SN74BCT2420
NuBusUJ ADDRESS/DATA TRANSCEIVERS AND REGISTERS

SDIS007A — D3159, NOVEMBER 1988 — REVISED JANUARY 1989

® Designed for NuBus [ Interface FN PACKAGE
Applications (TOP VIEW)
* Conforms to ANSI/IEEE Std 1196-1987 CaNmebor eI oNTTY
! . ACCLCICLICOIICCTICCLCL
® On-Chip Comparator Provides I/D Slot e g g
Identification AEN[.C 87 6 5 43 2 16867666564 6362 G%OE 5o
® Multiplexed Real-Time and Latched ACLK ] 11 59 [ ALE
Address/Data % 12 58 [] IDEQ
* Designed to Operate With SN74ACT2440 A—ED? " EZE X—%‘is
NuBus [0 Controller Eﬁ 15 55 ] EM
* BiCMOS Design Substantially Reduces ADS |16 54[] AD13
Standby Current ADA L 17 53[] AD12
GND[] 18 52 [] GND
® Dependable Texas instruments Quality and Eg 19 51 [ AD11
Reliability AD2 ] 20 50 [] AD10
AD1[] 21 49 [} AD9
description ADO (] 22 48[] ADS
Vee [ 23 47[] D1
The 'BCT2420 consists of bus transceiver circuits, _A/D |l 24 46 [] ADEN
D-type flip-flops, latches, and control circuitry DBLEH 25 45[] DCLK
arranged for multiplexed transmission of address PENP 28 o o on 24 3556 37 38 30 40 41 42 424 [ 1D2
and dgta information in NuBusQ applications. An g::‘;‘:;‘g‘?gg"gg::‘::;‘
on-chip comparator has been included to detect [ayajyayajyajyajyajyal 5 e R

when a NuBus[] transfer cycle is requesting the
local board. The device conforms to ANSI/IEEE
Std 1196-1987 and operates with Texas instru-
ments SN74ACT2440 NuBus[O Controller. In
addition, the device is easily configured around
ASIC or other PALU -based controllers.

The 'BCT2420 was designed using Texas Instruments BiCMOS process, which features bipolar drive
characteristics and greatly reduces the standby power of the device when disabled. This feature is especially
valuable when the device is not performing a NuBus[ transaction.

The AEN, DEN and ADEN inputs control the transceiver functions. Three 16-bit I/O ports, A15-A0, D15-D0,
and AD15-ADO, provide for address and data transfer. When the NuBusO performs a write cycle to the local
board, address information is saved on the rising edge of ACLK. During the last portion of the NuBus[] write
cycle, data information is saved on the rising edge of DCLK.

When the local board is performing a write to the NuBus(l, address and data is multiplexed onto the NuBus[J
via the A/D line. Address and data can be latched by using the ALE and DLE input lines respectively.

The IDEQ output is used to signal that the local board is being requested by the NuBus. This output is typically
fed to the NuBus[I controller. IDEQ goes active (low) when AD15—-AD12 are low and AD11-AD8 match ID3—IDO.
IDEQ stays valid until the next address clock (ACLK) occurs. Internal 10-kQ pullup resistors are included on the
ID3-1DO inputs.

The SSEQ output is used to signal the local board that super-slot addresses are being requested. This output
is active (low) whenever AD15-AD12 are equal to ID3—ADO, except when ID3-IDO0 are all low.

In typical NuBus[1 applications, two devices are required to provide the full 32-bit address/data path. Refer to
the typical NuBus[ interface diagram on page 9 for additional information.

The SN74BCT2420 is characterized for operation from 0°C to 70°C.

NuBus is a trademark of Texas Instruments Incorporated.
PAL is a registered trademark of Monolithic Memories Inc.

PRODUCTION DATA information is current as of publication date. Copyright [J 1989, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments

]
standard warranty. Production processing does not necessarily include ’
testing of all parameters. EXAS
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NuBuslJ ADDRESS/DATA TRANSCEIVERS AND REGISTERS

SDIS007A— D3159, NOVEMBER 1988 — REVISED JANUARY 1989

Function Tables

INPUTS OUTPUTS
A15-A0 D15-D0  ALE DLE A/D ADEN | AD15-ADO
H X L X L L L
L X L X L L H
X X H X L L Qo
X H X L H L L
X L X L H L
X X X H H L Qo
X X X X X H Z
INPUTS OUTPUTS
AD15-AD0  ACLK,DCLK  AEN, DEN A15-A0, D15-DO
H 1 L L
L 1 L
X L - Qo
X X H L
AD15-AD12 ID3-I1D0 SSEQ AD15-AD12 ﬁl_l—@s IDEQ
EQ ID3-1D0 NE 0 L EQO EQ ID3-ID0 L
NE 1D3-1D0 X H X NE 1D3-1D0 H
X EQO H NE 0 X H

NOTE: Symbol ‘Q@’ denotes previous logic state preserved. Symbol ‘Z’ denotes high-impedance state.

TEXAS"J
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logic symbol T

®
60 I~ ADDR/DATA XCVR/REG
IDO a7 0 SN74BCT2420 13
ID1 44—5 D SSEQ . SSEQ
ID2 IDEQ | IDEQ
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ALl —>—] >~ 20 75,

A12 22— ~ 19 753

A13 22— >~ 17 254

Ald — >~ 16 AD5

15 —
Al5 —] 15 —— AD6

1 14+,
ACLK ———> ACLK ADDR/DATA) V 48 —
26 —~——°-AD8

DEN — | DEN 49 75
0o 2—4o >~ 50 7510
T — >~ 51 751

D2 29 | N 53 7512

D3 390 | >4 D13

D4 31 | ~ 55 7514

D5 32 | 15 ~ 56 7515

33
34
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DCLK — ——— DCLK
ALE 59_& ALE

pLe =—DDLE
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ADEN

1t This symbol is in accordance with ANSI/IEEE Std. 91-1984.
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logic diagram
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4 b SSEQ
;e
4
\ b IDEQ
4 ) ) 4x
4
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ACLK = C1
AEN ® | C
4 } 4 4 x 4 -
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1D jo—<——
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E C1 I 16
16 16 16 x
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DEN
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SN74BCT2420
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Terminal Functions

PIN NAME

DESCRIPTION

A15-A0

Address bus. This 16-bit I/Oﬁ)rt isgnnected to the local board’s address bus. When information is transferred between this
port and the NuBus™ port (AD15-ADO0), the data is inverted to conform to NuBus™ specifications.

ACLK

Address clock. This input saves the address portion of NuBus ™ read or write cycles. Data present at the AD15-ADO inputs
is clocked into the address register on the low-to-high transition of ACLK.

A/ID

Address/data select. This input controls the address/data multiplexer. When A/D s driven low, the local address port, A15-A0,
is selected as input to the AD15-ADO outputs. When A/D is taken high, the local data port, D15-DO0, is selected as input to the
AD15-ADO outputs.

AD15-ADO

Address/data port. This 16-bit active-low 1/O port directly interfaces to the NuBus™ address/data lines. These lines are
multiplexed to carry address information at the beginning of a NuBus™ cycle and data information later in the cycle.

ADEN

Address/data output enable. This active-low input enables the ‘AD15-ADO outputs. When ADEN is taken high, the AD15-ADO
outputs are in the high impedance state, allowing input from the NuBus ™.

AEN

Address enable. This active-low input enables the local address outputs. A15—-A0, to place data onto the local board. When
AEN is taken high, the A15-A0 outputs are in the high-impedance state, allowing input from the local address bus.

ALE

Address latch enable. This active-low input controls the latch that holds the address received from the local address bus,
A15-A0.When ALE is low, the latchis transparent. When ALE is taken high, the address present at the A15—AQ inputsis latched
and remains latched while ALE is held high.

D15-D0

Data bus. This 16-bit I/O port is connected to the local board’s data bus. When information is transferred between this port and
the NuBus™ port (AD15-AD0), the data is inverted to conform to NuBus™ specifications.

DCLK

Data clock. This input saves the data portion of NuBus ™ write cycles. Data present at the AD15-AD0 inputs is clocked into
the data register on the low-to-high transition of DCLK.

DEN

Data enable. This active-low input enables the local data port outputs, D15-DO0, to place data onto the local board. When DEN
is taken high, the D15-DO0 outputs are in the high-impedance state, allowing input from the local board.

DLE

Data latch enable. This active-low input controls the latch that holds the data received from the local data bus, D15-D0. When
DLE is low, the latch is transparent. When DLE is taken high, the data present at the D15-D0 inputs is latched and remains
latched while DLE is held high.

1D3-1D0

Card-slot identification. These four inputs accept binary-coded location information for each NuBus™ slot position on the
backplane. These four lines are typically hard wired logic levels unique to each NuBus™ slot connector. For convenient
implementation, the inputs have internal 10-kQ pull up resistors that ensure the logic high level when the inputs are left open
circuited. The internal comparator uses these inputs to identify when the local hardware card is being accessed.

IDEQ

Identification equal. This active-low output is used to signal that the board is being accessed by the NuBus ™. IDEQ goes low
whenever AD15-AD12 are low and AD11-AD8 match ID3-IDO0. Since the internal comparator uses data from the address
register, the address register must be clocked before the local board samples IDEQ. IDEQ is valid for the entire NuBus™ cycle
after ACLK.

SSEQ

Super-slot equal. This active-low output is used to signal the local board that super-slot addresses are being requested in the
super-slotmode. SSEQ goes low when AD15-AD12 match ID3-1D0 and ID3-1D0 are not all low. Since the internal comparator
uses data from the address register, the address register must be clocked before the local board samples SSEQ. SSEQ is valid
for the entire NuBus™ cycle after ACLK.

TEXxas {'f
INSTRUMENTS
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NuBuslJ ADDRESS/DATA TRANSCEIVERS AND REGISTERS
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
Supply voltage, Vo (SEE NOLE 1) .. oot e e 7V
Input voltage (all inputs and 1/O POIS) ...t 55V
Operating free-air temperature range . ...ttt 0°Cto 70°C
Storage temperature ranNge .. ... ...ttt —65°C to 150°C

1 Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other conditions beyond those indicated in the recommended operating conditions section of
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to GND.

recommended operating conditions

PARAMETER MIN  NOM  MAX [ UNIT
Vcc  Supply voltage 4.5 5 55 \%
VIH High-level input voltage 2 \%
VL Low-level input voltage 0.8 \%
. . AX, Dx, ADx outputs -15
loH High-level input current mA
SSEQ, IDEQ outputs 2.6
. AX, Dx, ADx outputs 24
loL Low-level input current mA
SSEQ, IDEQ outputs 16
fclock  Clock frequency 0 40| MHz
ACLK, DCLK high 125
tyy Pulse duration ACLK, DCLK low 125 ns
ALE, DLE low 125
ADx before ACLK1, DCLKt 5
tsy Setup time Ax before ALE 1 5 ns
Dx before DLE1® 5
ADx after ACLK1, DCLK1 2
th Hold time Ax after ALE 1 2 ns
Dx after DLE1 2
TA Operating free-air temperature 0 70° °C

TEXAS ‘@
INSTRUMENTS
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electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN  TYPT  MAX | UNIT
VK Vcc =45V, I|=-18 mA -1.2 \Y
Vcc=45Vto55V, Igy=-400pA Vce-15
AX, Dx, ADx Ve =45V, IoH=-3mA 28 36
VOH Vcc =45V, loH =—-15mA 2 \Y
Vcc=45V1t055YV, IlgH=-400pA Vce-2
SSEQ, IDE
Q Q Vcc =45V, loH=—-2.6 MA 2.4 3.2
J— Vcc =45V, loL=12mA 0.25 0.4
Ax, Dx, ADx
v Vcc =45V, loL =24 mA 0.35 0.5 v
oL Vcc =45V, loL=8mA 0.25 0.4
SSEQ, IDE
Q Q Vcc =45V, loL =16 mA 0.35 0.5
| Vcec =55V, V=55V 100 HA
AEN, DEN, ADEN 20
¥ |iD3-Do Vee =55V, Vi=27V —400| pA
All other inputs —100
D3-1D0 ~750
TS - Vecc =55V, V=04V HA
All other inputs —200
los8 Vcc =55V, Vo=0V —-60 -225 mA
Enabled = = 110 160
Icc . Vcc =55V, VIL=0.5YV, mA
Disabled ViH=3YV, Outputs open 30 40
1 All typical values are at Vcec =5V, Tp = 25°C.
% For I/0 ports, the parameters I and I;,_include the off-state output current.
8§ Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second.
Texas W
EXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 7
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

LOAD CONDITIONS
PARAMETER MIN  TYPT MAX UNIT
R1, R2, and R CL LOAD CIRCUIT
fmax Maximum clock frequency 40 MHz
t P ion time, ACLK to Ax (AEN = L RI=5009 1 gopr | s10pent 9 16
pd ropagation time, 1 to AX ( =L) R2 = 500 Q p pen ns
. . — R1 =500 Q, T
tpd Propagation time, DCLK1 to Dx (DEN = L) R2 = 500 Q 50 pF S1 Open 9 16 ns
P jon time, Ax to ADx (ALE =L, AD=1) | ~2=2792 1 a00pr | s1cCloseds 10 18
tpd ropagation time, Ax to ADx ( =L, =L) R2 = 470 Q p ose ns
P ion time, Dx to ADx (DLE = L AD = H) | ~2=2702 1 300p0r | s1cCloseds 1 18
thd ropagation time, Dx to ADX ( =1L, =H) R2 = 470 Q p osel ns
P ion time, ALE | ADXx (A/D = L R1I=27092 1 300pF | s1Closeds 10 18
tpd ropagation time, ow to ADX ( =1) R2 = 470 O p osel ns
P ion time, DLE low to ADx (A/D = H RI=2710Q | 300pF | S1Closedd 1 18
thd ropagation time, ow to ADX ( =H) R2 = 470 O p osel ns
_ — R1=270Q
. . ) 3
tpd Propagation time, A/D to ADx R2 = 470 O 300 pF S1 Closed 10 16 ns
thd Propagation time, ACLK to IDEQ R =500 Q 50 pF T 12 20 ns
thd Propagation time, ACLK to SSEQ R =500 Q 50 pF T 12 18 ns
thd Propagation time, IDx to IDEQ R =500 Q 50 pF T 12 22 ns
thd Propagation time, IDx to SSEQ R =500 Q 50 pF 1 12 22 ns
— R1 =500 Q
' : I
ten Enable time, AEN to Ax R2 = 500 O 50 pF 10 16 ns
t Enable time, DEN to D RI=5000. | o p T 10 16
en nable time, to Dx R2 = 500 O p ns
) _ R1=270Q,
ten Enable time, ADEN to ADx R2 =470 O 300 pF § 10 18 ns
tgis  Disable time, AEN to A RL=5009. o op T 6 10
dis isable time, to Ax R2 = 500 O p ns
tgis  Disable time, DEN to D RI=5000, | o p T 6 10
dis isable time, to Dx R2 = 500 O p ns
. . . —_ R1 =270 Q,
tdis  Disable time, ADEN to ADx R2 = 470 O 50 pF § 6 10 ns

1 All typical values are at Vcc =5V, Ta = 25°C.
1 See Parameter Measurement Information for load circuit (3-state outputs, A15-A0, D15-D0) and voltage waveforms.
8§See Parameter Measurement Information for load circuit (NuBus[l Interface, AD15-AD0) and voltage waveforms.

1See Parameter Measurement Information for load circuit (bi-state totem-pole outputs, SSEQ, IDEQ) and voltage waveforms.

TEXAS ‘@
INSTRUMENTS
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PARAMETER MEASUREMENT INFORMATION

Vee Vee
S1 s1
From Output Test
Under Test Point R1 R1
CL RL From Output Test From Output Test
(See Note A) Under Test Point Under Test Point
CL R2 cL R2

- (See Note A) (See Note A)
LOAD CIRCUIT FOR
BI-STATE

TOTEM:-PQI E QUTPUTS - -
SSEQ, IDEQ LOAD CIRCUIT FOR LOAD CIRCUIT FOR
NuBus [J INTERFACE 3-STATE OUTPUTS
AD15-AD0 A15-A0, D15-D0O
—— ——35V
Timing Tav 35V 13V 13V
Input A= e 03V High-Level \ \ 0.3V
le  tp, bl ) Pulse ety —
\ fsu " | e—1t, —l
Data oy, 35V Low-Level \ \ 35V
1.3V 1.3V Pul
Input ulse 1.3V 13V
o3V — — ——o03v
VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES VOLTAGE WAVEFORMS

PULSE DURATIONS

|nput OUtpUt
Control
(low-level
enabling)
In-Phase
Output
Waveform 1
S1 Closed

(see Note B)

P L
Waveform 2 ——VOH
VOLTAGE WAVEFORMS S1 Open 13V 2 —
PROPAGATION DELAY TIMES (see Note B) 0.3V
A v

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES,3-STATE OUTPUTS

Out-of-Phase
Output

NOTES: A. C| includes probe and jig capacitance.
B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal condition such that the output is high except when disabled by the output control.
C. C. Allinput pulses have the following characteristics: PRR < 1 MHz, t; = tf = 2 ns, duty cycle = 50%
D. The outputs are measured one at a time with one transition per measurement.

Figure 1

TEXxas {'f
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APPLICATION INFORMATION

r——— o= ————— 7 —————
DATA/ADDRESS NuBus [J
| | IEGEET
| | BOARD SPECIFIC oo : | SIGNALS :
FUNCTION < = ==
32 16 .o - ID3-1D0
: A31/A0 A15/A0 | : |
2 > AEN | |
| > ACLK | l___ |
32 16 ., PFW
| D31/D0 D15/D0 | —1PE |
| »| DEN | ISP |
NuBuUs [J > DCLK ADEN |
I CONTROLLER ALE :ADEN I | I
: SN74ACT2440 _E oIE D : I :
2 e 16
| b — | =AoAL = A/D | | |
| BE BIO| < DATA/ADDRESS | | |
| Yc BIL[—S INTERFACE | | |
| ES Br2[ SN74BCT2420 I | I
l E BT3 < IDEQ |<— 16—1- IDEQ I | I
- > A15/A0 |
l AEN > > AEN ' | |
I ACLK [ s ACLK : | :
. <>| D15/D0
N Y Vg B DEN [+ >| DEN | : |
| A MLREQ [—* DCLK [* > DELK ADEN | | |
: T, _Llack [— _E ALE < L | — — |
E MHOLD [—* DLE = {—— AD31-ADO
| RU NMREQ|[— =|_ 16 [ :
(| sT Locimo[— AD [+ > AID I | I
DS LOCIML[—* > I
Il A scNiA[—* ADEN (I |
: £ sther iD3-0 | al, {1D3-0 :
< D30 DN~
| iy D ARBO-3 |+ e ARBO3 |
& & 1
| N NACK < CLK [< <—CLK
| u NLOCK [—+ NMRQ | > NMR l
I B NLTMO [— RESET |« | % |RESET I
| s NLTM1 D START <+ | g START
< NCLK [ ROST [«> <> RQST |
| S MNLRST D ACK |<> e ACK |
'l A  VDONE —< MO [+ F—e>— TMO I
[ . NTMO [— Ll [, DML |
[ 8§ _nmwaf— S | s
| SEREQ [— | : |
| | |
| || |
.- __ __ __ L ___ _| L __J
Figure 2. Typical Nubus 0O Interface
Texas W
INSTRUMENTS
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PACKAGE OPTION ADDENDUM

PACKAGING INFORMATION

Orderable Device status (¥ Package Type Package Pins Package Qty Eco Plan @ Lead/ MSL Peak Temp (©) Samples
Drawing Ball Finish (Requires Login)

SN74BCT2420FN OBSOLETE PLCC FN 68 TBD Call TI Call TI

SN74BCT2420FNR OBSOLETE PLCC FN 68 TBD Call TI Call TI

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MsL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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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
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Audio www.ti.com/audio Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics Wwww.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and www.ti.com/automotive
Automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com Wireless www.ti.com/wireless-apps

RF/IF and ZigBee® Solutions  www.ti.com/Iprf
TI E2E Community Home Page e2e.ti.com
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