18541T

SCAN18541T

General Description

The SCAN18541T is a high speed, low-power line driver
featuring separate data inputs organized into dual 9-bit
bytes with byte-oriented paired output enable contro! sig-
nals. 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).

ﬂNational Semiconductor

Non-Inverting Line Driver with TRI-STATE® Outputs

Features

® |IEEE 1149.1 (JTAG) Compliant

® Dual output enable signals per byte

® TRI-STATE outputs for bus-oriented applications

@ 9-bit data busses for parity applications

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

@ Guaranteed to drive 50 transmission line to TTL input
levels of 0.8V and 2.0V

m TTL compatible inputs

m 25 mil pitch SSOP (Shrink Small Outline Package)

B Includes CLAMP and HIGHZ instructions

® Member of National's SCAN Products

Ordering Code: see section 11
Connection Diagram

N/
Tus =1 56 101
A0y —{2 55 = Al
A0E,—{ 3 s4 |-aoE,
a0~ 4 53—y
40, —5 s2f-al,
onD—6 51|-oND
a0;—7 50 |—aly
20,8 1] I
vee—{® sl
a0s—{10 47}=alg
A0y~ 11 48— alg
GND—{12 It [cun
a0, —{13 talay
Ay —] 14 43f-a
B0, —{ 13 a2f-ny
80,— 15 Y] 1
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Ve =] 20 37f-vee
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80y = 22 35 —8ls
oNo—] 23 LY )
805 —] 24 33f-uy
B0, — 25 s2f-py
BOE, — 268 31 ['BT)E,
80y, — 27 30 |81y
To0—] 28 29 f—1eK

TL/F/10965-1

Pin Names
Pin Names Description
Alio_g) Input Pins, A Side
Blo-g) Input Pins, B Side
1, 2 [ TRI-STATE Output Enable input Pins, A Side
BOE;, BOE; | TRI-STATE Output Enable Input Pins, B Side
AO(0_g) Output Pins, A Side
AO(p-g) Output Pins, B Side
Truth Tables
Inputs AO (0-8)
AOE, | AOE; | Al (0-8)
L L H H
H X X z
X H X z
L L L L
Inputs BO (0-8)
BOE, | BOE; | BI (0-8)
L L H H
H X X z
X H X z
L L L L
H = HIGH Voltage Level
L = LOW Voltage Levet
X = tmmateria}
Z = High Impedance
Order Number Description
SCAN18541TSSC SSOP in Tubss
SCAN18541TSSCX SSOP in Tape and Resl
SCAN18541TFMQB Flatpak Military
5962-9311601MXA Military SMD #
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Block Diagrams

AO[D-S]

TL/F/109685-2

Byte A
TYPEY
AOE, R _Lc TYPE2
TYPE )—-{ B -—l_
oy — >
INSTRUCTION TRI-STATE—]—
- :Sﬁ;::vcarnnc TYpE2
Al BSR BSR
[o-8] 27-35 9-17
Tap Controller
—— T0 BSR [41] FROM BSR [0]
BYPASS
e _> REGISTER
|| INSTRUCTION
REGISTER
INSTRUCTION TRI-STATE
T™S —| ——
TEST
ACCESS
PORT
TCK —D— (TAP)
Byte B
TYPE1 DORFNVERTING - 1vpez
Bl BSR BSR
[0-8) 18-26 0-8
TYPEY INSTRUCTION TRI-STATE
= BSR
BOE, —>— 8 _La TYPE2
BSR
TYPEY )— 36
EE@"+:::=>—- Fi ’J

Note: BSR stands for Boundary Scan Register.

TL/F/10865-3

BO {0-8]

TL/F/108685-4
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18541T

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 TYPEZ2 has the additional ability to control sys-
tem data. (See |IEEE 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.)

Scan cell TYPE1 is located on each system input pin while
scan cell TYPE2 is located at each system output pin as
well as at each of the two internal active-high output enable
signals. AOE controls the activity of the A-outputs while
BOE controls the activity of the B-outputs. Each will activate
their respective outputs by loading a logic high.

The BYPASS register is a single bit shift register stage iden-
tical to scan cell TYPE1. It captures a fixed logic low.

Bypass Register Scan Chain Definition
Logic 0

- T00

TOI —1

TL/F/10965-9

The INSTRUCTION register is an 8-bit register which cap-
tures the defauit value of 10000001. The two least signifi-
cant bits of this captured value (01) are required by IEEE
Std 1149.1. The upper six bits are unique to the
SCAN18541T device. SCAN CMOS Test Access Logic de-
vices do not include the IEEE 1149.1 optional identification
register. Therefore, this unique captured value can be used
as a “pseudo |ID"' code to confirm that the correct device is
placed in the appropriate location in the boundary scan
chain.

Instruction Register Scan Chaln Definition

oI D0
nMSe LSB
TL/F/10985-10
MSB — LSB
instruction Code instruction
00000000 EXTEST
10000001 SAMPLE/PRELOAD
10000010 CLAMP
00000011 HIGH-Z
All Others BYPASS

Scan Cell TYPE1

DATA IN

SCAN OuT
(ta next cell)

SHIFT_DR

T

DATA OUT

SCAN IN
(from previous cell)

DATA IN

SHIFT_DR ——q]

T

SCAN IN CLOCK_DR

CLOCK_ DR
TL/F/10985-7
Scan Cell TYPE2
SCAN OUT
{ta next call)

NODE ____W

e
——— oaTA oUT
1
|__ o
D Q
UPDATE _OR
TL/F/10885-8

(from pravious celt)
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Description of Boundary-Scan Clrcuitry (continued)

Boundary-Scan Register

Scan Chain Definition (42 Bits in Length)

P30 | TYPEY P2

TYPE2

TL/F/10965-23
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Description of Boundary-Scan Circuitry (continued)

Boundary-Scan Reglster Definition Index

Bit No. Pin Name Pin No. Pin Type Scan Cell Type
41 ACEy 3 Input TYPE1
40 ACE, 54 Input TYPE1
39 AQE Internal TYPE2 Control
38 BOE, 26 Input TYPE1 Signals
37 BOE, 3 Input TYPE1
36 BOE Internal TYPE2
35 Alp 55 Input TYPE1
34 Alq 53 input TYPE1
33 Alz 52 Input TYPE1
32 Alg 50 Input TYPE1
31 Alg 49 Input TYPE1 A-in
30 Als 47 Input TYPE1
29 Alg 46 Input TYPE1
28 Aly 44 Input TYPE1
27 Alg 43 Input TYPE1
26 Blg 42 Input TYPE1
25 Bl4 41 Input TYPE1
24 Biy 39 input TYPE1
23 Bl 38 Input TYPE1
22 Big 36 Input TYPE1 B-in
21 Bls a5 Input TYPE1
20 Blg 33 Input TYPE1
19 Bl; 32 Input TYPE1
18 Blg 30 Input TYPE1
17 AOp 2 Output TYPE2
16 A4 4 Output TYPE2
15 AO, 5 Output TYPE2
14 AO3 7 Qutput TYPE2
13 AOQ,4 8 Output TYPE2 A-out
12 AQs 10 Output TYPE2
11 AOg 1 Output TYPE2
10 AO7 13 Output TYPE2
9 AOg 14 Output TYPE2
8 BOg 15 Output TYPE2
7 BOy 16 Output TYPE2
6 BO; 18 Output TYPE2
5 BO;, 19 Output TYPE2
4 BO4 21 Output TYPE2 B-out
3 BOs 22 Output TYPE2
2 BOg 24 Output TYPE2
1 BO; 25 Output TYPE2
0 BOg 27 Output TYPE2

http://www.national.com
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Absolute Maximum Ratings (vote 1)

It Military/Aerospace specitied devices are required, Storage Temperature —65°Cto +150°C
please contact the National Semiconductor Sales ESD (Min) 2000V
Oftice/Distributors for nvullablllty and 'pedﬂc."o“" Note 1: Absolute maximum ratings are those values beyond which damage
Supply Voltage (Vo) —0.5Vto +7.0V to the davice 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 () t1emperature, and output/input loading variables. National does not recom-

1181

Vi = —-0.5v —20mA mend operation of SCAN circuits outside databook specifications.
Vi = Vgg +0.5V +20 mA
DC Output Diode Current (Iok) Recommended Operating
Vo = —0.5V ~20 mA
Vo = Vgc +0.5v +20 mA Sco?ei?on(s )
_ upply Voltage (Ve
gg gu:put ;oltage/(;o: et 05Vio VCCi ;(;"SX SCAN Products 45V1055V
oC Vu put Gourc:d Cm o utrren (o) m Input Voltage (V)) OV to Voo
cc or Grou urren
Per Output Pin +70 mA gutpu:‘VoI?ge (VO)t - 0vitoVee
" perating Temperature (T a)
Juggtg; 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
Voo @ 4.5V, 5.5V

DC Electrical Characteristics

v Commercial Military Commercial
Symbol Parameter (s;’ Ta = +25°C [Tp = —55°Cto +125°C|T5 = —40°Cto +85°C|Units| Conditions
Typ Guaranteed Limits
Vi Minimum High 45| 15 | 20 2.0 2.0 v |Vour =01V
Input Voltage 55| 15 2.0 20 2.0 orVgg —0.1V
viL Maximum Low 45| 15 | 08 08 08 v [Vour =0av
Input Voltage 56| 15 0.8 0.8 0.8 orVegg —0.1V
VOH Minimum High 45 3.15 3.15 3.15 v |lour = —50A
Output Voltage 55 4.15 415 4,15
45 24 24 v ViN = VL or Vi
5.5 2.4 2.4 lon = —32mA
45 2.4 24 vy |YIN=ViLorViy
5.5 2.4 2.4 loH = —24 mA
Vou Maximum Low 45 01 0.1 0.1 v lout = 50 nA
Output Voltage 5.5 0.1 0.1 [oB]
4.5 0.55 0.55 v VIN = ViLor Viy
55 0.55 0.55 lo = 64 mA
4.5 0.55 0.55 v Vin = VjLorViy
5.5 0.55 0.55 loL = 4B mA
N Maximum Input Vi = Vcg, GND
Leakage Current 55 +0.1 +10 +1.0 BA
liN Maximum Input 5.5 28 37 3.6 uwA [V = Vo
TDI, TMS | Leakage -385 —385 ~385 pA V)= GND
Minimum Input 55 —160 —160 ~160 pA V) = GND
Leakage
loLo tMinimum Dynamic 55 94 63 94 mA |VoLp = 0.8V Max
lonp | Output Current —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)

Note 2: Maximum number of outputs that can switch simuitaneously is n. (n-1) outputs are switched LOW and one output held LOW.
Note 3: Maximum number of outputs that can switch simuitaneousty is n. (n-1) outputs are switched HIGH and one output held HIGH.
Nots 4: Maximum number of data inputs (n) switching. (n-1) input switching OV to 3V. Input under test switching 3V to threshold (Vi o).

Commerciat Military Commercial
Symbol Parameter ‘:s;: Ta = +25°C |Tp = —55°Cto +125°C|Tp = —40°C to +85°C|Units Conditions
Typ Guaranteed Limits
loz Maximum Output VI (OE) = V|, VIH
Leakage Current 55 +0.5 +10.0 +5.0 uA
los Output Short _ _ _ mA (Vo = oV
Circuit Current 55 100 100 100 (min)
lcc Maximum Quiescent Vo = Open
Supply Current 55 16.0 168 88 »A TDI, TMS = Vo
Vo = Open
5.5 750 930 820 MA TDI, TMS = GND
Icct Maximum Icc 5.5 2.0 2.0 2.0 mA [V, = Vge-2.1V
Per input Vi = Vi
1 = Veg=-2.1V
55 215 215 215 mA [TDI/TMS Pin, Test One
with the Other Floating
*Ali outputs loaded; thresholds associated with output under test.
TMaximum test duration 2.0 ms, one output loaded at a time.
Noise Specifications: see section 4
v Commercial Miiitary Commercial
Symbol | Parameter (3;: Ta = +25°C Ta = —55Cto +125°C | T = —40°C to +85°C | Units ';':'
Typ Guaranteed Limits
VoLp Maximum High
Output Noise 5.0 1.0 1.5 v 4-13
(Notes 2, 3)
VoLv Minimum Low
Output Noise 5.0 -0.6 -1.2 v 4-13
(Notes 2, 3)
VoHP Maximum
Overshoot 50 | Vou+1.0 | Vou+1.5 v 4-13
(Notes 1, 3)
Vonv Minimum Vco
Droop 50 | Vou—1.0 | Voy—18 v} 4-13
(Notes 1, 3)
Minimum High
VIHD Dynamic Input
Voltage Level 55 1.6 2.0 20 2.0 v
(Notes 1, 4)
Maximum Low
ViLo Dynamic Input
Voltage Level 55 14 08 0.8 0.8 Vv
(Notes 1, 4)
Note 1: Worst case package.
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AC Electrical Characteristics normai Operation: See Section 4 &
b
Commercial Military Commercial -
Vee! Ta = +25°C Ta = Ta = Fig.
Symbol Paramete Unt
ym rameter v C_ = 50 pF ~55°C 10 +125°C —srcro+asc | V™| No.
C_ = 50 pF Cp = 50 pF
Min  Typ Max Min Max Min Max
tPLH, Propagation Delay 5.0 2.5 9.0 2.5 105 25 0.8 ns 41,2
tPHL Datato Q ‘ 25 9.0 25 10.5 25 9.8 '
tpLz, Disable Time 1.5 10.2 1.5 11.2 15 10.7
torz 501 45 02| 15 1.2 1.5 107 ns | 43,4
tpzL, Enable Time 20 11.8 20 13.5 2.0 128
tpzn 501 20 95 | 20 115 20 105 ns | 43,4
*Voltage Range 5.0 is 5.0V 10.5V.
AC Electrical Characteristics scan Test Operation: See Section 4
Commercial Military Commercial
Vee* Ta = +25°C Ta = Ta = Fig.
Symbol Parameter W) CL = 50pF —55'C to +125°C —socto+ssc | VM| No.
CL = 50 pF CL = 50 pF
Min Typ Max Min Max Min Max
tPLH, Propagation Delay 50 35 13.2 3.5 158 3.5 145 ns 48
tPHL TCK to TDO : 3.5 13.2 35 15.8 35 14.5
tpL 2, Disable Time 25 11.5 25 128 25 1.9 §
tuz | TCK10TDO 50 | 55 15| 25 12.8 25 119 | M8 | 4810
tpzL, Enable Time 3.0 145 3.0 16.7 3.0 15.8 ¥
tozn | TCKto TDO 50 1 a0 145| 30 16.7 3.0 158 | ™ (4870
oL, Propagation Delay
| TOK 10 Data o so |30 M0l so 27 ] 50 w8 ||,
During Update-DR State : . : : ’ :
tpLH, Propagation Delay
‘o | TOKto Data Ot so |30 1e) S0 22 | om0 2 |,
During Update-IR State ’ : : i : ’
tPLH, Propagation Delay
tpHL TCK to Data Out 5.0 55 19.9 5.5 23.0 5.5 215 ne 48
During Test Logic ’ 5.5 19.9 5.5 23.0 5.5 21.5
Reset State
tpLz, Propagation Delay
oz | TCKto Data Out 5.0 ‘:'g :g': :'8 :g'g :'g :g': ns | 48 10
During Update-DR State : ’ ) ’ ’ :
tpLz, Propagation Delay
tpuz TCK to Data Out 5.0 :g 12: :g 2:: :g :gg ns | 4-9,10
During Update-IR State ’ ' ’ ' ) '
tpLz, Propagation Delay
tpHz TCIF to Data Ou? 50 5.0 19.9 5.0 233 5.0 215 ns | 48,10
During Test Logic 5.0 19.9 5.0 233 5.0 215
Reset State
tpzLs Propagation Delay
‘oz, | TOKt6 Data Out so |30 1881 50 e | 80 B8 | |,
During Update-DR State ' ) ) ' ) )
*Voltage Range 5.0 is 5.0V +0.5V.
All Propagation Delays involving TCK are measured from the falling edge of TCK.
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AC Electrical Characteristics scan Test Operation: See Section 4 (Continued)

Commercial Military Commercial
Vec'| Ta= +25°C Ta= Ta= Fig.
Symbel Parameter ™) | CL=50pF ~55°Cto +125°C —arcto +esc | UM No.
CL = 50pF CL = 50 pF
Min Typ Max Min Max Min Max
tpzL, Propagation Delay
b |ToKoDmwow | so |85 24| 85 w2 | es 22 | g0
During Update-IR State ) ’ ’ ' ’ '
tpzL. Propagation Delay
tpzH TCK to Data Out 7.0 23.8 7.0 27.4 7.0 25.7 N
During Test Logic 501 70 238| 70 27.4 7.0 25.7 ns | 49.10
Reset State
*Voltage Range 5.0 is 50V 1t 0.5V,
All Propagation Delays involving TCK are measured from the failing edge of TCK.
AC Operatlng Requirements scan Test Operation: See Section 4
Commercial Military Commercial
Vee! Ta = +25°C Ta= —55Cto +125°C | Tp = —40°Cto +85°C Fig.
Symbol Parameter
ymbo ™ | cL=50pF CL = 50 pF CL = 50 pF Units | .
Guaranteed Minimum
ts Setup Time, Hor L
Data to TCK (Note 1) 5.0 3.0 3.0 3.0 ns 4-11
tH Hold Time, H or L
TCK to Data (Note 1) | >° 4.5 50 45 ns | 4N
ts Setup Time, H or L
AOE,, BOE, 5.0 3.0 3.0 3.0 ns | 411
to TCK (Note 3)
ty Hold Time, Hor L
TCK to ADE,, 50 45 45 45 ns | 4-11
BOE, (Note 3)
s Setup Time, Hor L
Internal ACE, BOE, 5.0 3.0 3.0 3.0 ns 4-11
to TCK (Note 2)
tH Hold Time, H or L
TCK to Internal 5.0 3.0 3.0 3.0 ns 4-11
AOE, BOE (Note 2)
ts Setup Time, Hor L
TMS to TCK 50 8.0 8.0 8.0 ns 4-11
tH Hold Time, Hor L
TCK to TMS 5.0 2.0 20 20 ns | 4-11
ts Setup Time,Hor L
7Dl to TCK 5.0 4.0 4.0 4.0 ns 4-11
tH Hold Time, Hor L
TCK to TDI 5.0 45 4.5 45 ns 4-11
tw Pulse Width TCK 5.0
H 15.0 15.0 15.0 ns 4-12
L 5.0 5.0 50

http://www.national.com
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AC Operatlng Requirements Scan Test Operation: See Section 4 (Continued)

Commercial Miiitary Commercial
Vee! Ta = +25°C Ta = —55°Cto +126°C | Tp = —40°Cto +85°C
mbol Parameter
Sy v CL = 50 pF CL = 50 pF CL = 50 pF Units
Guaranteed Minimum
fmax Maximum TCK 50 25 25 25 MHz
Clock Frequency
Teu Wait Time, Power Up
1o TCK 5.0 100 100 100 ns
ToN Power Down Delay 0.0 100 100 100 ms
*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: This delay represents the timing relationship betwsen the data input and TCK at the associated scan cells numberad 0-8, 9-17, 18-26 and 27-35.
Note 2: This delay represents the timing relationship between AOE/BOE and TCK for scan cells 36 and 39 only.
Note 3: Timing pertains to BSR 37, 38, 40 and 41 only,
Extended AC Electrical Characteristics
Ta = Com Ta = Mil
Vee = Com Vee = Ml Ta = Com Ta =Ml
C_ = 50pF C_ = 50pF Vec = Com Vee = Mil
Symbol Parameter 18 Outputs 18 Outputs €L = 250 pF CL = 250pF | Units
Switching Switching (Note 3) (Note 3)
(Note 2) (Note 2)
Min Typ Max Min Max Min Max Min Max
tPLH, Propagation Delay 3.0 11.0 3.0 115 4.0 13.0 4.0 14.0 ns
tpHL Data to Output 3.0 11.0 3.0 1.5 4.0 15.0 4.0 16.0
tpZH, Output Enable Time | 2.5 1.5 25 125
tozL 25 140 | 25 145 (Note 4) (Note 4) ns
tpHz, Output Disable Time | 2.0 1.5 20 12,0
torz 20 15| 20 12,0 (Note 5) (Note 8) ns
toSHL Pin to Pin Skew
{Note 1) | HL Data to Output 05 10 10 ns
tosLH Pin to Pin Skew
(Note 1) | LH Data to Output 0.5 10 10 ns

Note 1: Skew is defined as the absolute value of the ditference betwesn the actual propagation delays for any two separate outputs of the same device, The
spacification applies to any outputs switching HIGH to LOW (tgsHy), LOW to HIGH (togy 1), or any combination switching LOW to HIGH and/or HIGH to LOW.

Note 2: This specification is guarantead 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, e1c.).

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

Nate 4: TRI-STATE delays are load dominated and have been excluded from the datasheet.
Note 5: The Output Disabie Time is dominated by the RC network (50002, 250 pF) on the output and has been excluded trom the datasheet.

Capacitance
Symbol Parameter Typ Units Conditions
CiN Input Pin Capacitance 4.0 pF Voo = 5.0V
Cour Output Pin Capacitance 13.0 pF Veg = 5.0V
Cpp Power.Dusmpatlon 34.0 oF Voo = 5.0V
Capacitance
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