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Functional Description

The architecture of the C161Pl combines advantages of both RISC and CISC
processors and of advanced peripheral subsystems in a very well-balanced way. The
following block diagram gives an overview of the different on-chip components and of the
advanced, high bandwidth internal bus structure of the C161PI.

Note: All time specifications refer to a CPU clock of 25 MHz
(see definition in the AC Characteristics section).
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General Purpose Timer (GPT) Unit

The GPT unit represents a very flexible multifunctional timer/counter structure which
may be used for many different time related tasks such as event timing and counting,
pulse width and duty cycle measurements, pulse generation, or pulse multiplication.

The GPT unit incorporates five 16-bit timers which are organized in two separate
modules, GPT1 and GPT2. Each timer in each module may operate independently in a
number of different modes, or may be concatenated with another timer of the same
module.

Each of the three timers T2, T3, T4 of module GPT1 can be configured individually for
one of four basic modes of operation, which are Timer, Gated Timer, Counter, and
Incremental Interface Mode. In Timer Mode, the input clock for a timer is derived from
the CPU clock, divided by a programmable prescaler, while Counter Mode allows a timer
to be clocked in reference to external events.

Pulse width or duty cycle measurement is supported in Gated Timer Mode, where the
operation of a timer is controlled by the ‘gate’ level on an external input pin. For these
purposes, each timer has one associated port pin (TxIN) which serves as gate or clock
input. The maximum resolution of the timers in module GPT1 is 16 TCL.

The count direction (up/down) for each timer is programmable by software or may
additionally be altered dynamically by an external signal on a port pin (TXEUD) to
facilitate eg. position tracking.

In Incremental Interface Mode the GPT1 timers (T2, T3, T4) can be directly connected
to the incremental position sensor signals A and B via their respective inputs TxIN and
TXEUD. Direction and count signals are internally derived from these two input signals,
so the contents of the respective timer Tx corresponds to the sensor position. The third
position sensor signal TOPO can be connected to an interrupt input.

Timer T3 has an output toggle latch (T3OTL) which changes its state on each timer over-
flow/underflow. The state of this latch may be output on a port pin (T30UT) eg. for time
out monitoring of external hardware components, or may be used internally to clock
timers T2 and T4 for measuring long time periods with high resolution.

In addition to their basic operating modes, timers T2 and T4 may be configured as reload
or capture registers for timer T3. When used as capture or reload registers, timers T2
and T4 are stopped. The contents of timer T3 are captured into T2 or T4 in response to
a signal at their associated input pins (TxIN). Timer T3 is reloaded with the contents of
T2 or T4 triggered either by an external signal or by a selectable state transition of its
toggle latch T3OTL. When both T2 and T4 are configured to alternately reload T3 on
opposite state transitions of T3OTL with the low and high times of a PWM signal, this
signal can be constantly generated without software intervention.
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Table 5 C161PI Registers, Ordered by Name (continued)
Name Physical |8-Bit |Description Reset
Address |Addr. Value
CcCiziC b | FF90, C8,, | External Interrupt 4 Control Register 0000,
CC13IC b |FF92, C9,, |External Interrupt 5 Control Register 0000,
CC14IC b | FF94, CA, |External Interrupt 6 Control Register 0000,
CC15IC b | FF96, CBy | External Interrupt 7 Control Register 0000,
CP FE10, 08, CPU Context Pointer Register FCO00,
CRIC b | FF6A, B5, |GPT2 CAPREL Interrupt Ctrl. Register 0000y
CSP FEO8, 04, CPU Code Segment Pointer Register 0000,
(8 bits, not directly writeable)
DPOL b|F100, E |80, POL Direction Control Register 00,
DPOH b|F102, E |81, POH Direction Control Register 00,
DP1L b |F104, E 82, P1L Direction Control Register 00,
DP1H b|F106, E |83, P1H Direction Control Register 00,
DP2 b | FFC2, El, |Port2 Direction Control Register 0000y
DP3 b |FFC6 E3, |Port 3 Direction Control Register 0000,
DP4 b | FFCA, E5, | Port 4 Direction Control Register 00,
DP6 b |FFCE, E7, |Port 6 Direction Control Register 00,
DPPO FEOO, 00, CPU Data Page Pointer O Register (10 0000,
bits)
DPP1 FEO2, 01, CPU Data Page Pointer 1 Reg. (10 bits) | 0001,
DPP2 FEO4,, 02, CPU Data Page Pointer 2 Reg. (10 bits) 0002,
DPP3 FEOG, 03, CPU Data Page Pointer 3 Reg. (10 bits) 0003,
EXICON b|F1C0, E|EO, |External Interrupt Control Register 0000,
ICADR EDO6, X |--- [2C Address Register OXXXy
ICCFG EDOO, X |--- I2C Configuration Register XX00y,
ICCON EDO2, X |-- 12C Control Register 0000y
ICRTB EDO8, X |--- I2C Receive/Transmit Buffer XXy
ICST EDO4, X |--- 12C Status Register 0000,
IDCHIP FO7C, E |3E, |Identifier 09XXy
IDMANUF FO7E, E |3F, |Identifier 1820,
IDMEM FO7A, E 3D, |Identifier 0000y
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Absolute Maximum Ratings

Table 6 Absolute Maximum Rating Parameters

Parameter Symbol Limit Values Unit | Notes
min. max.

Storage temperature Tsr -65 150 °C

Voltage on Vg pins with | V5 -0.5 6.5 Vv

respect to ground (Vgg)

Voltage on any pin with Vin -0.5 Vopt0.5 |V

respect to ground (Vsg)

Input current on any pin -10 10 mA

during overload condition

Absolute sum of all input - |200] mA

currents during overload

condition

Power dissipation Ppiss - 15 w

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 \>Vpp or V,<Vss) the
voltage on V, pins with respect to ground (Vsg) must not exceed the values

defined by the absolute maximum ratings.
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DC Characteristics (Standard Supply Voltage Range) (continued)
(Operating Conditions apply)
Parameter Symbol Limit Values |Unit | Test Condition
min. max.
Power-down mode supply Ioprs @ |- 200+ |MA | Vop = Vopmax
current (5V) with RTC running 25*f5sc fosc in [MHz] ©
Power-down mode supply Iopos - 50 A | Voo = Voomax
current (5V) with RTC disabled

1) 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.

2) These parameters describe the RSTIN pullup, which equals a resistance of ca. 50 to 250 KQ.
3) The maximum current may be drawn while the respective signal line remains inactive.
4) The minimum current must be drawn in order to drive the respective signal line active.

5) This specification is only valid during Reset, or during Hold- or Adapt-mode. During Hold mode Port 6 pins are
only affected, if they are used (configured) for CS output and the open drain function is not enabled.

6) Not 100% tested, guaranteed by design characterization.

7) The supply current is a function of the operating frequency. This dependency is illustrated in the figure below.
These parameters are tested at Vppn,, @nd maximum CPU clock with all outputs disconnected and all inputs
at v, or V.
The oscillator also contributes to the total supply current. The given values refer to the worst case, i€. lppgmax-
For lower oscillator frequencies the respective supply current can be reduced accordingly.

8) This parameter is determined mainly by the current consumed by the oscillator. This current, however, is
influenced by the external oscillator circuitry (crystal, capacitors). The values given refer to a typical circuitry
and may change in case of a not optimized external oscillator circuitry.

9) This parameter is tested including leakage currents. All inputs (including pins configured as inputs) at 0 V to
0.1Vorat Vy,—0.1Vto Vg, Veege =0V, all outputs (including pins configured as outputs) disconnected.
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DC Characteristics (continued) (Reduced Supply Voltage Range)

(Operating Conditions apply)

Parameter Symbol Limit Values |Unit | Test Condition
min. max.
RSTIN active current ? Igst @ [-100 |- WA |V =V,
Read/Write inactive current ® [ Iy ® |- -10 WA | Vour =24V
Read/Write active current ¥ I @ |-500 |- A [ Vour = Vormax
ALE inactive current % Iye® |- 20 A | Vout = Vormax
ALE active current ¥ Inen® 500 - A | Voyr=2.4V
Port 6 inactive current Iogy @ |- -10 A [ Vour =24V
Port 6 active current ¥ Iog. ¥ |-500 |- A | Vour = Vorimax
PORTO configuration current ® |, 2 |- -5 A | Vin = Vigmin
Lo, ¥ |-100 - HA | Vin = Vimax
XTALL input current I, CC |- +20 MHA OV < V< Vpp
Pin capacitance ® Co CC |- 10 pF |f=1MHz
(digital inputs/outputs) T,=25°C
Power supply current (3V active) | Iyps - 1+ mA |RSTIN =V,
with all peripherals active 1.1%cpy fepy in [MHZ]
Idle mode supply current (3V) | [ pxs - 1+ mA |RSTIN =V},
with all peripherals active 0.5%cpu Jepy in [MHZ] ?
Idle mode supply current (3V) | po3 - 300+ |pA |RSTIN =V,
with all peripherals deactivated, 30*f5sc Josc in [MHz] ”
PLL off, SDD factor = 32
Power-down mode  supply | Ipprs & |- 100+ |[MA | Vpp = Vopmax
current (3V) with RTC running 10%/6sc fosc in [MHz] ©
Power-down mode  supply | /ppos —~ 30 A | Voo = Voomax
current (3V) with RTC disabled

1) 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.

2) These parameters describe the RSTIN pullup, which equals a resistance of ca. 50 to 250 KQ.

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

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

5) This specification is only valid during Reset, or during Hold- or Adapt-mode. During Hold mode Port 6 pins are
only affected, if they are used (configured) for CS output and the open drain function is not enabled.

6) Not 100% tested, guaranteed by design characterization.
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Figure 10 Supply/ldle Current as a Function of Operating Frequency
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Table 8 C161PI Clock Generation Modes
P0.15-13 |CPU Frequency | External Clock Notes
(POH.7-5) | fepy =Sfosc *F | Input Range ¥
111 Josc * 4 2.510 6.25 MHz Default configuration
110 Josc *3 3.33t0 8.33 MHz
101 Josc *2 5t0 12.5 MHz
100 Josc *5 2 to 5 MHz
011 Josc*1 1 to 25 MHz Direct drive 2
010 JSosc ¥1.5 6.66 to 16.6 MHz
001 Josc!2 2 to 50 MHz CPU clock via prescaler
000 JSosc ¥ 2.5 4 to 10 MHz

1) The external clock input range refers to a CPU clock range of 10...25 MHz.

2) The maximum frequency depends on the duty cycle of the external clock signal.

Prescaler Operation

When pins P0.15-13 (POH.7-5) equal 0015 during reset the CPU clock is derived from
the internal oscillator (input clock signal) by a 2:1 prescaler.

The frequency of f-p is half the frequency of f,sc and the high and low time of /- (i.€.
the duration of an individual TCL) is defined by the period of the input clock fogc.

The timings listed in the AC Characteristics that refer to TCLs therefore can be
calculated using the period of 75 for any TCL.

Phase Locked Loop

For all combinations of pins P0.15-13 (POH.7-5) except for 0015 and 011; the on-chip
phase locked loop is enabled and provides the CPU clock (see table above). The PLL
multiplies the input frequency by the factor F which is selected via the combination of
pins P0.15-13 (i.e. fepy = fosc * F). With every F'th transition of fo5c the PLL circuit
synchronizes the CPU clock to the input clock. This synchronization is done smoothly,
l.e. the CPU clock frequency does not change abruptly.

Due to this adaptation to the input clock the frequency of f-p is constantly adjusted so
it is locked to f,sc. The slight variation causes a jitter of f.p, which also effects the
duration of individual TCLs.
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Direct Drive

When pins P0.15-13 (POH.7-5) equal 0115 during reset 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 fosc so the high and low time of
Jcpu (i-e. the duration of an individual TCL) is defined by the duty cycle of the input clock

fOSC'

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:
TCLyi, = MUfosc * DCyin (DC = duty cycle)

For two consecutive TCLs the deviation caused by the duty cycle of /55 is compensated
so the duration of 2TCL is always 1/f5sc. 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/fysc.

Note: The address float timings in Multiplexed bus mode (t,; and t,5) use the maximum
duration of TCL (TCL,,,, = 1/fosc * DC,,.) instead of TCL,,.
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A/D Converter Characteristics
(Operating Conditions apply)
4.0V (2.6V) < Vpger < Vpp + 0.1V (Note the influence on TUE.)
Parameter Symbol Limit Values Unit | Test Condition
min. max.
Analog input voltage range | Van SR | Vagno Varer Vv D
Basic clock frequency Jac 0.5 6.25 MHz |
Conversion time tc CC |- 40 tg + ¥
Ist+21cpy fepy = 11 fepy
Total unadjusted error TUE CC |- +2 LSB | Vager 2 4.0V Y
4
Internal resistance of Ruger SR |- lgc 160 |KQ |fzcin[ns]®7
reference voltage source -0.25
Internal resistance of analog | Ryspc SR | — 151450 |kQ |z5in[ns]"®
source -0.25
ADC input capacitance Can CC |- 33 pF |7

1) Van may exceed Vagnp OF Vager UP to the absolute maximum ratings. However, the conversion result in these
cases will be X000, or X3FF,, respectively.

2) The limit values for fg- must not be exceeded when selecting the CPU frequency and the ADCTC setting.

3) This parameter includes the sample time g, the time for determining the digital result and the time to load the
result register with the conversion result.
Values for the basic clock g depend on the conversion time programming.
This parameter depends on the ADC control logic. It is not a real maximum value, but rather a fixum.

4) TUE is tested at Vagee=5.0V (3.3V), Vagno=0V, Vpp=4.9V (3.2V). It is guaranteed by design for all other
voltages within the defined voltage range.
The specified TUE is guaranteed only if an overload condition (see /,,, specification) occurs on maximum 2 not
selected analog input pins and the absolute sum of input overload currents on all analog input pins does not
exceed 10 mA.
During the reset calibration sequence the maximum TUE may be +4 LSB (+8 LSB @ 3V).

5) This case is not applicable for the reduced supply voltage range.

6) During the conversion the ADC's capacitance must be repeatedly charged or discharged. The internal
resistance of the reference voltage source must allow the capacitance to reach its respective voltage level
within each conversion step. The maximum internal resistance results from the programmed conversion timing.

7) Not 100% tested, guaranteed by design.

8) During the sample time the input capacitance C, can be charged/discharged by the external source. The
internal resistance of the analog source must allow the capacitance to reach its final voltage level within 7.
After the end of the sample time 75, changes of the analog input voltage have no effect on the conversion result.
Values for the sample time #; depend on programming and can be taken from the table below.
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AC Characteristics

Multiplexed Bus (Reduced Supply Voltage Range)
(Operating Conditions apply)
ALE cycle time = 6 TCL + 2¢, + ¢ + # (150 ns at 20 MHz CPU clock without waitstates)

Parameter Symbol | Max. CPU Clock | Variable CPU Clock |Unit
=20 MHz 1/2TCL =1to 20 MHz
min. max. min. max.

ALE high time s CC |11+1¢, |- TCL-14 |- ns
+ 1y

Address setup to ALE e CC |5+1, - TCL-20 |- ns
+ 1y

Address hold after ALE |, CC |15+, |- TCL-10 |- ns
+ 1y

ALE falling edge to RD, |t; CC |15+1, |- TCL-10 |- ns

WR (with RW-delay) + 1)

ALE falling edge to RD, |f, CC |-10+17, |- -10 + 1, - ns

WR (no RW-delay)

Address float after RD, |#,, CC |- 6 - 6 ns

WR (with RW-delay)

Address float after RD, |#,; CC |- 31 - TCL+6 |ns

WR (no RW-delay)

RD, WR low time t,, CC |34+t |- 2TCL - 16 |- ns

(with RW-delay) + 1

RD, WR low time t,3 CC |59+ |- 3TCL-16 |- ns

(no RW-delay) + 1

RD to valid data in t,, SR |- 22+t |- 2TCL-28 |ns

(with RW-delay) + 1

RD to valid data in tis SR |- 47 + 1z |- 3TCL-28 |ns

(no RW-delay) + 1

ALE low to valid datain |#,s SR |- 49 + 1, |- 3TCL-30 |ns

+ 1 +ila+ 1
Address to valid datain |7, SR |- 57 +2¢, |- 4TCL-43 |ns
+ 1 + 21 + 1

Data hold after RD iy SR |0 - 0 - ns

rising edge

Data float after RD tis SR |- 36+t |- 2TCL - 14 |ns

+ 1
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Multiplexed Bus (Reduced Supply Voltage Range) (continued)
(Operating Conditions apply)
ALE cycle time = 6 TCL + 27, + f + 7 (150 ns at 20 MHz CPU clock without waitstates)

Parameter Symbol | Max. CPU Clock | Variable CPU Clock |Unit
=20 MHz 1/2TCL =1to 20 MHz
min. max. min. max.

Data valid to WR t,, CC |24+1. |- 2TCL-26 |- ns
+1c

Data hold after WR t,;, CC |36+1 |- 2TCL-14 |- ns
+ 1

ALE rising edge after RD, t,5 CC |36+ |- 2TCL-14 |- ns

WR + 1

Address hold after RD, t,, CC |36+ |- 2TCL-14 |- ns

WR + 1

ALE falling edge to CS Y |t,, CC |-8-1, [10-1, |-8-1, 10 - 1, ns

CSlowto Valid DatalnV |#,, SR |- 47 - 3TCL-28 |ns

+ 1+ 21y +1c+ 21,

CS hold after RD, WR Y |7,, CC |57+t |- 3TCL-18 |- ns
+ 1

ALE fall. edge to RdACS, |7,, CC |19+¢, |- TCL-6 - ns

WIrCS (with RW delay) + 1,

ALE fall. edge to RdACS, |7,; CC |-6+1, |- -6 - ns

WIrCS (no RW delay) + 1,

Address float after RdCS, |7,, CC |- 0 — 0 ns

WrCS (with RW delay)

Address float after RACS, |7, CC |- 25 - TCL ns

WrCS (no RW delay)

RdCS to Valid Data In lhg SR |- 20+1. |- 2TCL-30 |ns

(with RW delay) + 1

RdCS to Valid Data In t,7 SR |- 45 +1. |- 3TCL-30 |ns

(no RW delay) +1c

RdCS, WrCS Low Time |7, CC |38+, |— 2TCL-12 |- ns

(with RW delay) +1c

RdCS, WrCS Low Time |#,; CC |63 +1. |- 3TCL-12 |- ns

(no RW delay) + 1

Data valid to WrCS o CC |28+ |- 2TCL-22 |- ns
+1c
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Multiplexed Bus (Reduced Supply Voltage Range) (continued)
(Operating Conditions apply)
ALE cycle time = 6 TCL + 2¢, + 7. + f (150 ns at 20 MHz CPU clock without waitstates)

Parameter Symbol | Max. CPU Clock | Variable CPU Clock |Unit
=20 MHz 1/2TCL =1to 20 MHz
min. max. min. max.
Data hold after RACS s SR |0 - 0 - ns
Data float after RACS -, SR |- 30+7 |- 2TCL-20 |ns
+ 1

Address hold after ts, CC |30+ |- 2TCL-20 |- ns
RdCS, WrCS + 1
Data hold after WrCS lsg CC |30+1 |- 2TCL-20 |- ns

+ I

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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CSxL
A22-A16 p Iy > <—127—>\
(A15-A8) ><\ Address /><
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<lg> <~—l;—> ~ o —>
<—tlg—>
Read Cycle <1y
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= t45—> <—t50—>
WrCSx L /
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Figure 18 External Memory Cycle:
Multiplexed Bus, No Read/Write Delay, Normal ALE
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<—t9—><—tll—> <—t22—>
WR, L e
WRL, - P
WRH
gy el
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Figure 19 External Memory Cycle:

Multiplexed Bus, No Read/Write Delay, Extended ALE
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ALE
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Figure 20 External Memory Cycle:
Demultiplexed Bus, With Read/Write Delay, Normal ALE
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