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General Device Information
2.2 Pin Configuration and Definition
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Figure 2 Pin Configuration (top view)
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General Device Information
Table 2 Pin Definitions and Functions
Symbol | Pin Input | Function
No. Outp.
XTAL1 |2 I XTAL1: Input to the oscillator amplifier and input to the
internal clock generator

XTAL2 |3 O XTAL2: Output of the oscillator amplifier circuit.

To clock the device from an external source, drive XTAL1,
while leaving XTAL2 unconnected. Minimum and maximum
high/low and rise/fall times specified in the AC
Characteristics (see Chapter 5.4) must be observed.

P3 10 Port 3 is a 12-bit bidirectional I/O port. It is bit-wise
programmable for input or output via direction bits. For a pin
configured as input, the output driver is put into high-
impedance state. Port 3 outputs can be configured as
push/pull or open drain drivers.

The following Port 3 pins also serve for alternate functions:

P3.2 5 I CAPIN GPT2 Register CAPREL Capture Input

P3.3 6 0] T30UT GPT1 Timer T3 Toggle Latch Output

P3.4 7 I T3EUD GPT1 Timer T3 External Up/Down Control Input
P3.5 8 I T4IN GPT1 Timer T4 Count/Gate/Reload/Capture Inp.
P3.6 9 I T3IN GPT1 Timer T3 Count/Gate Input

P3.7 10 I T2IN GPT1 Timer T2 Count/Gate/Reload/Capture Inp.
P3.8 11 I/0O MRST  SSC Master-Receive/Slave-Transmit Inp./Outp.

P3.9 12 I/0O MTSR  SSC Master-Transmit/Slave-Receive Outp./Inp.

P3.10 13 @] TxDO ASCO Clock/Data Output (Async./Sync.)

P3.11 14 I/O RxDO ASCO Data Input (Async.) or Inp./Outp. (Sync.)

P3.12 15 O BHE External Memory High Byte Enable Signal,
O WRH External Memory High Byte Write Strobe
P3.13 16 1/0O SCLK  SSC Master Clock Output / Slave Clock Input.

P4 10 Port 4 is a 6-bit bidirectional 1/0 port. It is bit-wise
programmable for input or output via direction bits. For a pin
configured as input, the output driver is put into high-
impedance state.

Port 4 can be used to output the segment address lines:

P4.0 17 O A16 Least Significant Segment Address Line
P4.1 18 O A17 Segment Address Line
P4.2 19 O A18 Segment Address Line
P4.3 20 0] A19 Segment Address Line
P4.4 23 0] A20 Segment Address Line
P4.5 24 0] A21 Segment Address Line
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Functional Description

3.1 Memory Organization

The memory space of the C161S is configured in a von Neumann architecture which
means that code memory, data memory, registers and I/O ports are organized within the
same linear address space which includes 16 Mbytes. The entire memory space can be
accessed bytewise or wordwise. Particular portions of the on-chip memory have
additionally been made directly bitaddressable.

The C161S is prepared to incorporate on-chip program memory (not in the ROM-less
derivatives, of course) for code or constant data. The internal ROM area can be mapped
either to segment 0 or segment 1.

2 Kbytes of on-chip Internal RAM (IRAM) are provided as a storage for user defined
variables, for the system stack, general purpose register banks and even for code. A
register bank can consist of up to 16 wordwide (RO to R15) and/or bytewide (RLO, RHO,
..., RL7, RH7) so-called General Purpose Registers (GPRs).

1024 bytes (2 x 512 bytes) of the address space are reserved for the Special Function
Register areas (SFR space and ESFR space). SFRs are wordwide registers which are
used for controlling and monitoring functions of the different on-chip units. Unused SFR
addresses are reserved for future members of the C166 Family.

In order to meet the needs of designs where more memory is required than is provided
on chip, up to 16 Mbytes of external RAM and/or ROM can be connected to the
microcontroller. The maximum contiguous external address space is 4 Mbytes, i.e. this
is the maximum address window size. Using the chip-select lines (multiple windows) this
results in a maximum usable external address space of 16 Mbytes.

Data Sheet 11 V1.0, 2003-11
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3.5 Real Time Clock

The Real Time Clock (RTC) module of the C161S consists of a chain of 3 divider blocks,
a fixed 8:1 divider, the reloadable 16-bit timer T14, and the 32-bit RTC timer (accessible
via registers RTCH and RTCL). The RTC module is directly clocked with the on-chip
oscillator frequency divided by 32 via a separate clock driver (fgrc = fosc/32) and is
therefore independent from the selected clock generation mode of the C161S. All timers
count up.

The RTC module can be used for different purposes:

e System clock to determine the current time and date
* Cyclic time based interrupt
* 48-bit timer for long term measurements

T14REL
Reload
frrc
T14 < 8:1 < <
» Interrupt
Request
RTCH < RTCL <

MCD04432

Figure 7 RTC Block Diagram

Note: The registers associated with the RTC are not affected by a reset in order to
maintain the correct system time even when intermediate resets are executed.
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3.7 Watchdog Timer

The Watchdog Timer represents one of the fail-safe mechanisms which have been
implemented to prevent the controller from malfunctioning for longer periods of time.

The Watchdog Timer is always enabled after a reset of the chip, and can only be
disabled in the time interval until the EINIT (end of initialization) instruction has been
executed. Thus, the chip’s start-up procedure is always monitored. The software has to
be designed to service the Watchdog Timer before it overflows. If, due to hardware or
software related failures, the software fails to do so, the Watchdog Timer overflows and
generates an internal hardware reset and pulls the RSTOUT pin low in order to allow
external hardware components to be reset.

The Watchdog Timer is a 16-bit timer, clocked with the system clock divided by 2/128.
The high byte of the Watchdog Timer register can be set to a prespecified reload value
(stored in WDTREL) in order to allow further variation of the monitored time interval.
Each time it is serviced by the application software, the high byte of the Watchdog Timer
is reloaded. Thus, time intervals between 25 us and 420 ms can be monitored
(@ 20 MHz).

The default Watchdog Timer interval after reset is 6.55 ms (@ 20 MHz).

3.8 Parallel Ports

The C161S provides up to 63 1/O lines which are organized into six input/output ports
and one input port. All port lines are bit-addressable, and all input/output lines are
individually (bit-wise) programmable as inputs or outputs via direction registers. The 1/O
ports are true bidirectional ports which are switched to high impedance state when
configured as inputs. The output drivers of three 1/O ports can be configured (pin by pin)
for push/pull operation or open-drain operation via control registers. During the internal
reset, all port pins are configured as inputs.

All port lines have programmable alternate input or output functions associated with
them. All port lines that are not used for these alternate functions may be used as general
purpose 10 lines.

PORTO and PORT1 may be used as address and data lines when accessing external
memory, while Port 4 outputs the additional segment address bits A21/19/17 ... A16in
systems where segmentation is enabled to access more than 64 Kbytes of memory.
Port 6 provides optional chip select signals.

Port 3 includes alternate functions of timers, serial interfaces, and the optional bus
control signal BHE.

Port 5 is used for timer control signals.
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Table 6 C161S Registers, Ordered by Name (cont’d)
Name Physical |8-Bit | Description Reset
Address | Addr. Value
POL b | FFOO, 80, |Port 0 Low Reg. (Lower half of PORTO) 00,
P1H b | FFO6,, 83y Port 1 High Reg. (Upper half of PORT1) 00y
PiL b | FFO4, 82, |Port1 Low Reg.(Lower half of PORT1) 00,
P2 b | FFCOy EO, |Port2 Register 0000,
P3 b | FFC4, E2,, |Port 3 Register 0000,
P4 b | FFC8, E4,, |Port 4 Register (8 bits) 00,
P5 b | FFA2, D1, |Port 5 Register (read only) XXXXy
P6 b | FFCCy, E6, | Port 6 Register (8 bits) 00,
PECCO FECO 60, | PEC Channel 0 Control Register 0000y
PECC1 FEC2, 61, | PEC Channel 1 Control Register 00004
PECC2 FEC4, 62,, | PEC Channel 2 Control Register 0000y
PECC3 FEC6, 63, | PEC Channel 3 Control Register 00004
PECC4 FEC8, 64,, | PEC Channel 4 Control Register 00004
PECC5 FECA, 65, | PEC Channel 5 Control Register 0000y
PECC6 FECCy, 66, | PEC Channel 6 Control Register 00004
PECC7 FECE, 67, | PEC Channel 7 Control Register 0000y
PSW b |FF104 88, | CPU Program Status Word 00004
RPOH b |F108, E|84, |System Startup Config. Reg. (Rd. only) XXy
RTCH FOD6, E|6B, |RTC High Register XXXXy
RTCL FOD4, E|6A, |RTC Low Register XXXXy
S0BG FEB4, 5A, | Serial Channel 0 Baud Rate Generator 0000y
Reload Register
SOCON b | FFBO, D8,, |Serial Channel 0 Control Register 00004
SOEIC b | FF704 B8, | Serial Channel 0 Error Interrupt Ctrl. Reg| 0000y,
SORBUF FEB2, 59,, |Serial Channel 0 Receive Buffer Reg. XXy
(read only)
SORIC b | FF6E, B7, | Serial Channel O Receive Interrupt 00004
Control Register
SOTBIC b |F19C, E|CE, |Serial Channel 0 Transmit Buffer 0000y
Interrupt Control Register

Data Sheet 30 V1.0, 2003-11



—

Infinleon C161S
ecnno Ogy
Electrical Parameters
Table 10 DC Characteristics (Reduced Supply Voltage Range)

(Operating Conditions apply)?

Parameter Symbol Limit Values | Unit | Test Condition
Min. Max.

Input low voltage (TTL, Vi, SR |-0.5 0.8 \Y -
all except XTAL1)
Input low voltage XTAL1 Vi SR |-0.5 03V |V -
Input high voltage (TTL, Vi SR |1.8 Voo+ |V |-
all except RSTIN and XTAL1) 0.5
Input high voltage RSTIN Viwpy SR [0.6 Vpp | Vpp+ |V -
(when operated as input) 0.5
Input high voltage XTAL1 Vie SR |0.7 Vpp | Vpp+ |V -

0.5
Output low voltage Voo CC |- 0.45 Vv Io. =1.6 MA
(PORTO, PORT1, Port 4, ALE,
RD, WR, BHE, RSTOUT,
RSTIN?)
Output low voltage Vo CC | = 0.45 Vv Io. =1.0mA
(all other outputs)
Output high voltage® Vou CC 0.9 Vpp |- V. |Igy=-0.5mA
(PORTO, PORT1, Port 4, ALE,
RD, WR, BHE, RSTOUT)
Output high voltage® Vous CC 0.9 Vpp |- V. |Ioy=-0.25mA
(all other outputs)
Input leakage current (Port5) |ly,; CC |- 200 |nA |OV<Vy<Vpp
Input leakage current (all other) | I5,, CC |- 500 |nA [0.45V< V< Vpp
RSTIN inactive current? Iestd |- -10 A | Viy = Viag
RSTIN active current? Igst®  [-100 |- wA |[Vin=V,
RD/WR inactive current” Tawi® - -10 WA | Vour=24V
RD/WR active current”) Taw® -500 |- A | Vour = Vormax
ALE inactive current”) Iyel® |- 20 LA | Vour = VorLmax
ALE active current”) Iy 500 — WA | Vour=24V
Port 6 inactive current”) Tpg” - -10 WA | Vour=24V
Port 6 active current” Ipg® -500 |- A | Vout = VoLtmax

Data Sheet 38
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Electrical Parameters

Table 10 DC Characteristics (Reduced Supply Voltage Range) (cont’d)
(Operating Conditions apply)?

Parameter Symbol Limit Values | Unit | Test Condition
Min. Max.
PORTO configuration current” | Ip,,,> - -5 LA | Vin = Vidmin
Ipo ¥ -100 - HA | Vi = Vitmax
XTALT input current I, CC|- +20 MA |0V < V<V
Pin capacitance® Co CC|- 10 pF |f=1 MHz,
(digital inputs/outputs) T,=25°C

1) Keeping signal levels within the levels specified in this table, ensures operation without overload conditions.
For signal levels outside these specifications also refer to the specification of the overload current I,,.

2) Valid in bidirectional reset mode only.

3) This specification is not valid for outputs which are switched to open drain mode. In this case the respective
output will float and the voltage results from the external circuitry.

N

N O O
- — = =

()

Data Sheet

This specification is only valid during Reset and Adapt Mode.

39

Not subject to production test, verified by design/characterization.

These parameters describe the RSTIN pull-up, which equals a resistance of ca. 50 to 250 kQ.
The maximum current may be drawn while the respective signal line remains inactive.
The minimum current must be drawn in order to drive the respective signal line active.

V1.0, 2003-11
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Timing Characteristics

The timings listed in the AC Characteristics that refer to TCLs therefore must be
calculated using the minimum TCL that is possible under the respective circumstances.

The actual minimum value for TCL depends on the jitter of the PLL. As the PLL is
constantly adjusting its output frequency so it corresponds to the applied input frequency
(crystal or oscillator) the relative deviation for periods of more than one TCL is lower than
for one single TCL (see formula and Figure 11).

For a period of N x TCL the minimum value is computed using the corresponding
deviation Dy:

where N = number of consecutive TCLs and 1 <N < 40.

So for a period of 3 TCLs @ 20 MHz (i.e. N=3): D3 =(13.3+3x6.3) /20 =1.61 ns,

This is especially important for bus cycles using waitstates and e.g. for the operation of
timers, serial interfaces, etc. For all slower operations and longer periods (e.g. pulse train
generation or measurement, lower baudrates, etc.) the deviation caused by the PLL jitter
is negligible.

Note: For all periods longer than 40 TCL the N = 40 value can be used (see Figure 11).

Max. jitter D 4
ns This approximated formula is valid for
£30 " 1<N<40and 10 MHz =, < 25 MHz.
10 MHz
+26.5
+20 +—
16 MHz
20 MHz
25 MHz
+10 +—
Y : | | | >
1 10 20 30 40 N
MCD04455

Figure 11 Approximated Maximum Accumulated PLL Jitter
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Timing Characteristics

Direct Drive

When direct drive is configured (CLKCFG = 0113) the on-chip phase locked loop is
disabled and the CPU clock is directly driven from the internal oscillator with the input
clock signal.

The frequency of f.p directly follows the frequency of f5sc so the high and low time of
Jepu (i-e. the duration of an individual TCL) is defined by the duty cycle of the input clock
Josc:

The timings listed below that refer to TCLs therefore must be calculated using the
minimum TCL that is possible under the respective circumstances. This minimum value
can be calculated via the following formula:

For two consecutive TCLs the deviation caused by the duty cycle of f,5 is compensated
so the duration of 2TCL is always 1/f5gc. The minimum value TCL,,;, therefore has to be
used only once for timings that require an odd number of TCLs (1, 3, ...). Timings that
require an even number of TCLs (2, 4, ...) may use the formula 2TCL = 1/fygc.

Data Sheet 47 V1.0, 2003-11
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5.2 External Clock Drive XTAL1
Table 14 External Clock Drive XTAL1 (Operating Conditions apply)
Parameter Symbol Direct Drive Prescaler PLL Unit

1:1 2:1 1:N

Min. Max. | Min. Max. |Min. Max.

Oscillator fosc SR |40 —~ 20 —~ 60" 500" |ns
period
High time? t;, SR (209 |- 5 — 10 - ns
Low time? t, SR [20% |- 5 —~ 10 - ns
Rise time? ts SR |- 8 — 5 — 10 ns
Fall time? t, SR |- 8 — 5 — 10 ns

1) The minimum and maximum oscillator periods for PLL operation depend on the selected CPU clock
generation mode. Please see respective table above.

2) The clock input signal must reach the defined levels V, , and V.

3) The minimum high and low time refers to a duty cycle of 50%. The maximum operating frequency (fzp) in
direct drive mode depends on the duty cycle of the clock input signal.

05 Vpp

MCT02534

Figure 12 External Clock Drive XTAL1

Note: If the on-chip oscillator is used together with a crystal, the oscillator frequency is
limited to a range of 4 MHz to 16 MHz.
It is strongly recommended to measure the oscillation allowance (or margin) in the
final target system (layout) to determine the optimum parameters for the oscillator
operation. Please refer to the limits specified by the crystal supplier.
When driven by an external clock signal it will accept the specified frequency
range. Operation at lower input frequencies is possible but is verified by design
only (not tested in production).
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Timing Characteristics

Table 16 Multiplexed Bus (Standard Supply Voltage Range) (cont’'d)
(Operating Conditions apply)

ALE cycle time = 6 TCL + 21, + #; + 7= (120 ns at 25 MHz CPU clock without waitstates)

Parameter Symbol | Max. CPU Clock | Variable CPU Clock | Unit
= 25 MHz 1/2TCL =1 to 25 MHz
Min. Max. Min. Max.

ALE fall. edge to RdCS, |7,, CC |[16+17, |— TCL-4 - ns

WrCS (with RW delay) + 1

ALE fall. edge to RdCS, |#,; CC |-4+1, |— -4 - ns

WrCS (no RW delay) + I

Address float after tye CC |- 0 - 0 ns

RdCS, WrCS (with RW

delay)

Address float after tys CC |- 20 - TCL ns

RdCS, WrCS (no RW

delay)

RdCS to Valid Data In tt SR |- 16 +1c |- 2TCL-24 |ns

(with RW delay) + 1

RdCS to Valid Data In t.7 SR |- 36+ |— 3TCL-24 |ns

(no RW delay) + 1o

RdCS, WrCS Low Time |#,4 CC |30+17; |— 2TCL-10 |- ns

(with RW delay) + 1

RdCS, WrCS Low Time |#,4 CC |50 +17; |— 3TCL-10 |- ns

(no RW delay) + I

Data valid to WrCS tsg CC |26 +1; |— 2TCL-14 |- ns
+ 1

Data hold after RACS tss SR |0 - 0 - ns

Data float after RACS ts» SR |- 20+t |- 2TCL-20 |ns

+ 1

Address hold after tss CC |20+ 1 |- 2TCL-20 |- ns

RdCS, WrCS + IF

Data hold after WrCS tse CC |20+ 1 |- 2TCL-20 |- ns
+ 1

1) These parameters refer to the latched chip select signals (CSxL). The early chip select signals (CSxE) are
specified together with the address and signal BHE (see figures below).
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~ls —>
ALE
CSxL
A23-A16 » l7 s —>\
(A15-A8) X Address X
HE, CSxE
<—t6—> <—t7—> 4—1‘54—»
<—t19 —
Read Cycle ~fg >
BUS ><: Addcress :>—<:Data In >>>—<
Iy
-~ 114 —
m \ 15 //
- A >
41‘43“ 13 <—t51 —
RggD I4s5 — 15 —>
RACSx AN} oA
- t49 —>
Write Cycle tos
BUS ><: Address :><: Data Out ><
fy 56 =
- > [11 —> <—t22 —>
_WR, N\ 7z
WRL, < ta ,
WRH I43
- > [45 —> <—t50 —>
WrCSx \\ //’
<—t49 —_—

Figure 17 External Memory Cycle:
Multiplexed Bus, No Read/Write Delay, Normal ALE

Data Sheet 58 V1.0, 2003-11



—

Infineon
ec no Ogy

C161S

Timing Characteristics

Table 18 Demultiplexed Bus (Standard Supply Voltage Range)
(Operating Conditions apply)

ALE cycle time =4 TCL + 21, + #; + 7= (80 ns at 25 MHz CPU clock without waitstates)

Parameter Symbol | Max. CPU Clock | Variable CPU Clock | Unit
=25 MHz 1/2TCL =1 to 25 MHz
Min. Max. Min. Max.
ALE high time t; CC|10+1, |- TCL-10 |- ns
+ Iy
Address setup to ALE Is CC |4+t |- TCL-16 |- ns
+ Iy
ALE fallingedgeto RD, |73 CC [10+1, |- TCL-10 |- ns
WR (with RW-delay) 1
ALE fallingedgeto RD, |7,  CC [-10+ 1, |- -10 —~ ns
WR (no RW-delay) + 1
RD, WR low time fp CC|30+1 |- 2TCL-10 |- ns
(with RW-delay) + g
RD, WR low time t;3 CC [50+1s |- 3TCL-10 |- ns
(no RW-delay) + I
RD to valid data in ty SR |- 20+ 15 |- 2TCL-20 |ns
(with RW-delay) g
RD to valid data in tis SR |- 40 + 15 |- 38TCL-20 |ns
(no RW-delay) + I
ALE low to valid datain |7,; SR |- 40 + - 3TCL-20 |ns
In + 1o + 15+ I
Addresstovaliddatain [#z,; SR |- 50 + - 4TCL-30 |ns
215 + 1 + 215 + I
Data hold after RD tg SR |0 — 0 — ns
rising edge
Data float after RD rising |,, SR |- 26 + - 2TCL - 14 |ns
edge (with RW-delay") 2ty + 1" + 221,
+ 1"
Data float after RD rising |#,;, SR |- 10 + — TCL-10 |ns
edge (no RW-delay") 2ty + 1) + 221,
+ 1"
Data valid to WR .o CC [20+1; |- 2TCL-20 |- ns
+ 1
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Table 18 Demultiplexed Bus (Standard Supply Voltage Range) (cont'd)

(Operating Conditions apply)

ALE cycle time =4 TCL + 21, + #; + 7= (80 ns at 25 MHz CPU clock without waitstates)

Parameter Symbol | Max. CPU Clock | Variable CPU Clock | Unit
= 25 MHz 1/2TCL =1 to 25 MHz
Min. Max. Min. Max.

Data hold after WR t,y, CC[10+1 |- TCL-10 |- ns
+ 1

ALErisingedgeafterRD, |1, CC |-10 + f¢ | — 10+ |- ns

WR

Address hold after WR? |f,, CC |0+1f |- 0+t — ns

ALE falling edge to CS® |f,3 CC |-4-1, |10-14 |[-4-1, 10 - 1, ns

CS low to Valid Data In® |7, SR |- 40 + —~ 3TCL-20 |ns

Ic + 21y + Ic + 21y

CS hold after RD, WR® |z,, CC |6+t |- TCL-14 |- ns
+ IF

ALE falling edge to typ CC [16+1, |- TCL-4 - ns

RdCS, WrCS (with + 1y

RW-delay)

ALE falling edge to tys CC [-4+1, |- -4 - ns

RdCS, WrCS (no + I

RW-delay)

RdCS to Valid Data In the SR |- 16 +1; |- 2TCL-24 |ns

(with RW-delay) + 1o

RdCS to Valid Data In t,7 SR |- 36+1; |- 3TCL-24 |ns

(no RW-delay) + 1

RdCS, WrCS Low Time |7,4 CC |30+17; |— 2TCL-10 |- ns

(with RW-delay) + 1

RdCS, WrCS Low Time |7, CC |50 +1; |- 3TCL-10 |- ns

(no RW-delay) + 1

Data valid to WrCS tsy CC |26+1; |- 2TCL-14 |- ns
+ 1

Data hold after RACS ts+ SR |0 - 0 - ns

Data float after RACS ts3 SR |- 20+t |- 2TCL-20 |ns

(with RW-delay)" + 21, + 1)
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Table 19

Timing Characteristics

Demultiplexed Bus (Reduced Supply Voltage Range) (cont’d)
(Operating Conditions apply)

ALE cycle time =4 TCL + 21, + t; + 2= (100 ns at 20 MHz CPU clock without waitstates)

Parameter Symbol | Max. CPU Clock | Variable CPU Clock | Unit

=20 MHz 1/2TCL =1 to 20 MHz

Min. Max. Min. Max.
Data float after RACS tes SR |- 5+t |- TCL-20 |ns
(no RW-delay)" + 2ty + 1"
Address hold after tss CC [-16+ 1 |- -16 + 1 - ns
RdCS, WrCS
Data hold after WrCS ts; CC |9+t |- TCL-16 |- ns
+ Ie

1) RW-delay and ¢, refer to the next following bus cycle (including an access to an on-chip X-Peripheral).

2) Read data are latched with the same clock edge that triggers the address change and the rising RD edge.
Therefore address changes before the end of RD have no impact on read cycles.

3) These parameters refer to the latched chip select signals (CSxL). The early chip select signals (CSxE) are
specified together with the address and signal BHE (see figures below).
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Timing Characteristics
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Figure 19 External Memory Cycle:
Demultiplexed Bus, With Read/Write Delay, Normal ALE
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