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C161K/O

Revision History: 2001-01 V2.0
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41 - 56 Standard 25-MHz timing introduced (timing granularity 2 ns)
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Introduction

The C161K/O is a derivative of the Infineon C166 Family of full featured single-chip
CMOS microcontrollers. It combines high CPU performance (up to 12.5 million
instructions per second) with peripheral functionality and enhanced |O-capabilities. The
C161K/O is especially suited for cost sensitive applications.
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Figure 1 Logic Symbol
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Table 2 Pin Definitions and Functions (cont’d)

Symbol| Pin Input | Function

Num | Outp.

P2 10 Port 2 is a 7-bit bidirectional 1/0O 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 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 EXS3IN Fast External Interrupt 3 Input

P2.12 |75 I EX4IN Fast External Interrupt 4 Input

76 I EX5IN Fast External Interrupt 5 Input
77 I EX6IN Fast External Interrupt 6 Input
78 I EX7IN Fast External Interrupt 7 Input
These external interrupts are only available in the C1610.

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 T4EUD GPT1 Timer T4 External Up/Down Control Input

P5.15 |80 I T2EUD GPT1 Timer T2 External Up/Down Control Input

Vb 4,22, |- Digital Supply Voltage:

37, 64 + 5V or + 3 V during normal operation and idle mode.
> 2.5 V during power down mode.

Vss 1,21, |- Digital Ground.

38, 63

Note: The following behavioral 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 8 V2.0, 2001-01
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Functional Description

The architecture of the C161K/O combines advantages of both RISC and CISC
processors and of advanced peripheral subsystems in a very well-balanced way. In
addition the on-chip memory blocks allow the design of compact systems with maximum
performance.

The following block diagram gives an overview of the different on-chip components and
of the advanced, high bandwidth internal bus structure of the C161K/O.

Note: All time specifications refer to a CPU clock of 25 MHz
(see definition in the AC Characteristics section).
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Figure 3 Block Diagram

MCB04323_1ko

The program memory, the internal RAM (IRAM) and the set of generic peripherals are
connected to the CPU via separate buses. A fourth bus, the XBUS, connects external
resources as well as additional on-chip resources, the X-Peripherals (see Figure 3).
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Central Processing Unit (CPU)

The main core of the CPU consists of a 4-stage instruction pipeline, a 16-bit arithmetic
and logic unit (ALU) and dedicated SFRs. Additional hardware has been spent for a
separate multiply and divide unit, a bit-mask generator and a barrel shifter.

Based on these hardware provisions, most of the C161K/O’s instructions can be
executed in just one machine cycle which requires 80 ns at 25 MHz CPU clock. For
example, shift and rotate instructions are always processed during one machine cycle
independent of the number of bits to be shifted. All multiple-cycle instructions have been
optimized so that they can be executed very fast as well: branches in 2 cycles, a 16 x 16
bit multiplication in 5 cycles and a 32-/16 bit division in 10 cycles. Another pipeline
optimization, the so-called ‘Jump Cache’, allows reducing the execution time of
repeatedly performed jumps in a loop from 2 cycles to 1 cycle.

| I CPU 16
I : <z> Internal
: I SP MDH — — — —/\ RAM
I STKOV MDL R15
: , STKUN
! : Exeo.Unt MuDv-rw | | 1\ \ A
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Figure 4 CPU Block Diagram
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Table 3 C161K/O Interrupt Nodes
Source of Interrupt or | Request |Enable Interrupt | Vector Trap
PEC Service Request |Flag Flag Vector Location | Number
External Interrupt 1 CCI9IR CCOIE CCOINT |00’0064y | 194
External Interrupt 2 CC10IR CC10IE CC10INT |00’0068y |1AH
External Interrupt 3 CC11IR CC11IE CC11INT |00’006CH | 1By
External Interrupt 4 CC12IR CC12IE CC12INT |00°0070y |1CH
External Interrupt 5 CC13IR CC13IE CC13INT |000074y | 1Dy
External Interrupt 6 CC14IR |CC14IE CC14INT |00°0078y |1Eq
External Interrupt 7 CC15IR |CC15IE  |CC15INT [00007Cy |1Fy
GPT1 Timer 2 T2IR T2IE T2INT 00’0088y | 224
GPT1 Timer 3 T3IR T3IE T3INT 00’008CH | 23K
GPT1 Timer 4 T4IR T4I1E T4INT 00’0090y | 24n
GPT2 Timer 5 T5IR T5IE TSINT 00’0094 | 254
GPT2 Timer 6 T6IR T6IE TEINT 00’0098, | 264
GPT2 CAPREL Reg. CRIR CRIE CRINT 00’°009CH | 27H
ASCO Transmit SOTIR SOTIE SOTINT 00’00A8y |2AH
ASCO Transmit Buffer | SOTBIR SOTBIE SOTBINT |00'011CH |47
ASCO Receive SORIR SORIE SORINT  |00’'00ACH | 2By
ASCO Error SOEIR SOEIE SOEINT 00’00B0y | 2CH
SSC Transmit SCTIR SCTIE SCTINT | 00°00B4, |2Dy
SSC Receive SCRIR SCRIE SCRINT |00’00B8y |2EH
SSC Error SCEIR SCEIE SCEINT |00’'00BCy |2Fy

Note: The shaded interrupt nodes are only available in the C1610, not in the C161K.

Data Sheet
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The C161K/O also provides an excellent mechanism to identify and to process
exceptions or error conditions that arise during run-time, so-called ‘Hardware Traps’.
Hardware traps cause immediate non-maskable system reaction which is similar to a
standard interrupt service (branching to a dedicated vector table location). The
occurrence of a hardware trap is additionally signified by an individual bit in the trap flag
register (TFR). Except when another higher prioritized trap service is in progress, a
hardware trap will interrupt any actual program execution. In turn, hardware trap services
can normally not be interrupted by standard or PEC interrupts.

Table 4 shows all of the possible exceptions or error conditions that can arise during run-
time:

Table 4 Hardware Trap Summary

Exception Condition Trap Trap Vector Trap Trap
Flag Vector Location |Number |Priority

Reset Functions: —

— Hardware Reset RESET 00’0000y |00y 1l

— Software Reset RESET 00’0000y |00y 1l

— W-dog Timer Overflow RESET 00’0000y | 00y I

Class A Hardware Traps:

— Non-Maskable Interrupt | NMI NMITRAP |00°0008, |02 Il

— Stack Overflow STKOF |STOTRAP |00'0010y |04y Il

— Stack Underflow STKUF | STUTRAP |00'0018y | 06H Il

Class B Hardware Traps:

— Undefined Opcode UNDOPC |BTRAP 000028 | O0AH I

— Protected Instruction PRTFLT |BTRAP 00’0028, | OAH I
Fault
— lllegal Word Operand  |ILLOPA | BTRAP 000028 | O0AH{ I
Access

— lllegal Instruction ILLINA BTRAP 000028y | O0AH I
Access
— lllegal External Bus ILLBUS |BTRAP 0000284 |O0AH I
Access
Reserved - - [2CH — [0By — -
3CH] OF ]
Software Traps - - Any Any Current
— TRAP Instruction [00°0000y— | [00y — CPU
00’'01FCH] | 7FH] Priority
in steps
of 4

Data Sheet 16 V2.0, 2001-01
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Table 6 C161K/O Registers, Ordered by Name (cont’d)
Name Physical |8-Bit | Description Reset
Address | Addr. Value
SSCEIC b |FF764 BBy | SSC Error Interrupt Control Register 00004
SSCRB FOB2y E [594 |SSC Receive Buffer XXXXH
SSCRIC b |FF744 BAy | SSC Receive Interrupt Control Register 0000y
SSCTB FOBOy E [584 |SSC Transmit Buffer 0000y
SSCTIC b | FF72y B9y | SSC Transmit Interrupt Control Register | 0000y
STKOV FE14 OAy | CPU Stack Overflow Pointer Register FAOOy
STKUN FE164 0By | CPU Stack Underflow Pointer Register FCOOy
SYSCON b |FF124 89y | CPU System Configuration Register Noxxoy
T2 FE404 204 | GPT1 Timer 2 Register 0000y
T2CON b | FF40y AOy | GPT1 Timer 2 Control Register 0000y
T2IC b | FF60y4 BOy |GPT1 Timer 2 Interrupt Control Register| 00004
T3 FE42, 21y | GPT1 Timer 3 Register 0000y
T3CON b | FF42 A1y | GPT1 Timer 3 Control Register 0000y
T3IC b | FF62 B1y | GPT1 Timer 3 Interrupt Control Register| 0000y
T4 FE44 22y | GPT1 Timer 4 Register 0000y
T4CON b | FF44y A2, | GPT1 Timer 4 Control Register 0000y
T4IC b | FF64y B2y | GPT1 Timer 4 Interrupt Control Register| 0000y
T5 FE464 234 | GPT2 Timer 5 Register 00004
T5CON b | FF46y A3y | GPT2 Timer 5 Control Register 0000y
T5IC b | FF664 B3y | GPT2 Timer 5 Interrupt Control Register| 00004
T6 FE48, 24y | GPT2 Timer 6 Register 0000y
T6CON b | FF48y A4, | GPT2 Timer 6 Control Register 0000y
TeIC b | FF68y B4y | GPT2 Timer 6 Interrupt Control Register| 00004
TFR b | FFACH D6y | Trap Flag Register 0000y
WDT FEAEy 574 | Watchdog Timer Register (read only) 00004
WDTCON b |FFAEQ D74 | Watchdog Timer Control Register 2)OOXXH
ZEROS b | FF1Cy 8Ey | Constant Value 0’s Register (read only) 00004

Y The system configuration is selected during reset.

2) The reset value depends on the indicated reset source.
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DC Characteristics (Standard Supply Voltage Range) (cont’d)

(Operating Conditions apply)?

Parameter Symbol Limit Values | Unit | Test Condition
min. max.
RSTIN active current? Irs7 ® [-100 |- A | Vin=VL
RD/WR inact. current”) Irw® |- -40 WA | Vour=24V
RD/WR active current”) I ® |-500 |- BA | VouT = VoLmax
ALE inactive current”) Inel® |- 40 UA | VouT = VoLmax
ALE active current”) Inen® [500 |- LA | Vour=24V
Port 6 inactive current”) Ieer® |- -40 LA | Vour =24V
Port 6 active current”) Ipg® |-500 |- LA | Vout = VoL 1max
PORTO configuration current”) | Ipgy® |- -10 LA | Vin = Vidmin
Ipg® |-100 |- HA | VIN = ViLmax
XTAL1 input current I, CC |- +20 LA |0V <Vin<VDpp
Pin capacitance® Cio CC |- 10 pF |f=1MHz
(digital inputs/outputs) Th=25°C

D 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 Igy,.

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 pullup, 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)
7

8)

Data Sheet

This specification is valid during Reset and during Adapt-mode.

Not 100% tested, guaranteed by design and characterization.

31

The minimum current must be drawn in order to drive the respective signal line active.
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Table 9 C161K/O Clock Generation Modes

CLKCFG | CPU Frequency | External Clock Notes
(POH.7-5) | fcpu =fosc x F |Input Range

0 X X |foscx1 1 to 25 MHz Direct drive)
1 X X |fosc/2 2 to 50 MHz CPU clock via prescaler

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

Prescaler Operation

When prescaler operation is configured (CLKCFG = 1XXg) the CPU clock is derived
from the internal oscillator (input clock signal) by a 2:1 prescaler.

The frequency of fcpy is half the frequency of fogc and the high and low time of fopy (i.e.
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 fogc for any TCL.

Direct Drive

When direct drive is configured (CLKCFG = 0XXg) the CPU clock is directly driven from
the internal oscillator with the input clock signal.

The frequency of fcpy directly follows the frequency of fogc so the high and low time of
fepu (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:

TCLnin = 1fosc X DCpin (DC = duty cycle)

For two consecutive TCLs the deviation caused by the duty cycle of fog¢ is compensated
so the duration of 2TCL is always 1/fogc. 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/fpgc.

Data Sheet 37 V2.0, 2001-01
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Memory Cycle Variables

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

Table 12 Memory Cycle Variables

Description Symbol |Values

ALE Extension I TCL x <ALECTL>
Memory Cycle Time Waitstates | 7¢ 2TCL x (15 - <MCTC>)
Memory Tristate Time e 2TCL x (1 - <MTTC>)

Note: Please respect the maximum operating frequency of the respective derivative.
AC Characteristics
Multiplexed Bus (Standard Supply Voltage Range)

(Operating Conditions apply)
ALE cycle time =6 TCL + 215 + ¢ + ¢ (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 ts CC [10+1p |- TCL-10 |- ns
+ Ip

Address setup to ALE te CC |4+1p |- TCL-16 |- ns
+ Ip

Address hold after ALE |t CC [10+15 |- TCL-10 |- ns
+ Ip

ALE fallingedgeto RD, |73 CC [10+175 |- TCL-10 |- ns

WR (with RW-delay) + Ip

ALE falling edge to RD, |79 CC [-10+1p |— 10 +1p |- ns

WR (no RW-delay)

Address float after RD, |19 CC |- 6 —~ 6 ns

WR (with RW-delay)

Address float after RD, |74y CC |- 26 —~ TCL+6 |ns

WR (no RW-delay)

RD, WR low time f1o CC |30 +1c |- 2TCL-10 |- ns

(with RW-delay) +Ic

Data Sheet 41 V2.0, 2001-01
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Multiplexed Bus (Standard Supply Voltage Range) (cont’d)
(Operating Conditions apply)
ALE cycle time =6 TCL + 2tp + 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.

Address float after RACS, |74 CC |- 0 - 0 ns

WrCS (with RW delay)

Address float after RACS, |15 CC |- 20 - TCL ns

WrCS (no RW delay)

RdCS to Valid Data In t46 SR |- 16+1c |— 2TCL-24 |ns

(with RW delay) +Ic

RdCS to Valid Data In t477 SR |- 36 +1c |- 3TCL-24 |ns

(no RW delay) +Ic

RdCS, WrCS Low Time |1 CC |30+ |— 2TCL-10 |- ns

(with RW delay) +Ic

RdCS, WrCS Low Time |#49 CC |50+ 1c |- 3TCL-10 |- ns

(no RW delay) +Ic

Data valid to WrCS tsp CC |26 +1c |— 2TCL-14 |- ns
+ Ic

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

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

+ tF

Address hold after tsg CC |20+ |- 2TCL-20 |- ns

RdCS, WrCS + IF

Data hold after WrCS tsg CC |20+ |- 2TCL-20 |- ns
+ e

Y 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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Multiplexed Bus (Reduced Supply Voltage Range) (cont’d)
(Operating Conditions apply)
ALE cycle time =6 TCL + 2tp + 7 + ¢ (150 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 valid to WrCS tso CC |28 +1c |— 2TCL-22 |- ns
+ Ic

Data hold after RACS ts1 SR |0 - 0 - ns

Data float after RACS tsp SR |- 30+ |- 2TCL-20 |ns

+ IE

Address hold after ts4 CC |30+ |- 2TCL-20 |- ns

RdCS, WrCS + IF

Data hold after WrCS tsg CC |30+ |- 2TCL-20 |- ns
+ tF

Y 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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Figure 12 External Memory Cycle:
Multiplexed Bus, With Read/Write Delay, Normal ALE
Data Sheet 47 V2.0, 2001-01



Infineon
echno Ogy

C161K
C1610

ALE
tSB 2‘39 — .——— t40
CSxL
- l17 — |—— t27 —
A21-A16
(A15-A8) X Address X
BHE, CSxE L
—= I - [, ——
-~ [, - g ——
Read Cycle — g —
BUS X Address ] E Data IN j%—(
— l‘9 | — tﬂ — -
e — t15 —
— l————— [, ———
RD \( ‘13 ! ?L
— Iy <—l‘45——-‘ [ ——
| t47 — | 1‘52 — ]
O EEE——
RACSx \ 0 /
Write Cycle [y ———
BUS X Address i Data OUT X
— tg <—l‘11 <—l‘22—> <—l‘56—>
- 1‘13 —
WR, WRL, /
WRH \r /
— l‘43 <—l‘454>J<—t50—>
- [49 —
WrCSx \ /
MCT04863
Figure 14 External Memory Cycle:
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Demultiplexed Bus (Standard Supply Voltage Range) (cont’d)
(Operating Conditions apply)
ALE cycle time =4 TCL + 215 + 1¢ + t¢ (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 valid to WR trp CC [20+1c |- 2TCL-20 |- ns
+ Ic

Data hold after WR tog CC |10+t |- TCL-10 |- ns
+ g

ALE rising edge after trhg CC [-10+1F |- -10 + 1 - ns

RD, WR

Address hold after WR? |1, CC [0+ 1 |- 0+ f¢ - ns

ALE falling edge to CS® |35 CC |-4-15 |10-15 |-4-1a 10 - 1, ns

CS low to Valid Data In® | 39 SR |- 40 + - 3TCL-20 |ns

Ic + 2tp + Ic + 2ip

CS hold after RD, WR® |74, CC |6+ |- TCL-14 |- ns
+ IF

ALE falling edge to tgo CC |16 +1p |— TCL -4 - ns

RdCS, WrCS (with RW- +1p

delay)

ALE falling edge to tgs CC -4 +1p |- -4 - ns

RdCS, WrCS (no RW- + 1

delay)

RdCS to Valid DataIn |74 SR |- 16+1c |- 2TCL-24 |ns

(with RW-delay) +Ic

RdCS to Valid DataIn |74 SR |- 36+1c |- 3TCL-24 |ns

(no RW-delay) +Ic

RdCS, WrCS Low Time |74g CC |30 +7c |- 2TCL-10 |- ns

(with RW-delay) +Ic

RdCS, WrCS Low Time |749 CC |50 +7c |- 3TCL-10 |- ns

(no RW-delay) +1Ic

Data valid to WrCS tsp CC |26 +1c |- 2TCL-14 |- ns
+Ic

Data hold after RACS t51 SR |0 - 0 - ns
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Demultiplexed Bus (Reduced Supply Voltage Range) (cont’d)
(Operating Conditions apply)
ALE cycle time =4 TCL + 2tp + tc + tg (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 valid to WR trp CC (24 +15 |- 2TCL-26 |- ns
+ Ic

Data hold after WR tog CC |15+t |- TCL-10 |- ns
+ g

ALE rising edge after thg CC [-12+1F |- -12 + 1 - ns

RD, WR

Address hold after WR? |1, CC [0+ 1 |- 0+ f¢ - ns

ALE falling edge to CS® |33 CC |-8-14 |10-1y |-8-1a 10 - 1, ns

CS low to Valid Data In® | 39 SR |- 47 + - 3TCL-28 |ns

Ic + 2tp + Ic + 2ip

CS hold after RD, WR® |[7,; CC |9+ |- TCL-16 |- ns
+ IF

ALE falling edge to tgo CC |19 +1p |- TCL -6 - ns

RdCS, WrCS (with RW- +1p

delay)

ALE falling edge to tg3 CC |-6+1p |- -6 - ns

RdCS, WrCS (no RW- + 1

delay)

RdCS to Valid DataIn |74 SR |- 20+t |- 2TCL-30 |ns

(with RW-delay) +Ic

RdCS to Valid DataIn  |74; SR |- 45 +tc |- 3TCL-30 |ns

(no RW-delay) +Ic

RdCS, WrCS Low Time |74g CC |38 +17c |- 2TCL-12 |- ns

(with RW-delay) +Ic

RdCS, WrCS Low Time |749 CC |63 +1c |- 3TCL-12 |- ns

(no RW-delay) +1Ic

Data valid to WrCS tsp CC |28+1c |- 2TCL-22 |- ns
+Ic

Data hold after RACS t51 SR |0 - 0 - ns
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Demultiplexed Bus (Reduced Supply Voltage Range) (cont’d)
(Operating Conditions apply)
ALE cycle time =4 TCL + 2tp + tc + tg (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 ts3 SR |- 30+t |- 2TCL-20 |ns
(with RW-delay)? +) 2t + I

1
Data float after RACS feg SR |— 5+ 1 - TCL-20 |ns
(no RW-deIay)” +) 2t + IF

1
Address hold after tss CC |-16+ 1 |— -16 + 1 - ns
RdCS, WrCS
Data hold after WrCS ts7 CC |9+ |- TCL-16 |- ns

+ g

R RW-delay and r4 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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Figure 16 External Memory Cycle:
Demultiplexed Bus, With Read/Write Delay, Normal ALE
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