set bit ARU_ADDR_RSTGLB of CMU_GLB_CTRL
following by a write access to register CMU_CLK_EN.

28.5.4.1.1 Dynamic routing ring mode

In dynamic routing ring mode it is possible to use all 24 DYN_READ_ID's from both ARU-0 and ARU-1 by setting bit
field ARU_DYN_RING_MODE in ARU_CTRL register to 1. In this mode all 4 registers
ARU_[x]_DYN_ROUTE_LOW/_HIGH and ARU_[x]_DYN_ROUTE_SR_LOW/_HIGH are connected as a ring, so all
24 DYN_READ_ID's can be used from both ARU's. The ring structure is shown in Figure 24. The data register shift
direction is shown by the arrows in the ring.

ARU-0 ARU-1
| | ] x|
@ = ) =
= > ‘,J_J >
=) O 2 o
o} e O o,
- D:| - E *~—> LE| > E
< o g a
3 o fa) <!
o =) ! -
S x ) x
7 < x <
< <
aru0_dyn_id aru1_dyn_id

Figure24 ARU dynamic routing - ring mode

Enabling the dynamic routing ring mode will automatically reset the caddr counter of both ARU-0 and ARU-1. This
is necessary to synchronize both ARU's in this mode.

Enabling the dynamic routing ring mode will ignored DYN_ROUTE_SWAP and DYN_UPDATE_EN.
Note: DYN_ARU_UPDATE_EN should be disabled in dynamic routing ring mode.

It is possible to enable the dynamic routing ring mode for both ARU-0 and ARU-1 or only for one of the ARU's by
setting the corresponding bit field ARU_0_DYN_EN/ARU_1_DYN_EN of the register ARU_CTRL.

Because of the fact that to each ARU port ARU-0 and ARU-1 with the same ARU read ID two different GTM sub-
modules are served it may make sense to enable ARU dynamic routing only for one port ARU-0 or ARU-1 if
configured to ring-mode. The other port is then served in the default round robin manner.

In dynamic routing ring mode ARU_[x]_DYN_ROUTE_LOW/_HIGH and ARU_[x]_DYN_ROUTE_SR_LOW/_HIGH
are not write-protected. NOTE: Avoid modification of ARU_[x]_DYN_ROUTE_LOW/_HIGH and
ARU_[x]_DYN_ROUTE_SR_LOW/_HIGH in active dynamic routing ring mode.

28.5.4.2 Dynamic routing - ARU controlled

Furthermore it is possible to reload the ARU_[x]_DYN_ROUTE_SR_LOW/_HIGH registers by ARU itself.

Therefore the ARU has its own master port which will be served in the normal ARU routing scheme. The ARU read
address for this master port has to be configured in the register ARU_[x]_DYN_RDADDR.
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This feature can be enabled by setting bit DYN_ARU_UPDATE_EN of ARU_[x]_DYN_CTRL register.

The following mapping of the ARU word to the ARU_[x]_DYN_ROUTE_LOWY/_HIGH registers is implemented:
« ARU_[x]_DYN_ROUTE_SR_LOW(23:0) = aru_data(23:0)

« ARU_[x]_DYN_ROUTE_SR_HIGH(28:0) = aru_data(52:24)

The bit field aru_data(51:48) controls the configuration bits DYN_CLK_WAIT and the bit aru_data(52) controls the
configuration bit DYN_UPDATE_EN. Both functions are described in Section 28.5.4.1.

In opposite to the dynamic routing scheme controlled from CPU/AEI (only the 6 additional ARU master
DYN_REA_ID's are inserted) two additional ID's are served. One is the ARU master ID itself for reloading and the
other is the default ID-0. The ID-0 is only added to the inserted routing scheme if bit field DYN_CLK_WAIT of
ARU_[x]_DYN_ROUTE_HIGH is set to zero (only the inserted routing scheme is executed). This ensures that a
debug access can take place even if only the inserted routing scheme is executed.

The following dynamic routing scheme is executed for 15> DYN_CLK_WAIT > 0:

...->ARU-master_ID -> DYN_READ_IDO ->DYN_READ_ID1 -> DYN_READ_ID2 -> DYN_READ_ID3 -> DYN_READ_ID4
->DYN_READ_ID5 -> ARU-master_ID -> ...

The following dynamic routing scheme is executed for DYN_CLK_WAIT = 0:

...-~>ARU-master_ID -> DYN_READ_IDO -> DYN_READ_ID1 -> DYN_READ_ID2 -> DYN_READ_ID3 -> DYN_READ_ID4
->DYN_READ_ID5 -> default_IDO -> ARU-master_ID -> ...

With the possibility of reloading the dynamic routing scheme over ARU, a FIFO or MCS is able to deliver the
dynamic routing scheme data.

28.5.5 ARU Interrupt Signals

Table13 ARU Interrupt Signals

Signal Description

ARU_NEW_DATAO_IRQ Indicates that data is transferred through the ARU using debug channel
ARU_DBG_ACCESSO.

ARU_NEW_DATAI_IRQ Indicates that data is transferred through the ARU using debug channel
ARU_DBG_ACCESS1.

ARU_ACC_ACK_IRQ ARU access acknowledge IRQ.
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28.5.6  ARU Configuration Register Overview

Table14 ARU Configuration Register Overview

Register name Description see
Page

ARU_ACCESS ARU access register 53
ARU_DATA_H ARU access register upper data word 54
ARU_DATA_L ARU access register lower data word 55
ARU_DBG_ACCESSO ARU debug access channel 0 55
ARU_DBG_DATAO_H ARU debug access 0 transfer register upper data word 57
ARU_DBG_DATAO_L ARU debug access 0 transfer register lower data word 57
ARU_DBG_ACCESS1 ARU debug access channel 0 58
ARU_DBG_DATA1_H ARU debug access 1 transfer register upper data word 59
ARU_DBG_DATA1_L ARU debug access 1 transfer register lower data word 60
ARU_IRQ_NOTIFY ARU interrupt notification register 60
ARU_IRQ_EN ARU interrupt enable register 61
ARU_IRQ_FORCINT ARU force interrupt register 62
ARU_IRQ_MODE ARU interrupt mode register 63
ARU_CADDR_END ARU caddr counter end value 63
ARU_CADDR ARU caddr counter value 64
ARU_CTRL ARU enable dynamic routing 65
ARU_[z]_DYN_CTRL ARU z dynamic routing control register 66
ARU_[z]_DYN_RDADDR ARU z read ID for dynamic routing 66
ARU_[z]_DYN_ROUTE_LOW ARU z lower bits of DYN_ROUTE register 67
ARU_[z]_DYN_ROUTE_HIGH ARU z higher bits of DYN_ROUTE register 68
ARU_[z]_DYN_ROUTE_SR_LOW ARU z shadow register for ARU_[z]_DYN_ROUTE_LOW 68
ARU_[z] DYN_ROUTE_SR_HIGH ARU z shadow register for ARU_[z]_DYN_ROUTE_HIGH 69
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28.5.7  ARU Configuration Register Description

28.5.7.1 Register ARU_ACCESS

ARU Access Register

Note: The register ARU_ACCESS can be used either for reading or for writing at the same point in time.

ARU_ACCESS
ARU Access Register (000280,,) Application Reset Value: 0000 01FE,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
! ! : ! ! !
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
(] WREQ | RREQ ()} ADDR
Jr rw rw J r I I J I l rw I J I J
Field Bits Type Description
ADDR 8:0 rw ARU address

Define the ARU address used for transferring data.

For an ARU write request, the preferred address 0x0 have to be used.

A write request to the address 0x1FF (always full address) or 0x1FE
(always empty address) are ignored and doesn't have any effect.

ARU address bits ADDR are only writable if RREQ and WREQ bits are zero.

RREQ 12 rw Initiate read request

This bit is cleared automatically after transaction. Moreover, it can be
cleared by software to cancel a read request.

RREQ bit is only writable if WREQ bit is zero, so to switch from RREQ to
WREQ a cancel request has to be performed before.

Configuring both RREQ and WREQ bits results in a read request, so RREQ
bit will be set if the WREQ bit of the register isn't already set.

The ARU read request on address ADDR is served immediately when no
other destination has actually a read request when the RREQ bit is set by
CPU. In a worst case scenario, the read request is served after one round
trip of the ARU, but this is only the case when every destination channel
issues a read request at consecutive points in time.

0 Noreadrequestis pending

1y Setread request to source channel addressed by ADDR
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Field Bits Type Description

WREQ 13 rw Initiate write request

This bit is cleared automatically after transaction. Moreover, it can be
cleared by software to cancel a write request.

WREQ bit is only writable if RREQ bit is zero, so to switch from WREQ to
RREQ a cancel request has to be performed before.

Configuring both RREQ and WREQ bits resultsin a read request, so WREQ
bit will not be set

The data is provided at address ADDR. This address has to be
programmed as the source address in the destination sub-module
channel. In worst case, the data is provided after one full ARU round trip.
0; Nowrite requestis pending

1z Markdatain registers ARU_DATA_H and ARU_DATA_L as valid

0 11:9, r Reserved
31:14 Read as zero, shall be written as zero.

28.5.7.2 Register ARU_DATA_H

ARU Access Register Upper Data Word

ARU_DATA_H
ARU Access Register Upper Data Word (000284,,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0 | | | | | DATA | | |
r I I I rw I I I
15 14 13 12 | 11 10 | 9 8 | 7 6 | 5 4 | 3 2 | 1 0
DATA
. . — . . .
Field Bits Type Description
DATA 28:0 rw Upper ARU data word

Transfer upper ARU data word addressed by ADDR. The data bits 24 to 52
of an ARU word are mapped to the data bits 0 to 28 of this register.

0 31:29 r Reserved
Read as zero, shall be written as zero.
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28.5.7.3 Register ARU_DATA_L

ARU Access Register Lower Data Word

ARU_DATA_L
ARU Access Register Lower Data Word (000288,,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0 DATA
r I I I rw I I I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DATA
. . — . . .
Field Bits Type Description
DATA 28:0 rw Lower ARU data word

Transfer lower ARU data word addressed by ADDR. The data bits 0 to 23
of an ARU word are mapped to the data bits 0 to 23 of this register and
the data bits 48 to 52 of an ARU word are mapped to the data bits 24 to
28 of this register when data is read by the CPU.

For writing data into the ARU by the CPU the bits 24 to 28 are not
transferred to bit 48 to 52 of the ARU word. Only bits 0 to 23 are written
to bits 0 to 23 of the ARU word.

0 31:29 r Reserved
Read as zero, shall be written as zero.

28.5.7.4 Register ARU_DBG_ACCESSO
ARU Debug Access Channel 0

ARU_DBG_ACCESSO

ARU Debug Access Channel 0 (00028C,) Application Reset Value: 0000 01FE,,
31 30 29 28 . 27 26 . 25 24 . 23 22 . 21 20 . 19 18 . 17 16
0
. . : . . .
15 14 | 13 | 12 | 11 10 | 9 8 | 7 6 | 5 | 4 | 3 2 | 1 0
0 ADDR
J l J r I J I I J I l rw I 1 I J
Field Bits Type Description
ADDR 8:0 rw ARU debugging address
Define address of ARU debugging channel 0.
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Field

Bits

Type

Description

0

31:9

r

Reserved
Read as zero, shall be written as zero.
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28.5.7.5 Register ARU_DBG_DATAO_H
ARU Debug Access 0 Transfer Register Upper Data Word

ARU_DBG_DATAO_H
ARU Debug Access 0 Transfer Register Upper Data Word(000290,,) Application Reset Value: 0000 0000,,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0 DATA
r I I I r I I I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | DI-\ITA | | |
r
Field Bits Type Description
DATA 28:0 r Upper debug data word

Transfer upper ARU data word addressed by register DBG_ACCESSO. The
data bits 24 to 52 of an ARU word are mapped to the data bits 0 to 28 of
this register

The interrupt ARU_NEW_DATAO_IRQ is raised if a new data word is
available.

0 31:29 r Reserved
Read as zero, shall be written as zero.

28.5.7.6 Register ARU_DBG_DATAO_L
ARU Debug Access 0 Transfer Register Lower Data Word

ARU_DBG_DATAO_L
ARU Debug Access 0 Transfer Register Lower Data Word(000294,,) Application Reset Value: 0000 0000,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0 DATA
S ! ! ! T ! !
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DATA
! | ! ! - ! ! !
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Field Bits Type Description

DATA 28:0 r Lower debug data word

Transfer lower ARU data word addressed by register DBG_ACCESSO. The
data bits 0to 23 of an ARU word are mapped to the data bits 0 to 23 of this
register and the data bits 48 to 52 of an ARU word is mapped to the data
bits 24 to 28 of this register.

The interrupt ARU_NEW_DATAO_IRQ is raised if a new data word is
available.

0 31:29 r Reserved
Read as zero, shall be written as zero

28.5.7.7 Register ARU_DBG_ACCESS1
ARU Debug Access Channel 1

ARU_DBG_ACCESS1

ARU Debug Access Channel 1 (000298,,) Application Reset Value: 0000 01FE,,
31 30 29 28 . 27 26 . 25 24 . 23 22 . 21 20 . 19 18 . 17 16
0
! ! : . \ .
15 14[13‘12|11 10|9 8|7 6|5‘4|3 2|1 0
0 ADDR
r I I I I rw I I
Field Bits Type Description
ADDR 8:0 rw ARU debugging address
Define address of ARU debugging channel 1.
0 31:9 r Reserved
Read as zero, shall be written as zero
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28.5.7.8 Register ARU_DBG_DATA1_H

ARU Debug Access 1 Transfer Register Upper Data Word

ARU_DBG_DATA1_H
ARU Debug Access 1 Transfer Register Upper Data Word(00029C,,) Application Reset Value: 0000 0000,,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0 DATA
r I I I r I I I
15 14 13 12 11 10 9 8 7 6 . 5 4 . 3 2 . 1 0
| | DI-\ITA
r
Field Bits Type Description
DATA 28:0 r Upper debug data word

Transfer upper ARU data word addressed by register DBG_ACCESS1. The
data bits 24 to 52 of an ARU word are mapped to the data bits 0 to 28 of
this register.

The interrupt ARU_NEW_DATAI_IRQ is raised if a new data word is
available.

0 31:29 r Reserved
Read as zero, shall be written as zero.
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28.5.7.9 Register ARU_DBG_DATA1_L
ARU Debug Access 1 Transfer Register Lower Data Word

ARU_DBG_DATA1_L
ARU Debug Access 1 Transfer Register Lower Data Word(0002A0,,) Application Reset Value: 0000 0000,,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0 DATA
r I I I r I I I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DATA
r
Field Bits Type Description
DATA 28:0 r Lower debug data word

Transfer lower ARU data word addressed by register DBG_ACCESS1. The
data bits 0to 23 of an ARU word are mapped to the data bits 0 to 23 of this
register and the data bits 48 to 52 of an ARU word is mapped to the data
bits 24 to 28 of this register.

The interrupt ARU_NEW_DATA1_IRQ is raised if a new data word is
available.

0 31:29 r Reserved
Read as zero, shall be written as zero.

28.5.7.10 Register ARU_IRQ_NOTIFY

ARU Interrupt Notification Register

ARU_IRQ_NOTIFY

ARU Interrupt Notification Register (0002A4,)) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
. s : . . s
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 ACC_A| NEW_ | NEW_
CK |DATA1 DATAO
I I r I I I rw rw rw
User’s Manual 28-60 V2.0.0

GTMV2.2.24 OPEN MARKET VERSION 2.0 2021-02



AURIX™ TC3xx iﬁn eon

Generic Timer Module (GTM)

Field Bits Type Description

NEW_DATAO0 |0 rw Data was transferred for addr ARU_DBG_ACCESSO

This bit will be cleared on a CPU write access of value '1". (As the bit is rw,
otherwise no clear.) A read access leaves the bit unchanged.

0g Nointerrupt occurred

1 ARU_NEW_DATAO_IRQ interrupt was raised by the ARU

NEW_DATA1 |1 rw Data was transferred for addr ARU_DBG_ACCESS1

This bit will be cleared on a CPU write access of value '1". (As the bit is rw,
otherwise no clear.) A read access leaves the bit unchanged.

0g Nointerrupt occurred

1 ARU_NEW_DATA1_IRQ interrupt was raised by the ARU

ACC_ACK 2 rw AEIl to ARU access finished, on read access data are valid

This bit will be cleared on a CPU write access of value '1'. (As the bitis
rw, otherwise no clear.) A read access leaves the bit unchanged.

0 31:3 r Reserved

Read as zero, shall be written as zero.

28.5.7.11 Register ARU_IRQ_EN

ARU Interrupt Enable Register

ARU_IRQ_EN
ARU Interrupt Enable Register (0002A8,,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 II’ 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ACC_A|NEW_ | NEW_
0 CK_IR|DATA1 DATAO
Q_EN |_IRQ_|_IRQ_
1 1 1 1 1 EN EN
r rw rw rw
Field Bits Type Description
NEW_DATAO_I |0 rw ARU_NEW_DATAO_IRQ interrupt enable
RQ_EN 0; Disableinterrupt, interrupt is not visible outside GTM
1y Enableinterrupt, interrupt is visible outside GTM
NEW_DATA1_l |1 rw ARU_NEW_DATA1_IRQ interrupt enable
RQ_EN 0; Disableinterrupt, interrupt is not visible outside GTM
1l Enableinterrupt, interruptis visible outside GTM
ACC_ACK_IRQ |2 rw ACC_ACK_IRQ interrupt enable
_EN 0; Disableinterrupt, interrupt is not visible outside GTM
1y Enableinterrupt, interrupt is visible outside GTM
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Field Bits Type Description

0 31:3 r Reserved
Read as zero, shall be written as zero.

28.5.7.12 Register ARU_IRQ_FORCINT

ARU Force Interrupt Register

ARU_IRQ_FORCINT

ARU Force Interrupt Register (0002AC,) Application Reset Value: 0000 0000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
. . : . . .
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TRG_A|TRG_NTRG_N
0 CC_AC|EW_D EW_D
K ATAl | ATAO

r rw rw rw
Field Bits Type Description
TRG_NEW_DA |0 rw Trigger new data 0 interrupt
TAO Note: This bit is cleared automatically after write. This bit is write

protected by bit RF_PROT of register GTM_CTRL.
0  Corresponding bit in status register will not be forced
1y Assert corresponding field in ARU_IRQ_NOTIFY register

TRG_NEW_DA |1 rw Trigger new data 1 interrupt

TA1 Note: This bit is cleared automatically after write. This bit is write
protected by bit RF_PROT of register GTM_CTRL.

0; Corresponding bit in status register will not be forced

1z Assert corresponding field in ARU_IRQ_NOTIFY register
TRG_ACC_AC |2 rw Trigger ACC_ACK interrupt

K Note: This bit is cleared automatically after write. This bit is write
protected by bit RF_PROT of register GTM_CTRL.

05 Corresponding bit in status register will not be forced

1z Assert corresponding field in ARU_IRQ_NOTIFY register

0 31:3 r Reserved
Read as zero, shall be written as zero.
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28.5.7.13 Register ARU_IRQ_MODE
ARU Interrupt Mode Register

ARU_IRQ_MODE

ARU Interrupt Mode Register (0002BO,,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 ;' 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 IRQ_MODE
1 1 l\’- 1 1 1 r\\N
Field Bits Type Description
IRQ_MODE 1:.0 rw IRQ mode selection
The interrupt modes are described in Section 28.4.5.
00 Levelmode
01; Pulse mode
10 Pulse-Notify mode
11, Single-Pulse mode
0 31:2 r Reserved
Read as zero, shall be written as zero.
28.5.7.14 Register ARU_CADDR_END
ARU caddr Counter End Value Register
ARU_CADDR_END
ARU caddr Counter End Value Register (0002B4,,) Application Reset Value: 0000 007F,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 1 1 1 ;' 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 CADDR_END
1 1 1 r 1 1 1 1 rW 1
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Field Bits Type Description

CADDR_END |6:0 rw Set end value of ARU caddr counter
The ARU roundtrip counter aru_caddr runs from zero to caddr_end
value.

Shorten the ARU roundtrip cycle by setting a smaller number than the
defined reset value will cause that not all ARU-connected modules will
be served.

Making the roundtrip cycle longer than the reset value would cause
longer ARU roundtrip time and as a result some ARU-connected modules
will not be served as fast as possible for this device.

This bit is write protected by bit RF_PROT of register GTM_CTRL

0 317 r Reserved
Read as zero, shall be written as zero.

28.5.7.15 Register ARU_CADDR

ARU caddr Counter Value

Note: The registers CADDR_0 and CADDR_1 start incrementing with each clock cycle just after reset. Due to this the
initial reset value cannot be read back.

ARU_CADDR
ARU caddr Counter Value (0002FC,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0 CADDR_1
! ! ! . ) ) ! S )
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 CADDR_0
! ) ! . ) ) ) . )
Field Bits Type Description
CADDR_O 6:0 r Value of ARU-0 caddr counter
CADDR_1 22:16 r Value of ARU-1 caddr counter
0 15:7, r Reserved
31:23 Read as zero, shall be written as zero.
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28.5.7.16 Register ARU_CTRL

ARU Enable Dynamic Routing Register

ARU_CTRL
ARU Enable Dynamic Routing Register (0002BC,)) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 ;' 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ARU_
0 DYN_R ARU_1_DYN_ |ARU_O_DYN_
1 1 1 1 ODE 1 1
r rw r'w rw
Field Bits Type Description
ARU_O_DYN_E |1:0 rw Enable dynamic routing for ARU-0
N Dynamic routing enable of ARU-0. Write of following double bit values is
possible:

If dynamic routing is disabled, the normal ARU routing scheme for ARU-
0 is executed.

005 nochange

01; Disable dynamicrouting

10; Enable dynamic routing

11; nochange

ARU_1_DYN_E |3:2 rw Enable dynamic routing for ARU-1
N Dynamic routing enable of ARU-1. Write of following double bit values is
possible:

If dynamic routing is disabled, the normal ARU routing scheme for ARU-
1is executed.

005 nochange

01; Disable dynamicrouting

10 Enable dynamic routing

11; nochange

ARU_DYN_RIN |4 rw Enable dynamic routing ring mode

G_MODE Dynamic routing ring mode for both ARU-0 and ARU-1.

0; Different dynamic routing scheme for ARU-0 and ARU-11

1z Samedynamic routing scheme for ARU-0 and ARU-1 with 24
possible read-ID's (dynamic routing ring mode)

0 31:5 r Reserved
Read as zero, shall be written as zero.
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28.5.7.17 Register ARU_[z] _DYN_CTRL

ARU z Dynamic Routing Control Register

ARU_z_DYN_CTRL (z=0-1)

infineon

ARU z Dynamic Routing Control Register  (0002C0,,+z*4) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 ;' 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DYN_R|DYN_A
0 OUTE_| RU_U
SWAP |PDATE
1 1 Il 1 1 —EN
r rw rw
Field Bits Type Description
DYN_ARU_UP |0 rw Enable reload of DYN_ROUTE register from ARU itself
DATE_EN Enable reload of DYN_ROUTE register from ARU itself.
DYN_ROUTE_ |1 rw Enable swapping DYN_ROUTE_SR with DYN_ROUTE register
SWAP Enable swapping DYN_ROUTE_SR with DYN_ROUTE register.
0 31:2 r Reserved

Read as zero, shall be written as zero.

28.5.7.18 Register ARU_[z]_DYN_RDADDR

ARU z Read ID for Dynamic Routing

ARU_z_DYN_RDADDR (z=0-1)

ARU z Read ID for Dynamic Routing (0002E8,,+z*4) Application Reset Value: 0000 0000,,

31 ‘ 30 ! 29 28 . 27 26 . 25 24 . 23 22 21 20 . 19 18 17 16

0
. \ : .
15 14 | 13 12 | 11 10 | 9 8 | 7 6 | 5 | 4 | 3 | 2 | 1 0
0 DYN_ARU_RDADDR
J l r I J I I J I l rw I J I J

Field Bits Type Description
DYN_ARU_RD |8:0 rw ARU read address ID to reload the DYN_ROUTE register
ADDR ARU read address ID to reload the DYN_ROUTE register from ARU itself.
0 31:9 r Reserved

Read as zero, shall be written as zero.
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28.5.7.19 Register ARU_[z]_DYN_ROUTE_LOW

ARU z Lower Bits of DYN_ROUTE Register

ARU_z_DYN_ROUTE_LOW (z=0-1)

ARU z Lower Bits of DYN_ROUTE Register  (0002C8,+z*4) Application Reset Value: 0000 0000,,
31 30 29 28 . 27 26 . 25 24 23 22 . 21 | 20 . 19 | 18 . 17 16
0 DYN_READ_ID2
r ' ' rw '
15 14 13 12 11 10 9 8 7 6 5 4 3 p 1 0
;JYN_REIAD_IDI | | ;)YN_RIEIAD_ID(; |
rw ' ' rw '
Field Bits Type Description
DYN_READ_ID | 7:0 rw ARUreadID O
0 ARU read ID 0 for dynamic routing.
DYN_READ_ID |15:8 rw ARU read ID 2
1 ARU read ID 1 for dynamic routing.
DYN_READ_ID |23:16 rw ARU read ID 2
2 ARU read ID 2 for dynamic routing.
0 31:24 r Reserved
Read as zero, shall be written as zero
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28.5.7.20 Register ARU_[z]_DYN_ROUTE_HIGH
ARU z Higher Bits of DYN_ROUTE Register

ARU_z_DYN_ROUTE_HIGH (z=0-1)

ARU z Higher Bits of DYN_ROUTE Register (0002D0,+z*4) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0 DYN_CLK_WAIT DYN_READ_ID5
r w ' w '
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DYN_READ_ID4 DYN_READ_ID3
rw ' ' rw '
Field Bits Type Description
DYN_READ_ID | 7:0 rw ARUreadID 3
3 ARU read ID 3 for dynamic routing.
DYN_READ_ID |15:8 rw ARUreadID 4
4 ARU read ID 4 for dynamic routing.
DYN_READ_ID |23:16 rw ARUreadID5
5 ARU read ID 5 for dynamic routing.
DYN_CLK_WAI | 27:24 rw Number of clk cycles for dynamic routing
T Defines the number of clk cycles between each dynamic routing ID.
0 31:28 r Reserved
Read as zero, shall be written as zero.

28.5.7.21 Register ARU_[z]_DYN_ROUTE_SR_LOW

ARU z Shadow Register for ARU_z_DYN_ROUTE_LOW
NOTE : This is the shadow register for register ARU_[z]_DYN_ROUTE_LOW

ARU_z_DYN_ROUTE_SR_LOW (z=0-1)
ARU z Shadow Register for ARU_z_DYN_ROUTE_LOW(0002D8,+z*4) Application Reset Value: 0000 0000,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0 DYN_READ_ID8
r ' ' rw '
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DYN_READ_ID7 DYN_READ_ID6
rw ' ' rw '
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Field Bits Type Description
DYN_READ_ID | 7:0 rw ARU readID 6
6 ARU read ID 6 for dynamic routing.

These bits are mapped to ARU data bits aru_data(7:0).
DYN_READ_ID | 15:8 rw ARUreadID7
7 ARU read ID 7 for dynamic routing.

These bits are mapped to ARU data bits aru_data(15:8).
DYN_READ_ID |23:16 rw ARUreadID 8
8 ARU read ID 8 for dynamic routing.

These bits are mapped to ARU data bits aru_data(23:16).
0 31:24 r Reserved

Read as zero, shall be written as zero.

28.5.7.22 Register ARU_[z]_DYN_ROUTE_SR_HIGH

ARU z Shadow Register for ARU_z_DYN_ROUTE_HIGH
NOTE : This is the shadow register for register ARU_[z]_DYN_ROUTE_HIGH

ARU_z_DYN_ROUTE_SR_HIGH (z=0-1)
ARU z Shadow Register for ARU_z_DYN_ROUTE_HIGH(0002E0,+z*4) Application Reset Value: 0000 0000,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

DYN_
0 UPDA DYN_CLK_WAIT DYN_READ_ID11
TE_EN
r rw I’\I/V I I’\I/V I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DYN_READ_ID10 DYN_READ_ID9
rw ' ' rw '

Field Bits Type Description
DYN_READ_ID | 7:0 rw ARUreadID9
9 ARU read ID 9 for dynamic routing.

These bits are mapped to ARU data bits aru_data(31:24).
DYN_READ_ID |15:8 rw ARUreadID 10
10 ARU read ID 10 for dynamic routing.

These bits are mapped to ARU data bits aru_data(39:32).
DYN_READ_ID |23:16 rw ARUreadID 11
11 ARU read ID 11 for dynamic routing.

These bits are mapped to ARU data bits aru_data(47:40).
DYN_CLK_WAI |27:24 rw Number of clk cycles for dynamic routing
T Defines the number of clk cycles between each dynamic routing ID.

These bits are mapped to ARU data bits aru_data(51:48).
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Field Bits Type Description

DYN_UPDATE |28 rw Update enable from shadow register

_EN Enable update ARU_[z]_DYN_ROUTE_LOW/_HIGH registers from
shadow registers ARU_[z]_DYN_ROUTE_SR_LOW/_HIGH.
This bit is mapped to ARU data bit aru_data(52).

0 31:29 r Reserved

Read as zero, shall be written as zero.
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28.6 Broadcast Module (BRC)

28.6.1 Overview

Since each write address for the sub-module channels of the GTM that are able to write to the ARU can only be
read by a single module, it is impossible to provide a data stream to different modules in parallel (This statement
holds not for sources, which do not invalidate their data after the data were read by any consumer, e.g. DPLL).

To overcome this issue for regular modules, the sub-module Broadcast (BRC) enables to duplicate data streams
multiple times.

The BRC sub-module provides 12 input channels as well as 22 output channels.

In order to clone an incoming data stream, the corresponding input channel can be mapped to zero or more
output channels.

When mapped to zero no channel is read.
To destroy an incoming data stream, the EN_TRASHBIN bit inside the BRC_SRC_[x]_DEST register has to be set.

The total number of output channels that are assigned to a single input channel is variable. However, the total
number of assigned output channels must be less than or equal to 22.

28.6.2 BRC Configuration

As it is the case with all other sub-modules connected to the ARU, the input channels can read arbitrary ARU
address locations and the output channels provide the broadcast data to fixed ARU write address locations.

The associated write addresses for the BRC sub-module are fixed and can be obtained from the product specific
appendix.

The read address for each input channel is defined by the corresponding register BRC_SRC_[x]_ADDR (x: 0...11).

The mapping of an input channel to several output channels is defined by setting the appropriate bits in the
register BRC_SRC_[x]_DEST (x: 0...11). Each output channel is represented by a single bit in the register
BRC_SRC_[x]_DEST.

If no output channel bitis set within a register BRC_SRC_[x]_DEST, no data is provided to the corresponding ARU
write address location from the defined read input specified by BRC_SRC_[x]_ADDR. This means that the
channel does not broadcast any data and is disabled (reset state).

Besides the possibility of mapping an input channel to several output channels, the bit EN_TRASHBIN of register
BRC_SRC_[x]_DEST may be set, which results in dropping an incoming data stream. In this case the data of an
input channel defined by BRC_SRC_[x]_ADDR is consumed by the BRC module and not routed to any succeeding
sub-module. In consequence, the output channels defined in the register BRC_SRC_[x]_DEST are ignored.
Therefore, the bits 0 to 21 are set to zero (0) when trash bin functionality is enabled.

In general, the BRC sub-module can work in two independent operation modes. In the first operation mode the
data consistency is guaranteed since a BRC channel requests only new data from a source when all destination
channels for the BRC have consumed the old data value. This mode is called Data Consistency Mode (DCM).

In a second operation mode the BRC channel always requests data from a source and distributes this data to the
destination regardless whether all destinations have already consumed the old data. This mode is called
Maximum Throughput Mode (MTM).

MTM ensures that always the newest available data is routed through the system, while it is not guaranteed data
consistency since some of the destination channels can be provided with the old data while some other
destination channels are provided with the new data. If this is the case, the Data Inconsistency Detected Interrupt
BRC_DID_IRQ[x] is raised but the channel continues to work.
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Furthermore in MTM mode it is guaranteed that it is not possible to read a data twice by a read channel. This is
blocked.

The channel mode can be configured inside the BRC_SRC_[x]_ADDR register.

To avoid invalid configurations of the registers BRC_SRC_[x]_DEST, the BRC also implements a plausibility check
for these configurations. If the software assigns an already used output channel to a second input channel, BRC
performs an auto correction of the lastly configured register BRC_SRC_[x]_DEST and it triggers the interrupt
BRC_DEST_ERR.

Consider the following example for clarification of the auto correction mechanism. Assume that the following
configuration of the 22 lower significant bits for the registers BRC_SRC_[x]_DEST:

BRC_SRC_O0_DEST: 000000 0000 1000 1000 0000 (binary)
BRC_SRC_1_DEST: 0000000000 01000000 0100 (binary)
BRC_SRC_2_DEST: 000000 0000 0001 0100 0010 (binary)
BRC_SRC_3_DEST: 000000 0000 0010 0001 1001 (binary)

If the software overwrites the value for register BRC_SRC_2_DEST with
BRC_SRC_2_DEST: 000000 0000 1001 0010 0010 (binary)

(changed bits are underlined), then the BRC releases a BRC_DEST_ERR interrupt since bit 11 is already assigned
in register BRC_SRC_0_DEST. The auto correction forces bit 11 to be cleared. The modifications of the bits 5 and
6 are accepted, since there is no violation with previous configurations. So the result of the write access
mentioned above results in the following modified register configuration:

BRC_SRC_2_DEST: 00 0000 0000 0001 0010 0010 (binary)

For debug purposes, the interrupt BRC_DEST_ERR can also be released by writing to register BRC_IRQ_FORCINT.
Nevertheless, the interrupt has to be enabled to be visible outside of the GTM.

28.6.3  BRC Interrupt Signals

Table15 BRC Interrupt Signals

Signal Description
BRC_DEST_ERR_IRQ Indicating configuration errors for BRC module
BRC_DID_IRQ[x] Data inconsistency occurred in MTM mode (x:0...11)

28.6.4 BRC Configuration Register Overview

Table16 BRC Configuration Register Overview

Register Name Description see
Page

BRC_SRC_[z]_ADDR BRC read address for input channel z 74
BRC_SRC_[z]_DEST BRC destination channels for input channel z 75
BRC_IRQ_NOTIFY BRC interrupt notification register 76
BRC_IRQ_EN BRC interrupt enable register 77
BRC_EIRQ_EN BRC error interrupt enable register 79
BRC_IRQ_FORCINT BRC force interrupt register 78
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Table16 BRC Configuration Register Overview (cont’d)

Register Name Description see
Page
BRC_RST BRC software reset register 80
BRC_IRQ_MODE BRC interrupt mode configuration register 78
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28.6.5 BRC Configuration Register Description

28.6.5.1 Register BRC_SRC_[z]_ADDR
BRC Read Address for Input Channel z

BRC_SRC_z_ADDR (z=0-11)

BRC Read Address for Input Channel z (000400,,+2*8) Application Reset Value: 0000 01FE,,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0
1 1 ;,. 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BRC_
0 MODE 0 ADDR
1 r 1 rW 1 r 1 1 1 1 L rW 1 1 1 1

Field Bits Type Description
ADDR 8:0 rw Source ARU address. Defines an ARU read address used as data

source for input channel z
This bit field is only writable if channel is disabled.

BRC_MODE 12 rw BRC_MODE: BRC Operation mode select

This bit field is only writable if channel is disabled.
0  Consistency Mode (DCM) selected

1 Maximum Throughput Mode (MTM) selected

0 11:9, r Reserved

31:13 Read as zero, shall be written as zero.
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28.6.5.2 Register BRC_SRC_[z]_DEST
BRC Destination Channels for Input Channel z

BRC_SRC_z_DEST (z=0-11)
BRC Destination Channels for Input Channel z(000404,,+z*8) Application Reset Value: 0000 0000,,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

EN_TR EN_DE|EN_DE|EN_DE EN_DE|EN_DE EN_DE

0 AS:B' ST21 | ST20 | ST19 | ST18 | ST17 | ST16
I r I I rw r'w r'w r'w rw r'w rw
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

EN_DE|EN_DEEN_DE|EN_DE|EN_DE|EN_DE|EN_DE EN_DEEN_DE|EN_DE EN_DE EN_DE|EN_DE EN_DEEN_DE|EN_DE
ST15 | ST14 | ST13 | ST12 | ST11 | ST10 | ST9 | ST8 | ST7 | ST6 | ST5 | ST4 | ST3 | ST2 | ST1 | STO

rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
Field Bits Type Description
EN_DESTq q rw Enable BRC destination address q
(q=0-21) The bits0to 21 are cleared by auto correction mechanism if a destination

channel is assigned to multiple source channels.

When a BRC input channel is disabled (all EN_DESTq (q: 0...21) bits are
reset to zero), the internal states are reset to their reset value.

0 Destination address g not mapped to source BRC_SRC_[x]_ADDR
1 Destination address g mapped to source BRC_SRC_[x]_ADDR

EN_TRASHBIN | 22 rw EN_TRASHBIN: Control trash bin functionality

When bit EN_TRASHBIN is enabled bits 0 to 21 are ignored for this input
channel. Therefore, the bits 0 to 21 are set to zero (0) when trash bin
functionality is enabled.

0g  Trash bin functionality disabled

1z Trash bin functionality enabled

0 31:23 r Reserved
Read as zero, shall be written as zero.
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28.6.5.3 Register BRC_IRQ_NOTIFY

BRC Interrupt Notification Register

BRC_IRQ_NOTIFY

infineon

BRC Interrupt Notification Register (000460,,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 ;' 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DEST_
0 DID11 | DID10| DID9 | DID8 | DID7 | DID6 | DID5 | DID4 | DID3 | DID2 | DID1 | DIDO ERR
r rw r'w rw r'w rw r'w rw r'w rw r'w rw r'w rw
Field Bits Type Description
DEST_ERR 0 rw Configuration error interrupt for BRC sub-module
This bit will be cleared on a CPU write access of value '1'. (As the bitis rw,
otherwise no clear.) A read access leaves the bit unchanged.
0g  No BRC configuration error occurred
1l BRC configuration error occurred
DIDx (x=0-11) |x+1 rw Data inconsistency occurred for channel x in MTM mode
This bit will be cleared on a CPU write access of value '1'. A read access
leaves the bit unchanged.
0 31:13 r Reserved
Read as zero, shall be written as zero
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28.6.5.4 Register BRC_IRQ_EN

BRC Interrupt Enable Register

BRC_IRQ_EN
BRC Interrupt Enable Register (000464,,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 ;' 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DID_I | DID_I | DID_I | DID_I | DID_I | DID_I | DID_I | DID_I | DID_I | DID_I | DID_I | DID_I |DEST_
0 RQ E | RQ_E|RQ_E |RQ_E|RQ E RQE | RQE|RQE | RQE|RQE| RQE|RQE,/ERRI
N1l | N10 | N9 N8 N7 N6 N5 N4 N3 N2 N1 No |RQ_E
N
r rw rw rw rw rw rw rw rw rw rw rw rw rw
Field Bits Type Description
DEST_ERR_IR (0 rw BRC_DEST_ERR_IRQ interrupt enable
Q_EN 0 Disableinterrupt, interrupt is not visible outside GTM
1y Enableinterrupt, interrupt is visible outside GTM
DID_IRQ_ENx |x+1 rw Enable DID interrupt for channel x
(x=0-11) 0; Disableinterrupt, interrupt is not visible outside GTM
1y Enableinterrupt, interrupt is visible outside GTM
0 31:13 r Reserved
Read as zero, shall be written as zero
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28.6.5.5 Register BRC_IRQ_FORCINT
BRC Force Interrupt Register

BRC_IRQ_FORCINT

infineon

BRC Force Interrupt Register (000468,,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 ;' 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TRG_D
0 TRG_D|TRG_D TRG_D|TRG_D TRG_D TRG_D TRG_D TRG_D TRG_D TRG_D TRG_DTRG_D EST E
ID11 | ID10 | ID9 ID8 ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO Ré-
r rw r'w r'w rw rw rw rw rw rw r'w rw rw rw
Field Bits Type Description
TRG_DEST_ER|0 rw Trigger destination error interrupt
R This bit is cleared automatically after write.
This bit is write protected by bit RF_PROT of register GTM_CTRL.
0  Corresponding bit in status register will not be forced
1z Assert corresponding field in BRC_IRQ_NOTIFY register
TRG_DIDx x+1 rw Trigger DID interrupt for channel x
(x=0-11) This bit is cleared automatically after write.
This bit is write protected by bit RF_PROT of register GTM_CTRL.
0 31:13 r Reserved
Read as zero, shall be written as zero

28.6.5.6 Register BRC_IRQ_MODE
BRC Interrupt Mode Configuration Register

BRC_IRQ_MODE

BRC Interrupt Mode Configuration Register  (00046C,,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 IRQ_MODE
' ' r ' ' ' w
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Field Bits Type Description
IRQ_MODE 1:0 rw IRQ mode selection
Note: The interrupt modes are described in Section 28.4.5.
005 Level mode
01z Pulse mode
10, Pulse-Notify mode
11 Single-Pulse mode
0 31:2 r Reserved
Read as zero, shall be written as zero

28.6.5.7 Register BRC_EIRQ_EN

BRC Error Interrupt Enable Register

BRC_EIRQ_EN
BRC Error Interrupt Enable Register (000474, Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 |L 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DID_EI|DID_EIDID_EIDID_EI\DID_EI|DID_EI|DID_EI|DID_EIDID_EI DID_EI|DID_EI|DID_EI/DEST_
0 RQ_E | RQ_E |RQ_E |RQ_E|RQ_E | RQE|RQE|RQE| RQE|RQE| RQE|RQE|ERRE
N1l | N10 | N9 N8 N7 | N6 N5 N4 | N3 N2 N1 No |[IRQE
N
r rw rw rw rw rw rw rw rw rw rw rw rw rw
Field Bits Type Description
DEST_ERR_EI (0 rw BRC_DEST_ERR_EIRQ error interrupt enable
RQ_EN 0, Disable errorinterrupt, error interrupt is not visible outside GTM
1l Enable errorinterrupt, errorinterruptis visible outside GTM
DID_EIRQ_EN |x+1 rw Enable DID interrupt for channel x
X (x=0-11) 0; Disable errorinterrupt, error interrupt is not visible outside GTM
1z Enable errorinterrupt, error interruptis visible outside GTM
0 31:13 r Reserved
Read as zero, shall be written as zero.
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28.6.5.8 Register BRC_RST

BRC Software Reset Register

BRC_RST
BRC Software Reset Register (000470,,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 . 21 20 . 19 18 . 17 16
0
. . : . . .
15 14 13 12 11 10 9 8 7 6 5 4 . 3 2 . 1 0
| | 0 | | RST
I I r I I I I rw
Field Bits Type Description
RST 0 rw Software reset

This bitis cleared automatically after write by CPU. The channel registers
are set to their reset values and channel operation is stopped
immediately.

0z Noaction

1, ResetBRC

0 311 r Reserved
Read as zero, shall be written as zero

User’s Manual 28-80 V2.0.0

GTMV2.2.24 OPEN MARKET VERSION 2.0 2021-02



AURIX™ TC3xx ( il’lfl neon

Generic Timer Module (GTM)

28.7 First In First Out Module (FIFO)

28.7.1 Overview

The FIFO unit is the storage part of the FIFO sub-module. The F2A described in (FIFO to ARU Unit) and the AFD
described in chapter “AEl to FIFO Data Interface” implement the interface part of the FIFO sub-module to the ARU
and the AEIl bus. Each FIFO unit embeds eight logical FIFOs. These logical FIFOs are configurable in the following
manner:

« FIFO size (defines start and end address)

+ FIFO operation modes (normal mode or ring buffer operation mode)

+ Fill level control / memory region read protection

Each logical FIFO represents a data stream between the sub-modules of the GTM and the microcontroller
connected to AFD sub-module (see chapter AEl to FIFO Data Interface). The FIFO RAM counts 1K words, where the
word size is 29 bit. This gives the freedom to program or receive 24 bit of data together with the five control bits
inside an ARU data word.

The FIFO unit provides three ports for accessing its content. One port is connected to the F2A interface, one port
is connected to the AFD interface and one port has its own AEl bus interface.

The AFD interface has always the highest priority. Accesses to the FIFO from AFD interface and direct AEl interface
in parallel - which means at the same time - is not possible, because both interfaces are driven from the same AEI
bus interface of the GTM.

The priority between F2A and direct AEl interface can be defined by software. This can be done by using the
register FIFO[i]_CH[x]_CTRL for all FIFO channels of the sub-module.

The FIFO is organized as a single RAM that is also accessible through the FIFO AEl interface connected to one of
the FIFO ports. To provide the direct RAM access, the RAM is mapped into the address space of the
microcontroller. The addresses for accessing the RAM via AEl can be found in [1].

After reset, the FIFO RAM isn't initialized by hardware.

The FIFO channels can be flushed individually. Each of the eight FIFO channels can be used whether in normal
FIFO operation mode or in ring buffer operation mode.

Beside the possibility of flushing each FIFO channel directly, a write access to FIFO[i]_CH[x]_END_ADDR or to
FIFO[i]_CH[x]_START_ADDR will also flush the regarding channel which means that the read and write pointer
and also thefill level of the regarding channel will be reset. In consequence of this existing data in the concerned
FIFO channel are not longer valid- thereafter the channel is empty.

28.7.2 Operation Modes

28.7.2.1 FIFO Operation Mode

In normal FIFO operation mode the content of the FIFO is written and read in first-in first-out order, where the
data is destroyed after it is delivered to the system bus or the F2A sub-module (see chapter “FIFO to ARU Unit ”).
The upper and lower  watermark  registers (registers  FIFO[i]_CH[x]_UPPER_WM and
FIFO[i]_CH[x]_LOWER_WM) are used for controlling the FIFO’s fill level. If the fill level falls below the lower
watermark or it exceeds the upper watermark, an interrupt signal is triggered by the FIFO sub-module if enabled
inside the FIFO[i]_IRQ_EN.

The interrupt signals are sent to the Interrupt Concentrator Module (ICM) (see chapter “Interrupt Concentrator
Module”). The ICM can also initiate specific DMA transfers.
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28.7.2.2 Ring Buffer Operation Mode

The ring buffer mode can be used to provide a continuous data or configuration stream to the other GTM sub-
modules without CPU interaction. In ring buffer mode the FIFO provides a continuous data stream to the F2A sub-
module. The first word of the FIFO is delivered first and after the last word is provided by the FIFO to the ARU, the
first word can be obtained again.

Ifin ring buffer mode the read pointer reaches the write pointer it will be set again to the configured start address.
Sothe read pointer always rotates cyclic between the configured start address of the regarding FIFO channel (first
written data) and the write pointer which points to the last written data of the channel.

It is possible to add data to the FIFO channel via the AEl to FIFO interface (AFD) using the register
AFDIi]_CH[x]_BUF_ACC while running in ring buffer mode. The new written data will be added in the next ring
buffer cycle.

However, the register AFD[i]_CH[x]_BUF_ACC should not be read in read buffer mode.
Itis recommended to fill the FIFO channel first before enabling the data stream in the FIFO to ARU interface (F2A).

Modifications of the continuous data stream can be achieved by using direct memory access which is provided
by the FIFO AEl interface.

28.7.2.3 DMA Hysteresis Mode
The DMA hysteresis mode can be enabled by setting bit DMA_HYSTERESIS=1 in the FIFO[i]_CH[x]_IRQ_MODE
register.

In the DMA hysteresis mode the lower and upper watermark will be masked to generate the DMA request
(=fifo_irq) in the following manner.

If a DMA is writing data to a FIFO (configured by setting bit DMA_HYST_DIR=1 in register
FIFO[i]_CH[x]_IRQ_MODE), the DMA request will be generated by the lower watermark. The upper watermark
does not generate a DMA request. The next DMA request will be generated by the next lower watermark until the
upper watermark was reached.

If a DMA is reading data from a FIFO (configured by setting bit DMA_HYST_DIR=0 in register
FIFO[i]_CH[x]_IRQ_MODE), the DMA request will be generated by the upper watermark. The lower watermark
does not generate a DMA request. The next DMA request will be generated by the next upper watermark until the
lower watermark was reached.

Note that the watermarks have to achieve the following condition depending on the irqg mode
+ IRQ_MODE = Level / Pulse / Pulse-Notify mode:

- Upper watermark > Lower watermark
+ |IRQ_MODE = Single-Pulse mode:

- Upper watermark > Lower watermark + 1

28.7.3 FIFO Interrupt

Table17  FIFO Interrupt Signals

Signal Description

FIFO[i]_CH[x]_EMPTY Indicating empty FIFO x (x:0...7) was reached
FIFO[i]_CH[x]_FULL Indicating full FIFO x (x:0...7) was reached
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Table 17  FIFO Interrupt Signals (cont’d)

Signal Description
FIFO[i]_CH[x]_LOWER_WM Indicating FIFO x (x:0...7) reached lower watermark.
FIFO[i]_CH[x]_UPPER_WM Indicating FIFO x (x:0...7) reached upper watermark.

28.7.4  FIFO Configuration Register Overview

Table18 FIFO Configuration Register Overview

Register Name Description see
Page

FIFO[i]_CH[z]_CTR FIFOi channel z control register 84
FIFO[i]_CH[z]_END_ADDR FIFOi channel z end address register 85
FIFO[i]_CH[z]_START_ADDR FIFOi channel z start address register 85
FIFO[i]_CH[z]_UPPER_WM FIFOi channel z upper watermark register 86
FIFO[i]_CH[z]_LOWER_WM FIFOi channel z lower watermark register 86
FIFO[i]_CH[z]_STATUS FIFOi channel z status register 87
FIFO[i]_CH[z]_FILL_LEVEL FIFOi channel z fill level register 88
FIFO[i]_CH[z]_WR_PTR FIFOi channel z write pointer register 88
FIFO[i]_CH[z]_RD_PTR FIFOi channel z read pointer register 89
FIFO[i]_CH[z]_IRQ_NOTIFY FIFOi channel z interrupt notification register 20
FIFO[i]_CH[z]_IRQ_EN FIFOi channel z interrupt enable register 91
FIFO[i]_CH[z]_EIRQ_EN FIFOi channel z error interrupt enable register 94
FIFO[i]_CH[z]_IRQ_FORCINT FIFOi channel z force interrupt register 92
FIFO[i]_CH[z]_IRQ_MODE FIFOi channel z interrupt mode control register 93
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28.7.5 FIFO Configuration Registers Description

28.7.5.1 Register FIFO[i]_CH[z]_CTRL
FIFOi Channel z Control Register

FIFOi_CHz_CTRL (i=0-2;z=0-7)

FIFOi Channel z Control Register (018400,,+i*4000,+z*40,,) Application Reset Value: 0000 0000,,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0
1 1 II’ 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WuLoO
0 cK FLUSH| RAP | RBM
1 1 1 1 1 IL 1 1 1 1 L rW rW rW rW

Field Bits Type Description
RBM 0 rw Ring buffer mode enable

0 Normal FIFO operation mode
1l Ringbuffer mode

RAP 1 rw RAM access priority

RAP bitis only functional in register FIFO_0_CTRL. The priority is defined
for all FIFO channels there.

0  FIFO ports have higher access priority than AEI-IF

1z AEI-IF has higher access priority than FIFO ports

FLUSH 2 rw FIFO Flush control

A FIFO Flush operation resets the FIFO[i]_CH[z]_FILL_LEVEL,
FIFO[i]_CH[z]_WR_PTR and FIFO[i]_CH[z]_RD_PTR registers to their
initial values.

0 Normal operation

1l Execute FIFO flush (bit is automatically cleared after flush)

WULOCK 3 rw RAM write unlock

Enable/disable direct RAM write access to the memory mapped FIFO
region.

Only the bit WULOCK of register FIFO[i]_CHO_CTRL enables/disables the
direct RAM write access for all FIFO channel (whole FIFO RAM). The
WULOCK bits of the other channels are writeable but have no effect.

0g  Direct RAM write access disabled

1,  Direct RAM write access enabled

0 31:4 r Reserved
Read as zero, shall be written as zero.
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28.7.5.2 Register FIFO[i]_CH[z]_END_ADDR
FIFOi Channel z End Address Register

FIFOi_CHz_END_ADDR (i=0-2;z=0-7)

FIFOi Channel z End Address Register (018404,,+i*4000,+z*40,) Reset Value: Table 19
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
! ! : ! ! !
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1] ADDR
r ' ' T w '
Field Bits Type Description
ADDR 9:0 rw End address for FIFO channel z

value for ADDR is calculated as ADDR = 128*(x+1)-1
A write access will flush the regarding channel

0 31:10 r Reserved
Read as zero, shall be written as zero.

Table19 ResetValues of FIFOi_CHz_END_ADDR (i=0-2;z=0-7)
Reset Type Reset Value Note
Application Reset |0x80* (z+1)-1

28.7.5.3 Register FIFO[i]_CH[z]_START_ADDR
FIFOi Channel z Start Address Register

FIFOi_CHz_START_ADDR (i=0-2;z=0-7)

FIFOi Channel z Start Address Register (018408,,+i*4000,,+z*40,,) Reset Value: Table 20
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
! ! . ! ! !
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 ADDR
J ‘ r ' J J ' J w J ' J
Field Bits Type Description
ADDR 9:0 rw Start address for FIFO channel z
Initial value for ADDR is calculated as ADDR = 128*z.
A write access will flush the regarding channel.
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Field Bits Type Description

0 31:10 r Reserved
Read as zero, shall be written as zero.

Table20 Reset Values of FIFOi_CHz_START_ADDR (i=0-2;z=0-7)
Reset Type Reset Value Note

Application Reset | 0x80 * z

28.7.5.4 Register FIFO[i]_CH[z]_UPPER_WM
FIFOi Channel z Upper Watermark Register

FIFOi_CHz_UPPER_WM (i=0-2;z=0-7)
FIFOi Channel z Upper Watermark Register(01840C,+i*4000,+z*40,,) Application Reset Value: 0000 0060,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 ADDR
J ‘ r ' J J ' J ' w ' J ' J
Field Bits Type Description
ADDR 9:0 rw Upper watermark address for channel z

The upper watermark is configured as a relative fill level of the FIFO.
ADDR must be in range:

0<=ADDR<=FIFO[i]_CH[x]_END_ADDR - FIFO[i]_CH[x]_START_ADDR.
Initial value for ADDR is defined as ADDR = 0x60.

0 31:10 r Reserved
Read as zero, shall be written as zero.

28.7.5.5 Register FIFO[i]_CH[z]_LOWER_WM
FIFOi Channel z Lower Watermark Register

FIFOi_CHz_LOWER_WM (i=0-2;z=0-7)
FIFOi Channel z Lower Watermark Register(018410,+i*4000,+z*40,,) Application Reset Value: 0000 0020,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0
! ! ! - ! ! !
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 ADDR
r ' ' W '
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Field Bits Type Description

ADDR 9:0 rw Lower watermark address for channel z

The lower watermark is configured as a relative fill level of the FIFO.
ADDR must be in range:

0<=ADDR<=FIFO[i]_CH[z]_END_ADDR - FIFO[i]_CH[z]_START_ADDR.
Initial value for ADDR is defined as ADDR = 0x20.

0 31:10 r Reserved
Read as zero, shall be written as zero.

28.7.5.6 Register FIFO[i]_CH[z]_STATUS
FIFOi Channel z Status Register

FIFOi_CHz_STATUS (i=0-2;2=0-7)

FIFOi Channel z Status Register (018414,+i*4000,+z*40,,) Application Reset Value: 0000 0005,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 1 II’ 1 1 1
15 14 13 12 11 10 9 8 I 6 5 4 3 2 1 0
UP_W | LOW_ EMPT
0 M WM FULL Y
l I tl’ I I r r r r
Field Bits Type Description
EMPTY 0 r FIFO is empty

Bit only applicable in normal mode.
0 Filllevel greaterthen 0
1  Filllevel=0

FULL 1 r FIFO is full

Bit only applicable in normal mode.

0g Fill level less than FIFO[i]_CH[z]_END_ADDR -
FIFO[i]_CH[z]_START_ADDR +1

1 Filllevel=FIFO[i]_CH[z]_END_ADDR - FIFO[i]_CH[z]_START_ADDR
+1

LOW_WM 2 r Lower watermark reached

Bit only applicable in normal mode.

0g Filllevel greater than lower watermark

1 Fill level less than or equal to lower watermark

UP_WM 3 r Upper watermark reached

Bit only applicable in normal mode.

0g Filllevel less than upper watermark

15  Fill level greater than or equal to upper watermark
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Field Bits Type Description

0 31:4 r Reserved
Read as zero, shall be written as zero.

28.7.5.7 Register FIFO[i]_CH[z]_FILL_LEVEL
FIFOi Channel z Fill Level Register

FIFOi_CHz_FILL_LEVEL (i=0-2;z=0-7)
FIFOi Channel z Fill Level Register (018418,+i*4000,,+z*40,,) Application Reset Value: 0000 0000,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0
. . : ! . .
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 LEVEL
r I I I I r I I
Field Bits Type Description
LEVEL 10:0 r Fill level of the current FIFO

LEVEL isin range:

0 <LEVEL <FIFO[i]_CH[z]_END_ADDR - FIFO[i]_CH[z]_START_ADDR +1
Register content is compared to the upper and lower watermark values
for this channel to detect watermark over- and underflow.

0 31:11 r Reserved

Read as zero, shall be written as zero.

28.7.5.8 Register FIFO[i]_CH[z]_WR_PTR
FIFOi Channel z Write Pointer Register

FIFOi_CHz_WR_PTR (i=0-2;z=0-7)

FIFOi Channel z Write Pointer Register (01841C,,+i*4000,,+z*40,,) Reset Value: Table 21
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
. . : . . .
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 ADDR
r | | | r | |
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Field Bits Type Description

ADDR 9:0 r Position of the write pointer

ADDR must be in range 0 <= ADDR <= 1023. Initial value for ADDR is
defined as ADDR = FIFO[i]_CH[z]_START_ADDR

0 31:10 r Reserved

Read as zero, shall be written as zero.

Table21 ResetValues of FIFOi_CHz_WR_PTR (i=0-2;z=0-7)

Reset Type Reset Value |Note

Application Reset | 0x80 * z

28.7.5.9 Register FIFO[i]_CH[z]_RD_PTR
FIFOi Channel z Read Pointer Register

FIFOi_CHz_RD_PTR (i=0-2;z=0-7)

FIFOi Channel z Read Pointer Register (018420,,+i*4000,,+z*40,,) Reset Value: Table 22

31 ‘ 30 ! 29 ‘ 28 . 27 ‘ 26 . 25 ‘ 24 . 23 ‘ 22 . 21 ! 20 . 19 ‘ 18 . 17 ‘ 16

0
15 ‘ 14 ! 13 ‘ 12 . 11 ‘ 10 9 ‘ 8 . I ‘ 6 . 5 ! 4 . 3 ‘ 2 . 1 ‘ 0
0 ADDR
: \ . . . : . . . .

Field Bits Type Description
ADDR 9:0 r Position of the read pointer

ADDR must be in range 0 < ADDR < 1023. Initial value for ADDR is defined
as ADDR = FIFO[i]_CH[z]_START_ADDR

0 31:10 r Reserved
Read as zero, shall be written as zero.

Table22 ResetValues of FIFOi_CHz_RD_PTR (i=0-2;z=0-7)
Reset Type Reset Value |Note

Application Reset | 0x80 *z
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28.7.5.10 Register FIFO[i]_CH[z]_IRQ_NOTIFY
FIFOi Channel z Interrupt Notification Register

FIFOi_CHz_IRQ_NOTIFY (i=0-2;2=0-7)

FIFOi Channel z Interrupt Notification Register(018424, +i*4000,+z*40,,)

Application Reset Value: 0000

0005,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 II’ 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 FIFO_ | FIFO_ | FIFO_ :::g;
UWM | LWM | FULL Y
J J II’ J I J rw rw rw rw
Field Bits Type Description
FIFO_EMPTY |0 rw FIFO is empty
This bit will be cleared on a CPU write access of value '1'. A read access
leaves the bit unchanged.
0g Nointerrupt occurred
15 FIFO Empty interrupt occurred
FIFO_FULL 1 rw FIFO is full
See bit 0.
FIFO_LWM 2 rw FIFO lower watermark was under-run
See bit 0.
FIFO_UWM 3 rw FIFO upper watermark was over-run
See bit 0.
0 31:4 r Reserved
Read as zero, shall be written as zero.
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28.7.5.11 Register FIFO[i]_CH[z]_IRQ_EN
FIFOi Channel z Interrupt Enable Register

FIFOi_CHz_IRQ_EN (i=0-2;2z=0-7)
FIFOi Channel z Interrupt Enable Register(018428,,+i*4000,,+z*40,) Application Reset Value: 0000 0000,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0
:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

FIFO_ | FIFO_ | FIFO_ | FIFO_
0 UWM_|LWM_I|FULL_| EMPT
IRQ_E | RQ_E |IRQ_E|Y_IRQ

r rw rw rw r'w
Field Bits Type Description
FIFO_EMPTY_ (0 rw FIFO Empty interrupt enable
IRQ_EN 0 Disableinterrupt, interrupt is not visible outside GTM
1, Enableinterrupt, interrupt is visible outside GTM
FIFO_FULL_IR |1 rw FIFO Full interrupt enable
Q_EN 0; Disableinterrupt, interrupt is not visible outside GTM
1y Enableinterrupt, interrupt is visible outside GTM
FIFO_LWM_IR (2 rw FIFO Lower Watermark interrupt enable
Q_EN 0; Disableinterrupt, interrupt is not visible outside GTM
1y Enableinterrupt, interrupt is visible outside GTM
FIFO_UWM_IR |3 rw FIFO Upper Watermark interrupt enable
Q_EN 0; Disableinterrupt, interrupt is not visible outside GTM
1l Enableinterrupt, interruptis visible outside GTM
0 314 r Reserved
Read as zero, shall be written as zero.
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28.7.5.12 Register FIFO[i]_CH[z]_IRQ_FORCINT

FIFOi Channel z Force Interrupt Register

FIFOi_CHz_IRQ_FORCINT (i=0-2;z=0-7)

FIFOi Channel z Force Interrupt Register(01842C, +i*4000,+z*40,)  Application Reset Value: 0000 0000,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 ;' 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TRG_F|TRG_F|TRG_F|TRG_F
0 IFO_U | IFO_L | IFO_F | IFO_E
WM WM ULL | MPTY
II’ I I rw rw rw rw
Field Bits Type Description
TRG_FIFO_EM (0 rw Force interrupt of FIFO Empty status
PTY This bit is cleared automatically after write.
This bit is write protected by bit RF_PROT of register GTM_CTRL
0  Corresponding bit in status register will not be forced
1z Assert corresponding field in FIFO[i]_CH[z] _IRQ_NOTIFY register
TRG_FIFO_FU |1 rw Force interrupt of FIFO Full status
LL This bit is cleared automatically after write.
This bit is write protected by bit RF_PROT of register GTM_CTRL.
0  Corresponding bit in status register will not be forced
1z Assert corresponding field in FIFO[i]_CH[z] _IRQ_NOTIFY register
TRG_FIFO_LW |2 rw Force interrupt of Lower Watermark
M This bit is cleared automatically after write.
This bit is write protected by bit RF_PROT of register GTM_CTRL.
0  Corresponding bit in status register will not be forced
1z Assert corresponding field in FIFO[i]_CH[z] _IRQ_NOTIFY register
TRG_FIFO_U |3 rw Force interrupt of Upper Watermark
WM This bit is cleared automatically after write.
This bit is write protected by bit RF_PROT of register GTM_CTRL.
0  Corresponding bit in status register will not be forced
1z Assert corresponding field in FIFO[i]_CH[z] _IRQ_NOTIFY register
0 31:4 r Reserved
Read as zero, shall be written as zero.
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28.7.5.13 Register FIFO[i]_CH[z]_IRQ_MODE
FIFOi Channel z Interrupt Mode Control Register

FIFOi_CHz_IRQ_MODE (i=0-2;2=0-7)

FIFOi Channel z Interrupt Mode Control Register(018430,+i*4000,,+z*40,) Application Reset Value: 0000

0000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 II’ 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DMA_ | DMA_
0 HYST_|HYSTE| IRQ_MODE
DIR |RESIS
1 1 1 IL 1 1 1 1 L rW rW r\JN
Field Bits Type Description
IRQ_MODE 1:0 rw IRQ mode selection
The interrupt modes are described in Section 28.4.5.
005 Level mode
01y Pulse mode
10, Pulse-Notify mode
11 Single-Pulse mode
DMA_HYSTER |2 rw Enable DMA hysteresis mode
ESIS 0 Disable FIFO hysteresis for DMA access
1 Enable FIFO hysteresis for DMA access
DMA_HYST_DI |3 rw DMA direction in hysteresis mode
R In the case of DMA writing data to a FIFO, the DMA requests must be
generated by the lower watermark. If the DMA hysteresis is enabled, the
FIFO does not generate a new DMA request until the upper watermark is
reached.
In the case of DMA reading data from FIFO, the DMA requests must be
generated by the upper watermark. If the DMA hysteresis is enabled, the
FIFO does not generate a new DMA request until the lower watermark is
reached.
0g DMAdirection read in hysteresis mode
1, DMAdirection write in hysteresis mode
0 31:4 r Reserved
Read as zero, shall be written as zero.
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28.7.5.14 Register FIFO[i]_CH[z]_EIRQ_EN
FIFOi Channel z Error Interrupt Enable Register

FIFOi_CHz_EIRQ_EN (i=0-2;z=0-7)
FIFOi Channel z Error Interrupt Enable Register(018434,,+i*4000,,+z*40,)  Application Reset Value: 0000
0000,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0
r

15 14 13 12 11 10 9 8 T 6 5 4 3 2 1 0

FIFO_ | FIFO_ | FIFO_ | FIFO_
0 UWM_|LWM_ FULL_| EMPT
EIRQ_|EIRQ_|EIRQ_| Y_EIR

EN | EN | EN |QEN

r rw rw rw rw

Field Bits Type Description

FIFO_EMPTY_ |0 rw FIFO Empty error interrupt enable

EIRQ_EN 0; Disable errorinterrupt, error interrupt is not visible outside GTM
1y Enable errorinterrupt, error interrupt is visible outside GTM

FIFO_FULL_EI |1 rw FIFO Full error interrupt enable

RQ_EN 0; Disable errorinterrupt, error interrupt is not visible outside GTM
1,  Enable errorinterrupt, error interrupt is visible outside GTM

FIFO_LWM_EI |2 rw FIFO Lower Watermark error interrupt enable

RQ_EN 0; Disable errorinterrupt, error interrupt is not visible outside GTM
1y Enable errorinterrupt, error interrupt is visible outside GTM

FIFO_UWM_EI |3 rw FIFO Upper Watermark error interrupt enable

RQ_EN 0 Disable errorinterrupt, error interrupt is not visible outside GTM
1,  Enable errorinterrupt, error interrupt is visible outside GTM

0 314 r Reserved

Read as zero, shall be written as zero.
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28.8 AEl to FIFO Data Interface (AFD)

28.8.1 Overview
The AFD sub-module implements a data interface between the AEIl bus and the FIFO sub-module, which consists
of eight logical FIFO channels.

The AFD sub-module provides one buffer registers that are dedicated to the logical channels of the FIFO. Access
to the corresponding FIFO channel is given by reading or writing this buffer registers AFD[i]_CH[x]_BUF_ACC.

An AEl write access to the buffer register where the corresponding FIFO channel is full will be ignored. The data
will be lost.

An AEl read access to the buffer register where the corresponding FIFO channel is empty will be served with zero
data.

28.8.2  AFD Register overview

Table23 AFD Register overview

Register Name Description see
Page
AFD[i]_CH[z]_BUF_ACC AFD i FIFO z buffer access register 95

28.8.3  AFD Register description

28.8.3.1 Register AFDJ[i]_CH[z]_BUF_ACC
AFD i FIFO x Buffer Access Register

AFDi_CHx_BUF_ACC (i=0-2;x=0-7)
AFD i FIFO x Buffer Access Register ~ (018080,+i*4000,+x*10,,) Application Reset Value: 0000 0000,,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0 DATA
r I I I rw I I I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DATA
. . - . . .
Field Bits Type Description
DATA 28:0 rw Read/write data from/to FIFO
0 31:29 r Reserved
Read as zero, shall be written as zero.
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28.9 FIFO to ARU Unit (F2A)

28.9.1 Overview

The F2A is the interface between the ARU and the FIFO sub-module. Since the data width of the ARU (ARU word)
is 53 bit (two 24 bit values and five control bits) and the data width of the FIFO is only 29 bit, the F2A has to
distribute the data from and to the FIFO channels in a configurable manner.

The data transfer between FIFO and ARU is organized with eight different streams that are connected to the eight
different channels of the corresponding FIFO module. A stream represents a data flow from/to ARU to/from the
FIFO via the F2A.

The general definition of 'channels' and 'streams' in the ARU context is done in the subparagraph “ARU routing
concept”.

Each FIFO channel can act as a write stream (data flow from FIFO to ARU) or as a read stream (data flow from ARU
to FIFO).

Within these streams the F2A can transmit/receive the lower, the upper or both 24 bit values of the ARU together
with the ARU control bits according to the configured transfer modes as described in Section 28.9.2.

Each stream can be enabled/disabled separately within the register F2A[i]_ENABLE. If a stream will be disabled,

the stream data which are stored inside the F2A will be deleted. This is necessary to ensure, that no old data are
transferred after enabling a stream.

28.9.2 Transfer modes

The F2A unit provides several transfer modes to map 29 bit data of the FIFO from/to 53 bit data of the ARU. E.g. it
is configurable that the 24 bit FIFO data is written to the lower ARU data entry (means bits 0 to 23) or to the higher
24 bit ARU data entry (means bits 24 to 47). Bits 24 to 28 of the FIFO data entry (the five control bits) are
written/read in both cases to/from bits 48 to 52 of the ARU entry.

When both values of the ARU have to be stored in the FIFO the values are stored behind each other inside the FIFO
if the FIFO is not full.

If there is only space for one 24 bit data word plus the five control bits, the F2A transfers one part of the 53 bits
first and then waits for transferring the second part before new data is requested from the ARU.

When two values from the FIFO have to be written to one ARU location the words have to be located behind each
otherinside the FIFO.

The transfer to ARU is only established when both parts could be read out of the FIFO otherwise if only one 29 bit
word was provided by the FIFO the F2A waits until the second part is available before the data is made available
at the ARU.

Figure 25 shows the data ordering of the FIFO when both ARU values must be transferred between ARU and FIFO.
When reading from the ARU the F2A first writes the lower word to the FIFO.

In case of writing to the ARU the F2A reads the lower word first from the FIFO, thus the lower word must be written
first to the FIFO through the AFD interface.

Please note, that the five control bits (bits 48 to 52 of the ARU data word) are duplicated as bit 24 to 28 of both
FIFO words in case of reading from ARU.

In the case of writing to the ARU, bits 24 to 28 of the last written FIFO word (the higher ARU word) are copied to
bits 48 to 52 of the corresponding ARU location.

The transfer modes can be configured with the TMODE bits of registers F2A[i]_CH[x]_STR_CFG.
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Figure 25 Data transfer of both ARU words between ARU and FIFO

28.9.3

Internal buffer mode

Itis possible to use a FIFO channel as a buffer which is accessed only internally from ARU side. To do this, a read
and a write stream of the F2A to one FIFO channel are needed. Therefore it is possible to reconfigure the upper 4

F2A streams 4...7 to the lower 4 FIFO channels 0...3 in the following manner:

+ F2A stream 4 (+ F2A stream 0) -> FIFO channel 0
o F2A stream 5 (+ F2A stream 1) -> FIFO channel 1

->FIFO channel 2

o F2A stream 7 (+ F2A stream 3) -> FIFO channel 3

(
o F2Astream 6 (+ F2A stream 2
(
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Figure 26 Re-configuration of F2A stream 4 to FIFO channel 0
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The configuration of each 4 upper F2A streams can be done separately for each stream in the configuration
register F2A[i]_CTRL.
Note that the corresponding upper FIFO channel (4...7) cannot be used in this configuration.

28.9.4 F2A Configuration Register Overview

Table24 F2A Configuration Register Overview

Register name Description see Page
F2A[i]_ENABLE F2Ai stream activation register 929
F2A[i]_CH[z]_ARU_RD_FIFO F2Ai channel z read address register 29
F2A[i]_CH[z]_STR_CFG F2Ai stream z configuration register 100
F2A[i]_CTRL F2Ai stream control register 101
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28.9.5 F2A Configuration Register description

28.9.5.1 Register F2A[i]_ENABLE
F2Ai Stream Activation Register

F2Ai_ENABLE (i=0-2)

F2Ai Stream Activation Register (018040,,+i*4000,,) Application Reset Value: 0000 0000,,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0
1 1 ;,. 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
STR7_EN STR6_EN STR5_EN STR4_EN STR3_EN STR2_EN STR1_EN STRO_EN
rW I’\;V I’W rW rW I’W rW rW
Field Bits Type Description
STRx_EN 2°x+1:2*x | rw Enable/disable stream x
(x=0-7) Write of following double bit values is possible:
005 Write: Don’t care, bits 1:0 will not be changed / Read: Stream
disabled
01; Stream 0is disabled and internal states are reset
10, Stream Ois enabled
11; Write: Don’t care, bits 1:0 will not be changed / Read: Stream
enabled
0 31:16 r Reserved
Read as zero, shall be written as zero.

28.9.5.2 Register F2A[i]_CH[z]_ARU_RD_FIFO
F2Ai Stream z Read Address Register

F2Ai_CHz_ARU_RD_FIFO (i=0-2;z=0-7)

F2Ai Stream z Read Address Register  (018000,,+i*4000,,+z*4) Application Reset Value: 0000 01FE,,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
| J | ! - L | |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1] ADDR
r I I I W I
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Field Bits Type Description
ADDR 8:0 rw ARU Read address

This bit field is only writable if channel is disabled.
0 31:9 r Reserved

Read as zero, shall be written as zero

28.9.5.3 Register F2A[i]_CH[z]_STR_CFG

F2Ai Stream z Configuration Register

Note: The write protected bits of register F2A_CH[z]_STR_CFG are only writable if the corresponding enable bit
STRx_EN of register F2A_ENABLE is cleared.

F2Ai_CHz_STR_CFG (i=0-2;2=0-7)

F2Ai Stream z Configuration Register

(018020,,+i*4000,,+2*4)

Application Reset Value: 0000 0000,,

31 30 29 27 26 25 24 23 22 21 20 19 18 17 16
0 DIR TMODE
I r I I I rw rW
15 14 13 11 10 9 8 7 6 5 4 3 2 1 0
0
1 ;' 1 1
Field Bits Type Description
TMODE 17:16 rw Transfer mode for 53 bit ARU data from/to FIFO
005 Transfer low word (ARU bits 23:0) from/to FIFO
01; Transfer high word (ARU bits 47:24) from/to FIFO
10, Transfer both words from/to FIFO
11; Reserved
DIR 18 rw Data transfer direction
0  Transport from ARU to FIFO
1y Transport from FIFO to ARU
0 15:0, r Reserved
31:19 Read as zero, shall be written as zero
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28.9.5.4 Register F2A[i]_CTRL
F2Ai Stream Control Register

F2Ai_CTRL (i=0-2)
F2Ai Stream Control Register (018044,,+i*4000,,)

31 30 29 28 27 26 25 24 23 22

infineon

Application Reset Value: 0000 0000,,

21 20

19 18

17 16

0
:

15 14 13 12 11 10 9 8 7 6

5 4

3 2

1 0

STR7_CONF

STR6_CONF

STR5_CONF

STR4_CONF

=F O A

r'w

'w

r'w

rw

Field

Bits

Type

Description

STR4_CONF

1:0

rw

Reconfiguration of stream 4 to FIFO channel 0

Write of following double bit values is possible:

The write protected bits of register F2A[i]_CTRL are only writable if the
corresponding enable bit STRO_EN and STR4_EN of register
F2A_ENABLE is cleared.

00,

01,
104
11,

Write: don’t care, bits 1:0 will not be changed / Read: Stream 4 is
mapped to FIFO buffer 4

Stream 4 is mapped to FIFO buffer 4

Stream 4 is mapped to FIFO buffer 0

Write: don’t care, bits 1:0 will not be changed / Read: Stream 4 is
mapped to FIFO buffer 0

STR5_CONF

3:2

rw

Reconfiguration of stream 5 to FIFO channel 1

Write of following double bit values is possible:

The write protected bits of register F2A[i]_CTRL are only writable if the
corresponding enable bit STR1_EN and STR5_EN of register
F2A_ENABLE is cleared.

00,

01,
104
11,

Write: don’t care, bits 1:0 will not be changed / Read: Stream 5 is
mapped to FIFO buffer 5

Stream 5 is mapped to FIFO buffer 5

Stream 5 is mapped to FIFO buffer 1

Write: don’t care, bits 1:0 will not be changed / Read: Stream 5 is
mapped to FIFO buffer 1
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Field Bits Type Description

STR6_CONF |54 rw Reconfiguration of stream 6 to FIFO channel 2

Write of following double bit values is possible:

The write protected bits of register F2A[i]_CTRL are only writable if the

corresponding enable bit STR2_EN and STR6_EN of register

F2A_ENABLE is cleared.

00 Write: don’t care, bits 1:0 will not be changed / Read: Stream 6 is
mapped to FIFO buffer 6

01; Stream 6is mapped to FIFO buffer 6

10, Stream 6 s mapped to FIFO buffer 2

11; Write: don’t care, bits 1:0 will not be changed / Read: Stream 6 is
mapped to FIFO buffer 2

STR7_CONF |7:6 rw Reconfiguration of stream 7 to FIFO channel 3

Write of following double bit values is possible:

The write protected bits of register F2A[i]_CTRL are only writable if the

corresponding enable bit STR3_EN and STR7_EN of register

F2A_ENABLE is cleared.

005 Write: don’t care, bits 1:0 will not be changed / Read: Stream 7 is
mapped to FIFO buffer 7

01; Stream 7is mapped to FIFO buffer 7

10, Stream 7 s mapped to FIFO buffer 3

11; Write: don’t care, bits 1:0 will not be changed / Read: Stream 7 is
mapped to FIFO buffer 3

0 31:8 r Reserved
Read as zero, shall be written as zero.

28.10 Clock Management Unit (CMU)

28.10.1 Overview

The Clock Management Unit (CMU) is responsible for clock generation of the counters and of the GTM. The CMU
consists of three sub-units that generate different clock sources for the whole GTM. The primary clock source for
this sub-moduleis the cluster 0 clock signal cls0_clk which is defined by the value of bit field CLSO_CLK_DIV in the
register GTM_CLS_CLK_CFG. Figure 27 shows a block diagram of the CMU.

The Configurable Clock Generation (CFGU) sub-unit provides eight dedicated clock sources for the following GTM
modules: TIM, ATOM, TBU, and MON. Each instance of such a module can choose an arbitrary clock source, in
order to specify wide-ranging time bases.

The Fixed Clock Generation (FXU) sub-unit generates predefined non-configurable clocks CMU_FXCLK]y] (y: 0...4)
for the TOM modules and the MON module. The CMU_FXCLK][y] signals are derived from the CMU_GCLK_EN signal
generated by the Global Clock Divider. The dividing factors are defined as 2°, 2%, 28, 2%2 and 2%¢.

The External Clock Generation (EGU) sub-unitis able to generate up to three chip external clock signals visible at
CMU_ECLK(z] (z: 0...2) with a duty cycle of about 50%.

The External Clock Generation (EGU) sub-unit is able to generate clock CMU_CLKS8 for module CCM to manage 2
clock domains.

The clock source signals CMU_CLK[x] (x: 0...7) and CMU_FXCLK][y] are implemented in form of enable signals for
the corresponding registers, which means that the actual clock signal of all registers always use the CLSO_CLK
signal.
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The four configurable clock signals CMU_CLK0, CMU_CLK1, CMU_CLK6 and CMU_CLK?7 are used for the TIM filter

counters.
C M U ARU/Register
A CMU_CLK8
| 1 A
A cLks_EXT DIVIDER
EGU »| External Clock CMU_ECLKO_EN . /2 CMU_ECLKO
Divider 0 -
EN_ECLKO
L External Clock CMU_ECLK1_EN /2 CMU_ECLK1
' Divider 1 > -
EN_ECLK1
o External Clock CMU_ECLK2_EN /2 CMU_ECLK2
[*__ Divider2 I -
i EN_ECLK2
‘ CMU_CLK_CTRLs
GiFell [ CMU_CLK _EN] | | ‘— \_i J
[ X J
oo EN_CLKO
z - ‘% A Clock Source 0 _CMU_CLKO
ol A fA ] Divider
=
81 EN_CLK1 ‘ ‘ = i
2 = Clock Source 1 CMU_CLK1
CLS0_CLK Global Clock | 3 L Divider -
. =
Divider
Y [ ]
CMU_CLK_6_CTRL.CLK_SEL vy ® CMU_CLK_6_CTRL.CLK_SEL
EN_CLK6 ¢ Clock Source 6
SUB_INC1c J\ N4 » Divider 00 CMU_CLK6
01/10 -
SUB_INC2 (1)(1’ KA 1
—/ ] CMU_GLK_7_CTRL.CLK_SEL
: TCMO_CMU_CLK6 EN_CLK7 Clock Source 7
SUB_INC2¢ Divider % CMU_CLK7
SUB_INC1 (1)? 01/10
FXU
CMU_CLK_ 7_CTRL.CLK_SEL| | | ®*® =
N - O | en_FxeLk
FxcLk_seL —\ J FXCLK CMU_FXCLKO
Py »| Divider0 (2°)
FXCLK 4 CMU_FXCLK1
| S— »| Divider1 (2 )
EXCLK CMU_FXCLK2
»| Divider2 (2°)
EXCLK CMU_FXCLK3
»| Divider3 (2 )
- | AEI
FXCLK 16 CMU_FXCLK4
Divider4 (2 )
Figure 27 CMU Block Diagram
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28.10.2 Global Clock Divider
The sub block Global Clock Divider can be used to divide the CMU primary source signal CLS0_CLKinto a common
subdivided clock signal.

The divided clock signal of the sub block Global Clock Divider is implemented as an enable signal that enables
dedicated clocks from the CLSO_CLK signal to generate the user specified divided clock frequency.

The resulting fractional divider (Z/N) specified through equation:
Temu_scrk_en=(Z/N)*Te so_cik

is implemented according the following algorithm
(Z: CMU_GCLK_NUM(23:0); N: CMU_GCLK_DEN(23:0); Z,N >0)
(1) Set remainder (R), operandl (<i>OP1</i>) and operand2 (<i=0P2</i>) register during INIT-phase (with implicit
conversion to signed):

R=Z, OP1=N, OP2=N-Z;
(2) After leaving INIT-phase (at least one CMU_CLK[x] has been enabled) the sign of remainder R for each
CLSO_CLK cycle will be checked:
(3) If R>0 keep updating remainder and keep CMU_GCLK_EN="0"

R=R-OP1;
(4) If R<0 update remainder and set CMU_GCLK_EN="1":

R=R-OP2
After at most (Z/N+1) subtractions (3) there will be a negative R and an active phase of the generated clock enable
(for one cycle) will be triggered (4). The remainder R is a measure for the distance to a real Z/N clock and will be
regarded for the next generated clock enable cycle phase. The new R value will be R=R+(Z-N). In the worst case
the remainder Rwill sum up to an additional cycle in the generated clock enable period after Z-cycles. In the other

cases equally distributed additional cycles will be inserted for the generated clock enable. If Z is an integer
multiple of N no additional cycles will be included for the generated clock enable at all.

Note that for a better resource sharing all arithmetic has been reduced to subtractions and the initialization of
the remainder R uses the complement of (Z-N).

28.10.3 Configurable Clock Generation sub-unit (CFGU)
The CMU sub-unit CFGU provides up to eight configurable clock divider blocks that divide the common
CMU_GCLK_EN signal into dedicated enable signals for the GTM sub blocks.

The configuration of the eight different clock signals CMU_CLK][x] (x: 0...7) always depends on the configuration

of the global clock enable signal CMU_GCLK_EN. Additionally, each clock source has its own configuration data,

provided by the control register CMU_CLK_[x]_CTRL (x=0..7).

According to the configuration of the Global Clock Divider, the configuration of the Clock Source x Divider is done

by setting an appropriate value in the bit field CLK_CNT[x] of the register CMU_CLK_[x]_CTRL.

The frequency fx = 1/Tx of the corresponding clock enable signal CMU_CLK[x] can be determined by the unsigned

representation of CLK_CNT[x] of the register CMU_CLK_[x]_CTRL in the following way:
Temu_ck[XIF(CLK_CNTIX]+1)*Teyy_gerk_en

The corresponding wave form is shown in Figure 28.

Each clock signal CMU_CLK][x] can be enabled individually by setting the appropriate bit field EN_CLK[x] in the

register CMU_CLK_EN. Except for CMU_CLK6 and CMU_CLK7 individual enabling and disabling is active only if

CLK_SEL is reset.
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Alternatively, clock source six and seven (CMU_CLK6 and CMU_CLK7) may provide the signal SUB_INCI and
SUB_INC2 coming from module DPLL as clock enable signal depending on the bit field CLK_SEL(1:0) of the
register CMU_CLK_6_CTRL and on the bit field CLK_SEL(1:0) of the register CMU_CLK_7_CTRL.

CMU_CLKS8 is switched by CLK8_EXT_DIVIDER of the register CMU_CLK_CTRL between CLSO_CLK and
CMU_ECLKo.

To switch the clock reference CMU_GCLK_EN with CMU_ECLKI_EN an input selector are used in all Clock Source
Divider. The CMU_ECLKI_EN source is enabled by setting the appropriate bit field CMU[x]_EXT_DIVIDER in the
register CMU_CLK_CTRL.

To avoid unexpected behavior of the hardware, the configuration of register CMU_CLK_[x]_CTRL and
CMU_CLK_CTRL can only be changed, when the corresponding clock signal CMU_CLK[x] and CMU_ECLK[1] is
disabled.

Further, any changes to the registers CMU_GCLK_NUM and CMU_GCLK_DEN can only be performed, when all
clock enable signals CMU_CLK[x] and the EN_FXCLK bit inside the CMU_CLK_EN register are disabled.

The clock source signals CMU_CLK[x] (x: 0...7) and CMU_FXCLK[y] are implemented in form of enable signals for
the corresponding registers, which means that the actual clock signal of all registers always use the CLSO_CLK
signal.

The hardware guarantees that all clock signals CMU_CLK[x] (x: 0...7), which were enabled simultaneous, are
synchronized to each other. Simultaneous enabling does mean that the bits EN_CLK[x] in the register
CMU_CLK_EN are set by the same write access.

Tsvs cik=1/fsys cik

Temu ok =1femu_cuig -

Figure28 Wave Form of Generated Clock Signal CMU_CLK[x]

28.10.4 Fixed Clock Generation (FXU)

The FXU sub-unit generates fixed clock enables out of the CMU_GCLK_EN or one of the eight CMU_CLK[x] enable
signal depending on the FXCLK_SEL bit field of the CMU_FXCLK_CTRL register. These clock enables are used for
the PWM generation inside the TOM modules.

All clock enables CMU_FXCLK[y] can be enabled or disabled simultaneous by setting the appropriate bit field
EN_FXCLK in the register CMU_CLK_EN.

The dividing factors are defined as 2°, 2%, 28, 212, and 2. The signals CMU_FXCLK]y] are implemented in form of
enable signals for the corresponding registers (see also Figure 28)

28.10.5 External Generation Unit (EGU)

The EGU sub-unit generate up to three separate clock output signals CMU_ECLK]z] (z: 0...2).
Each of these clock signals is derived from the corresponding External Clock Divider z sub block, which generates
a clock signal derived from the GTM input clock CLSO_CLK.

In contrast to the signals CMU_CLK[x] and CMU_FXCLK[y], which are treated as simple enable signals for the
registers, the signals CMU_ECLK]z] have a duty cycle of about 50% that is used as a true clock signal for external
peripheral components.
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To manage a second global frequency CMU_GCLK_EN could be replaced by ECLK[1]_EN for CMU_CLK[x](x:0..7).
Also the all-time enabled CMU_CLKS could be replaced by ECLK[0]_EN.

Each of the external clocks dividers are enabled and disabled by setting the appropriate bit field EN_ECLK[Zz] in
the register CMU_CLK_EN.

The clock frequencies fouy ek =1/Temu ecikg ©f the external clocks are controlled with the registers
CMU_ECLK_[z]_NUM and CMU_ECLK_[z]_DEN as follows:

TCMU_EC,_K[Z]=(ECLK[Z]_NUM/ECLK[z]_DEN) * Terso_cLk
and is implemented according the following algorithm
(Z:CMU_ECLK_[z] NUM(23:0); N: CMU_ECLK_[z]_DEN(23:0); Z,N >0; Z>=N; CMU_ECLK[z]='0"):
(1) Set remainder (R), operandl (OP1) and operand2 (OP2) register during INIT-phase (with implicit conversion to
signed): R=Z, OP1=N, OP2=N-Z;
(2) After leaving INIT-phase (CMU_ECLK[z] has been enabled) the sign of remainder R for each CLSO_CLK cycle will
be checked:
(3) If R>0 keep updating remainder and keep CMU_ECLK]z]: R=R-OP1;
(4) If R<0 update remainder and toggle CMU_ECLK[z]: R=R-OP2,

After at most (Z/N+1) subtractions (3) there will be a negative R and an active phase of the generated clock enable
(for one cycle) will be triggered (4). The remainder R is a measure for the distance to a real Z/N clock and will be
regarded for the next generated clock toggle phase. The new R value will be R=R+(Z-N). In the worst case the
remainder R will sum up to an additional cycle in the generated clock toggle period after Z-cycles. In the other
cases equally distributed additional cycles will be inserted for the generated clock toggle. If Z is an integer
multiple of N no additional cycles will be included for the generated clock toggle at all. Note that for a better
resource sharing all arithmetic has been reduced to subtractions and the initialization of the remainder R uses
the complement of (Z-N).

The default value of the CMU_ECLK[z] output is low.

28.10.6 CMU Configuration Register Overview

Table25 CMU Configuration Register Overview

Register Name Description see Page
CMU_CLK_EN CMU clock enable 107
CMU_GCLK_NUM CMU global clock control numerator 108
CMU_GCLK_DEN CMU global clock control denominator 108
CMU_CLK_[z]_CTRL CMU control for clock source z 109
CMU_ECLK_[z]_NUM CMU external clock z control numerator 110
CMU_ECLK_[z]_DEN CMU external clock z control denominator 110
CMU_FXCLK_CTRL CMU control FXCLK sub-unit input clock 111
CMU_GLB_CTRL CMU synchronizing ARU and clock source 112
CMU_CLK_CTRL CMU control for clock source selection 113
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28.10.7 CMU Configuration Register Description

28.10.7.1 Register CMU_CLK_EN

CMU Clock Enable Register

CMU_CLK_EN
CMU Clock Enable Register (000300,,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
EN_FXCLK | EN_ECLK2 | EN_ECLK1 | EN_ECLKO
' w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EN_CLK7 EN_CLK6 EN_CLK5 EN_CLK4 EN_CLK3 EN_CLK2 EN_CLK1 EN_CLKO
rW I’\;V I’W rW I’\JN I’W rW I’W
Field Bits Type Description
EN_CLKx 2*x+1:2*x  |rw Enable clock source x
(x=0-7) Any read access to an EN_CLK[x], EN_ECLK[z] or EN_FXCLK bit field will
always result in a value 00 or 11 indicating current state. A modification
of the state is only performed with the values 01 and 10. Writing the
values 00 and 11 is always ignored.
Any disabling to EN_CLK[x] will be reset internal counters for
configurable clocks.
005 Clock sourceis disabled (ignore write access)
01; Disable clock signal and reset internal states
105 Enable clock signal
11; Clock signal enabled (ignore write access)
EN_ECLKx 2*x+17:2*X | rw Enable ECLK x generation sub-unit
(x=0-2) +16 Coding see bit EN_CLKXx.
EN_FXCLK 23:22 rw Enable all CMU_FXCLK, see bits 1:0
An enable to EN_FXCLK from disable state will be reset internal fixed
clock counters.
0 31:24 r Reserved
Read as zero, shall be written as zero
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28.10.7.2 Register CMU_GCLK_NUM
CMU Global Clock Control Numerator

CMU_GCLK_NUM

CMU Global Clock Control Numerator (000304,,) Application Reset Value: 0000 0001,
31 30 29 28 . 27 26 . 25 24 23 22 . 21 | 20 . 19 | 18 . 17 16
0 GCLK_NUM
r ' ' w '
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | GCLKLNUM | | | |
. . - . . .
Field Bits Type Description
GCLK_NUM 23:0 rw GCLK_NUM

Value can only be modified when all clock enables EN_CLK[x] and the
EN_FXCLK are disabled.

The CMU hardware alters the content of CMU_GCLK_NUM and
CMU_GCLK_DEN automatically to 0x1, if CMU_GCLK_NUM is specified
less than CMU_GCLK_DEN or one of the values is specified with a value
zero. Thus, a secure way for altering the values is writing twice to the
register CMU_GCLK_NUM followed by a single write to register
CMU_GCLK_DEN.

0 31:24 r Reserved
Read as zero, shall be written as zero

28.10.7.3 Register CMU_GCLK_DEN
CMU Global Clock Control Denominator

CMU_GCLK_DEN

CMU Global Clock Control Denominator (000308,,) Application Reset Value: 0000 0001,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0 GCLK_DEN
J ‘ J r J ' J J ' ‘ rw J ' J
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
GCLK_DEN
! ! ! ! - ! ! !
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Field Bits Type Description

GCLK_DEN 23:0 rw GCLK_DEN
Value can only be modified when all clock enables EN_CLK[x] and the
EN_FXCLK are disabled.
The CMU hardware alters the content of CMU_GCLK_NUM and
CMU_GCLK_DEN automatically to 0x1, if CMU_GCLK_NUM is specified
less than CMU_GCLK_DEN or one of the values is specified with a value
zero. Thus, a secure way for altering the values is writing twice to the
register CMU_GCLK_NUM followed by a single write to register
CMU_GCLK_DEN.

0 31:24 r Reserved
Read as zero, shall be written as zero

28.10.7.4 Register CMU_CLK_[z]_CTRL

CMU Control for Clock Source z

CMU_CLK_z_CTRL (z=0-7)

CMU Control for Clock Source z

(00030C,,+z*4) Application Reset Value: 0000 0000,,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0 CLK_SEL CLK_CNT
r w ' w '
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CLK_CNT
1 r\I/V 1 1 1
Field Bits Type Description
CLK_CNT 23:0 rw Clock count
Defines count value for the clock divider.
Value can only be modified when clock enable EN_CLKz and EN_ECLK1
are disabled.
CLK_SEL 25:24 rw Clock source selection for CMU_CLKz
Value can only be modified when clock enable EN_CLKz and EN_ECLK1
are disabled.
Note: The existence and interpretation of this bit field depends on z. z>5
0 31:26 r Reserved
Read as zero, shall be written as zero.
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28.10.7.5 Register CMU_ECLK_[z]_NUM
CMU External Clock z Control Numerator

CMU_ECLK_z_NUM (z=0-2)

CMU External Clock z Control Numerator  (00032C,+z*8) Application Reset Value: 0000 0001,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0 ECLK_NUM
r ' ' w '
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ECLK_NUM
1 1 r\I/V 1 1 1
Field Bits Type Description
ECLK_NUM 23:0 rw ECLK_NUM
Numerator for external clock divider. Defines numerator of the fractional
divider.
Note: Value can only be modified when clock enable EN_ECLK[z]
disabled.
Note: The CMU hardware alters the content of CMU_ECLK_[z] NUM

and CMU_ECLK_[z] DEN automatically to 0x1, if
CMU_ECLK_[z]_NUM is specified less than
CMU_ECLK_[z]_DEN or one of the values is specified with a
value zero. Thus, a secure way for altering the values is
writing twice to the register CMU_ECLK_[z] NUM followed by
a single write to register CMU_ECLK_[z] DEN.

0 31:24 r Reserved
Read as zero, shall be written as zero

28.10.7.6 Register CMU_ECLK_[z]_DEN
CMU External Clock z Control Denominator

CMU_ECLK_z_DEN (z=0-2)

CMU External Clock z Control Denominator (000330,+z*8) Application Reset Value: 0000 0001,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0 ECLK_DEN
J ‘ J r J ' J J ' ‘ rw J ' J
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ECLK_DEN
! \ ! ! ! - ! ! ! !
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Field Bits

Type

Description

ECLK_DEN 23:0

ECLK_DEN
Denominator for external clock divider. Defines denominator of the
fractional divider

Note: Value can only be modified when clock enable EN_ECLK[z]
disabled.
Note: The CMU hardware alters the contentof CMU_ECLK_[z]_ NUM

and CMU_ECLK_[z] DEN automatically to Ox1, if
CMU_ECLK_[z]_NUM is specified less than
CMU_ECLK_[z] DEN or one of the values is specified with a
value zero. Thus, a secure way for altering the values is
writing twice to the register CMU_ECLK_[z] NUM followed by
a single write to register CMU_ECLK_[z] DEN.

0 31:24

Reserved
Read as zero, shall be written as zero

28.10.7.7 Register CMU_FXCLK_CTRL

CMU Control FXCLK Sub-Unit Input Clock

CMU_FXCLK_CTRL

CMU Control FXCLK Sub-Unit Input Clock (000344,

Application Reset Value: 0000 0000,,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
! - ! ! !
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 FXCLK_SEL
r | | rw
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Field Bits Type Description
FXCLK_SEL 3:0 rw Input clock selection for EN_FXCLK line
This value can only be written when the CMU_FXCLK generation is
disabled. See bits 23..22 in register CMU_CLK_EN.
Other values for FXCLK_SEL are reserved and should not be used, but
they behave like FXCLK_SEL =0.
0, CMU_GCLK_EN selected
1, CMU_CLKO selected
2, CMU_CLK1 selected
3, CMU_CLK2 selected
4, CMU_CLK3 selected
5, CMU_CLK4 selected
6, CMU_CLK5 selected
7y CMU_CLK®6 selected
8, CMU_CLKT selected
CMU_CLKT selected
0 314 r Reserved
Read as zero, shall be written as zero.

28.10.7.8 Register CMU_GLB_CTRL

CMU Synchronizing ARU and Clock Source

CMU_GLB_CTRL

CMU Synchronizing ARU and Clock Source (000348,,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 ;' 1 1 1
15 14 13 12 11 10 9 8 I 6 5 4 3 2 1 0
ARU_A
0 DDR_
RSTGL
1 1 1 1 1 1 B
r rw
Field Bits Type Description
ARU_ADDR_R |0 rw Reset ARU caddr counter and ARU dynamic route counter
STGLB Writing value 1 to this bit field results in a request to reset the ARU caddr

counter and ARU dynamic route counter. The next following write access
to register CMU_CLK_EN applies the ARU caddr counter reset, ARU
dynamic route counter reset and resets this bit. This feature can be used
to synchronize the ARU round trip time to the CMU clocks.

This bit is write protected. Before writing to this bit set bit RF_PROT of

register GTM_CTRL to 0.
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Field Bits Type Description

0 31:1 r Reserved
Read as zero, shall be written as zero

28.10.7.9 Register CMU_CLK_CTRL

CMU Control for Clock Source Selection

CMU_CLK_CTRL

CMU Control for Clock Source Selection (00034C,)) Application Reset Value: 0000 0000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
. . : . . .
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CLKS8_|CLK7_|CLK6_|CLKS5_|CLK4_|CLK3_|CLK2_|CLK1_|CLKO_
0 EXT_D |EXT_D|EXT_D [EXT_D | EXT_D|EXT_D [EXT_D | EXT_D|EXT_D
IVIDER|IVIDER|IVIDER|IVIDER|IVIDER|IVIDER|IVIDER|IVIDER|IVIDER

r rw rw rw rw rw rw rw rw rw

Field Bits Type Description

CLKO_EXT_DI |0 rw Clock source selection for CMU_CLK_0_CTRL

VIDER Value can only be modified when clock enable EN_CLKO and EN_ECLK1
are disabled.
0g Use Clock Source CMU_GCLK_EN
1y Use Clock Source CMU_ECLK1

CLK1_EXT_DI |1 rw Clock source selection for CMU_CLK_1_CTRL

VIDER Value can only be modified when clock enable EN_CLK1 and EN_ECLK1
are disabled.

CLK2_EXT_DI |2 rw Clock source selection for CMU_CLK_2_CTRL

VIDER Value can only be modified when clock enable EN_CLK2 and EN_ECLK1
are disabled.

CLK3_EXT_DI |3 rw Clock source selection for CMU_CLK_3_CTRL

VIDER Value can only be modified when clock enable EN_CLK3 and EN_ECLK1
are disabled.

CLK4_EXT_DI |4 rw Clock source selection for CMU_CLK_4_CTRL

VIDER Value can only be modified when clock enable EN_CLK4 and EN_ECLK1
are disabled.

CLK5_EXT_DI |5 rw Clock source selection for CMU_CLK_5_CTRL

VIDER Value can only be modified when clock enable EN_CLK5 and EN_ECLK1
are disabled.

CLK6_EXT_DI |6 rw Clock source selection for CMU_CLK_6_CTRL

VIDER Value can only be modified when clock enable EN_CLK6 and EN_ECLK1
are disabled.

User’s Manual 28-113 V2.0.0

GTMV2.2.24 OPEN MARKET VERSION 2.0 2021-02



AURIX™ TC3xx

(infineon

Generic Timer Module (GTM)

Field Bits Type Description

CLK7_EXT_DI |7 rw Clock source selection for CMU_CLK_7_CTRL

VIDER Value can only be modified when clock enable EN_CLK7 and EN_ECLK1
are disabled.

CLK8_EXT_DI |8 rw Clock source selection for CMU_CLKS

VIDER Value can only be modified when EN_ECLKO is disabled.
0g UseClock Source CLSO_CLK
1z Use Clock Source CMU_ECLKO

0 31:9 r Reserved

Read as zero, shall be written as zero.
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28.11 Cluster Configuration Module (CCM)

28.11.1 Overview

As already mentioned in the chapter “GTM architecture”, each submodule of the GTM is aligned explicitly to a
cluster. The Cluster Configuration Module (CCM) enables the configuration of several cluster specific options
namely

« cluster's clock frequency,

« module clock gating,

« Status observation of the cluster's MCS bus master (AEM),
+ address range protection, and

+ global architecture configuration.

The register CCM[i]_CFG allows disabling the system clock signal for unused sub modules of the i-th cluster. The
registers CCM[i]_CMU_CLK_CFG and CCM[i]_CMU_FXCLK_CFG allows the configuration of various cluster clock
frequencies.

Figure 29 shows important details about the wiring of the cluster's local clock signals.
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Figure 29 Cluster Clock Signal Wiring

The register CCM[i]_AEIM_STA captures the address and the reason of the first invalid AEIM bus master access of
the cluster's MCS module.

The registers CCM[i]_HW_CONF, CCM[i]_AUX_IN_SRC, CCMJi]_EXT_CAP_EN, CCMJ[i]_TOM_OUT, and
CCMJi]_ATOM_OUT are global status and configuration registers that are mirrored from the group of TOP-Level
registers. The intention of these registers is to bring up cluster specific configuration registers into the address
space of the bus master of the cluster's MCS module.

28.11.2 Address Range Protection

The CCM also provides up to NARP so called address range protectors (ARPs), where the number NARP depends
on the actual device configuration (defined in device specific appendix). An ARP can be used to define a
configurable write protected address range in order to support enhanced safety features. The address width of
and ARP is also device dependent and it is determined by the parameter AAW as defined in device specific
appendix.

The protected address range is mapped to the address range of the cluster's MCS RAM port.
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Each ARP z (with z = 0...NARP-1) can be configured by the registers CCM[i]_ARP[z]_CTRL and
CCM[i]_ARP[z]_PROT, where the register CCM[i]_ARP[z]_CTRL enables to configure the size and base address
offset for an ARP and the register CCM[i]_ARP[z]_PROT configures, that an MCS channel x with a set bit field
WPROTX cannot write to the corresponding z-th ARP. Whenever an MCS channel x is writing to an ARP that does
not allow a write access from channel x by the configuration register CCM[i]_ARP[z]_PROT, the write access is
discard. The bit field WPROT_AEI of register CCM[i]_ARP[z]_CTRL allows to configure if a CPU write access (via
AEl slave interface) to the z-th ARP is protected. If the CPU wants to write to the z-th ARP while WPROT_AEI is set,
the write access will be discard and the AEI status signal will signalize an invalid module access.

Considering the size and base address of an ARP, it should be noted that the configuration possibilities are
limited. Details about the configuration can be found in the register description of MCS[i]_ARP[z]_CTRL.

The bit field DIS_PROT of register CCM[i]_ARP[z]_CTRL changes the meaning of an ARP configuration in a way
that it explicitly allows an MCS channel x with a set bit field WPROTXx to write to the z-th ARP. Accordingly, if the
bit DIS_PROT is set while the bit WPROT_AEI is also set in the register CCM[i]_ARP[z]_CTRL, the z-th ARP
explicitly allows a write access from the CPU to the z-th ARP. A meaningful application of an ARP z with a set bit
field DIS_PROT for an MCS channel x has another ARP with a surrounding wider address range that is defining a
write protection for MCS channel x and some other MCS channels.

Since the address range of an ARP can surround another ARP it is possible to configure contradictory conditions
for MCS channels or the CPU within the overlapping area (e.g. if ARP y surrounds ARP z and ARP y allows a write
access for an MCS channel x but ARP z prohibits a write access for MCS channel x). In order to resolve this
ambiguity, the following rule is defined: A write protection for a specific address c concerning MCS channel x (the
CPU) is active, if and only if, address c is covered by at least one ARP with a cleared bit DIS_PROT and a set bit
WPROTxX (WPROT_AEI) and there exists no ARP covering address c with a set bit field DIS_PROT and a set bit field
WPROTX (WPROT_AEI).

User’s Manual 28-117 V2.0.0
GTMV2.2.24 OPEN MARKET VERSION 2.0 2021-02



AURIX™ TC3xx

(infineon

Generic Timer Module (GTM)

28.11.3 CCM Configuration Register Overview

Table26 CCM Configuration Register Overview

Register name Description see Page
CCM[i]_PROT CCMi Protection Register 119
CCMJi]_CFG CCMi Configuration Register 119
CCM[i]_CMU_CLK_CFG CCMi CMU Clock Configuration Register 121
CCM[i]_CMU_FXCLK_CFG CCMi CMU Fixed Clock Configuration Register 122
CCM[i]_AEIM_STA CCMi MCS Bus Master Status Register 122
CCM[i]_ARP[z]_CTRL CCMi Address Range Protector z Control Register 123
CCMI[i]_ARP[z]_PROT CCMi Address Range Protector z Protection Register 124
CCM[i]_HW_CONF CCMi Hardware Configuration Register 125
CCM[i]_TIM_AUX_IN_SRC CCMi TIM AUX input source Register. 128
CCM[i]_EXT_CAP_EN CCMi External Capture Enable Register. 129
CCM[i]_TOM_OUT CCMi TOM Output Register. 130
CCM[i]_ATOM_OUT CCMi ATOM Output Register. 130
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28.11.4 CCM Configuration Register description

28.11.4.1 Register CCM[i]_PROT
CCMi Protection Register

CCMi_PROT (i=0-11)

CCMi Protection Register (OE21FC,+i*200,,) Application Reset Value: 0000 0001,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 II’ 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CLS_P
0 ROT
1 1 1 1 1 1 1 r 1 1 1 L 1 1 1 rW
Field Bits Type Description
CLS_PROT 0 rw Cluster Protection

0  Write protection of cluster configuration registers is disabled
1l Write protection of cluster configuration registers is enabled

0 31:1 r Reserved
Read as zero, shall be written as zero.

28.11.4.2 Register CCM[i]_CFG

CCMi Configuration Register

NOTE: The module specific clock enable registers (bit field EN_*) are only implemented if the corresponding
module is available in the i-th cluster.

NOTE: For the Clusters greater than 4, (only 100MHz capable), the only allowed settings for the CLS_CLK_DIV are
00 and 10 (clock divider 2).

CCMi_CFG (i=0-11)

CCMi Configuration Register (OE21F8,,+i*200,,) Application Reset Value: XXXX XXXX,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TBU_D|TBU_D
Rz | IR1 0 CLS_CLK_DIV
r r 1 1 1 1 1 II’ 1 1 | 1 1 ;‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EN_C EN_DP EN_AT|EN_TO
0 MP_M EN|\7|PS ENEBR LL MA EI‘\lng OM_A |M_SPE ENl\ZTI
ON P DTM | _TDT
1 1 M
r rw rw rw rw rw rw rw rw
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Field Bits Type Description

EN_TIM 0 rw Enable TIM
This bitis only writable if bit field CLS_PROT of register CCM[i]_PROT is
cleared.

0 Disable clock signal for sub module TIM
15 Enable clock signal for sub module TIM

EN_TOM_SPE |1 rw Enable TOM, SPE and TDTM

_TDTM This bitis only writable if bit field CLS_PROT of register CCM[i]_PROT is

cleared.

0 Disable clock signal for modules TOM, SPE, and their related DTM
modules

1l Enable clock signal for modules TOM, SPE, and their related DTM
modules.

EN_ATOM_AD |2 rw Enable ATOM and ADTM

™ This bitis only writable if bit field CLS_PROT of register CCM[i]_PROT is

cleared.

0 Disable clock signal for modules ATOM and their related DTM
modules.

1l Enable clock signal for modules ATOM and their related DTM
modules.

EN_MCS 3 rw Enable MCS

This bitis only writable if bit field CLS_PROT of register CCM[i]_PROT is
cleared.

0g Disable clock signal for module MCS

1l Enable clock signal for module MCS

EN_DPLL_MA |4 rw Enable DPLL and MAP
P This bitis only writable if bit field CLS_PROT of register CCM[i]_PROT is
cleared.

0 Disable clock signal for modules DPLL and MAP
1l Enable clock signal for modules DPLL and MAP

EN_BRC 5 rw Enable BRC

This bitis only writable if bit field CLS_PROT of register CCM[i]_PROT is
cleared.

0 Disable clock signal for module BRC

1z Enable clock signal for module BRC

EN_PSM 6 rw Enable PSM

This bitis only writable if bit field CLS_PROT of register CCM[i]_PROT is
cleared.

0 Disable clock signal for module PSM

1z Enable clock signal for module PSM

EN_CMP_MON |7 rw Enable CMP and MON

This bitis only writable if bit field CLS_PROT of register CCM[i]_PROT is
cleared.

0; Disable clock signal for modules CMP and MON

1l Enable clock signal for modules CMP and MON
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Field
CLS_CLK_DIV

Bits Type
17:16 r

Description

Cluster Clock Divider

The value of this bit field mirrors the bit field CLS[i]_CLK_DIV of register
GTM_CLS_CLK_CFG, whereas i equals the cluster index.

005 Clusterisdisabled

01; Clusterisenabled without clock divider

10, Clusteris enabled with clock divider 2

11; Reserved, do not use.

DIR1 input signal of module TBU
0 Indicating forward direction
1 Indicating backward direction

TBU_DIR1 30 r

TBU_DIR2 31 r DIR2 input signal of module TBU
0 Indicating forward direction

1 Indicating backward direction

0 15:8, r
29:18

Reserved
Read as zero, shall be written as zero.

28.11.4.3 Register CCM[i]_CMU_CLK_CFG

CCMi CMU Clock Configuration Register
The bit fields of this register are only writable if bit field CLS_PROT of register CCM[i]_PROT is cleared.

CCMi_CMU_CLK_CFG (i=0-11)

CCMi CMU Clock Configuration Register  (0E21F0,+i*200,,) Application Reset Value: 0000 0000,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0 CLK7_SRC 0 CLK6_SRC 0 CLK5_SRC 0 CLK4_SRC
; i ; e ; i ‘r W
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 CLK3_SRC 0 CLK2_SRC 0 CLK1_SRC 0 CLKO_SRC
r w r w r w r rw
Field Bits Type Description
CLKx_SRC 4*x+1:4*x  |rw Clock x source signal selector
(x=0-7) 005 Use CMU_CLKx signal of CMU as CMU_CLKx signal within cluster
01; Use CMU_CLKS signal of CMU as CMU_CLKx signal within cluster
105 Use TIM[i]_EXT_CAPTURE(x) signal as CMU_CLKx signal within
cluster
115 Reserved
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Field

Bits

Type

Description

0

31:30,
27:26,
23:22,
19:18,
15:14,

11:10, 7:6,

3:2

r

Reserved
Read as zero, shall be written as zero.

28.11.4.4 Register CCM[i]_CMU_FXCLK_CFG

CCMi CMU Fixed Clock Configuration Register

CCMi_CMU_FXCLK_CFG (i=0-11)

CCMi CMU Fixed Clock Configuration Register(0E21F4,,+i*200,,)

Application Reset Value: 0000 0000,,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 1 1 1 |L 1 1 L 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 FXCLKO_SRC
1 1 1 |L 1 1 1 1 L 1 r‘\IIV 1
Field Bits Type Description
FXCLKO_SRC |3:0 rw Fixed clock 0 source signal selector
Bit field values that are not mentioned above are reserved.
These bits are only writable if bit field CLS_PROT of register
CCMIi]_PROT is cleared.
0, Use CMU_FXCLKO signal of CMU as CMU_FXCLKO signal within
cluster
1, UseCMU_CLKS8signal of CMU as CMU_FXCLKO signal within cluster
0 314 r Reserved

Read as zero, shall be written as zero.

28.11.4.5 Register CCM[i]_AEIM_STA

CCMi MCS Bus Master Status Register

Note:

Only the first invalid AEIM bus master access of the MCS is updating this register with the invalid AEIM

address (bit field AEIM_XPT_ADDR) and the reason of the invalid access (bit field AEIM_XPT_STA). Awrite
access to this register (independent of the written data) always resets the bit fields AEIM_XPT_STA and
AEIM_XPT_ADDR, and the next invalid AEIM access is captured by this register, again.

Note:

User’s Manual
GTMV2.2.24

If the i-th cluster does not provide an MCS module, this register is not available.

28-122
OPEN MARKET VERSION 2.0

V2.0.0
2021-02



AURIX™ TC3xx

infineon

Generic Timer Module (GTM)

CCMi_AEIM_STA (i=0-11)

CCMi MCS Bus Master Status Register (OE21D8,,+i*200,) Application Reset Value: 0000 0000,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0 AEIM_XPT_ST 0
A
1 1 ;- r\\/v 1 1 ;' 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AEIM_XPT_ADDR
1 r'\IIV 1 1 1
Field Bits Type Description
AEIM_XPT_AD |15:0 rw Exception Address
DR Invalid bus master (AEIM) address of MCS module.
AEIM_XPT_ST |25:24 rw AEIM exception status
A 005 Noinvalid MCS bus master access occurred
01; Invalid byte addressing of MCS bus master access
10, Illegal module access of MCS bus master access
11; Invalid MCS bus master access to an unsupported address
0 23:16, r Reserved
31:26 Read as zero, shall be written as zero.

28.11.4.6 Register CCM[i]_ARP[z]_CTRL

CCMO Address Range Protector z Control Register

CCMi_ARPz_CTRL (i=0-9;z=0-9)
CCMi Address Range Protector z Control Register(0E2000,,+i*200,,+z*8) Application Reset Value: 0003

0000,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
WPRO DIS_P
T_AEI ROT 0 SIzZE
rw l J I rw J II’ I’\IN
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADDR
1 1 r\IIV 1 1 1
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Field Bits Type Description

ADDR 15:0 rw ARP base address

Base address for address range protector z.

Only the bits 5 to AAW-1 of this bit field are implemented as registers. The
bits AAW to 15 are reserved bits and always read and written as zeros.
The bits0and 1 are functionally used for the definition of an ARP but they
are always read and written as zeros.

The actual base address for a protected address range is only defined by
the upper AAW-(SIZE+2) bits (bit position 2+SIZE to bit position AAW-1)
of bit field ADDR. The lower SIZE+2 bits (bit 0 to SIZE+1) are ignored for
the address calculation and assumed as zeros.

This bit field is only writable if bit field CLS_PROT of register
CCMIi]_PROT is cleared.

SIZE 19:16 rw Size of ARP

Size of memory range protector z.

The actual size of a protected memory range is defined as 2°'*¢ address
locations, whereas the bit field SIZE is interpreted as an unsigned integer
number.

This bit field is only writable if bit field CLS_PROT of register
CCMIi]_PROT is cleared.

DIS_PROT 24 rw Disable ARP protection

This bit field is only writable if bit field CLS_PROT of register

CCMIi]_PROT is cleared.

0 Bit WPROTx (WPROT_AEI) defines write protection for selected
address range

1z Bit WPROTx (WPROT_AEI) explicitly allows write access to selected
address range

WPROT_AEI |31 rw AEl slave write protection

The address range interval that is protected by this ARP can be
calculated as [[ADDR AND NOT 4*(25'%E-1)); (ADDR AND NOT 4*(25'%E-1)) +
4*(25'%E-1)], assuming a byte-wise addressing, an unsigned integer
representation for the bit fields SIZE and ADDR. NOT and AND are bitwise
logical operators. The incrementation interval for neighboring memory
locations is always 4.

This bit field is only writable if bit field CLS_PROT of register
CCM[i]_PROT is cleared.

0  Write protection to address range from AEl slave is disabled

1y Write protection to address range from AEl slave is enabled

0 23:20, r Reserved
30:25 Read as zero, shall be written as zero.

28.11.4.7 Register CCM[i]_ARP[z]_PROT

CCMO Address Range Protector z Protection Register

Only the first T bits of this register (bit 0 to T-1) are functionally implemented. The other bits (bit T to 31) are
reserved bits. Parameter T reflects the number of available MCS channels in the cluster's MCS module.
These bit fields of this register are only writable if bit field CLS_PROT of register CCM[i]_PROT is cleared.
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The meaning of the bit fields WPROTx can be changed by the bit field DIS_PROT of register
CCM[i]_ARP[z]_CTRL.

CCMi_ARPz_PROT (i=0-9;z=0-9)
CCMi Address Range Protector z Protection Register(0E2004,,+i*200,+z*8) Application Reset Value: 0000
0000,

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
0
1 1 1 1 1 IL 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 WPRO (WPRO WPRO (WPRO (WPRO (WPRO (WPRO |WPRO
T7 T6 T5 T4 T3 T2 T1 T0
;’ I rw rw rw rw rw rw rw rw
Field Bits Type Description
WPROTYy (y=0- |y rw Write Protection MCS channely
7) 0  Write protection to ARP's address range for MCS channely is
disabled
1l Write protection to ARP's address range for MCS channely is
enabled
0 31:8 r Reserved
Read as zero, shall be written as zero.

28.11.4.8 Register CCM[i]_HW_CONF
CCMi Hardware Configuration Register

CCMi_HW_CONF (i=0-11)

CCMi Hardware Configuration Register =~ (0E21DC,+i*200,,) Application Reset Value: 084F 022E,,
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
INT_C IRQ_M/IRQ_M||IRQ_M|IRQ_M
0 LK_EN TOM_TRIG_INTCHAIN ATOM_TRIG_INTCHAIN |ODE_S/ODE_P|ODE_P|ODE_L
_GEN INGLE ULSE_| ULSE | EVEL
‘ , , _PULS|NOTIF
r r r r r r r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ARU_C RAM I TOM_ ATOM |CFG_C|SYNC_|BRIDG p—
0 |ONNE| ERM |[NIT_R| TOM_TRIG_CHAIN | OUT_| ATOM_TRIG_CHAIN | OUT_|LOCK_|INPUT|E_MO N
CT_CO ST RST RST | RATE | _REG |DE_RS
NFIG , . T
r r r r r r r r r r r r
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Field Bits Type Description
GRSTEN 0 r Global Reset Enable
0 Global GTM reset register disabled
1z Global GTM reset register enabled
BRIDGE_MOD |1 r Bridge mode after reset
E_RST 0  Bridge starts in synchronous mode after reset
1 Bridge starts in asynchronous mode after reset
SYNC_INPUT_ |2 r Additional pipelined stage in synchronous bridge mode
REG Note: this register is only relevant (if existing) for synchronous bridge mode
0; Noadditional pipelined stage implemented.
1, Additional pipelined stage implemented. All accesses in
synchronous mode will be increased by one clock cycle.
CFG_CLOCK_ |3 r Clocks per ARU transfer
RATE
Note: This value defines also the availability of configuration bits in
register GTM_CLS_CLK_CFG.
If CFG_CLOCK_RATE=0, only the values 005 and 01, are valid for bit fields
CLS[x]x_CLK_DIV.
If CFG_CLOCK_RATE=1, only the values 00g, 015 and 10 are valid for bit
fields CLS[x]x_CLK_DIV.
0  Each system clock an ARU transfer is scheduled
1l Each second system clock an ARU transfer is scheduled. ARU
transfer rate is half the system clock frequency.
ATOM_OUT_R |4 r ATOM_OUT reset level
ST
Note: This value represents the ATOM output level after reset. The
inverse value of this bit is the reset value of bit SL in all ATOM
channels.
0 ATOM_OUT reset levelis '0'
1l ATOM_OUT reset levelis "1’
ATOM_TRIG_C|7:5 r ATOM trigger chain length withou