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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Obsolete

C166SV2

16-Bit
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I2S, POR, PWM, WDT
40

192KB (192K x 8)
FLASH

26K x 8

3V ~ 5.5V

A/D 9x10b

Internal

-40°C ~ 125°C (TA)
Surface Mount
64-LQFP Exposed Pad
PG-LQFP-64-6
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General Device Information

2 General Device Information

The XE162xN series (16-Bit Single-Chip

Real Time Signal Controller) is a part of the Infineon XE166 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 80 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.
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Figure 2 XE162xN Logic Symbol
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The pins of the XE162xN are described in detail in Table 5, which includes all alternate
functions. For further explanations please refer to the footnotes at the end of the table.
The following figure summarizes all pins, showing their locations on the four sides of the

General Device Information

Pin Configuration and Definition

package.
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Figure 3 XE162xN Pin Configuration (top view)
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Key to Pin Definitions

General Device Information

« Ctrl.: The output signal for a port pin is selected by bit field PC in the associated
register Px_IOCRy. Output OO is selected by setting the respective bit field PC to
1x00g, output O1 is selected by 1x01g, etc.

Output signal OH is controlled by hardware.

» Type: Indicates the pad type and its power supply domain (A, B, M, 1).

— St: Standard pad
Sp: Special pad e.g. XTALx
DP: Double pad - can be used as standard or high speed pad
In: Input only pad

Table 5

PS: Power supply pad

Pin Definitions and Functions

Pin

Symbol

Ctrl.

Type

Function

3

TESTM

In/B

Testmode Enable

Enables factory test modes, must be held HIGH for
normal operation (connect to Vpppg)-

An internal pull-up device will hold this pin high
when nothing is driving it.

TRST

In/B

Test-System Reset Input

For normal system operation, pin TRST should be
held low. A high level at this pin at the rising edge
of PORST activates the XE162xN’s debug system.
In this case, pin TRST must be driven low once to
reset the debug system.

An internal pull-down device will hold this pin low
when nothing is driving it.

P7.0

00/l

St/B

Bit 0 of Port 7, General Purpose Input/Output

T30UT

01

St/B

GPT12E Timer T3 Toggle Latch Output

T6OUT

02

St/B

GPT12E Timer T6 Toggle Latch Output

TDO_A

OH/
H

St/B

JTAG Test Data Output / DAP1 Input/Output
If DAP pos. 0 or 2 is selected during start-up, an
internal pull-down device will hold this pin low
when nothing is driving it.

ESR2_1

St/B

ESR2 Trigger Input 1

Data Sheet
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General Device Information

Table 5 Pin Definitions and Functions (cont'd)

Pin | Symbol Ctrl. | Type | Function

20 |P5.8 I In/A | Bit 8 of Port 5, General Purpose Input
ADCO_CHS8 I In/A | Analog Input Channel 8 for ADCO
ADC1_CH8 |l In/A | Analog Input Channel 8 for ADC1
CCU6x_T12H | I In/A | External Run Control Input for T12 of CCU60/1
RC
CCU6x_T13H | I In/A | External Run Control Input for T13 of CCU60/1
RC
U2CO0_DXOF |1 In/A | USIC2 Channel 0 Shift Data Input

21 P5.10 I In/A | Bit 10 of Port 5, General Purpose Input
ADCO_CH10 |l In/A | Analog Input Channel 10 for ADCO
ADC1_CH10 |l In/A | Analog Input Channel 10 for ADC1
BRKIN_A I In/A | OCDS Break Signal Input
U2C1_DXOF |l In/A | USIC2 Channel 1 Shift Data Input

22 |P5.13 I In/A | Bit 13 of Port 5, General Purpose Input
ADCO_CH13 |l In/A | Analog Input Channel 13 for ADCO

23 |P5.15 I In/A | Bit 15 of Port 5, General Purpose Input
ADCO_CH15 |I In/A | Analog Input Channel 15 for ADCO

25 |P2.0 O0/1|St/B |Bit 0 of Port 2, General Purpose Input/Output
RxDCOC I St/B | CAN Node 0 Receive Data Input
T5INB I St/B | GPT12E Timer T5 Count/Gate Input

26 |P21 O0/1|St/B |Bit 1 of Port 2, General Purpose Input/Output
TxDCO O1 St/B | CAN Node 0 Transmit Data Output
T5EUDB I St/B | GPT12E Timer T5 External Up/Down Control

Input

ESR1_5 I St/B | ESR1 Trigger Input 5

27 |P2.2 O0/1|St/B |Bit 2 of Port 2, General Purpose Input/Output
TxDCA1 O1 St/B | CAN Node 1 Transmit Data Output
ESR2_5 I St/B | ESR2 Trigger Input 5

Data Sheet
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General Device Information

Table 5 Pin Definitions and Functions (cont'd)

Pin | Symbol Ctrl. | Type | Function

43 |P10.3 0O0/1|St/B |Bit 3 of Port 10, General Purpose Input/Output
CCUB0_COU |02 |[St/B |CCU60 Channel 0 Output
T60
UOCO_DX2A |1 St/B | USICO Channel 0 Shift Control Input
UOC1_DX2A |I St/B | USICO Channel 1 Shift Control Input

44 |P104 O0/1|St/B |Bit4 of Port 10, General Purpose Input/Output
UOCO_SELO |O1 St/B | USICO Channel 0 Select/Control 3 Output
3
CCU60_COU |02 St/B | CCU60 Channel 1 Output
T61
UOCO_DX2B |I St/B | USICO Channel 0 Shift Control Input
UOC1_DX2B |I St/B | USICO Channel 1 Shift Control Input
ESR1_9 I St/B | ESR1 Trigger Input 9

45 |P10.5 O0/1|St/B |Bit5 of Port 10, General Purpose Input/Output
UOC1_SCLK |O1 St/B | USICO Channel 1 Shift Clock Output
ouT
CCU60_COU |02 St/B | CCU60 Channel 2 Output
T62
U2C0_DOUT |03 |St/B |USIC2 Channel 0 Shift Data Output
uoc1_DX1B || St/B | USICO Channel 1 Shift Clock Input

46 |P10.6 O0/1|St/B |Bit 6 of Port 10, General Purpose Input/Output
U0CO_DOUT |01 St/B | USICO Channel 0 Shift Data Output
U1CO0_SELO |03 St/B | USIC1 Channel 0 Select/Control 0 Output
0
U0CO_DX0C |I St/B | USICO Channel 0 Shift Data Input
U1C0_DX2D |I St/B | USIC1 Channel 0 Shift Control Input
CCU60_CTR |1 St/B | CCU60 Emergency Trap Input
APA

Data Sheet
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Functional Description

Table 7 XE162xN Memory Map (cont'd)"
Address Area Start Loc. |End Loc. |Area Size? |Notes
Reserved for DSRAM | 00'8000, |O00'9FFF, |8 Kbytes

External memory area | 00°0000,; |00'7FFF, |32 Kbytes

1) Accesses to the shaded areas are reserved. In devices with external bus interface these accesses generate
external bus accesses.

2) The areas marked with “<” are slightly smaller than indicated, see column “Notes”.
3) The uppermost 4-Kbyte sector of the first Flash segment is reserved for internal use (CO’FO00,, to CO’FFFF,).

4) Several pipeline optimizations are not active within the external 10 area. This is necessary to control external
peripherals properly.

This common memory space consists of 16 Mbytes organized as 256 segments of
64 Kbytes; each segment contains four data pages of 16 Kbytes. The entire memory
space can be accessed bytewise or wordwise. Portions of the on-chip DPRAM and the
register spaces (ESFR/SFR) additionally are directly bit addressable.

The internal data memory areas and the Special Function Register areas (SFR and
ESFR) are mapped into segment 0, the system segment.

The Program Management Unit (PMU) handles all code fetches and, therefore, controls
access to the program memories such as Flash memory and PSRAM.

The Data Management Unit (DMU) handles all data transfers and, therefore, controls
access to the DSRAM and the on-chip peripherals.

Both units (PMU and DMU) are connected to the high-speed system bus so that they can
exchange data. This is required if operands are read from program memory, code or
data is written to the PSRAM, code is fetched from external memory, or data is read from
or written to external resources. These include peripherals on the LXBus such as USIC
or MultiCAN. The system bus allows concurrent two-way communication for maximum
transfer performance.

Up to 16 Kbytes of on-chip Program SRAM (PSRAM) are provided to store user code
or data. The PSRAM is accessed via the PMU and is optimized for code fetches. A
section of the PSRAM with programmable size can be write-protected.

Note: The actual size of the PSRAM depends on the quoted device type.
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Functional Description

With its maximum resolution of 2 system clock cycles, the GPT2 module provides
precise event control and time measurement. It includes two timers (T5, T6) and a
capture/reload register (CAPREL). Both timers can be clocked with an input clock which
is derived from the CPU clock via a programmable prescaler or with external signals. The
counting direction (up/down) for each timer can be programmed by software or altered
dynamically with an external signal on a port pin (TXEUD). Concatenation of the timers
is supported with the output toggle latch (T6OTL) of timer T6, which changes its state on
each timer overflow/underflow.

The state of this latch may be used to clock timer T5, and/or it may be output on pin
T60OUT. The overflows/underflows of timer T6 can also be used to clock the CAPCOM2
timers and to initiate a reload from the CAPREL register.

The CAPREL register can capture the contents of timer T5 based on an external signal
transition on the corresponding port pin (CAPIN); timer T5 may optionally be cleared
after the capture procedure. This allows the XE162xN to measure absolute time
differences or to perform pulse multiplication without software overhead.

The capture trigger (timer T5 to CAPREL) can also be generated upon transitions of
GPT1 timer T3 inputs T3IN and/or T3EUD. This is especially advantageous when T3
operates in Incremental Interface Mode.
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Functional Description

3.12 Universal Serial Interface Channel Modules (USIC)

The XE162xN features the USIC modules USICO, USIC1, USIC2. Each module provides
two serial communication channels.

The Universal Serial Interface Channel (USIC) module is based on a generic data shift
and data storage structure which is identical for all supported serial communication
protocols. Each channel supports complete full-duplex operation with a basic data buffer
structure (one transmit buffer and two receive buffer stages). In addition, the data
handling software can use FIFOs.

The protocol part (generation of shift clock/data/control signals) is independent of the
general part and is handled by protocol-specific preprocessors (PPPs).

The USIC’s input/output lines are connected to pins by a pin routing unit. The inputs and

outputs of each USIC channel can be assigned to different interface pins, providing great
flexibility to the application software. All assignments can be made during runtime.
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Figure 11 General Structure of a USIC Module

The regular structure of the USIC module brings the following advantages:

« Higher flexibility through configuration with same look-and-feel for data management
* Reduced complexity for low-level drivers serving different protocols
» Wide range of protocols with improved performances (baud rate, buffer handling)
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Functional Description

Table 10 Instruction Set Summary (cont'd)
Mnemonic Description Bytes
ROL/ROR Rotate left/right direct word GPR 2
ASHR Arithmetic (sign bit) shift right direct word GPR 2
MOV(B) Move word (byte) data 2/4
MOVBS/Z Move byte operand to word op. with sign/zero extension |2/4
JMPA/I/IR Jump absolute/indirect/relative if condition is met 4
JMPS Jump absolute to a code segment 4
JB(C) Jump relative if direct bit is set (and clear bit) 4
JNB(S) Jump relative if direct bit is not set (and set bit) 4
CALLA/IIR Call absolute/indirect/relative subroutine if condition is met | 4
CALLS Call absolute subroutine in any code segment 4
PCALL Push direct word register onto system stack and call 4
absolute subroutine
TRAP Call interrupt service routine via immediate trap number |2
PUSH/POP Push/pop direct word register onto/from system stack 2
SCXT Push direct word register onto system stack and update |4
register with word operand
RET(P) Return from intra-segment subroutine 2
(and pop direct word register from system stack)
RETS Return from inter-segment subroutine 2
RETI Return from interrupt service subroutine 2
SBRK Software Break 2
SRST Software Reset 4
IDLE Enter Idle Mode 4
PWRDN Unused instruction” 4
SRVWDT Service Watchdog Timer 4
DISWDT/ENWDT | Disable/Enable Watchdog Timer 4
EINIT End-of-Initialization Register Lock 4
ATOMIC Begin ATOMIC sequence 2
EXTR Begin EXTended Register sequence 2
EXTP(R) Begin EXTended Page (and Register) sequence 2/4
EXTS(R) Begin EXTended Segment (and Register) sequence 2/4
Data Sheet 56 V1.5, 2013-02
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Functional Description

Table 10 Instruction Set Summary (cont'd)

Mnemonic Description Bytes
NOP Null operation 2
CoMUL/CoMAC Multiply (and accumulate) 4
CoADD/CoSUB Add/Subtract 4
Co(A)SHR (Arithmetic) Shift right 4
CoSHL Shift left 4
CoLOAD/STORE | Load accumulator/Store MAC register 4
CoCMP Compare 4
CoMAX/MIN Maximum/Minimum 4
CoABS/CoRND Absolute value/Round accumulator 4
CoMOV Data move 4
CoNEG/NOP Negate accumulator/Null operation 4

1) The Enter Power Down Mode instruction is not used in the XE162xN, due to the enhanced power control

scheme. PWRDN will be correctly decoded, but will trigger no action.

Data Sheet 57
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Electrical Parameters

411 Operating Conditions

The following operating conditions must not be exceeded to ensure correct operation of
the XE162xN. All parameters specified in the following sections refer to these operating
conditions, unless otherwise noticed.

Note: Typical parameter values refer to room temperature and nominal supply voltage,
minimum/maximum  parameter values also include conditions of
minimum/maximum temperature and minimum/maximum supply voltage.
Additional details are described where applicable.

Table 12 Operating Conditions

Parameter Symbol Values Unit | Note /
Min. Typ Max. Test Condition
Voltage Regulator Buffer | Cgyry | 1.0 - 4.7 uF R
Capacitance for DMP_M | SR
Voltage Regulator Buffer | Cgyry |0.47 |- 2.2 uF 2
Capacitance for DMP_1 |SR
External Load C SR |- 209 |- pF | pin out
Capacitance driver= default
4)
System frequency fsys SR |- - 80 MHz %
Overload current for Ioya SR |-2 - 5 mA | not subject to
analog inputs® production test
Overload current for digital | [o,p SR |-5 - 5 mA | not subject to
inputs® production test
Overload current coupling | Koya - 25x |[15x |- Ioy< 0 mA; not
factor for analog inputs” |CC 10* |10 subject to
production test
- 1.0x [1.0x |- Ioy> 0 mA; not
10 |10% subject to
production test
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Electrical Parameters

Pullup/Pulldown Device Behavior

Most pins of the XE162xN feature pullup or pulldown devices. For some special pins
these are fixed; for the port pins they can be selected by the application.

The specified current values indicate how to load the respective pin depending on the
intended signal level. Figure 13 shows the current paths.

The shaded resistors shown in the figure may be required to compensate system pull
currents that do not match the given limit values.

Voop R
CD Pullup
-l —>
h 4
€
PuIIdownGD
Vss -

MG XC2X_PULL

Figure 13 Pullup/Pulldown Current Definition
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4.3.1 DC Parameters for Upper Voltage Area

Electrical Parameters

Keeping signal levels within the limits specified in this table ensures operation without
overload conditions. For signal levels outside these specifications, also refer to the
specification of the overload current /,,.

Note: Operating Conditions apply.

Table 15 is valid under the following conditions: Vppp< 5.5 V; Vppptyp. 5 V; Vppe= 4.5V

Table 15 DC Characteristics for Upper Voltage Range

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

Pin capacitance (digital CoCC |- - 10 pF | not subject to

inputs/outputs). To be production test

doubled for double bond

pins."

Input Hysteresis? HYSCC|0.11x |- - \% Rg=0 Ohm

Voop

Absolute input leakage | |loz4] |- 10 200 A |V Vss

current on pins of analog |CC Vin< Voop

ports®

Absolute input leakage ozl - 0.2 5 pA | T<110°C;

current for all other pins. |CC VN> Vsss

To be doubled for double Vin< Voop

H 3)1)4

bond pins.* - 02 |15 |uA |T<150°C;
Vin> Vss s
Vin< Voop

Pull Level Force Current® ||l c| SR|250 |- - A | V2 Vigmin(pull
down_enabled);
VINS VILmax(pull
up_enabled)

Pull Level Keep Current® ||l | - - 30 uA | Vi Vigmin(Dull

SR up_enabled);

VINg VILmax(pull
down_enabled)

Input high voltage (all VuSR 10.7x |- Voop + |V

except XTAL1) Voop 0.3

Input low voltage V.SR |-0.3 - 03x |V

(all except XTAL1) Voop

Data Sheet
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4.4

Analog/Digital Converter Parameters

Electrical Parameters

These parameters describe the conditions for optimum ADC performance.

Note: Operating Conditions apply.

Table 19 ADC Parameters
Parameter Symbol Values Unit | Note /
Min. |Typ. |Max. Test Condition
Switched capacitance at | Cansw | — - 4 pF | not subject to
an analog input CC production test
1)
Total capacitance at an Cant - - 10 pF | not subject to
analog input CcC production test
1)
Switched capacitance at | Cargrsw | — - 7 pF | not subject to
the reference input CcC production test
1)
Total capacitance atthe | Caggrr |- - 15 pF | not subject to
reference input CC production test
1)
Differential Non-Linearity ||EApy| |- 0.8 1 LSB
Error cC
Gain Error [EAganl |~ 0.4 0.8 LSB
cC
Integral Non-Linearity [EAn] |- 0.8 1.2 LSB
cC
Offset Error |[EAorel |~ 0.5 0.8 LSB
cC
Analog clock frequency | fapc) SR | 0.5 - 16.5 MHz |voltage_range=
lower
0.5 - 20 MHz |voltage_range=
upper
Input resistance of the RynCC |- - 2 kOh | not subject to
selected analog channel m production test
1)
Input resistance of the Ruper |- - 2 kOh | not subject to
reference input CC m production test
1)
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Electrical Parameters

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) TUE is tested at Vager = Vpppa = 5.0 V, Vaenp = 0 V. It is verified by design for all other voltages within the
defined voltage range. The specified TUE is valid only if the absolute sum of input overload currents on analog
port pins (see Iy, specification) does not exceed 10 mA, and if Vager and Vagyp remain stable during the
measurement time.

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

l'"'"'"""_"175'0371\7&%?1
RSource : RAIN, On :

O ] i

1 1

VAINi == Cey ! == Canr~ Cans == Cans !
1 1

1 1

1 1

] ]

1 1

b rccccrcecmcrccccccccca=d

MCS05570

Figure 16 Equivalent Circuitry for Analog Inputs
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Electrical Parameters

Sample time and conversion time of the XE162xN’s A/D converters are programmable.
The timing above can be calculated using Table 20.
The limit values for f,pc; must not be exceeded when selecting the prescaler value.

Table 20 A/D Converter Computation Table

GLOBCTR.5-0 |A/D Converter INPCRx.7-0 Sample Time"
(DIVA) Analog Clock fjpc (STC) ts

000000g fsys 00y tapc X 2
000001g Sfavs!2 01y tapcr X 3
000010g fovs!3 02, tapc) X 4

: Jsys ! (DIVA+1) fapci * (STC+2)
1111104 Jfsys /63 FE, tapc) X 256
1111115 Sfoys 1 64 FF, tapc) X 257

1) The selected sample time is doubled if broken wire detection is active (due to the presampling phase).

Converter Timing Example A:

Assumptions:  fays =80 MHz (i.e. fgys = 12.5 ns), DIVA = 03,,, STC = 00,
= fuys | 4 = 20 MHz, i.e. {pe = 50 ns

= fapc X 2 =100 ns

Analog clock Jfaoci
Sample time ts
Conversion 10-bit:
fcio =13 Xtapg 2 x1tgyg=13x50ns +2x12.5ns =0.675 pus
Conversion 8-bit:
Ics =11 xtppg + 2% tgyg =11 x50 ns + 2 x 12.5 ns = 0.575 us

Converter Timing Example B:

Assumptions:  fays =40 MHz (i.e. fgys = 25 ns), DIVA = 02,,, STC = 03,
= fovs / 3= 13.3 MHz, i.e. fapc; = 75 Ns

= fapc X 5 =375ns

Analog clock Jfapc
Sample time ts
Conversion 10-bit:
fcro =16 xtppo +2x1tgyg=16x75ns+2x25ns=1.25ps
Conversion 8-bit:
Icg =14 xthpg + 2 x tgys = 14 x75ns +2x25ns = 1.10 ps
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Electrical Parameters

Table 28 Standard Pad Parameters for Lower Voltage Range
Parameter Symbol Values Unit | Note /
Min. Typ. Max. Test Condition
Maximum output driver Tomax - - 2.5 mA | Driver_Strength
current (absolute value)" |CC = Medium
- - 10 mA | Driver_Strength
= Strong
- - 0.5 mA | Driver_Strength
= Weak
Nominal output driver Tonom - - 1.0 mA | Driver_Strength
current (absolute value) |CC = Medium
- - 2.5 mA | Driver_Strength
= Strong
- - 0.1 mA | Driver_Strength
= Weak
Data Sheet 91 V1.5, 2013-02
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Electrical Parameters

Table 28 Standard Pad Parameters for Lower Voltage Range (cont'd)

Parameter Symbol Values Unit | Note /
Min. Typ. Max. Test Condition
Rise and Fall times (10% - |tz CC |- - 37+ |ns C,> 20 pF;
90%) 0.65 x C,<100 pF;
C, Driver_Strength
= Medium
- - 24 + ns C,> 20 pF;
0.3x C,<100 pF;
C. Driver_Strength
= Strong ;
Driver_Edge=
Medium
- - 6.2+ |ns C,> 20 pF;
0.24 x C,< 100 pF;
C, Driver_Strength
= Strong ;
Driver_Edge=
Sharp
- - 34+ ns C,> 20 pF;
0.3x C,<£100 pF;
C Driver_Strength
= Strong ;
Driver_Edge=
Slow
- - 500+ |ns C.> 20 pF;
2.5x C,< 100 pF;
C. Driver_Strength
= Weak

1) An output current above |I5y,,m| may be drawn from up to three pins at the same time. For any group of 16
neighboring output pins, the total output current in each direction (£/,, and 2-I5;;) must remain below 50 mA.
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Table 31 USIC SSC Slave Mode Timing for Upper Voltage Range (cont'd)

Parameter Symbol Values Unit | Note /
Test Condition

Min. |Typ. |Max.

Data input DXO0 hold time |#3 SR |5 - - ns
from clock input DX1
receive edge”

Data output DOUT valid |#,CC |7 - 33 ns
time

1) These input timings are valid for asynchronous input signal handling of slave select input, shift clock input, and
receive data input (bits DXnCR.DSEN = 0).

Table 32 is valid under the following conditions: C,=20pF; SSC=slave;
voltage_range= lower

Table 32 USIC SSC Slave Mode Timing for Lower Voltage Range

Parameter Symbol Values Unit | Note /
Test Condition

Min. |Typ. |Max.

Select input DX2 setupto |, SR |7 - - ns
first clock input DX1
transmit edge"

Selectinput DX2 hold after |#;; SR |7 - - ns
last clock input DX1
receive edge"

Receive data input setup |#, SR |7 - - ns
time to shift clock receive

edge"

Data input DXO hold time |#3SR |5 - - ns

from clock input DX1
receive edge"

Data output DOUT valid |#,CC |8 - 41 ns
time

1) These input timings are valid for asynchronous input signal handling of slave select input, shift clock input, and
receive data input (bits DXnCR.DSEN = 0).
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Table 35 JTAG Interface Timing for Upper Voltage Range (cont'd)

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

TCK low time t3 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 |3 CC - 25 29 ns

edge (propagation delay)?

TDO high impedanceto |#, CC - 25 29 ns

valid output from TCK

falling edge®?

TDO valid output to high |#,,CC |- 25 29 ns

impedance from TCK

falling edge?

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

edge?

1) Under typical conditions, the JTAG interface can operate at transfer rates up to 20 MHz.
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.

Table 36 is valid under the following conditions: C, = 20 pF; voltage_range= lower

Table 36 JTAG Interface Timing for Lower Voltage Range

Parameter Symbol Values Unit | Note /
Min. |Typ. |Max. Test Condition
TCK clock period t; SR 50 - - ns
TCK high time t, SR 16 - - ns
TCK low time t3 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
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