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C164ClI

Revision History: 2001-05 V2.0
Previous Version: 1999-08
1998-02 (Preliminary)
04.97 (Advance Information)
Page Subjects (major changes since last revision)”
All Converted to Infineon layout
1 Operating frequency up to 25 MHz
1etal. References to Flash removed
1 Timer Unit with three timers
1,12,73 | On-chip XRAM described
2 Derivative table updated
10 Supply voltage is 5V
21 Functionality of reduced CAPCOMBG6 corrected
22f Timer description improved
29, 30 Sections “Oscillator Watchdog” and “Power Management” added
37 POCON reset values adjusted
411073 Parameter section reworked

1 These changes refer to the last two versions. Version 1998-02 covers OTP and ROM derivatives, while version
1999-08 ist the most recent one.

Controller Area Network (CAN): License of Robert Bosch GmbH

We Listen to Your Comments

Any information within this document that you feel is wrong, unclear or missing at all?
Your feedback will help us to continuously improve the quality of this document.
Please send your proposal (including a reference to this document) to:

mcdocu.comments @infineon.com
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16-Bit Single-Chip Microcontroller C164CI
C166 Family

C164ClI/SI, C164CL/SL

High Performance 16-bit CPU with 4-Stage Pipeline

— 80 ns Instruction Cycle Time at 25 MHz CPU Clock

— 400 ns Multiplication (16 x 16 bit), 800 ns Division (32 / 16 bit)

— Enhanced Boolean Bit Manipulation Facilities

— Additional Instructions to Support HLL and Operating Systems

— Register-Based Design with Multiple Variable Register Banks

— Single-Cycle Context Switching Support

— 16 MBytes Total Linear Address Space for Code and Data

— 1024 Bytes On-Chip Special Function Register Area

16-Priority-Level Interrupt System with 32 Sources, Sample-Rate down to 40 ns

8-Channel Interrupt-Driven Single-Cycle Data Transfer Facilities via

Peripheral Event Controller (PEC)

Clock Generation via on-chip PLL (factors 1:1.5/2/2.5/3/4/5),

via prescaler or via direct clock input

On-Chip Memory Modules

— 2 KBytes On-Chip Internal RAM (IRAM)

— 2 KBytes On-Chip Extension RAM (XRAM)

— up to 64 KBytes On-Chip Program Mask ROM or OTP Memory

On-Chip Peripheral Modules

— 8-Channel 10-bit A/D Converter with Programmable Conversion Time
downto 7.8 us

— 8-Channel General Purpose Capture/Compare Unit (CAPCOM2)

— Capture/Compare Unit for flexible PWM Signal Generation (CAPCOMG6)
(8/6 Capture/Compare Channels and 1 Compare Channel)

— Multi-Functional General Purpose Timer Unit with 3 Timers

— Two Serial Channels (Synchronous/Asynchronous and High-Speed-Synchronous)

— On-Chip CAN Interface (Rev. 2.0B active) with 15 Message Objects
(Full CAN/Basic CAN)
— On-Chip Real Time Clock

Up to 4 MBytes External Address Space for Code and Data

— Programmable External Bus Characteristics for Different Address Ranges

— Multiplexed or Demultiplexed External Address/Data Buses with 8-Bit or 16-Bit
Data Bus Width

— Four Optional Programmable Chip-Select Signals

Idle, Sleep, and Power Down Modes with Flexible Power Management

Programmable Watchdog Timer and Oscillator Watchdog

Up to 59 General Purpose 1/O Lines,

partly with Selectable Input Thresholds and Hysteresis

Data Sheet 1 V2.0, 2001-05
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Pin Configuration
(top view)
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Figure 2

*) The marked pins of Port 4 and Port 8 can have CAN interface lines assigned to them.
Table 2 on the pages below lists the possible assignments.

The marked input signals are available only in devices with a full-function CAPCOMG6.
They are not available in devices with a reduced-function CAPCOMG6.

Data Sheet

V2.0, 2001-05



—

: C164Cl/sl
Infineen cleacLisL

Memory Organization

The memory space of the C164Cl 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 C164Cl incorporates 64 KBytes of on-chip OTP memory or 64/48 KBytes of on-chip
mask-programmable ROM (not in the ROM-less derivative, of course) for code or
constant data. The lower 32 KBytes of the on-chip ROM/OTP can be mapped either to
segment 0 or segment 1.

The OTP memory can be programmed by the CPU itself (in system, e.g. during booting)
or directly via an external interface (e.g. before assembly). The programming time is
approx. 100 us per word. An external programming voltage Vpp =11.5V must be
supplied for this purpose (via pin EA/Vpp).

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 (GPRSs).

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.

2 KBytes of on-chip Extension RAM (XRAM) are provided to store user data, user
stacks, or code. The XRAM is accessed like external memory and therefore cannot be
used for the system stack or for register banks and is not bitaddressable. The XRAM
permits 16-bit accesses with maximum speed.

In order to meet the needs of designs where more memory is required than is provided
on chip, up to 4 MBytes of external RAM and/or ROM can be connected to the
microcontroller.

Data Sheet 12 V2.0, 2001-05
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External Bus Controller

All of the external memory accesses are performed by a particular on-chip External Bus
Controller (EBC). It can be programmed either to Single Chip Mode when no external
memory is required, or to one of four different external memory access modes, which are
as follows:

— 16-/18-/20-/22-bit Addresses, 16-bit Data, Demultiplexed
— 16-/18-/20-/22-bit Addresses, 16-bit Data, Multiplexed

— 16-/18-/20-/22-bit Addresses, 8-bit Data, Multiplexed

— 16-/18-/20-/22-bit Addresses, 8-bit Data, Demultiplexed

In the demultiplexed bus modes, addresses are output on PORT1 and data is input/
output on PORTO or POL, respectively. In the multiplexed bus modes both addresses
and data use PORTO for input/output.

Important timing characteristics of the external bus interface (Memory Cycle Time,
Memory Tri-State Time, Length of ALE and Read Write Delay) have been made
programmable to allow the user the adaption of a wide range of different types of
memories and external peripherals.

In addition, up to 4 independent address windows may be defined (via register pairs
ADDRSELx / BUSCONXx) which control the access to different resources with different
bus characteristics. These address windows are arranged hierarchically where
BUSCON4 overrides BUSCON3 and BUSCONZ2 overrides BUSCON1. All accesses to
locations not covered by these 4 address windows are controlled by BUSCONO.

Up to 4 external CS signals (3 windows plus default) can be generated in order to save
external glue logic. The C164Cl offers the possibility to switch the CS outputs to an
unlatched mode. In this mode the internal filter logic is switched off and the CS signals
are directly generated from the address. The unlatched CS mode is enabled by setting
CSCFG (SYSCON.6).

For applications which require less than 4 MBytes of external memory space, this
address space can be restricted to 1 MByte, 256 KByte, or to 64 KByte. In this case
Port 4 outputs four, two, or no address lines at all. It outputs all 6 address lines, if an
address space of 4 MBytes is used.

Note: When the on-chip CAN Module is used with the interface lines assigned to Port 4,
the CAN lines override the segment address lines and the segment address
output on Port 4 s therefore limited to 4 bits i.e. address lines A19 ... A16.

Data Sheet 13 V2.0, 2001-05
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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 C164CI’s instructions can be executed
in just one machine cycle which requires 2 CPU clocks (4 TCL). 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’, reduces the execution time of repeatedly performed jumps in a loop
from 2 cycles to 1 cycle.

: | CPU 16
I : <z(> Internal
: I Sp MDH — — — — RAM

I STKOV R15
: I STKUN MDL
| : Exec. Uit MuDvEW | | 1 \ 4
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I Instr. Reg. N . ———]
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Figure 4 CPU Block Diagram
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Interrupt System

With an interrupt response time within a range from just 5 to 12 CPU clocks (in case of
internal program execution), the C164Cl is capable of reacting very fast to the
occurrence of non-deterministic events.

The architecture of the C164CI supports several mechanisms for fast and flexible
response to service requests that can be generated from various sources internal or
external to the microcontroller. Any of these interrupt requests can be programmed to
being serviced by the Interrupt Controller or by the Peripheral Event Controller (PEC).

In contrast to a standard interrupt service where the current program execution is
suspended and a branch to the interrupt vector table is performed, just one cycle is
‘stolen’ from the current CPU activity to perform a PEC service. A PEC service implies a
single byte or word data transfer between any two memory locations with an additional
increment of either the PEC source or the destination pointer. An individual PEC transfer
counter is implicity decremented for each PEC service except when performing in the
continuous transfer mode. When this counter reaches zero, a standard interrupt is
performed to the corresponding source related vector location. PEC services are very
well suited, for example, for supporting the transmission or reception of blocks of data.
The C164CI has 8 PEC channels each of which offers such fast interrupt-driven data
transfer capabilities.

A separate control register which contains an interrupt request flag, an interrupt enable
flag and an interrupt priority bitfield exists for each of the possible interrupt sources. Via
its related register, each source can be programmed to one of sixteen interrupt priority
levels. Once having been accepted by the CPU, an interrupt service can only be
interrupted by a higher prioritized service request. For the standard interrupt processing,
each of the possible interrupt sources has a dedicated vector location.

Fast external interrupt inputs are provided to service external interrupts with high
precision requirements. These fast interrupt inputs feature programmable edge
detection (rising edge, falling edge or both edges).

Software interrupts are supported by means of the “TRAP’ instruction in combination with
an individual trap (interrupt) number.

Table 3 shows all of the possible C164CI interrupt sources and the corresponding
hardware-related interrupt flags, vectors, vector locations and trap (interrupt) numbers.

Note: Interrupt nodes which are not used by associated peripherals, may be used to
generate software controlled interrupt requests by setting the respective interrupt
request bit (xIR).

Data Sheet 16 V2.0, 2001-05
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Table 3 C164Cl Interrupt Nodes (cont’d)
Source of Interrupt or | Request |Enable Interrupt | Vector Trap
PEC Service Request |Flag Flag Vector Location |Number
CAPCOM 6 Timer 12 | T12IR T12IE T12INT 000134y | 4Dy
CAPCOM 6 Timer 13 | T13IR T13IE T13INT 0001384 |4EH
CAPCOM 6 Emergency | CC6EIR | CC6EIE CC6EINT |00013Cy |4FH
Data Sheet 18 V2.0, 2001-05
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Real Time Clock

The Real Time Clock (RTC) module of the C164ClI 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 (frtc = fosc/32) and is
therefore independent from the selected clock generation mode of the C164CI. All timers
count up.

The RTC module can be used for different purposes:

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

T14REL
Reload _
- farc
T14 < 8:1 4
» 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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A/D Converter

For analog signal measurement, a 10-bit A/D converter with 8 multiplexed input channels
and a sample and hold circuit has been integrated on-chip. It uses the method of
successive approximation. The sample time (for loading the capacitors) and the
conversion time is programmable and can so be adjusted to the external circuitry.

Overrun error detection/protection is provided for the conversion result register
(ADDAT): either an interrupt request will be generated when the result of a previous
conversion has not been read from the result register at the time the next conversion is
complete, or the next conversion is suspended in such a case until the previous result
has been read.

For applications which require less than 8 analog input channels, the remaining channel
inputs can be used as digital input port pins.

The A/D converter of the C164CI supports four different conversion modes. In the
standard Single Channel conversion mode, the analog level on a specified channel is
sampled once and converted to a digital result. In the Single Channel Continuous mode,
the analog level on a specified channel is repeatedly sampled and converted without
software intervention. In the Auto Scan mode, the analog levels on a prespecified
number of channels (standard or extension) are sequentially sampled and converted. In
the Auto Scan Continuous mode, the number of prespecified channels is repeatedly
sampled and converted. In addition, the conversion of a specific channel can be inserted
(injected) into a running sequence without disturbing this sequence. This is called
Channel Injection Mode.

The Peripheral Event Controller (PEC) may be used to automatically store the
conversion results into a table in memory for later evaluation, without requiring the
overhead of entering and exiting interrupt routines for each data transfer.

After each reset and also during normal operation the ADC automatically performs
calibration cycles. This automatic self-calibration constantly adjusts the converter to
changing operating conditions (e.g. temperature) and compensates process variations.

These calibration cycles are part of the conversion cycle, so they do not affect the normal
operation of the A/D converter.

In order to decouple analog inputs from digital noise and to avoid input trigger noise
those pins used for analog input can be disconnected from the digital IO or input stages
under software control. This can be selected for each pin separately via register P5DIDIS
(Port 5 Digital Input Disable).

Data Sheet 25 V2.0, 2001-05
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Parallel Ports

The C164CI provides up to 59 I/O lines which are organized into five 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 I/O
ports are true bidirectional ports which are switched to high impedance state when
configured as inputs. The output drivers of three I/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.

The input threshold of Port 3, Port 4, and Port 8 is selectable (TTL or CMOS like), where
the special CMOS like input threshold reduces noise sensitivity due to the input
hysteresis. The input threshold may be selected individually for each byte of the
respective ports.

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 ... A16 and
the optional chip select signals in systems where segmentation is enabled to access
more than 64 KBytes of memory.

Ports P1L, P1H, and P8 are associated with the capture inputs or compare outputs of
the CAPCOM units and/or serve as external interrupt inputs.

Port 3 includes alternate functions of timers, serial interfaces, the optional bus control
signal BHE/WRH, and the system clock output CLKOUT (or the programmable
frequency output FOUT).

Port 5 is used for the analog input channels to the A/D converter or timer control signals.

The edge characteristics (transition time) and driver characteristics (output current) of
the C164CI's port drivers can be selected via the Port Output Control registers
(POCONKX).
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Table 7 C164CI Registers, Ordered by Name (cont’d)
Name Physical |8-Bit | Description Reset
Address | Addr. Value
CC26IC b|F174, E|BAy |CAPCOM Reg. 26 Interrupt Ctrl. Reg. 0000y
CC27 FE76Q 3By |CAPCOM Register 27 00004
CC27IC b|F1764 E|BBy |CAPCOM Reg. 27 Interrupt Ctrl. Reg. 0000y
CC28 FE78y4 3Cy |CAPCOM Register 28 00004
CC28IC b |F1784 E |BCy |CAPCOM Reg. 28 Interrupt Ctrl. Reg. 0000y
CC29 FE7AH 3Dy | CAPCOM Register 29 00004
CC29IC b |F184y E |C24 |CAPCOM Reg. 29 Interrupt Ctrl. Reg. 00004
CC30 FE7CH 3Ey | CAPCOM Register 30 00004
CC30IC b |F18Cy E |C64 |CAPCOM Reg. 30 Interrupt Ctrl. Reg. 0000y
CC31 FE7EQ 3F4 | CAPCOM Register 31 00004
CC31IC b |F1944 E |CAy |CAPCOM Reg. 31 Interrupt Ctrl. Reg. 00004
CC60 FE30H 18y | CAPCOM 6 Register 0 00004
CCé61 FE32 19y | CAPCOM 6 Register 1 0000y
CC62 FE34y 1Ay | CAPCOM 6 Register 2 0000y
CC6EIC b/ F188, E|C4y |[CAPCOM 6 Emergency Interrrupt 0000y

Control Register
CCe6CIC b|F17Ey E|BFy |CAPCOM 6 Interrupt Control Register 0000y

CC6MCON b | FF32y 99y | CAPCOM 6 Mode Control Register 00FFy
CC6MIC b |FF36y 9By | CAPCOM 6 Mode Interrupt Ctrl. Reg. 0000y
CC6MSEL FO36y E|1By |CAPCOM 6 Mode Select Register 0000y
CCsIC b | FF884 C4y | External Interrupt O Control Register 0000y
CColC b | FF8AH C54 | External Interrupt 1 Control Register 0000y
CCM4 b | FF22, 914 | CAPCOM Mode Control Register 4 0000y
CCM5 b | FF24 92y | CAPCOM Mode Control Register 5 0000y
CCM6 b | FF264 934 | CAPCOM Mode Control Register 6 0000y
cCmMm7 b | FF28y 94, | CAPCOM Mode Control Register 7 0000y
CMP13 FE36H 1By | CAPCOM 6 Timer 13 Compare Reg. 0000y
CP FE104 084 | CPU Context Pointer Register FCOOy
CSP FEO8y 04y | CPU Code Segment Pointer Register 0000y

(8 bits, not directly writeable)
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DC Characteristics (cont’d)
(Operating Conditions apply)?

Parameter Symbol Limit Values |Unit | Test Conditions
min. max.
Input leakage current (all other) |Igzo CC |- 500 [nA 045V < V<
VbD
RSTIN inactive current®) Irsth” |- -10 A | Vin = Vigg
RSTIN active current®) IgsT® |-100 |- A | Vin= VL
RD/WR inact. current?) Irwn ” |- -40 LA | Vour =24V
RD/WR active current?) I ® [-500 |- HA | Vout = VoLmax
ALE inactive current®) Ingl” |- 40 uA | Vout = VoLmax
ALE active current® Inen® 500 |- LA | Vour=24V
Port 4 inactive current®) Ipay” |- -40 LA | Vour =24V
Port 4 active current®) Ipy® |-500 |- LA | VouT = VoL1max
PORTO configuration current'®) | Ipgy”) |- -10 LA | Vin = Vidmin
Ipg® |-100 |- HA | VIN = ViLmax
XTAL1 input current I, CC|- +20 LA [0V <Vn<Vbp
Pin capacitance'") Co CC|- 10 pF |[f=1MHz
(digital inputs/outputs) Th=25°C

R 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,.

For pin RSTIN this specification is only valid in bidirectional reset mode.

8) The maximum deliverable output current of a port driver depends on the selected output driver mode, see
Table 10, Current Limits for Port Output Drivers. The limit for pin groups must be respected.

Von — Vbp)- However, only the levels for nominal output currents are guaranteed.

As a rule, with decreasing output current the output levels approach the respective supply level (Vo — Vsg,

5) 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.

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

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

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

9 This specification is valid during Reset and during Adapt-mode. The Port 4 current values are only valid for
pins P4.3-0, which can act as CS outputs.

10) This specification is valid during Reset if required for configuration, and during Adapt-mode.

11)

Data Sheet

Not 100% tested, guaranteed by design and characterization.
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AC Characteristics
Definition of Internal Timing

The internal operation of the C164Cl is controlled by the internal CPU clock fcpy. Both
edges of the CPU clock can trigger internal (e.g. pipeline) or external (e.g. bus cycles)
operations.

The specification of the external timing (AC Characteristics) therefore depends on the
time between two consecutive edges of the CPU clock, called “TCL” (see Figure 11).

Phase Locked Loop Operation

Josc —l

TCL

fCPU

TCL
Direct Clock Drive

foss | I

TCL

Jepu

TCL
Prescaler Operation

foss | I

—= TCL {=—

fCPU

—» TCL = MCT04338

Figure 11 Generation Mechanisms for the CPU Clock

The CPU clock signal fopy can be generated from the oscillator clock signal fogc via
different mechanisms. The duration of TCLs and their variation (and also the derived
external timing) depends on the used mechanism to generate fcpy. This influence must
be regarded when calculating the timings for the C164CI.

Note: The example for PLL operation shown in Figure 11 refers to a PLL factor of 4.

The used mechanism to generate the basic CPU clock is selected by bitfield CLKCFG
in register RPOH.7-5.

Upon a long hardware reset register RPOH is loaded with the logic levels present on the
upper half of PORTO (POH), i.e. bitfield CLKCFG represents the logic levels on pins
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P0.15-13 (POH.7-5). Register RPOH can be loaded from the upper half of register
RSTCON under software control.

Table 11 associates the combinations of these three bits with the respective clock
generation mode.

Table 11 C164CI Clock Generation Modes

CLKCFG" |cPU Frequency |External Clock Notes

(RPOH.7-5) |fopu =fosc X F  |Input Range?
111  |foscx4 2.510 6.25 MHz Default configuration
110 |foscx3 3.33t0 8.33 MHz -
101 |[foscx2 5to 12.5 MHz —~
100 |foscxb 2to 5 MHz -
011 |foscx1 1 to 25 MHz Direct drive®
010 |foscx1.5 6.66 to 16.66 MHz |-
0 01 |fosc/2 2 to 50 MHz CPU clock via prescaler
0 00 |foscx25 4 t0 10 MHz -

1) Please note that pin P0.15 (corresponding to RPOH.7) is inverted in emulation mode, and thus also in EHM.

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

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

Prescaler Operation

When prescaler operation is configured (CLKCFG = 001g) 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 fosc.

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

Phase Locked Loop

When PLL operation is configured (via CLKCFG) the on-chip phase locked loop is
enabled and provides the CPU clock (see Table 11). The PLL multiplies the input
frequency by the factor F which is selected via the combination of pins P0.15-13 (i.e.
fepu =fosc x F). With every F'th transition of fog¢ the PLL circuit synchronizes the CPU
clock to the input clock. This synchronization is done smoothly, i.e. the CPU clock
frequency does not change abruptly.
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A/D Converter Characteristics
(Operating Conditions apply)
Table 13 A/D Converter Characteristics
Parameter Symbol Limit Values Unit | Test
min. max. Conditions
Analog reference supply Varerp SR | 4.0 Vop+ 0.1 |V R
Analog reference ground VaenDSR | Vgg - 0.1 | Vgg+0.2 |V -
Analog input voltage range | Van SR | Vagnp VAREF \" 2)
Basic clock frequency fac 0.5 6.25 MHz |3
Conversion time tc CC|- 40 tge + |- |¥
ts + 2fcpy fcpu=1/fcpu
Calibration time after reset |7cp. CC |- 3328 1gc |- 5)
Total unadjusted error TUE CC|- +2 LsB |
Internal resistance of Raper SR | - tsc /60 |kQ |1gc in[ns]®)7)
reference voltage source -0.25
Internal resistance of analog | Rasrc SR | - ts/450 |kQ |1gin[ns]”®)
source -0.25
ADC input capacitance Can CC |- 33 pF |7

1)

TUE is tested at Vager=5.0V, Vagnp =0V, Vpp =4.9 V. It is guaranteed by design for all other voltages
within the defined voltage range.

If the analog reference supply voltage exceeds the power supply voltage by up to 0.2 V

(i.e. Varer = Vpp = +0.2 V) the maximum TUE is increased to £3 LSB. This range is not 100% tested.

The specified TUE is guaranteed only if the absolute sum of input overload currents on Port 5 pins (see Iy
specification) does not exceed 10 mA.

During the reset calibration sequence the maximum TUE may be +4 LSB.

Vain may exceed Vagnp OF Varer Up to the absolute maximum ratings. However, the conversion result in
these cases will be X000y or X3FFy, respectively.

The limit values for fgc must not be exceeded when selecting the CPU frequency and the ADCTC setting.

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 5 depend on programming and can be taken from Table 14.

This parameter depends on the ADC control logic. It is not a real maximum value, but rather a fixum.

During the reset calibration conversions can be executed (with the current accuracy). The time required for
these conversions is added to the total reset calibration time.

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.

Not 100% tested, guaranteed by design and characterization.
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Figure 19 External Memory Cycle:
Multiplexed Bus, No Read/Write Delay, Extended ALE
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External XRAM Access

If XPER-Share mode is enabled the on-chip XRAM of the C164CI can be accessed
(during hold states) by an external master like an asynchronous SRAM.

Table 16 XRAM Access Timing (Operating Conditions apply)

Parameter Symbol | Limit Values |Unit
min. max.
Address setup time before RD/WR falling edge tag SR |4 - ns
Address hold time after RD/WR rising edge ta1 SR |0 - ns
Data turn on delay after RD falling edge o | 142 CC |2 - ns
Data output valid delay after address latched g t43 CC |- 37 ns
Data turn off delay after RD rising edge t44 CC |0 10 ns
Write data setup time before WR rising edge t45 SR |10 — ns
Write data hold time after WR rising edge Qe SR |1 — ns
WR pulse width = ts7 SR |18 - ns
WR signal recovery time tag SR |t49 - ns
e Iy e | Iy
Address
[y ]
Command
(RD, WR) S

Write Data >—< >—<

Read Data

MCT04423

Figure 25 External Access to the XRAM
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