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1 Introduction

This application note describes the TIM timeout detection functionality as implemented in GTM-IP generation 3 and 4
devices. It utilizes the TIM Timeout Detection Unit (TDU). The TDU can be used to detect timeout in different use case
scenarios. These use cases are described in the following subsections.

1.1 Use cases for timeout detection

1.1.1 Timeout detection for individual edge types

Figure 1.1 shows the timeout detection for an input signal when measured from rising to rising edge. The counter
TO_CNT is started with a rising edge and is reset when the next rising edge is detected. The TO_CNT stops, when it
reaches the timeout value TOV. This application scenario is covered in subsection 3.2.1 in more detail.
The GTM-IP timeout detection functionality offers the possibility to configure, if the timeout detection unit remains stopped,
when the timeout condition is detected or if the timeout detection is restarted on the next valid edge. In Figure 1.1 and
Figure 1.2 the timeout detection unit remains stopped.
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Figure 1.1: Timeout detection for individual edges (rising to rising edge)

Figure 1.2 shows the timeout detection for an input signal when measured from falling to falling edge.
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Figure 1.2: Timeout detection for individual edges (falling to falling edge)

Subsection 3.2.2 describes this use case in combination with the usage of a prescaler, to be able to measure very long
timeout durations.

the setup of the TIM Timeout Detection Unit for the aforementioned use cases in more detail.

1.1.2 Timeout detection for both edge types

The TIM TDU can also detect timeouts using both edges of an input signal. In principle, when both edges are used, the
signal high and low level duration is measured and should not exceed a certain threshold value. Figure 1.3 shows the
use case, where the timeout is measured using the same timeout threshold value (TOV) for both edges.
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Figure 1.3: Timeout detection for both edges (unique value for TOV)

Section 3.3.1 describes an implementation of the use case shown in Figure 1.3.
Figure 1.4 depicts the timeout detection for both edges and individual timeout threshold values TOV and TOV1.
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Figure 1.4: Timeout detection for both edges (individual value for TOV and TOV1)
Section 3.3.3 describes how the implementation of such a use case looks like with the TIM module.

1.2 Outlook

Chapter 2 describes the architecture of the TIM TDU in more detail and lists the configuration registers, which are involved
when a timeout detection function has to be set up by the user.
Chapter 3 contains implementation examples for the different use cases described above.
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2 TIM Timeout detection unit

2.1 Architecture

2.1.1 Overview

The architecture of the TDU is depicted in Figure 2.1. As it can be seen, the TDU is controlled by input signals TDU
Enable/Disable, REDGE_DET, FEDGE_DET, EXT_CAPTURE, and clocked with one of the existing CMU_CLKs. The
TDU generates the four signals TDU_SAMPLE_EVT, TDU_WORD_EVT, TDU_FRAME_EVT, and TDU_TIMEOQUT_EVT.
In addition the TDU generates an interrupt signal TO_DET_IRQ. It is configurable, which signal is used to generate the
TO_DET_IRQ signal.

TDU Enable/Disable REDGE_DET FEDGE_DET EXT_CAPTURE

L

h 4

TDU Control: TDU_START / TDU_STOP /TDU_RESYNC

A A A

TDU Ji TDU TDU
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ﬁ
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tdu_sample_evt tdu_frame_evt tdu_word_evt

TDU Control: TDU_START /TDU_STOP /TDU_RESYNC
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Figure 2.1: TDU architecture

Inside of the TDU, there are three subunits called TDU slices. Each slice has the same amount of resources and
architecture. One slice consists of an eight bit counter register TO_CNT, an eight bit counter compare register called TOV
and a comparator.

The slices can be cascaded in a flexible manner. Thus, they can form one 24bit counter and compare register or three
8bit counters and compare registers or one 8bit counter and compare register and one 16bit counter and compare register
at the same time.

The counters are either driven by a CMU_CLK or by a tdu_sample_evt. The tdu_sample_evt is generated, when the
counter of TDU Slice 2 matches or exceeds its individual TOV2 value. When the tdu_sample_evt is used as a clock
signal for TDU Slice 0 and 1, the tdu_sample_evt acts as a clock prescaler of the selected CMU_CLK, thus extending
the range of timeout measurements. When cascading the Slices 0 and 1, a 16bit timeout value with 8bit clock prescaler
is possible. This configuration is discussed in subsection 3.2.2.

Starting, stopping and synchronizing of the counters in the slices can be configured with the three bit fields tdu_start,
tdu_stop and tdu_resync of register TIM[i]_CH[x] _ECTRL.

2.1.2 TDU_START

The TDU_START configuration is used to start/restart the counters on certain events. Possible events, which start the
TDU counters are:

e TDU enable

e 1% CMU_CLK

e First active edge

e External captured event
© quert Bosch‘ GmbH‘ reserves all rights even in the event of industrial Property rights. We reserve all rights of disposal such as copying and v1.0 - 29.10.2018 - AE/E|D5
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2.1.3 TDU_STOP

The TDU_STOP configuration is used to stop the counters of the TDU. There is one configuration, where the two counters
of slice 0 and 1 can be stopped individually, while the other counter keeps running. The TDU_STOP events are:
e TDU disable

e TDU word event

e TDU frame event

e TDU timeout event

e External capture event

6125

Dependent on the TDU_START configuration, the TDU restarts when the next configured start event occurs, after the
TDU is stopped with a TDU_STOP event.

2.14 TDU_RESYNC

The TDU_RESYNC feature allows to reset the three different counters in the slices individually or synchronously. The
configuration possibilities are shown in the following tables. Please note, that the TDU_RESYNC field is shared and
therefore controlling all three counters in parallel.

TDU_RESYNC TO_CNT

SLICING 0b 00 01 10

Ob |0 active edge active edge when TO_CTRL = Ob-1:
rising input edge

Ob [0]- active edge active edge when TO_CTRL = Ob-1:
rising input edge

Ob [0]- tdu_word_evt

Ob (O tdu_frame_evt

Ob |1 EXT_CAP_SRC

Ob (1|-

Ob [1]- active edge active edge when TO_CTRL = Ob-1:
rising input edge

Ob [1]- tdu_word_evt

Ob |1 tdu_frame_evt

Table 2.1: Resynchronization of TO_CNT
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TDU_RESYNC TO_CNT1

SLICING 0b 00 01 10

Ob |0 active edge active edge when TO_CTRL = Ob1-:
falling input edge

Ob [0]- active edge active edge when TO_CTRL = Ob1-:
falling input edge

Ob (0]-

Ob |0 tdu_frame_evt

Ob (1 EXT_CAP_SRC

Ob (1]-

Ob [1]- active edge active edge when TO_CTRL = Ob1-:
falling input edge

Ob (1]-

Ob |1 tdu_frame_evt

Table 2.2: Resynchronization of TO_CNT1

TDU_RESYNC TO_CNT2

SLICING 0b 00 01 10
Ob |0 active edge or active edge or active edge or
tdu_timeout_evt or tdu_timeout_evt or tdu_timeout_evt or
TDU enable TDU enable TDU enable
Ob [0]- active edge
Ob (0]-
Ob (O
Ob (1 EXT_CAP_SRC
Ob [1]- tdu_sample_evt
Ob [1]- active edge
Ob (1]-
Ob (1

Table 2.3: Resynchronization of TO_CNT2
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2.2 Configuration registers

8|25

The behavior of the TDU can be controlled with following TIM channel configuration registers and their bit fields:

Register name

Register field

TIM Timeout functionality configuration

TIM[]_CHI[x]_CTRL TOCTRL TDU enable/disable and definition of edge sensitivities
TIM[]_CHI[x] _TDuVv TOVX Counter compare values (timeout threshold values) for slice x (x:0, 1,
2)
SLICING Controls cascading of slices

USE_SAMPLE_EVT

Configuration of slice counters clock

SAME_CNT_CLK

Configuration of slice counters clock

TCS

Configuration of overall used CMU_CLK

TIM[i]_CHIX]_ECTRL

USE_PREV_TDU_IN

Use the previous TDU output signals as input

TODET_IRQ_SRC

Configures one of the four internal TDU signals (tdu_word_evt,
tdu_frame_evt, tdu_sample_evt, tdu_timeout evt) to serve as
TO_DET_IRQ source.

TDU_START Start/restart condition for overall TDU

TDU_STOP Stop condition for overall TDU

TDU_RESYNC Counter resynchronization condition for the three counters
TIM[]_CH[x] TDUC |TO_CNTx Actual counter value of the different slices x (x: 0, 1, 2)

Table 2.4: Registers involved in TIM timeout functionality
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3 Timeout detection use cases

3.1 Environmental setup

Table 3.1 shows the environmental setup for the timeout use cases described in this section.

Variable Configuration

AEI_SYS_CLK 200 MHz
CMU_GCLK 100 MHz
CMU_CLKO 100 MHz
CMU_CLK1 10MHz

Table 3.1: Environmental setup for demonstrating the timeout functionality.

3.2 Timeout detection for individual edge types

3.2.1 Rising torising edge use case
Figure 3.1 shows the use case for timeout measurement from rising to rising edge.

! ! Timeout
Timeout d Timeout ;
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Timeout *
—
i
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Figure 3.1: Timeout detection for rising to rising edges
Code 1 shows the configuration of TDU registers when a rising to rising edge timeout should be detected.
uint32_t tmpRegVal_u32;

/* Configure TIM[O].CH[O]-.-ECTRL */

tmpRegVal _u32 = 0;

tmpRegVal _u32 = (0x3 << GTM_TIM_CH_ECTRL_TDU_STOP_POS)|] // stop on timeout
(0Ox3 << GTM_TIM_CH_ECTRL_TDU_START_POS)] // start act. edge
(Ox0 << GTM_TIM_CH_ECTRL_TDU_RESYNC_PO0S);// reset cnt on act.

// edge
GTM.TIM[O]-.CH[O]-ECTRL = tmpRegVal _u32;
/* Configure GTM.TIM[O].CH[O].-TDUV */
tmpRegVal_u32 = 0;
tmpRegVal_u32 = (21 << GTM_TIM_CH_TDUV_TOV_POS) | // timeout @ 2100ns
(0Ox1 << GTM_TIM_CH_TDUV_TCS_POS); // use CMU_CLK1l = 10MHz

GTM.TIM[O].CH[0]-TDUV = tmpRegVal _u32;

/* Enable TDU, sensitive to rising edges and TO_DET_IRQ */
GTM.TIM[O].CH[O].1RQ_EN = (Ox1 << GTM_TIM_CH_IRQ_EN_TODET_IRQ_EN_POS);
GTM.TIM[O].-CH[O]-CTRL = 0x40000001; // Timeout on rising to rising edge

Code 1: TDU setup to detect rising to rising edge timeouts

Figure 3.2 shows the simulation result for the detection of a rising to rising edge timeout when configured using Code 1.

© Robert Bosch GmbH reserves all rights even in the event of industrial Property rights. We reserve all rights of disposal such as copying and v1i.0-29.10.2018 - AE/E|D5
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Figure 3.2: Simulation result for timeout on rising to rising edge

3.2.2 Falling to falling edge use case (with prescaler)

For the falling to falling edge use case a timeout detection using a prescaler for the timeout counters should be
demonstrated. This configuration can be used, if a combination of the slowest available CMU_CLK frequency of the SW
design and a 24bit timeout counter would not be feasible to detect a timeout. Typically, this is a configuration which
operates on very long and stable input signals.

The resource allocation in the TDU for a timeout detection with prescaler is shown in Figure 3.3. The TDU slice 2 is used
as an 8bit prescaler and the slices 0 and 1 are combined to form a 16bit counter compare value. The slice 2 is configured
to use the CMU_CLK as input (bold black clock line) and slices 0 and 1 use the tdu_sample_evt signal as clock input
(green clock line). With this configuration, it is important to note, that the reset of the counters for the slices 2, 1 and 0
has to be different. The slice 2 counter should be reset on a tdu_sample_evt, to implement the prescaler, while the
combined counter from slice 1 and 0 should be reset on each active edge. This different reset behavior can be configured
with the TDU_RESYNC bit field in the register TIM[i]_CH[x] ECTRL.

TDU Enable/Disable REDGE_DET FEDGE_DET EXT_CAPTURE

L |

A 4

TDU Control: TDU_START / TDU_STOP / TDU_RESYNC

Clock prescaler Timeout|value
TDU JIN TDU TDU
Slice 2 Slice 1 Slice 0
) |
CMU_CLK %D )
tdu_sample_evt tdu_frame_evt tdu_word_evt

TDU Control: TDU_START / TDU_STOP / TDU_RESYNC

R

A J v v v
TDU_SAMPLE_EVT TDU_FRAME_EVT l TDU_TIMEOUT_EVT  TDU_WORD_EVT
TO_DET_IRQ

Figure 3.3: TDU resource allocation when using CMU_CLK prescaler for timeout counters

Code 2 shows the implementation of a timeout mechanism for falling to falling edges using an additional clock prescaler
mechanism. The corresponding simulation result is depicted in Figure 3.4.
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uint32_t tmpRegVal_u32;

/* Configure TIM[O].CH[1]-ECTRL */

tmpRegVal _u32 = 0;

tmpRegVal _u32 = (0Ox3 << GTM_TIM_CH_ECTRL_TDU_STOP_P0OS) |
(0x3 << GTM_TIM_CH_ECTRL_TDU_START_POS) |
(0x9 << GTM_TIM_CH_ECTRL_TDU_RESYNC_PO0OS);

GTM.TIM[O]-CH[1]-ECTRL = tmpRegVal_u32;

/* Configure GTM.TIM[O].CH[1].TDUV */

tmpRegVal_u32 0;

tmpRegVal_u32 (0x0 << GTM_TIM_CH_TDUV_TCS_PO0OS) | // CMU_CLKO = 100MHz
(0x1 << GTM_TIM_CH_TDUV_SLICING_POS) | // 1x8bit, 1x16bit
(0x1 << GTM_TIM_CH_TDUV_TDU_SAME_CNT_CLK_PO0S) |
(0x1 << GTM_TIM_CH_TDUV_TCS_USE_SAMPLE_EVT_POS) |
(9 << GTM_TIM_CH_TDUV_TOV2_POS) | // 10MHz Prescaler
(21 << GTM_TIM_CH_TDUV_TOV_PO0S); // timeout @ 2100ns

GTM.TIM[O]-.CH[1]-TDUV = tmpRegVal_u32;

/* Enable TDU, sensitive to falling edges and TO _DET_IRQ */
GTM.TIM[O]-CH[1]-1RQ_EN (0x1 << GTM_TIM_CH_IRQ_EN_TODET_IRQ_EN_POS);
GTM_.TIM[O]-CH[1]-CTRL 0x80000001; // Timeout on falling to falling edge

Code 2: TDU setup to detect falling to falling edge timeouts using a prescaler mechanism

— TIMO_CH1_TDU
TIMO_IN(1)
REDGE_DETO
FEDGE_DETO

£ TDU_START

-4 TDU_STOP

-4 TDU_RESYNC
TOV2

-4 TO_CNT2

-4 TOV10

-4 TO_CNT10

“« TDU_SAMPLE_EVT
“« TDU_TIMEOUT_EVT
£ TO_DET_IRQ

O NN KD W W W o oo

= =

Mow B1750 ns
Cursor 2 }5.001 ns

Figure 3.4: Simulation result for timeout on falling to falling edge

3.3 Timeout detection for signal level duration

The TIM TDU subunit offers also the possibility to detect timeouts regarding the duration of the high level as well as the
low level at the same time. There are three different use cases for timeout detection on signal levels:

e Timeout detection for both signal levels using one unique timeout threshold value (see subsection 3.3.1)

e Timeout detection on either high or low signal level (see subsection 3.3.2)

e Timeout detection for both signal levels using different timeout threshold values (see subsection 3.3.3)

3.3.1 Timeout detection for both signal levels using one unique timeout threshold value

In Figure 3.5 a timeout measurement is shown for high and low signal levels using the same timeout threshold value for
both the signal levels. Since the high phase is too long, the TDU finally signals a timeout event.

When using a unique timeout threshold, the timeout detection is either limited to PWM signals of about 50% duty cycle
or the timeout threshold has to be set to the longer signal level duration, since otherwise the TDU would issue a timeout
event in case of a regular signal level duration.

© Robert Bosch GmbH reserves all rights even in the event of industrial Property rights. We reserve all rights of disposal such as copying and v1i.0-29.10.2018 - AE/E|D5
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Figure 3.5: Timeout detection on both edges with one unique timeout threshold value (TOV)

Code 3 shows the implementation of the timeout detection functionality for both signal level and one unique timeout
threshold value configured in register TIM[i]_CH[x].TDUV as a 24bit value. The corresponding simulation is shown in
Figure 3.6.

uint32_t tmpRegVal_u32;

/* Configure TIM[2].CH[1]-ECTRL */

tmpRegVal _u32 0;

tmpRegVal_u32 (0x3 << GTM_TIM_CH_ECTRL_TDU_STOP_POS) |
(0x3 << GTM_TIM_CH_ECTRL_TDU_START_POS) |
(0Ox0 << GTM_TIM_CH_ECTRL_TDU_RESYNC_POS);

GTM_.TIM[O].CH[2] -ECTRL = tmpRegVal_u32;

/* Configure GTM.TIM[2].CH[1]-TDUV */

tmpRegVal _u32 0;

tmpRegVal_u32 (11 << GTM_TIM_CH_TDUV_TOV_POS) | // timeout @ 1100ns
(0Ox1 << GTM_TIM_CH_TDUV_TCS_PO0S); // CMU_CLK1 = 10MHz

GTM.TIM[O0]-CH[2]-TDUV = tmpRegVal_u32;

/* Enable TDU, sensitive to both edges and TO_DET_IRQ */
GTM_TIM[O]-CH[2]-1RQ_EN = (Ox1 << GTM_TIM_CH_IRQ_EN_TODET_IRQ_EN_P0OS);
GTM_.TIM[O].CH[2]-CTRL = 0OxC0000001; // Timeout for both edges

Code 3: High and low signal level timeout detection using one unique timeout threshold

— TiM0_CH2_TDU
TIMO_IN(2)
REDGE_DETO
FEDGE_DETO
TDU_START

Py TDU_STOP

;3L TOU_RESYNC
TOV

“u TO_CNT
£ TO_DET_IRQ

Cursor 3 }5.001 ns

Figure 3.6: Simulation result for timeout detection on signal level duration (unique timeout threshold)

3.3.2 Timeout detection for signal level duration of high phase only

Figure 3.7 shows a scenario, where a timeout should be generated, when the signal high phase exceeds a certain limit
while the duration of the low phase doesn’t care. This is the situation mentioned above, where the regular low level is far
too long and the TDU would raise a timeout for the low level (blue timeline), even though the low level phase is not
relevant for the timeout but has a much longer duration than the relevant high level phase.

The TDU has to be configured in a specific manner for this scenario to work, because it should be avoided, that a timeout
is signaled, when the low phase exceeds the timeout threshold value. This is for example the case in the application
example shown in Figure 3.7.
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Figure 3.7: Use case timeout detection for high phase signal level

Therefore, the timeout counter has to be started with the edge, that determines the signal level for which the timeout has
to be measured, and the timeout counter has to be stopped with the edge, with which the signal level is left. When a
timeout for the high signal level should be determined, the starting edge is the rising one and the stopping edge is the
falling one.

For such a timeout measurement, two neighboured TIM channels have to be used, where one TIM TDU determines the
starting edge and the succeeding TIM channel determines the falling edge. The signal flow and resource usage is shown
in Figure 3.8.

TIM_IN(x) REDGE_DE: TIM_CH

INPUTSRC [—» FLT =—mo )

Start

EXT_CAPTURE(X) Stop
Falli

EXTCAPSRC

TDU

i

REDGE_DET TIM_CH|

FEDGE_DET (x+1)

TNFOTSREC FCT

TIM_INGe+1)

EXT_CAPTURE(x+1)

EXTCAPSRC TDU

Figure 3.8: Resource allocation of neighboured TIM channels for signal high level timeout measurement

As shown in Figure 3.8 the timeout measurement should be done for signal TIM_IN(x) (signal flow in green). Therefore,
the TIM_IN(x) is feed into TIM channel x and via CICTRL=1 bit into TIM channel x+1. The TDU of TIM channel x has to
be configured to start the timeout measurement with the rising edge and to stop the measurement with an external
capture event EXT_CAPTURE(x). Since stopping of the TDU has to be done with a falling edge, the EXTCAPSRC(x)
subunit of TIM channel x has to be configured to route through the falling edge detected with TIM channel x+1 (see green
path). The architecture of the subunit EXTCAPSRC(x) is shown in Figure 3.9.
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Figure 3.9: EXTCAPSRC configuration for TIM channel x

By using the path FEDGE_DET(x+1), a falling edge event can be signalled to the TIM TDU unit, thus stopping the timeout
measurement. To generate the FEDGE_DET(x+1) signal, the TIM channel x+1 has to be used. There, the INPUTSRC
subunit has to be configured to feed the TIM_IN(x) signal into the channel. The falling edge will then be detected by the
TIM channel x+1 and feed back to TIM channel x via FEDGE_DET(x+1) signal. The corresponding implementation for
the two neighboured TIM channels three and four is shown in Code 4.
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uint32_t tmpRegVal_u32;

/*
* Configure TIM channel 3
*/
/* Configure ECTRL */
tmpRegVal_u32 0;
tmpRegVal_u32 (0x4 << GTM_TIM_CH_ECTRL_TDU_STOP_PO0OS) |
(0x7 << GTM_TIM_CH_ECTRL_TDU_START_POS) |
(0x9 << GTM_TIM_CH_ECTRL_TDU_RESYNC_POS) |
(Oxa << GTM_TIM_CH_ECTRL_EXT_CAP_SRC_PO0OS); // use Talling
// edge as ext cap

GTM.TIM[O].-CH[3]-ECTRL = tmpRegVal_u32;
/* Configure TDUV */
tmpRegVal _u32 = 0;
tmpRegVal _u32 = (0x0 << GTM_TIM_CH_TDUV_TCS_PO0OS) | // CMU_CLKO = 100MHz
(0Ox1 << GTM_TIM_CH_TDUV_SLICING_POS) | // 1x8bit, 2x16bit
(0x0 << GTM_TIM_CH_TDUV_TDU_SAME_CNT_CLK_POS) |
(0x1 << GTM_TIM_CH_TDUV_TCS_USE_SAMPLE_EVT_POS) |
(9 << GTM_TIM_CH_TDUV_TOV2_POS) | // 10MHz Prescaler
(6 << GTM_TIM_CH_TDUV_TOV_PO0S); // timeout @ 6ns
GTM_.TIM[O]-CH[3]-TDUV = tmpRegVal_u32;
/* Enable TDU, sensitive to rising edge and TO_DET_IRQ */
GTM_.TIM[O].CH[3]-1RQ_EN = (Ox1 << GTM_TIM_CH_IRQ_EN_TODET_IRQ_EN_POS);
GTM.TIM[O]-CH[3]-CTRL = 0x40080001; // EXT_CAP_EN = 1

/*
* Configure TIM channel 4
*/
GTM_.TIM[O]-CH[4]-CTRL = 0x00000041; // CICTRL = 1 - use TIM_IN(x-1)

Code 4: Signal high level timeout detection using two TIM channels

[— TiMo_cH3_TDU
TIMO_IN(3)
REDGE_DET3
REDGE_DET3
EXT_CAPTURE(3)
TDU_START
TDU_STOP
TDU_RESYNC
tdu_ijjTov
tdu_jjTO_CNT2
tdu_jfTO_CNT10

<« TDU_TIMEQUT_EVT
£ TO_DET_RQ

— TIMO_CH4_TDU

£ TIM_IN(3)
£ TIM_IN(4)
4 REDGE_DET(4)
4 FEDGE_DET(4)

Figure 3.10: Simulation result for signal high level timeout measurement

Figure 3.10 shows the simulation result for signal high level timeout measurement. It is important to note, that
TDU_TIMEOUT_EVT is signalled as long as the input signal stays on high level, since the counters are stopped with the
external capture event signaling a falling edge. This behaviour leads to multiple TO_DET_IRQs for one detected timeout.
Thus, the SW has to stop the TDU by SW and reenable the TDU immediately afterwards to omit subsequent
TO_DET_IRQ events. The TDU will then restart the counters with the next active edge. Code 5 shows a code fragment
implementing this behaviour. The corresponding simulation result is shown in Figure 3.11.

GTM.TIM[O0].CH[3].CTRL
GTM.TIM[O].CH[3].1RQ_NOTIFY
GTM.TIM[O].CH[3].CTRL

0x00080001; // Stopp TDU
0x10; // Clear TO_DET_IRQ
0x40080001; // Reenable TDU

Code 5: Avoidance of multiple TO_DET_IRQ events
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Figure 3.11: Simulation result for signal high level timeout measurement, single TO_DET_IRQ

3.3.3 Timeout detection for both signal levels using individual timeout threshold values

The timeout measurement for both signal levels and with different timeout thresholds is shown in Figure 3.12. The
problem is, that the counters inside of the TDU have to be started and stopped individually, dependent on the measured
signal level. Since the TOLL value is shorter, than the TOHL value, it has to be ensured, that TO_CNT is not running,
while the signal low level has to be measured. Otherwise, the comparator for TO_CNT would issue a timeout event during
low level signal phase in any case. .
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Figure 3.12: Timeout detection for both signal levels using individual timeout threshold values

Figure 3.13 shows the resources of TIM channels and their subunits needed to measure timeout values on two signal
levels with different timeout threshold values. The green and blue lines mark the input signal flow for the two
measurement units. In the use case shown in the figure, the TIM channel x measures the signal level from rising to falling
edge (blue signal flow). The TIM channel x+1 measures the signal level from falling to rising edge (green signal flow).
Both TDU subunits use the EXT_CAPTURE signal coming from their EXTCAPSRC subunit to stop the counter on the
edge which should end the timeout measurement.
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Figure 3.13: Configuration of TIM channels for timeout measurement on both signal levels

3.3.3.1 Signal flow configuration for TIM_CH(x) (high signal level measurement)

For the rising to falling edge timeout measurement (high signal level), the INPUTSRC(x) configuration can stay on default,
since the signal which should be measured is provided at the input pin TIM_IN(x) of this channel. The EXTCAPSRC(x)
subunit has to be configured to route the signal FEDGE_DET(x+1) through the subunit. The TDU is then stopped with
the falling edge. The path through the EXTCAPSRC(x) subunit for TIM channel (x) is shown in Figure 3.14.

4

B

EXT_CAPTUI

EXTCAPSRCX

TIM_IN(x-1)
TIM_INgx)
AUX_INGX)
fou_sample_eve[x)
fay_word_evifx)
tdu_trame evijx)

i

Figure 3.14: Signal path through EXTCAPSRC for falling edge propagation

3.3.3.2 Signal flow configuration for TIM_CH(x+1) (low signal level measurement)

For TIM channel x+1, the rising edge is needed as TDU stop signal, since this channel is used to measure the signal low
level timeout. A rising edge event can be generated by the EXTCAPSRC(x+1) subunit, by using the build in rising edge
generator. The signal path is shown in Figure 3.15.
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Figure 3.15: Signal path through EXTCAPSRC for rising edge propagation of the channels input
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Because of this EXTCAPSRC configuration with CICTRLx=0, the TIM_IN(x) signal is not available on the F_IN(x+1)
signal inside TIM channel x+1. This is because CICTRLx=0 multiplexes the TIM_IN(x) signal, which is not the signal that
has to be measured (see Figure 3.16, please note: here TIM_IN(x) corresponds to TIM_IN(x+1) in this example).
Therefore, the signal F_OUT_PREV is used, which is routed from TIM channel x FLT output to TIM channel x+1

INPUTSRC input.

Signal needed for
timeout measurement

' INPUTSRCx
AUX_IN(x)
TIM_IN(x-1)
+_—”p MODE _x(1).VAL_x(1)
CICTI
VAL 1B LUT_INO(X)
TIM_IN(x) 1 > i
0
MODE _x(1).VAL_x(1) B
LUT_INT
| =IN1(%) 1 LUT
J 2
_ USE_LUTx
=XT_CAPTURE(x, LT N2
(1} -
F_OUT_FREV(x -
TSSM_OUT(x)
= LY

USE_LUTx

Figure 3.16: INPUTSRC configuration for TIM channel x+1 to route through the TIM channel x input signal
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The LUT has to be programmed in a manner, that it routes through the F_OUT_PREV (LUT_IN2) signal. The logical
function for LUT is depicted in Table 3.2.

LUT_IN2  LUT_INI  LUT_INO F_IN
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 0
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 1

Table 3.2: LUT logical function to route through F_OUT_PREV (LUT_IN2)

The overall configuration of the two TIM channels to measure timeouts on high and low signal levels and with two different
timeout threshold values is shown in Code 6.
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GTM.TIM[O].CH[1]-ECTRL = tmpRegVal_u32;
/-k
* Configure TIM channel 6
*
/
/* Configure ECTRL */
tmpRegVal_u32 = 0;
tmpRegVal _u32 = (0x4 << GTM_TIM_CH_ECTRL_TDU_STOP_POS) | // stop on ext cap
(0Ox7 << GTM_TIM_CH_ECTRL_TDU_START_POS) | // start/restart on act edge
(0x0 << GTM_TIM_CH_ECTRL_TDU_RESYNC_POS) |
(Oxa << GTM_TIM_CH_ECTRL_EXT_CAP_SRC_PO0S); // use FEDGE_DET(x+1);
GTM_.TIM[O].-CH[5]-ECTRL = tmpRegVal_u32;
/* Configure TDUV */
tmpRegVal _u32 = 0;
tmpRegVal _u32 = (0Ox0 << GTM_TIM_CH_TDUV_TCS_PO0OS) | // CMU_CLKO = 100MHz
(Ox0 << GTM_TIM_CH_TDUV_SLICING_POS) | // 24bit counter
(0x0 << GTM_TIM_CH_TDUV_TDU_SAME_CNT_CLK_POS) |
(0x0 << GTM_TIM_CH_TDUV_TCS_USE_SAMPLE_EVT_POS) |
(60 << GTM_TIM_CH_TDUV_TOV_POS); // timeout @ 600ns
GTM.TIM[O]-CH[5]-TDUV = tmpRegVal _u32;
/* Enable TDU, timeout on rising to falling edge and TO_DET_IRQ */
GTM.TIM[O].CH[5]-IRQ_EN = (Ox1 << GTM_TIM_CH_IRQ_EN_TODET_IRQ_EN_POS);
GTM.TIM[O].CH[5]-CTRL = 0x40080001; // CICTRL = 1
/-k
* Configure TIM channel 5
*/
/* Configure ECTRL */
tmpRegVal _u32 = 0;
tmpRegVal _u32 = (0x4 << GTM_TIM_CH_ECTRL_TDU_STOP_P0OS) | // stop on ext cap

(Ox7 << GTM_TIM_CH_ECTRL_TDU_START_POS)|] // start/restart on act edge

(0x0 << GTM_TIM_CH_ECTRL_TDU_RESYNC_POS) |

(0x2 << GTM_TIM_CH_ECTRL_USE_LUT_POS) |

(0x3 << GTM_TIM_CH_ECTRL_EXT_CAP_SRC_P0S); // rising edge TIM_IN(x-1)
GTM.TIM[O].CH[6]-ECTRL = tmpRegVal _u32;

/* Configure TDUV */
tmpRegVal _u32 0;
tmpRegVal _u32 (0x0 << GTM_TIM_CH_TDUV_TCS_PO0S) | // CMU_CLKO = 100MHz
(0x1 << GTM_TIM_CH_TDUV_SLICING_POS) | // 2x16bit
(0Ox0 << GTM_TIM_CH_TDUV_TDU_SAME_CNT_CLK_POS) |
(0x0 << GTM_TIM_CH_TDUV_TCS_USE_SAMPLE_EVT_POS) |
(160 << GTM_TIM_CH_TDUV_TOV_POS); // timeout @ 1600ns
GTM.TIM[O].CH[6].TDUV = tmpRegVal_u32;

/* Configure INPUTSRC LUT functionality to reflect F_OUT_PREXV */
GTM_.TIM[O]-CH[6]-TDUC = 0Ox00F00000;

/* Enable TDU, sensitive to falling to rising edges and TO_DET_IRQ */
GTM_.TIM[O]-CH[6]1-1RQ_EN (0Ox1 << GTM_TIM_CH_IRQ_EN_TODET_IRQ_EN_POS);
GTM.TIM[O] -CH[6]-CTRL 0x80080001; // EXT_CAP_EN

Code 6: Timeout measurement for high and low signal level using different timeout threshold values

© Robert Bosch GmbH reserves all rights even in the event of industrial Property rights. We reserve all rights of disposal such as copying and v1i.0-29.10.2018 - AE/E|D5
passing on to third parties. . . .



GTM-IP Application note: AN023 - TIM Timeout detection functionality 21|25

Please note, that due to the fact, that the TO_CNT2 value of TIM channel x+1 is used for the definition of the INPUTSRC
LUT functionality, the TDU counters TO_CNT 0 and 1 can only be used for timeout measurement. Thus, the timeout
threshold for channel x+1 is limited to a 16 bit value. The LUT functionality is defined by setting the content of register
GTM_.TIM[0] -CH[6] -TDUC. The value for the register is determined by Table 3.2.

Figure 3.17 shows the simulation result for the example Code 6.
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Figure 3.17: Simulation result for timeout measurement on both signal levels
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5 General Information about this document

5.1 LEGAL NOTICE
© Copyright 2008-2018 by Robert Bosch GmbH and its licensors. All rights reserved.

"Bosch" is a registered trademark of Robert Bosch GmbH.

The content of this document is subject to continuous developments and improvements. All
particulars and its use contained in this document are given by BOSCH in good faith.

NO WARRANTIES: TO THE MAXIMUM EXTENT PERMITTED BY LAW, NEITHER THE INTELLECTUAL PROPERTY
OWNERS, COPYRIGHT HOLDERS AND CONTRIBUTORS, NOR ANY PERSON, EITHER EXPRESSLY OR
IMPLICITLY, WARRANTS ANY ASPECT OF THIS SPECIFICATION, SOFTWARE RELATED THERETO, CODE
AND/OR PROGRAM RELATED THERETO, INCLUDING ANY OUTPUT OR RESULTS OF THIS SPECIFICATION,
SOFTWARE RELATED THERETO, CODE AND/OR PROGRAM RELATED THERETO UNLESS AGREED TO IN
WRITING. THIS SPECIFICATION, SOFTWARE RELATED THERETO, CODE AND/OR PROGRAM RELATED
THERETO IS BEING PROVIDED "AS IS", WITHOUT ANY WARRANTY OF ANY TYPE OR NATURE, EITHER
EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS FOR A PARTICULAR PURPOSE, AND ANY WARRANTY THAT THIS SPECIFICATION, SOFTWARE
RELATED THERETO, CODE AND/OR PROGRAM RELATED THERETO IS FREE FROM DEFECTS.

ASSUMPTION OF RISK: THE RISK OF ANY AND ALL LOSS, DAMAGE, OR UNSATISFACTORY PERFORMANCE OF
THIS SPECIFICATION (RESPECTIVELY THE PRODUCTS MAKING USE OF IT IN PART OR AS A WHOLE),
SOFTWARE RELATED THERETO, CODE AND/OR PROGRAM RELATED THERETO RESTS WITH YOU AS THE
USER. TO THE MAXIMUM EXTENT PERMITTED BY LAW, NEITHER THE INTELLECTUAL PROPERTY OWNERS,
COPYRIGHT HOLDERS AND CONTRIBUTORS, NOR ANY PERSON EITHER EXPRESSLY OR IMPLICITLY, MAKES
ANY REPRESENTATION OR WARRANTY REGARDING THE APPROPRIATENESS OF THE USE, OUTPUT, OR
RESULTS OF THE USE OF THIS SPECIFICATION, SOFTWARE RELATED THERETO, CODE AND/OR PROGRAM
RELATED THERETO IN TERMS OF ITS CORRECTNESS, ACCURACY, RELIABILITY, BEING CURRENT OR
OTHERWISE. NOR DO THEY HAVE ANY OBLIGATION TO CORRECT ERRORS, MAKE CHANGES, SUPPORT THIS
SPECIFICATION, SOFTWARE RELATED THERETO, CODE AND/OR PROGRAM RELATED THERETO, DISTRIBUTE
UPDATES, OR PROVIDE NOTIFICATION OF ANY ERROR OR DEFECT, KNOWN OR UNKNOWN. IF YOU RELY
UPON THIS SPECIFICATION, SOFTWARE RELATED THERETO, CODE AND/OR PROGRAM RELATED THERETO,
YOU DO SO AT YOUR OWN RISK, AND YOU ASSUME THE RESPONSIBILITY FOR THE RESULTS. SHOULD THIS
SPECIFICATION, SOFTWARE RELATED THERETO, CODE AND/OR PROGRAM RELATED THERETO PROVE
DEFECTIVE, YOU ASSUME THE COST OF ALL LOSSES, INCLUDING, BUT NOT LIMITED TO, ANY NECESSARY
SERVICING, REPAIR OR CORRECTION OF ANY PROPERTY INVOLVED TO THE MAXIMUM EXTEND PERMITTED
BY LAW.

DISCLAIMER: IN NO EVENT, UNLESS REQUIRED BY LAW OR AGREED TO IN WRITING, SHALL THE
INTELLECTUAL PROPERTY OWNERS, COPYRIGHT HOLDERS OR ANY PERSON BE LIABLE FOR ANY LOSS,
EXPENSE OR DAMAGE, OF ANY TYPE OR NATURE ARISING OUT OF THE USE OF, OR INABILITY TO USE THIS
SPECIFICATION, SOFTWARE RELATED THERETO, CODE AND/OR PROGRAM RELATED THERETO, INCLUDING,
BUT NOT LIMITED TO, CLAIMS, SUITS OR CAUSES OF ACTION INVOLVING ALLEGED INFRINGEMENT OF
COPYRIGHTS, PATENTS, TRADEMARKS, TRADE SECRETS, OR UNFAIR COMPETITION.

INDEMNIFICATION: TO THE MAXIMUM EXTEND PERMITTED BY LAW YOU AGREE TO INDEMNIFY AND HOLD
HARMLESS THE INTELLECTUAL PROPERTY OWNERS, COPYRIGHT HOLDERS AND CONTRIBUTORS, AND
EMPLOYEES, AND ANY PERSON FROM AND AGAINST ALL CLAIMS, LIABILITIES, LOSSES, CAUSES OF ACTION,
DAMAGES, JUDGMENTS, AND EXPENSES, INCLUDING THE REASONABLE COST OF ATTORNEYS’ FEES AND
COURT COSTS, FOR INJURIES OR DAMAGES TO THE PERSON OR PROPERTY OF THIRD PARTIES, INCLUDING,
WITHOUT LIMITATIONS, CONSEQUENTIAL, DIRECT AND INDIRECT DAMAGES AND ANY ECONOMIC LOSSES,
THAT ARISE OUT OF OR IN CONNECTION WITH YOUR USE, MODIFICATION, OR DISTRIBUTION OF THIS
SPECIFICATION, SOFTWARE RELATED THERETO, CODE AND/OR PROGRAM RELATED THERETO, ITS OUTPUT,
OR ANY ACCOMPANYING DOCUMENTATION.

GOVERNING LAW: THE RELATIONSHIP BETWEEN YOU AND ROBERT BOSCH GMBH SHALL BE GOVERNED
SOLELY BY THE LAWS OF THE FEDERAL REPUBLIC OF GERMANY. THE STIPULATIONS OF INTERNATIONAL
CONVENTIONS REGARDING THE INTERNATIONAL SALE OF GOODS SHALL NOT BE APPLICABLE. THE
EXCLUSIVE LEGAL VENUE SHALL BE DUESSELDORF, GERMANY.

MANDATORY LAW SHALL BE UNAFFECTED BY THE FOREGOING PARAGRAPHS.

INTELLECTUAL PROPERTY OWNERS/COPYRIGHT OWNERS/CONTRIBUTORS: ROBERT BOSCH GMBH,
ROBERT BOSCH PLATZ 1, 70839 GERLINGEN, GERMANY AND ITS LICENSORS.
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