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Table 1 Pin Definitions and Functions
Symbol |Pin Numbers I/0*) |Function
P- P-
DSO- |TSSOP-
28 38
P3.0- 2,3,23,|32,33,25,|1/0 |Port 3
P3.7 24,1, |26,31,24, is an 8-bit push-pull bidirectional 1/O port. This port
22,5,6 |36,37 also serves as alternate functions for the CCU6
functions. The functions are assigned to the pins of
port 3 as follows :
2 32 P3.0/COUT63 16 hit compare channel output
3 33 P3.1/CTRAP CCU trap input
23 25 P3.2/COUT62 Output of capture/compare ch 2
24 26 P3.3/CC62 Input/output of capture/compare ch 2
1 31 P3.4/COUT61 Output of capture/compare ch 1
22 24 P3.5/CC61 Input/output of capture/compare ch 1
5 36 P3.6/COUT60 Output of capture/compare ch 0
6 37 P3.7/CC60 Input/output of capture/compare ch 0
VAREF 19 15 - Reference voltage for the A/D converter.
Vagnp |18 14 - Reference ground for the A/D converter.
AN4 21 17 Analog Input Channel 4
is input channel 4 to the ADC unit.
AN3 20 16 Analog Input Channel 3
is input channel 3 to the ADC unit.
RESET |7 38 RESET
A low level on this pin for two machine cycle while
the oscillator is running resets the device.
ALE/BSL |4 34 I/O |Address Latch Enable/Bootstrap Mode
A low level on this pin during reset allows the device
to go into the bootstrap mode. After reset, this pin
will output the address latch enable signal. The
ALE can be disabled by bit EALE in SFR
SYSCONO.
Vgsp 14 10 - 10 Ground (0V)
Vppp 13 9 - 10 Power Supply (+3.3V)
®I=Input
O=Output

Data Sheet

10 V 1.0, 2003-05



—

( Infineon
technologies

C868

Table 1 Pin Definitions and Functions
Symbol |Pin Numbers I/0*) |Function
P- P-
DSO- |TSSOP-
28 38
Vssc 25 27 - Core Ground (0V)
Vppe 26 28 (0] Core Internal Reference (+2.5V)
Connect 2*68 - 470nF ceramic capacitor across
this pin and core ground.
NC - 5,7,8,18, |- Not connected
19,20,21,
22,23,35
XTAL1 |27 29 I XTAL1
Output of the inverting oscillator amplifier.
XTAL2 |28 30 O XTAL2
Input to the inverting oscillator amplifier and input to
the internal clock generation circuits.
To drive the device from an external clock source,
XTAL2 should be driven, while XTALL1 is left
unconnected.
*)=Input
O=Output
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Figure 12 shows the recommended oscillator circuitries for crystal and external clock
operation.

Crystal Oscillator Mode Driving from External Source
i i XTAL2 External Oscillator
Signal XTAL2
F—% 6671067 = c868
MHz
I I XTAL1 N.C. XTAL1

C =20 pF % 10 pF for crystal operation
(incl. StrayCapacitance)

Figure 12 Recommended Oscillator Circuit

In this application the on-chip oscillator is used as a crystal-controlled, positive-
reactance oscillator (a more detailed schematic is given in Figure 13). It is operated in
its fundamental response mode as an inductive reactor in parallel resonance with a
capacitor external to the chip. The crystal specifications and capacitances are non-
critical. In this circuit tbd pF can be used as single capacitance at any frequency together
with a good quality crystal. A ceramic resonator can be used in place of the crystal in
cost-critical applications. If a ceramic resonator is used, the two capacitors normally
have different values depending on the oscillator frequency. We recommend consulting
the manufacturer of the ceramic resonator for value specifications of these capacitors.

Data Sheet 23 V 1.0, 2003-05
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*) Crystal or ceramic resonator

Figure 13 On-Chip Oscillator Circuitry

To drive the C868 with an external clock source, the external clock signal has to be
applied to XTAL2, as shown in Figure 14. XTAL1 has to be left unconnected. A pullup
resistor is suggested (to increase the noise margin), but is optional if V,, of the driving

gate corresponds to the V,,, specification of XTAL2.

Vipe C868
N.Cc.—] XTAL1
External
Clock XTAL2
Signal D
Figure 14 External Clock Source
Data Sheet 24 V 1.0, 2003-05
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0.1 Special Function Registers

All registers, except the program counter and the four general purpose register banks,
reside in the special function register area. The special function register area consists
of two portions: the standard special function register area and the mapped special
function register area. For accessing the mapped special function area, bit RMAP in
special function register SYSCONO must be set. All other special function registers are
located in the standard special function register area which is accessed when RMAP is
cleared (“0%).

SYSCONO

System Control Register O [Reset value: XX10XXX1g]
7 6 5 4 3 2 1 0
- - EALE RMAP - - - XMAPO
r r rw w r r r rw

The functions of the shaded bits are not described here
Field Bits Typ | Description
RMAP 4 rw | Special Function Register Map Control

RMAP =0: The access to the non-mapped (standard)
special function register area is enabled.

RMAP =1 : The access to the mapped special function
register area is enabled.

- [7:2] reserved;

returns '0’ if read; should be written with '0’;

=

As long as bit RMAP is set, the mapped special function register area can be accessed.
This bit is not cleared automatically by hardware. Thus, when non-mapped/mapped
registers are to be accessed, the bit RMAP must be cleared/set respectively by software.

The 109 special function registers (SFR) include pointers and registers that provide an
interface between the CPU and the other on-chip peripherals. All available SFRs whose
address bits 0-2 are 0 (e.g. 80y, 88y, 90y, ..., FOy, F8 ) are bit- addressable. Totally
there are 128 directly addressable bits within the SFR area.

All SFRs are listed in Table 6 and Table 7.In Table 6 they are organized in groups which
refer to the functional blocks of the C868-1R, C868-1S. Table 7 illustrates the contents
(bits) of the SFRs

Data Sheet 25 V 1.0, 2003-05
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Table 6 Special Function Registers - Functional Blocks
Block | Symbol Name Add- | Contents
ress |after
Reset
C800 |ACC Accumulator EOH? | 00y
core |B B-Register FOL® | 00y
DPH Data Pointer, High Byte 83y |00y
DPL Data Pointer, Low Byte 82 |00y
DPSEL Data Pointer Select Register 84, |00y
PSW Program Status Word Register DOQY | 00y
SP Stack Pointer 81y |07H
SCON Serial Channel Control Register 98 | 00y
SBUF Serial Data Buffer 99 |00y
IENO Interrupt Enable Register O A8Y | 0X000000g2
IEN1 Interrupt Enable Register 1 A9 | XXXXX000g?
IEN2 Interrupt Enable Register 2 AAp | XX0000XXg?
IPO Interrupt Priority Register 0 B8R | XX000000g2
IP1 interrupt Priority Register 1 ACp | XX000000g?
TCON Timer 0/1 Control Register 88" | 00y
TMOD Timer Mode Register 89y |00y
TLO Timer O, Low Byte 8A |00y
TL1 Timer 1, Low Byte 8By |00y
THO Timer 0, High Byte 8Ch |00y
TH1 Timer 1, High Byte 8Dy |00y
PCON Power Control Register 87 | 0XXX0000g2?
Sys- |PMCONO Wake-up Control Register 8EH | XXX00000g?
tem |CMCON Clock Control Register 8Fy |10011111g
EXICON External Interrupt Control Register 91y | XXXXXX00g?
IRCONO External Interrupt Request Register 92y | XXXXXX00g?
IRCON1 Peripheral Interrupt Request Register 934 | XX0000X0g?
PMCON1 Peripheral Management Ctrl Register E8p1 | XXXXX000g2
PMCON2 Peripheral Management Status Register | F8 39 | XXXXX000g?
SCUWDT SCU/Watchdog Control Register COp» | X0X00000g2
VERSION ROM Version Register FOy |00y
SYSCONO System Control Register 0 ADy | XX10XXX1g?
SYSCON1 System Control Register 1 AFh | 00XXX0X0g?
1) Bit-addressable special function registers
2) “X* means that the value is undefined and the location is reserved
3) Register is mapped by bit RMAP in SYSCONO0.4=1
4) Register is mapped by bit RMAP in SYSCONO0.4=0
Data Sheet 26 V 1.0, 2003-05
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Table 7 Contents of the SFRs, SFRs in numeric order of their addresses
Addr |Reg- Cfontent Bit7 |Bit6 |Bit5 |Bit4 |[Bit3 |[Bit2 |[Bitl |BitO
H after
Ister Reset?
Cé6y |CC62 |00y 7 .6 5 A4 .3 2 1 .0
RL
C74 |CC62 |00y 7 .6 5 4 3 2 A1 .0
RH
C8y |T2CO |00y TF2 EXF2 |RCLK |TCLK |EXEN |TR2 C/T2 |CP/
N 2 RL2
C9y |T2MO | XXXX |- - - - - - - DCEN
D XXX0g
CAy |RC2L |00y 7 .6 5 A4 .3 2 1 .0
CBy |RC2H |00y T .6 5 4 .3 .2 1 .0
CCH |TL2 00y 7 .6 5 A4 .3 2 1 .0
CDy |TH2 00y T .6 5 4 3 .2 A .0
CEy |TRPC |00y - - - - - TRPM |TRPM |TRPM
TRL 2 1 0
CFy |TRPC |00y TRPP |TRPE |TRPE |TRPE |TRPE |TRPE |TRPE |TRPE
TRH EN N13 N5 N4 N3 N2 N1 NO
DOy |PSW |00y CY AC FO RS1 RSO oV F1 P
D2, |T13PR|00y T .6 5 4 3 .2 A .0
L
D3y |T13PR|00y |.7 6 5 4 3 2 1 0
H
D4, |CC63 |00y 7 .6 5 A4 .3 2 1 .0
RL
D5 |CC63 |00y 7 .6 5 4 3 2 A1 .0
RH
D64 |MCMC|00y - - SWSY |SWSY |- SWSE |SWSE |SWSE
TRLL N1 NO L2 L1 LO
D6 |[MODC |00y MCME |- T1i2M |T12M |T12M |T12M |T12M |T12M
TRL N ODEN |[ODEN |ODEN |[ODEN |ODEN |ODEN
5 4 3 2 1 0

1) X means that the value is undefined and the location is reserved
2) This register is mapped with RMAP (SYSCONO0.4)=0

3) This register is mapped with RMAP (SYSCONO0.4)=1

Shaded registers are bit-addressable special function registers

Data Sheet 33 V 1.0, 2003-05
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Synchronization of T13 to T12

The timer T13 can be synchronized on a T12 event. Combined with the single shot
mode, this feature can be used to generate a programmable delay after a T12 event.

5

compare-match while 4
counting up a 3

2
T12

1

2
T13 : |
/y 0
T13R |

Synchronization of T13 to T12

Multi-channel Mode

The multi-channel mode offers a possibility to modulate all six T12-related output signals
within one instruction. The bits in bit field MCMP are used to select the outputs that may
become active. If the multi-channel mode is enabled (bit MCMEN=1"), only those
outputs may become active, which have a '1’ at the corresponding bit position in bit field
MCMP.

This bit field has its own shadow bit field MCMPS, which can be written by SW. The
transfer of the new value in MCMPS to the bit field MCMP can be triggered by and
synchronized to T12 or T13 events. This structure permits the SW to write the new value,
which is then taken into account by the HW at a well-defined moment and synchronized
to a PWM period. This avoids unintended pulses due to unsynchronized modulation
sources (T12, T13, SW).

Data Sheet 46 V 1.0, 2003-05
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Hall Sensor Mode

In Brushless-DC motors the next multi-channel state values depend on the pattern of
the Hall inputs. There is a strong correlation between the Hall pattern (CURH) and the
modulation pattern (MCMP). Because of different machine types the modulation
pattern for driving the motor can be different. Therefore it is wishful to have a wide
flexibility in defining the correlation between the Hall pattern and the corresponding
modulation pattern. The CCU6 offers this by having a register which contains the actual
Hall pattern (CURHS), the next expected Hall pattern (EXPHS) and its output pattern
(MCMPS). At every correct Hall event (CHE, see figure Hall Event Actions) a new Hall
pattern with its corresponding output pattern can be loaded (from a predefined table) by
software into the register MCMOUTS. Loading this shadow register can also be done by
a write action on MCMOUTS with bit STRHP ='1’

The sampling of the Hall pattern (on CCPOSX) is done with the T12 clock. By using the
dead-time counter DTCO (mode MSEL6x= '1000’) a hardware noise filter can be
implemented to suppress spikes on the Hall inputs due to high di/dt in rugged inverter
environment. In case of a Hall event the DTCO is reloaded and starts counting. When the
counter value of one is reached, the CCPOSx inputs are sampled (without noise and
spikes) and are compared to the current Hall pattern (CURH) and to the expected Hall
pattern (EXPH). If the sampled pattern equals to the current pattern the edge on
CCPOSx was due to a noise spike and no action will be triggered (implicit noise filter). If
the sampled pattern equals to the next expected pattern the edge on CCPOSx was a
correct Hall event, the bit CHE is set which causes an interrupt and the resets T12 (for
speed measurement, see description mode ‘1000’ below).

This correct Hall event can be used as a transfer request event for register MCMOUTS.
The transfer from MCMOUTS to MCMOUT transfers the new CURH-pattern as well as
the next EXPH-pattern. In case of the sampled Hall inputs were neither the current nor
the expected Hall pattern, the bit WHE (wrong Hall event) is set which also can cause
an interrupt and sets the IDLE mode clearing MCMP (modulation outputs are inactive).
To restart from IDLE the transfer request of MCMOUTS have to be initiated by software
(bit STRHP and bitfields SWSEL/SWSYN).

Data Sheet 49 V 1.0, 2003-05



( Infineon C868
technologies

For Brushless-DC motors there is a special mode (MSEL6x = '1000b’) which is
triggered by a change of the Hall-inputs (CCPOSXx). This mode shows the capabilities of
the CCUG6. Here T12's channel 0 acts in capture function, channel 1 and 2 in compare
function (without output modulation) and the multi-channel-block is used to trigger the
output switching together with a possible modulation of T13.

After the detection of a valid Hall edge the T12 count value is captured to channel O
(representing the actual motor speed) and resets the T12. When the timer reaches the
compare value in channel 1, the next multi-channel state is switched by triggering the
shadow transfer of bit field MCMP (if enabled in bit field SWEN). This trigger event can
be combined with several conditions which are necessary to implement a noise filtering
(correct Hall event) and to synchronize the next multi-channel state to the modulation
sources (avoiding spikes on the output lines). This compare function of channel 1 can be
used as a phase delay for the position input to the output switching which is necessary
if a sensorless back-EMF technique is used instead of Hall sensors. The compare value
in channel 2 can be used as a time-out trigger (interrupt) indicating that the motors
destination speed is far below the desired value which can be caused by a abnormal load
change. In this mode the modulation of T12 has to be disabled (T12MODENXx ="0").

CC60 act. speed chO gets
captured
value for é
CC61 phase delay act. speed ch2 compare

for timeout

CC62 timeout

capture
chl compare
event resets — = — for phase dela
‘ T12 P 4
CCPOS0 J 1 1 | 0O ] 0 o0
ccpost oo - oo [ o1 i1\ i1 i Jo
‘ ‘ i
ccPos2 1 | 0 0 0 I 1 1
ceex = al : : :
couTey ¢ ; ] : D

Figure 0-2  Timer T12 Brushless-DC Mode (MSEL6x = 1000)
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Interrupt System

The C868 provides 13 interrupt vectors with four priority levels. Nine interrupt requests
are generated by the on-chip peripherals (timer 0, timer 1, timer 2, serial channel, A/D
converter, and the capture/compare unit with 4 interrupts) and four interrupts may be
triggered externally.

The wake-up from power-down mode interrupt has a special functionality which allows
the software power-down mode to be terminated by a short negative pulse at pins
CCPOSO0/T2/INTO/ANO or P1.4/RxD.

The 13 interrupt sources are divided into six groups. Each group can be programmed to
one of the four interrupt priority levels. Additionally, 4 of these interrupt sources are
channeled from 7 Capture/Compare (CCUB) interrupt sources.

Figure 23 to Figure 28 give a general overview of the interrupt sources and illustrate
the request and control flags.

Data Sheet 54 V 1.0, 2003-05
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Priority Level
T Highest
CCPOS1/ o/ 0/I o{ l
T2EX/ | o |
INT1 / 0013y =
AN1 Lowest
L » P
TCON.2 Priority Level
P
[0}
ol/ I
|
L
P1.3/ oo " o " i
T >
INT3 EX3 00434 O/ n
L >
IEN1.2 g
S
e
q
u
I e
s 2 :
Capture/compare INPO o™~ o o/o o/ c \)
interrupt node 0 IRCONL2 [ENPO 0083y | ol/
IEN2.2 | -
EA1 IP1.2]] IPO.2 ]
IENO.7
D Bit addressable
D Request flag is cleared by hardware
Figure 25 Interrupt Structure, Overview Part 2
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If two or more requests of different priority levels are received simultaneously, the
request of the highest priority is serviced first. If requests of the same priority level are
received simultaneously, an internal polling sequence determines which request is to be
serviced first. Thus, within each priority level there is a second priority structure
determined by the polling sequence. This is illustrated in Table 13

Table 13 Interrupt Source Structure

Interrupt|Priority Bits |Interrupt Source Priority Priority
Group |of Interrupt
Group High Priority —_— Low
Priority
0 IPO.0 EXINTO IADC High
1 IPO.1 TFO EXINT2
2 IP0.2 EXINT1 EXINT3 INPOY)
3 IP0.3 TF1 INP1Y
4 IP0.4 RI+ T INP2D)
Low
5 IP0.5 TF2 INP3Y)

D Capture/compare has 10 interrupt sources channeled to the 4 interrupt nodes INPO..3. The 3 capture/
compare ports has 3 pairs of interrupt request flags, ICC60R, ICC60F, ICC61R, ICC61F, ICC62R, ICC62F.
The other flags are T120M, T12PM, T13CM, T13PM, TRPF, WHE, CHE.

Within a column, the topmost interrupt is serviced first, then the second and the third,
when available. The interrupt groups are serviced from left to right of the table. A low-
priority interrupt can itself be interrupted by a higher-priority interrupt, but not by another
interrupt of the same or a lower priority. An interrupt of the highest priority level cannot
be interrupted by another interrupt source.
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SFR SCUWDT) consecutively. This double instruction sequence has been implemented
to increase system security.

It must be noted, however, that the watchdog timer is halted during the idle mode and
power-down mode of the processor (see section "Power Saving Modes"). It is not
possible to use the idle mode in combination with the watchdog timer function.
Therefore, even the watchdog timer cannot reset the device when one of the power
saving modes has been entered accidentally.

The time period for an overflow of the Watchdog Timer is programmable in two ways :

— the input frequency to the Watchdog Timer can be selected via bit WDTIN in
register WDTCON to be either fs,s/2 or fs,s/128.

— thereload value WDTREL for the high byte of WDT can be programmed in register
WDTCON.

The period Py,p1 between servicing the Watchdog Timer and the next overflow can
therefore be determined by the following formula:

[0.1]

2(1 +WDTIN*6) (216 - WDTREL * 28)
Pwor =

fSYS

Table 14 lists the possible ranges for the watchdog time which can be achieved using a
certain module clock. Some numbers are rounded to 3 significant digits.
Table 14 Watchdog Time Ranges

Reload value Prescaler for fgs
in WDTREL 2 (WDTIN = ‘0") 128 (WDTIN = ‘1’)

40 MHz |20 MHz |16 MHz (40 MHz |20 MHz |16 MHz
FFy 12.8 pus |25.6 ps |32.0 ps |819.2 us [1.64 ms |2.05 ms
TFy 1.65 ms (3.3 ms |4.13ms |105.7 ms|211.3 ms|264 ms
00y 3.28 ms |6.55 ms [8.19 ms |209.7 ms|419.4 ms|524 ms

For safety reasons, the user is advised to rewrite WDTCON each time before the
Watchdog Timer is serviced.
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Device Specifications

Absolute Maximum Ratings

Absolute Maximum Rating Parameters

Parameter Symbol Limit Values Unit | Notes

min max.

Ambient temperature under bias | T -40 125 °C

Storage temperature Tste -65 150 °C |-

Voltage on Vppp pins with respect | Vppp -0.3 4.6 \Y -

to ground (Vsgp)

Voltage on any pin except int/ Vino -0.5 4.6 \% -

analog and XTAL with respect to

ground (Vssp)

Voltage on any int/analog pin with | V1 -0.5 4.6 \% -

respect to ground (Vggp)

Voltage on XTAL pins with Vinz -0.5 4.6 \ -

respect to ground (Vssc)

Input current on any pin during lov -10 10 mA |-D

overload condition

Absolute sum of all input currents | Z[loy| | - 43 mA |-

during overload condition

Power dissipation Poiss |- tbd W |-

D Proper operation is not guaranteed if overload conditions occur on functional pins like XTAL2 etc.

Note: Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in
the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.
During absolute maximum rating overload conditions (V\\>Vppp or V|N<Vssp,
Vin2>Vppe or Vino<Vsse) the voltage on Vppp pin with respect to ground (Vsgp)
must not exceed the values defined by the absolute maximum ratings.

Data Sheet
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Operating Conditions

The following operating conditions must not be exceeded in order to ensure correct
operation of the C868. All parameters specified in the following sections refer to these
operating conditions, unless otherwise noticed.

Operating Condition Parameters

Parameter Symbol Limit Values Unit | Notes
min. max.
Digital supply voltage | Vppp 3.0 3.6 \Y Active mode,
fSYSmax =40 MHz
tbd 3.6 \Y, PowerDown
mode?

Digital ground VSSC,VSSP 0 \% -

voltages

Ambient temperature | Ty -40 85 °C | SAF-C868...
-40 125 °C | SAK-C868...

Analog reference VAREE 3.0v Vopp+ |V -

voltage 0.1

Analog ground VaGnD Vggp-0.1|Vggp + \Y -

voltage 0.1

Analog input voltage | Van VaGnD VaREF \ -

External Clock fosc 6.67 10.67 MHz | -

Input current on any | lgyo -5 5 mA |-29)

pin during overload

condition except int/

analog and XTAL

int/analog pin lovi -2 5 mA |94

XTAL pin lovz -5 5 mA |39

Absolute sum of all | Zlgy - |20] mA |2

input currents during

overload condition

Notes:

1

Oscillator or external clock disabled.

2 overload conditions under operating conditions occur if the voltage on the respective pin exceeds the

specified operating range (i.e. Voy > Vppp +0.5V or Vg < Vggp -0.5V). The absolute sum of input currents
on all port pins may not exceed 20mA. The suply voltages Vppp and Vggp must remain within the specified
limits.

3) Not 100% tested, but guaranteed by design characterization.
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AC Characteristics
(Operating Condition Apply)
External Clock Drive Characteristics
Parameter Symbol Limit Values Unit
Variable Ext Clock
6.67 to 10.67 MHz
min max
Oscillating period tosc 93.75 150 ns
High time t 46.875 75 ns
Low time ty 46.875 75 ns
Rise time tr - 10 ns
Fall time te - 10 ns
ALE Characteristics
Parameter Symbol Limit Values Unit
System freq = 6.25MHz to 40MHz
Duty Cycle 0.5
min max
ALE pulse width tawD 50 320 ns
ALE period tacy 150 960 ns
Data Sheet 78 V 1.0, 2003-05



Infineon goes for Business Excellence

“Business excellence means intelligent approaches and clearly
defined processes, which are both constantly under review and
ultimately lead to good operating results.

Better operating results and business excellence mean less
idleness and wastefulness for all of us, more professional
success, more accurate information, a better overview and,
thereby, less frustration and more satisfaction.”

Dr. Ulrich Schumacher

http://www.infineon.com

Published by Infineon Technologies AG



