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2 General Device Information

The XC228xl series (16/32-Bit Single-Chip Microcontroller

with 32-Bit Performance) is a part of the Infineon XC2000 Family of full-feature single-
chip CMOS microcontrollers. These devices extend the functionality and performance of
the C166 Family in terms of instructions (MAC unit), peripherals, and speed. They
combine high CPU performance (up to 128 million instructions per second) with
extended peripheral functionality and enhanced IO capabilities. Optimized peripherals
can be adapted flexibly to meet the application requirements. These derivatives utilize
clock generation via PLL and internal or external clock sources. On-chip memory
modules include program Flash, program RAM, and data RAM.

General Device Information
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Figure 1 Logic Symbol
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General Device Information

Table 6 Pin Definitions and Functions (cont'd)
Pin | Symbol Ctrl. | Type | Function
55 |P2.0 O0/1|St/B |Bit 0 of Port 2, General Purpose Input/Output
TxDC5 O1 St/B | CAN Node 5 Transmit Data Output
CCUB3_CC6 |02 |[St/B |CCU63 Channel 0 Output
0
AD13 OH/ |St/B |External Bus Interface Address/Data Line 13
IH
RxDCOC I St/B | CAN Node 0 Receive Data Input
CCU63_CC6 || St/B | CCU63 Channel 0 Input
O0INB
T5INB I St/B | GPT12E Timer T5 Count/Gate Input
56 |P2.1 O0/1|St/B |Bit1 of Port 2, General Purpose Input/Output
TxDCO O1 St/B | CAN Node 0 Transmit Data Output
CCUB3_CC6 |02 St/B | CCU63 Channel 1 Output
1
AD14 OH/ |St/B |External Bus Interface Address/Data Line 14
IH
RxDC5C I St/B | CAN Node 5 Receive Data Input
CCU63_CC6 |1 St/B | CCU63 Channel 1 Input
1INB
T5EUDB I St/B | GPT12E Timer T5 External Up/Down Control
Input
ESR1_5 I St/B | ESR1 Trigger Input 5
ERU_OAO I St/B | External Request Unit Channel 0 Input A0
57 |P11.4 O0/1|St/B |Bit4 of Port 11, General Purpose Input/Output
CCU61_CC6 | O1 St/B | CCU61 Channel 2 Output
2
U3C1_DOUT |02 St/B | USIC3 Channel 1 Shift Data Output
RxDC5B I St/B | CAN Node 5 Receive Data Input
CCuU61_CC6 |1 St/B | CCU61 Channel 2 Input
2INB
U3C1_DX0B |I St/B | USIC3 Channel 1 Shift Data Input

Data Sheet

23 V1.2, 2012-06



(infineon

XC2288l, XC2289I
XC2000 Family Derivatives / Premium Line

General Device Information

Table 6 Pin Definitions and Functions (cont'd)

Pin | Symbol Ctrl. | Type | Function

78 |P2.7 O0/1|St/B |Bit7 of Port 2, General Purpose Input/Output
UOC1_SELO |O1 St/B | USICO Channel 1 Select/Control 0 Output
0
UOCO_SELO |02 St/B | USICO Channel 0 Select/Control 1 Output
1
CC2_CC20 |0O3/1|St/B |CAPCOM2 CC20I0 Capture Inp./ Compare Out.
A20 OH |St/B |External Bus Interface Address Line 20
uoC1_DX2C || St/B | USICO Channel 1 Shift Control Input
RxDC1C I St/B | CAN Node 1 Receive Data Input
ESR2_7 I St/B | ESR2 Trigger Input 7
U4C0_DXO0D || St/B | USIC4 Channel 0 Shift Data Input

79 | P01 O0/1|St/B |Bit1 of Port 0, General Purpose Input/Output
U1C0_DOUT |01 St/B | USIC1 Channel 0 Shift Data Output
TxDCO 02 St/B | CAN Node 0 Transmit Data Output
CCU61_CC6 |03 |[St/B |CCU61 Channel 1 Output
1
A1 OH |St/B |External Bus Interface Address Line 1
U1C0_DX0B |I St/B | USIC1 Channel 0 Shift Data Input
CCU61_CC6 || St/B | CCU61 Channel 1 Input
1INA
U1C0_DX1A |I St/B | USIC1 Channel 0 Shift Clock Input

80 |P2.8 O0/1|DP/B |Bit 8 of Port 2, General Purpose Input/Output
UOC1_SCLK |01 DP/B | USICO Channel 1 Shift Clock Output
ouT
EXTCLK 02 |DP/B f;rogrammable Clock Signal Output
CC2_CcC21 0O3/1|DP/B | CAPCOM2 CC2110 Capture Inp./ Compare Out.
A21 OH | DP/B | External Bus Interface Address Line 21
UoC1_DX1D |I DP/B | USICO Channel 1 Shift Clock Input
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General Device Information

Table 6 Pin Definitions and Functions (cont'd)

Pin | Symbol Ctrl. | Type | Function

84 |P10.0 O0/1|St/B |Bit 0 of Port 10, General Purpose Input/Output
U0oC1_DOUT | O1 St/B | USICO Channel 1 Shift Data Output
CCUB0_CC6 |02 |[St/B |CCU60 Channel 0 Output
0
ADO OH/ |St/B |External Bus Interface Address/Data Line 0

IH

CCu60_CC6 |1 St/B | CCU60 Channel 0 Input
O0INA
ESR1_2 I St/B | ESR1 Trigger Input 2
UOCO_DXO0A |1 St/B | USICO Channel 0 Shift Data Input
UOC1_DXO0A |I St/B | USICO Channel 1 Shift Data Input

85 |P3.0 O0/1|St/B |Bit 0 of Port 3, General Purpose Input/Output
U2C0_DOUT |01 St/B | USIC2 Channel 0 Shift Data Output
ESR1_1 I St/B | ESR1 Trigger Input 1
U2C0_DXO0A |I St/B | USIC2 Channel 0 Shift Data Input
RxDC3B I St/B | CAN Node 3 Receive Data Input
U2C0_DX1A |1 St/B | USIC2 Channel 0 Shift Clock Input

86 |P10.1 O0/1|St/B |Bit1 of Port 10, General Purpose Input/Output
U0CO_DOUT |01 St/B | USICO Channel 0 Shift Data Output
CCuU60_CC6 |02 St/B | CCU60 Channel 1 Output
1
AD1 OH/ |St/B |External Bus Interface Address/Data Line 1

IH

CCU60_CC6 || St/B | CCU60 Channel 1 Input
1INA
UOCO_DX1A |1 St/B | USICO Channel 0 Shift Clock Input
UOCO_DX0B |I St/B | USICO Channel 0 Shift Data Input
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General Device Information

Table 6 Pin Definitions and Functions (cont'd)
Pin | Symbol Ctrl. | Type | Function
95 |P10.3 0O0/1|St/B |Bit 3 of Port 10, General Purpose Input/Output
CCU60_COU |02 |St/B |CCU60 Channel 0 Output
T60
AD3 OH/ |St/B |External Bus Interface Address/Data Line 3
IH
UOCO_DX2A || St/B | USICO Channel 0 Shift Control Input
UOC1_DX2A |I St/B | USICO Channel 1 Shift Control Input
U3CO_DXO0A |1 St/B | USIC3 Channel 0 Shift Data Input
96 |P0.5 O0/1|St/B |Bit5 of Port 0, General Purpose Input/Output
U1C1_SCLK |O1 St/B | USIC1 Channel 1 Shift Clock Output
ouT
U1CO_SELO |02 |St/B |USIC1 Channel 0 Select/Control 2 Output
2
CCuU61_COU |03 St/B | CCU61 Channel 2 Output
T62
A5 OH |St/B |External Bus Interface Address Line 5
U1C1_DX1A |l St/B | USIC1 Channel 1 Shift Clock Input
U1C0_DX1C |I St/B | USIC1 Channel 0 Shift Clock Input
RXDC3E I St/B | CAN Node 3 Receive Data Input
97 |P3.3 O0/1|St/B |Bit 3 of Port 3, General Purpose Input/Output
U2C0_SELO |O1 St/B | USIC2 Channel 0 Select/Control 0 Output
0
U2C1_SELO |02 |St/B |USIC2 Channel 1 Select/Control 1 Output
1
U4CO0_SELO |03 St/B | USIC4 Channel 0 Select/Control 0 Output
0
U2C0_DX2A |I St/B | USIC2 Channel 0 Shift Control Input
RxDC3A I St/B | CAN Node 3 Receive Data Input
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General Device Information

Table 6 Pin Definitions and Functions (cont'd)
Pin | Symbol Ctrl. | Type | Function
107 |P3.7 O0/1|St/B |Bit7 of Port 3, General Purpose Input/Output
U2C1_DOUT |O1 St/B | USIC2 Channel 1 Shift Data Output
U2C0_SELO |02 |St/B |USIC2 Channel 0 Select/Control 3 Output
3
UOCO_SELO |03 St/B | USICO Channel 0 Select/Control 7 Output
7
U2C1_DX0B |I St/B | USIC2 Channel 1 Shift Data Input
111 [P1.0 O0/1|St/B |Bit 0 of Port 1, General Purpose Input/Output
U1C0_MCLK | O1 St/B | USIC1 Channel 0 Master Clock Output
ouT
U1C0_SELO |02 St/B | USIC1 Channel 0 Select/Control 4 Output
4
A8 OH |St/B |External Bus Interface Address Line 8
ESR1_3 I St/B | ESR1 Trigger Input 3
ERU_0BO I St/B | External Request Unit Channel 0 Input B0
CCU62_CTR || St/B | CCU62 Emergency Trap Input
APB
T6INB I St/B | GPT12E Timer T6 Count/Gate Input
112 |P9.0 O0/1|St/B |Bit 0 of Port 9, General Purpose Input/Output
CCU63_CC6 |01 St/B | CCU63 Channel 0 Output
0
CCU63_CC6 |1 St/B | CCU63 Channel 0 Input
O0INA
T6EUDB I St/B | GPT12E Timer T6 External Up/Down Control
Input

Data Sheet

38 V1.2, 2012-06



Pl
H XC2288l, XC2289I
(Inflneon . XC2000 Family Derivatives / Premium Line

Functional Description

Memory Content Protection

The contents of on-chip memories can be protected against soft errors (induced e.g. by
radiation) by activating the parity mechanism or the Error Correction Code (ECC).

The parity mechanism can detect a single-bit error and prevent the software from using
incorrect data or executing incorrect instructions.

The ECC mechanism can detect and automatically correct single-bit errors. This
supports the stable operation of the system.

It is strongly recommended to activate the ECC mechanism wherever possible because
this dramatically increases the robustness of an application against such soft errors.
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Functional Description

3.3 Central Processing Unit (CPU)

The core of the CPU consists of a 5-stage execution pipeline with a 2-stage instruction-
fetch pipeline, a 16-bit arithmetic and logic unit (ALU), a 32-bit/40-bit multiply and
accumulate unit (MAC), a register-file providing three register banks, and dedicated
SFRs. The ALU features a multiply-and-divide unit, a bit-mask generator, and a barrel
shifter.

PMU[—— PSRAM
Flash/ROM
CPU
Prefetch | [csP| 1P VECSEG 2-Stage
Unit Prefetch
CPUCONT TFR -LLLLIF'ipeIine
Branch | | CPUCON2
Unit Injection/ B e DPRAM
Exception
Return Handler
FIFO
Stack | Fy IPIP
IDX0 QRO DPPO spsec ||| cp |
IDX1 QR1 DPP1 SP () T
QX0 DPP2 STKOV R15 h
R14 M R1S
QX1 DPP3 STKUN 1 =X
- - - GPRs ] - L GPRs A
Apu| (L 114 | i
Multiply |[ MRW [ |[ Division Unit | [Bit-Mask-Gen. RT_M.: R1
; RO M. RO
Unit Multiply Unit | | Barrel-Shifter I . /
AL | B l
MCW MDC RE
MSW PSW +/-
MDH MDL . -
[ maH || maL - Buffer - DSRAM
ZEROS ONES - . EBC
MAC ALU WB Peripherals
DMU

mca04917_x.vsd

Figure 3 CPU Block Diagram
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Functional Description

With this hardware most XC228xl instructions are executed in a single machine cycle of

ns @ -MHz CPU clock. For example, shift and rotate instructions are always processed
during one machine cycle, no matter how many bits are shifted. Also, multiplication and
most MAC instructions execute in one cycle. All multiple-cycle instructions have been
optimized so that they can be executed very fast; for example, a 32-/16-bit division is
started within 4 cycles while the remaining cycles are executed in the background.
Another pipeline optimization, the branch target prediction, eliminates the execution time
of branch instructions if the prediction was correct.

The CPU has a register context consisting of up to three register banks with 16 word-
wide GPRs each at its disposal. One of these register banks is physically allocated within
the on-chip DPRAM area. A Context Pointer (CP) register determines the base address
of the active register bank accessed by the CPU at any time. The number of these
register bank copies is only restricted by the available internal RAM space. For easy
parameter passing, a register bank may overlap others.

A system stack of up to 32 Kwords is provided for storage of temporary data. The system
stack can be allocated to any location within the address space (preferably in the on-chip
RAM area); it is accessed by the CPU with the stack pointer (SP) register. Two separate
SFRs, STKOV and STKUN, are implicitly compared with the stack pointer value during
each stack access to detect stack overflow or underflow.

The high performance of the CPU hardware implementation can be best utilized by the
programmer with the highly efficient XC228xI instruction set. This includes the following
instruction classes:

« Standard Arithmetic Instructions

¢ DSP-Oriented Arithmetic Instructions
* Logical Instructions

* Boolean Bit Manipulation Instructions
* Compare and Loop Control Instructions
« Shift and Rotate Instructions

¢ Prioritize Instruction

« Data Movement Instructions

» System Stack Instructions

* Jump and Call Instructions

* Return Instructions

« System Control Instructions

¢ Miscellaneous Instructions

The basic instruction length is either 2 or 4 bytes. Possible operand types are bits, bytes
and words. A variety of direct, indirect or immediate addressing modes are provided to
specify the required operands.
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Functional Description

3.17 Clock Generation

The Clock Generation Unit can generate the system clock signal fgyg for the XC228xI
from a number of external or internal clock sources:

« External clock signals with pad voltage or core voltage levels

« External crystal or resonator using the on-chip oscillator

* On-chip clock source for operation without crystal/resonator

* Wake-up clock (ultra-low-power) to further reduce power consumption

The programmable on-chip PLL with multiple prescalers generates a clock signal for
maximum system performance from standard crystals, a clock input signal, or from the
on-chip clock source. See also Section 4.7.2.

The Oscillator Watchdog (OWD) generates an interrupt if the crystal oscillator frequency
falls below a certain limit or stops completely. In this case, the system can be supplied
with an emergency clock to enable operation even after an external clock failure.

All available clock signals can be output on one of two selectable pins.
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Electrical Parameters

41.3 Voltage Range Definition

The XC228xl timing depends on the supply voltage. If such a dependency exists the
timing values are given for 2 voltage areas commonly used. The voltage areas are
defined in the following tables.

Table 14 Upper Voltage Range Definition

Parameter Symbol Values Unit | Note /

Min. Typ Max. Test Condition
Digital supply voltage for | Vppp SR | 4.5 5 5.5 \Y, Jfsys <100 MHz
I pads and voltage 475 |5 525 |V |foys< 128 MHz
regulators
Table 15 Lower Voltage Range Definition
Parameter Symbol Values Unit | Note /

Min. Typ. Max. Test Condition

Digital supply voltage for | Vppp SR |3.0 3.3 4.5 V
IO pads and voltage
regulators

41.4 Pad Timing Definition

If not otherwise noted, all timing parameters are tested and are valid for the
corresponding output pins operating in strong driver, fast edge mode.
See also “Pad Properties” on Page 118.

41.5 Parameter Interpretation

The parameters listed in the following include both the characteristics of the XC228xI
and its demands on the system. To aid in correctly interpreting the parameters when
evaluating them for a design, they are marked accordingly in the column “Symbol”:

CC (Controller Characteristics):
The logic of the XC228xI| provides signals with the specified characteristics.

SR (System Requirement):
The external system must provide signals with the specified characteristics to the
XC228xl.
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Electrical Parameters

Table 19 Leakage Power Consumption
Parameter Symbol Values Unit | Note /

Min. |Typ. |Max. Test Condition
Leakage supply current |/, CC |- 20 35 puA | T=25°C?
(DMP_1 off)" - 115 |330 |pA | T,=85°C?

- 270 880 |uA |T,=125°C?
- 420 1450 |pA | T,=150°C?
Leakage supply current |/, 4 CC |- 0.03 |0.05 |mA |T,=25°C?
(DMP_1 powered)" _ 07 17 mA | T)=85°C?
- 3.0 8.3 mA | T,=125°C?
- 6.4 185 |mA |T,=150°C?

1) The supply current caused by leakage depends mainly on the junction temperature and the supply voltage.
The temperature difference between the junction temperature 7, and the ambient temperature 7, must be
taken into account. As this fraction of the supply current does not depend on device activity, it must be added
to other power consumption values.

2) Allinputs (including pins configured as inputs) are setat 0 V to 0.1 V or at Vppp - 0.1 V to Ve and all outputs
(including pins configured as outputs) are disconnected.

Note: A fraction of the leakage current flows through domain DMP_A (pin Vpppa). This
current can be calculated as 7 000 x e, with =5 000/ (273 + 1.3xT)).
For ', = 150°C, this results in a current of 160 A.
The leakage power consumption can be calculated according to the following formula:
1, o =500 000 + e*, with o = 3 000 / (273 + BxT)) must be tagged “PWR_Management”
Parameter B must be replaced by

* 1.0 for typical values
¢ 1.6 for maximum values

1 «; =580 000 + e, with o =5 000/ (273 + BxT))
Parameter B must be replaced by

* 1.1 for typical values
* 1.4 for maximum values
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Electrical Parameters

2) This parameter includes the sample time (also the additional sample time specified by STC), the time to
determine the digital result and the time to load the result register with the conversion result. Values for the
basic clock 75p, depend on programming.

3) The broken wire detection delay against V,g\p is measured in numbers of consecutive precharge cycles at a

conversion rate of not more than 500 ps. Result below 10% (66}).

4) The broken wire detection delay against V,ger is measured in numbers of consecutive precharge cycles at a
conversion rate of not more than 10 ps. This function is influenced by leakage current, in particular at high
temperature. Result above 80% (332,).

5) Van may exceed Vagnp OF Varer UP to the absolute maximum ratings. However, the conversion result in these

cases will be X000, or X3FF, respectively.

Table 21 ADC Parameters for Upper Voltage Range

Parameter Symbol Values Unit | Note /
Min. |Typ. |Max. Test Condition
Input resistance of the RynCC |- 0.9 1.5 kQ | not subject to
selected analog channel production test
1)
Input resistance of the Ryper |- 0.5 1 kQ | not subject to
reference input CcC production test
1)
Differential Non-Linearity | |EApy| |- 1.5 3.0 LSB | not subject to
Error 23145 cc production test
Gain Error 2249 |[EAganl | = 0.5 3.5 LSB | not subject to
CcC production test
Integral Non-Linearity |[EAn] |- 15 3.0 LSB | not subject to
231499) cc production test
Offset Error 2349 |[EAogel |- 1.0 4.0 LSB |not subject to
CcC production test
Total Unadjusted Error ¥ | |TUE| |- 25 4 LsSB |9
cC
Analog clock frequency | fapci SR |2 - 20 MHz | Std. reference
input (Varer)
2 - 17.5 MHz | Alt. reference
input (CHO)
Wakeup time from analog | tyar CC |- - 7 us
powerdown, fast mode
Wakeup time from analog | #yas CC |- - 115 |ups
powerdown, slow mode
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Electrical Parameters

1) The short-term frequency deviation refers to a timeframe of a few hours and is measured relative to the current
frequency at the beginning of the respective timeframe. This parameter is useful to determine a time span for
re-triggering a LIN synchronization.

2) This parameter is tested for the fastest and the slowest selection. The medium selections are not subject to
production test - verified by design/characterization

S In MHz

H W

)

) This value includes a hysteresis of approximately 50 mV for rising voltage.

) Vv = selected PVC/SWD voltage level

) The limit //,,- 0.10 V is valid for the OK1 level. The limit for the OK2 level is V,,- 0.15 V.

9l

6

Conditions for #gpo Timing Measurement

The time required for the transition from Power-On to Base mode is called fgpq. It is
measured under the following conditions:

Precondition: The pad supply is valid, i.e. Vpppg is above 3.0 V and remains above 3.0 V
even though the XC228xl is starting up. See also Vyppg requirements in Table 13.

Start condition: Power-on reset is removed (PORST = 1).

End condition: External pin toggle caused by first user instruction executed from FLASH
after startup.

Conditions for g5 Timing Measurement

The time required for the transition from Standby to Base mode is called #ggp. It is
measured under the following conditions:

Precondition: The Standby mode has been entered using the procedure defined in the
Programmer’s Guide.

Start condition: Pin toggle on ESR pin triggering the startup sequence.

End condition: External pin toggle caused by first user instruction executed from FLASH
after startup.

Conditions for tg55 Timing Measurement

The time required for the transition from Stopover to Stopover Waked-Up mode is
called #g4o. It is measured under the following conditions:

Precondition: The Stopover mode has been entered using the procedure defined in the
Programmer’s Guide.

Start condition: Pin toggle on ESR pin triggering the startup sequence.

End condition: External pin toggle caused by first user instruction executed from PSRAM
after startup.
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Electrical Parameters

4.5 Flash Memory Parameters
The XC228xl is delivered with all Flash sectors erased and with no protection installed.

The data retention time of the XC228xI’s Flash memory (i.e. the time after which stored
data can still be retrieved) depends on the number of times the Flash memory has been
erased and programmed.

Note: These parameters are not subject to production test but verified by design and/or
characterization.

Note: Operating Conditions apply.

Table 27 Flash Parameters
Parameter Symbol Values Unit | Note /
Min. Typ Max. Test Condition
Parallel Flash module Nep SR |- - 5" Ne rp<1
program/erase limit _ _ 12) NFL_RD > 1
depending on Flash read
activity
Flash erase endurance for | Nggc SR | 10 - - cycle | tger 2 20 years
security pages S
Flash wait states® Nywsrias | 1 - - Joys <8 MHz
HSR T2 - - fays < 13 MHz
3 - - fays <17 MHz
4 - - fsys > 17 MHz
Flash wait state Nysrie |0 - - fovs < 80 MHz
[P’
extension® SR 1 B - fovs > 80 MHZ;
Jfoys £128 MHz
Erase time per tr CC |- 7% 8.0 ms
sector/page
Programming time per t,g CC |- 3% 3.5 ms
page
Data retention time tre7 CC |20 - - year | Ng <1000
S cycles
Drain disturb limit Npp SR |32 - - cycle
s
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Electrical Parameters

4.6.4 Pad Properties

The output pad drivers of the XC228xI can operate in several user-selectable modes.
Strong driver mode allows controlling external components requiring higher currents
such as power bridges or LEDs. Reducing the driving power of an output pad reduces
electromagnetic emissions (EME). In strong driver mode, selecting a slower edge
reduces EME.

The dynamic behavior, i.e. the rise time and fall time, depends on the applied external
capacitance that must be charged and discharged. Timing values are given for a
capacitance of 20 pF, unless otherwise noted.

In general, the performance of a pad driver depends on the available supply voltage
Vope- Therefore the following tables list the pad parameters for the upper voltage range
and the lower voltage range, respectively.

Note: These parameters are not subject to production test but verified by design and/or
characterization.

Note: Operating Conditions apply.
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Table 35 EBC External Bus Timing for Upper Voltage Range

Electrical Parameters

Parameter Symbol Values Unit | Note /
Min. Typ Max. Test Condition

Output valid delay for RD, |#,,CC |- 7 13 ns

WR(L/H)

Output valid delay for t4CC |- 7 14 ns

BHE, ALE

Address output validdelay |#,, CC |- 8 14 ns

for A23 ... AO

Address output validdelay |7, CC |- 8 15 ns

for AD15 ... ADO (MUX

mode)

Output valid delay for CS |#,,CC |- 7 13 ns

Data output valid delay for |#,5 CC |- 8 15 ns

AD15 ... ADO (write data,

MUX mode)

Data output valid delay for |#,4 CC |- 8 15 ns

D15 ... DO (write data,

DEMUX mode)

Output hold time for RD, |#,, CC |-2 6 8 ns

WR(L/H)

Output hold time for BHE, |#,, CC |-2 6 10 ns

ALE

Address output hold time |#,; CC | -3 6 8 ns

for AD15 ... ADO

Output hold time for CS  |#,, CC |-3 6 11 ns

Data output hold time for |#,; CC |-3 6 8 ns

D15 ... DO and AD15 ...

ADO

Input setup time for ;0 SR |25 15 . ns

READY, D15 ... DO, AD15

... ADO

Input hold time READY, |[#;SR |0 -7 - ns

D15 ... DO, AD15 ... ADO"

1) Read data are latched with the same internal clock edge that triggers the address change and the rising edge
of RD. Address changes before the end of RD have no impact on (demultiplexed) read cycles. Read data can
change after the rising edge of RD.
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XC2288l, XC2289I

XC2000 Family Derivatives / Premium Line

Electrical Parameters

LKOUT
CLKOU | | | | |
| | 12 | | | |
t 1I —f - | | | |
] | | | |
| | | | | |
A ! ! ! L/
| ti/tyoltis | | | |t
R B el | | | | ——f—-—
l 1 1 1 1
A23-A16, -
BHE, CSx : : : High Adcliress : :
| | | | () |
| | | tol T~ |
| | | —-— |
— l l l l l l
RD __ I I I I I I
WR(L/H) I I I I t I
| | | | | i |
LN T T B
| | | | | |
ADTS-ADO __1 Low Address —L Data In —'—C
(read) | . . | ' |
| 113 | | t15 | | | tos
B e S | B e e | | — =
l 1 1 1 1 1
AD.1 5-AD0 | Low Address Data Out
(write) t T T T T T
MC_X_EBCMUX
Figure 20 Multiplexed Bus Cycle
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XC2288l, XC2289I
XC2000 Family Derivatives / Premium Line

Electrical Parameters

Table 45 Interface Timing for Lower Voltage Range

Parameter Symbol Values Unit | Note /
Min. Typ Max. Test Condition

TCK clock period t4SR |50V |- - ns

TCK high time t, SR 16 - - ns

TCK low time t; SR 16 - - ns

TCK clock rise time t, SR - - 8 ns

TCK clock fall time t5 SR - - 8 ns

TDI/TMS setup to TCK 15 SR 6 - - ns

rising edge

TDI/TMS hold after TCK |#; SR 6 - - ns

rising edge

TDO valid from TCK falling | z5 CC - 32 36 ns

edge (propagation delay)?

TDO high impedanceto |7y CC - 32 36 ns

valid output from TCK

falling edge®?

TDO valid output to high |#,,CC |- 32 36 ns

impedance from TCK

falling edge?

TDO hold after TCK falling |#,4 CC |5 - - ns

edge?

1) The debug interface cannot operate faster than the overall system,

2) The falling edge on TCK is used to generate the TDO timing.
3) The setup time for TDO is given implicitly by the TCK cycle time.
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