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General Description Features
The SCAN16512A is a high speed, low-power universal bus  m |EEE 1149.1 (JTAG) Compliant
transceiver featuring data inputs organized into two 8-bit g 2.7V it0 3.6V V¢ Operation
bytes with output enable and latch enable control signals. This o 1) sTATE outputs for bus-oriented applications
function is configurable as a D-type Latch or Flip-Flop, and . o
can operate in transparent, latched, or clocked mode. This ™ Dual byte-wide data for bus applications
device is compliant with IEEE 1149.1 Standard Test Access ® Power down high Impedance inputs and outputs
Port and Boundary Scan Architecture with the incorporation ~ m Optional Bus Hold on data inputs eliminates the need for
of the defined boundary-scan test logic and test access port external pullup/pulidown resistors (SCANH16512A,
consisting of Test Data Input (TDI), Test Data Out (TDO), Test SCANH16251 Ins)
Mode Select (TMS), Test Clock (TCK), and Test Reset @ Qptional 250 seric istors in outputs to minimize noise
(TRST). and eliminate termina resistors (SCAN162512A,
SCAN 2A versions)
m Suppotis live tion/withdrawal
m Includes CLAMF and HIGHZ instructions
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SCAN16512A

Pin Descriptions

Pin Name Description
Al,-A1,, Normal-function A-bus I/O ports. See function table for normal-mode logic.
A2,-A2,
B1,-B1,, Normal-function B-bus I/O ports. See function table for normal-mode logic.
B2,-B2,
CLKAB,, Normal-function clock inputs.See function table for normal-mode logic.
CLKBA,,
CLKAB,,
CLKBA,
GND Ground
Vee Supply Voltage
LEAB,, Normal-function latch enables. See function table for normal-mode logic.
LEBA,,
LEAB,,
LEBA,
OEAB,, Normal-function output enables. See function table for normal-r logic.
OEBA,,
OEAB,,
OEBA,
TDO The Test Data Output to support IEEE Std 1149.1-1990. Oi tne serial output for shifting data through the instruction
register or selected data register.
TMS The Test Mode Select input to support IEEE Std 1149.1-1990. TMS directs the device through it's TAP controller states.
An internal pull-up forces TMS high if left unconn
TCK The Test Clock input to support IEEE Std 1149.1-199( = operations of the device are synchronous to TCK. Data
is captured on the rising edge of TCK and ouip ange on the falling edge of TCK.
TDI The Test Data Input to support IEEE Std 1149.1-1990. TDl is the serial input to shift data through the instruction register
or the selected data register. An internal pull-up resistor forces TDI high if left unconnected.
TRST The Test Reset Input to support ! Ed 1 1990. TRST is the asynchronous reset pin which will force the TAP
controller to it's initialization staie when active. An internal pullup resistor forces TRST high if left unconnected.
BGA Pinout
1 2 [ 7 3 4 5 6 7 8
A Al, A1, Y Al, A2, A2, A2, A2,
B Al, Al | A1, A1, A2, A2, A2, A2,
c TRST CLKAB, ~ LEAB, OEAB, GND CLKAB, LEAB, OEAB,
D TMS ID Vee GND Vee GND TDI TDO
E TCK GND Veo Veo GND GND N/C Vee
F CLKBA, LEBA, OEBA, GND N/C CLKBA, LEBA, OEBA,
G B1, B1; B1g B1, B2, B2, B2; B2,
H B1, B1, B1, B1g B2, B2, B2, B2,
www.national.com 2

200753 Version 2 Revision 1 Print Date/Time: 2011/10/21 13:55:04



Connection Diagram
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Top View
See NS Package Number SLC64A
Truth Table
Function Tahle (Note 1)
Inputs Outputs
OEAB LEAB | cLkam A B

L L X B, (Note 2)
L L L L
L L | H H
L 1 X L L
L | X H H
H X X X z

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial (HIGH or LOW, inputs may not
Z = High Impedance

o-A data
ad steady:-

Note 1: A-to-B data flow is shown
Note 2: Output level before the inc

Functional Description

In the normal mode, these devices are 16-bit universal bus
transceivers that combine D-type latches and D-type flip-flops
to allow data flow in transparent, latched, or clocked modes.
They can be used as two 8-bit transceivers, or as one 16-bit
transceiver. The test circuitry can be activated by the TAP to
take snapshot samples of the data appearing at the device
pins or to perform a self test on the boundary-test cells. Acti-
vating the TAP may affect the normal functional operation of
the universal bus transceivers. When the TAP is activated,
the test circuitry performs boundary-scan test operations ac-
cording to the protocol described in IEEE Std 1149.1-1990.

Data flow in each direction is controlled by output-enable
(OEAB and OEBA), latch-enable (LEAB and LEBA), and
clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the

is similar, but uses OEBA, LEBA, and CLKBA.
e input conditions were established.

devices operate in the transparent mode when LEAB is high.
When LEAB is low, the A data is latched while CLKAB is held
at a static low or high logic level. Otherwise, if LEAB is low, A
data is stored on a low-to-high transition of CLKAB. When
OEAB s LOW, the B outputs are active. When OEAB is HIGH,
the B outputs are in the high-impedance state. B-to-A data
flow is similar to A-to-B data flow but uses the OEBA, LEBA,
and CLKBA inputs.

Five dedicated test pins are used to observe and control the
operation of the test circuitry: test data input (TDI), test data
output (TDO), test mode select (TMS), test clock (TCK), and
test reset (TRST). All testing and scan operations are syn-
chronized to the TAP interface.

For details about the sequence of boundary scan cells in the
SCAN16512A, please refer to the BSDL (Boundary Scan De-
scription Language) file available on our website.

200753 Version 2 Revision 1
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SCAN16512A

Absolute Maximum Ratings (vote 3) Package Derating 16.1mW/°C aggyg
Supply Voltage (V) -0.5V to +4.6V ESD (Min) 2000V
DC Input Diode Current (I,x) .

V,=-05V 50 mA Recommended Operating
DC Output Diode Current (I Conditions
Vo=-0.5V —50 mA Supply Voltage (V¢e)
DC Input Voltage (V) —-0.5V to 4.6V SCAN16512A 27V to 3.6V
DC Output Voltage (VO) -0.5V to 4.6V Input Voltage (V) 0V to 3.6V
DC Output Source/Sink Current () +50 mA Output Voltage (V) 0V to 3.6V
DC Vg or Grotfnd Current Operating Temperature (T,)
Per Supply Pin =100 mA Industrial ~40°C to +85°C
Junction Temperature +150°C Note 3: Absolut i i " lues bevond which d
° o ote 3: Solute maximum ratings are those values beyond which damage
Storage Temperature -65°C to +150°C to the device may occur. The databook specifications should be met, without
Lead Temperature (Solder, 4sec) exception, to ensure that the system design is reliable over its power supply,
64L BGA 290 °C temperature, and ou inpui Inading variables. National does not
™ | Resist recommend opera of SC circuits outside databook specifications.
ermal Resistance
BGA 6, 62°C/W
DC Electrical Characteristics
v . Industiial
Symbol Parameter (\‘;;: T, = -40°C to +85°C Units Conditions
1 Max
Vi Minimum High Input Voltage 2.7 2. \ Vour =0.1V
3 20 or Voo -0.1V
Vi Maximum Low Input Voltage 2.7 0.8 \ Vour =0.1V
0.8 orVee -0.1V
Vou Minimum High Output Voltage 2.7 2.5 \ loyr = —100 pA
All Outputs, All Options 3.6 3.4
Minimum High Output Voltage | 22 \ Vin=ViLor Vi,
TDO Outputs, All Options lon ==12mA
3.0 2.2 \Y Vin=VorVy
- loy = —24mMA
Minimum High Output V 2.7 2.2 \ Vin=V orVy
A and B Ports: SCAN16! nd lon =—-12mA
SCANH16512A options 3.0 2.2 Vo V=V orVy
loy = —24mMA
Minimum High Output Volt 2.7 22 \ Vin=VorVy
A and B Ports: SCAN162512A and lon = -4mA
SCANH162512A op (25Q) series 3.0 29 vV Viy=VorV,
resistor options) lon = -12mA
www.national.com 4
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Industrial
Symbol Parameter \(l\‘;;: T, = -40°C to +85°C Units Conditions
Min Max
Voo Maximum Low Output Voltage 2.7 0.2 \Y lout = 100 pA
All Outputs, All Options 3.6 0.2
Maximum Low Output Voltage 2.7 0.4 \Y Vin=ViLor Vi,
TDO Outputs, All Options lo = 12mA
3.0 0.55 \" Vin=ViLor Vi,
loL = 24mA
Maximum Low Output Voltage 2.7 0.4 \ Vin=V orVy,
A and B Ports: SCAN16512A and loL = 12mA
SCANH16512A Options 3.0 0.55 v Vi =V, or Vy,
loL = 24mA
Maximum Low Output Voltage 2.7 0.4 \ Vin=V orVy,
A and B Ports: SCAN162512A and loL = 4mA
SCANH162512A Options (25Q series 3.0 0.6 \Y; Vi =V or Vi,
resistor options) loL = 12mA
In Maximum Input Leakage Current 3.6 +5.0 MA |V =V, GND
lr Input Low Current 3.6 -20 -250 pA [V =GND
loz Maximum 1/O Leakage Current 3.6 - +10.0 Vi (OE) =V, V4
pA |V, =Vge, GND
Vo =Vee, GND
lHoLD) Bus Hold Input Minimum Drive Hold Current| 2.7 ) pA |V, =0.8Vor2.0V
(Note 4) +500 V,=0t0 3.6V
VikL Input Clamp Diode Voltage 2.7 -1.5 \ Iy =-18mA
lorr Power-off Leakage Current 0.0 +10.0 PA  [Vo=Vce GND
lec Maximum Quiescent Supply Currei 36 20 pA
lect Maximum I Per Input 3.6 0.5 mA [V, =V-0.6V
Note 4: Applies to devices with Bus Hold feature only.
5 www.national.com
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SCAN16512A

Noise Specifications
Applies to SCAN16512A and SCANH16512A options, C; = 30pF, R, = 500Q to GND

(Note 6)

Industrial
Symbol Parameter \(I\‘;;’ T, =25°C Units
Typical Limits

Vop Quiet Output Maximum Dynamic VOL 33 1.2 v
(Note 5)

Vorv Quiet Output Minimum Dynamic VOL 33 -1.5 v
(Note 5)

Vonp Quiet Output Maximum Dynamic VOH 3.3 VOH + 0.9 \
(Note 6)

Vonv Quiet Output Minimum Dynamic VOH 3.3 VOH-1.5 \"
(Note 6)

Noise Specifications
Applies to SCAN162512A and SCANH162512A options, C, = 30pF, R, = 500Q to GND
Industrial
Symbol Parameter \(’\‘;;: T, =25°C Units
ypical Limits

Vop Quiet Output Maximum Dynamic VOL 35 0.5 v
(Note 5)

VoL Quiet Output Minimum Dynamic VOL 33 -0.4 v
(Note 5)

Vorp Quiet Output Maximum Dynamic VOH VOH + 0.5 Vv
(Note 6)

Vonv Quiet Output Minimum Dynamic VOF 33 VOH - 0.5 v

Note 5: Maximum number of outputs is defined as n. (n-1) o
are switched HIGH while the quiet output is monitored in
Note 6: Maximum number of outputs is defined as n. (n utp
outputs are switched HIGH while the quiet output is mor

uts are
JW (VOL) siate.
wvitched LOW while the quiet output is monitored in a HIGH (VOH) state. Also, (n-1)
(VOH) state.

4 ni

W while the quiet output is monitored in a LOW (VOL) state. Also, (n-1) outputs

www.national.com
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AC Electrical Characteristics

Normal Operation, over recommended operating supply voltage and temperature ranges unless otherwise specified.

SCAN16512A, SCANH16512A
T, =-40°C to +85°C
Symbol Parameter C_=30pF Units
R, =500Q to GND

Min Max
toLm Propagation Delay 5.5 ns
tpHL AtoB,Bto A 55
torm Propagation Delay 6.0 ns
touL CLKAB to B, CLKBA to A 6.0
oL Propagation Delay 6.0 ns
tphL LEAB to B, LEBA to A 6.0
toLzs Disable Time, OEAB to B, OEBA to A y 75 ns
trHz 75
tpzLs Enable Time, OEAB to B, OEBA to A o i 75 ns
tpzn 75

AC Electrical Characteristics
Normal Operation, over recommended operating supply voltage anc berature ranges unless otherwise specified.
v SCAN162512A
T, =-40°C to +85°C
Symbol Parameter C_=30pF Units
R, =500Q to GND

Min Max
oL Propagation Delay 6.0 ns
thHL AtoB,Bto A 6.0
tory Propagation Delay 6.5 ns
toHL CLKAB to B, CLKBA to A 6.5
oLy Propagation Delay 4 6.5 ns
tpHL LEAB to B, LEBA to A 6.5
to 2 Disable Time, OEAB to B, OEBA { 8.0 ns
tpHz 8.0
tos, Enable Time, OF 5) OEBA to A 8.0 ns
tpzn 8.0
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SCAN16512A

AC Electrical Characteristics

Normal Operation, over recommended operating supply voltage and temperature ranges unless otherwise specified.

SCANH162512A
T, =-40°C to +85°C
Symbol Parameter C_=30pF Units
R,_=500Q to GND
Min Max
toLm Propagation Delay 6.0 ns
torL AtoB,Bto A 6.0
torm Propagation Delay 6.5 ns
touL CLKAB to B, CLKBA to A 6.5
oL Propagation Delay 6.5 ns
tphL LEAB to B, LEBA to A 6.5
toLzs Disable Time, OEAB to B, OEBA to A y 8.0 ns
tphz 8.0
tpzLs Enable Time, OEAB to B, OEBA to A o i 8.0 ns
tpzn 8.0
AC Operating Requirements
Normal Operation, over recommended operating supply voltage anc berature ranges unless otherwise specified
v All Options
T, =-40°C to +85°C
Symbol Parameter C, =30 pF, Units
R_ = 500Q to GND
Guaranteed Minimum
tg Setup Time, A to CLKAB or B to CLKB/ 1.5 ns
ty Hold Time, A to CLKAB or B to CLKBA 2.0 ns
tg Setup Time, Ato LEAB or B to LEEBA 1.5 ns
1, Hold Time, Ato LEAB or B to LEBA 25 ns
tw Pulse Width, CLKAB or CLKRA, high om 2.0 ns
tw Pulse Width, LEAB or LEEA high 2.0 ns
frnax Maximum CLKAB or CLKEA Clock 3quency 250 MHz
AC Operating Res enis
can Test Operation, over recommended operating supply voltage and temperature ranges unless otherwise specified
All Options
T, =-40°C to +85°C
Symbol Parameter C, =30 pF, Units
R, =500Q to GND
Guaranteed Minimum
tg Setup Time, H or L, TMS to TCK 2.0 ns
ty Hold Time, H or L, TCK to TMS 1.0 ns
tg Setup Time, Hor L, TDI to TCK 1.0 ns
ty Hold Time, Hor L, TCK to TDI 2.0 ns
tw Pulse Width TCK High or Low 10 ns
ty Pulse Width TRST, Low 2.5 ns
frnax Maximum TCK Clock Frequency 25 MHz
trec Recovery Time, TRST to TCK 2.0 ns

www.national.com
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AC Loading and Waveforms

TEST o—

SIGNAL o=

FIGURE 1. AC Test Circuit (C_ includes probe and jig capacitance)
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FIGURE 2. Timing Waveforms

(Input Characteristics; f = 1MHz, t, = ; = 2.5ns)
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Symbol ce
2.7-3.6V
v, 1.5V
Vo, 1.5V
Vv, VoL + 0.3V
v, Vo - 0.3V
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SCAN16512A

Capacitance and I/O Characteristics

Device ID Register

Refer to National's website for IBIS models at http://www.national.com/scan

Ordering Code Features Device ID Manufacturer & LSB
SCAN16512ASM No bus hold, no series resistor FC30 01F
SCANH16512ASM With bus hold only FC31 01F
SCAN162512ASM With 25Q series resistors in outputs FC32 01F
SCANH162512ASM With 25Q series resistors and bus hold FC33 01F

www.national.com
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Physical Dimensions inches (millimeters) unless otherwise noted

OSlo.1]
A1 BALL PAD CORNER
4+01 i ofTee !
(] A1 BALL PAD CORNER —’I‘_%g‘“o‘“ (1,2TYP)<‘-—>§ TYP 1
T 7 ~
D\SEAT\NGPLANE ééoooooé A
D O0OO0OO0OOOOO0O |8
D O0OO0OO0OOO0OO00 |
ast 1 D 00000000 v
D O0O0OO0O0O0OOO0 |t
D OO0OO0OO0OOOO0O0 |
D CQOO0OOO0OOO0OO0 |s
D ONONONORORONO I
al i =l
g 6 5 4 2 1
(L} J 8+0.1 ‘ 050.46 ’
150 [N|LE MO
[ 1g0 @ n]

DIMENSIONS ARE IN MILLIMETERS

SLCB4A (Rev C)
64-Lead Ball Grid Array Pa J
Order Number SCAN16512A5 /4,
SCANH16512ASM, SCAN1 2ASM, SCANH162512ASM
NS Package Nu *SLCOG4A
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SCAN16512A Low Voltage Universal 16-bit IEEE 1149.1 Bus Transce
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For more National Semiconductor product information and proven design tools, visit the following Web sites at:
www.national.com

Products Design Support
Amplifiers www.national.com/amplifiers WEBENCH® Tools www.national.com/webench
Audio www.national.com/audio App Notes www.national.com/appnotes
Clock and Timing www.national.com/timing Reference Designs www.national.com/refdesigns
Data Converters www.national.com/adc Samples www.national.com/samples
Interface www.national.com/interface Eval Boards www.national.com/evalboards
LVDS www.national.com/lvds Packaging www.national.com/packaging
Power Management www.national.com/power Green Compliance www.national.com/quality/green
Switching Regulators [ www.national.com/switchers Distributors www.national.com/contacts
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Serial Digital Interface (SDI) | www.national.com/sdi Mil/Aero www.national.com/milaero
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
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