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General Device Information
2.2 Pin Configuration and Definition
[ala)
Z2Z2Z2ZZ2ZZ

RIS b

XN < <

ES%%%%%%ELLEL 3z ~o

ddAd A A A4 ONAS =FIF o, ,T T

LDLDNNNNNNN@@@@‘EU)U)GU)HH

o oA OO OO AAZIEIES > O

NN

/OOOOI\QOLOQ'CV)NHOOUOOI\QOLO?O’)NH

ONMNNMMMMMMMMNMOOOOO OO OO
Ves [ ]1 60 | ] P1H.5/A13
XTALL ]2 59 | P1H.4/A12
XTAL2 []3 58 | ] P1H.3/A11
Voo (] 4 57 [ P1H.2/A10

P3.2/CAPIN []5 56 | P1H.1/A9

P3.3/T30UT [|6 55 | P1H.0/A8

P3.4/T3EUD [| 7 54 |1 P1L.7/IA7

P3.5/T4IN[] 8 53 | P1L.6/A6
P3.6/T3IN ]9 52 | P1L.5/A5
P3.7/T2IN [] 10 C161S 51 | P1L.4/A4
P3.8/MRST [] 11 50 | P1L.3/A3
P3.9/MTSR [] 12 49 [ P1L.2IA2
P3.10/TxD0 [ 13 48 [ P1L.1/AL

P3.11/RxD0 [] 14 47 [ P1L.0/AO
P3.12/BHE/WRH [| 15 46 [ ] POH.7/AD15

P3.13/SCLK [] 16 45| ] POH.6/AD14

P4.0/A16 [ 17 44 | ] POH.5/AD13
P4.1/A17 [] 18 43 [] POH.4/AD12
P4.2/A18 [] 19 42 [ ] POH.3/AD11
P4.3/A19 [| 20 41 [ POH.2/AD10

A AN MNMTOON~NODOODOAANMSTLL ONNOO O

N AN AN ANANANANANNMOOOOOOO OO OO M

HiEjRENiRRRE NN

4 2R TREYEeEN83885.8.883

7> <473 2222212277 <<

IO 7 SHddmS o~ S

53 2 22234244 Iz

oaooaoaoaoaoan aa
MCP05505

Figure 2 Pin Configuration (top view)
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Table 2 Pin Definitions and Functions (cont’'d)
Symbol | Pin Input | Function
No. Outp.

P6 (@] Port 6 is a 4-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 6 outputs can be configured as
push/pull or open drain drivers.

The Port 6 pins also serve for alternate functions:

P6.0 68 o CSo Chip Select 0 Output

P6.1 69 o CSs1 Chip Select 1 Output

P6.2 70 o CS2 Chip Select 2 Output

P6.3 71 O CS3 Chip Select 3 Output

P2 10 Port 2 is a 7-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 2 outputs can be configured as
push/pull or open drain drivers.

The following Port 2 pins also serve for alternate functions:

P2.9 72 I EX1IN  Fast External Interrupt 1 Input

P2.10 73 I EX2IN  Fast External Interrupt 2 Input

P2.11 74 I EX3IN  Fast External Interrupt 3 Input

P2.12 75 | EX4IN  Fast External Interrupt 4 Input

P2.13 76 I EXS5IN  Fast External Interrupt 5 Input

P2.14 77 I EX6IN  Fast External Interrupt 6 Input

P2.15 78 I EX7IN  Fast External Interrupt 7 Input

P5 I Port 5 is a 2-bit input-only port with Schmitt-Trigger char.
The pins of Port 5 also serve as timer inputs:

P5.14 79 I TAEUD GPT1 Timer T4 Ext. Up/Down Ctrl. Input

P5.15 80 I T2EUD GPT1 Timer T5 Ext. Up/Down Ctrl. Input

Voo 4,22, |- Digital Supply Voltage:

37,64 + 5V during normal operation and idle mode.
+ 3.3 V during reduced supply operation and idle mode.
> 2.5V during power down mode.
Note: Please refer to the Operating Conditions Parameters.
Vss 1,21, |- Digital Ground.
38, 63
Data Sheet 8 V1.0, 2003-11
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General Device Information

Note: The following behavioural differences must be observed when the bidirectional
reset is active:

 Bit BDRSTEN in register SYSCON cannot be changed after EINIT and is cleared
automatically after a reset.

* The reset indication flags always indicate a long hardware reset.

« The PORTO configuration is treated like on a hardware reset. Especially the
bootstrap loader may be activated when POL.4 is low.

 Pin RSTIN may only be connected to external reset devices with an open drain output
driver.

» A short hardware reset is extended to the duration of the internal reset sequence.

Data Sheet 9 V1.0, 2003-11
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3.10 Power Management

The C161S provides several means to control the power it consumes either at a given
time or averaged over a certain timespan. Three mechanisms can be used (partly in
parallel):

+ Power Saving Modes switch the C161S into a special operating mode (control via
instructions).
Idle Mode stops the CPU while the peripherals can continue to operate.
Power Down Mode stops all clock signals and all operation (RTC may optionally
continue running).

 Clock Generation Management controls the distribution and the frequency of
internal and external clock signals (control via register SYSCON2).
Slow Down Mode lets the C161S run at a CPU clock frequency of fosc/ 1 ... 32 (half
for prescaler operation) which drastically reduces the consumed power. The PLL can
be optionally disabled while operating in Slow Down Mode.

» Peripheral Management permits temporary disabling of peripheral modules (control
via register SYSCON3).
Each peripheral can separately be disabled/enabled. A group control option disables
a major part of the peripheral set by setting one single bit.

The on-chip RTC supports intermittent operation of the C161S by generating cyclic
wake-up signals. This offers full performance to quickly react on action requests while
the intermittent sleep phases greatly reduce the average power consumption of the
system.

Data Sheet 25 V1.0, 2003-11
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4.2 Operating Conditions

The following operating conditions must not be exceeded in order to ensure correct
operation of the C161S. All parameters specified in the following sections refer to these

operating conditions, unless otherwise noticed.

Table 8 Operating Condition Parameters

Parameter Symbol Limit Values |Unit |Notes
Min. Max.

Standard Voo 4.5 5.5 Vv Active mode,

digital supply voltage Jepumax = 25 MHz
259 |55 \Y, Power down mode

Reduced Voo 3.0 3.6 Vv Active mode,

digital supply voltage Jepumax = 20 MHz
259 |36 Y, Power down mode

Digital ground voltage Vss 0 \% Reference voltage

Overload current Ioy —~ +5 mA | Per pin??

Absolute sum of overload | Z|/,, /| - 50 mA |¥

currents

External Load C, — 100 pF —

Capacitance

Ambient temperature T, 0 70 °C SAB-C161S ...
-40 85 °C SAF-C161S ...
-40 125 °C SAK-C161S ...

1) Output voltages and output currents will be reduced when V leaves the range defined for active mode.

2) Overload conditions occur if the standard operating conditions are exceeded, i.e. the voltage on any pin
exceeds the specified range (i.e. Vo, > Vpp + 0.5 V or V,, < Vgg - 0.5 V). The absolute sum of input overload
currents on all pins may not exceed 50 mA. The supply voltage must remain within the specified limits.
Proper operation is not guaranteed if overload conditions occur on functional pins such as XTAL1, RD, WR,

etc.

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

Data Sheet
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Table 9 DC Characteristics (Standard Supply Voltage Range) (cont’d)

(Operating Conditions apply)”

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

Port 6 active current” Iog ® 500 |- A | Vour = Vorimax

PORTO configuration current” | Iy, —~ -10 A | Vin = Vidmin
Ipo,® -100 |- HA | ViN = Vimax

XTAL1 input current I, CC|- +20 MA |0V <V, <V

Pin capacitance® Co CC|- 10 pF  |[f=1MHz,

(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.

4) These parameters describe the RSTIN pull-up, which equals a resistance of ca. 50 to 250 kQ.

5) The maximum current may be drawn while the respective signal line remains inactive.

6) The minimum current must be drawn in order to drive the respective signal line active.

7) This specification is only valid during Reset and Adapt Mode.

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

Data Sheet
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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

(N x TCL),,, = N x TCLyop - Dy, Dy [NS] = #(13.3 + N x 6.3) / fip, [MHZ] (1)

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+3 x 6.3) / 20 = 1.61 ns,
and (3TCL) i, = 3TCLyom - 1.61 ns = 73.39 ns (@ fcpy = 20 MHZ).

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 <f_,, < 25 MHz.
10 MHz
+26.5 +—
+20 -
16 MHz
20 MHz
25 MHz
+10 +—
=Y | | | | -
1 10 20 30 40 N
MCDO04455

Figure 11 Approximated Maximum Accumulated PLL Jitter
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Timing Characteristics

5.3 Testing Waveforms

24V
18V 18V
> Test Points <:
0.8V 0.8V
045V
AC inputs during testing are driven at 2.4 V for a logic ‘1" and 0.45 V for a logic ‘0",
Timing measurements are made at Vj, min for a logic *1" and V; max for a logic ‘0".

MCA04414

Figure 13 Input Output Waveforms

Timing
Reference
Points

For timing purposes a port pin is no longer floating when a 100 mV change from load voltage occurs,
but begins to float when a 100 mV change from the loaded Vj,, / Vi, level occurs (I /1o, = 20 mA).

MCAQ0763

Figure 14 Float Waveforms
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Timing Characteristics

Memory Cycle Variables

The timing tables below use three variables which are derived from the BUSCONX
registers and represent the special characteristics of the programmed memory cycle.
Table 15 describes, how these variables are to be computed.

Table 15 Memory Cycle Variables

Description Symbol | Values

ALE Extension Ia TCL x <ALECTL>
Memory Cycle Time Waitstates |- 2TCL x (15 - <MCTC>)
Memory Tristate Time I 2TCL x (1 - <MTTC>)

Note: Please respect the maximum operating frequency of the respective derivative.

5.4 AC Characteristics

Table 16 Multiplexed Bus (Standard Supply Voltage Range)
(Operating Conditions apply)

ALE cycle time = 6 TCL + 21, + 1~ + #- (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 high time Is CC|10+1, |- TCL-10 |- ns
+ tA

Address setup to ALE Is CC |4+t |- TCL-16 |- ns
+ Iy

Address hold after ALE |1, CC |10 +1¢, |- TCL-10 |- ns
+ 1)

ALE falling edge toRD, |73 CC [10+1, |- TCL-10 |- ns

WR (with RW-delay) + 15

ALE falling edgetoRD, |7,  CC [-10+1, |- -10+1, |- ns

WR (no RW-delay)

Address float after RD, |7,, CC |- 6 —~ 6 ns

WR (with RW-delay)

Address float after RD, |r,; CC |- 26 —~ TCL+6 |ns

WR (no RW-delay)

Data Sheet 50 V1.0, 2003-11
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Timing Characteristics

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

ALE cycle time = 4 TCL + 21, + 1 + 1 (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 Is CC|10+1, |- TCL-10 |- ns
+ 1)
Address setup to ALE Is CC |4+t |- TCL-16 |- ns
+ 1)
ALE falling edgetoRD, |73  CC [10+1, |- TCL-10 |- ns
WR (with RW-delay) + 15
ALE falling edgetoRD, |7,  CC [-10+1, |- -10 - ns
WR (no RW-delay) + 15
RD, WR low time f,, CC|30+1. |- 2TCL-10 |- ns
(with RW-delay) + Ic
RD, WR low time t;3 CC |50+t |- 3TCL-10 |- ns
(no RW-delay) + Ic
RD to valid data in ts SR |- 20+ 1. |- 2TCL-20 |ns
(with RW-delay) + 1
RD to valid data in ts SR |- 40 + 1. |- 3TCL-20 |ns
(no RW-delay) + e
ALE lowtovalid datain |#;3 SR |- 40 + - 3TCL-20 |ns
th+ 1 + 15+ 1
Address to valid datain |#,; SR |- 50 + — 4TCL-30 |ns
2tp + 1 + 215 + I
Data hold after RD ts SR |0 —~ 0 —~ ns
rising edge
Data float after RD rising |,, SR |- 26 + —~ 2TCL - 14 |ns
edge (with RW-delay?) 2ty + 1Y + 221,
+ 1Y
Data float after RD rising |#,;, SR |- 10 + —~ TCL-10 |ns
edge (no RW-delay?) 21, + Y + 221,
+ 1Y
Data valid to WR t,, CC|20+1. |- 2TCL-20 |- ns
+ 1

Data Sheet 60 V1.0, 2003-11
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Table 18 Demultiplexed Bus (Standard Supply Voltage Range) (cont'd)

(Operating Conditions apply)

ALE cycle time =4 TCL + 27, + t; + 1 (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.
Data float after RACS tes SR |- 0+ - TCL-20 |ns
(no RW-delay)? + 21, + 1Y
Address hold after tss CC |-6+1 |- -6 + ¢ ns
RdCS, WrCS
Data hold after WrCS ts; CC |6+ |- TCL - 14 ns
+ I

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 edg_e 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).

Data Sheet
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Table 19 Demultiplexed Bus (Reduced Supply Voltage Range)
(Operating Conditions apply)

ALE cycle time =4 TCL + 2t, + 1 + #- (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.
ALE high time Is CC |11+, |- TCL-14 |- ns
+ tA
Address setup to ALE Is CC|5+1, |- TCL-20 |- ns
+ 1)
ALE falling edge toRD, |73  CC [15+1, |- TCL-10 |- ns
WR (with RW-delay) + 1y
ALE falling edgetoRD, |f,  CC [-10+1, |- -10 —~ ns
WR (no RW-delay) + 15
RD, WR low time t,, CC|34+1. |- 2TCL-16 |- ns
(with RW-delay) + 1
RD, WR low time f;3; CC|59+1. |- 3TCL-16 |- ns
(no RW-delay) + Ic
RD to valid data in ts SR |- 22 +tc |- 2TCL - 28 |ns
(with RW-delay) + 1
RD to valid data in ts SR |- AT + 1. |- 3TCL-28 |ns
(no RW-delay) + e
ALE lowtovalid datain |#;; SR |- 45 + — 3TCL-30 |ns
fhttc + 15+ 1
Address to valid datain |#,; SR |- 57 + — 4TCL-43 |ns
2tp + 1 + 21, + I
Data hold after RD ti,g SR |0 -~ 0 -~ ns
rising edge
Data float after RD rising |#,, SR |- 36 + —~ 2TCL-14 |ns
edge (with RW-delay?) 215 + 1Y + 221,
+ 1Y
Data float after RD rising |#,;, SR |- 15 + —~ TCL-10 |ns
edge (no RW-delay?) 2ty + 1Y + 221,
+ 1Y
Data valid to WR t,, CC|24+1. |- 2TCL-26 |- ns
+ IC
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ALE

CSxL

A23-A16
A15-A0
BHE, CSxE

Read Cycle

RdCSx

Write Cycle

WR,
WRL, WRH

WrCSx

Figure 22
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