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Select-IR-Scan

All test registers retain their previous state. Tiruction register will remain unchanged during this
state. With JTMS LOW, a rising edge on JTCLK motres controller into the capture-IR state and will
initiate a scan sequence for the instruction regiskTMS HIGH during a riag edge on JTCLK puts the
controller back into the test-logic-reset state.

Capture-IR

The capture-IR state is used to load the shift registédre instruction register with a fixed value. This
value is loaded on the risinglge of JTCLK. If JTMS is HIGHon the rising edge of JTCLK, the
controller will enter the exitl-IR s&&tIf JTMS is LOW on the rising edge of JTCLK, the controller will
enter the shift-IR state.

Shift-IR

In this state, the shift register ihe instruction registas connected between DTand JTDO and shifts
data one stage for every rising eadde TCLK toward the serial outputhe parallel register as well as all
test registers remain at their previous statesisiig edge on JTCLK witdTMS HIGH will move the
controller to the exitl-IR state. A rising edge orCIK with JTMS LOW will keep the controller in the
shift-IR state while moving data one statporough the instrtion shift register.

Exit1-IR

A rising edge on JTCLK with JTMS LW will put the controller in the pause-IR state. If JTMS is HIGH
on the rising edge of JTCLK, theontroller will enter tle update-IR state andrteinate the scanning
process.

Pause-IR

Shifting of the instruction shift register is haltesnporarily. With JTMS HIGH, a rising edge on JTCLK
will put the controller in the exit2-IR state. The cotléowill remain in the pawsIR state if JTMS is
LOW during a rising edge on JTCLK.

Exit2-IR
A rising edge on JTCLK with JTMS LOW will put themwtroller in the update-IR state. The controller
will loop back to shift-IR if JTMS is HIGH dumg a rising edge of JTCLK in this state.

Update-IR

The instruction code shifted into the instruction tsheister is latched into the parallel output on the
falling edge of JTCLK as the controller enters thiate. Once latched, this instruction becomes the
current instruction. A rising edge on JTCLK with JTMOW, will put the controller in the run-test-idle
state. With JTMS HIGH, the controflill enter the select-DR-scan state.
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Figure 17-2. TAP Controller State Diagram
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17.1 Instruction Register

The instruction register contains a shift register dsagea latched parallel outpand is 3 bits in length.
When the TAP controller enters theafshR state, the instruction shifegister will be connected between
JTDI and JTDO. While in the shift-IR state, amgiedge on JTCLK with JTMS LOW will shift the data
one stage toward the serial outptitJ TDO. A rising edge on JTCLK in the exitl-IR state or the exit2-IR
state with JTMS HIGH will move the controller tbe update-IR state. Thellfag edge of that same
JTCLK will latch the data in the instruction shigégister to the instation parallel output.

Table 17-1. Instruction Codes for IEEE 1149.1 Architecture

INSTRUCTION SELECTED REGI STER INSTRUCTION CODES

SAMPLE/PRELOAD Boundary Scan 010
BYPASS Bypass 111
EXTEST Boundary Scan 000
CLAMP Bypass 011
HIGHZ Bypass 100
IDCODE Device Identification 001

SAMPLE/PRELOAD

This is a mandatory instruction for the IEEE 1149 .&cdation that supports two functions. The digital
I/Os of the device can be sampled at the boundeaay segister without intéering with the normal
operation of the device by usingetltapture-DR stat6SAMPLE/PRELOAD also kows the device to
shift data into the boundary scan registerJTDI using the shift-DR state.

BYPASS

When the BYPASS instruction isttdned into the parallel instructiaegister, JTDI connects to JTDO
through the one-bit bypass test register. This alldata to pass from JTDI to JTDO not affecting the
device’s normal operation.

EXTEST

This allows testing of all interconnections to the devi When the EXTEST instruction is latched in the
instruction register, the followingctions occur. Once enabled via the Update-IR state, the parallel
outputs of all digital output pins Wibe driven. The boundary scan reigr will be connected between
JTDI and JTDO. The Capture-DR will sampledidiital inputs into théooundary scan register.

CLAMP
All digital outputs of thedevice will output data from the boundagan parallel oput while connecting
the bypass register between JTDHda@TDO. The outputs will not chge during the CLAMP instruction.

HIGHZ

All digital outputs of the device will be placed anhigh-impedance state. The BYPASS register will be
connected between JTDI and JTDO.
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IDCODE

When the IDCODE instruction is latched into the parallel instruction register, the identification test
register is selected. The device identification code will be loaded into the identification register on the
rising edge of JTCLK following entry into the capture-DR state. Shift-DR can be used to shift the
identification code out serially via JTDO. During test-logic-reset, the identification code is forced into the
instruction register’s parallel output. The ID code will always have a 1 in the LSB position. The next 11
bits identify the manufacturer’s JEDEC number and number of continuation bytes followed by 16 bits for
the device and 4 bits for the version Table 17-2. Table 17-3 lists the device ID codes.

Table 17-2. ID Code Structure

MSB LSB
Version )
Contact Factory Device ID JEDEC 1
4 bits 16 bits 00010100001 1
Table 17-3. Device ID Codes
DEVICE 16-BIT ID
DS26502 0035h

17.2 Test Registers

IEEE 1149.1 requires a minimum of two test registers: the bypass register and the boundary scan register.
An optional test register has been included with the DS26502 design. This test register is the
identification register and is used with the IDCODE instruction and the test-logic-reset state of the TAP
controller.

17.2.1 Boundary Scan Register

This register contains both a shift register path and a latched parallel output for all control cells and
digital I/O cells and is n bits in length. See for all the cell bit locations and definitions.

17.2.2 Bypass Register

This is a single 1-bit shift register used with the BYPASS, CLAMP, and HIGHZ instructions that
provides a short path between JTDI and JTDO.

17.2.3 Identification Register

The identification register contains a 32-bit shift register and a 32-bit latched parallel output. This register
is selected during the IDCODE instruction and when the TAP controller is in the test-logic-reset state.
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Table 17-4. Boundary Scan Control Bits

CELL # NAME TYPE COCNETLFEOL
0 AD1 Output3 1
1 AD1 7 CTRL Controlr
2 ADO Output3 3
3 ADO_CTRL Controlr
4 WR_RW observe_only
5 RD_DS observe_only
6 CS observe_only
7 BIS1 observe_only
8 BISO observe_only
9 BTS observe_only
10 THZE observe_only
11 TMODE1 observe_only
12 TMODE2 observe_only
13 PLL_CLK observe_only
14 INT Output3 15
15 INT_CTRL Controlr
16 TSTRST observe_only
17 RLOS observe_only
18 TCSS1 observe_only
19 RLOF_CCE | observe_only
20 RAIS observe_only
21 RSER observe_only
22 OUT_400HZ | observe_only
23 RS_8K observe_only
24 RCLK observe_only
25 TS 8K 4 Output3 26
26 TS 8K 4 CTRL Controlr
27 TSER observe_only
28 TPOSO observe_only
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CELL # NAME TYPE COCNETLlT_OL
29 TNEGO observe_only
30 TCLKO observe_only
31 TCLK observe_only
32 ALE_A7 observe_only
33 A6 observe_only
34 A5 observe_only
35 A4 observe_only
36 A3 observe_only
37 A2 observe_only
38 Al observe_only
39 AO observe_only
40 AD7 Output3 1
41 AD6 Output3 1
42 AD5 Output3 1
43 AD4 Output3 1
44 AD3 Output3 1
45 AD2 Output3 1
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18. FUNCTIONAL TIMING DIAGRAMS

18.1 Processor Interface

18.1.1 Parallel Port Mode
See theAC Timingsection.

18.1.2 SPI Serial Port Mode

Figure 18-1. SPI Serial Port Access, Read Mode, CPOL =0, CPHA =0

Cs

MOSI 1 0 0 0 0 0 o X A7 X as X as X Aas X a3 X a2 X A1 X A0 B

MSB LSB MSB LSB

MISO p7 X b6 X ps X pa X D3 ¥ D2 X D1 DO

MSB LSB

Figure 18-2. SPI Serial Port Access, Read Mode, CPOL =1, CPHA=0

Cs

MOSI 1 0 0 0 0 0 0o X a7 Xas X as X aa X a3 X a2 X a1 X a0 X 8

MSB LSB MSB LsSB

MISO p7 X 06 X D5 ¥ D4 X b3 X D2 X D1 DO

MSB LsB

Figure 18-3. SPI Serial Port Access, Read Mode, CPOL =0, CPHA=1

CS
MOSI 1 0 0 0 0 0 0o X A7 X e X a5 X aa X a3 X A2 X A1 X Ao B
MSB LSB  MSB LSB
MISO p7 X b6 X D5 X D4 X D3 X D2 X D1 DO
MSB LsB
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Figure 18-4. SPI Serial Port Access, Read Mode, CPOL =1, CPHA=1

CS
MOSI 1 0 0 o X o 0 o X A7 X a6 X Aas X aa XAz X a2 X a1 X ao X B
MSB LSB  MsB LsB
MISO D7 X D6 X D5 X D4 X D3 X D2 X D1 DO
MsB LSB

Figure 18-5. SPI Serial Port Access, Write Mode, CPOL =0, CPHA =0

Cs
MOSI 0 0 0 0 ><£ 0 0 A7 X ae X As X A4 X A3 ><i2 AL X A0 B b7 wwwwwwm
msB LsB MsB LSB  MsB LSB
MISO

Figure 18-6. SPI Serial Port Access, Write Mode, CPOL =1, CPHA =0

Cs

MOSI 0 0 0 o X o 0 0 A7 X a6 K as X aa X a3 X a2 X a1 X Ao B b7 X D6 X D5 X D4 X D3 X D2 X D1 X DO ‘
MSB LSB  MsB LSB MsB LSB

MISO
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Figure 18-7. SPI Serial Port Access, Write Mode, CPOL =0, CPHA =1

TR TR TR YRR TR YRR TR VAV TA VA VR YA TAVEVATAVEVE VAT

CS \\\

MOSI‘ o AoAOAO0OXo0oXoXoXA7AAsA A5 L AsXA3XAa2XAarXak B A D7A D6 X D5 X D4 X D3 X D2 X D1 X DO ‘
MsB LSB MSB LSB MsB LsB

MISO

Figure 18-8. SPI Serial Port Access, Write Mode, CPOL =1, CPHA =1

Cs

MOSI‘ 0o LoAOAO0AO0AOADO A7><A6><A5 A4 A A3 A A2 A AL A AO B><D7 D6 X D5 A D4 X D3 X D2 £ D1 X DO
MSB LSB MsSB LSB MSB LSB

MISO
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19. OPERATING PARAMETERS
ABSOLUTE MAXIMUM RATINGS

Voltage Range on Any Pin Relative t0 Ground...........covuiie i e e e e e -1.0V to +6.0V
Operating Temperature Range for DS26502L ... ... .. .iv it e e e e e e e e 0°Cto +70°C
Operating Temperature Range for DS26502LN..........cccoi it e -40°C to +85°C (Note 1)
Y (ol =T [ T 00 o LT LN =3 - Vg o N -55°C to +125°C
SOIdering TeMPEIATUIE. .. ... e ettt e e e e See IPC/JEDEC J-STD-20 Specification

This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time can affect reliability.

Note 1: Specifications to -40°C are guaranteed by design (GBD) and not production tested.

Table 19-1. Thermal Characteristics

PARAMETER MIN TYP MAX NOTES
Ambient Temperature -40°C +85°C 2
Junction Temperature +125°C
Theta-JA (0;4) in Still Air +46.3°C/W 3

Table 19-2. Theta-JA (8,4) vs. Airflow

FORCED AIR
(meters per second) THETA-JA (8,4)

0 +45.3°C/W
1 +37.2°C/W
2.5 +34.4°C/W

Note 2: The package is mounted on a four-layer JEDEC standard test board.
Note 3: Theta-JA (0;4) is the junction-to-ambient thermal resistance, when the package is mounted on a
’ four-layer JEDEC standard test board.

Table 19-3. Recommended DC Operating Conditions
(Ta = 0°C to +70°C for DS26502L; Ta = -40°C to +85°C for DS26502LN.) (Note 4)

PARAMETER SYMBOL MIN TYP MAX | UNITS NOTES
Logic 1 Vi 2.0 5.5 v 4
Logic 0 Vi -0.3 +0.8 v 4
Supply Voo 3.135 33 3.465 v 5

Note 4: Guaranteed by design (GBD).
Note 5: Applies to RvDD, TVDD, and DVDD.

Table 19-4. Capacitance

(Ta=+25°C)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Input Capacitance Cin 5 pF
Output Capacitance Cout 7 pF
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Table 19-5. DC Characteristics

(Vop = 3.3V 5%, Ta = 0°C to +70°C for DS26502L; Vpp = 3.3V £5%, T, = -40°C to +85°C for
DS26502LN.)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Supply Current Ibp 85 150 mA
Input Leakage L -1.0 +1.0 A 6
Output Leakage lo 1.0 uA 7
Output Current (2.4V) lon -1.0 mA
Output Current (0.4V) lou +4.0 mA

Note 6: 0.0V <V|N<Vpp
Note 7:  Applied to INT when three-stated.
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20. AC TIMING PARAMETERS AND DIAGRAMS
Capacitive test loads are 40pF for bus signals and 20pF for all others.

20.1 Multiplexed Bus

Table 20-1. AC Characteristics, Multiplexed Parallel Port
(Vop = 3.3V 15%, Ta = 0°C to +70°C for DS26502L; Vpp = 3.3V 5%, Ta = -40°C to +85°C for
DS26502LN.) (Note 1, Figure 20-1, Figure 20-2, and Figure 20-3)

PARAMETER SYMBOL  MIN TYP MAX UNITS NOTES
Cycle Time teye 200 ns
Pulse Width, DS Low or RD High PWgp 100 ns
Pulse Width, DS High or RD Low PWey 100 ns
Input Rise/Fall Times tr, tg 20 ns
R/W Hold Time tRwH 10 ns
R/W Setup Time Before DS High tRws 50 ns
C__SSetuP Time Before DS, WR, or s 20 s
RD Active
CS Hold Time ten 0 ns
Read-Data Hold Time tDHR 10 50 ns
Write-Data Hold Time tbHw 5 ns
Muxed Address Valid to AS or fast 15 ns
ALE Fall
Muxed Address Hold Time tAHL 10 ns
Delay Time DS, WR, or RD to AS fasn 20 s
or ALE Rise
Pulse Width AS or ALE High PWsu 30 ns
Delay Time, AS or ALE to DS, faseD 10 s
WR, or RD
0Oru%t Data Delay Time from DS topg 30 ns
Data Setup Time tpsw 50 ns

Note 1:  The timing parameters in this table are guaranteed by design (GBD).
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Figure 20-1. Intel Bus Read Timi ng (BTS = 0/ BIS[1:0] = 00)

teye

ALE K

<« »}
tasp [ ’

PWasH
<« » tASD <« »
/< : >
cs
CS

t ¢ ’ t
ASL tDDR DHR
ADO-AD7

tAHL

Figure 20-2. Intel Bus Write Ti ming (BTS = 0/ BIS[1:0] = 00)
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ALE N\ ;

tASL | tOHW
ADO-AD7 %}W /}%
<« » « »

tAHL tpsw

113 of 125




DS26502 T1/E1/J1/64KCC BITS Element

Figure 20-3. Motorola Bus Timing (BTS = 1/ BIS[1:0] = 00)
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20.2 Nonmultiplexed Bus

Table 20-2. AC Characteristics, Non-Mux Parallel Port
(Voo = 3.3V 5%, Ta = 0°C to +70°C for DS26502L; Vpp = 3.3V 5%, Ta = -40°C to +85°C for

DS26502LN.) (Note 1, Figure 20-4, Figure 20-5, Figure 20-6, and Figure 20-7)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES

Setup Time for A0 to A7, Valid to t 0 ns
CS Active
Setup Time for CS Active to > 0 s
Either RD, WR, or DS Active
Delay Time from Either RD or
DS Active to Data Valid 13 £ ns
Hold Time from Either RD, WR, w 0 s
or DS Inactive to CS Inactive
Hold Time from CS Inactive to
Data Bus Three-State © 5 20 ns
Wait Time from Either WR or DS t6 75 s
Activate to Latch Data
Data Setl_Jp Time to Either WR or t7 10 ns
DS Inactive
Data Hold Time from Either WR

—_ ) t8 10 ns
or DS Inactive
Address Hold from Either WR or
— ) t9 10 ns
DS Inactive

Note 1:  The timing parameters in this table are guaranteed by design (GBD).
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Figure 20-4. Intel Bus Read Ti ming (BTS =0/ BIS[1:0] = 01)

A0 to A7 Address Valid
DO to D7 Data Valid ‘
5ns min/20ns max ¢ t5 )
WR
tl Ons min
CSs
Ons min 12 t3 Ons min

t4
75ns max
RD

Figure 20-5. Intel Bus Write Ti ming (BTS = 0/ BIS[1:0] = 01)

A0 to A7 Address Valid
DO to D7 YE jk
t7 t8
RD 10ns 10ns
t1 min min

Ons min
CS |
Ons min 2 6 - ><—w4 Ons min
75ns min
WR
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Figure 20-6. Motorola Bus Read Timing (BTS = 1/ BIS[1:0] = 01)

AO to A7

DO to D7

R/W

CS

DS

Address Valid

Data Valid ‘
5ns min. / 20ns max4—J.

t5

t1
l I Ons min.

Ons min.

t2 t3 t4

Ons min.
75ns max.

Figure 20-7. Motorola Bus Write Timing (BTS =1/ BIS[1:0] = 01)

AO to A7

DO to D7

R/W

CS

DS

Address Valid

10ns L*J 10ns

min. 7]t min.

ﬂ Ons min.
|

Ons min. 2 6 PM Ons min.
75ns min.
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20.3 Serial Bus

Table 20-3. AC Characteristics, Serial Bus

(Vop= 3.3V 15%, Tao = 0°C to +70°C for DS26502L; Vpp = 3.3V 15%, Ta = -40°C to +85°C for
DS26502LN.) (Note 1, Figure 20-8 and Figure 20-9)

DIAGRAM CHARACTERISTIC (NOTE 3) SYMBOL | MIN MAX | UNITS
NUMBER | Operating Frequency
(NOTE 2) | Slave fauscs) 10| MHz
1 Cycle Time: Slave teyees) 100 ns
2 Enable Lead Time tLEAD(S) 15 ns
3 Enable Lag Time tLAG(S) 15 ns
Clock (CLK) High Time
4 Slave g teLkH(s) 50 ns
Clock (CLK) Low Time
5 Slave teLki(s) 50 ns
Data Setup Time (inputs)
6 Slave tsucs) 5 ns
Data Hold Time (inputs)
7 Slave th(s) 15 ns
Access Time, Slave CPHA =0 taccro) 0 40
8 (Note 4) s
CPHA =1 taccp) 0 20
9 Disable Time, Slave (Note 5) tpis(s) 25 ns
Data Valid Time, After Enable Edge
10 Slave (Note 6) ) 40 s
Data Hold Time, Outputs, After Enable Edge
11 tHD(s) 5 ns
Slave
Note 1: The timing parameters in this table are guaranteed by design (GBD).
Note 2: Numbers refer to dimensions in the following Figure 20-8 and Figure 20-9.
Note 3: All timing is shown with respect to 20% Vpp and 70% Vpp, unless otherwise noted. 100pF load on all SPI pins.
Note 4: Time to data active from high-impedance state.
Note 5: Hold time to high-impedance state.
Note 6: With 100pF on all SPI pins.
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Figure 20-8. SPI Interface Timing Diagram, CPHA = 0, BIS[1:0] = 10

cs _\
INPUT
- 1 > 3
Al > 7
CLK INPUT < . 5 I
CPOL=0 4
- 2 >
CLK INPUT - >
cPOL=1 5 » >
o 4 sz |
o a—
9
MISO SLAVE MSB BITS 6-1 SLAVE LSB
INPUT ; NOTE
<6><7> - |= 10 - [+ 11 | .11
MOSI
OUTPUT BITS 6-1 LSB
NOTENOT DEFINED, BUT USUALLY MSB OF CHARACTER JUST RECEIVED.
Figure 20-9. SPI Interface Timing Diagram, CPHA = 1, BIS[1:0] = 10
cs _\
INPUT
- 1
- - 7
CLK INPUT - . 5
CPOL=0 4
< 2 -
- > 3
CLK INPUT - >
CPOL=1 5 - > /
W 4 —;
<§> - 9 » -
10
MISO  _____ /' NOTE >< SLAVE MSB BITS 6-1 >< SLAVE LSB
OUTPUT
- 11
MOSI BITS 6-1 LSB

INPUT

NOTENOT DEFINED, BUT USUALLY LSB OF CHARACTER PREVIOUSLY
TRANSMITTF
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20.4 Receive Side AC Characteristics

Table 20-4. Receive Side AC Characteristics
(Vop = 3.3V 15%, Ta = 0°C to +70°C for DS26502L; Vpp = 3.3V 5%, Ta = -40°C to +85°C for
DS26502LN.) (Note 1 and Figure 20-10)

PARAMETER SYMBOL MIN TYP MAX | UNITS | NOTES

488 ns 2

. 648 ns 3

RCLK Period tcp 156 R 4

158.4 ns 5

teu 200 ns 6

. ter 200 ns 6

RCLK Pulse Width ton 75 R 5

teL 7.5 R 5

tcu 150 ns 7

. teL 150 ns 7

RCLK Pulse Width ten 75 R 4

teL 7.5 R 4
RCLK to RSER Delay tpi 20 ns
RCLK to RS 8K, 400Hz Delay tp2 50 ns

Note 1: The timing parameters in this table are guaranteed by design (GBD).
Note 2: E1 mode.

Note 3: T1 or J1 mode.

Note 4: 64K CC mode.

Note 5: 6312kHz mode.

Note 6: Jitter attenuator enabled in the receive path.

Note 7: Jitter attenuator disabled or enabled in the transmit path.

120 of 125






	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES

	FEATURES

