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SCAN18245T

Serially Controlled Access Network
Non-Inverting Transceiver with TRI-STATE® Outputs

General Description

The SCAN18245T is a high speed, low-power bidirectional
line driver featuring separate data inputs organized into dual
9-bit bytes with byte-oriented output enable and direction
control signals. This device is compliant with IEEE 1149.1
Standard Test Access Port and Boundary Scan Architecture
with the incorporation of the defined boundary-scan test
logic and test access port consisting of Test Data Input
(TDI), Test Data Out (TDO), Test Mode Select (TMS), and
Test Clock (TCK).

Features

B Dual output enable contro! signals

B TRI-STATE outputs for bus-oriented applications

B 9-bit data busses for parity applications

® Reduced-swing outputs source 32 mA/sink 64 mA
(Comm), source 24 mA/sink 48 mA (Mil)

® Guaranteed to drive 5002 transmission line to TTL input
levels of 0.8V and 2.0V

B TTL compatible inputs

B 25 mil pitch SSOP (Shrink Small Outline Package)

m iEEE 1149.1 (JTAG) Compliant

B Includes CLAMP and HIGHZ instructions

B Member of National’'s SCANT™ Products

# Available as Known Good Die

Ordering Code: see section 9
Connection Diagram

o/
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100 ~ 28 29 |— TeK
TL/F/10961-1

Pin Names Description

Alo-g) Side A1 Inputs or TRI-STATE Outputs
B1(o-g) Side B1 Inputs or TRI-STATE Outputs
A2(0-8) Side A2 Inputs or TRI-STATE Qutputs
B2(0-g) Side B2 Inputs or TRI-STATE Outputs
G1,G2 Qutput Enable Pins

DIR1, DIR2 | Direction of Data Flow Pins

Order Number SCAN18245TSSC, SCAN18245TSSCX or
SCAN18245TFMQB
See NSC Package Numbers MS56A or WA56A
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Truth Tables Functional Description
Inputs The SCAN18245 consists of two sets of nine non-inverting
P A1(0-8) | B1(0-8) bidirectional buffers with TRI-STATE outputs and is intend-
G1 | DIRt ed for bus-oriented applications. Direction pins (DIR1 and
L L H <« H DIR2) LOW enables data from B poris to A ports, when
HIGH enables data from A ports to B ports. The Output
t L L <« L Enable pins (GT and G2) when HIGH disables both A and B
L H H — H ports by placing them in a high impedance condition.
L H L — L
H X Z ¥4
Inputs | a2(0-8) | B2(0-8)
G2 | DIR2
L L H <« H
L L L & L
L H H — H
L H L — L
H X zZ Z
H = HIGH Voltage Level
L = LOW Voitage Level
X = Immaterial
Z = High Impedance
Block Diagrams
A1,B1,G7and DIR1
TYPEY TYPEL
=T BSR o BSR
61 s o <— DIR1
INSTRUCTION TRI~STATE TYPE2 TYPE2 INSTRUCTION TRI=STATE
BSR BSR
76 77
Trpgr  NONCRNERTING  veey
Blra_ BSR BSR
[0-8] 27-35 _|>_ 9-17
Typez  MONOMRERTING ypgy
BSR BSR Al
45-53 <| 63-71 [0-8]

Note: BSR stands for Boundary Scan Register.

TL/F/10081-2
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Block Diagrams (Continued)

1svz8l

Tap Controller

— T0 BSR[79]  FROM BSR[0]
BYPASS
TDI —D REGISTER
TDO
| | INSTRUCTION
REGISTER
J I__msmucnon
™S D TEST TRI-STATE
ACCESS

PORT
TCK —D' [TAP]

TL/F/10861-3

A2, B2, G2 and DIR2
TYPE2_ NoN-INvERTING _PE!
BSR BSR
36-44 54-62 A2 [0-8]
BUFFER
TP NoN-INVERTING TYTE2
BSR BSR
B2 [o-8] 18-26 0-8
BUFFER
TYPE2 TYPE2
BsR BSR
72 73
INSTRUCTION TRI-STATE INSTRUCTION TRI-STATE
TYPE TYPET
= BSR BSR
) —D— s — = 4— DIR2

TL/F/10861-4
Note: BSR stands for Boundary Scan Register.
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Absolute Maximum Ratings (ote 1)

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.

Storage Temperature —65°C to +150°C

ESD (Min) 2000V
Note 1: Absolute maximum ratings are those values beyond which damage

Supply Voltage (Vcc) —0.5Vto + 7.0V to the device may occur. The databook specifications should be met, without
. . exception, to ensure that the system design is reliable over its power supply,
DC Input Diode Current (fik) temperature, and output/input loading variables. National does not recom-
V= —-05V —20 mA mend operation of SCAN circuits outside databook specifications.
V| = Vgg +0.5V +20 mA
DC Output Diode Current (i) Recommended Operating
Vo = —0.5V —20mA Co 1
Vo = Vgg +0.5V +20 mA s ??}f:aon(s )
_ upply Voltage (Vec
gg g“:"”‘ ;°"39°/ng: . ' 0.5vto VCCi ; °'SX SCAN Products 45V 055V
o Vu put Gourced Cm utrrent (lo) Om, Input Voltage (Vi) 0Vto Ve
'cc or Ground Curren
Per Output Pin £70 mA g“tpuiivm?ge (Vo)t " OVtoVee
. perating Temperature
Jug;tg; Temperature +140°C Commercial —40°Cto +85°C
Military ~55°Cto +125°C
Minimum Input Edge Rate dV/dt 125 mV/ns
VN from 0.8V to 2.0V
Voe @ 4.5V, 5.5V
DC Electrical Characteristics
Commerclal Military Commercial
Symbol Parameter ‘(’3)c Ta = +25°C |Tp = —55°Cto +125°C|Ta = —40°Cto +85°C|Units|  Conditions
Typ Guaranteed Limits
Vi Minimum High 45| 15 2.0 20 20 v Vour = 0.1V
Input Voltage 55| 15 2.0 2.0 2.0 orVegc —0.1V
ViL Maximum Low 45| 15 0.8 0.8 0.8 v Vourt = 0.1V
Input Voltage 55| 15 0.8 0.8 0.8 orVgg —0.1V
VoH Minimum High 45 3.15 315 3.15 v |lour = —50pA
Qutput Voltage 55 415 4.15 4.15
4.5 24 24 v VIN =V orViy
5.5 2.4 2.4 loH = —32mA
45 24 2.4 v VIN = VjLorViy
5.5 24 2.4 loL = —24mA
VoL Maximum Low 45 0.1 0.1 0.1 v lout = 50 pA
Output Voltage 5.5 0.1 0.1 0.1
45 0.55 0.55 v Vin = VjLor Vi
5.5 0.55 0.55 loL = 64mA
4.5 0.55 0.55 v VIN = VjLorViy
5.5 0.55 0.55 loL = 48 mA
IN Maximum Input Vi = Ve, GND
Leakage Current 55 +0.1 *1.0 +1.0 pA
N Maximum Input 55 28 3.7 3.6 pA V)= Vo
TDI, TMS | Leakage —385 —385 —385 uA |V = GND
Minimum Input _ _ _ Vi = GND
Leakage 5.5 160 160 160 HA
loLo ‘+tMinimum Dynamic 94 63 94 mA |VoLp = 0.8V Max
Output Current 55 N
loHD —40 —27 —40 mA [Voup = 2.0V Min

tMaximum test duration 2.0 ms, one output loaded at a time.
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DC Electrical Characteristics (continued) §
Commercial Military Commercial =
Symbol Parameter ‘:S)C Ta = +25°C |Tp = —55°Cto +125°C|T4 = —40°C to +85°C| Units Conditions
Typ Guaranteed Limits
lozr  |Maximum i/Q VI(OE) = V)i, VIH
Leakage Current 5.5 +0.6 +11.0 +6.0 uA V| = Vg, GND
Vo = Voo, GND
los Output Short _ _ _ i =
Circuit Current 55 100 100 100 mA (min)|Vp = OV
lcc Maximum Quiescent Vo = High
Supply Current 55 16.0 168 88 HA D1, TMS = Ve
Vo = High
5.5 750 930 820 pA DI, TMS = GND
lcct Maximum lcc Per input| 5.5 20 20 2.0 mA |V = Vge-2.1V
V| = Vgg-2.1V
TDI/TMS Pin, test
55 2.15 2.15 2.15 mA one with the
other floating
*All outputs loaded; thresholds associated with output under test.
TMaximum test duration 2.0 ms, one output loaded at a time.
Noise Specifications
Commercial Military Commercial
Symboi [ Parameter ‘(’\‘;)C Tp = +25°C Ta = —55°Cto +125°C | Ta = —40°C to +85°C | Units | Conditions
Typ Guaranteed Limits
VoLp Maximum High Figure 10
Output Noise 50 1.0 15 v (Notes 2, 3)
Vorv Minimum Low _ _ Figure 10
Output Noise 5.0 0.6 12 v (Notes 2, 3)
VoHp Maximum Figure 10
Overshoot 50 | Vou+1.0| Vou+1.5 \' (Notes 1, 3)
Vorv Minimum Voo _ _ Figure 10
Droop 50 | VoH—1.0| Vou—1.8 Vv (Notes 1, 3)
Minimum High
ViHD Dynamic Input | 5.5 1.6 20 2.0 20 V | (Notes 1, 4)
Voltage Level
Maximum Low
ViLo Dynamic Input | 5.5 1.4 0.8 0.8 0.8 V | (Notes 1, 4)
Voltage Level
Note 1: Worst case packags.
Note 2: Maximum number of outputs that can switch simultaneously is n. {n-1) outputs are switched LOW and one output held LOW.
Note 3: Maximum number of outputs that can switch simultaneously is n. (n-1) outputs are switched HIGH and one output held HIGH.
Note 4: Maximum number of data inputs (n) switching. (n-1) input switching OV to 3V, Input under test switching 3V to threshold (V)_p).
AC Electrical Characteristics Normal Operation
Commercial Military Commerclal
Vee! Ta = +25°C Ta=—55°Cto +125°C | Tp=—40°Cto +85°C Fig.
Symbol Parameter V) CL = 50 pF CL = 50pF CL = 50 pF Units No.
Min Typ Max Min Max Min Max
tpLH, Propagation Delay 5.0 1.6 7.9 1.6 9.0 1.6 8.5 ns 12
tPHL AtoB,BtoA : 1.6 7.9 1.6 8.3 1.6 8.8 ’
trrz, Disable Time 1.2 8.6 1.2 10.0 1.2 9.5
tPHZ 50 | 42 85 12 95 1.2 9.0 ns |34
tpzL, Enable Time 1.6 11.0 1.6 125 1.6 12.0
tezH 50 | 16 8.5 16 10.0 1.6 95 ns | 3.4
*Voltage Range 5.0 is 5.0V $0.5V.
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AC Electrical Characteristics scan Test Operation

Commercial Military Commerclal
Vee* | Ta= +25°C | Ta=—55°Cto +125°C | Tpo=—40°C to +85°C U Fig.
nits
Symbol Parameter ™ CL = 50 pF CL = 50 pF €, = 50 pF No.
Min Typ Max Min Max Min Max
tPLH, Propagation Delay 5.0 2.8 13.2 2.8 15.8 28 14.5 ns 5
tPHL TCK to TDO ’ 2.8 13.2 2.8 15.8 28 14.5
tpLz, Disable Time 5.0 20 11.5 20 12.8 20 11.9 ne |67
tpHz TCK to TDO : 2.0 115 2.0 12.8 2.0 11.9 ’
tpzL, Enable Time 5.0 24 145 24 16.7 2.4 15.8 ns |67
tezu TCKto TDO ’ 24 14.5 2.4 16.7 24 15.8 '
tPLH, Propagation Delay 50 4.0 18.0 4.0 217 4.0 19.8 ns 5
tPHL TCK to Data Out : 4.0 18.0 4.0 21.7 4.0 19.8
During Update-DR State
tPLH, Propagation Delay 4.0 186 4.0 21.2 4.0 20.2 ns 5
tPHL TCK to Data Out 50 | 40 18.6 4.0 21.2 4.0 20.2
During Update-IR State
tPLH, Propagation Delay 50 44 18.9 4.4 23.0 4.4 215 ns 5
tPHL TCK to Data Out : 4.4 19.9 4.4 23.0 4.4 215
During Test Logic
Reset State
tpLz, Propagation Delay 5.0 3.2 16.4 3.2 19.6 3.2 18.2 ns |67
tPHz TCK to Data Out ) 3.2 16.4 3.2 19.6 3.2 18.2 ’
During Update-DR State
tpLz, Propagation Delay 5.0 2.8 18.0 28 20.9 2.8 19.3 ns |67
tpHzZ TCK to Data Out i 28 18.0 28 20.9 28 19.3 '
During Update-IR State
tprz, Propagation Delay 50 2.8 18.4 2.8 21.8 2.8 20.0 ns |67
tPHZ TCK to Data Out ) 2.8 18.4 28 21.8 28 20.0 ’
During Test Logic
Reset State
tpzL, Propagation Delay 5.0 4.0 18.9 4.0 226 4.0 20.9 ns |67
tpzH TCK to Data Out ’ 40 18.9 4.0 226 4.0 20.9 ’
During Update-DR State
tpzL, Propagation Delay 5.0 3.2 19.9 3.2 237 3.2 21.7 ns |67
tpzH TCK to Data Out ’ 3.2 19.9 3.2 23.7 3.2 21.7 ’
During Update-IR State
tpz(, Propagation Delay 50 3.6 21.3 3.6 24.9 3.6 23.3 ns | 6.7
tpzH TCK to Data Out ) 36 21.3 36 24.9 36 23.3 ’
During Test Logic
Reset State

*Voltage Range 5.0 is 5.0V £0.5V.
All Propagation Delays invoiving TCK are measured from the falling edge of TCK.
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AC Operating Requirements scan Test Operation E
Commercial Military Commercial =
Vee* Ta=+25°C |Ta = —55°Cto +125°C | Tp = —40°Cto +85°C Units Fig.
Symbol Parameter ™ CL = 50 pF CL = 50 pF CL = 50 pF No.
Guaranteed Minimum
s Setup Time, Hor L
. . X 0.0 ns 8
Data to TCK (Note 1) 50 0.0 0.0
tH Hold Time, H or L
' . . ns 8
TCK to Data (Note 1) 50 6.5 75 65
ts Setup Time, Hor L 8
&1, G2 to TCK (Note 2) 50 0.0 0.0 0.0 ns
tH Hold Time, H or L
! | i 4. 8
TCK to GT, G2 (Note 2) 50 40 4.0 0 ns
ts Setup Time, Hor L
. . 8
DIR1, DIR2 to TCK (Note 4) | °° 00 0.0 0.0 ns
tH Hold Time, Hor L
4 X . 8
TCK to DIRY, DIR2 (Note 4) | >° 40 4.0 40 ns
ts Setup Time, Hor L
internal OE to TCK 5.0 1.0 1.0 1.0 ns 8
{Note 3)
tH Hold Time, H or L
TCK to Internal OE 50 40 50 40 ns 8
(Note 3)
ts Setup Time, Hor L
TMS to TCK 5.0 7.0 7.0 7.0 ns 8
tH Hold Time, Hor L
TCK to TMS 50 20 20 2.0 ns 8
ts Setup Time, Hor L
TDI to TCK 5.0 1.0 1.0 1.0 ns 8
tH Hold Time, Hor L
TCK to TDI 5.0 35 4.5 3.5 ns 8
tw Pulse Width 50
H 15.0 15.0 15.0 ns 9
L 5.0 5.0 50
fmex | Maximum TCK 50 25 25 25 MHz
Clock Frequency '
T, Wait Time,
pu y
Power Up to TCK 5.0 100 100 100 ns
Ton Power Down 0.0 100 100 100 ms
Delay
*Voltage Range 5.0 is 5.0V £0.5V.
Al Input Timing Delays involving TCK are measured from the rising edge of TCK.
Note 1: Timing pertains to the TYPE1 BSR and TYPE2 BSR after the butfer (BSR 0-8, 9-17, 18-26, 27-35, 36-44, 45-53, 54-62, 63-71).
Note 2: Timing pertains to BSR 74 and 78 only.
Note 3: Timing pertains to BSR 72, 73, 76 and 77 only.
Note 4: Timing pertains to BSR 75 and 72 only.
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Extended AC Electrical Characteristics

Ta = Comm Ta = Mil
Vee j Comm ch = Mil Ta = Comm Ta =M
Cu = 50pF Co = S0pF Ve = Comm Vec = Mil
Symbol Parameter 18 Outputs 18 Outputs CL = 250 pF C_ = 250 pF Units
Switching Switching (Note 3) (Note 3)
{Note 2) {Note 2)
Min Typ Max | Min Max Min Max Min Max
tpLH, Propagation Delay 25 105 | 25 110 35 12.0 35 13.0 s
tPL Data to Output 25 105 | 25 110 35 13.5 35 14.5
tpzH, Output Enabie Time 25 10.5 25 11.0
4 ns
tpzL 25 135 | 25 140 (Note 4) (Note 4)
tpHz, Output Disable Time | 2.0 9.5 2.0 10.0
g 5

tpLz 20 100 | 20 105 (Note 5) (Note 5) ns
tosHL Pin to Pin Skew

Q. 1.0 1.0 ns
(Note 1) | HL Data to QOutput s
tosLH Pin to Pin Skew

0. 1.0 1.0 ns
(Note 1) | LH data to Output s

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delays for any two separate outputs of the same device. The
specification applies to any outputs switching HIGH to LOW (togy). LOW to HIGH (tosiH). or any combination switching LOW to HIGH and/or HIGH to LOW

(tog)-

Note 2: This specification is guaranteed but not tested. The limits apply to propagation delays for all paths described switching in phase (i.e., all low-to-high, high-

to-low, etc.)

Note 3: This specification is guaranteed but not tested. The limits represent propagation delays with 250 pF load capacitors in place of the 50 pF load capacitors in
the standard AC load. This specification pertains to single output switching only.

Note 4: TRI-STATE delays ars load dominated and have been excluded from the datasheet.
Note 5: The Output Disable Time is dominated by the RC network (500(2, 250 pF) on the output and has been excluded from the datashest.

Capacitance

Symbo! Parameter Typ Units Conditions

Cin Input Pin Capacitance 4 pF Vee = 5.0V

Civo Input/Output Capacitance 20 pF Voe = 5.0V

Cpp Power Dissipation 41 pF Voo = 5.0V
Capacitance
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Pad Diagram
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20 g 37
21 )a 36
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SCAN18245T Die Information

Die Revision ¥ 4
DieID Y8J245
Die Size (X) 4310 um
Die Size (Y) 4310 um
Die Thickness 14 mil
Substrate Bias Ve (optional)
Backside Coating None
Pad Locations
Signal Signal Pad Signal Signal Pad
Number Name Location® Number Name Location®
1 ™S —B8.58, 77.81 29 TCK 5.54, —77.81
2 B1p —19.94,77.81 30 A2g 19.94, —77.81
3 DIR1 —30.50, 77.81 31 G2 30.50, —77.81
4 B1y —40.98, 77.81 32 A27 40.98, —77.81
5 Big —53.59, 77.81 33 AZg 5§3.59, —77.81
6 GND —63.73, 77.81 34 GND 63.73, —77.81
7 Big —74.47,77.81 35 AZs 74.47, —77.81
8 Biy —79.73, 62.30 36 A24 79.73, —62.27
9 Voo —79.73,51.55 37 Veo 79.73, —51.50
—79.73, 46.28 79.73, —46.23
10 Bis —79.73,36.05 38 A2; 79.73, —36.02
11 Big —79.73,27.48 38 A2o 79.73, —27.40
12 GND ~79.72,19.46 40 GND 79.73, —19.43
13 B1y —79.73,10.09 41 A2, 79.73, —10.06
14 Big —79.73,3.46 42 A2p 79.73, —3.43
15 B2y —-79.73, —3.43 43 Alg 79.73,3.46
16 B2¢ —78.73, —10.06 44 Aly 79.73,10.09
17 GND —79.72, —18.43 45 GND 79.72, 19.46
18 B2, —79.73, —27.45 46 Alg 79.73,27.43
19 B2; ~78.73, —36.02 47 Alg 79.73, 36.05
20 Vee —79.73, —46.24 48 Vee 79.73, 46.26
—79.73, —51.52 79.73,51.54
21 B24 —78.73, —62.27 49 Aly 79.73,62.30
22 B25 —74.47, —77.81 50 Alg 74.47,77.81
23 GND —63.73, —77.81 51 GND 63.73,77.81
24 B2g —53.59, —-77.81 52 Aly 53.59, 77.81
25 B2, —40.98, —77.81 53 Ay 40.98,77.81
26 DIR2 —30.50, —77.81 54 G1 30.50, 77.81
27 B2g —19.94, —77.81 55 Alg 19,94, 77.81
28 TDO —8.58, —77.81 56 TDI 5.54,77.81

*X, Y coordinates measured in mils from center of die.
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Waveforms

DATA 4§
IN } ‘6 Vi
J3J
XX ‘pxx
DATA 45
)i
e vmo

ouT
e},

TL/F/10961-22
FIGURE 1. Waveform for Inverting
and Non-inverting Functions

tw
CONTROL v
iN mi

mi

— trﬂ:
CLOCK Vi
toL
toun
ouTPUT Yo Vino
TL/F/10961-14
Vmi = 15V
Vmo = 15V
FIGURE 2. Propagation Delay, Pulse
Width and t,ec Waveforms
TCK
1D0, Data

OUTPUT ) [N
CONTROL it ll
tezn tonz |
. m—
our oo R w03
TL/F/10961-15
FIGURE 3. TRI-STATE Output
High Enable and Disable Times
ouTPUT S v
CONTROL $ ull
tozL oz | =
A %
DO‘IJTT Voo L zgt +0.3V
TL/F/10861-16
FIGURE 4. TRI-STATE Output Low
Enable and Disable Times
torks toHL
v

mo

FIGURE 5. Propagation Delay

TL/F/10861-17
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Waveforms (Continued)

K

Yoy tenz—]

v
oH
v X V-0
100, Data Vmo i

FIGURE 8. TRI-STATE Output High
Enable and Disable Times

Yz toz—

700, Date Ymo 4 VoL +0.3V

TL/F/10981-18

— J Vou
TL/F/10981-18
FIGURE 7. TRI-STATE Output Low
Enabie and Disable Times
£ ¢ LOW-HIGH-LOW
TMS, TDI, )y [ - 1.5V
Date 5 mi PULSE
E-t, " ™
IGH-LOW-HIGH —_—
TeK Voo HIGH LowP ggs 1.5
TL/F/10961-20 TL/F/10961-21
FIGURE 8. Setup Time, Hold FIGURE 9. Pulse Width
Time and Recovery Time
Vi = 1.5V
Vmo = 1.5V
ACTIVE
OUTPUTS
QUIET
OUTPUT
UNDER TEST
TL/F/10961-23

FIGURE 10. Quiet Output Noise Voltage Waveforms
Note A: Vv and Vo p are measured with respect 10 ground reference.
Note B: Input puises have the foliowing characteristics: f =~ 1 MHz, t; = 3 ns, t = 3 ns, skew < 150 ps.
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Description of Boundary-Scan Circuitry

The scan cells used in the BOUNDARY-SCAN register are
one of the following two types depending upon their loca-
tion. Scan cell TYPE1 is intended to solely observe system
data, while TYPE2 has the additional ability to control sys-

The INSTRUCTION register is an eight-bit register which
captures the value 00111101.

Instruction Register Scan Chain Definition

tem data. (See |EEE Standard 1149.1 Figure 10-11 for a
further description of scan cell TYPE1 and Figure 10-12 for
a further description of scan cell TYPE2)) o 700
Scan cell TYPET is located on each system input pin while
scan cell TYPE2 is located at each system output pin as MsB L8
well as at each of the two internal active-high output enable TL/F/10961-10
signals. AOE controls the activity of the A-outputs while MSB — LSB
BOE controls the activity of the B-outputs. Each will activate - i
their respective outputs by loading a logic high. ’ Instruction Code Instruction
The BYPASS register is a single bit shift register stage iden- ' 00000000 EXTEST
tical to scan celi TYPE1. It captures a fixed logic low. 10000001 SAMPLE/PRELOAD
Bypass Register Scan Chain Definition 10000010 CLAMP
Logic 0
00000011 HIGHZ
All Others BYPASS
ToC
"L F/10961-9
Scan Cell TYPE1
SCAN QUT
{(to next cell)
DATA N DATA OUT
et on — ]
[> ¢
0
boQ
e
SCAN IN CLOEK 2%
f4rom previous cel | TL.F/12961-7
Scan Cell TYPE2
SCan U7
112 ext cell)
wove ———— ]
DATA N [
DATA 0UT
— 1
SHIFT_OR —w
r——>c —p> ¢
0 b0 DQ
SCAN IN C.0CK_DR JPDATE DR

(from previous cell)

TL/F/10961-8
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Description of Boundary-Scan Circuitry (continued)

BOUNDARY SCAN REGISTER
SCAN18245 SCAN CHAIN DEFINITION (80 BITS IN LENGTH)

DO

TYPE2

2R 30

15 | TYPEY 43 | Tvpez

WM 82 126 ot} Alg }9
18 | rreer 44 | TYPE2

wl w2, 25 o] i, 1o

18 | TYPEY 48 | TYPEZ

Nl 82, [24 ot} Aly 11

DES 47 ]2
wl 82 J23  our] ay |12
21] TYPES 48 | TYPR2
wl oz, |22 | ay, i3
22 { TvpEt so0 | rvee2
I EE I O

$2 | TvpE2

ar] a1, |i1s
33 | rveez

=
» w
dMm B
1 2
3 2
s]:
2
3

H
©

owr] a1y l1e

.
el ]
21%
8

55 | TYPE2

wrf aty 17

=
&

-
3

TL/F/10861-5
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Description of Boundary-Scan Circuitry (continued) E
BOUNDARY-SCAN REGISTER DEFINITION INDEX =
Bit No. Pin Name Pin No. Pin Type Scan Cell Type
79 DIR1 3 Input TYPE1
78 G1 54 Input TYPE1
77 AOE4 Internal TYPE2
76 BOE, Internal TYPE2 Control
75 DIR2 26 Input TYPE1 Signals
74 G2 31 Input TYPE1
73 AOE Internal TYPE2
72 BOE3 Internal TYPE2
71 Alg 55 Input TYPE1
70 Aty 53 Input TYPE1
69 Aty 52 Input TYPE1
68 Ala 50 Input TYPE1
67 Ay 49 Input TYPE1 Al-in
66 Als 47 Input TYPE1
65 Alg 46 Input TYPE1
64 Atz 44 Input TYPE1
63 Alg 43 Input TYPE1
62 A2g 42 Input TYPE1
61 A2 41 Input TYPE1
60 A2o 39 Input TYPE1
59 A23 38 Input TYPE1
58 A24 36 Input TYPE1 A2-in
57 A2g 35 Input TYPE1
56 A2 33 Input TYPE1
55 A2 32 Input TYPE1
54 A2g 30 Input TYPE1
53 B1g 2 Output TYPE2
52 B14 4 Output TYPE2
51 B1o 5 Output TYPE2
50 B13 7 Output TYPE2
49 B4 8 Output TYPE2 B1-out
48 Bis 10 Output TYPE2
47 Big 11 Output TYPE2
46 B1y 13 Output TYPE2
45 B1g 14 Output TYPE2
44 B2g 15 Output TYPE2
43 B24 16 Output TYPE2
42 B2, 18 Output TYPE2
41 B23 19 Output TYPE2
40 B24 21 Output TYPE2 B2-out
39 B2s 22 Output TYPE2
38 B2g 24 Output TYPE2
37 B2; 25 Output TYPE2
36 B2g 27 Output TYPE2
35 Big 2 Input TYPE1
34 B14 4 Input TYPE1
33 B1;, 5 Input TYPE1
32 B13 7 Input TYPE1
31 By 8 Input TYPE1 B1-in
30 B1g 10 Input TYPE1
29 B1g 11 Input TYPE1
28 B 13 Input TYPE1
27 Big 14 Input TYPE1
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Description of Boundary-Scan Circuitry (continued)
BOUNDARY-SCAN REGISTER DEFINITION INDEX (Continued)

Bit No. Pin Name Pin No. Pin Type Scan Cell Type
26 B2g 15 Input TYPE1
25 B24 16 Input TYPE1
24 B2, 18 Input TYPE1
23 B23 19 Input TYPE1
22 B24 21 Input TYPE1 B2-in
21 B2s 22 Input TYPE1
20 B2g 24 Input TYPE1
19 B2; 25 Input TYPE1
18 B2g 27 Input TYPE1
17 Atg 55 Output TYPE2
16 Ay 53 Output TYPE2
15 Alp 52 Output TYPE2
14 Alg 50 Output TYPE2
13 Aly 49 Qutput TYPE2 Al-out
12 Als 47 Output TYPE2
11 Alg 48 Qutput TYPE2
10 Al7 44 Output TYPE2
9 Alg 43 Output TYPE2
8 A2p 42 Output TYPE2
7 A24 41 Output TYPE2
6 A2, 38 Output TYPE2
5 A23 38 Output TYPE2
4 A2 36 Qutput TYPE2 A2-out
3 A25 35 Output TYPE2
2 A2g 33 Output TYPE2
1 A27 32 Output TYPE2
0 A2g 30 Output TYPE2




Description of Boundary-Scan Circuitry (continued)

TEST ACCESS PORT (TAP)

The Test Access Port (TAP) consists of four pins dedicated
solely to the operation of the test logic. The four pins in-
ctude TMS (Test Mode Select), TDI (Test Data In), TDO
(Test Data Out), and TCK (Test Clock). These products con-
tain a power-up reset function in lieu of adding the TRST
pin. The motivation of this option is to save package size
and hence customer board space, thus making the decision
to implement 1149.1 less costly to the system designer.

TCK: This input provides the test clock for the test logic
defined by the IEEE 1149.1 Standard. In accordance with
the standard requirements, all test logic will retain its state
indefinitely upon stopping TCK at a logic low, or 0. Addition-
ally, the same retention may occur upon stopping TCK at a
logic high, or 1, which is a permission granted by the stan-
dard. The motivation for TCK to be a dedicated test input is
1) to insure that it can be used independently of system
clocks running at different frequencies, 2) that it permits
shifting of test data without alitering any system logic state
when undertaking on-line system monitoring tasks, and 3)
that it can be used to test all board interconnect even when
that interconnect transfers clock signals from one device to
another.

TMS: This input is the command signal to control system
operation modes. Its value is accepted into the test logic
upon the rising edge of TCK. This input has a pull-up resis-
tor to implement a logic high for an undriven input. The re-
quirement that an unforced TMS input produce a logic high
is to ensure that the normal operation of the design can
continue without interference from the test logic by guaran-
teeing that an undriven TMS input can put the TAP Control-
ler into the Test Logic Reset state.

TDI: This signal provides the serial data input of test instruc-
tions and data to the test logic. its value is accepted into the
test logic upon the rising edge of TCK. This input has a pull-
up resistor to implement a logic high for an undriven input.
Test data will arrive at TDO without inversion after the ap-
propriate number of clock cycles as determined by the
length of the register currently connected between TDI and
TDO. The requirement that an unforced TD! input produce a
logic high is to assist in the determination of manufacturing
defects in the test scan chain interconnect. A consistent
field of 1's in shifting out the data registers can indicate
where a break in the scan chain interconnect occurred.

TDO: This signal provides the serial data output of test in-
structions and data from the test logic. Changes in the logic
state and drive activity for this output occur upon the falling
edge of TCK. This is to avoid a race condition when TDO is
connected to TDI of the next chip in the scan chain which is
sampled on the rising edge. This output shall remain inac-
tive except when the scanning of data is in progress. This is
to permit the ability to multiplex scan chains on the board
without causing signal contention between multiple TDO
outputs connected together to form parailel scan chains.

TAP STATE DESCRIPTIONS

Changes in the state of the TAP Controller are solely a re-
sponse to the value of TMS upon the rising edge of TCK, or
upon power-up (or the application of a logic low to the op-
tional TRST input which is not included in the products re-
ferring to this document). In any given state actions of the
test logic taken in that state occur on the falling or rising

edge of TCK following the rising edge of TCK which caused

the TAP Controlier to enter the state initially.

Note: It may happen that actions to occur in one state happen on the same
rising edge of TCK that cause the TAP Controller to enter the next
state.

Test Logic Reset: The test logic is disabled during this

state such that normal operation of the system logic may

proceed uninhibited. This is achieved by initializing the in-
struction to perform the function of the BYPASS instruction.

The optional IDCODE instruction is not included in the prod-

ucts which reference this document; otherwise, the test log-

ic would be initialized to perform its function during this
state.

Two features of the state diagram are realized in this state.

First it can be noted that independent of what state the TAP

Controller is currently in, it will enter the Test Logic Reset

state after, at most, five clock cycles of TCK with the TMS

input high. Secondly, if a temporary glitch should occur on
the TMS input during a rising edge of TCK, the TAP Control-
ler will enter the Run-Test/Idle state then return to the Test

Logic Reset state via the Select-DR state and Select-IR

state provided that TMS returns to its logic high value for

rising edge clocks following the glitch. The TAP Controller

will also be forced into the Test Logic Resst state upon a

low assertion of the TRST pin or, in the case of the products

referencing this article, upon power-up.

Run-Test/Idle: In this state activity in the test logic occurs
according to the instruction present. None of the mandatory
instructions undertake any test logic activity during this
state. During the description above regarding recovery from
a glitch on the TMS input the current instruction is the BY-
PASS instruction and as a result no activity occurs in this
state with that instruction present. This state is designed to
provide the capability of performing built-in test functions
during optional instructions. For instructions that do not acti-
vate test logic during this state, all test data registers retain
their current state, i.e., remain idie.

SELECT-DR Scan: This is a temporary state in which all
test data registers retain their previous values.

Capture-DR: In this controlier state data may be parallel
loaded into the data register selected by the current instruc-
tion; otherwise, it retains its previous values.

SHIFT-DR: In this state the test data register selected be-
tween TDI and TDO by the current instruction will shift one
stage at each rising edge of TCK. TDO is active during this
state. Test data registers not selected by the current in-
struction maintain their previous values.

Exit1-DR: This is a temporary state in which all test data
registers retain their previous vaiues.

PAUSE-DR: This is a temporary state in which all data regis-
ters retain their previous values. This state is intended to
temporarily halt the shifting of test data into the data register
selected while retaining the ability to keep TCK running;
TCK may be a free-running clock.

Exit2-DR: This is a temporary state in which ali test data
registers retain their previous values.

UPDATE-DR: The parallel output register of the selected
test data register may be updated on the falling edge of TCK
in this state, provided the test data register has such a par-
allel output register. The intent of the parallel output register
is to provide the ability to apply the contents of the test data
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Description of Boundary-Scan Circuitry (continueq)

TAP CONTROLLER STATE DIAGRAM
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Description of Boundary-Scan Circuitry (continued)

registers to the test logic simuitaneously rather than apply-
ing it as it is being shifted in. All test data registers not
selected by the current instruction retain their previous val-
ues.

SELECT-IR Scan: This is a temporary state in which the
INSTRUCTION register retains its previous value.
Capture-IR: In this controller state data must be parallel
loaded into the INSTRUCTION register. The only restriction
on what that data may be is that its least significant bit must
be a logic high, or 1, and its second least significant bit must
be a logic low, or 0. These opposite state bits can be used
to check the correct operation of the scan chain on the
board by forcing a bit toggle when the instructions are shift-
ed.

SHIFT-IR: In this state the INSTRUCTION register selected
between TDI and TDO will shift one stage at each rising
edge of TCK. TDO is active during this state.

Exit1-IR: This is a temporary state in which the INSTRUC-
TION register retains its previous value.

PAUSE-IR: This is a temporary state in which the INSTRUC-
TION register retains its previous value. This state is intend-
ed to temporarily halt the shifting of test data into the IN-
STRUCTION register while retaining the ability to kesp TCK
running.

Exit2-IR: This is a temporary state in which the INSTRUC-
TION register retains its previous value.

UPDATE-IR: The parallel output register of the INSTRUC-
TION register will be updated on the falling edge of TCK in
this state. The intent of the parallel output register is to pro-
vide the ability to apply the contents of the INSTRUCTION
register to the test logic simultaneously rather than applying
it as it is being shifted in.

TDO OUTPUT ACTIVITY

Control of the TDO output buffer follows the table outlined
below:

Controller Register Selected TDO

State between Driver
TDl and TDO

Test Logic Reset BYPASS Inactive
Run Test/idle BYPASS Inactive
SELECT-DR Scan hid Inactive
SELECT-IR Scan INSTRUCTION Inactive
Capture-IR INSTRUCTION Inactive
SHIFT-IR INSTRUCTION ACTIVE
Exit1-IR INSTRUCTION Inactive
PAUSE-IR INSTRUCTI!ON Inactive
Exit2-IR INSTRUCTION Inactive
UPDATE-IR INSTRUCTION Inactive
Capture-DR b inactive
SHIFT-DR TEST DATA ACTIVE
Exit1-DR . Inactive
PAUSE-DR i Inactive
Exit2-DR e Inactive
UPDATE-DR b Inactive

Note: ** = Data register selected depends on currently active instruction.

FEATURES OF THE TAP CONTROLLER

The TAP Controller will not be initialized by the operation of
any system pin such as a system reset. The TAP Controlier
will be initialized into the Test Logic Resst state upon pow-
or-up. This requirement is intended to avoid bus signal con-
tention upon system power-up by disabling the test logic
which allows the system logic to operate normally and
hence be controlled to avoid any contention. (The TAP Con-
troller will return to the Test Logic Reset state after, at most,
five clock cycles of TCK with TMS high; but the time re-
quired to enact that operation may not be sufficient to avoid
contention.)

Note that the TAP Controller has besn defined such that six
of the sixteen states have the ability to maintain their state
provided that TMS remains at the same value it had when
entering the state. Those states include Test Logic Reset to
hold off the test logic during normal system operation, Run
Test/Idle to undertake multi-cycle self tests, SHIFT-DR and
SHIFT-IR to maintain the data shifting process for an ex-
tended period, and PAUSE-DR and PAUSE-IR to halt the
shifting process while some other activity is performed such
as retrieving test data from additional memory. This feature
is available in any/all states where multipie clock cycles
may be required to achieve the desired outcome or where
activity is to be halted but still provide the ability to make
TCK a free-running clock.

INSTRUCTION REGISTER

The INSTRUCTION register permits specific commands to
be shifted into the design to select a particular test data
register and/or a specific test function. Additionally, the
capture sequence of the INSTRUCTION register permits
design specific data to be examined.

The INSTRUCTION register must be at least two bits long,
the specific INSTRUCTION register included into the devic-
es which reference this document is eight bits long, and the
two least significant bits must capture the value “01". The
significance of the two bit minimum length is two fold. First it
permits the ability to supply unique codes for at least each
of the three mandatory instructions required by the stan-
dard. Secondly, the bit vaiue 01" in the least significant
locations can be used to check the connectivity of the scan
chain by forcing a bit toggle at each instruction during a
scan of the INSTRUCTION registers. This technique not
only assists in determining the correct connectivity of the
scan chain about the board, but also assists in pin-pointing
the location of any break in the scan chain.

The six most significant bits will contain device specific
codes which can be used to differentiate them from each
other when being interrogated through the boundary-scan
ring. On these products the DEVICE IDENTIFICATION reg-
ister was not incorporated in order to minimize any cost
and/or performance impact to the customer. As a result of
that decision the operation of the test logic may be precisely
identical in several of the functions. The different codes
captured into the INSTRUCTION register is a means of dis-
tinguishing the products in order to supply a method of eval-
uating the correct board placement of the products when an
interrogation is performed through the scan chain only.

The order of scan through the INSTRUCTION register must
be least-to-most; that is, the least significant bit is closest to
TDO for a loaded instruction. During the SHIFT-IR state the
instruction shifts one bit between TDI and TDO upon each
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rising edge of TCK and appears without inversion.at TOO
following the appropriate number of TCK cycles depending
on the fixed length of the INSTRUCTION register. A latched
parallel output register accompanies each bit of the IN-
STRUCTION register such that the instruction can be updat-
ed or applied to the test logic simultaneously, rather than
during the shift sequence. This latched parallel output
changes upon the falling edge of TCK in the Update-IR
state as well as upon the falling edge of TCK during the Test
Logic Reset state. (It changes asynchronously upon the low
assertion of the TRST input or upon power-up.)

Each instruction will identify a particular test data register to
be connected between TD! and TDO when in the Shift-DR
state along with defining any particular test actions to occur
to that test data register and/or any others.

INSTRUCTION DEFINITIONS

The required instructions include the BYPASS, EXTEST,
and SAMPLE/PRELOAD instructions. The additional in-
structions of HIGHZ and CLAMP have also been incorporat-
ed into the specific devices which reference this document.
The optional INTEST instruction was not incorporated due
to the additional propagation delay penalty to the system
logic which would result from gating that logic in order to
provide controllability as well as observability. Additionally,
no IDCODE instruction exists because the optional
IDCODE register has not been included as described previ-
ously. in the following descriptions each instruction will iden-
tify the test data register to be connected between TDI and
TDO during the SHIFT-DR state, any restrictions on the bi-
nary codes used to implement the instruction, and what test
data registers are used in undertaking the actions of the
instruction.

1. EXTEST. This instruction allows circuitry external to the
component package, typically the board interconnect, to
be tested. BOUNDARY-SCAN register cells at the output
pins are used to apply test stimuii, while those at the input
pins capture test results. When this instruction is select-
ed, the states of all signals on the system input pins will
be loaded into the BOUNDARY-SCAN register upon the
rising edge of TCK in the Capture-DR state and the con-
tents of the BOUNDARY-SCAN register will solely define
the state of the system outputs upon the falling edge of
TCK in the UPDATE-DR state. This instruction is manda-
tory under the guidelines of IEEE Standard 1149.1. The
000. . .0 instruction binary code must invoke the EXTEST
instruction. During this instruction the BOUNDARY-SCAN
register is connected between TDI and TDO in the
SHIFT-DR state. Additional binary codes for this instruc-
tion are permitted.

. SAMPLE/PRELOAD. This instruction allows a ‘‘snap-
shot” of the normal operation of the component to be
taken and examined. It also allows data values to be
loaded onto the latched parallel outputs of the
BOUNDARY-SCAN SHIFT register prior to selection of
another BOUNDARY-SCAN test instruction. During this
instruction the BOUNDARY-SCAN register is connected
between TDI and TDO in the SHIFT-DR state. When this
instruction is selected, the states of all signals on the
system pins will be loaded into the BOUNDARY-SCAN
register upon the rising edge of TCK in the CAPTURE-DR
state and the contents of the BOUNDARY-SCAN register
will be loaded into the parallel output register included
with the BOUNDARY-SCAN register bits upon the falling
edge of TCK in the UPDATE-DR state.

N

Note that by interfacing these two actions through the
Exit1-DR state, the current state of the system pins can
be captured into -the BOUNDARY-SCAN register and
stored into its parallel output registers for later application
back ‘onto those same pins. When the SAMPLE/PRE-
LOAD instruction is selected, the test logic shall have no
impact upon the system logic in performing its system
function. This instruction is mandatory under the guide-
lines of IEEE Standard 1149.1, but the binary code may
be device spécific.

3. BYPASS. This instruction allows rapid movement of test
data to and from other components on a board that are
required to perform test operations by selecting the
BYPASS register, a single-bit shift-register stage, be-
tween TDI and TDO in the SHIFT-DR state to provide a
minimum-length serial scan path. This instruction is man-
datory under the guidelines of IEEE Standard 1149.1. The
111. . .1 instruction binary code must invoke the BYPASS
instruction. This specific opcode, along with the require-
ment that an undriven TD! input produce a logic high val-
ue, is intended to load the BYPASS instruction during an
instruction-scan cycle if the scan chain is broken. In such
a case all instructions following the break in the scan
chain will be- loaded with the BYPASS instruction and
hence have no impact upon the system’s normal func-
tional operation. Additional binary codes for this instruc-
tion are permitted. When the BYPASS instruction is se-
lected, the test logic shall have no impact upon the sys-
tem logic in performing its system function. When the
optional IDCODE register is not included, this instruction
is loaded into the INSTRUCTION register in the Test Log-
ic Reset state.

. CLAMP. This instruction allows fixed guarding values to
be placed on signals that control the operation of logic
not involved in the test, but does not require that the
BOUNDARY-SCAN register be part of the serial scan
path as in the EXTEST instruction. The contents of the
BOUNDARY-SCAN register will solely define the state of
the system outputs upon the falling edge of TCK in the
UPDATE-IR state for this instruction. The BYPASS regis-
ter is connected between TDI and TDO in the SHIFT-DR
state. This instruction is optional under the guidelines of
IEEE Standard 1149.1 and therefore the binary code/s
may be device specific.

5. HIGHZ. This instruction allows all of a components sys-
tem outputs to be placed in an inactive drive state to
permit its outputs to be safely backdriven during testing of
other integrated circuits on the printed circuit board. Al
outputs of the device will become inactive even if during
their normal system function they are two-state outputs.
The BYPASS register is connected between TD! and
TDO in the SHIFT-DR state. This instruction is optional
under the guidelines of [EEE Standard 1149.1 and there-
fore the binary code/s may be device specific.

Each of the previously defined instructions fully indicates
which data registers may operate or interact with the system
logic while the instruction is current. Test data registers that
are not selected by the current instruction must be con-
trolled such that they do not interfere with the-system logic
or the operation of the test data registers currently selected.
While a given instruction may lead to operation of more than
one test data register, only one test data register may be
connected between TDI and TDO during the SHIFT-DR
state for the given instruction.

B
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BOUNDARY-SCAN REGISTER

The BOUNDARY-SCAN register permits testing of printed
circuit board interconnects such as opens and shorts while
also providing access to the components inputs and outputs
when testing or monitoring its system logic. This register, as
with all test data registers included in a 1148.1-compliant
device, must be of fixed length. Data applied at the TDI
input must appear without inversion at TDO during the
SHIFT-DR state following the appropriate number of TCK
cycles determined by the specific fixed length. This test data
register will shift one stage toward TDO at each rising edge
of TCK in the SHIFT-DR state when selected by the cur-
rent instruction. Data will be parallel loaded into the
BOUNDARY-SCAN register upon a rising edge of TCK in
the Capture-DR state and the parallel register stages of
the BOUNDARY-SCAN register will be latched upon the fall-
ing edge of TCK in the UPDATE-DR state provided that it is
selected by the current instruction; otherwise, no change to
its contents shall occur.

The shift register stages used in the make-up of the
BOUNDARY-SCAN register may or may not be required to
incorporate a parallel output register as well as its shift reg-
ister stage. This requirement depends on the function of the
system logic pin with which it is associated as well as the

operational requirements of that pin during certain instruc-
tions defined for the device. The Input and Output Bounda-
ry-Scan cells demonstrate the parallel register stage, or lack
thereof. The first cell can be used on system input pins
where only observability of its logic state is necessary while
the second scan cell can be used at system outputs where
observability and controllability are required. Note that in the
input scan cell there is no muitiplexer directly in the data
path while one does exist in the output scan cell. It is the
logic gating of the data path that results in the performance
penalty of the data path when controlling test logic is added.
It is for this reason that the optional INTEST instruction was
not included as one of the available features on the prod-
ucts which specifically reference this document. It was
deemed unnecessary to pay the performance cost in ex-
change for the limited functional extension of controlling in-
puts as well,

If INTEST capability is desired, the system logic of the prod-
ucts referencing this document can be considered an exten-
sion of the EXTEST capability. All 1149.1-compliant devices
require that the input and output data path scan cells be
placed at logically equivalent locations to the system pin. As
a result of that action the input/output buffers and voltage
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level translators are already tested as an extension of inter-
connect tests. If these interconnect tests are combined with
the triggering of a 374 flip-flop clock input, as an example,
the internal logic of the device can be evaluated as an ex-
tension of the EXTEST capability. Because the National
SCAN products currently offered have easily manipulated
system logic, the 1149.1 user can logically extend the inter-
nal system logic to the EXTEST function. This feature is
available during the EXTEST instructions for these products
because the state of the outputs is captured along with the
state of the inputs during the rising edge of TCK in the
CAPTURE-DR state. Note that this is contrary to a recom-
mendation of capturing fixed values on the outputs during
EXTEST, but it provides for a feature that would otherwise
not exist.

While these cells are sufficient to observe the logic state of
the signal in which they are piaced, they have a limitation in
observing the activity of such a signal as in the specific case
of a three-stated output. To determine the activity as weil as
the logic state of such an output, two such scan cells are
required. One in the data signal path and another in the
output enable signal path. By observing at both locations
the drive activity and/or logic value can be inferred. In the
case of a single output enable signal controlling more than
one output data path, the output enable signal may be ob-
servable and controllable at a single location rather than at
each specific output without loss of functional intent provid-
ed that the specific location retain control over all the data
outputs in unison. This provision is included to reduce the
hardware overhead as in the case of a device where such
output enable signals are organized byte-wide.

The order of the required scan cells in the BOUNDARY-
SCAN register is undefined by the 1149.1 Standard and
hence can be device specific even if the system function of
that device be identical to another 1148.1-compliant device.
In other words, even if two identical system function devices
are 1149.1-compliant there is no guarantee that such devic-
es will be identical in the structure of the BOUNDARY-
SCAN register.

BYPASS REGISTER

The BYPASS register is also a test data register and there-
fore must comply with the definitions surrounding test data
register operation; but its advantage is in its size, not neces-
sarily in its function. The BYPASS register consists of a sin-
gle shift register stage in order to shorten the board-level
serial scan chain by bypassing some devices while access-

ing others. This feature is intended to reduce the software
overhead in applying and retrieving serial test data by per-
mitting a shortcut between TDI and TDO of any given inte-
grated circuit in order to expedite access to others.

The BYPASS register must capture a logic low vaiue upon
the rising edge of TCK in the SHIFT-DR state provided that
it is selected by the current instruction. This feature is de-
signed to accompany those devices which incorporate the
32-bit device identification register. (The BYPASS register is
a test data register whose least significant bit is a fixed iogic
high.) Upon an initial scan of the data registers connected
across the board, all devices will either connect the BY-
PASS register or the optionai device IDENTIFICATION reg-
ister in its test data register scan path between TDI and
TDO while in the SHIFT-DR state. (This condition is a resuit
of power-up or a logic low assertion to TRST to initialize
each 1149.1 device on board.) By shifting the data registers
the retrieval of each logic zero indicates a BYPASS register
connection until the first logic high is read. The logic high
will be the framing bit of a device IDENTIFICATION register
which would then indicate that the following thirty-one bits
are identifiers to the specific device at that location of the
scan chain. The requirement that the BYPASS register cap-
ture a logic low value is intended to form the background for
the device IDENTIFICATION register framing bit. Additional-
ly, the logic low value is opposite the value to be produced
in the case of an undriven TDI input pin.

The BOUNDARY-SCAN register and the BYPASS register
are the only two test data registers included in the specific
products which reference this document. This decision
along with the other functional options exercised in the de-
velopment of the products which refer to this article have
been arrived at with an emphasis on reducing the overhead
involved in the decision to incorporate IEEE Standard
1149.1 as a board test methodology. One key goal was to
minimize any performance degradation to the on-chip sys-
tem logic. Additional consideration was given to the reduc-
tion of hardware overhead and thus the direct cost of a
1149.1-compliant integrated circuit. Also under considera-
tion was the limitation of optional test functions to those
deemed most popular among the end users to abbreviate
the learning curve and reduce the software overhead in-
volved in implementing a 1149.1 boundary-scan architec-
ture. To that end National Semiconductor, Incorporated of-
fers its National SCAN (Serially Controlled Access Network)
products as a series 1149.1-compliant devices under the
guidelines and provisions of IEEE Standard 1149.1-1980.
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