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The General Purpose Timer Units

16 The General Purpose Timer Units

The General Purpose Timer Unit blocks GPT1 and GPT2 have very flexible
multifunctional timer structures which may be used for timing, event counting, pulse
width measurement, pulse generation, frequency multiplication, and other purposes.
They incorporate five 16-bit timers that are grouped into the two timer blocks GPT1 and
GPT2. Each timer in each block may operate independently in a number of different
modes such as gated timer or counter mode, or may be concatenated with another timer
of the same block. Each block has alternate input/output functions and specific interrupts
associated with it.

Note: Input signals can be selected from several sources by register PISEL.

Block GPT1 contains three timers/counters: The core timer T3 and the two auxiliary
timers T2 and T4. The maximum resolution is f5p/4. The auxiliary timers of GPT1 may
optionally be configured as reload or capture registers for the core timer. These registers
are listed in Section 16.1.6.

* fopr/4 maximum resolution
+ 3 independent timers/counters
» Timers/counters can be concatenated
* 4 operating modes:
— Timer Mode
— Gated Timer Mode
— Counter Mode
— Incremental Interface Mode
* Reload and Capture functionality
» Separate interrupt lines

Block GPT2 contains two timers/counters: The core timer T6 and the auxiliary timer T5.
The maximum resolution is f5pr/2. An additional Capture/Reload register (CAPREL)
supports capture and reload operation with extended functionality. These registers are
listed in Section 16.2.7. The core timer T6 may be concatenated with timers of the
CAPCOM units (T7 and T8).

The following list summarizes the features which are supported:

* fopr/2 maximum resolution

+ 2 independent timers/counters

» Timers/counters can be concatenated

» 3 operating modes:

— Timer Mode

— Gated Timer Mode

— Counter Mode

Extended capture/reload functions via 16-bit capture/reload register CAPREL
» Separate interrupt lines
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16.1 Timer Block GPT1

From a programmer’s point of view, the GPT1 block is composed of a set of SFRs as
summarized below. Those portions of port and direction registers which are used for
alternate functions by the GPT1 block are shaded.

Data Registers Control Registers Interrupt Control Miscellaneous

T2 T2CON T2C PISEL

T3 T3CON T3IC ID

T4 T4CON T4C

KSCCFG
Tx GPT1 Timer x Register KSCCFG  Kemel State Configuration Register
TxCON GPT1 Capture/Reload Register PISEL Port Input Select Register
TxIC GPT1 Timer x Interrupt Ctrl. Reg.  ID Module Identification Register
mc_gpt1_registers.vsd

Figure 16-1 SFRs Associated with Timer Block GPT1

All three timers of block GPT1 (T2, T3, T4) can run in one of 4 basic modes: Timer Mode,
Gated Timer Mode, Counter Mode, or Incremental Interface Mode. All timers can count
up or down. Each timer of GPT1 is controlled by a separate control register TXCON.

Each timer has an input pin TxIN (alternate pin function) associated with it, which serves
as the gate control in gated timer mode, or as the count input in counter mode. The count
direction (up/down) may be programmed via software or may be dynamically altered by
a signal at the External Up/Down control input TXEUD (alternate pin function). An
overflow/underflow of core timer T3 is indicated by the Output Toggle Latch T3OTL,
whose state may be output on the associated pin T30UT (alternate pin function). The
auxiliary timers T2 and T4 may additionally be concatenated with the core timer T3
(through T3OTL) or may be used as capture or reload registers for the core timer T3.

The current contents of each timer can be read or modified by the CPU by accessing the
corresponding timer count registers T2, T3, or T4, located in the non-bitaddressable SFR
space (see Section 16.1.6). When any of the timer registers is written to by the CPU in
the state immediately preceding a timer increment, decrement, reload, or capture
operation, the CPU write operation has priority in order to guarantee correct results.
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The interrupts of GPT1 are controlled through the Interrupt Control Registers TxIC.
These registers are not part of the GPT1 block. The input and output lines of GPT1 are
connected to pins of ports P3 and P5. The control registers for the port functions are
located in the respective port modules.

Note: The timing requirements for external input signals can be found in Section 16.1.5,
Section 16.4 summarizes the module interface signals, including pins.

T3CON.BPS1
ﬁ

ferr —P? 2m1 |———————»Basicclock

Intemupt
Aux. TimerT2 |———————————» Request
(T2IRQ)
2N O MTOZde uD
T2EUD Control
O Reload
Capture | VA
| | Interrupt
» Request
(T3IRQ)
3 Toggle Latch
T3IN O Mode Core Timer T3 T30TL ﬂmow
Control
uD
T3EUD O
Capture
Reload VA
T4IN D—» T4 @
Mode

Intemupt

TAEUD D—> Control Aux. Timer T4 » Request
(T4IRQ)

uD

mc_gpt0101_bldiax1.vsd

Figure 16-2 GPT1 Block Diagram (n =2 ... 5)
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16.1.1 GPT1 Core Timer T3 Control

The current contents of the core timer T3 are reflected by its count register T3. This
register can also be written to by the CPU, for example, to set the initial start value.

The core timer T3 is configured and controlled via its bitaddressable control register
T3CON.

GPT12E_T3CON
Timer 3 Control Register SFR (FF42,/A1,) Reset Value: 0000,

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

T3 | T3 | T3
R | CH | ED BPS1 (;r'I?L S?E UTSE Jg T3R T3M T3l
DIR | DIR | GE

rh rwh rwh rw rwh  rw rw rw rw rw rw

Field Bits Type |Description

T3RDIR 15 rh Timer T3 Rotation Direction Flag
0 Timer T3 counts up
1 Timer T3 counts down

T3CHDIR 14 rwh Timer T3 Count Direction Change Flag

This bit is set each time the count direction of timer
T3 changes. T3CHDIR must be cleared by SW.

0 No change of count direction was detected

1 A change of count direction was detected

T3EDGE 13 rwh Timer T3 Edge Detection Flag

The bit is set each time a count edge is detected.
T3EDGE must be cleared by SW.

0 No count edge was detected

1 A count edge was detected

BPS1 [12:11] | rw GPT1 Block Prescaler Control
Selects the basic clock for block GPT1
(see also Section 16.1.5)

005 fopr/8
01 fopr/4
105 fopr/32

115 fopr/16
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Field Bits Type |Description

T30TL 10 rwh Timer T3 Overflow Toggle Latch
Toggles on each overflow/underflow of T3. Can be
set or reset by software (see separate description)

T30E 9 rw Overflow/Underflow Output Enable
Og  Alternate Output Function Disabled
15 State of T3 toggle latch is output on pin T3OUT

T3UDE 8 rw Timer T3 External Up/Down Enable"
Og Input T3EUD is disconnected
15 Direction influenced by input T3EUD

T3UD 7 rw Timer T3 Up/Down Control"
Og  Timer T3 counts up
1 Timer T3 counts down

T3R 6 rw Timer T3 Run Bit
Og  Timer T3 stops
1 Timer T3 runs

T3M [5:3] rw Timer T3 Mode Control (Basic Operating Mode)
0005 Timer Mode
001 Counter Mode
0105 Gated Timer Mode with gate active low
0115 Gated Timer Mode with gate active high
1005 Reserved. Do not use this combination.
1015 Reserved. Do not use this combination.
1105 Incremental Interface Mode

(Rotation Detection Mode)
1115 Incremental Interface Mode

(Edge Detection Mode)

T3l [2:0] rw Timer T3 Input Parameter Selection

Depends on the operating mode, see respective
sections for encoding:

Table 16-7 for Timer Mode and Gated Timer Mode
Table 16-2 for Counter Mode

Table 16-3 for Incremental Interface Mode

1) See Table 16-1 for encoding of bits T3UD and T3UDE.
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Timer T3 Run Control

The core timer T3 can be started or stopped by software through bit T3R (Timer T3 Run
Bit). This bit is relevant in all operating modes of T3. Setting bit T3R will start the timer,
clearing bit T3R stops the timer.

In gated timer mode, the timer will only run if T3R = 1 and the gate is active (high or low,
as programmed).

Note: When bit T2RC or T4RC in timer control register T2CON or T4CON is set, bit T3R
will also control (start and stop) the auxiliary timer(s) T2 and/or T4.

Count Direction Control

The count direction of the GPT1 timers (core timer and auxiliary timers) can be controlled
either by software or by the external input pin TXEUD (Timer Tx External Up/Down
Control Input). These options are selected by bits TxUD and TxUDE in the respective
control register TXCON. When the up/down control is provided by software (bit
TxUDE = 0), the count direction can be altered by setting or clearing bit TxUD. When bit
TxUDE =1, pin TXEUD is selected to be the controlling source of the count direction.
However, bit TxUD can still be used to reverse the actual count direction, as shown in
Table 16-1. The count direction can be changed regardless of whether or not the timer
is running.

Note: When pin TxEUD is used as external count direction control input, it must be

configured as input (its corresponding direction control bit must be cleared).

Table 16-1 GPT1 Timer Count Direction Control

Pin TXEUD Bit TxXUDE Bit TxUD Count Direction Bit TXxRDIR

X 0 0 Count Up 0

X 0 1 Count Down 1

0 1 0 Count Up 0

1 1 0 Count Down 1

0 1 1 Count Down 1

1 1 1 Count Up 0
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Timer 3 Output Toggle Latch

The overflow/underflow signal of timer T3 is connected to a block named ‘Toggle Latch’,
shown in the timer mode diagrams. Figure 16-3 illustrates the details of this block. An
overflow or underflow of T3 will clock two latches: The first latch represents bit T30TL in
control register T3CON. The second latch is an internal latch toggled by T30OTL’s output.
Both latch outputs are connected to the input control blocks of the auxiliary timers T2 and
T4. The output level of the shadow latch will match the output level of T3OTL, but is
delayed by one clock cycle. When the T3OTL value changes, this will result in a
temporarily different output level from T3OTL and the shadow latch, which can trigger
the selected count event in T2 and/or T4.

When software writes to T3OTL, both latches are set or cleared simultaneously. In this
case, both signals to the auxiliary timers carry the same level and no edge will be
detected. Bit T3OE (overflow/underflow output enable) in register T3CON enables the
state of T3SOTL to be monitored via an external pin T30UT. When T3OTL is linked to an
external port pin (must be configured as output), T3OUT can be used to control external
HW. If T30E =1, pin T3OUT outputs the state of T3OTL. If T3OE =0, pin T30UT
outputs a high level (as long as the T3OUT alternate function is selected for the port pin).

The trigger signals can serve as an input for the counter function or as a trigger source
for the reload function of the auxiliary timers T2 and T4.

As can be seen from Figure 16-3, when latch T3OTL is modified by software to
determine the state of the output line, also the internal shadow latch is set or cleared
accordingly. Therefore, no trigger condition is detected by T2/T4 in this case.

‘ Set/Clear (SW) ‘ TxOE
| | 1

i v é TXOUT

Overflow/ 1yl0 To Port Logic

Core Timer Underflow p| TXOTL |—e—P st:ﬂ:?‘w T

>
>

. To Aux. Timer

Toggle Latch Logic Input Logic
mc_gpt0106_otl.vsd

Figure 16-3 Block Diagram of the Toggle Latch Logic of Core Timer T3
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16.1.2 GPT1 Core Timer T3 Operating Modes

Timer T3 can operate in one of several modes.

Timer 3 in Timer Mode

Timer mode for the core timer T3 is selected by setting bitfield T3M in register T3CON
to 000g. In timer mode, T3 is clocked with the module’s input clock fpr divided by two
programmable prescalers controlled by bitfields BPS1 and T3l in register T3CON.
Please see Section 16.1.5 for details on the input clock options.

» T3IRQ
J13 ] Count ,
Jopt —»| Prescaler > ! » Core Timer T3 [-¥»| Toggle Latch |—» T30OUT
y
T i e
BPS1 T3l T3R T2/T4
T3UD
0
MUX| Up/Down
=1 1
T3EUD ——————————— ] T
T3UDE

MCB05391

Figure 16-4 Block Diagram of Core Timer T3 in Timer Mode
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Gated Timer Mode

Gated timer mode for the core timer T3 is selected by setting bitfield T3M in register
T3CON to 0105 or 0115. Bit T3M.0 (T3CON.3) selects the active level of the gate input.
The same options for the input frequency are available in gated timer mode as in timer
mode (see Section 16.1.5). However, the input clock to the timer in this mode is gated
by the external input pin T3IN (Timer T3 External Input).

To enable this operation, the associated pin T3IN must be configured as input, that is,
the corresponding direction control bit must contain O.

» T3IRQ

Jeer ~ —®| Prescaler [P Gate Jrs s Count

A
A

Core Timer T3

Toggle Latch |—» T30UT

Ctrl. i
T T ¥ ‘
to
BPS1 T3l e
T3IN T3R T2/T4
T3UD
0
MUX| Up/Down
=1 1
T3EUD ——— ¥ T

T3UDE
MCB05392

Figure 16-5 Block Diagram of Core Timer T3 in Gated Timer Mode

If T3M = 010g, the timer is enabled when T3IN shows a low level. A high level at this line
stops the timer. If T3M = 0115, line T3IN must have a high level in order to enable the
timer. Additionally, the timer can be turned on or off by software using bit T3R. The timer
will only run if T3R is 1 and the gate is active. It will stop if either T3R is 0 or the gate is
inactive.

Note: A transition of the gate signal at pin T3IN does not cause an interrupt request.
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Counter Mode

Counter Mode for the core timer T3 is selected by setting bitfield T3M in register T3CON
to 0015. In counter mode, timer T3 is clocked by a transition at the external input pin
T3IN. The event causing an increment or decrement of the timer can be a positive, a
negative, or both a positive and a negative transition at this line. Bitfield T3l in control
register T3CON selects the triggering transition (see Table 16-2).

» T3IRQ
Edge
o Count ]
T3IN %X > : Core Timer T3 |-®¥| Toggle Latch [—» T30UT
Select 4
T T » f0
T3R T2/T4
T3l
T3UD
0
MUX| Up/Down
T3EUD ———— b T
T3UDE
MCB05393

Figure 16-6 Block Diagram of Core Timer T3 in Counter Mode

Table 16-2 GPT1 Core Timer T3 (Counter Mode) Input Edge Selection

T3l Triggering Edge for Counter Increment/Decrement
000g None. Counter T3 is disabled

0015 Positive transition (rising edge) on T3IN

010g Negative transition (falling edge) on T3IN

011g Any transition (rising or falling edge) on T3IN

1XXg Reserved. Do not use this combination

For counter mode operation, pin T3IN must be configured as input (the respective
direction control bit DPx.y must be 0). The maximum input frequency allowed in counter
mode depends on the selected prescaler value. To ensure that a transition of the count
input signal applied to T3IN is recognized correctly, its level must be held high or low for
a minimum number of module clock cycles before it changes. This information can be
found in Section 16.1.5.
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Incremental Interface Mode

Incremental interface mode for the core timer T3 is selected by setting bitfield T3M in
register T3CON to 1105 or 1115. In incremental interface mode, the two inputs
associated with core timer T3 (T3IN, T3EUD) are used to interface to an incremental
encoder. T3 is clocked by each transition on one or both of the external input pins to
provide 2-fold or 4-fold resolution of the encoder input.

Edge
T3IN Count
e Core op| TOQglE
X ! Timer T3 Latch | > TSOUT
B Select T y
T T3R > tT02/T4
T3l T3 T3
EDGE RDIR
y
— >1
o’:( L T3IRQ
T3UD T
25X T3M
= I I e e
Phase
T3EUD Detect T
T3UDE  [13cH
DIR OA:/*ﬁ

MCB05394

Figure 16-7 Block Diagram of Core Timer T3 in Incremental Interface Mode

Bitfield T3l in control register T3CON selects the triggering transitions (see Table 16-3).
The sequence of the transitions of the two input signals is evaluated and generates count
pulses as well as the direction signal. So T3 is modified automatically according to the
speed and the direction of the incremental encoder and, therefore, its contents always
represent the encoder’s current position.

The interrupt request (T3IRQ) generation mode can be selected: In Rotation Detection
Mode (T3M = 110g), an interrupt request is generated each time the count direction of
T3 changes. In Edge Detection Mode (T3M = 1113), an interrupt request is generated
each time a count edge for T3 is detected. Count direction, changes in the count
direction, and count requests are monitored by status bits T3RDIR, T3CHDIR, and
T3EDGE in register T3CON.
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Table 16-3 Core Timer T3 (Incremental Interface Mode) Input Edge Selection

T3l Triggering Edge for Counter Increment/Decrement

0005 None. Counter T3 stops.

0015 Any transition (rising or falling edge) on T3IN.

0105 Any transition (rising or falling edge) on T3EUD.

0115 Any transition (rising or falling edge) on any T3 input (T3IN or T3EUD).
1XXg Reserved. Do not use this combination.

The incremental encoder can be connected directly to the XC27x5X without external
interface logic. In a standard system, however, comparators will be employed to convert
the encoder’s differential outputs (such as A, A) to digital signals (such as A). This greatly
increases noise immunity.

Note: The third encoder output TO, which indicates the mechanical zero position, may
be connected to an external interrupt input and trigger a reset of timer T3 (for
example via PEC transfer from ZERQOS).

If input T4IN is available, TO can be connected there and clear T3 automatically
without requiring an interrupt.

Signal
Encoder Conditioning Controller

A > A T3lnput
B > D> B Tainput
B

T0 » > 10 Interrupt
TO > or T4IN

MC_GPT1_ENCODER

Figure 16-8 Connection of the Encoder to the XC27x5X

For incremental interface operation, the following conditions must be met:

+ Bitfield T3M must be 1105 or 111;.

» Both pins T3IN and T3EUD must be configured as input.

+ Pin T4IN must be configured as input, if used for TO.

» Bit T3UDE must be 1 to enable automatic external direction control.

The maximum count frequency allowed in incremental interface mode depends on the
selected prescaler value. To ensure that a transition of any input signal is recognized
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correctly, its level must be held high or low for a minimum number of module clock cycles
before it changes. This information can be found in Section 16.1.5.

As in incremental interface mode two input signals with a 90° phase shift are evaluated,
their maximum input frequency can be half the maximum count frequency.

In incremental interface mode, the count direction is automatically derived from the
sequence in which the input signals change, which corresponds to the rotation direction
of the connected sensor. Table 16-4 summarizes the possible combinations.

Table 16-4 GPT1 Core Timer T3 (Incremental Interface Mode) Count Direction

Level on Respective T3IN Input T3EUD Input
other Input Rising 1 Falling { Rising 1 Falling {
High Down Up Up Down
Low Up Down Down Up

Figure 16-9 and Figure 16-10 give examples of T3’s operation, visualizing count signal
generation and direction control. They also show how input jitter is compensated, which
might occur if the sensor rests near to one of its switching points.

- Forwardl | Jittern, Backwardl | Jitter J' Forwardi IL___
\ | | | | |
T3IND B L il I 18 R B
1] | | | | |
-] = — -+ — - - -
T3EUDD [ ] | |
- =T | - - -
] | | | | |
[ 1] | |
[ 1] | |
1] | |
Contentsi I | 'l | |
of T30 : } | : :
| | |
| |

Note: This example shows the timer behaviour assuming that T3 counts upon any 0

transition on input, i.e. T3l ="'0110,0
MCT04373r

Figure 16-9 Evaluation of Incremental Encoder Signals, 2 Count Inputs
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L | Fo_rward__I Jitter ! Bac_kward __{t@r__' Fc!'ward J'____
T3IN | | | [
| | | | | O B
—— 1711 T ———r1— = = - -
T3EUD [ | | | I_l I
=1 - f | — ! — - -
| | | | | | |
| | | | | |
Contents : : | : : |
of T3 || : :Down ' ' Up :
| |

Note: This example shows the timer behaviour assuming that T3 counts upon any

transition on input T3IN, i.e. T3l ='0015".
MCT04374

Figure 16-10 Evaluation of Incremental Encoder Signals, 1 Count Input

Note: Timer T3 operating in incremental interface mode automatically provides
information on the sensor’s current position. Dynamic information (speed,
acceleration, deceleration) may be obtained by measuring the incoming signal
periods (see “Combined Capture Modes” on Page 16-54).
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16.1.3  GPT1 Auxiliary Timers T2/T4 Control

Auxiliary timers T2 and T4 have exactly the same functionality. They can be configured
for timer mode, gated timer mode, counter mode, or incremental interface mode with the
same options for the timer frequencies and the count signal as the core timer T3. In
addition to these 4 counting modes, the auxiliary timers can be concatenated with the
core timer, or they may be used as reload or capture registers in conjunction with the
core timer. The start/stop function of the auxiliary timers can be remotely controlled by
the T3 run control bit. Several timers may thus be controlled synchronously.

The General Purpose Timer Units

The current contents of an auxiliary timer are reflected by its count register T2 or T4,
respectively. These registers can also be written to by the CPU, for example, to set the
initial start value.

The individual configurations for timers T2 and T4 are determined by their bitaddressable
control registers T2CON and T4CON, which are organized identically. Note that
functions which are present in all 3 timers of block GPT1 are controlled in the same bit
positions and in the same manner in each of the specific control registers.

Note: The auxiliary timers have no output toggle latch and no alternate output function.

GPT12E_T2CON

Timer 2 Control Register SFR (FF40,/A0,) Reset Value: 0000,
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T2 | T2 | T2 | T2
R [CH | ED | IR - - ;f: UTD2E Jg T2R T2M T2l
DIR | DIR | GE | DIS
rh rwh rwh rw - - rw rw rw rw rw | rw

Field Bits Type | Description

GPT12E_T4CON

Timer 4 Control Register SFR (FF44,,/A2,) Reset Value: 0000,
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T4 | T4 | T4 | T4 |[CLR|CLR
R |[CH |ED | IR | T3 | T2 ;é UTI:E Jg T4R T4M T4l
DIR | DIR| GE |DIS | EN | EN
rh rwh rwh rw - - rw rw rw rw rw | rw
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Field

Bits

Type

Description

TxRDIR

15

rh

Timer Tx Rotation Direction
Og  Timer x counts up
15 Timer x counts down

TxCHDIR

rwh

Timer Tx Count Direction Change

This bit is set each time the count direction of timer
Tx changes. TXCHDIR must be cleared by SW.

O  No change in count direction was detected
15 A change in count direction was detected

TxEDGE

rwh

Timer Tx Edge Detection

The bit is set each time a count edge is detected.
TXxEDGE must be cleared by SW.

Og  No count edge was detected

1 A count edge was detected

TxIRDIS

Timer Tx Interrupt Request Disable

Og Interrupt generation for TXCHDIR and
TXEDGE interrupts in Incremental Interface
Mode is enabled

15 Interrupt generation for TXCHDIR and
TXEDGE interrupts in Incremental Interface
Mode is disabled

CLRT3EN

11

Clear Timer 3 Enable

Enables the automatic clearing of T3 upon a falling
edge of the selected T4IN input.

Og Noeffect of T4IN on T3

15 Afalling edge on T4IN clears timer T3

CLRT2EN

10

Clear Timer 2 Enable

Enables the automatic clearing of T2 upon a falling
edge of the selected T4EUD input.

Og  No effect of TAEUD on T2

1 Afalling edge on T4EUD clears timer T2

TxRC

Timer Tx Remote Control

Og  Timer Tx is controlled by its own run bit TxR

15 Timer Txis controlled by the run bit T3R of core
timer 3, not by bit TxR

TxUDE

Timer Tx External Up/Down Enable”
Og Input TXEUD is disconnected
15  Direction influenced by input TxEUD
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Field Bits Type |Description

TxUD 7 rw Timer Tx Up/Down Control"
Og  Timer Tx counts up
15 Timer Tx counts down

TxR 6 rw Timer Tx Run Bit
Og  Timer Tx stops
1 Timer Tx runs

Note: This bit only controls timer Tx if bit TXRC = 0.

TxM [5:3] rw Timer Tx Mode Control (Basic Operating Mode)
0005 Timer Mode

0015 Counter Mode

0105 Gated Timer Mode with gate active low

0115 Gated Timer Mode with gate active high

1005 Reload Mode

1015z Capture Mode

1105 Incremental Interface Mode (Rotation Detect.)
1115 Incremental Interface Mode (Edge Detection)

TxI [2:0] rw Timer Tx Input Parameter Selection

Depends on the operating mode, see respective
sections for encoding:

Table 16-7 for Timer Mode and Gated Timer Mode
Table 16-2 for Counter Mode

Table 16-3 for Incremental Interface Mode

1) See Table 16-1 for encoding of bits TxUD and TxUDE.

Timer T2/T4 Run Control

Each of the auxiliary timers T2 and T4 can be started or stopped by software in two
different ways:

» Through the associated timer run bit (T2R or T4R). In this case it is required that the
respective control bit TxRC = 0.

» Through the core timer’s run bit (T3R). In this case the respective remote control bit
must be set (TxRC = 1).

The selected run bit is relevant in all operating modes of T2/T4. Setting the bit will start
the timer, clearing the bit stops the timer.

In gated timer mode, the timer will only run if the selected run bit is set and the gate is
active (high or low, as programmed).

Note: If remote control is selected T3R will start/stop timer T3 and the selected auxiliary
timer(s) synchronously.
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Count Direction Control

The count direction of the GPT1 timers (core timer and auxiliary timers) is controlled in
the same way, either by software or by the external input pin TXEUD. Please refer to the
description in Table 16-1.

Note: When pin TxEUD is used as external count direction control input, it must be
configured as input (its corresponding direction control bit must be cleared).
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16.1.4  GPT1 Auxiliary Timers T2/T4 Operating Modes

The operation of the auxiliary timers in the basic operating modes is almost identical with
the core timer’'s operation, with very few exceptions. Additionally, some combined
operating modes can be selected.

Timers T2 and T4 in Timer Mode

Timer mode for an auxiliary timer Tx is selected by setting its bitfield TxM in register
TxCON to 000g.

Jx Count Aucxiliar
y
fepr  —P| Prescaler Cfr Timer Tx |~ TXIRQ
i1 A
BPS1 TxI
0
TxR —»{ MUX
1
T3R —»
TxRC
TxUD
0
| MUX | Up/Down
=1 1
TXEUD ———— b T
TxUDE x=2,4
MCB05395

Figure 16-11 Block Diagram of an Auxiliary Timer in Timer Mode
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Timers T2 and T4 in Gated Timer Mode

Gated timer mode for an auxiliary timer Tx is selected by setting bitfield TxM in register
TxCON to 0105 or 0115. Bit TxM.0 (TXxCON.3) selects the active level of the gate input.

Note: A transition of the gate signal at line TxIN does not cause an interrupt request.

' N e
fopr ~ — | Prescaler Gate |”™ g Count Auxiliary
T T Ctrl. i Timer Tx > TXIRQ
y
BPS1 TxI T
TxIN XM
0
TxR —»| MUX
1
T3R —»
TxRC
TxUD
0
MUX1 Up/Down
=1 1 R
TXEUD ——————— > T
TxUDE x=2,4
MCB05396

Figure 16-12 Block Diagram of an Auxiliary Timer in Gated Timer Mode

Note: There is no output toggle latch for T2 and T4.
Start/stop of an auxiliary timer can be controlled locally or remotely.
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Timers T2 and T4 in Counter Mode

Counter mode for an auxiliary timer Tx is selected by setting bitfield TxM in register
TxCON to 0015. In counter mode, an auxiliary timer can be clocked either by a transition
at its external input line TxIN, or by a transition of timer T3’s toggle latch T3OTL. The
event causing an increment or decrement of a timer can be a positive, a negative, or both
a positive and a negative transition at either the respective input pin or at the toggle latch.
Bitfield TxI in control register TXCON selects the triggering transition (see Table 16-5).

0 Edge
TxIN ——»] MUX Count -
] X 0"./ u _?luxnla_lr_y > TxIRQ
T3 —Pp I imer Tx
Toggle Select y
Latch T T
TxI.2 TxI
0
TxR —» MUX
1
T3R —P
TxRC
TxUD H»—L’
0
MUX]  Up/Down
> =1 1
TXEUD ———— ¥ T
TxUDE x=2,4
MCB05397

Figure 16-13 Block Diagram of an Auxiliary Timer in Counter Mode

Table 16-5 GPT1 Auxiliary Timer (Counter Mode) Input Edge Selection

T21/T4l Triggering Edge for Counter Increment/Decrement

X00g None. Counter Tx is disabled

0015 Positive transition (rising edge) on TxIN

010g Negative transition (falling edge) on TxIN

0115 Any transition (rising or falling edge) on TxIN

1015 Positive transition (rising edge) of T3 toggle latch T3OTL
1105 Negative transition (falling edge) of T3 toggle latch T3OTL
1115 Any transition (rising or falling edge) of T3 toggle latch T30TL

Note: Only state transitions of T3OTL which are caused by the overflows/underflows of
T3 will trigger the counter function of T2/T4. Modifications of T3OTL via software
will NOT trigger the counter function of T2/T4.
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For counter operation, pin TxIN must be configured as input (the respective direction
control bit DPx.y must be 0). The maximum input frequency allowed in counter mode
depends on the selected prescaler value. To ensure that a transition of the count input
signal applied to TxIN is recognized correctly, its level must be held high or low for a
minimum number of module clock cycles before it changes. This information can be
found in Section 16.1.5.

Timers T2 and T4 in Incremental Interface Mode

Incremental interface mode for an auxiliary timer Tx is selected by setting bitfield TxM in
the respective register TXCON to 1105 or 1115. In incremental interface mode, the two
inputs associated with an auxiliary timer Tx (TxIN, TXEUD) are used to interface to an
incremental encoder. Tx is clocked by each transition on one or both of the external input
pins to provide 2-fold or 4-fold resolution of the encoder input.

Edge Overflow
TxIN Count e Underflow
X e Auxiliary
N i Timer Tx
Select y
P
Txl TxR —»{ MUX Tx Tx
T3R — Edge RDIR
T y
TXRC 7 & | Y =1
1 —FTX|RQ
TXUD T t B
0
- ] MUX_» Change | TxM
- 3 Detect
Phase
TXEUD Detect T
"9 &
TxUDE TxCH —
DIR Cﬁl/
T — TxIRDIS
TxM
MCB05398

Figure 16-14 Block Diagram of an Auxiliary Timer in Incremental Interface Mode

The operation of the auxiliary timers T2 and T4 in incremental interface mode and the
interrupt generation are the same as described for the core timer T3. The descriptions,
figures and tables apply accordingly.

Note: Timers T2 and T4 operating in incremental interface mode automatically provide
information on the sensor’s current position. For dynamic information (speed,
acceleration, deceleration) see “Combined Capture Modes” on Page 16-54).
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Timer Concatenation

Using the toggle bit T3OTL as a clock source for an auxiliary timer in counter mode
concatenates the core timer T3 with the respective auxiliary timer. This concatenation
forms either a 32-bit or a 33-bit timer/counter, depending on which transition of T30TL
is selected to clock the auxiliary timer.

» 32-bit Timer/Counter: If both a positive and a negative transition of T3OTL are used
to clock the auxiliary timer, this timer is clocked on every overflow/underflow of the
core timer T3. Thus, the two timers form a 32-bit timer.

+ 33-bit Timer/Counter: If either a positive or a negative transition of T3OTL is selected
to clock the auxiliary timer, this timer is clocked on every second overflow/underflow
of the core timer T3. This configuration forms a 33-bit timer (16-bit core timer + T30TL
+ 16-bit auxiliary timer).

As long as bit T30OTL is not modified by software, it represents the state of the internal
toggle latch, and can be regarded as part of the 33-bit timer.

The count directions of the two concatenated timers are not required to be the same.
This offers a wide variety of different configurations.

T3, which represents the low-order part of the concatenated timer, can operate in timer
mode, gated timer mode or counter mode in this case.

» T3IRQ
—»| Operating Count
Jaer Mode oA Core Timer T3 Toggle Latch |—» T30UT
T3IN—» Control # T
T T T3R Up/Down
BPS1 TxI
TIN 0 X Edge Count
X o | Loun Auxiliary
ﬂ’] X | TimerTx | ™IRQ
T Select T
xl.2 TxI TxR Oﬁ MUX Up/Down
1
T3R —»
TxRC x=2,4
MCA05399

Figure 16-15 Concatenation of Core Timer T3 and an Auxiliary Timer
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Auxiliary Timer in Reload Mode

Reload Mode for an auxiliary timer Tx is selected by setting bitfield TxM in the respective
register TXCON to 100;. In reload mode, the core timer T3 is reloaded with the contents
of an auxiliary timer register, triggered by one of two different signals. The trigger signal
is selected the same way as the clock source for counter mode (see Table 16-5), i.e. a
transition of the auxiliary timer’s input TxIN or the toggle latch T3OTL may trigger the
reload.

Note: When programmed for reload mode, the respective auxiliary timer (T2 or T4) stops
independently of its run flag T2R or T4R.
The timer input pin TxIN must be configured as input if it shall trigger a reload

operation.
» T3IRQ
—»| Operating Count
Joer Mode oA Core Timer T3 Toggle Latch |—» T30UT
T3IN—» Control IT T
T T T3R Up/Down
BPS1 TxI
0 Edge
TxIN MUX Reload
1 » X » A » TxIRQ
T Select ﬁ
Txl.2 TxI Auxiliary
Timer Tx
x=2,4
MCAO05400

Figure 16-16 GPT1 Auxiliary Timer in Reload Mode

Upon a trigger signal, T3 is loaded with the contents of the respective timer register (T2
or T4) and the respective interrupt request flag (T2IR or T4IR) is set.

Note: When a T3OTL transition is selected for the trigger signal, the interrupt request
flag T3IR will also be set upon a trigger, indicating T3’s overflow or underflow.
Modifications of T3OTL via software will NOT trigger the counter function of T2/T4.

To ensure that a transition of the reload input signal applied to TxIN is recognized
correctly, its level must be held high or low for a minimum number of module clock
cycles, detailed in Section 16.1.5.

The reload mode triggered by the T3 toggle latch can be used in a number of different
configurations. The following functions can be performed, depending on the selected
active transition:
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+ If both a positive and a negative transition of T3OTL are selected to trigger a reload,

the core timer will be reloaded with the contents of the auxiliary timer each time it
overflows or underflows. This is the standard reload mode (reload on
overflow/underflow).

+ If either a positive or a negative transition of T30TL is selected to trigger a reload, the

core timer will be reloaded with the contents of the auxiliary timer on every second
overflow or underflow.

» Using this “single-transition” mode for both auxiliary timers allows to perform very

flexible Pulse Width Modulation (PWM). One of the auxiliary timers is programmed to
reload the core timer on a positive transition of T3OTL, the other is programmed for a
reload on a negative transition of T3OTL. With this combination the core timer is
alternately reloaded from the two auxiliary timers.

Figure 16-17 shows an example for the generation of a PWM signal using the “single-
transition” reload mechanism. T2 defines the high time of the PWM signal (reloaded on
positive transitions) and T4 defines the low time of the PWM signal (reloaded on negative
transitions). The PWM signal can be output on pin T3OUT if TSOE = 1. With this method,
the high and low time of the PWM signal can be varied in a wide range.

Note: The output toggle latch T3OTL is accessible via software and may be changed, if

required, to modify the PWM signal.
However, this will NOT trigger the reloading of T3.

User’'s Manual 16-25 V1.2, 2008-09
GPT, V2.1



@ neon XC27x5X Derivatives

v Peripheral Units (Vol. 2 of 2)
The General Purpose Timer Units
Auxiliary
Timer T2
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T2IN ——» MUX Reload
1 / \V4 > T2IRQ
T Select
T21.2 T2l
» T3IRQ
fapr —P Operating Pz Count
Mode —»1+ +—»| Core Timer T3 Toggle Latch |—» T30UT
T3IN—> Control IT T
T T T3R Up/Down
BPS1 T3l
0 Edge
T4IN MUX Reload
1 » \ » A > T4IRQ
T Select ﬁ
T4l.2 T4l Auxiliary
Timer T4
MCA05401

Figure 16-17 GPT1 Timer Reload Configuration for PWM Generation

Note: Although possible, selecting the same reload trigger event for both auxiliary timers
should be avoided. In such a case, both reload registers would try to load the core

timer at the same time. If this combination is selected, T2 is disregarded and the
contents of T4 is reloaded.
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Auxiliary Timer in Capture Mode

Capture mode for an auxiliary timer Tx is selected by setting bitfield TxM in the respective
register TXCON to 1015. In capture mode, the contents of the core timer T3 are latched
into an auxiliary timer register in response to a signal transition at the respective auxiliary
timer’s external input pin TxIN. The capture trigger signal can be a positive, a negative,
or both a positive and a negative transition.

The two least significant bits of bitfield Tx| select the active transition (see Table 16-5).
Bit 2 of Txl is irrelevant for capture mode and must be cleared (Txl.2 = 0).

Note: When programmed for capture mode, the respective auxiliary timer (T2 or T4)
stops independently of its run flag T2R or T4R.

» T3IRQ

—»| Operating Count
Jaer Mode oA Core Timer T3 Toggle Latch |—» T30UT

T3IN—> Control # T L
T T T3R Up/Down to Ty
BPS1 T3l
Edge Cant
apture

TXIN ———————————>] X P > v > TxIRQ

SeITect u

TxI Auxiliary
Timer Tx

Bl
(NN

< X

MCA05402

Figure 16-18 GPT1 Auxiliary Timer in Capture Mode

Upon a trigger (selected transition) at the corresponding input pin TxIN the contents of
the core timer are loaded into the auxiliary timer register and the associated interrupt
request flag TxIR will be set.

For capture mode operation, the respective timer input pin TxIN must be configured as
input. To ensure that a transition of the capture input signal applied to TxIN is recognized
correctly, its level must be held high or low for a minimum number of module clock
cycles, detailed in Section 16.1.5.
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16.1.5 GPT1 Clock Signal Control

All actions within the timer block GPT1 are triggered by transitions of its basic clock. This
basic clock is derived from the system clock by a basic block prescaler, controlled by
bitfield BPS1 in register T3CON (see Figure 16-2). The count clock can be generated in
two different ways:

The General Purpose Timer Units

* Internal count clock, derived from GPT1’s basic clock via a programmable prescaler,
is used for (gated) timer mode.
+ External count clock, derived from the timer’s input pin(s), is used for counter mode.

For both ways, the basic clock determines the maximum count frequency and the timer’s
resolution:

Table 16-6 Basic Clock Selection for Block GPT1

Block Prescaler” BPS1=01; |BPS1=00,2 BPS1=11; |BPS1=10,
Prescaling Factor for | F(BPS1) F(BPS1) F(BPS1) F(BPS1)
GPT1: F(BPS1) =4 =8 =16 =32
Maximum External Jfopt/8 Jfept/16 Jfopt/32 fop1/64
Count Frequency

Input Signal 4 x tgpr 8 X tgpr 16 x tgpr 32 x tgpr
Stable Time

1) Please note the non-linear encoding of bitfield BPS1.

2) Default after reset.

Internal Count Clock Generation

In timer mode and gated timer mode, the count clock for each GPT1 timer is derived from
the GPT1 basic clock by a programmable prescaler, controlled by bitfield TxI in the
respective timer’s control register TXCON.

The count frequency f+, for a timer Tx and its resolution r, are scaled linearly with lower
clock frequencies, as can be seen from the following formula:

- Sopt
F(BPS1)x 2™

F(BPS1)x 2"
Jept[MHZ]

fx rrxlus] = [16.1]

The effective count frequency depends on the common module clock prescaler factor
F(BPS1) as well as on the individual input prescaler factor 2<™". Table 16-7 summarizes
the resulting overall divider factors for a GPT1 timer that result from these cascaded
prescalers.

User’'s Manual 16-28

GPT, V2.1

V1.2, 2008-09



@ineon
-

XC27x5X Derivatives
Peripheral Units (Vol. 2 of 2)

The General Purpose Timer Units

Table 16-8 lists a timer’s parameters (such as count frequency, resolution, and period)
resulting from the selected overall prescaler factor and the applied system frequency.
Note that some numbers may be rounded.

Table 16-7 GPT1 Overall Prescaler Factors for Internal Count Clock
Individual Common Prescaler for Module Clock"
Prescalerfor Tx 'gpg1=01, |BPS1=00; |BPS1=11; |BPS1=10,
Txl = 000g 4 8 16 32
Txl =001 8 16 32 64
Txl =010g 16 32 64 128
Txl =011, 32 64 128 256
Txl =100g 64 128 256 512
Txl =101 128 256 512 1024
Txl =110g 256 512 1024 2048
T™xl=1115 512 1024 2048 4096

1) Please note the non-linear encoding of bitfield BPS1.

Table 16-8 GPT1 Timer Parameters

System Clock = 10 MHz Overall System Clock = 40 MHz
Frequency |Resolution |Period Divider Frequency | Resolution | Period

Factor

2.5 MHz 400 ns 26.21ms |4 10.0 MHz | 100 ns 6.55 ms
1.25 MHz 800 ns 5243 ms |8 5.0 MHz 200 ns 13.11 ms
625.0 kHz 1.6 us 1049 ms [16 2.5 MHz 400 ns 26.21 ms
312.5 kHz 3.2 us 209.7 ms |32 1.25MHz | 800 ns 52.43 ms
156.25 kHz [6.4 pus 419.4 ms |64 625.0kHz | 1.6 pus 104.9 ms
78.125kHz |12.8 us 838.9ms [ 128 3125kHz 3.2 ps 209.7 ms
39.06 kHz | 25.6 us 1.678s |256 156.25 kHz | 6.4 ps 419.4 ms
19.53 kHz 51.2 us 3.355s | 512 78.125 kHz [ 12.8 pus 838.9 ms
9.77 kHz 102.4 us 6.711s 1024 39.06 kHz |25.6 ps 1.678 s
4.88 kHz 204.8 us 13.42s [2048 19.53 kHz |[51.2 us 3.355s
2.44 kHz 409.6 ps 26.84s 4096 9.77 kHz 102.4 us 6.711s
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External Count Clock Input

The General Purpose Timer Units

The external input signals of the GPT1 block are sampled with the GPT1 basic clock (see
Figure 16-2). To ensure that a signal is recognized correctly, its current level (high or
low) must be held active for at least one complete sampling period, before changing. A
signal transition is recognized if two subsequent samples of the input signal represent
different levels. Therefore, a minimum of two basic clock periods are required for the
sampling of an external input signal. Thus, the maximum frequency of an input signal
must not be higher than half the basic clock.

Table 16-9 summarizes the resulting requirements for external GPT1 input signals.

Table 16-9 GPT1 External Input Signal Limits
System Clock =10 MHz | Input GPT1 |Input System Clock = 40 MHz

Max. Input | Min. Level |Frequ. |Divider Phase [\, hput |Min. Level
Frequency |Hold Time |Factor |BPS1 |Duration | prequency |Hold Time
125MHz | 400 ns feor/8 |01 |4x1gor |50MHz | 100 ns
625.0 kHz | 800 ns fepr/16 [005 | 8x7gor |25MHz | 200 ns
3125kHz | 1.6 us foer/32 (Mg |16 x1gpr |1.25MHz | 400 ns
156.25 kHz | 3.2 us fopr/64 [105 |32 x1gpr |625.0kHz | 800 ns

These limitations are valid for all external input signals to GPT1, including the external
count signals in counter mode and incremental interface mode, the gate input signals in
gated timer mode, and the external direction signals.

User’'s Manual 16-30

GPT, V2.1

V1.2, 2008-09



Sl . .
: XC27x5X Derivatives
@I n% Peripheral Units (Vol. 2 of 2)

The General Purpose Timer Units

16.1.6 GPT1 Timer Registers

GPT12E_T2

Timer 2 Count Register SFR (FE40,/20,) Reset Value: 0000,
GPT12E_T3

Timer 3 Count Register SFR (FE42,/21,) Reset Value: 0000,
GPT12E_T4

Timer 4 Count Register SFR (FE44,/22,) Reset Value: 0000,

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Txvalue
| | | | r\AIIh | | | |

Field Bits Type | Description

Txvalue |[[15:0] |rwh |Current timer value
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Interrupt Control for GPT1 Timers

When a timer overflows from FFFF to 0000, (when counting up), or when it underflows
from 0000, to FFFF, (when counting down), its interrupt request flag (T2IR, T3IR or
T4IR) in register TxIC will be set. This will cause an interrupt to the respective timer
interrupt vector (T2INT, T3INT or T4INT) or trigger a PEC service, if the respective
interrupt enable bit (T2IE, T3IE or T4IE in register TxIC) is set. There is an interrupt

control register for each of the three timers.

GPT12E_T2IC
Timer 2 Intr. Ctrl. Reg. SFR (FF60,/B0,) Reset Value: 0000,
15 14 13 12 11 10 9 8 7 6 | 4 | 3 2 1 | 0
- - - - - - - |GPX|T2IR | T2IE ILVL GLVL
- - - - - - - rw | rwh rw | w rw
GPT12E_T3IC
Timer 3 Intr. Ctrl. Reg. SFR (FF62,/B1,) Reset Value: 0000,
15 14 13 12 11 10 9 8 7 6 | 3 2 1 | 0
- - - - - - - |GPX|T3IR|T3IE ILVL GLVL
- - - - - - - rw rwh rw | w w
GPT12E_T4IC
Timer 4 Intr. Ctrl. Reg. SFR (FF64,,/B2,) Reset Value: 0000,
15 14 13 12 11 10 9 8 7 6 | | 3 2 1 | 0
- - - - - - - |GPX|T4IR | T4IE ILVL GLVL
- - - - - - - rw rwh rw | w rw

Note: Please refer to the general Interrupt Control Register description for an

explanation of the control fields.
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16.2 Timer Block GPT2

From a programmer’s point of view, the GPT2 block is represented by a set of SFRs as
summarized below. Those portions of port and direction registers which are used for
alternate functions by the GPT2 block are shaded.

The General Purpose Timer Units

Data Registers Control Registers Interrupt Control Miscellaneous

T5 T5CON T5IC PISEL

T6 T6CON T6IC ID

CAPREL CRIC

KSCCFG
Tx GPT2 Timer x Register KSCCFG  Kemel State Configuration Register
CAPREL GPT2 Capture/Reload Register PISEL Port Input Select Register
TxCON GPT2 Timer x Control Register ID Module Identification Register
TxIC GPT2 Timer x Interrupt Ctrl . Reg.
mc_gpt2_registers. vsd

Figure 16-19 SFRs Associated with Timer Block GPT2

Both timers of block GPT2 (T5, T6) can run in one of 3 basic modes: Timer Mode, Gated
Timer Mode, or Counter Mode. All timers can count up or down. Each timer of GPT2 is
controlled by a separate control register TXCON.

Each timer has an input pin TxIN (alternate pin function) associated with it, which serves
as the gate control in gated timer mode, or as the count input in counter mode. The count
direction (up/down) may be programmed via software or may be dynamically altered by
a signal at the External Up/Down control input TXEUD (alternate pin function). An
overflow/underflow of core timer T6 is indicated by the Output Toggle Latch T6OTL,
whose state may be output on the associated pin T6OUT (alternate pin function). The
auxiliary timer T5 may additionally be concatenated with core timer T6 (through T6OTL).

The Capture/Reload register CAPREL can be used to capture the contents of timer T5,
or to reload timer T6. A special mode facilitates the use of register CAPREL for both
functions at the same time. This mode allows frequency multiplication. The capture
function is triggered by the input pin CAPIN, or by GPT1 timer’s T3 input lines T3IN and
T3EUD. The reload function is triggered by an overflow or underflow of timer T6.
Overflows/underflows of timer T6 may also clock the timers of the CAPCOM units.

The current contents of each timer can be read or modified by the CPU by accessing the
corresponding timer count registers T5 or T6, located in the non-bitaddressable SFR
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space (see Section 16.2.7). When any of the timer registers is written to by the CPU in
the state immediately preceding a timer increment, decrement, reload, or capture
operation, the CPU write operation has priority in order to guarantee correct results.

The interrupts of GPT2 are controlled through the Interrupt Control Registers TxIC.
These registers are not part of the GPT2 block. The input and output lines of GPT2 are
connected to pins of Ports P3 and P5. The control registers for the port functions are
located in the respective port modules.

Note: The timing requirements for external input signals can be found in Section 16.2.6,
Section 16.4 summarizes the module interface signals, including pins.

T6CON.BPS2
#7

ferr —? 21 |————————————pBasicclock

Interrupt
GPT2TimerT5 |———p Request
(T5IR)
T5IN
(] Mge uD
Control
T5EUD
O Clear
Capture v
CAPIN G
CAPREL GPT2 CAPREL
T3IN/ Mode Interrupt
T3EUD Control @ » Request
(CRIR)
Reload v W
Interrupt
Clear » Request
(TEIR)
Togde FF
GPT2 Timer 6 T6OTL ﬂ T6OUT
T6
ToIN D—» Mode uo L »T6OUF
Control
T6EUD D—>

mc_gpt0108_bldiax4.vsd

Figure 16-20 GPT2 Block Diagram
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16.2.1 GPT2 Core Timer T6 Control

The current contents of the core timer T6 are reflected by its count register T6. This
register can also be written to by the CPU, for example, to set the initial start value.

The core timer T6 is configured and controlled via its bitaddressable control register
T6CON.

GPT12E_T6CON

Timer 6 Control Register SFR (FF48,,/A4,) Reset Value: 0000,
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T6 | T6 T6 | T6 | T6 | T6
SR [CLR| ~ BPS2 OTL | OE |UDE| UD T6R T6M Tél
rw rw - rW rwh rw  rw rwrw | rw | | rw |

Field Bits Type |Description

T6SR 15 rw Timer 6 Reload Mode Enable

Og Reload from register CAPREL Disabled
1 Reload from register CAPREL Enabled

T6CLR 14 rw Timer T6 Clear Enable Bit
Og  Timer T6 is not cleared on a capture event
1 Timer T6 is cleared on a capture event

BPS2 [12:11] | rw GPT2 Block Prescaler Control
Selects the basic clock for block GPT2
(see also Section 16.2.6)

005 foprld
015 fopr/2
105 fopr/16
Mg fopr/8

T60OTL 10 rwh Timer T6 Overflow Toggle Latch
Toggles on each overflow/underflow of T6. Can be
set or reset by software (see separate description)

T60OE 9 rw Overflow/Underflow Output Enable
Og  Alternate Output Function Disabled
1 State of T6 toggle latch is output on pin T6OUT

T6UDE 8 rw Timer T6 External Up/Down Enable"
Og Input TBEUD is disconnected
15 Direction influenced by input TGEUD
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Field Bits Type |Description
T6UD 7 rw Timer T6 Up/Down Control"
Og  Timer T6 counts up
15 Timer T6 counts down
T6R 6 rw Timer T6 Run Bit
Og  Timer T6 stops
1 Timer T6 runs
T6M [5:3] rw Timer T6 Mode Control (Basic Operating Mode)
0005 Timer Mode
001 Counter Mode
0105 Gated Timer Mode with gate active low
0115 Gated Timer Mode with gate active high
1005 Reserved. Do not use this combination.
1015 Reserved. Do not use this combination.
1105 Reserved. Do not use this combination.
1115 Reserved. Do not use this combination.
T6l [2:0] rw Timer T6 Input Parameter Selection

Depends on the operating mode, see respective
sections for encoding:

Table 16-15 for Timer Mode and Gated Timer Mode
Table 16-11 for Counter Mode

1) See Table 16-10 for encoding of bits T6UD and T6UDE.
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Timer T6 Run Control

The core timer T6 can be started or stopped by software through bit T6R (timer T6 run
bit). This bit is relevant in all operating modes of T6. Setting bit T6R will start the timer,
clearing bit T6R stops the timer.

In gated timer mode, the timer will only run if T6R = 1 and the gate is active (high or low,
as programmed).

Note: When bit TSRC in timer control register TSCON is set, bit T6R will also control
(start and stop) the Auxiliary Timer Tb.

Count Direction Control

The count direction of the GPT2 timers (core timer and auxiliary timer) can be controlled
either by software or by the external input pin TXEUD (Timer Tx External Up/Down
Control Input). These options are selected by bits TxUD and TxUDE in the respective
control register TXCON. When the up/down control is provided by software (bit
TxUDE = 0), the count direction can be altered by setting or clearing bit TxUD. When bit
TxUDE =1, pin TXEUD is selected to be the controlling source of the count direction.
However, bit TxUD can still be used to reverse the actual count direction, as shown in
Table 16-10. The count direction can be changed regardless of whether or not the timer
is running.

Table 16-10 GPT2 Timer Count Direction Control

Pin TXEUD Bit TXUDE Bit TxUD Count Direction

X 0 0 Count Up

X 0 1 Count Down

0 1 0 Count Up

1 1 0 Count Down

0 1 1 Count Down

1 1 1 Count Up
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Timer 6 Output Toggle Latch

The overflow/underflow signal of timer T6 is connected to a block named ‘Toggle Latch’,
shown in the timer mode diagrams. Figure 16-21 illustrates the details of this block. An
overflow or underflow of T6 will clock two latches: The first latch represents bit T6OTL in
control register TGCON. The second latch is an internal latch toggled by T60OTL’s output.
Both latch outputs are connected to the input control block of the auxiliary timer T5. The
output level of the shadow latch will match the output level of T6OTL, but is delayed by
one clock cycle. When the T6OTL value changes, this will result in a temporarily different
output level from T60OTL and the shadow latch, which can trigger the selected count
eventin T5.

When software writes to T60OTL, both latches are set or cleared simultaneously. In this
case, both signals to the auxiliary timers carry the same level and no edge will be
detected. Bit T6OE (overflow/underflow output enable) in register TGCON enables the
state of T6OTL to be monitored via an external pin T6OUT. When T6OTL is linked to an
external port pin (must be configured as output), T6OUT can be used to control external
HW. If T6OE =1, pin T6OUT outputs the state of T6OTL. If T60OE =0, pin T6OUT
outputs a high level (while it selects the timer output signal).

As can be seen from Figure 16-21, when latch T60OTL is modified by software to
determine the state of the output line, also the internal shadow latch is set or cleared
accordingly. Therefore, no trigger condition is detected by T5 in this case.

‘ Set/Clear (SW) ‘ TxOE
| | 1
i v X TXOUT
=
Overflow/ 1» 0 To Port Logic
Core Timer Underflow p| TXOTL |—e—P Sll-1adow
atch T

>
>

) To Aux. Timer

Toggle Latch Logic |nputu|)_(ogilc
mc_gpt0106_otl.vsd

Figure 16-21 Block Diagram of the Toggle Latch Logic of Core Timer T6

Note: T6 is also used to clock the timers in the CAPCOM units. For this purpose, there
is a direct internal connection between the T6 overflow/underflow line and the
CAPCOM timers (signal T6OUF).
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16.2.2 GPT2 Core Timer T6 Operating Modes

Timer T6 can operate in one of several modes.

Timer 6 in Timer Mode

Timer mode for the core timer T6 is selected by setting bitfield T6M in register TGCON
to 000g. In this mode, T6 is clocked with the module’s input clock fgpr divided by two
programmable prescalers controlled by bitfields BPS2 and T6l in register TGCON.
Please see Section 16.2.6 for details on the input clock options.

» T6IRQ
Jte A Count ,
Jopr —®| Prescaler ! Core Timer T6 Toggle Latch |—» T60OUT
11 f ‘
to T5/
e
BPS2 T6l T6R CAPREL
» T60UF
T6UD
0
MUX| Up/Down
=1 1
T6EUD ————— ¥ T
T6UDE
MCB05403_X4
Figure 16-22 Block Diagram of Core Timer T6 in Timer Mode
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Gated Timer Mode

Gated timer mode for the core timer T6 is selected by setting bitfield T6M in register
T6CON to 0105 or 0115. Bit T6M.0 (T6CON.3) selects the active level of the gate input.
The same options for the input frequency are available in gated timer mode as in timer
mode (see Section 16.2.6). However, the input clock to the timer in this mode is gated
by the external input pin T6IN (Timer T6 External Input).

To enable this operation, the associated pin T6IN must be configured as input (the
corresponding direction control bit must contain 0).

» T6IRQ
—» Prescaler g Jre Count
Jar (é?rtle Cf‘:/ Core Timer T6 Toggle Latch [—» T6OUT
I e -
toT5
BPS2 T6l L 5 ,
T6IN T6R Clear CAPREL
» T6OUF
TeUD
0
»| MUX Up/Down
=1 1
T6EUD ——————b T
T6UDE MCB05404_X4

Figure 16-23 Block Diagram of Core Timer T6 in Gated Timer Mode

If T6M = 0105, the timer is enabled when T6IN shows a low level. A high level at this line
stops the timer. If T6M = 0115, line T6IN must have a high level in order to enable the
timer. Additionally, the timer can be turned on or off by software using bit T6R. The timer
will only run if T6R is 1 and the gate is active. It will stop if either T6R is 0 or the gate is
inactive.

Note: A transition of the gate signal at pin T6IN does not cause an interrupt request.
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Counter Mode

Counter mode for the core timer T6 is selected by setting bitfield T6M in register TGCON
to 0015. In counter mode, timer T6 is clocked by a transition at the external input pin
T6IN. The event causing an increment or decrement of the timer can be a positive, a
negative, or both a positive and a negative transition at this line. Bitfield T6l in control
register TGCON selects the triggering transition (see Table 16-11).

» T6IRQ
Edge
A Count ]
T6IN —» X ! Core Timer T6 [-®»| Toggle Latch [—» T6OUT
Select T T Y
to T5
4> H
T T6R Clear CAPREL
T6l
» T6OUF
T6UD
0
MUX| Up/Down
T6EUD —— T
T6UDE
MCB05405_X4

Figure 16-24 Block Diagram of Core Timer T6 in Counter Mode

Table 16-11 GPT2 Core Timer T6 (Counter Mode) Input Edge Selection

T6l Triggering Edge for Counter Increment/Decrement
000g None. Counter T6 is disabled

0015 Positive transition (rising edge) on T6IN

010g Negative transition (falling edge) on T6IN

011g Any transition (rising or falling edge) on T6IN

1XXg Reserved. Do not use this combination

For counter mode operation, pin T6IN must be configured as input (the respective
direction control bit DPx.y must be 0). The maximum input frequency allowed in counter
mode depends on the selected prescaler value. To ensure that a transition of the count
input signal applied to T6IN is recognized correctly, its level must be held high or low for
a minimum number of module clock cycles before it changes. This information can be
found in Section 16.2.6.
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16.2.3  GPT2 Auxiliary Timer T5 Control

Auxiliary timer T5 can be configured for timer mode, gated timer mode, or counter mode
with the same options for the timer frequencies and the count signal as the core timer
T6. In addition to these 3 counting modes, the auxiliary timer can be concatenated with
the core timer. The contents of TS5 may be captured to register CAPREL upon an external
or an internal trigger. The start/stop function of the auxiliary timers can be remotely
controlled by the T6 run control bit. Several timers may thus be controlled synchronously.

The current contents of the auxiliary timer are reflected by its count register T5. This
register can also be written to by the CPU, for example, to set the initial start value.

The individual configurations for timer TS5 are determined by its bitaddressable control
register TSCON. Some bits in this register also control the function of the CAPREL
register. Note that functions which are present in all timers of block GPT2 are controlled
in the same bit positions and in the same manner in each of the specific control registers.

Note: The auxiliary timer has no output toggle latch and no alternate output function.

GPT12E_T5CON

Timer 5 Control Register SFR (FF46,,/A3,) Reset Value: 0000,
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T5 | TS T5 | T5 | TS
sc |CLR Cl - |CT3 rRc |UDE! UD T5R T5M T5I
rw rw FW - rw w rw rw rw | rw | | rw |

Field Bits Type |Description

T5SC 15 rw Timer 5 Capture Mode Enable

Og  Capture into register CAPREL Disabled
1g  Capture into register CAPREL Enabled

T5CLR 14 rw Timer T5 Clear Enable Bit
Og  Timer TS is not cleared on a capture event
15 Timer TS is cleared on a capture event

Ci [13:12] | rw Register CAPREL Capture Trigger Selection”

005 Capture disabled

015 Positive transition (rising edge) on CAPIN? or
any transition on T3IN

105 Negative transition (falling edge) on CAPIN or
any transition on T3EUD

115 Any transition (rising or falling edge) on CAPIN
or any transition on T3IN or T3EUD
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Field Bits Type |Description

CT3 10 rw Timer T3 Capture Trigger Enable

Og  Capture trigger from input line CAPIN

15 Capture trigger from T3 input lines T3IN and/or
T3EUD

T5RC 9 rw Timer T5 Remote Control

Og  Timer T5 is controlled by its own run bit TSR

15 Timer TS is controlled by the run bit T6R of
core timer 6, not by bit TSR

TS5UDE 8 rw Timer T5 External Up/Down Enable®
Og Input TSEUD is disconnected
15 Direction influenced by input TSEUD

T5UD 7 rw Timer T5 Up/Down Control®
Og  Timer T5 counts up
1 Timer T5 counts down

T5R 6 rw Timer T5 Run Bit
Og  Timer T5 stops
1 Timer TS runs

Note: This bit only controls timer T5 if bit TSRC = 0.

T5M [5:3] rw Timer T5 Mode Control (Basic Operating Mode)
0005 Timer Mode

0015 Counter Mode

0105 Gated Timer Mode with gate active low
0115 Gated Timer Mode with gate active high
1XXg Reserved. Do not use this combination

T5I [2:0] rw Timer T5 Input Parameter Selection

Depends on the operating mode, see respective
sections for encoding:

Table 16-15 for Timer Mode and Gated Timer Mode
Table 16-11 for Counter Mode

1) To define the respective trigger source signal, also bit CT3 must be regarded (see Table 16-13).

2) Rising edge must be selected if capturing is triggered by the internal GPT1 read signals (see register PISEL
and “Combined Capture Modes” on Page 16-54).

3) See Table 16-10 for encoding of bits TSUD and TS5UDE.
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Timer T5 Run Control

The auxiliary timer T5 can be started or stopped by software in two different ways:

» Through the associated timer run bit (TS5R). In this case it is required that the
respective control bit TS5RC = 0.

» Through the core timer’s run bit (T6R). In this case the respective remote control bit
must be set (T5RC = 1).

The selected run bit is relevant in all operating modes of T5. Setting the bit will start the
timer, clearing the bit stops the timer.

In gated timer mode, the timer will only run if the selected run bit is set and the gate is
active (high or low, as programmed).

Note: If remote control is selected T6R will start/stop timer T6 and the auxiliary timer T5
synchronously.
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16.2.4  GPT2 Auxiliary Timer T5 Operating Modes

The operation of the auxiliary timer in the basic operating modes is almost identical with
the core timer’'s operation, with very few exceptions. Additionally, some combined
operating modes can be selected.

Timer T5 in Timer Mode

Timer Mode for the auxiliary timer T5 is selected by setting its bitfield TSM in register
TSCON to 0005.

Jrs | Count | Auxiliar
Yy
Jopr — ™ Prescaler : TimerTs [ T5IRQ
I 1 T
BPS2 TSI
Clear
0
T5R —» MUX
1
TO6R —»
T5RC
T5UD
0
P MUX Up/Down
=1 1 -
TS5EUD ——— b T
T5UDE
MCBO5406_X4

Figure 16-25 Block Diagram of Auxiliary Timer T5 in Timer Mode
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Timer T5 in Gated Timer Mode

Gated timer mode for the auxiliary timer T5 is selected by setting bitfield T5M in register
T5CON to 0105 or 0115. Bit T5SM.0 (TSCON.3) selects the active level of the gate input.

Note: A transition of the gate signal at line T5IN does not cause an interrupt request.

f
fopr — P Prescaler Gate |’™ Count | Auxiliary
T T Cirl. of TimerT5 [ * T°IRQ
Y
BPS2 T5I T T
T5IN Clear
0
T5R —» MUX
1
T6R —w
T5RC
T5UD
0
MUX Up/Down
> =1 1
TSEUD ————————— P T
T5UDE

MCB05407_X4

Figure 16-26 Block Diagram of Auxiliary Timer T5 in Gated Timer Mode

Note: There is no output toggle latch for Tb5.
Start/stop of the auxiliary timer can be controlled locally or remotely.

Timer T5 in Counter Mode

Counter mode for auxiliary timer T5 is selected by setting bitfield T5M in register TSCON
to 0015. In counter mode, the auxiliary timer can be clocked either by a transition at its
external input line T5IN, or by a transition of timer T6’s toggle latch T6OTL. The event
causing an increment or decrement of a timer can be a positive, a negative, or both a
positive and a negative transition at either the respective input pin or at the toggle latch.
Bitfield T5I in control register TSCON selects the triggering transition (see Table 16-12).
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0 Edge
T5IN —p] MUX d/ Count Auxi“ary
N X i Timer T5 TSIRQ
Toggle Select y
Latch T T T
T51.2 T5I Clear
T5R 0% MUX
1
T6R —»
T5RC
T5UD
0
> MUX Up/Down
T5EUD —» T
T5UDE
MCB05408_X4

Figure 16-27 Block Diagram of Auxiliary Timer T5 in Counter Mode

Table 16-12 GPT2 Auxiliary Timer (Counter Mode) Input Edge Selection

T5I Triggering Edge for Counter Increment/Decrement

X00g None. Counter T5 is disabled

0015 Positive transition (rising edge) on T5IN

0105 Negative transition (falling edge) on T5IN

0115 Any transition (rising or falling edge) on TSIN

1015 Positive transition (rising edge) of T6 toggle latch T6OTL
1105 Negative transition (falling edge) of T6 toggle latch T6OTL
1115 Any transition (rising or falling edge) of T6 toggle latch T6OTL

Note: Only state transitions of T6OTL which are caused by the overflows/underflows of
T6 will trigger the counter function of T5. Modifications of T6OTL via software will
NOT trigger the counter function of Tb5.

For counter operation, pin T5IN must be configured as input (the respective direction
control bit DPx.y must be 0). The maximum input frequency allowed in counter mode
depends on the selected prescaler value. To ensure that a transition of the count input
signal applied to T5IN is recognized correctly, its level must be held high or low for a
minimum number of module clock cycles before it changes. This information can be
found in Section 16.2.6.
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Using the toggle bit T6OTL as a clock source for the auxiliary timer in counter mode
concatenates the core timer T6 with the auxiliary timer T5. This concatenation forms
either a 32-bit or a 33-bit timer/counter, depending on which transition of T6OTL is
selected to clock the auxiliary timer.

» 32-bit Timer/Counter: If both a positive and a negative transition of T6OTL are used
to clock the auxiliary timer, this timer is clocked on every overflow/underflow of the
core timer T6. Thus, the two timers form a 32-bit timer.

+ 33-bit Timer/Counter: If either a positive or a negative transition of T6OTL is selected
to clock the auxiliary timer, this timer is clocked on every second overflow/underflow
of the core timer T6. This configuration forms a 33-bit timer (16-bit core timer + TGOTL

+ 16-bit auxiliary timer).

As long as bit T6OTL is not modified by software, it represents the state of the internal
toggle latch, and can be regarded as part of the 33-bit timer.

The count directions of the two concatenated timers are not required to be the same.
This offers a wide variety of different configurations.

T6, which represents the low-order part of the concatenated timer, can operate in timer
mode, gated timer mode or counter mode in this case.

»| Operating Count
Jopr Mode d,/ Core Timer T6
T6IN—>1  Control # T T
T T T6R Clear  Up/Down
BPS2 Tél
0 Edge
T5IN MUX X o Count Auxiliary
1 ! Timer T5
T Select T T
T51.2 51 T5R —2plMox Clear Up/Down
1
TE6R —
T5RC

» T6IRQ

Toggle Latch |—» T6OUT

—» T5IRQ

MCA05409

Figure 16-28 Concatenation of Core Timer T6 and Auxiliary Timer T5
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16.2.5 GPT2 Register CAPREL Operating Modes

The Capture/Reload register CAPREL can be used to capture the contents of timer T5,
or to reload timer T6. A special mode facilitates the use of register CAPREL for both
functions at the same time. This mode allows frequency multiplication. The capture
function is triggered by the input pin CAPIN, by GPT1 timer's T3 input lines T3IN and
T3EUD, or by read accesses to GPT1 timers. The reload function is triggered by an
overflow or underflow of timer T6.

In addition to the capture function, the capture trigger signal can also be used to clear
the contents of timers T5 and T6 individually.

The functions of register CAPREL are controlled via several bit(field)s in the timer control
registers TSCON and T6CON.

GPT2 Capture/Reload Register CAPREL in Capture Mode

Capture mode for register CAPREL is selected by setting bit T5SC in control register
TS5CON (set bitfield Cl in register TSCON to a non-zero value to select a trigger signal).
In capture mode, the contents of the auxiliary timer TS are latched into register CAPREL
in response to a signal transition at the selected external input pin(s). Bit CT3 selects the
external input line CAPIN or the input lines T3IN and/or T3EUD of GPT1 timer T3 as the
source for a capture trigger. Either a positive, a negative, or both a positive and a
negative transition at line CAPIN can be selected to trigger the capture function, or
transitions on input T3IN or input T3EUD or both inputs, T3IN and T3EUD. The active
edge is controlled by bitfield Cl in register TSCON. Table 16-13 summarizes these
options.

Table 16-13 CAPREL Register Input Edge Selection
CT3 Cl Triggering Signal/Edge for Capture Mode

00g None. Capture Mode is disabled.

015 | Positive transition (rising edge) on CAPIN."

105 Negative transition (falling edge) on CAPIN.

115 Any transition (rising or falling edge) on CAPIN.

)
01g Any transition (rising or falling edge) on T3IN.
10g Any transition (rising or falling edge) on T3EUD.

_\_\_\OOOX

115 Any transition (rising or falling edge) on T3IN or T3EUD.

1) Rising edge must be selected if capturing is triggered by the internal GPT1 read signals (see register PISEL
and “Combined Capture Modes” on Page 16-54).

User’'s Manual 16-49 V1.2, 2008-09
GPT, V2.1



Sl . .
: XC27x5X Derivatives
@I n@ Peripheral Units (Vol. 2 of 2)

The General Purpose Timer Units

Count Auxiliary
4>
Clock Timer T5 TS5IRQ
y
Cfl/ Clear T
2 Up/Down

Edge T
CAPIN —» >< — T5CLR

Select 0
4 =yl MUX Ca
Cfl/ pture
N [ \Y4
TIN —P T T u
Signal| | T55C
T3EUD — | 2o cT3 CAPREL
T Register
Cl
» CRIRQ
Cfl/ > Clear
% T6
T6CLR
MCA05410X11

Figure 16-29 GPT2 Register CAPREL in Capture Mode

When a selected trigger is detected, the contents of the auxiliary timer T5 are latched
into register CAPREL and the interrupt request line CRIRQ is activated. The same event
can optionally clear timer TS and/or timer T6. This option is enabled by bit TSCLR in
register TSCON and bit T6CLR in register T6CON, respectively. If TXCLR =0 the
contents of timer Tx is not affected by a capture. If TXCLR = 1 timer Tx is cleared after
the current timer T5 value has been latched into register CAPREL.

Note: Bit T6SC only controls whether or not a capture is performed. If TSSC is cleared
the external input pin(s) can still be used to clear timer T5 and/or T6, or as external
interrupt input(s). This interrupt is controlled by the CAPREL interrupt control
register CRIC.

When capture triggers T3IN or T3EUD are enabled (CT3 = 1), register CAPREL captures
the contents of T5 upon transitions of the selected input(s). These values can be used
to measure T3's input signals. This is useful, for example, when T3 operates in
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incremental interface mode, in order to derive dynamic information (speed, acceleration)
from the input signals.

For capture mode operation, the selected pins CAPIN, T3IN, or T3EUD must be
configured as input. To ensure that a transition of a trigger input signal applied to one of
these inputs is recognized correctly, its level must be held high or low for a minimum
number of module clock cycles, detailed in Section 16.2.6.

GPT2 Capture/Reload Register CAPREL in Reload Mode

Reload mode for register CAPREL is selected by setting bit T6SR in control register
T6CON. In reload mode, the core timer T6 is reloaded with the contents of register
CAPREL, triggered by an overflow or underflow of T6. This will not activate the interrupt
request line CRIRQ associated with the CAPREL register. However, interrupt request
line T6IRQ will be activated, indicating the overflow/underflow of T6.

CAPREL
Register

Reload | {/ e

|
T6SR
» T6IRQ
Count .
Clock Core Timer T6 Toggle Latch |—» T60OUT
Up/Down » T60OUF

———» toT5
MCAO05411

Figure 16-30 GPT2 Register CAPREL in Reload Mode

User’'s Manual 16-51 V1.2, 2008-09
GPT, V2.1



Sl . .
: XC27x5X Derivatives
@I n@ Peripheral Units (Vol. 2 of 2)

The General Purpose Timer Units

GPT2 Capture/Reload Register CAPREL in Capture-And-Reload Mode

Since the reload function and the capture function of register CAPREL can be enabled
individually by bits T5SC and T6SR, the two functions can be enabled simultaneously by
setting both bits. This feature can be used to generate an output frequency that is a
multiple of the input frequency.

Count Aucxiliary
I 4>
Clock Timer T5 T5IRQ
y
51/ Clear T
N Up/Down

Edge T
CAPIN —» X

Select 0
4 L MUX Ca
pture
] rof v

T3IN —p Edge

cts | ToSC CAPREL

T3EUD —¥ Seect Register
cl » CRIRQ

Reload [ V/ |¢—{o1 1«
C'r Clear T
. T6SR
T > T6IRQ
T6CLR !

8%::nkt »| Core Timer T6 Toggle Latch [—» T6OUT
Do » T6OUF

——» toT5
MCAD5412X11

Figure 16-31 GPT2 Register CAPREL in Capture-And-Reload Mode

This combined mode can be used to detect consecutive external events which may
occur aperiodically, but where a finer resolution, that means, more ‘ticks’ within the time
between two external events is required.

For this purpose, the time between the external events is measured using timer T5 and

the CAPREL register. Timer T5 runs in timer mode counting up with a frequency of e.g.
Jfept/32. The external events are applied to pin CAPIN. When an external event occurs,
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the contents of timer T5 are latched into register CAPREL and timer T5 is cleared
(TS5CLR =1). Thus, register CAPREL always contains the correct time between two
events, measured in timer TS increments. Timer T6, which runs in timer mode counting
down with a frequency of e.g. fsp1/4, uses the value in register CAPREL to perform a
reload on underflow. This means, the value in register CAPREL represents the time
between two underflows of timer T6, now measured in timer T6 increments. Since (in this
example) timer T6 runs 8 times faster than timer T5, it will underflow 8 times within the
time between two external events. Thus, the underflow signal of timer T6 generates
8 ‘ticks’. Upon each underflow, the interrupt request line T6IRQ will be activated and bit
T6OTL will be toggled. The state of T6OTL may be output on pin T6OUT. This signal has
8 times more transitions than the signal which is applied to pin CAPIN.

Note: The underflow signal of Timer T6 can furthermore be used to clock one or more of
the timers of the CAPCOM units, which gives the user the possibility to set
compare events based on a finer resolution than that of the external events. This
connection is accomplished via signal T6OUF.

Capture Correction

A certain deviation of the output frequency is generated by the fact that timer T5 will
count actual time units (e.g. T5 running at 1 MHz will count up to the value 64,,/100 for
a 10 kHz input signal), while T6OTL will only toggle upon an underflow of T6 (i.e. the
transition from 0000, to FFFF,,). In the above mentioned example, T6 would count down
from 64, so the underflow would occur after 101 timing ticks of T6. The actual output
frequency then is 79.2 kHz, instead of the expected 80 kHz.

Another possibility is to use T6 overflows. In this case, TS counts down and T6 counts
up. Upon a signal transition on pin CAPIN, the count value in T5 is captured into
CAPREL and T5 is cleared to 0000,,. In its next clock cycle, TS underflows to FFFF,,, and
continues to count down with the following clocks. T6 is reloaded from CAPREL upon an
overflow, and continues to count up with its following clock cycles (8 times faster in the
above example). In this case, T5 and T6 count the same number of steps with their
respective internal count frequency.

In the above example, T5 running at 1 MHz will count down to the value FF9C,/-100, for
a 10 kHz input signal applied at CAPIN, while T6 counts up from FFOC,, through FFFF
to 0000,. So the overflow occurs after 100 timing ticks of T6, and the actual output
frequency at T6OUT then is the expected 80 kHz.

However, in this case CAPREL does not directly contain the time between two CAPIN
events, but rather its 2's complement. Software will have to convert this value, if it is
required for the operation.
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Combined Capture Modes

For incremental interface applications in particular, several timer features can be
combined to obtain dynamic information such as speed, acceleration, or deceleration.
The current position itself can be obtained directly from the timer register (T2, T3, T4).

The time information to determine the dynamic parameters is generated by capturing the
contents of the free-running timer T5 into register CAPREL. Two trigger sources for this
event can be selected:

» Capture trigger on sensor signal transitions
» Capture trigger on position read operations

Capturing on sensor signal transitions is available for timer T3 inputs. This mode is
selected by setting bit CT3 and selecting the intended signal(s) via bitfield Cl in register
T5CON. CAPREL then indicates the time between two selected transitions (measured
in TS counts).

Capturing on position read operations is available for timers T2, T3, and T4. This mode
is selected by clearing bit CT3 and selecting the rising edge via bitfield Cl in register
T5CON. Bitfield ISCAPIN in register PISEL then selects either a read access from T3 or
a read access from any of T2 or T3 or T4. CAPREL then indicates the time between two
read accesses.

These operating modes directly support the measurement of position and rotational
speed. Acceleration and deceleration can then be determined by evaluating subsequent
speed measurements.
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16.2.6 GPT2 Clock Signal Control

All actions within the timer block GPT2 are triggered by transitions of its basic clock. This
basic clock is derived from the system clock by a basic block prescaler, controlled by
bitfield BPS2 in register TGCON (see Figure 16-20). The count clock can be generated
in two different ways:

The General Purpose Timer Units

* Internal count clock, derived from GPT2’s basic clock via a programmable prescaler,
is used for (gated) timer mode.
+ External count clock, derived from the timer’s input pin(s), is used for counter mode.

For both ways, the basic clock determines the maximum count frequency and the timer’s
resolution:

Table 16-14 Basic Clock Selection for Block GPT2

Block Prescaler” |BPS2=01, BPS2 =00, |BPS2=114 BPS2 =104
Prescaling Factor |F(BPS2) F(BPS2) F(BPS2) F(BPS2)
for GPT2: F(BPS2) =2 =4 =8 =16
Maximum External | f;-/4 Sfopt/8 Sfopt/16 Sfopt/32
Count Frequency

Input Signal 2 X tgpr 4 X tgpr 8 X tgpt 16 x tgpr
Stable Time

1) Please note the non-linear encoding of bitfield BPS2.

2) Default after reset.

Internal Count Clock Generation

In timer mode and gated timer mode, the count clock for each GPT2 timer is derived from
the GPT2 basic clock by a programmable prescaler, controlled by bitfield TxI in the
respective timer’s control register TXCON.

The count frequency f+, for a timer Tx and its resolution r+, are scaled linearly with lower
clock frequencies, as can be seen from the following formula:

- Sopt
F(BPS2) x 2°™"

F(BPS2) x 2™
Jept[MHZ]

fx rrxlus] = [16.2]

The effective count frequency depends on the common module clock prescaler factor
F(BPS2) as well as on the individual input prescaler factor 2<™". Table 16-15
summarizes the resulting overall divider factors for a GPT2 timer that result from these
cascaded prescalers.
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Table 16-15 GPT2 Overall Prescaler Factors for Internal Count Clock

Individual Common Prescaler for Module Clock"
Prescaler for Tx |gps2=01, [BPS2=00, |BPS2=11, |BPS2=10;
TxI = 000 2 4 8 16

Txl = 001, 4 8 16 32

TxI = 010 8 16 32 64

Txl = 011, 16 32 64 128

Txl = 100, 32 64 128 256

Txl = 101, 64 128 256 512

Txl = 1105 128 256 512 1024

Txl = 111, 256 512 1024 2048

1) Please note the non-linear encoding of bitfield BPS2.

Table 16-16 lists a timer’s parameters (such as count frequency, resolution, and period)
resulting from the selected overall prescaler factor and the applied system frequency.
Note that some numbers may be rounded.

Table 16-16 GPT2 Timer Parameters

System Clock = 10 MHz Overall System Clock = 40 MHz

Frequency |Resolution |Period Divider Frequency | Resolution | Period
Factor

5.0 MHz 200 ns 13.11ms |2 20.0 MHz |50 ns 3.28 ms
2.5 MHz 400 ns 26.21ms |4 10.0 MHz | 100 ns 6.55 ms
1.25 MHz 800 ns 5243 ms |8 5.0 MHz 200 ns 13.11 ms
625.0 kHz 1.6 us 1049 ms [16 2.5 MHz 400 ns 26.21 ms
312.5kHz |3.2 us 209.7 ms |32 1.25MHz | 800 ns 52.43 ms
156.25 kHz |6.4 us 419.4 ms |64 625.0 kHz [1.6 us 104.9 ms
78.125 kHz |12.8 us 838.9ms [128 312.5kHz 3.2 us 209.7 ms
39.06 kHz | 25.6 us 1.678 s [256 156.25 kHz | 6.4 us 419.4 ms
19.53kHz [51.2 us 3.355s 512 78.125 kHz |12.8 us 838.9 ms
9.77 kHz 102.4 us 6.711s 1024 39.06 kHz |25.6 us 1.678 s
4.88 kHz 204.8 ps 13.42s |[2048 19.53 kHz |[51.2 us 3.355s
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The external input signals of the GPT2 block are sampled with the GPT2 basic clock (see
Figure 16-20). To ensure that a signal is recognized correctly, its current level (high or
low) must be held active for at least one complete sampling period, before changing. A
signal transition is recognized if two subsequent samples of the input signal represent
different levels. Therefore, a minimum of two basic clock periods are required for the
sampling of an external input signal. Thus, the maximum frequency of an input signal
must not be higher than half the basic clock.

Table 16-17 summarizes the resulting requirements for external GPT2 input signals.

Table 16-17 GPT2 External Input Signal Limits

System Clock = 10 MHz | Input GPT2 Input System Clock = 40 MHz
Max. Input |Min. Level |Fréqu. |Divider |Phase {py.y |nput [Min. Level
Frequency |Hold Time |Factor | BPS1 |Duration | rroquency | Hold Time
25MHz  |200ns  |fsper/d  |O1g  |2x7ger |10.0MHz |50 ns
125MHz  |400ns  |fepr/8 |00 |4 x1gor |5.0MHz | 100 ns
6250kHz |800ns  |fspr/16 |11 |8 xigpr |25MHz  |200ns
312.5kHz | 1.6 s fsor/32 | 10g 16 x 1gpy |1.25 MHz | 400 ns

These limitations are valid for all external input signals to GPT2, including the external
count signals in counter mode and the gate input signals in gated timer mode.
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16.2.7 GPT2 Timer Registers

GPT12E_T5
Timer 5 Count Register SFR (FE46,/23,) Reset Value: 0000,
GPT12E_T6
Timer 6 Count Register SFR (FE48,/24,,) Reset Value: 0000,

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

Txvalue

rwh

Field Bits Type | Description

Txvalue [[15:0] |[rwh |Current timer value

GPT12E_CAPREL
Capture/Reload Register SFR (FE4A,/25,) Reset Value: 0000,

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

CapRelvalue

rwh

Field Bits Type | Description

CapRelva |[15:0] |rwh | Current reload value or Captured value
lue
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16.2.8  Interrupt Control for GPT2 Timers and CAPREL

When a timer overflows from FFFF to 0000, (when counting up), or when it underflows
from 0000, to FFFF, (when counting down), its interrupt request flag (TSIR or T6IR) in
register TxIC will be set. Whenever a transition according to the selection in bit field ClI
is detected at pin CAPIN, interrupt request flag CRIR in register CRIC is set. Setting any
request flag will cause an interrupt to the respective timer or CAPREL interrupt vector
(TSINT, TGINT or CRINT) or trigger a PEC service, if the respective interrupt enable bit
(TSIE or T6IE in register TxIC, CRIE in register CRIC) is set. There is an interrupt control
register for each of the two timers and for the CAPREL register.

GPT12E_T5IC
Timer 5 Intr. Ctrl. Reg. SFR (FF66,/B3,) Reset Value: 0000,
15 14 13 12 11 10 9 8 7 6 5 | 4 | 3 2 1 | 0
- - - - - - - |GPX|T5IR | TSIE ILVL GLVL
- - - - - - - rw | rwh rw | rW w
GPT12E_T6IC
Timer 6 Intr. Ctrl. Reg. SFR (FF68,,/B4,) Reset Value: 0000,
15 14 13 12 11 10 9 8 7 6 5 | 4 | 3 2 1 | 0
- - - - - - - |GPX|T6IR | T6IE ILVL GLVL
- - - - - - - rw | rwh rw | w rw
GPT12E_CRIC
CAPREL Intr. Ctrl. Reg. SFR (FF6A,,/B5,)) Reset Value: 0000,
15 14 13 12 11 10 9 8 7 6 5 | 4 3 2 1 | 0
- - - - - - - |GPX|CRIR|CRIE ILVL GLVL
- - - - - - - rw rwh rw | w w

Note: Please refer to the general Interrupt Control Register description for an
explanation of the control fields.
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16.3

The following registers are not assigned to a specific timer block. They control general
functions and/or give general information:

Miscellaneous Registers

* Register PISEL selects timer input signal from several sources under software control
* Register KSCCFG controls the overall operation of the timer module
* Register ID indicates the module version

PISEL

Port Input Select Register SFR (FE4C,,/26,)) Reset Value: 0000,

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

ISCAPIN

IST6
EUD

IST6
IN

IST5
EUD

IST5
IN

IST4EUD

IST4IN

IST3EUD

IST3IN

IST2
EUD

IST2
IN

rw

rw

w

rw

rw

rw

rw

rw

rw

rw

Field

Bits

Typ

Description

IST2IN

Input Select for T2IN
Og  Signal T2INA is selected
1 Signal T2INB is selected

IST2EUD

Input Select for T2EUD
Og
1g

Signal T2EUDA is selected
Signal T2EUDB is selected

IST3IN

[3:2]

Input Select for T3IN

00g Signal T3INA is selected
01z Signal T3INB is selected
105 Signal T3INC is selected
115 Signal T3IND is selected

IST3EUD

[5:4]

Input Select for T3EUD
00g
01g
10g
11g

Signal T3EUDA is selected
Signal T3EUDB is selected
Signal T3EUDC is selected
Signal T3EUDD is selected

IST4IN

[7:6]

Input Select for T4IN

005 Signal T4INA is selected
015 Signal T4INB is selected
105 Signal T4INC is selected
115 Signal T4IND is selected
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Field Bits Typ | Description

ISTAEUD [9:8] rw | Input Select for T4AEUD

005 Signal TAEUDA is selected
01g Signal TAEUDB is selected
105 Signal TAEUDC is selected
115 Signal T4EUDD is selected

IST5IN 10 rw | Input Select for T5IN
Og  Signal T5INA is selected
1 Signal T5INB is selected

ISTS5EUD 11 rw | Input Select for TSEUD
Og  Signal TSEUDA is selected
1z Signal TSEUDB is selected

IST6IN 12 rw | Input Select for T6IN
Og  Signal T6INA is selected
1z Signal T6INB is selected

IST6EUD 13 rw | Input Select for TEGEUD
Og  Signal TGEUDA is selected
15 Signal TGEUDB is selected

ISCAPIN [15:14] |rw | Input Select for CAPIN

005 Signal CAPINA is selected

015 Signal CAPINB is selected

105 Signal CAPINC (Read trigger from T3) is
selected

115 Signal CAPIND (Read trigger from T2 or T3 or
T4) is selected

Note: PISEL’s reset value represents the connections available in previous versions.

GPT12E_KSCCFG
Kernel State Configuration Register

SFR(FE1C,) Reset Value: 0000,

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BP BP BP BP MOD
COM 0 | COMCFG SUM 0 | SUMCFG NOM 0 | NOMCFG 0 ME(:JD EN
w r rW w r r\'/v w r rW ‘r w rw
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Field Bits Type | Description

MODEN 0 rw Module Enable

This bit enables the module kernel clock and the

module functionality.

Og  The module is switched off.
It does not react on mode control actions and
the module clock is switched off immediately
(without stop condition). The module does not
react on read accesses and ignores write
accesses.

1z  The module is switched on and can operate.
After writing 1 to MODEN, it is recommended
to read register KSCCFG to avoid pipeline
effects in the control block before accessing
other GPT registers.

Note: This bit is reset by an application reset.

BPMODEN 1 w Bit Protection for MODEN

This bit enables the write access to the bit MODEN.
It always reads O. It is only active during the write
access cycle.

Og MODEN is not changed.

1z MODEN is updated with the written value.

Note: This bit is reset by an application reset.

NOMCFG [5:4] rw Normal Operation Mode Configuration

This bit field defines the kernel mode applied in
normal operation mode.

0Xg The module is switched on.

1Xg The module is switched off.

This field is taken into account for CR = 00 or 11.

Note: This bit is reset by an application reset.

BPNOM 7 w Bit Protection for NOMCFG

This bit enables the write access to the bit field
NOMCEFG. It always reads 0. It is only active during
the write access cycle.

Og NOMCEFG is not changed.

1g  NOMCEFG is updated with the written value.

Note: This bit is reset by an application reset.
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Field Bits Type | Description

SUMCFG [9:8] rw Suspend Mode Configuration

This bit field defines the kernel mode applied in
suspend mode.

0Xg The module is switched on.

1Xg The module is switched off.

This field is taken into account for CR = 01.

Note: This bit is reset by a debug reset.

BPSUM 11 w Bit Protection for SUMCFG

This bit enables the write access to the bit field
SUMCEFG. It always reads 0. It is only active during
the write access cycle.

Og SUMCEFG is not changed.

15 SUMCEFG is updated with the written value.

Note: This bit is reset by a debug reset.

COMCFG [13:12] |rw Clock Off Mode Configuration

This bit field defines the kernel mode applied in clock
off mode.

0Xg The module is switched on.

1Xg The module is switched off.

This field is taken into account for CR = 10.

Note: This bit is reset by an application reset.

BPCOM 15 w Bit Protection for COMCFG

This bit enables the write access to the bit field
COMCEFG. It always reads 0. It is only active during
the write access cycle.

Oy COMCEFG is not changed.

1z COMCFG is updated with the written value.

Note: This bit is reset by an application reset.

0 [3:2],6, |r Reserved,;
10, 14 returns 0O if read; should be written with O;

GPT12E_ID

Module Identification Register = MEM (FFE6,) Reset Value: 58XX,

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MOD_TYPE MOD_REV
| | II’ | | | II’ |
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Field Bits | Type | Description
MOD_REV [7:0] |r Module Revision Number
MOD_REYV defines the revision number. The value
of a module revision starts with 01 (first revision).
MOD_TYPE [15:8] |r Module Identification Number

This bitfield defines the module identification number
(58, = GPT12E).
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16.4 Interfaces of the GPT Module

Besides the described intra-module connections, the timer unit blocks GPT1 and GPT2
are connected to their environment in two basic ways (see Figure 16-32):

* Internal connections interface the timers with on-chip resources such as clock
generation unit, interrupt controller, or other timers.
The GPT module is clocked with the XC27x5X system clock, SO fgpr = fsys-

+ External connections interface the timers with external resources via port pins.

System | /s et | T2IN -
C%]rtﬂrtd | escctl ) « TED | e T :2
« N e PaoPi07
 T2RQ <« EP e[ Paipas
 T3RQ « N <«—{] Ps.aP10.9
e (TURa S::.‘:J:L 4722‘:2 é <« Ps.apr0s
Ur:i:d T5IRQ Timer P % }O P6.1, P6.3, P7.0
 TOIRQ Units | TSN S |« [ prs2p20
«CRRQ_| <« N1 |« Prsario
<« =P e[ prsap2
«EP 1 e[ Pisspao
CAFL’ESMZ , T6OFL <« CAPIN_] <« P2.10P9.2
TEOUT | »[ ] Pe.2. P70
MC_GPT0106_MODINTERFACE

Figure 16-32 GPT Module Interfaces
Port pins to be used for timer input signals must be switched to input (bitfield PC in the
respective port control register must be 0xxxg).

Port pins to be used for timer output signals must be switched to output and the alternate
timer output signal must be selected (bitfield PC in the respective port control register
must be 1xxxg).

Note: For a description of the port control registers, please refer to Chapter 9.

Interrupt nodes to be used for timer interrupt requests must be enabled and programmed
to a specific interrupt level.
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Table 16-18 GPT Digital Connections in XC27x5X

Signal from/to /IOto |Can be used to/as
Module GPT
T2INA P4.2 I count input signals for timer T2
T2INB 0 I
T2EUDA P4.3 I direction input signals for timer T2
T2EUDB 0 I
T2IRQ ICU O interrupt request from timer T2
T3INA P5.3 I count input signals for timer T3
T3INB P10.9 I
T3INC 0 I
T3IND 0 I
T3EUDA P5.4 I direction input signals for timer T3
T3EUDB P10.8 I
T3EUDC 0 I
T3EUDD 0 I
T30UT P7.0 O count output signal for timer T3
P6.1 O
P6.3 O
ERU_3A2 O
T3IRQ ICU 0] interrupt request from timer T3
T4INA P4.6 I count input signals for timer T4
T4INB P10.7 I
T4INC 0 I
T4IND 0 I
T4EUDA P4.7 I direction input signals for timer T4
T4EUDB P4.1 I
T4EUDC 0 I
T4EUDD 0 I
T4IRQ ICU 0] interrupt request from timer T4
T5INA P15.2 I count input signals for timer T5
T5INB P2.0 I
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Table 16-18 GPT Digital Connections in XC27x5X (cont’'d)

Signal from/to /0 to Can be used to/as
Module GPT
T5EUDA P15.3 I direction input signals for timer T5
T5EUDB P2.1 I
T5IRQ ICU 0] interrupt request from timer T5
T6INA P15.4 I count input signals for timer T6
T6INB P1.0 I
T6EUDA P15.5 I direction input signals for timer T6
T6EUDB P9.0 I
TeOUT P7.0 0] count output signal for timer T6
P6.2 O
T6IRQ ICU 0] interrupt request from timer T6
T60OFL CC2_TOUF, 0] over/under-flow signal from timer T6
SCU(GSC)
CAPINA P2.10 I input capture signals
CAPINB P9.2 I
CAPINC Read trigger from I
T3
CAPIND Read trigger from I
T2or T3 or T4
CRIRQ ICU O interrupt request from capture control
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17 Real Time Clock

The Real Time Clock (RTC) module of the XC27x5X basically consists of a chain of
prescalers and timers. Its count clock is derived from the auxiliary oscillator or from the
prescaled main oscillator. The RTC serves various purposes:

* 48-bit timer for long term measurements
+ System clock to determine the current time and date

(the RTC'’s structure supports the direct representation of time and date)
+ Cyclic time based interrupt (can be generated by any timer of the chain)

A number of programming options as well as interrupt request signals adjust the
operation of the RTC to the application’s requirements. The RTC can continue its
operation while the XC27x5X is in certain power-saving modes, such that real time date
and time information is provided.

Control Registers Data Registers Counter Registers Interrupt Control
RTC_CON E RTC_T14REL E RTC_T14 E RTC_ISNC E
RTCCLKCON RTC_RELH E RTC_RTCH E RTC_IC E
RTC_KSCCFG E RTC_ RELL E RTC_RTCL E
RTC_CON Real Time Clock Control Register RTC_T14 Timer T14 Count Register
RTCCLKCON RTC Clock Control Register RTC_T14REL Timer T14 Reload Register
RTC_ISNC Interrupt Subnode Control Reg. RTC_RTCHL RTC Count Registers High/Low
RTC_IC RTC Interrupt Control Register RTC_RELHL RTC Reload Registers HighLow
RTC_KSCCFG Kernel State Configuration Reg.
mc_rtcregx 2k.vsd

Figure 17-1 SFRs Associated with the RTC Module

The RTC module consists of a chain of 3 divider blocks:

» aselectable 8:1 divider (on - off)
» the reloadable 16-bit timer T14
» the 32-bit RTC timer block (accessible via RTC_RTCH and RTC_RTCL), made of:
— the reloadable 10-bit timer CNTO
— the reloadable 6-bit timer CNT1
— the reloadable 6-bit timer CNT2
— the reloadable 10-bit timer CNT3

All timers count upwards. Each of the five timers can generate an interrupt request. All
requests are combined to a common node request.

Note: The RTC registers are only affected by a power reset in order to maintain the
correct system time even when system or application resets are executed.
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171 Defining the RTC Time Base

The timer chain of the RTC is clocked with the count clock signal fzrc which is derived
from internal sources (oscillators or PLL) or external sources (pins). The currently active
clock source is selected by bitfield RTCCLKSEL in register RTCCLKCON. Optionally
prescaled by a factor of 32 and/or 8, this is the basic RTC clock. Depending on the
operating mode, timer T14 may provide the count increments used by the application
and thus determine the input frequency of the RTC timer, that is, the RTC time base (see
also Table 17-2).

The RTC is also supplied with the system clock f5yg of the XC27x5X. This clock signal
is used to control the RTC’s logic blocks and its bus interface. To synchronize properly
to the count clock, the system clock must run at least four times faster than the count
clock, this means fgys = 4 x fonT-

0 1
32:1 MUX 81 M| o RTC
JRTC 4>{J{ 1 0 Count
1q > Clock
RUN REFCLK PRE
Async Mode 1
MUX RTC
Sync Mode 0 Module
Jfovs Clock

RTCCM T

MC RTCCLOCK XX

Figure 17-2 RTC Clock Supply Block Diagram

For an example, Table 17-1 lists the interrupt period range and the T14 reload values
(for a time base of 1 s and 1 ms):

Table 17-1 RTC Time Base Examples
Oscillator T14 Intr. Period Reload Value A Reload Value B
Frequency |in, Max. T14REL Base T14REL |Base

32.768 kHz |30.52pus |16.0s  |8000,/F000, |1.000s |FFDF,/  |1.007 ms/
FFFC,  |0.977 ms
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Note: Select one value from the reload value pairs, depending if the 8:1 prescaler is
disabled/enabled.

Asynchronous Operation

When the system clock frequency becomes lower than 4 x f-\ proper synchronization
is not possible and count events may be missed. This can be the case, when the
XC27x5X reduces the system frequency to save power consumption.

In these cases the RTC can be switched to Asynchronous Mode (by clearing bit RTCCM
in register RTCCLKCON). In this mode the count registers are directly controlled by the
count clock independent of the system clock (hence the name). Asynchronous operation
ensures correct time-keeping even during power-save modes.

However, as no synchronization between the count registers and the bus interface can
be maintained in asynchronous mode, the RTC registers cannot be written. Read
accesses may interfere with count events and, therefore, must be verified (e.g. by
reading the same value with three consecutive read accesses).

Note: The access restrictions in asynchronous mode are only meaningful if the system
clock is not switched off, of course.

Switching Clocking Modes

The clocking mode of the RTC (synchronous or asynchronous) is selected via bit
RTCCM in register RTCCLKCON. After reset, the RTC operates in Synchronous Mode
(RTCCM = 1).

The selected clocking mode also affects the access to RTC registers. Bit ACCPOS in
register RTC_CON indicates if full register access is possible (ACCPOS = 1, default
after reset) or not (ACCPOS = 0). This also indicates the current clocking mode.

Attention: Software should poll bit ACCPOS to determine the proper transition to
the intended clocking mode.

After switching to Asynchronous Mode (RTCCM = 0), bit ACCPOS = 0 indicates proper
operation in Asynchronous Mode. In this case the system clock can be stopped or
reduced.

Note: The clock source for asynchr. mode operation must be selected before switching
to asynchr. mode and must only be changed in synchronous mode.

After switching to Synchronous Mode, (RTCCM = 1), bit ACCPOS = 1 indicates proper
operation in Synchronous Mode. In this case the RTC registers can again be accessed
properly (read and write).

Note: The RTC might lose a counting event (edge of f-y;) when switching from
synchronous mode to asynchronous mode while the 8:1 prescaler is disabled. For
these applications it is, therefore, recommended to set up the RTC with the 8:1
prescaler enabled.
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Increased RTC Accuracy through Software Correction

The accuracy of the XC27x5X’s RTC is determined by the oscillator frequency and by
the respective prescaling factor (excluding or including T14 and the 8:1 prescaler). The
accuracy limit generated by the prescaler is due to the quantization of a binary counter
(where the average is zero), while the accuracy limit generated by the oscillator
frequency is due to the difference between the ideal and real frequencies (and therefore
accumulates over time). This effect is predictable and can be compensated. The total
accuracy of the RTC can be further increased via software for specific applications that
demand a high time accuracy.

The key to the improved accuracy is knowledge of the exact oscillator frequency. The
relation of this frequency to the expected ideal frequency is a measure of the RTC’s
deviation. The number of cycles, N, after which this deviation causes an error of £1 cycle
can be easily computed. So, the only action is to correct the count by +1 after each series
of N cycles. The correction may be made cyclically, for instance, within an interrupt
service routine, or by evaluating a formula when the RTC registers are read (for this the
respective “last” RTC value must be available somewhere).

Note: For the majority of applications, however, the standard accuracy provided by the
RTC'’s structure will be more than sufficient.

Adjusting the current RTC value would require reading and then writing the complete
48-bit value. This can only be accomplished by three successive accesses each. To
avoid the hassle of reading/writing multi-word values, the RTC incorporates a correction
option to simply add or suppress one count pulse.

This is done by setting bit T14INC or T14DEC, respectively, in register RTC_CON. This
will add an extra count pulse (T14INC) upon the next count event, or suppress the next
count event (T14DEC). The respective bit remains set until its associated action has
been performed and is automatically cleared by hardware after this event.

Note: Setting both bits, T14INC and T14DEC, at the same time will have no effect on the
count values.
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17.2 RTC Run Control

If the RTC shall operate bit RUN in register RTC_CON must be set (default after reset).
Bit RUN can be cleared, for example, to exclude certain operation phases from time
keeping.

Note: A valid count clock fr1¢ is required for proper RTC operation, of course.

The RTC is reset by a power reset, a system/application reset does not affect the RTC
registers and its operation (RTC_IC will be reset, however). The initialization software
must ensure the proper RTC operating mode.

Initialization and Disabling of the RTC

Upon a Power-on Reset, register RTC_CON adopts its reset value of 8003,,, which
enables the RTC and both prescalers (factor = 8 x 32 = 256).

The RTC’s clocking mode (synchronous/asynchronous) is selected bit RTCCM in
register RTCCLKCON. Upon a Power-on Reset, register RTCCLKCON adopts its reset
value of 0006, which selects synchronous operation mode and the WUT as the clock
source.

For an application reset that is followed by an initialization of the RTC module, the
following steps are recommended:

+ select synchronous RTC clocking mode, i.e. set bit RTCCLKCON.RTCCM
» select the intended (running) clock source

* make sure that bit ACCPOS is set, before writing to RTC registers

* initialize the RTC

When the RTC module is not used and shall be disabled after a Power-on Reset, the
following steps are recommended:

+ stop the RTC by clearing its run bit RTC_CON.RUN

» disable the RTC module by clearing its enable bit RTC_KSCCFG.MODEN.

When the RTC module operates in asynchronous mode and shall stop in a power saving

mode, software must make sure that no active clock signal is selected by the RTC clock
multiplexer.
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The RTC control register RTC_CON selects the basic operation of the RTC module.

RTC_CON
Control Register ESFR (F110,/88,,) Reset Value: 8003,
15 14 13 12 M 10 9 8 7 6 5 4 3 2 1 0
ACC REF | T14 | T14
pos| ~ | | | | | | | | " |ck|INc |pEc|PRERUN
rh - - - - - - - - - - rw [rwh rwh rw rw
Field Bits Type |Description
ACCPOS 15 rh RTC Register Access Possible
0 No write access is possible, only
asynchronous reads
1 Registers can be read and written
REFCLK 4 rw RTC Input Source Prescaler (32:1) Disable
0 Input Prescaler enabled
1 Input Prescaler disabled
T14INC 3 rwh Increment Timer T14 Value

Setting this bit to 1 adds one count pulse upon the
next count event, thus incrementing T14.
This bit is cleared by hardware after incrementation.

T14DEC 2 rwh Decrement Timer T14 Value

Setting this bit to 1 suppresses the next count event,
thus decrementing T14.

This bit is cleared by hardware after decrementation.

PRE 1 rw RTC Input Source Prescaler (8:1) Enable
0 Prescaler disabled
1 Prescaler enabled
RUN 0 rw RTC Run Bit
0 RTC stopped
1 RTC runs
User’'s Manual 17-6 V1.2, 2008-09
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17.3 RTC Operating Modes

The RTC can be configured for several operating modes according to the purpose it is
meant to serve. These operating modes are configured by selecting appropriate reload
values and interrupt signals.

Jee Lo -3 MUX 8 MUX
—b T oo V4 -
RUN REFCLK PRE
RTCINT
Interrupt Sub Node >
f A A A A
CNT CNT |CNT |CNT CNT
INTO INT1 INT2 INT3
REL-Registe
T14REL 10 Bits 6 Bits|\ |6 Bits 10 Bits
\Y V |« Vies (Vies [V
T14 » 10 Bits 6 Bits|-*»{6 Bits|-*» 10 Bits |
T14-Register CNT-Register
MCB05568_XX

Figure 17-3 RTC Block Diagram

RTC Register Access

The actual value of the RTC is indicated by the three registers T14, RTCL, and RTCH.
As these registers are concatenated to build the RTC counter chain, internal overflows
occur while the RTC is running. When reading or writing the RTC value, such internal
overflows must be taken into account to avoid reading/writing corrupted values.

Care must be taken, when reading the timer(s), as this requires up to three read
accesses to the different registers with an inherent time delay between the accesses. An
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overflow from T14 to RTCL and/or from RTCL to RTCH might occur between the
accesses, which needs to be taken into account appropriately.

For example, reading/writing 0000,, from/to RTCH and then accessing RTCL could
produce a corrupted value as RTCL may overflow before it can be accessed. In this
case, RTCH would be 0001,,. The same precautions must be taken for T14 and T14REL.

Timer T14 and its reload register are accessed via dedicated locations. The four RTC
counters CNT3 ... CNTO are accessed via the two 16-bit RTC timer registers, RTCH and
RTCL. The associated four reload values REL3 ... RELO are accessed via the two 16-bit
RTC reload registers, RELH and RELL.

Prescaler T14 and T14 Reload Registers

RTC_T14
T14 Count Register ESFR(F0D2,,/69,) Reset Value: 0000,
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T14CNT
| | | | rv\\/h | | | |
Field Bits Typ |Description
T14CNT [15:0] |rwh |T14 counter
RTC_T14REL
T14 Reload Register ESFR(F0DO0,,/68,,) Reset Value: 0000,
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T14REL
| | | | r\\lv | | | |
Field Bits Typ |Description
T14REL [15:0] |rw T14 reload value
User's Manual 17-8 V1.2, 2008-09
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RTC_RTCH
RTC Timer High Register ESFR (FOD6,/6B,,) Reset Value: 0000,
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
CNT3 CNT2
| | | rv\\lh | | | rv\\,h |
Field Bits Type |Description
CNTx [15:6], |rwh RTC Timer Count Section CNTx
(x=3...2) [5:0] An overflow of bitfield CNT2 triggers a count pulse

to count section CNT3 followed by a reload of CNT2
from bitfield REL2.
In addition, an interrupt request is triggered.

RTC_RTCL
RTC Timer Low Register ESFR (FOD4,/6A,) Reset Value: 0000,
15 14 13 12 M 10 9 8 7 6 5 4 3 2 1 0
CNT1 CNTO
| | rv\\lh | | | | rv\\lh | |
Field Bits Type |Description
CNTx [15:10], | rwh RTC Timer Count Section CNTx
(x=1...0) [9:0] An overflow of bitfield CNTx triggers a count pulse to

the next count section CNTx+1 followed by a reload
of CNTx from bitfield RELx.
In addition, an interrupt request is triggered.
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ESFR (FOCE,/67,) Reset Value: 0000,,

15 14 13 12 M1 10 9 8 7 6 5 4 3 2 1 0
REL3 REL2
| | | r\\lv | | | r\\N |
Field Bits Type |Description
RELXx [15:6], |rw RTC Reload Value RELx
(x=3...2) [5:0] This bitfield is copied to bitfield CNTx upon an
overflow of count section CNTx.
RTC_RELL

RTC Reload Low Register

ESFR (FOCC,,/66,,) Reset Value: 0000,,

15 14 13 12 M1 10 9 8 7 6 5 4 3 2 1 0
REL1 RELO
| | r\\N | | | | r\\N | |
Field Bits Type |Description
RELXx [15:10], |rw RTC Reload Value RELx
(x=1...0) [9:0] This bitfield is copied to bitfield CNTx upon an
overflow of count section CNTx.

Note: The registers of the RTC receive their reset values only upon a power reset.
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17.4 48-bit Timer Operation

The concatenation of timers T14 and COUNTO ... COUNT3 can be regarded as a 48-bit
timer which is clocked with the RTC input frequency, optionally divided by the prescaler.
The reload registers T14REL, RELL, and RELH must be cleared to produce a true binary
48-bit timer. However, any other reload value may be used. Reload values other than
zero must be used carefully, due to the individual sections of the RTC timer with their
own individual overflows and reload values.

The maximum usable timespan is 2*8 (~ 10'*) T14 input clocks. Assuming no prescaler,
this would equal more than 200 years at a count frequency of 32 kHz.

17.5 System Clock Operation

A real time system clock can be maintained that keeps on running also during power
saving modes (optionally) that maintain a suitable clock signal and supply voltage and
indicates the current time and date. This is possible because the RTC module is only
reset and cleared by a power reset.

The resolution for this clock information is determined by the input clock of timer T14. By
selecting appropriate reload values each cascaded timer can represent directly a part of
the current time and/or date. Due to its width, T14 can adjust the RTC to the intended
range of operation (time or date). The maximum usable timespan is achieved when
T14REL is loaded with 0000, and so T14 divides by 2'°.

System Clock Example

The RTC count clock is 32.768 kHz. By selecting appropriate reload values the RTC
timers directly indicate the current time (see Figure 17-4 and Table 17-2).

3E8,, 04, 04, 018, FFDF,,
REL3 REL2 REL1 RELO T14REL
Jont =
32.768 kHz
CNT3 |« CNT2 |« CNT1 |« CNTO |« T14 o —
Hours Minutes Seconds 1/1000 Prescaler
Seconds
MCA05414

Figure 17-4 RTC Configuration Example

Note: This setup can generate an interrupt request every millisecond, every second,
every minute, every hour, or every day.
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Each timer in the chain divides the clock by (2<imer-width> _ <reload_value>): 1, as the
timers count up. Table 17-2 shows the reload values which must be chosen for a specific
scenario (i.e. operating mode of the RTC).

Table 17-2 Reload Value Scenarios

REL3 REL2 REL1 RELO T14REL
> Formula 210.24 2°-60 2°-60 2'°-1000 2°-33
:Dj = Rel. Value 3E8, 04, 04, 018, FFDF,
8 § Function h m s 1/1000 s Prescaler
E E Intr. Period |day hour minute second millisec.”
Formula 2107 26-24 2°-60 2'°-60 2'% 32768
::: Rel. Value 3F9, 28, 04, 3C4, 8000,
E x Function day h m S Prescaler
g g Intr. Period |week day hour minute second
1) T14 errors in the first example (ms) can be compensated either by choosing an adapted value for RELO, or by

using software correction.

17.6 Cyclic Interrupt Generation

The RTC module can generate an interrupt request whenever one of the timers
overflows and is reloaded. This interrupt request may be used, for example, to provide
a system time tick independent of the CPU frequency without loading the general
purpose timers. The interrupt cycle time can be adjusted by choosing appropriate reload
values and by enabling the appropriate interrupt request.

In this mode, the other operating modes can be combined. For example, a reload value
of T14REL = F9CO0,, (2'° - 1600) generates a T14 interrupt request every 50 ms. Still the
subsequent timers can be configured to represent the time or build a binary counter,
however with a different time base.
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17.7 RTC Interrupt Generation

The overflow signals of each timer of the RTC timer chain can generate an interrupt
request. The RTC’s interrupt subnode control register ISNC combines these requests to
activate the common RTC interrupt request line RTC_IRQ.

Each timer overflow sets its associated request flag in register ISNC. Individual enable
bits for each request flag determine whether this request also activates the common
interrupt line. The enabled requests are ORed together on this line (see Figure 17-5).
The common interrupt request signal is delayed by 2 system clock cycles due to
synchronization.

The interrupt handler can determine the source of an interrupt request via the specific
request flags and must clear them after appropriate processing (not cleared by
hardware). The common node request bit is automatically cleared when the interrupt
handler is vectored to.

Note: If only one source is enabled, no additional software check is required, of course.
Both the individual request and the common interrupt node must be enabled.

Register RTC_ISNC
[ 1
Set
CNT3 Overflow ————» CNT3 2
— ] IR
SW Clear CNT3
IE
Set
CNT2 Overflow ————» CNT2 2
— ] IR
SW Clear CNT2
IE
Set
CNT1 Overflow —————» CNT1 2 — =1
— ] IR ] Interrupt Request
SW Clear CNT1 ] ’ RTC_IRQ
IE |
Set
CNTO Overflow ————» CNTO 2
— ] IR
SW Clear CNTO
IE
Set
T14 Overflow  —» T14 2
— ] IR
SW Clear T14
IE
MCB05415

Figure 17-5 Interrupt Block Diagram
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RTC_ISNC
Interrupt Subnode Ctrl. Reg. ESFR (F10C,,/86},) Reset Value: 0000,
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CNT |CNT |CNT |CNT |[CNT |CNT |CNT |CNT | T14 | T14
3IR|3IE |2IR|2IE | 1R |1IE |OIR | OIE | IR | IE

- - - - -« <= 'mwh ™w m™wh w mwh rw rmwh ™w [ rwh rw

Field Bits Type |Description
CNTxIR 9,7,5, lrwh Section CNTx Interrupt Request Flag
(x=3...0) 3 0 No request pending

1 This source has raised an interrupt request
CNTxIE 8,6,4, |rw Section CNTx Interrupt Enable Control Bit
(x=3...0) 2 0 Interrupt request is disabled

1 Interrupt request is enabled
T14IR 1 rwh T14 Overflow Interrupt Request Flag

0 No request pending

1 This source has raised an interrupt request
T14IE 0 rw T14 Overflow Interrupt Enable Control Bit

0 Interrupt request is disabled

1 Interrupt request is enabled

Note: The interrupt request flags in register ISNC must be cleared by software. They are
not cleared automatically when the service routine is entered.

RTC_IC

RTC Interrupt Ctrl. Reg. ESFR (F19C,/CE,) Reset Value: 0000,

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

- - - - - - - |GPX R | IE ILVL GLVL

- - - - - - - rw [rwh rw W W

Note: Please refer to the general Interrupt Control Register description for an
explanation of the control fields.
Register RTC _IC is not part of the RTC module and is reset with any application
reset.
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17.8 Miscellaneous Registers
RTC_KSCCFG
Kernel State Configuration Register
ESFR(F010,) Reset Value: 0001,
15 14 13 12 M 10 9 8 7 6 5 4 3 2 1 0
| | BP

BP BP BP MOD
COM 0 | COMCFG SUM 0 | SUMCFG NOM 0 | NOMCFG 0 MEC')\JD EN

W T w woor w W T w r W W
Field Bits Type | Description
MODEN 0 rw Module Enable

This bit enables the module kernel clock and the

module functionality.

Og  The module clock is switched off immediately
(without stop condition). The module does not
react to mode control actions or read access
and ignores write access (except KSCCFG).

1z The module is switched on and can operate.
To avoid pipeline effects, itis recommended to
read register KSCCFG after setting MODEN
before accessing other RTC registers.

BPMODEN 1 w Bit Protection for MODEN
O  Bit MODEN is not changed.
1z MODEN is updated with the written value.

NOMCFG [5:4] rw Kernel Configuration in Normal Operation Mode
0Xg The module is switched on.
1Xg The module is switched off.

BPNOM 7 w Bit Protection for NOMCFG
Og  Bitfield NOMCFG is not changed.
1g  NOMCEFG is updated with the written value.

SUMCFG [9:8] rw Kernel Configuration in Suspend Mode
Same coding as NOMCFG
BPSUM 11 w Bit Protection for SUMCFG

Og Bitfield SUMCFG is not changed.
15 SUMCEFG is updated with the written value.

COMCFG [13:12] |rw Kernel Configuration in Clock Off Mode
Same coding as NOMCFG
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Field Bits Type | Description
BPCOM 15 w Bit Protection for COMCFG
Og  Bitfield COMCFG is not changed.
1z COMCEFG is updated with the written value.
0 [3:2],6, |r Reserved,;
10, 14 returns 0O if read; should be written with O;

Note: The protection bits BPxxx enable the write access to their associated bitfields
when set. Selected bitfields can be modified by a simple write access without
requiring a read-modify-write sequence. They are only active during a write
access and are read as 0.
Bitfield SUMCFG is reset by a debug reset, all other bitfields are reset by an
application reset.

ID

Identification Register

MEM (FFF8,/FC,,) Reset Value: 5AXX,,

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
MOD_TYPE MOD_REV
| | | |L | | | | | |L | |

Field Bits Typ |Description

MOD_REV [7:0] r Module Revision Number
MOD_REYV defines the revision number. The value
of a module revision starts with 01 (first revision).

MOD_TYPE [15:8] |r Module Type
This bit field defines the module identification
number (5A, = RTC).
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18 Analog to Digital Converter

The Analog to Digital Converter module (ADC) of the XC27x5X allows the conversion of
analog input values into discrete digital values based on the successive approximation
method. With this method, the conversion result is elaborated bit by bit, starting with the
most significant bit. As a consequence, an analog to digital conversion requires a certain
number of clock cycles (see Section 18.1.4 and the respective Data Sheet).

This chapter is structured as follows:

* Introduction (see Section 18.1)
* Operating the ADC (see Section 18.2)
* Module implementation in XC27x5X (see Section 18.3)

18.1 Introduction

This section gives an overview about the feature set of the ADC module and introduces
the general structure. It describes the:

» ADC block diagram with two kernels (see Section 18.1.1)

» Feature set description (see Section 18.1.2)

* Abbreviations (see Section 18.1.3)

+ Kernel overview (see Section 18.1.4)

» Conversion request handling (see Section 18.1.5)

» Conversion result handling (see Section 18.1.6)

* Interrupt structure (see Section 18.1.7)

» Electrical models (see Section 18.1.8)

+ Transfer characteristics and error definitions (see Section 18.1.9)
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18.1.1

ADC Block Diagram

Analog to Digital Converter

The ADC module contains 2 independent kernels (ADCO, ADC1) that can operate
autonomously or can be synchronized to each other. An ADC kernel is a unit used to
convert an analog input signal into a digital value and provides means for triggering
conversions, data handling and storage.
With this structure, parallel conversion of up to two analog input channels is supported.

analog
inputs

analog
inputs

ADC kernel O
V
N
: AD | data (result)
- converter ’ handling B
N .
| conversion | request
control control B
ADC kernel 1
4
N
, AD | data (result)
- converter handling
N .
| conversion request P
control control

bus
inter-
face

ADC_2_ kernels

Figure 18-1 ADC Module Block Diagram
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18.1.2 Feature Set

Features of each ADC kernel:

» Analog supply voltage range from 3.3 V (minimum) to 5 V (nominal) for Vpppa

* Input voltage range from 0 V to analog supply voltage Vpppa

* Input multiplexer for a maximum of 16 possible analog input channels (CHO to CH15)

* 16 analog input channels (CHO to CH15) with fully configurable conversion setup

» For safety purposes, the input multiplexer also provides access to Vgnp (connected
to CH16) and Vargfr (connected to CH17) that can be accessed indirectly (alias
feature)

» 10-bit conversion time less than 1 us

* One standard reference input (Vargr) and one alternative reference input (CHO)
available

* Multiplexer test mode for analog input CH7

» Broken wire detection can be enabled for each input channel

+ 3 conversion request sources for external or timer-driven events, auto-scan,
programmable sequences, SW-driven conversions, etc.

* Synchronization of the ADC kernels for concurrent conversion starts and parallel
sampling and measuring of analog input signals, e.g. for phase current
measurements in AC drives

+ Control capability for an external analog multiplexer, respecting the additional set up
time and scan support

+ Adjustable sampling times to accommodate output impedance of different analog
signal sources (sensors, etc.)

» Possibility to cancel running conversions on demand with automatic restart

* Flexible interrupt generation (possibility of PEC support)

« Limit checking to reduce interrupt load (e.g. for temperature measurements or
overload detection, only values outside programmable boundary values lead to an
interrupt)

* Programmable data reduction filter, e.g. for digital anti-aliasing filtering, by adding a
programmable number of conversion results

* Independent result registers (8 independent registers)

» Support of conversion result FIFO mechanism to allow a longer interrupt latency

» Support of suspend and power saving modes

* Individually programmable reference selection for each channel, e.g. to allow
measurements of 3.3 V and 5 V signals in the full measurement range with the same
ADC kernel
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18.1.3 Abbreviations

The following acronyms and terms are used in the ADC chapter:

Table 18-1  Abbreviations in ADC chapter

Abbreviation Meaning

ADC Analog to digital converter

DNL Differential non-linearity error

FIFO First-in-first-out data buffer mechanism

INL Integral non-linearity error

LSB, Finest granularity of the analog value in digital format, represented by

one least significant bit of the conversion result with n bits resolution
(measurement range divided in 2" equally distributed steps)

PEC Peripheral Event Controller

SCU System control unit of the device

TUE Total unadjusted error
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18.1.4 ADC Kernel Overview

Each ADC kernel comprises:

* An analog to digital converter with a maximum of 16 analog inputs (CHO - CH15).
This block selects an input signal CHx and translates the analog voltage into a digital
value.

Not all analog input channels are necessarily available in all packages, please refer
to the implementation description in Section 18.3.

+ A conversion control unit defining the conversion parameters like the length of the
sample phase, the resolution and the reference for each conversion. The length of
the sample phase and the resolution depend on the type of sensor (or other analog
sources) connected to the ADC. These values are similar for several channels and,
therefore, are grouped together to form the so-called input classes. Each channel can
be individually assigned to an input class to define these parameters.

The conversion control also handles the start conditions for the conversions, such as
the immediate start (cancel-inject-repeat), overwrite of former results (wait-for-read),
or synchronization of the ADC kernels (parallel conversions).

Additionally, an external analog multiplexer can be controlled by the output signals
EMUX[2:0] of each ADC kernel.

* Arequest control unit defining which analog input channel has to be converted next.
It contains 3 request sources that can trigger conversions depending on different
events, such as edges of PWM or timer signals or events at port pins. Each request
source can trigger either 1, up to 4, or up to 16 conversions in a sequence.

* A result handling unit providing 8 result registers for the conversion results. The
conversion result of each analog input channel can be directed to one of the result
registers to be stored there. The result handling block also supports data reduction
(e.g. for digital anti-aliasing filtering) by automatically adding up to 4 conversion
results before informing the CPU that new data is available.

Additionally, the results registers can be concatenated to FIFO structures to provide
storage capability for more than one conversion result without overwriting previous
data. This feature also helps to handle CPU latency effects.

* An interrupt generation unit issuing interrupt requests to the CPU depending on
ADC events. The interrupt generation in the ADC kernels support different
mechanisms, e.g. some interrupts can be coupled to a value range of the conversion
result (limit checking), some interrupts can be used to transport conversion data to
locations in memory for further treatment, and other interrupts are generated after a
complete sequence of conversions.
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Figure 18-2 ADC Kernel Block Diagram

The time required for a conversion depends on the result width and on the selected
sample time. Both values depend on the configured ADC clock frequency, of course.

Conversion time:

ten = ((N+1) xtADCI)+((2+STC) xtADCI)+2 Xtapc (18.1)

where N = number of result bits (10/8), STC = additional sample time (see also
Section 18.2.4).
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18.1.5 Conversion Request Unit

The conversion request unit of each ADC kernel autonomously handles the generation
of conversion requests.

It contains three independent request sources that are connected to several modules to
trigger the start of a conversion. A request source defines the analog input channel to be
converted if a defined event occurs. For example, a trigger pulse from a timer unit
generating a PWM signal can start the conversion of a single input channel or a
programmed sequence of input channels.

Depending on the application, the request sources can be triggered by different events,
either issued by other modules or under SW control. As a consequence, there can be
two or more conversion requests pending at the same time. To allow the user to adapt
the request source mechanism to the application needs, the trigger capability, the
channel number(s) to be converted, and the priority can be individually programmed for
each request source.

An arbiter block regularly scans the request sources for pending conversion requests
and acts upon the conversion request with the highest priority. This conversion request
is forwarded to the converter to start the conversion of the requested channel.

request control ADC kernel

request

source 2
(4-stage queue)

timer
unit(s)

request >
source analog part
arbiter

request

source 1
(16-ch scan)

external
request(s)

request

source 0
(1-stage queue)

Tv Ty 1w

ADC_request_handling

Figure 18-3 Conversion Request Unit

The functional characteristics of the request sources are adapted to the most common
application requirements. In all request sources, a continuous operation or a single-shot
operation can be selected. For continuous operation, the programmed sequence of
conversions requests are continuously issued (once started), whereas in single-shot
mode, each sequence of conversion requests has to be explicitly started. The trigger for
a conversion request or a sequence can be handled under SW control or can be
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synchronized to ADC-external events, such as timer signals or port pins. For each
request source, the user can select an input signal (from 8 possible signals
REQTRXx[H:A]) as trigger input REQTRx and an input signal (from 8 possible signals
REQGTXx[H:A]) as gating input REQGTx.

* Request source 0 (1-stage sequential source) can issue a conversion request for a

single input channel. The channel number can directly be programmed.
This mechanism could be used for SW-controlled conversion requests or HW-
triggered conversions of a single input channel. If programmed with a high priority, it
can interrupt the sequences of the other request sources to inject a single
conversion.

+ Request source 1 (16-channel scan source) can issue conversion requests for a
sequence of up to 16 input channels. It can be programmed which channel takes part
in this sequence. The sequence always starts with the highest enabled channel
number and continues towards lower channel numbers (order defined by the channel
number, each channel can be converted only once per sequence).

This mechanism could be used to scan input channels permanently or on a regular
time base. For example, if programmed with a low priority, some input channels can
be scanned in a background task to update information that is not time-critical.

* Request source 2 (4-stage sequential source) can issue a conversion request for a

sequence of up to 4 input channels. The channel numbers can be freely
programmed, especially multiple conversions of the same channel within the
sequence are supported.
This mechanism could be used to support application-specific conversion sequences
that can not be covered by the scanning mechanism of request source 1. Especially
for timing-critical sequences containing multiple conversions of the same channel,
request source 2 should be used. For example, if programmed with a medium
priority, some input channels can be converted when a specified event occurs (e.g.
synchronized to a PWM) while the scan of other input channels of the background
task (handled by request source 1) is interrupted.
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18.1.6 Conversion Result Unit

The conversion result unit comprises:

+ A set of 8 result registers for storing the conversion results. A pointer mechanism
for each analog input channel distributes the conversion results to the result
registers. Especially for auto-scan applications, this feature simplifies PEC use (only
one PEC channel needed to transfer a complete auto-scan sequence into the device
memory).

+ Theresult registers are accompanied by valid flags to indicate if new data has been
stored since it has been read out (new data indication).

* A result FIFO mechanism for conversion results handling with a “relaxed” CPU
timing. Result registers not directly used as target for a conversion result can be
concatenated to form a result FIFO. This structure allows to store a sequence of
conversion results before the CPU has to interact.

+ A digital anti-aliasing or data reduction filter, accumulating a programmable
number of conversion results before generating a result event interrupt.

This feature can be used to avoid CPU intervention on each conversion result if a
certain number of conversion results are added before further treatment, especially
for fast conversions sequences and averaging of results.

+ A wait-for-read mechanism can be enabled independently for each result register
to delay conversions targeting a result register that has not yet been read out.

+ A flexible interrupt generation based on result register events. A result register
event occurs if a new valid data word becomes available in a result register and can
be read out. Especially when using data reduction or digital anti-aliasing filtering, the
result register event indicates that the final result is available.

» Result register read view compatible to the ADC result register on XC16x devices
available at one address and a new read view for data reduction capability at another
address.

+ Debugger support for ADC result registers supporting read out of ADC conversion
results without changing the result status (new data indication).
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18.1.7 Interrupt Structure

Each ADC kernel provides 4 independent service request output signals
(ADCx_SR][3:0]) used for interrupt handling (SRx signals connected to interrupt control
registers). The interrupt generation inside the ADC kernel is based on three different
types of events.

* Channel events:
A channel event is detected if a conversion is finished and the conversion result is
within a programmable value range.
This type of event can be used to check if analog input values are inside or out of a
nominal operating range, especially to reduce CPU load for background tasks. This
allows the user to interrupt the CPU only if the specified conversion result range is
met (or not met) instead of comparing each result by SW.

* Result events:
A result event is detected if a new result is available in a result register and can be
read out, e.g. to store the data in memory for further treatment by SW.
This type of event can be used to trigger a read action by the CPU (or PEC).
Especially when using data reduction or digital anti-aliasing filtering, not all finished
conversion leads to a new result. Furthermore, when using a result FIFO, a result
event decouples the CPU (PEC) read out from the channel events and tolerates a
higher interrupt latency. The result register structure allows to use a single PEC
channel for a complete auto-scan sequence by triggering the read out by a result
event (if the conversion results of all channels taking part in the auto-scan sequence
target the same result register, e.g. with FIFO mechanism or with a wait-for-read
condition to avoid data loss).

* Request source events:
A request source event is detected if a scan source has completely finished the
requested conversion sequence. For a sequential source, the user can define where
inside a conversion sequence a request source event is generated.
This type of event can be used to inform the CPU that a conversion sequence has
reached a defined state and SW can start the treatment of the related results in a
block.

Each ADC event is indicated by a dedicated flag that can be cleared by SW. An interrupt
can be generated (if enabled) for each event, independently from the status of the
corresponding event indication flag. This structure ensures efficient PEC handling of
ADC events (the ADC event can generate an interrupt without the need to clear the
indication flag). A node pointer mechanism allows the user to group interrupt events by
selecting which service request output signals SRx becomes activated by which event.
Each ADC event can be individually directed to one of the service request output signals
to adapt easily to application needs.
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Note: A conversion can lead to three interrupts, one of each type. In this case, the ADC
module first triggers the request source event interrupt, then the channel event
interrupt, followed by the result event interrupt (all within a few fypc clock cycles).
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18.1.8 Electrical Models

Each conversion of an analog input voltage into a digital value consists of two
consecutive phases. During the sample phase, the input voltage is sampled and
prepared for the following conversion phase. A simplified model for the sample phase
describes the input signal path, whereas a second simplified model for the conversion
phase is related to the reference voltage handling.

18.1.8.1 Input Signal Path

The ADC kernel in the XC27x5X is based on one switched capacitor field for
measurement with a total capacity represented by C,n and a small static capacitor at
each input pin. During the sample phase, the capacitor field C, is connected to one of
the analog input CHx via an input multiplexer. The multiplexer is modeled by ideal
switches and series resistors Ry . Only the switch to the selected analog input is closed
during the sample phase. During the conversion phase or while no conversion is running
(ADC is idle), all switches are open. The voltage at the analog input channel CHx is
represented by Vanx-

—q CH15 ADC kernel
O—
b/ II -
Rexr ~— CHXx >
—J N A (o ~
: I Ran
— CHO -
Vs @ Coxr== | Vamnx ~ ™A T Can= | Ve
v v R VAGND v
N
o ADC_signal_path_model

Figure 18-4 Signal Path Model

A simplified model for the analog input signal path is given in Figure 18-4. An analog
voltage source (value Vg) with an internal impedance of Rgxt delivers the analog input
that should be converted.

During the sample phase the corresponding switch is closed and the capacitor field Cp
is charged. Due to the low-pass behavior of the resulting RC combination, the voltage
V¢ to be actually converted does not immediately follow Vg. The value Rgxt of the
analog voltage source and the desired precision of the conversion strongly define the
required length of the sample phase.

To reduce the influence of Rgxt and to filter input noise, it is recommended to introduce
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a fast external blocking capacitor Cgxt at the analog input pin of the ADC. Like this,
mainly Cgxrt delivers the charge during the sample phase. This structure allows a
significantly shorter sample phase than without a blocking capacitor, because the low-
pass time constant defining the sample time is mainly given by the values of Rp;y and
CAIN-

Additionally, the capacitor C, is automatically precharged to a voltage of approximately
the half of the standard reference voltage Vargr to minimize the average difference
between Vnx and Vi at the beginning of a sample phase. Due to varying parameters
and parasitic effects, the precharge voltage of Cpy is typically smaller than Vargg / 2.
On the other hand, the charge redistribution between Cgxt and Cxy leads to a voltage
change of VN during the sample phase. In order to keep this voltage change lower
than 1 LSB,,, it is recommended to use an external blocking capacitor Cgxt in the range
of at least 2" x Cp\-

The resulting low-pass filter of Rext and Cgxt should be dimensioned in a way to allow
Vainx to follow Vg between two sample phases of the same analog input channel.
Please note that, especially at high temperatures, the analog input structure of an ADC
can lead to a leakage current and introduces an error due to a voltage drop over Rgx.
The ADC input leakage current increases if the input voltage level is close to the analog
supply ground Vgg or to the analog power supply Vpppa.- It is recommended to use an
operating range for the input voltage between approximately 3% and 97% of Vpppa to
reduce the input leakage current of the respective ADC channel.

Furthermore, the leakage is influenced by an overload condition at adjacent analog
inputs. During an overload condition, an input voltage exceeding the supply range is
applied at an input and the built-in protection circuit limits the resulting input voltage. This
leads to an overload current through the protection circuit that is translated (by a coupling
factor) into an additional leakage at adjacent inputs.

18.1.8.2 Reference Path

During the conversion phase, parts of the capacitor field C, are switched to a reference
input or to Vagnp- The ADC kernel supports two possible reference inputs, Vargr as
standard reference and CHO as alternative reference. The reference selection between
both possibilities is handled individually for each analog input channel. For example, this
structure allows conversions of 5 V and 3.3 V based analog input signals with the same
ADC kernel.

A high accuracy of the conversion results requires a stable and noise-free reference
voltage and analog supply voltages during the conversion phase. Instable voltages or
noise on the supply or reference inputs lead to a reduced conversion accuracy. Please
note that noise can also be introduced into the ADC module by other modules, e.g. by
switching of neighboring pins. It is strongly recommended to carefully decouple analog
from digital signal domains.

Due to the switching of parts of Cx N, the ADC requires a dynamic current at the selected
reference input. Thus, the impedance Rargr of the reference voltage source Vg has to
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be low enough to supply the reference current during the conversion phase. An external
blocking capacitor Cprer should be used to supply the peak currents and to minimize
the current delivered by the reference source.

Due to the charge redistribution between Cargr and parts of Cpy, the voltage Vargr
decreases during the conversion phase. In order to limit the error introduced by this
effect to 1/2 LSB,,, the external blocking capacitor Cargr for the reference input should
be at least 2" x Cp|N-

The reference current Iagrgp introduces a voltage drop at Ragrgp that should not be
neglected for the calculation of the overall accuracy. The average reference current
during a conversion depends on the reference voltage level and the time tony between
two conversion starts.

IAREF = CAIN % VAREF / tcony

~— CHO _ ADC kernel
N/ I
Rarer 7 V arer
—I>—:} L /—_f_—l o~
AREF T  Run
Vr @ Carer Varer Can= | Ve
v v R VAGND v
l N A
ADC_ref_path_model
Figure 18-5 Reference Path Model
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18.1.9 Transfer Characteristics and Error Definitions

The ideal transfer characteristic of the ADC translates a continuous analog input voltage
into a discrete digital value out of a result range of 2" steps for n bit resolution over a
measurement range between 0 and a reference voltage. Each digital value in the
available result range (from 0 to 2"-1) represents an input voltage range that is defined
by the reference voltage divided by 2". This range (called quantization step) represents
the smallest granularity (called LSB,)) that can be handled by the ADC. Due to the
discrete character of the digital result, each ADC conversion result has a system-
inherent quantization uncertainty of + 0.5 LSB,. According to the ideal transfer
characteristics, the first digital transition (between the digital values 0 and 1) takes place
when the analog input reaches 0.5 LSB,,.

An analog input voltage above the reference voltage leads to a saturation of the digital
result at 2"-1.

Deviations of the conversion result from the ideal transfer characteristics can appear:

* An offset error is the deviation from the ideal transfer characteristics for an input
voltage close to 0. It describes the difference between 0.5 LSB,, and the input voltage
where the first digital transition (between the values of 0 and 1) occurs.

* A gain error is the deviation from the ideal transfer characteristics for an input
voltage close to the reference voltage. It describes the difference between the
reference voltage and the input voltage where the last digital transition (between the
values of 2"-2 and 2"-1) occurs.

+ A differential non-linearity error (DNL) describes the variations in the analog input
voltage between two adjacent digital conversion results, over the full measurement
range. If each step between the digital conversion results x and x+1 is exactly
1 LSB,,, the DNL value is zero. If the DNL value is lower than 1 LSB,,, the possibility
of missing codes is excluded. A missing code occurs if not all values of the possible
conversion result range can be reached.

* An integral non-linearity error (INL) describes the maximum difference between
the transfer characteristics between the first and the last point of the measurement
range and the real transfer characteristics (without quantization uncertainty, offset
and gain errors).

* The total unadjusted error (TUE) describes the maximum deviation between a real
conversion result and the ideal transfer characteristics over a given measurement
range. Since some of these errors noted above can compensate each other, the TUE
value generally is much less than the sum of the individual errors.

The TUE also covers production process variations and internal noise effects (if
switching noise is generated by the system, this generally leads to an increased TUE
value).
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18.2 Operating the ADC

This section describes the kernel functions and how to operate the kernel. It provides the

functional description and the associated register descriptions.
* Register overview (see Section 18.2.1)
General module, kernel and arbiter operation:

+ Enabling the ADC module for configuration of the behavior for the different device

operating modes (see mode control description in Section 18.2.2).

» Enabling the converter for operation or selecting the desired power saving mode (see

Section 18.2.3)

» Selecting the appropriate frequency for the converter and for the request source

arbiter (see Section 18.2.4).
* General ADC registers (see Section 18.2.5)
» Configuring the request source arbiter (see Section 18.2.6)
» Arbiter registers (see Section 18.2.7)

Request source operation:

» Scan request source handling (see Section 18.2.8)
« Scan request source registers (see Section 18.2.9)
» Sequential request source handling (see Section 18.2.10)
+ Sequential request source registers (see Section 18.2.11)

Channel and result register operation:

» Configuring the channel-related functions (see Section 18.2.12)
* Channel-related registers (see Section 18.2.13)

» Conversion result handling (see Section 18.2.14)

« Conversion request handling (see Section 18.2.15)

Additional features:

* Multiplexer test mode for CH7 (see Section 18.2.16)

+ External multiplexer control (see Section 18.2.17)

» Synchronization for parallel conversions (see Section 18.2.18)
+ Equidistant sampling (see Section 18.2.19)

» Broken wire detection (see Section 18.2.20)

+ Additional feature registers (see Section 18.2.21)
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18.2.1

Table 18-2 shows all registers required for programming the ADC module. It
summarizes the ADC kernel registers and defines their offsets and the reset values. The
offset has to be added to the base address of the respective ADC kernels (see
Section 18.3.1) to obtain the absolute address for each register.

Analog to Digital Converter

Register Overview

The prefix “ADCx_" has to be added to the register names in this table for each ADC
kernel to distinguish registers of the different kernels. In this naming convention, x
indicates the kernel number.

All ADC registers (including KSCFG.NOMCFG and KSCFG.COMCFG) are reset by an
application reset, whereas bit field KSCFG.SUMCFG is reset by a debug reset.

Note: Register bits marked “w” always deliver 0 when read.

Table 18-2 ADC Module Register Summary

Short Name | Description Offset!) |See Page
General Registers

ID Module Identification Register 08n Page 18-26
KSCFG? Kernel State Configuration Register 0CH Page 18-24
GLOBCTR Global Control Register 104 Page 18-27
GLOBSTR Global Status Register 124 Page 18-29
RSIRO Request Source 0 Input Select Register 004 Page 18-32
RSIR1 Request Source 1 Input Select Register 02y Page 18-32
RSIR2 Request Source 2 Input Select Register 04 Page 18-32
Arbiter Registers

ASENR Arbitration Slot Enable Register 18 Page 18-39
RSPRO Request Source Priority Register 0 144 Page 18-40
Channel-Related Registers

CHCTRO0-15 | Channel Control Register 0-15 20-3Ey | Page 18-70
INPCRO Input Class Register 0 COy Page 18-72
INPCR1 Input Class Register 1 C2y Page 18-72
LCBRO Limit Checking Boundary Register 0 84y Page 18-73
LCBR1 Limit Checking Boundary Register 1 864 Page 18-73
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Table 18-2 ADC Module Register Summary (cont’d)

Short Name | Description Offset!) | See Page

LCBR2 Limit Checking Boundary Register 2 88H Page 18-73
LCBR3 Limit Checking Boundary Register 3 8AH Page 18-73
CHINFR Channel Event Indication Flag Register 90y Page 18-74
CHINCR Channel Event Indication Clear Register 92y Page 18-75
CHINPRO Channel Interrupt Node Pointer Register 0 | 98 Page 18-76
CHINPR4 Channel Interrupt Node Pointer Register 4 | 9AQ Page 18-76
CHINPRS Channel Interrupt Node Pointer Register 8 | 9Cy Page 18-77
CHINPR12 Channel Interrupt Node Pointer Register 12 | 9ER Page 18-78
ALRO Alias Register 0 1CH Page 18-79

Result Registers

RESRO0-7 Result Register 0-7, normal view 404-4Ey | Page 18-88
RESRAO0-7 Result Register 0-7, view A 504-5E | Page 18-89
RESRV0-7 Result Register 0-7, view V 604-6E | Page 18-88
RESRAV0-7 |Result Register 0-7, view AV 70y-7E |Page 18-89
VFR Valid Flag Register 804 Page 18-91
RSSR Result Status Shadow Register 82y Page 18-90
RCRO-7 Result Control Register 0-7 BOy-BEy | Page 18-92
EVINFR Event Indication Flag Register AOy Page 18-94
EVINCR Event Indication Clear Register A2y Page 18-95
EVINPRO Event Interrupt Node Pointer Register O A8H Page 18-96
EVINPRS Event Interrupt Node Pointer Register 8 ACH Page 18-96
EVINPR12 Event Interrupt Node Pointer Reg. 12 AEH Page 18-97

Request Source 0 Registers

QMRO Queue 0 Mode Register EOH Page 18-54
QSRO Queue 0 Status Register E2y Page 18-57
QORO Queue 0 Register 0 Ed4y Page 18-59
QBURO Queue 0 Backup Register E6y Page 18-61
QINRO Queue 0 Input Register shared  |page 18-63
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Table 18-2 ADC Module Register Summary (cont’d)
Short Name | Description Offset!) | See Page
Request Source 1 Registers
CRCR1 Conversion Request 1 Control Register E8H Page 18-45
CRPR1 Conversion Request 1 Pending Register EAH Page 18-46
CRMR1 Conversion Request 1 Mode Register ECH Page 18-47
Request Source 2 Registers
QMR2 Queue 2 Mode Register FOx Page 18-54
QSR2 Queue 2 Status Register F24 Page 18-57
QOR2 Queue 2 Register 0 F4y Page 18-59
QBUR2 Queue 2 Backup Register F6H Page 18-61
QINR2 Queue 2 Input Register shared  |page 18-63
Additional Feature Registers
SYNCTR Synchronization Control Register 1AH Page 18-114
EMENR External Multiplexer Enable Register D6y Page 18-110
EMCTR External Multiplexer Control Register DOy Page 18-112
BWDENR Broken Wire Detection Enable Register C8h Page 18-115
BWDCFGR |Broken Wire Detection Configuration CAH{ Page 18-116
Register

) Short 8-bit addresses are not available for kernel registers of this module.

2) Register KSCFG is available only in the address range of ADCO, named ADCO_KSCFG.

Note: The offsets 06y, 16y, C4y, C6y, 8Cy, 8Ey, A4y, A6y, and AAy are reserved for
future use and must not be accessed.
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18.2.2 Mode Control

The mode control concept for system control tasks, such as power saving, or suspend
request for debugging, allows to program the module behavior under different device
operating conditions. The behavior of the ADC kernels can be programmed for each of
the device operating modes, that are requested by the global state control part of the
SCU. It is advantageous that the ADC kernels of an ADC module show an identical
behavior regarding the device operating modes (e.g. to avoid that a non-suspended
kernel waits for a suspended kernel to start a synchronized conversion). Therefore, the
ADC module has a common associated register ADC0_KSCFG defining the behavior of
all kernels of the module in the following device operating modes:

* Normal operation:
This operating mode is the default operating mode when neither a suspend request
nor a clock-off request are pending. The module clock is not switched off and the
ADC registers can be read or written. The kernel behavior is defined by
KSCFG.NOMCFG.

* Suspend mode:
This operating mode is requested when a suspend request (issued by a debugger)
is pending in the device. The module clock is not switched off and the ADC registers
can be read or written. The kernel behavior is defined by KSCFG.SUMCFG.

* Clock-off mode:
This operating mode is requested for power saving purposes. The module clock is
switched off automatically when all kernels of the ADC module reached their
specified state in a stop mode. In this case, ADC registers can not be accessed. The
kernel behavior is defined by KSCFG.COMCFG.

For the ADC module, the following internal actions can be influenced by mode control:

* A current conversion of an analog value:
If the request control unit has found a pending conversion request, the conversion
can be started. This start has to be enabled by the mode control. If the current kernel
mode allows the conversion start (run modes 0 and 1), it will be executed. If the kernel
mode does not allow a start (stop modes 0 and 1), the conversion is not started. The
start request is not cancelled, but frozen. A “frozen” conversion is started as
programmed if the kernel mode is changed to a run mode again.

* An arbiter round:
The start of a new arbiter round has to be enabled by the kernel modes. In stop
mode 1, a new arbiter round will not start.

The behavior of the ADC kernels can be programmed for each of the device operating
modes (normal operation, suspend mode, clock-off mode). Therefore, the ADC kernels
support four kernel modes, as shown in Table 18-3.
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Table 18-3 ADC Kernel Behavior

Kernel Mode | Kernel Behavior Code
run mode 0 kernel operation as specified, no impact on data transfer 00g
run mode 1 (same behavior for run mode 0 and run mode 1) 01g

stop mode 0 | A currently running AD conversion is completely finished and | 10g
the result is treated. Pending conversion request to start a new
conversion are not taken into account (but not deleted). They
start conversions after entering a run mode as programmed.
The arbiter continues as programmed.

stop mode 1 | Like stop mode 0O, but the arbiter is stopped after it has finished | 115
its arbitration round.

Additionally, bit field GLOBSTR.ANON is considered
being 00g when the kernel has reached the defined stop
condition (the bit field itself is not changed).

Generally, bit field KSCFG.NOMCFG should be configured for run mode 0 as default
setting for standard operation. If the ADC kernels should not react to a suspend request
(and to continue operation as in normal mode), bit field KSCFG.SUMCFG has to be
configured with the same value as KSCFG.NOMCFG. If the ADC kernels should show
a different behavior and stop operation when a specific stop condition is reached, the
code for stop mode 0 or stop mode 1 has to be written to KSCFG.SUMCFG.

A similar mechanism applies for the clock-off mode with the possibility to program the
desired behavior by bit field KSCFG.COMCFG.

Note: The stop mode selection strongly depends on the application needs and it is very
unlikely that different stop modes are required in parallel in the same application.
As a result, only one stop mode type (either 0 or 1) should be used in the bit fields
in register KSCFG. Do not mix stop mode 0 and stop mode 1 and avoid transitions
from stop mode 0 to stop mode 1 (or vice versa) for the ADC module.

If the module clock is disabled by KSCFG.MODEN = 0 or in clock-off mode when the
stop condition is reached (in stop mode 0 or 1), the module can not be accessed by read
or write operations (except register KSCFG that can always be accessed). As a
consequence, it can not be configured.

Please note that bit KSCFG.MODEN should only be set by SW while all configuration
fields are configured for run mode 0.
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18.2.3 Module Activation and Power Saving Modes

The converter of the ADC supports specific power down modes allowing an automatic
reduction of the power consumption between two conversions. The following modes are
determined by bit field GLOBSTR.ANON:

* ANON = 00g: Converter switched off (default after reset)
The complete converter is switched off and held in its reset state, conversions are not
possible. To start a conversion, ANON has to be programmed to the desired mode.
A maximum wake-up time of about 10 ys has to be respected before starting a
conversion. Furthermore, digital logic blocks are set to their initial state.

* ANON = 01g: Slow stand-by mode
The converter enters a power reduction mode after each conversion. It switches
automatically to normal operation if a conversion is requested. A maximum wake-up
time of about 10 ys has to be added to the sample time. This leads to the lowest
power consumption for the ADC supply with wake-up capability.

* ANON = 10g: Fast stand-by mode
The converter enters a power reduction mode with less reduction than in slow stand-
by mode after each conversion. It switches automatically to normal operation if a
conversion is requested. A maximum wake-up time of about 3 ys has to be added to
the sample time. This leads to a reduced power consumption for the ADC supply
compared to normal operation.

* ANON = 115: Normal operation
Conversions are always possible with the desired sample time. The converter stays
active permanently.
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18.2.4  Clocking Scheme

The different parts of an ADC kernel are driven by clock signals that are based on the
clock fapc of the bus that is used to access the ADC module. The ADCs in the XC27x5X
device are connected to the system clock, so fapc = fsys-

« The analog clock fapc) is used as internal clock for the converter and defines the
conversion length and the sample time. It can be adjusted by programming bit field
GLOBCTR.DIVA.

« The digital clock fapcp is used for the arbiter and defines the duration of an arbiter
round. It can be adjusted by programming bit field GLOBCTR.DIVD.

+ All other digital structures (such as interrupts, etc.) are directly driven by the module
clock fADC'

clock generation
unit (in SCU)
fsys
ADC kernel module clock fabc
divider for divider for
fanc fapcp

analog clock digital clock

4 faDCl fabco

Interrupts, converter arbiter
etc.

ADC_clocking

Figure 18-6 Clocking Scheme

Note: If the clock generation for the converter of the ADC falls below a minimum value
or is stopped during a running conversion, the conversion result can be corrupted.
For correct ADC results, the frequency of fypc; must not exceed the defined range.
Please, refer to the range indicated in the respective Data Sheet.
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18.2.5 General ADC Registers

18.2.5.1 Kernel State Configuration Register

The kernel state configuration register KSCFG allows the selection of the desired kernel
modes for the different device operating modes.

Bit fields KSCFG.NOMCFG and KSCFG.COMCEFG are reset by an application reset. Bit
field KSCFG.SUMCEFG is reset by a debug reset.

This register is a common register for all ADC kernels and can be accessed in the
address range of ADCO.

Note: The coding of the bit fields NOMCFG, SUMCFG and COMCFG is described in

Table 18-3.
ADCO0_KSCFG
Kernel State Configuration Register
XSFR(0Ch) Reset Value: 0000y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | BP

BP BP BP MOD
COM 0 | COMCFG SUM 0 | SUMCFG NOM 0 | NOMCFG 0 MEC')‘ID EN

w r r'\‘N w r I’\IN W r r'\‘N I" w rw
Field Bits Type | Description
MODEN 0 rw Module Enable

This bit enables the module kernel clock and the

module functionality.

Og  The module is switched off immediately
(without respecting a stop condition).
It does not react on mode control actions and
the module clock is switched off. The module
does not react on read accesses and ignores
write accesses (except to KSCFG).

1g  The module is switched on and can operate.
After writing 1 to MODEN, it is recommended
to read register KSCFG to avoid pipeline
effects in the control block before accessing
other ADC registers.
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Field

Bits

Type

Description

BPMODEN

Bit Protection for MODEN

This bit enables the write access to the bit MODEN.
It always reads 0.

Og MODEN is not changed.

15 MODEN is updated with the written value.

NOMCFG

[5:4]

Normal Operation Mode Configuration

This bit field defines the kernel mode applied in
normal operation mode.

00g Run mode 0 is selected.

01g Run mode 1 is selected.

10g Stop mode 0 is selected.

11g Stop mode 1 is selected.

BPNOM

Bit Protection for NOMCFG

This bit enables the write access to the bit field
NOMCFG. It always reads 0.

Og NOMCEFG is not changed.

15 NOMCFG is updated with the written value.

SUMCFG

[9:8]

Suspend Mode Configuration
This bit field defines the kernel mode applied in
suspend mode. Coding like NOMCFG.

BPSUM

11

Bit Protection for SUMCFG

This bit enables the write access to the bit field
SUMCEFG. It always reads 0.

Og SUMCEFG is not changed.

15 SUMCEFG is updated with the written value.

COMCFG

[13:12]

Clock Off Mode Configuration
This bit field defines the kernel mode applied in
clock-off mode. Coding like NOMCFG.

BPCOM

15

Bit Protection for COMCFG

This bit enables the write access to the bit field
COMCEFG. It always reads 0.

Og COMCEFG is not changed.

15 COMCEFG is updated with the written value.

[3:2], 6,
10, 14

Reserved
returns O if read; should be written with O;

Note: To change a configuration bit field, the associated protection bit BPxxx must be
set during the write operation. This allows modifying selected configuration bit
fields with a single write operation.
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18.2.5.2 ID Register

The ID register is a read-only register which is used for ADC module identification
purposes. It provides 8 bits for module identification and 8 bits for revision numbering.

:\Il?odule Identification Register XSFR(08R) Reset Value: 3312y
15|14|13‘12|11‘10‘9|8 7|6|5 4|3 2 1|0
MOD_NUMBER MOD_REV
. . . . . . . .

Field Bits | Type |Description
MOD_REV [7:0] |r Module Revision Number Value

Bits 7-0 bits are used for module revision numbering.
The value of the module revision number starts with
01y (first revision), 02, 03y, up to FFy.

MOD_NUMBER |[15:8] |r Module Identification Number Value
Bits 15-8 are used for module identification. The
ADC has the module number 33.
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18.2.5.3 Global Control Register

The global control register contains bits to control the timing of the arbiter and the general
enable function for the converter.

GLOBCTR
Global Control Register XSFR(10y) Reset Value: 00FFy
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
A;B 0 ARBRND ANON DIVD DIVA
W Two W W w W |
Field Bits Type | Description
DIVA [5:0] rw Divider Factor for Analog Internal Clock

This bit field defines the number of fop clock cycles
to generate the fppc clock for the converter (used as
internal base for the conversions and the sample
time calculation).

004 fapci = fanc

014 fapci = fapc/ 2

02y fapci = fapc/3

3Fn  fapci = fapc / 64

DIVD [7:6] rw Divider Factor for Digital Arbiter Clock

This bit field defines the number of fop clock cycles
within each arbitration slot (each arbitration slot lasts
one period of fapcp)-

It is recommended to use the default setting 00g to
obtain the minimum arbiter reaction time.

00g fapcop = fapc

015 fapcp =fapnc/2

105 fapcp = fanc /3

118 fapcp = fanc /4

ANON [9:8] rw Analog Part Switched On

This bit field defines the setting of bit field
GLOBSTR.ANON (refer to description of this bit) if
this kernel is the synchronization master or without
synchronization feature (see register SYNCTR). For
a synchronization slave, this bit field is not taken into
account.
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Field Bits Type | Description

ARBRND [11:10] |rw Arbitration Round Length

This bit field defines the number of arbitration slots
per arbitration round (arbitration round length =
targ)- ")

00g Anarbitration round contains 4 arbitration slots

(tare = 4/ fapcp)-
01g Anarbitration round contains 8 arbitration slots

(tare = 8/ fapcp)-
10g An arbitration round contains 16 arbitration

slots (tARB =16 /fADCD)'
11g An arbitration round contains 20 arbitration

slots (tARB =20 /fADCD)'

0 [14:12] |rw Reserved for Future Use
This bit field is reserved for future use and has to be
written with 000g.

ARBM 15 rw Arbitration Mode

This bit field defines whether the arbiter runs

permanently or only while at least one conversion

request is pending.

Og  Thearbiter runs permanently. This setting has
to be chosen in a synchronization slave (see
Section 18.2.18) and for equidistant sampling
using the signal ARBCNT (see
Section 18.2.19).

1g  The arbiter only runs if at least one conversion
request of an enabled request source is
pending. This setting leads to a reproducible
latency from an incoming request to the
conversion start if the converter is idle.
Synchronized conversions are not supported.

1) The default setting of 4 arbitration slots is sufficient for correct arbitration. The duration of an arbitration round
can be increased if required to synchronize requests.
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18.2.5.4 Global Status Register
The status control register contains bits indicating the current status of a conversion.

GLOBSTR
Global Status Register XSFR(12p) Reset Value: 0000,
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SYN SAM| BU
0 CSRC RUN ANON CHNR 0 PLE | SY
r | h rh h | “Th | | r rh rh
Field Bits Type | Description
BUSY 0 rh Analog Part Busy
This bit indicates that a conversion is currently
running.

Og The converter is idle.
1g A conversion is currently running.

SAMPLE 1 rh Sample Phase

This bit indicates that an analog input signal is
currently sampled.

Og  The converter is not in the sampling phase.
1g  The converter is in the sampling phase.

CHNR [7:3] rh Channel Number

This bit field indicates which analog input channel is
currently converted. This information is updated
when a new conversion is started.
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Field Bits Type | Description

ANON [9:8] rh Analog Part Switched On

This bit field defines the operation mode of the

converter. It monitors either bit field

GLOBCTR.ANON of the same ADC kernel (in

master mode or without synchronization feature) or

bit field GLOBCTR.ANON of the ADC kernel

selected as synchronization master for this kernel (in

slave mode). This ensures that all kernels of a

synchronization group can be controlled with a single

write operation to bit field GLOBCTR of the

synchronization master.

00g The converter is switched off and conversions
are not possible. The arbiter finishes its current
arbitration round (if running) and then remains
in the idle state.

01g The converter of the ADC module is switched
on and conversions are possible. The
automatic power-down capability of the
converter is enabled, leading to the lowest
power consumption of the ADC supply with
wake-up capability, but a longer wake-up time
before each conversion.

10g The converter of the ADC module is switched
on and conversions are possible. The
automatic power-down capability of the
converter is enabled, leading to a reduced
power consumption of the ADC supply, but a
shorter wake-up time before each conversion.

11g The converter of the ADC module is switched
on and conversions are possible. The
automatic power-down capability of the
converter is disabled leading to the nominal
power consumption of the ADC supply.
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Field Bits Type | Description
SYNRUN 10 rh Synchronous Conversion Running
This bit indicates that a synchronized (= parallel)
conversion is currently running.
Og  There is no synchronized conversion running
(either there is no conversion currently running
or a synchronized conversion has not been
requested). A running conversion can be
cancelled and repeated in case of a new
incoming conversion request with higher
priority.
1g A synchronized conversion is running.
This conversion can not be cancelled while
running. Higher priority requests can trigger
conversions only after the end of a
synchronized conversion.
CSRC [13:11] |rh Currently Converted Request Source
This bit field indicates the arbitration slot number of
the current conversion (if BUSY = 1, a conversion is
still running) or of the last conversion (if BUSY = 0,
no conversion is running). This bit field is updated
with each conversion start.
000g The channel requested by the request source
of arbitration slot 0 is (has been) converted.
001g The channel requested by the request source
of arbitration slot 1 is (has been) converted.
010g The channel requested by the request source
of arbitration slot 2 is (has been) converted.
other combinations are reserved
0 2, r Reserved
[15:14] returns 0 if read; should be written with O;
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18.2.5.5 Input Select Registers

Registers RSIRx contain bit fields selecting the input signal for the trigger and gating
inputs of the request sources. The connections depend on the device implementation,
please refer to the implementation chapter for details.

RSIRO
Request Source 0 Input Register XSFR(00y) Reset Value: 0000y
RSIR1
Request Source 1 Input Register XSFR(02y) Reset Value: 0000y
RSIR2
Request Source 2 Input Register XSFR(04y) Reset Value: 0000y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R F ™
TRI| 0 EN | EN 0 TRSEL GTI 0 EN 0 GTSEL
rh r w rw r | rw | rh II’ rw r | rw |
Field Bits Type | Description
GTSEL [2:0] rw Input Selection for REQGTx of Source x

This bit field defines the input signal used for request
gating in request source x.

000g The input signal REQGTXA is selected.

0015 The input signal REQGTXxB is selected.

010g The input signal REQGTXC is selected.

0115 The input signal REQGTXD is selected.

100g The input signal REQGTXE is selected.

101g The input signal REQGTXF is selected.

110g The input signal REQGTXG is selected.

111g The input signal REQGTxH is selected.

TMEN 4 rw Timer Mode Enable of Source x

This bit enables the timer mode for equidistant

sampling for request source x.

Og  The timer mode is disabled. The standard
gating mechanism can be used.

1g  The timer mode for equidistant sampling is
enabled. The standard gating mechanism has
to be enabled permanently (no influence of
gating signal).

User’'s Manual 18-32 V1.2, 2008-09
ADC, V2.9



@ineon
-

XC27x5X Derivatives
Peripheral Units (Vol. 2 of 2)

Analog to Digital Converter

Field

Bits

Type

Description

GTI

rh

Gating Input of Source x

This flag monitors the status of the selected gating
signal REQGTXx for request source x.

Og  The selected gating signal is O.

1g  The selected gating signal is 1.

TRSEL

[10:8]

Input Selection for REQTRXx of Source x
This bit field defines the input signal used for request
triggering in request source x.

000g The input signal REQTRXA is selected.
001g The input signal REQTRXxB is selected.
0105 The input signal REQTRXC is selected.
011g The input signal REQTRXD is selected.
100g The input signal REQTRXE is selected.
101g The input signal REQTRXF is selected.
110g The input signal REQTRXG is selected.
111g The input signal REQTRxH is selected.

FEN

12

Falling Edge Enable of Source x

This bit enables the request trigger for falling edges

of the selected REQTRXx signal for request source x.

Og  The request trigger with a falling edge is
disabled.

1g  The request trigger with a falling edge is
enabled.

REN

13

Rising Edge Enable of Source x

This bit enables the request trigger for rising edges

of the selected REQTRXx signal for request source x.

Og  The request trigger with a rising edge is
disabled.

1g  The request trigger with a rising edge is
enabled.

TRI

15

rh

Trigger Input of Source x

This flag monitors the status of the selected trigger
signal REQTRXx for request source x.

Og  The selected trigger signal is O.

1g  The selected trigger signal is 1.

3, [6:5],
11, 14

Reserved
returns O if read; should be written with O.
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18.2.6 Request Source Arbiter

The request source arbiter evaluates which analog input channel has to be converted.
Therefore, it regularly polls the request sources one after the other for pending
conversion requests. The polling sequence is based on time slots with programmable
length, called arbitration slots. If a request source is disabled or if no request source is
available for an arbitration slot, the slot is considered as being empty and has no
influence on the evaluation of the arbitration winner. After reset, all request sources are
disabled and have to be enabled by bits in register ASENR to take part in the arbitration
process.

An arbitration round consists of one arbitration slot for each available request source
plus one final synchronization slot (see Figure 18-7). At the end of each arbitration
round, the arbiter has determined the request source with the highest priority and a
pending conversion request. This arbitration result is stored as arbitration winner for
further actions. If a conversion is started in an arbitration round, this arbitration round
does not deliver an arbitration winner.

In the XC27x5X, the following request sources are available:

* Request source 0 in arbitration slot 0: 1-stage sequential source
This request source can issue a conversion request for a single input channel.

* Request source 1 in arbitration slot 1: 16-channel scan source
This request source can issue a conversion request sequence of up to 16 input
channels in a defined order.

* Request source 2 in arbitration slot 2: 4-stage sequential source
This request source can issue a conversion request sequence of up to 4 input
channels in a freely programmable order.

» Last arbitration slot of the arbitration round: Synchronization source
In this slot, the arbiter checks for a synchronized request from another ADC kernel
and does not evaluate any internal request source. A request for a synchronized
conversion is always handled with the highest priority in a synchronization slave
kernel (pending requests from other sources are not considered).

arbitration round
< > arbitration
—» winner
arbitration | arbitration | arbitration | arbitration found
< slot O > slot 1 > slot 2 > slot 3 >
polling of polling of polling of | check for conversion
request request request  |synchronized [ €an be
source 0 source 1 source 2 | start request started
ADC_arbiter_rounc

Figure 18-7 Arbitration Round
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The period tpgg of an arbitration round is given by:

taArg = N x (GLOBCTR.DIVD + 1) / fapc

with N being 4, 8, 16, or 20 as defined by GLOBCTR.ARBRND

The number of arbitration slots forming an arbitration round can be programmed to
obtain a similar arbiter timing for different devices, even if the number of available
request sources differs from one device to another.

Because the XC27x5X’s ADC has 3 request sources, 4 slots per arbitration round are
sufficient.

The period of the arbitration round introduces a timing granularity to detect an incoming
conversion request signal and the earliest point to start the related conversion. This
granularity can introduce a jitter of maximum one arbitration round. The jitter can be
reduced by minimizing the period of an arbitration round (numbers of arbitration slots and
their length).

To achieve a reproducible reaction time (constant delay without jitter) between the
trigger event of a conversion request (e.g. by a timer unit or due to an external event)
and the start of the related conversion, mainly the following two options exist. For both
options, the converter has to be idle and other conversion requests must not be pending
for at least one arbiter round before the trigger event occurs:

« If bit GLOBCTR.ARBM =0, the arbiter runs permanently. In this mode,

synchronized conversions of more than one ADC kernel are possible.
The trigger for the conversion triggers has to be generated synchronously to the
arbiter timing. Incoming triggers should have exactly n-times the granularity of the
arbiter (n =1, 2, 3,...). In order to allow some flexibility, the duration of an arbitration
slot can be programmed in cycles of fopc.

« If bit GLOBCTR.ARBM = 1, the arbiter stops after an arbitration round when no
conversion request have been found pending any more. The arbiter is started again
if at least one enabled request source indicates a pending conversion request. The
trigger of a conversion request does need not to be synchronous to the arbiter timing.
In this mode, parallel conversions are not possible for synchronization slave kernels.

18.2.6.1 Request Source Priority

Each request source has an individually programmable priority to be able to adapt to
different applications (see register RSPRO0). The priorities define the order the request
sources are handled by the arbiter if two or more request sources indicate pending
conversion requests at the same time.

Starting with request source 0, the arbiter checks if an enabled request source has a
pending request for a conversion. The arbitration winner is the request source with a
pending conversion request and the highest priority that has been found first in an
arbitration round.
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18.2.6.2 Conversion Start Modes

To start the requested conversion of the arbitration winner, the following aspects are
automatically taken into consideration by the arbiter:

If the converter is currently idle (no conversion running), the conversion of the
arbitration winner is started immediately. If a conversion is currently running, the
arbitration winner is compared to the priority of the currently running conversion.
The arbiter handles the requested conversion of the arbitration winner in one of the
following ways:

In the case that the current conversion has the same or a higher priority, it is
completed. Then, the conversion of the arbitration winner is started.

In the case that the current conversion has the lower priority and the arbiter winner
has been programmed for wait-for-start mode, the currently running conversion is
completed. Then, the conversion of the arbitration winner is started.

This mode can be used if the timing requirement for the higher priority conversions
allow a jitter (between t3 and t4 in Figure 18-8) in the range of a running conversion.
In the case that the current conversion has the lower priority and the arbiter winner
has been programmed for cancel-inject-repeat mode, the current conversion is
aborted immediately if a new request with a higher priority has been found, unless
both requests target the same result register with wait-for-read active (see
Section 18.2.14.2). The conversion of the arbitration winner is started after the abort
action. The aborted conversion request is restored in the request source that has
requested the aborted conversion. As a consequence, it takes part again in the next
arbitration round.

Please note that the abort mechanism can take between 1 and 3 fypc cycles,
depending on the state of the current conversion.

This mode can be used if higher priority conversions only tolerate a small jitter
(between t8 and t9 in Figure 18-8).
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Figure 18-8 Conversion Start Modes

The conversion start mode can be individually programmed for each request source by
bits in register RSPRO and is applied to all channels requested by the source.
Figure 18-8 shows the influence of both conversion start modes on the conversion
sequence if two request sources generate conversion requests. In this example, channel
A is issued by a request source with a lower priority than the request source requesting
the conversion of channel B.

» t1: The trigger event for channel A occurs and a conversion request is activated.

* t2: At the end of the arbitration round, channel A is determined as arbitration winner,
the conversion of channel A is started. With the start of the conversion, conversion
request A is cleared.

+ {3: The trigger event for channel B occurs and a conversion request is activated. In
wait-for-read mode, the currently running conversion of channel A is finished
normally.

» t4: After the conversion of channel A is finished, the conversion of channel B is
started. With the start of the conversion, conversion request B is cleared.

» t5: The conversion of channel B is finished.

» t6: The trigger event for channel A occurs and a conversion request is activated.

+ t7: At the end of the arbitration round, channel A is determined as arbitration winner,
the conversion of channel A is started. With the start of the conversion, conversion
request A is cleared.

+ t8: The trigger event for channel B occurs and a conversion request is activated.

* 19: At the end of the arbitration round, channel B is determined as arbitration winner.
In cancel-inject-repeat mode, the currently running conversion of channel A is
aborted and the conversion of channel B is started. With the abort of conversion A,
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conversion request A is set again. With the start of conversion B, conversion request
B is cleared.

« t10: The conversion of channel B is finished. In the meantime, the pending request
for channel A has been identified as arbitration winner and the conversion of channel
A is started. With the start of the conversion, conversion request A is cleared.

* 1t11: The conversion of channel A is finished.
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18.2.7  Arbiter Registers

18.2.7.1 Arbitration Slot Enable Register

The arbitration slot enable register contains bits to enable/disable the conversion request
treatment in the arbitration slots.

ASENR
Arbitration Slot Enable Register = XSFR(18y) Reset Value: 0000,
15 14 13 12 M1 10 9 8 7 6 5 4 3 2 1 0
0 AS | AS | AS
EN2 | EN1 | ENO
| | | r | | | | rW rW rW
Field Bits Type | Description
ASENXx X rw Arbitration Slot x Enable
(x =0-2) Each bit enables the associated arbitration slot of an

arbiter round. The request source bits are not

modified by write actions to ASENR.

Og  The corresponding arbitration slot is disabled
and considered as empty. Conversions are not
requested, even for the request source(s) with
request bit(s) pending.

If the arbiter shall not be running continuously
(ARBM = 1), no conversion request of the
request source for arbitration slot x must be
active. Clear conversion requests of the
related request source before disabling an
arbitration slot.

1g  The corresponding arbitration slot is enabled.
Conversions are requested for the request
source(s) with pending request bit(s).

0 [15:3] r Reserved
returns O if read; should be written with O;
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18.2.7.2 Request Source Priority Register

The request source priority register contains bits to define the request source priority and
the conversion start mode. The priority and conversion start mode settings of an enabled
request source must not be changed by SW. If a request source is disabled, the setting
can be changed by SW if a currently running conversion requested by this source is
finished.

RSPRO
Request Source Priority Register 0
XSFR(14R) Reset Value: 0000y
15 14 13 12 M1 10 9 8 7 6 5 4 3 2 1 0
CSM PRIO |CSM PRIO CSM PRIO
0 2 0 2 1 0 1 0 0 0
| II‘ rw r I’\IN rw r I'\‘N rw r I’\IN
Field Bits Type | Description
PRIOO, [1:0], rw Priority of Request Source x
PRIO1, [5:4], This bit field defines the priority of the conversion
PRIO2 [9:8] request source X, located in arbitration slot x.
00g Lowest priority is selected.
11g Highest priority is selected.
CSMo, 3, rw Conversion Start Mode of Request Source x
CSM1, 7, This bit defines the conversion start mode of the
CSM2 11 conversion request source Xx, located in arbitration
slot x.
Og  Wait-for-start mode is selected.
1g  Cancel-inject-repeat mode is selected.
0 2,6,10, |r Reserved
[15:12] returns 0 if read; should be written with O;
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18.2.8  Scan Request Source Handling

A scan request source can issue conversion requests for a sequence of up to 16 input
channels. It can be programmed individually for each input channel if it takes part in the
scan sequence. The scan sequence always starts with the highest enabled channel
number and continues towards lower channel numbers (order defined by the channel
number, each channel can be converted only once per sequence).

trigger inputs — RE .
QTR conversion request
REQTRX[H:A] =5 X control
trigger & load event, é
gating unit ¢
ting inouts =2 conversion
gating Inputs requests pendin
REQGTX[H:A] EE REQGTx quests penading
¢ T t request
reques
request , »  source
source event ¢ request handling status arbiter
scan request source x ADC_scan_reqsrc

Figure 18-9 Scan Request Source

18.2.8.1 Overview

A scan request source performs the:

Conversion request control:

The conversion request control defines if an analog input channel takes part in the
scan sequence (see bits in register CRCR1 ). The programmed register value is kept
unchanged by an ongoing scan sequence.

Conversion request pending:

The pending conversion requests indicate if an input channel has to be converted in
an ongoing scan sequence (see bits in register CRPR1 ). A conversion request can
only be issued to the request source arbiter if at least one pending bit is set. With
each conversion start that has been triggered by the scan request source, the
corresponding pending bit is automatically cleared. The scan sequence is considered
finished and a request source event is generated if the last conversion triggered by
the scan source is finished and all pending bits have been cleared.

Request handling:

The request handling block interfaces with the request source arbiter. It requests
conversion due to pending bits in the scan sequence and handles the conversion
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status information. If a conversion triggered by the scan request source is aborted
due to a conversion request from another request source with a higher priority, the
corresponding pending bit is automatically set. This mechanism ensures that an
aborted conversion takes part in the next arbitration round and does not get lost. The
control of the scan sequence is done based on bits in register CRMR1.

Trigger and gating signal handling:

The trigger and gating unit interfaces with signals and modules outside the ADC
module that can request conversions. For example, a timer unit can issue a request
signal to synchronize conversions to PWM events. A load event starts a scan
sequence by modifying the request pending bits according to the request control bits.

18.2.8.2 Scan Sequence Operation

To operate a scan request source, the following aspects should be taken into account:

The bits in register CRCR1 have to be programmed to define the channels
participating in the scan sequence.

If a trigger or gating function by external signals is desired, the gating and trigger
inputs have to be defined by bit fields TRSEL and GTSEL in register RSIR1. Also the
edge selection for the trigger event is done in this register.

The gating mechanism has to be defined by CRMR1.ENGT.

The corresponding arbitration slot has to be enabled to accept conversion requests
from the scan source (see register ASENR).

The load event has to be defined by bits in CRMR1 to start a scan sequence.

If a load event occurs while CRMR1.LDM = 0, the content of CRCR1 is copied to
CRPR1 (overwrite). This setting allows starting a new scan sequence and to “forget”
remaining pending bits if a load event occurs while a scan sequence is running.

If a load event occurs while CRMR1.LDM = 1, the content of CRCR1 is bit-wisely
logical OR-combined to CRPR1 (no overwrite). This setting allows starting a new
scan sequence without “forgetting” remaining pending bits if a load event occurs
while a scan sequence is running.

To start a scan sequence, the following mechanisms are supported to generate a load
event:

An external trigger signal can be selected to start a scan sequence controlled by HW
by an external module or signal, e.g. a timer unit or an input pin. The trigger feature
is enabled by CRMR1.ENTR = 1. The load event is generated if the selected edge is
detected at the selected trigger input. The edge selection is done in register RSIRXx.
A load event is generated under SW control by writing CRMR1.LDEV = 1. This
mechanism starts a scan sequence without modifying the bits in register CRCR1. A
data write action to CRCR1 does not lead to a load event (first prepare the channel
control, then start the sequence).

If SW writes data to register CRPR1, the written data is stored in register CRCR1 and
aload event is generated automatically. This mechanism starts a scan sequence with
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the channels defined by the written data (the sequence is defined and started with a
single data write action, e.g. under PEC control).

* Aload event is generated each time a scan sequence has finished and the request
source event occurs if bit CRMR1.SCAN = 1. This setting leads to a permanent
repetition of the scan sequence.

To stop or abort an ongoing scan sequence, the following mechanisms are
supported:

» An external gating signal can be selected to stop and to continue a scan sequence
at any point in time controlled by an external module or signal, e.g. a timer unit or an
input pin. The gating feature can be enabled and the polarity of the gating signal
REQGTx can be selected by CRMR1.ENGT. The gating mechanism does not modify
the contents of the conversion pending bits, but only prevents the request handling
block from issuing conversion requests to the arbiter.

» The arbiter can be disabled by SW for this arbiter slot by clearing the corresponding
bit ASENR.ASENXx. This mechanism does not modify the contents of the conversion
pending bits, but only prevents the arbiter from accepting requests from the request
handling block.

+ The pending request bits can be cleared by writing bit CRMR1.CLRPND = 1. It is
recommended to stop the scan sequence before clearing the pending bits.

18.2.8.3 Request Source Event and Interrupt

A request source event of a scan source occurs if the last conversion of a scan sequence
is finished (all pending bits = 0). A request source event interrupt can be generated
based on a request source event according to the structure shown in Figure 18-10. If a
request source event is detected, it sets the corresponding indication flag in register
EVINFR. These flags can also be set by writing a 1 to the corresponding bit position,
whereas writing 0 has no effect. Additionally, a gated event flag EVINCR.EVINGFx
indicates that a request source interrupt has been activated. The indication flags can be
cleared by SW by writing a 1 to the corresponding bit position in register EVINCR.

The service request output SRx that is selected by the request source event interrupt
node pointer bit fields in register EVINPRO becomes activated each time the related
request source event is detected (and enabled by CRMRx.ENSI) or the related bit
position in register EVINFR is written with a 1 (this write action simulates a request
source event).

Additionally, a gated event indication flag EVINCR.EVINGFx (after the gating with the
enable bit) becomes set if a service request output becomes activated due to a request
source event.

The request source events and the result events share the same registers. The request
source event is located at the bit position in register EVINFR:

+ Event 1 (indicated by bit EVINFO):
Request source event of scan source in arbitration slot 1.
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Figure 18-10 Interrupt Generation of a Scan Request Source
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18.2.9  Scan Request Source Registers

18.2.9.1 Conversion Request Control Register

The register contains the control and status bits of the scan request source(s). The index
1 describes the number of the arbitration slot where the request source is taking part in
the arbitration.

The conversion request control register contains the bits that are copied to the pending
register when the load event occurs. Register CRCR1 is updated by write accesses to
register CRPR1, and can be accessed (read and written) directly.

CRCR1
Conversion Request 1 Control Register
XSFR(E8R) Reset Value: 0000y

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

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

rwsh rwh rwh rwh rwh rwh rwh rwh rwh rwh rwh rwh rwh rwh rwh rwh

Field Bits Type | Description
CHx X rwh | Channel Bit x
(x = 0-15) Each bit corresponds to one analog input channel,

the channel number CHx is defined by the bit

position x in this register.

Og  The analog channel CHx will not be requested
for conversion by this scan request source.

1g  The analog channel CHx will be requested for
conversion by this scan request source.
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18.2.9.2 Conversion Request Pending Register

The conversion request pending register contains the bits that are requesting a
conversion of the corresponding analog channel.

A write operation to CRPR1 leads to a data write to the bits in CRCR1 with an automatic
load event generation.

A read operation to CRPR1 delivers the pending bits.

CRPR1
Conversion Request 1 Pending Register
XSFR(EAR) Reset Value: 0000y

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

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

rwh rwh rwh rwh rwh rwh rwh rwh rwh rwh rwh rwh rwh rwh rwh rwh

Field Bits Type | Description

CHPx X rwh | Channel Pending Bit x

(x = 0-15) Write view:
A write to this address targets the bits in register
CRCRA1.
Read view:

Each bit corresponds to one analog channel, the

channel number CHx is defined by the bit position in

the register.

Og  The analog channel CHx is not requested for
conversion by this request source.

1g  The analog channel CHx is requested for
conversion by this request source.
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18.2.9.3 Conversion Request Mode Register

The conversion request mode register contains bits to configure the desired operating
mode of the scan request source.

CRMR1
Conversion Request 1 Mode Register
XSFR(ECR) Reset Value: 0000y

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

LD [ CLR|REQ LD | SC | EN | EN
0 EV \[PND| GT 0 M | AN | SI | TR ENGT

|
r w w rth r ™ rr™w ™w Irw  Irw

Field Bits Type | Description

ENGT [1:0] rw Enable Gate

This bit field enables the gating functionality for the

request source.

00g Therequest source does not issue conversion
requests.

01g The request source issues conversion
requests if at least one pending bit is set.

10g The request source issues conversion
requests if at least one pending bit is set and
the selected gating signal REQGTx = 1.

11g The request source issues conversion
requests if at least one pending bit is set and
the selected gating signal REQGTx = 0.

ENTR 2 rw Enable External Trigger

This bit enables the external trigger possibility. If
enabled, the load event takes place if the selected
edge is detected at the selected trigger input signal
REQTR.

Og  The external trigger is disabled.

1g  The external trigger is enabled.

ENSI 3 rw Enable Source Interrupt

This bit enables the request source interrupt
generation if a request source event occurs (last
pending conversion is finished).

Og  The request source interrupt is disabled.
1g  The request source interrupt is enabled.
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Field

Bits

Type

Description

SCAN

Autoscan Enable

This bit enables a permanent scan functionality. If
enabled, the load event is automatically generated if
a request source event occurs.

Og  The permanent scan functionality is disabled.
18 The permanent scan functionality is enabled.

LDM

Load Event Mode

This bit defines the transfer mechanism triggered by

the load event.

Og  With the load event, the value of register
CRCRXx is copied to the pending register
CRPRXx (overwrite).

15  With the load event, the value of register
CRCRXx is bit-wisely logical OR combined to
the pending register CRPRx.

REQGT

rh

Request Gate Level

This bit monitors the level at the REQGT input.
Og Thelevelis 0.

15 Thelevelis 1.

CLRPND

Clear Pending Bits
Og  No action.
1g  The bits in register CRPRXx are cleared.

LDEV

Generate Load Event
Og  No action.
1  Aload event is generated.

6,
[15:10]

Reserved
returns O if read; should be written with O;
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18.2.10 Sequential Request Source Handling

Sequential request sources have been introduced to allow short conversion sequences
with freely programmable channel numbers (contrary to a scan request source with a
fixed conversion order for the enabled channels). Two versions of the sequential sources
are available in each ADC kernel:

* Request source in arbitration slot 2:
This request source can handle a sequence of up to 4 input channels (4-stage queue
for 4 entries). This mechanism could be used to support application-specific
conversion sequences, especially for timing-critical sequences containing multiple
conversions of the same channel.

* Request source in arbitration slot O:
This request source can handle a single input channel (1-stage queue for 1 entry).
This mechanism could be used for SW-controlled conversion requests or HW-
triggered conversions of a single input channel (to “inject” a single conversion into a
running sequence).

trigger inputs — queue input el
REQTRX[H:A] =] 57
trigger & intermediate
gating unit queue stages
[
E
queue stage 0
gating inputs EE V
. REQGTx
REQGTX[H:A] < WaitforL ¢
request source trigger e rewesty) request
< request handling at source
event < status :
arbiter
¢abort Trestart
sequential backup stage
request source x ADC_seq_reqsrc

Figure 18-11 Sequential Request Source

The internal structure and the handling of the sequential sources is similar for both
versions. The programmed sequence is stored in a queue buffer (based on a FIFO
mechanism) with at least one queue stage (stage 0) and a backup stage for aborted
conversions. The only difference between both versions is given by the number of
intermediate queue stages for storing the sequence. The request source in arbitration
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slot 0 does not provide intermediate queue stages (1-stage queue with only queue
stage 0), whereas the one in arbitration slot 2 provides 3 intermediate queue stages in
additional to queue stage 0 (leading to a 4-stage queue).

18.2.10.1 Overview

A sequential request source performs the:

Queue input:

The queue input represents the programming interface where the sequence is
defined (see QINRO, QINR2). It does not provide any buffer capability, but handles
the filling of the queue buffer (queue stage 0 plus optional intermediate queue stages)
by writing data to it. The contents of the queue stages can not be directly modified by
program, except by the command for flushing the complete queue.

The queue input also handles the refill mechanism, an automatic re-insertion of a
started conversion from queue stage 0 (including the control parameters) as new
queue input. This feature allows a single setup (by SW) of a conversion sequence
and multiple repetitions of the same sequence without the need to re-program it each
time. A conversion sequence is repeated automatically if all queue entries of the
sequence are setup for refill mode.

Queue stage O:

The content of this queue stage defines which channel will be requested next for a
conversion (see QOR0, QOR2). It also defines if the request should be triggered by
an external event or if the requested conversion should follow the previous one as
soon as possible. It also enables the request source interrupt generation after the
conversion.

The contents of this queue stage is cleared when the requested conversion is started
and the next queue entry can be handled (if available).

Queue backup stage:

The queue backup stage is used to store the request control parameters when a
conversion requested by this request source is aborted. A validation bit indicates that
the aborted conversion has to be requested next (before the current contents of
queue stage 0) to maintain the original sequence (see QBURO, QBUR2).

Request handling:

The request handling block interfaces with the request source arbiter. It requests a
conversion due to valid information in queue stage 0 and handles the conversion
status information. The control of the queue sequence is done based on bits in
registers QMRO (for the request source in arbitration slot 0) and QMR2 (for the
arbitration slot 2).

Trigger and gating signal handling:

The trigger and gating unit interfaces with signals and modules outside the ADC
module that can request conversions. For example, a timer unit can issue a request
signal to synchronize conversions to PWM events. A trigger event can start a
conversion request for the entry in queue stage 0 (see QMR0, QMR2). An event flag
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QSRXx.EV indicates that a trigger event has been detected (selected edge of selected
trigger input signal REQTRx if enabled by QMRx.ENTR or write action with
QMRx.TREV = 1). This bit is cleared with each conversion start requested by this
source or by writing bits CEV =1, FLUSH =1, or CLRV = 1.

18.2.10.2 Sequential Source Operation

To operate a sequential request source, the following aspects should be taken into
account:

* The sequence has to be initialized by writing to the queue input QINRO (for arbitration
slot 0) or QINR2 (for arbitration slot 2) when using the refill mechanism. Each write
access corresponds to one conversion request.

The desired sequence should be completely initialized before enabling the request
source, because with enabled refill feature, write accesses by SW to QINRx are not
allowed.

» If a trigger or gating function by external signals is desired, the gating and trigger
inputs have to be defined by bit fields TRSEL and GTSEL in register RSIR0 (for
arbitration slot 0) or RSIR2 (for arbitration slot 2). Also the edge selection for the
trigger event is done in these registers.

* The gating mechanism has to be defined by QMRx.ENGT.

» If an external trigger mechanism is desired, it has to be enabled by QMRx.ENTR = 1.

+ The corresponding arbitration slot has to be enabled to accept conversion requests
from the sequential source (see register ASENR).

To start a sequence of a sequential request source, the following mechanisms are
supported:

+ An external trigger signal can be selected to start a queue sequence controlled by
HW by an external module or signal, e.g. a timer unit or an input pin. The trigger
feature is enabled by QMRx.ENTR = 1. The trigger event is generated if the selected
edge is detected at the selected trigger input.

» A trigger event is generated under SW control by writing QMRx.TREV = 1. This
mechanism starts a request if queue stage 0 contains valid data (or the queue
backup stage respectively).

+ A write operation to a queue input leads to a (new) valid queue entry. If the queue is
empty (no valid entry), the written data arrives in queue stage 0 and starts a
conversion request (if enabled by QMRx.ENGT and without waiting for an external
trigger). If the refill mechanism is used, the queue inputs must not be written while the
queue is running. Write operations to a completely filled queue are ignored.

To stop or abort an ongoing sequence of a sequential request source, the following
mechanisms are supported:

* An external gating signal can be selected to stop and to continue a sequence at any
point in time controlled by an external module or signal, e.g. a timer unit or an input
pin. The gating feature can be enabled and the polarity of the gating signal can be
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selected by QMRx.ENGT. The gating mechanism does not modify the queue entries,
but only prevents the request handling block from issuing conversion requests to the
arbiter.

+ The arbiter can be disabled by SW for this arbiter slot by clearing the corresponding
bit ASENR.ASENXx. This mechanism does not modify the queue entries, but only
prevents the arbiter from accepting requests from the request handling block.

+ The next pending queue entry is cleared by writing bit QMRx.CLRV =1. It is
recommended to stop the sequence before clearing a queue entry (ENGT = 00g). If
the queue backup stage contains a valid entry, this one is cleared, otherwise a valid
entry in queue register 0O is cleared.

» All queue entries are cleared by writing bit QMRx.FLUSH = 1. It is recommended to
stop the sequence before clearing queue entries.

18.2.10.3 Request Source Event and Interrupt

A request source event occurs when a conversion that has been requested by this
source is completely finished. The interrupt enable bits are located in the queue 0
register (if this has not been a repeated start after an abort) or in the queue backup
register (if this has been a repeated start after an abort).

A request source event interrupt can be generated based on a request source event
according to the structure shown in Figure 18-12. If a request source event is detected,
it sets the corresponding indication flag in register EVINFR. These flags can also be set
by writing a 1 to the corresponding bit position, whereas writing 0 has no effect. The
indication flags can be cleared by SW by writing a 1 to the corresponding bit position in
register EVINCR.

The service request output line SRx that is selected by the request source event interrupt
node pointer bit fields in register EVINPRO issues an interrupt each time the related
request source event is detected (and enabled by QORx.ENSI, or QBURX.ENSI
respectively) or the related bit position in register EVINFR is written with a 1 (this write
action simulates a request source event).

Additionally, a gated event indication flag EVINCR.EVINGFx (after the gating with the
enable bit) becomes set if a service request output becomes activated due to a request
source event.

The request source events and the result events share the same registers. The request
source event is located at the bit position in register EVINFR:

* Event 0: Request source event of sequential source in arbitration slot 0.
* Event 2: Request source event of sequential source in arbitration slot 2.
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Figure 18-12 Interrupt Generation of a Sequential Request Source
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18.2.11 Sequential Source Registers

18.2.11.1 Queue Mode Register

These registers contain the control bits of a sequential source.
The index 0/2 describes the number of the arbitration slot where the request source is
taking part in the arbitration.

Note: Before SW modifies the queue content by QMR.CLRV or QMR.FLUSH, all HW
actions related to this queue have to be finished. Therefore, the arbitration slot has
to be disabled and SW has to wait for at least two arbitration rounds (to be sure
that this request source can no longer be an arbitration winner). Then, it has to
check GLOBSTR.CRSC and GLOBSTR.BUSY to be sure that a conversion
triggered by this request source is no longer running. Then SW can read QBURXx
and QORXx and can start modification of the queue content.

QMRO
Queue 0 Mode Register XSFR(EOR) Reset Value: 0000y
QMR2
Queue 2 Mode Register XSFR(FOy) Reset Value: 0000y
15 14 13 12 M 10 9 8 7 6 5 4 3 2 1 0
FLU| TR |CLR EN
0 CEV SH | EV | V 0 R ENGT
| II’ w W w W | | r | w I’\IN
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Field

Bits

Type

Description

ENGT

[1:0]

Enable Gate
This bit field enables the gating functionality for the
request source.

00g

01p

105

11

The request source does not issue conversion
requests.

The request source issues conversion
requests if a valid conversion request is
pending in the queue 0 register or in the
backup register.

The request source issues conversion
requests if a valid conversion request is
pending in the queue O register or in the
backup register and the selected gating signal
REQGTx = 1.

The request source issues conversion
requests if a valid conversion request is
pending in the queue O register or in the
backup register and the selected gating signal
REQGTx = 0.

ENTR

Enable External Trigger
This bit enables the external trigger possibility.

O

18

The external trigger is disabled and the trigger
event is not generated.

The external trigger is enabled and a trigger
event is generated if the selected edge is
detected at the selected trigger input signal for
REQTRXx.

CLRV

Clear V Bit

O
18

No action.

The next pending valid queue entry in the
sequence and the event flag EV are cleared.
If there is a valid entry in the queue backup
register (QBUR.V = 1), this entry is cleared,
otherwise the entry in queue register O is
cleared.
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Field Bits Type | Description
TREV 9 w Trigger Event
Og  No action.
1g  Atrigger event is generated by SW. If the a
valid entry in the request source waits for a
trigger event, a conversion request is started.
FLUSH 10 w Flush Queue
Og  No action.
1g  All entries in the queue (including the backup
stage) and the event flag EV are cleared. The
queue contains no more valid entry.
CEV 11 w Clear Event Flag
Og  No action.
1g  Bit EVis cleared.
0 [7:3], r Reserved
[15:12] returns O if read; should be written with O;
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18.2.11.2 Queue Status Register

The queue status register contains bits indicating the status of the sequential source.
The filling level and the empty information refer to the queue intermediate stages (if
available) and to the queue register 0. An aborted conversion stored in the backup stage
is not indicated by these bits (therefore, see QBURX.V).

QSRO
Queue 0 Status Register XSFR(E2p) Reset Value: 00204
QSR2
Queue 2 Status Register XSFR(F2y) Reset Value: 00204
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
REQ EMP
0 EV GT 0 TY 0 FILL
| | r rh rh r rh G rh
Field Bits Type | Description
FILL [1:0] rh Filling Level?)
This bit field indicates how many queue entries are
valid in the sequential source. It is incremented each
time a new entry is written to QINRx or by an enabled
refill mechanism. It is decremented each time a
requested conversion has been started. A new entry
is ignored if the filling level has reached its maximum
value.
00g EMPTY = 1:There is no valid entry in the
queue.
EMPTY = 0:There is 1 valid entries in the
queue.
01g There are 2 valid entries in the queue.
10g There are 3 valid entries in the queue.
11g There are 4 valid entries in the queue.
EMPTY 5 rh Queue Empty
This bit indicates if the sequential source contains
valid entries.
Og  There are FILL+1 valid entries in the queue.
1g  There are no valid entries (qQueue is empty).
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Field Bits Type | Description

REQGT 7 rh Request Gate Level
This bit monitors the level at the selected REQGT
input.

Og Thelevelis 0.
15 Thelevelis 1.

EV 8 rh Event Detected

This bit indicates that an event has been detected
while at least one valid entry has been in the queue
(queue register 0 or backup stage). Once set, this bit
is cleared automatically when the requested
conversion is started.

Og  Atrigger event has not been detected.

1g  Atrigger event has been detected.

0 [4:2],6, |r Reserved
[15:9] returns 0 if read; should be written with O;

1) This bit field is always 00g for the 1-stage queue in arbitration slot 0.
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18.2.11.3 Queue 0 Register
The queue registers 0 monitor the status of the pending request (qQueue stage 0).

QORO

Queue 0 Register 0

QOR2

Queue 2 Register 0

Analog to Digital Converter

XSFR(E4y) Reset Value: 0000,

XSFR(F4y) Reset Value: 0000y

15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
EX | EN
0 \' TR | sI RF REQCHNR
| | r rh rh rh rh | | rh | |
Field Bits Type | Description
REQCHNR [4:0] rh Request Channel Number
This bit field indicates the requested channel
number.
RF 5 rh Refill
This bit indicates if the pending request is discarded
after the conversion start or if it is automatically
refilled into the queue input of the request queue.
Og  The request is discarded after the conversion
start.
15 The request is refilled into the queue after the
conversion start.
ENSI 6 rh Enable Source Interrupt
This bit indicates if a request source event interrupt
is generated when the conversion is finished.
Og  Therequest source event interrupt generation
is disabled.
1g  Therequest source event interrupt generation
is enabled.
EXTR 7 rh External Trigger

This bit indicates if a valid queue entry immediately

leads to a conversion request or if the request

handler waits for a trigger event.

Og  Therequest handler does not wait for a trigger
event.

1g  The request handler waits for a trigger event.
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Field

Bits

Type

Description

rh

Request Channel Number Valid

This bit indicates if the queue register 0 contains a

valid queue entry.

Og  The queue entry is not valid and does not lead
to a conversion request.

1g  The queue entry is valid and leads to a
conversion request.

[15:9]

Reserved
returns O if read; should be written with O;
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18.2.11.4 Queue Backup Register

The queue backup registers monitor the status of an aborted sequential request.

The registers QBURx and QINRx share the same register address. A read operation at
this register address will deliver the “rh” bits of register QBURX. A write operation to this

address will target the “w” bits in register QINRx.

QBURO

Queue 0 Backup Register XSFR(E6y) Reset Value: 0000,
QBUR2

Queue 2 Backup Register XSFR(F6y) Reset Value: 0000y

15 14 13 12 M1 10 9 8 7 6 5 4 3 2 1 0
EXT | EN
0 v R s RF REQCHNR
| | o rh rh rh rh | | rh | |

Field Bits Type | Description

REQCHNR [4:0] rh Request Channel Number

This bit field contains the channel number of an
aborted conversion that has been requested by this
request source.

RF 5 rh Refill

This bit contains the refill bit of an aborted
conversion that has been requested by this request
source.

ENSI 6 rh Enable Source Interrupt

This bit contains the request source event interrupt
enable bit of an aborted conversion that has been
requested by this request source.

EXTR 7 rh External Trigger

This bit contains the external trigger bit of an aborted
conversion that has been requested by this request
source.
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Field

Bits

Type

Description

rh

Request Channel Number Valid

This bit indicates if the entry in the queue backup

register is valid (REQCHNR, RF, TR and ENSI are

valid). Bit V is set if a running conversion that has

been requested by this request source is aborted. It

is cleared when the repeated conversion is started.

Og  The backup register does not contain a valid
entry.

1g  The backup register contains a valid entry. It
will be requested before a valid entry in queue
register 0 will be requested.

[15:9]

Reserved
returns O if read; should be written with O;
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18.2.11.5 Queue Input Register

The queue input register is the entry point for conversion requests of a sequential
request source.

The registers QBURXx and QINRx share the same register address. A read operation at
this register address will deliver the “rh” bits of register QBURX. A write operation to this

address will target the “w” bits in register QINRXx.

QINRO

Queue 0 Input Register XSFR(E6R) Reset Value: 0000y
QINR2

Queue 2 Input Register XSFR(F6y) Reset Value: 0000y

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EX | EN
0 R | sI RF REQCHNR
| | 'L | W W W | 1 W 1 |

Field Bits Type | Description

REQCHNR [4:0] w Request Channel Number
This bit field defines the requested channel number.

RF 5 w Refill

This bit defines the refill functionality for this queue

entry.

Og  The content of this queue entry is not entered
again in QINRx when the related conversion is
started.

1g  The content of this queue entry is
automatically entered again in QINRx when
the related conversion is started.

ENSI 6 w Enable Source Interrupt

This bit defines the request source event interrupt

functionality.

Og  Arequest source event interrupt is not
generated if the related conversion is finished.

15 Arequest source event interrupt is generated
if the related conversion is finished.
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Field

Bits

Type

Description

EXTR

External Trigger

This bit defines the external trigger functionality.

Og A valid queue entry immediately leads to a
conversion request.

1g  Avalid queue entry waits for a trigger event to
occur before issuing a conversion request.

[15:8]

Reserved
returns O if read; should be written with O;

User’'s Manual
ADC, V2.9

18-64 V1.2, 2008-09



Sl . .
: XC27x5X Derivatives
@I n@ Peripheral Units (Vol. 2 of 2)

Analog to Digital Converter

18.2.12 Channel-Related Functions

The channel control unit defines the conversion settings, that can be programmed
individually for each analog input channel. Therefore, a channel control register CHCTRXx
(see Section 18.2.13.1) is associated to each analog input channel CHx. After the
arbiter has determined the channel to be converted, the defined settings are applied to
the AD converter, comprising information about:

+ Conversion parameters:
Bit field ICLSEL defines which input class is taken into account for the conversion
(see Section 18.2.12.1).

+ Reference selection:
Bit field REFSEL defines which reference input is used for the conversion (see
Section 18.2.12.2)

* Channel event handling:
Bit fields LCC, BNDASEL, and BNDBSEL define which boundaries are used for limit
checking (see Section 18.2.12.4) and which channel event leads to a channel event
interrupt (see Section 18.2.12.5).

+ Synchronous conversion request:
Bit SYNC defines if the channel triggers a synchronized conversion (see
Section 18.2.18).

In addition to the general channel control, the ADC kernel supports a mechanism
(named alias feature, see Section 18.2.12.3) to redirect a conversion request to another
channel number.

18.2.12.1 Input Classes

An input class defines the length of the sample phase and the resolution of the
conversion. In most application