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N  a t i o n  a l S e m i c o n d u c t o r

SCAN182541A
Non-Inverting Line Driver with 
25fl Series Resistor Outputs
G eneral Description
The SCAN 182541A  is a high pe rfo rm ance B iCM OS line 
driver featuring separate  da ta  inputs organ ized into dual 
9-b it bytes w ith  byte-oriented paired ou tpu t enable  con tro l 
signals. Th is device is com p lian t w ith  IEEE 1149.1 S tandard 
Test A ccess Port and Boundary-Scan a rch itectu re  w ith  the 
incorporation o f the  defined Boundary-Scan te s t log ic and 
te s t access po rt cons isting o f T es t D ata  Input (TDI), Test 
Data O ut (TDO), T es t M ode S elect (TMS), and Test C lock 
(TCK).

Features
■ IEEE 1149.1 (JTAG) Com pliant
■ H igh pe rfo rm ance B iCM OS techno logy
■ 2 5 0  series res is to r ou tpu ts e lim inate  need fo r externa l 

te rm ina ting  resistors
■ Dual ou tpu t enable  signals per byte
■ TRI-STATE® ou tpu ts fo r bus-oriented app lica tions
■ 25 mil p itch  SSOP (Shrink Sm all Outline Package)
■ Includes CLAM P, IDCODE and H IGHZ instructions
■ A dditiona l ins tructions SAM PLE-IN, S AM PLE-O U T and 

EXTEST-OUT
■ Power up TR I-STATE fo r ho t insert
■ M em ber o f N a tiona l’s SCAN Products

O rdering Code: See S ection  11 

Connection Diagram

T M S -
-----------^
1 56 — TDI

A00 - 2 55 - A l 0

aoE | - 3 54 — A0 E2

A O ,- 4 53 - A l ,
ao2 - 5 52 — ai2
GND — 6 51 — GND
A O j- 7 50 - A l j
A O *- B 49 - A I 4

VCC “ 9 48 — v cc

A0S- 10 47 — A's
ao6- 11 46 “ Al6

G N D - 12 45 -G N D
A < V - 13 44 - ai7
AOg — 14 43 - A lg
B00 - 15 42 — Bio
B O ,- 16 41 - B l ,

G N D - 17 40 — GND
bo2 - 18 39 - B !2

BOj - 19 38 - B I j

VCC “ 20 37 “  VCC

BO,— 21 36 - B l ,
BO5 — 22 35 - B l 5

G N D - 23 34 -G N D
bo6- 24 33 - Bl6

B O ;- 25 32 - B I 7

BOD,- 26 31 - boe2

B0„ - 27 30 - B ig
TD O - 28 29 -T C K

TL/F/11543-1

Pin Nam es D escription

A I(0-8) 
§1(0-8) 
A O E 1 , A O E 2 

BO E i ,B O E 2 
AO(0-8) 
BO(0_8)

Input Pins, A  Side 
Input Pins, B Side
TR I-STATE O utput Enable  Input Pins, A  S ide 
TR I-STATE O utput Enable Input Pins, B S ide 
O u tpu t Pins, A  Side 
O u tpu t Pins, B Side

O rd e r N um ber D escription
S C A N 182541ASSC 
SC A N 182541ASSCX 
SC A N 182541AFM Q B

SSOP in Tubes 
SSOP in Tape and Reel 
F latpak M ilitary

Truth Tables
Inputs

AO(o-8 )
tA O E i tA O E 2 Al(0_8)

L L H H
H X X Z
X H X Z
L L L L

Inputs
BO(0_8)

tB O E f tB O E 2 B I(0-8)
L L H H
H X X Z
X H X z
L L L L

H =  HIG H V o ltage Level 
L =  LO W  V o ltage Level 
X  =  Im m aterial 
Z  =  H igh Im pedance
t  =  Inac tive-to -ac tive  trans ition  m ust occu r 

to  enab le  ou tp u ts  upon power-up.
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Block Diagram s

B yte A

AOE,

AOE,

AO

T ap  C ontro ller

Bl [ 0 - 8 ]

B0E1

boe2

B yte B

Note: BSR stands to r Boundary Scan Register.

[0- 8]
T L /F /1 1543-2

T L /F /11543-3

[0 - 8]

T L /F /1 1543-4
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Description of BOUNDARY-SCAN Circuitry
The scan ce lls  used in the  BO U NDARY-SCAN reg is te r are 
one  o f the  fo llow ing  tw o  types depending upon the ir loca ­
tion. Scan ce ll TYPE1 is in tended to  so le ly  observe system  
data, w hile  TYPE2 has the  add itiona l ab ility  to  con tro l sys­
tem  data. (See IEEE S tandard  1149.1 Figure 10-11 fo r a 
fu rthe r descrip tion  o f scan ce ll TYPE1 and Figure 10-12 fo r 
a  fu rthe r descrip tion  o f scan ce ll TYPE2.)
S can cell TYPE1 is loca ted  on each  system  input pin w h ile  
scan cell TYPE2 is loca ted  a t each  system  ou tpu t p in as 
w ell as a t each  o f the  tw o  internal active-h igh ou tpu t enable

T he  IN STRUCTION reg is ter is an 8 -b it reg is te r w h ich  cap­
tu res the  de fau lt va lue o f 10000001 (S A M P LE /PR E LO A D ) 
during the  CAPTURE-IR  instruction com m and. The  benefit 
o f cap tu ring  S A M P LE /P R E LO A D  as the  de fau lt instruction 
during C APTURE-IR  is tha t the  user is no  longer required to 
sh ift in the  8-b it instruction  fo r S A M P LE /P R E LO A D . The  se­
quence  of: CAPTURE-IR  - >  EXIT1-IR  —► UPDATE-IR will 
update  the  S AM P LE /P R E LO A D  instruction . For m ore in for­
m ation re fe r to  the  section on ins truction  defin itions.

Instruction  R egister Scan Chain D efin ition

Scan Cell TYPE1
SCAN OUT

DATA OUT

SCAN IN CL0CK_DR
(from previous cell) TL/F/11543-30

Scan Cell TYPE2
SCAN OUT 

(to next cell)

SCAN IN CLOCK.DR UPDATE-DR
(from previous cell) TL/F /11543-31
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BOUN D A RY-SC AN  R egister 

Scan Chain D efin ition (42 Bits in Length)

Description of BOUNDARY-SCAN Circuitry (Continued)

TDI

T L /F /1 1543-27
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Description of BOUNDARY-SCAN Circuitry (Continued)

Input BOUND A RY-SC AN  R egister 
Scan Chain D efin ition (22 Bits in Length) 

W hen S AM PLE-IN  Is A ctive

TDI

T L /F /1 1543-28
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Description of BOUNDARY-SCAN Circuitry (Continued)

O utput B O U N D A RY-SC AN  R egister 
Scan Chain D efin ition (20 Bits in Length) 

W hen SAM PLE-O U T and E X TE X T  O ut a re  A ctive

TDI

T L /F /1 1543-29
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Description of BOUNDARY-SCAN Circuitry (Continued)

BOUN D A RY-SC AN  R egister D efin ition Index

Bit No. Pin Nam e Pin No. Pin Type Scan Cell Type

41 A O E 1 3 Input TYPE1
40 a o e 2 54 Input TYPE1
39 AOE Internal TYPE2 C ontro l
38 BOEt 26 Input TYPE1 Signa ls
37 b o e 2 31 Input TYPE1
36 BOE Internal TYPE2

35 A l0 55 Input TYPE1
34 A lt 53 Input TYPE1
33 a i2 52 Input TYPE1
32 a i3 50 Input TYPE1
31 a i4 49 Input TYPE1 A - in
30 a i 5 47 Input TYPE1
29 a i6 46 Input TYPE1
28 a i 7 44 Input TYPE1
27 a i8 43 Input TYPE1

26 B l0 42 Input TYPE1
25 B it 41 Input TYPE1
24 b i2 39 Input TYPE1
23 b i3 38 Input TYPE1
22 b i4 36 Input TYPE1 B - in
21 Bis 35 Input TYPE1
20 b i6 33 Input TYPE1
19 b i7 32 Input TYPE1
18 b i8 30 Input TYPE1

17 A O 0 2 O utput TYPE2
16 A O t 4 O utput TYPE2
15 a o 2 5 O utput TYPE2
14 a o 3 7 O utput TYPE2
13 a o 4 8 O utpu t TYPE2 A -o u t
12 a o 5 10 O utpu t TYPE2
11 a o 6 11 O utput TYPE2
10 a o 7 13 O utput TYPE2

9 a o 8 14 O utput TYPE2

8 BOo 15 O utput TYPE2
7 B O t 16 O utput TYPE2
6 b o 2 18 O utput TYPE2
5 b o 3 19 O utput TYPE2
4 b o 4 21 O utput TYPE2 B -o u t
3 b o 5 22 O utput TYPE2
2 b o 6 24 O utput TYPE2
1 b o 7 25 O utput TYPE2
0 b o 8 27 O utpu t TYPE2
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A bsolu te M axim um  Ratings (Notei)
If M ilita ry /A e ro s p a c e  specified  devices are  required, 
please c on tac t th e  N ational S em iconductor Sales  
O ffic e /D is tr ib u to rs  fo r availability  and specifications.
S torage Tem peratu re — 65°C to  + 1 50°C
A m bien t Tem peratu re  under B ias — 55°C to  +  125°C
Junction  T em peratu re  under Bias

C eram ic — 55°C to  +  175°C
P lastic — 55°C to  + 1 50°C

V c c  Pi*1 P otentia l to
G round Pin - 0 .5 V  to  + 7 .0 V

Input V o ltage  (N ote  2) - 0 .5 V  to  +  7.0V
Input C urren t (N ote  2) - 3 0  m A to  + 5 .0  mA
V oltage  A pp lied  to  A ny O utpu t 

in the  D isabled or
Pow er-O ff S tate - 0 .5 V  to  +  5.5V

in the  HIGH S tate — 0.5V to  V c c
C urrent A pp lied  to  O utput

in LOW  S ta te  (Max) Tw ice the  R ated Iq l  (mA)
DC Latchup S ource  C urrent

C om m ercia l - 5 0 0  mA
M ilitary - 3 0 0  mA

O ver V oltage Latchup (I/O ) 10V
EDS (HBM ) Min 2000V
Note 1: A bso lu te  M axim um  Ratings are va lues beyond w hich the  device 
m ay be  dam aged or have its useful life  im pa ired. Functional opera tion  under 
these  cond itions is no t im plied.
Note 2: Either vo lta ge  lim it o r  curren t lim it is su ffic ien t to  p ro te c t inputs.

R ecom m ended O perating  
Conditions
Free A ir A m bien t Tem perature  

M ilitary 
C om m ercia l 

Supply V o ltage 
M ilitary 
Com m ercia l

M inim um  Input Edge Rate 
Data Input 
Enable Input

—55°C to  +  125°C 
— 40°C to  + 8 5 °C

+  4.5V to  + 5 .5 V  
+  4 .5V  to  + 5 .5 V  

(A V /A t) 
50 m V /n s  
20 m V /n s

DC Electrical C haracteris tics
Sym bol P aram eter V c c M in Typ  M ax Units C onditions

V|H Input H IGH V oltage 2.0 V R ecognized HIGH S ignal

V |L Input LO W  Voltage 0.8 V R ecognized LOW  S ignal

VCD Input C lam p D iode Voltage Min - 1 . 2 V Iin  =  - 1 8  m A

VoH O utpu t HIGH Voltage

Mil

Comm

Min 2.5 V Io h  =  ~ 3 m A
Min 2.0 V l0 H =  - 2 4 m A
Min 2.0 V Io h  =  - 3 2  mA

VOL O utput LOW  V oltage  Mil 

Comm

Min 0.8 V l(0L =  12 m A
Min 0.8 V Io l  — 15 mA

■iH Input H IGH C urrent
A ll O thers

Max 5 fx A V |N =  2.7V ( N o te i)

Max 5 p.A V in  =  V cc
TM S, TDI Max 5 fiA V|N =  v c c

Ibvi Input H IGH C urrent 
B reakdow n Test Max 7 fiA V |N =  7.0V

Ib v it Input H IGH C urrent 
B reakdow n T e s t ( I/O ) Max 100 p, A V |N =  5.5V

IlL Input LOW  C urrent
A ll O thers

Max - 5 fiA V |N =  0.5V ( N o te i)

Max - 5 fxA V |N =  0.0V

TM S, TDI M ax - 3 8 5 p.A V |m =  o .o v

V ID Input Leakage Test 0.0 4.75 V l|D =  I  S p-A
A ll O ther P ins G rounded

■lH +  b Z H O utpu t Leakage C urrent Max 50 fiA V o u t  =  2.7V

l|L +  k )Z L O utpu t Leakage C urrent M ax - 5 0 p,A v 0UT =  °-5V

loZH O utpu t Leakage C urrent Max 50 fiA VoUT =  2.7V

>OZL O utpu t Leakage C urrent M ax - 5 0 H A V 0UT =  0.5V

*OS O utpu t S hort-C ircuit Current M ax - 1 0 0  - 2 7 5 m A Vo u t  =  o .o v
Note 1: G uaranteed n o t tested .
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DC E lectrical C haracteris tics (Continued)

Sym bol P aram eter V c c Min T y p  M ax Units C onditions

ICEX O utpu t H IGH Leakage C urrent M ax 50 ju.A VOUT =  VCC

izz Bus Drainage Test 0.0 100 juA VoUT =  5.5V 
A ll O thers Grounded

ICCH Power S upply Current Max 250 ju.A V0 UT =  V c c : TDI, TM S  =  VCC
Max 1.0 m A V o u t  =  V c c ; TDI, TM S  =  GND

ICCL P ow er S upply Current Max 65 m A VoUT =  LOW ; TDI, TM S =  V Cc

Max 65.8 m A Vo u t  =  LOW ; TDI, TM S =  G ND

ic c z P ow er S upply Current Max 250 piA TDI, TM S =  VCc

M ax 1.0 m A TDI, TM S  =  GND

ICCT A dditiona l Ic c / ln p u t A ll O th e r Inputs 

TDI, TM S  Inputs

M ax 2.9 m A

>c\iIoo>IIz>

Max 3 mA V in  =  V Cc  "  2.1V

ICCD Dynam ic Ic e  N o Load Max 0.2 m A /
M Hz

O utputs O pen
O ne B it Toggling, 50%  Duty C ycle

Note 1: G uaranteed not tested.

AC E lectrical C haracteris tics N orm al O peration: See S ection  4

Sym bol P aram eter V c c *
(V )

M ilitary C om m ercia l

Units Fig.
No.

TA =  — 55°C to  +  125°C 
C L =  50 pF

T A -  — 40°C to  + 8 5 °C  
C L =  50  pF

Min T yp  M ax Min T yp  M ax

tpLH
tPHL

P ropagation Delay 
Data to  Q 5.0 1.0 3 .4  5.2 

1.9 4.1 6.5 ns 4-1

tpLZ
IPHZ

Disable T im e
5.0 2.0 5 .2 8.7 

1.9 5 .6 9.2 ns 4 -3 ,4

tpZL
tpZH

Enable T im e
5.0 2.4 6.1 9.6 

1.6 5.1 8.5 ns 4 -3 ,4

•V o ltage  Range 5.0V ± 0 .5V
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AC E lectrical C haracteris tics Scan Test O peration: See S ection 4

Sym bol P aram eter v c c *
(V)

M ilitary C om m ercial

Units Fig.
No.

T A =  — 55°C to  +  125°C 
C L =  50 pF

T A =  — 40°C to  + 8 5 °C  
C L =  50 pF

Min T yp  M ax Min T yp  M ax

tpLH
tPHL

Propagation Delay 
T C K to  TD O 5.0 3.2 6.0 9.4 

4.5 7.6 11.3 ns 4-8

tPLZ
tPHZ

Disable T im e 
TC K to  TD O 5.0

2.5 5.8 9.9 
3 .7 7.4 11.8 ns 4 -9 ,1 0

tpZL
tpZH

Enable T im e 
T C K to  TD O

5.0 4.9 8.6 12.9 
3.1 6.7 10.7 ns 4 -9 ,1 0

tpLH
tPHL

Propagation Delay 
TC K to  D ata  O ut 
during U pdate-D R  S tate

5.0
3.7 6 .7 10.3 
4 .9 8.3 12.4 ns 4-8

tPLH
tPHL

Propagation Delay 
TC K  to  D ata  O ut 
during U pdate-IR  S tate

5.0
4.2 7.9 12.2
5.3 9.2 13.8 ns 4-8

tPLH
tPHL

P ropagation D elay
TC K  to  Data O ut
during T e st Logic R eset S tate

5.0
5.0 9.4 14.6 
6 .2 10.9 16.4 ns 4-8

tPLZ
tPHZ

Disable Tim e 
TC K  to  Data O ut 
during U pdate-D R  S tate

5.0
3.7 7.9 13.0 
4 .3 8.7 13.7 ns 4 -9 ,1 0

tPLZ
tPHZ

Disable T im e 
TC K  to  Data O ut 
during U pdate-IR  S ta te

5.0
3.7 8 .5 14.2 
4.3 9.4 14.8 ns 4 -9 ,1 0

tPLZ
tPHZ

Disable T im e
TC K  to  Data O ut
during Test Logic R eset State

5.0
4.7 10.1 16.6 
5 .5 10.9 17.3 ns 4 -9 ,1 0

tpZL
tpZH

Enable T im e 
TC K  to  Data O ut 
during U pdate-D R  S tate

5.0
5.5 9.8 14.7 
4 .0  7.9 12.5 ns 4 -9 ,1 0

tpZL
tpZH

Enable Tim e 
TC K to  Data O ut 
during U pdate-IR  S ta te

5.0
5.8 10.9 16.5 
4.3 9.0 14.4 ns 4 -9 ,1 0

tpZL
tpZH

Enable  T im e
TC K to  D ata  O ut
during T e st Logic R eset S tate

5.0
6.6 12.5 19.1 
4 .9 10.5 16.9

ns 4 -9 ,1 0

•V o ltage Range 5.0V ± 0 .5V
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A C  O perating R equirem ents S can T e s t O peration: See S ection  4

S y m b o l P a ra m e te r

o r
 

o >
 

>

M il ita ry C o m m e rc ia l

U n its
F ig.
No.

T a  =  — 55°C to  +  125°C 
C L =  50 pF

T a  =  — 40°C to  +  85°C 
C L =  50 pF

G u a ra n te e d  M in im u m

t s Setup Tim e 
Data to  TC K  (N ote 2) 5.0 2.2 ns 4-11

t H Hold T im e
Data to  TC K  (N ote 2) 5.0 1.8 ns 4-11

t s Setup Tim e, H o r L 
A C E n, B(5En to  TC K (N ote  1) 5.0 3.7 ns 4-11

tH Hold Tim e, H o r L
TC K  to  A 0 E n, B(5En (N ote  1) 5.0 1.8 ns 4-11

ts Setup T im e, H o r L 
In ternal A O E n, BOEn, 
to  TC K (N ote 3)

5.0 2.7 ns 4-11

tH H old Tim e, H o r L 
TC K to  Internal 
A O E n, BOEn (N ote 3)

5.0 1.8 ns 4-11

*S Setup T im e, H o r L 
TM S  to  TC K 5.0 7.5 ns 4-11

tH H old Tim e, H o r L 
TC K to  TM S 5.0 1.8 ns 4-11

ts Setup T im e, H o r L 
TDI to  TCK 5.0 5.0 ns 4-11

tH H old Tim e, H o r L 
TC K  to  TDI 5.0 2.0 ns 4-11

tw Pulse W idth  TC K H 
L 5.0 10.0

10.8 ns 4-12

tmax M axim um  TCK 
C lock Frequency 5.0 50 M Hz

tp u W ait T im e, Power Up to  TCK 5.0 100 ns

tDN P ow er Down Delay 0.0 100 ms

•V o ltage  Range 5.0V  ± 0 .5V
A ll Inpu t T im ing D elays involv ing T C K  are  m easured fro m  th e  rising edge o f TCK.
N o te  1: T im ing  perta ins to  BSR 38 and 41 o r BSR 37 and 40.
N o te  2: T h is  de lay represents the  tim ing  re la tionsh ip  be tw een  th e  da ta  inpu t and TC K a t the  associa ted  scan ce lls  num bered 0-8, 9-17, 18-26 and 27-35. 
N o te  3: T h is  de lay represents the  tim ing  re la tionsh ip  be tw een  A O E /B O E  and TC K  fo r scan ce lls  36  and 39  only.

C apacitance
S y m b o l P a ra m e te r T y p U n its C o n d it io n s , T A =  25°C

C |N Input C apacitance 5.8 PF VCC =  0.0V

C q u t  (N o te  1) O utpu t C apacitance 13.8 PF V c c  =  5.0V
N o te  1: Cqut is m easured a t frequ ency f  -  1 MHz, p e r M IL-S TD -883B, M ethod 3012.
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