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CMOS BCD Rate
Multiplier
High-Voltage Types {20-Volt Rating}

B CD45278 is a low-power 4-bit digi-

tal rate multiplier that provides an output-
pulse rate which is the clock-input-pulse rate
multiplied by 1/10 times the BCD input. For
example, whan the BCD input is 8, there will
be 8 output pulses for every 10 input pulses.
This device may be used to perform arith-
metic operations (add, subtract, divide, raise
to a power}, solve algebraic and differential
equations, generate natural logarithms and
trigonometric functions, A/D and D/A con-
version, and frequency division.
For fractional multipliers with more than one
digit, CD4527B devices may be cascaded in
two different modes: the Add mode and the
Multiply mode. (See Figs.12 and 15).In the
Add mode,

Qutput Rate =

+
(Clock Rate) | &1 BCD1+0.01 BCD: ‘J

0.001 BCD3+ - - -

In the Multiply mode, the fraction program-
med into the first rate multiplier is multiplied
by the fraction programmed into the second
one,
e.g.—g X 4 = 36 or 36 output
10 10 100

pulses for every 100 clock input pulses.

The CD4527B types are supplied in 16-lead
dual-in-line plastic packages (E suffix),
16-lead small-outline packages (NSR suffix),
and 16-lead thin shrink small-outline
packages (PW and PWR suffixes).

Applications:

8 Numerical control
®  [nstrumentation

®»  Digital filtering

8 Frequency synthesis
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CD4527B Types

Features:
® Cascadable in multiples of 4-bits
= St to “9” inpat and, ’8" detect output i

= 100% test for quiescent current at 20 V s I,

CLOCK
u 5.V, 10-V, and 15-V parametric ratings . '} ﬁi}% F’ LasCane
- g.m::::m:d, symmetrical output e [ o e ooTrars
al eristics serio 7 ¢ sececr g7
8 Maximum input current of 1 uA at 18 V over "': . E Lose L aa
full package-tamperature range; 100 nA at LR
18 Vand 25°C : T oouT
& Noise r)nafgin (full package-tsmperature = INHIBIT (CARRY] OUT
mn“ = Voo 16 400 24913RI
T1VatVpp= 5V vss:8

Z2verVpp=10V
25 VatVpp=15V
u Meets all requirements of JEDEC Tentative
Standard No. 138, ‘Standard Specifications
for Description of ‘B’ Series CMOS Devices’

FUNCTIONAL DIAGRAM

MAXIMUM RATINGS, Absolute~Maximum Values:
DC SUPPLY-VOLTAGE RANGE, (Vpp)

Voltages referenced toVgg Terminal) . ........oiveiiiniiiiiiiiinrnananans -0.5V to +20V
INPUT VOLTAGE RANGE, ALLINPUTS ... ...iiiiiieiiiiiiiinicnenn, -0.5VtoVpp +0.5V
DCINPUT CURRENT, ANY ONEINPUT .. ..ot iei e siesenenas =10mA
POWER DISSIPATION PER PACKAGE (Pp):

ForTa=-55CCto+1009C .........ccoeennnnt. e r e 500mwW

ForTA=+1000C10+1250C .........covvvvvennn Derate Linearity at 12mwW/9C to 200mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR Tp = FULL PACKAGE-TEMPERATURE RANGE (All Package Types).......... 100mwW
OPERATING-TEMPERATURE RANGE (Ta) ......ccvvenniniiaiiaan, -559C to +1259C
STORAGE TEMPERATURE RANGE (Tgtg) - covvvvvnnniniiininnin, -859C to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

Atdistance 1/16 £ 1/32 inch (1.59 £0.79mm) from casefor10smax ............. +265°C

RECOMMENDED OPERATING CONDITIONS AT Tp = 25°C, Except as Noted.

For maximum reliability, nominal operating conditions should be selected so that operation is
always within the following ranges:

VoD LIMITS
CHARACTERISTIC V) Min. Max. UNITS
Supply-Voltage Range {(For Ta = Full Package-
3 18 v
Temperature Range)

5 160 -

Set or Clear Puise Width, tw 10 90 - ns
15 60 -
5 330 -

Clock Pulse Width, tyy 10 170 - ns
15 100 —
5 1.2

Clock Frequency, foL 10 de 25 MHz
15 3.5

Clock Rise or Fall Time, tol or ticL 5,10,15 - 15 us
5 100 -

Inhibit In Setup Time, tgy 10 40 - ns
15 20 —
5 240 —

Inhibit in Removal Time, tREM 10 130 - ns
15 110 -
5 150 -

Set Removal Time, tRem 10 80 - ns
15 50 -
5 60 -

Clear Removal Time, tRgm 10 40 - ns
15 30 —

Copyright 00 2003, Texas Instruments Incorporated
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STATIC ELECTRICAL CHARACTERISTICS

CD45278B Types

AMBIENT TENPERATURE {Ta)»25%C

<
1Té
&
<

M

QUYPUT LOW (SINK} CURRENT (IOLl —mA

CONDITIONS LIMITS AT INDICATED TEMPERATURES (°C)
CHARACTER- UNITS
IsTIC
vo |Vin|VDD +25
v w) | v)| 55 —40 +85 +125 | Min. Typ. | Max.
Quiescent Device - 05| 5 5 5 150 | 150 | - 004 | 5
Current, - 0,10 10 | 10 10 300 | 300 | - 004 | 10 A
10D Max. = Josf 15| 20 |20 [ 600 [ 600 | - | 004 | 20| ¥
- 020] 20 [ 100 [ 100 [ 3000 [3000] - [ c.08 [ 100
Output Low 0.4 05| 5 | 064 [0.61 | 042 | 0.36 | 0.51 -
{Sink) Current 05 |o10] 10| 16 [ 15 [ 11 09 [ 13 -
loL Min. 15 |015] 15 ] a2 | 4 28 | 24 | 34 Z
Output High 4.6 05| 5 |-064|-061]-042]-036|-05? - mA
(Source) 25 os| 5 | -2 [-vef-13]-1asf-1e | -32] -
Current, 96 |010] 10 |16 ]-15 111 | 08|13 26 | -
IQH Min, ;
135 |015] 16 |42 | -4 [-28 [ -24[-34 | <68 | —
Qutput Voltage: - 05| 5 0.05 - 0.05
Low-Level, — lo10| 10 0.05 _ 0.05
VoL Max.
- 0,15[ 15 0.05 = 005] .
Output Voltage: - 05 5 4.95 4.95 -
High-Level, — 0,10] 10 9.95 9.95 -
VoH Min. ~ |o15] 15 14.95 14.95 -
Input Low 05 45| — 5 1.5 - - 1.5
Voltage, 1,9 - 110 3 — 3
Max.
ViL Max e a5 [ [ 2 - a]
Input High 0545 - | & 35 35 —
Voltage, 1,9 - 10 7 7 -
VIH Min. 15135 - | 15 1 T -
Input Current -
i Max. 018 18 | 01 { 201 | +3 1 | - #1075 01| pa
DRAIN-TO-SOURCE VOLTAGE {Vps)—V DRAIN-TO-SOURCE VOLTAGE (vps)—V
- -10 -5 0 -18 -0 -3 0
AMBIENT TEMPERATURE ilr.)-am.}{}ﬂ.r{{m{: H AMBIENT TEMPERATURE (Ta)* 25 °C
GATE-TO VOLTAGE (Vgs)=-SvEEtT] ? GATE 16 - SOURGE VOLTAGE fvgg)e - TE
3 $
- 5
s & ¢
“10 H g,g Clovist: 7 8
3 = HH 3
s HH 3 -8V, ,;
: :
5 5
aQ - =]

9705~ 43203

Fig.3 — Typical output high (sourcel
current characteristics.

AMBIENT TEMPERATURE (Ta 1=25°c THEHHH A
e 1 1 TTLIITIT
| Hi Y
E
3
=, s
z 4 - .
= B :’:‘F_wi" i !E‘F.m
2 oot Hits ' +
Tl ka-scan .
> " annm oy '#E:
3 H tH
2 : 3 H
5 H s
g
] K
LOAD CAPACITANCE {C) — pF
PICS- 29154
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current characteristics.
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Fig.7 — Typical transition time as 8 function of
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Fig.5 — Typical dynamic power dissipation as a
function of input frequency.
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Fig.8 — Input current test circuit.
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CD45278B Types

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 259C: Voo
Input HLay= 20 ns, cl_ = 50 pF, HL = 200 k2 INPUTS f ouTeuTS
- -
v -— -
TEST COMDITIONS LIMITS s o] T
CHARACTERISTIC VpD UNITS vie - - ?
V) 1 Min.| Typ. | Max, -1 m i
5 - [ 1o 220 P et
Propagation Delay Time, tPHL. tPLH 10 _ 55 110 vss 'L?I""‘P':l‘;g“"‘mm
CIOCk 10 Om 15 - 45 90 ns 92CS-2T44IRI
5 - 150 | 300 Fig.8 — Input volitage test circuit.
Clock ar Strobe 10 Out 10 - 75 150
15 — 60 120
Voo
Clock to Inhibit Out S = | 30} 640 {
High Level 10 Low Level 10 - 145 | 290 Voo INPUTS
15 — 100 | 200 o
5 ~ | 0] s00| ™ vss
Low Levet to High Level 10 - 100} 200
15 — 75 150
5 — 380 | 760
Clear to Out 10 - 175 | 350 @
15 - 130 | 260
5 —{300[ 600} ™ vss
Clock to 9" or “15" Qut 10 - | 125| 250 sece-amonh
15 — 90 180 Fig. 10 —Quiescent device current test circuit.
5 — 90 180
Cascade to Out 10 - 45 90
) 15 — 35 70 ns
5 - 130 | 260
Inhibit In to Inhibit Qut 10 - 60 120
15 - 45 90 "
3t I 18
5 - 330 | 660 O e—2 |s§
Set to-Qut 10 - | 50| 300 1z o
15 -1 10| 220 2 12
ns i [ [T
5 — 100 ] 200 i 7 ‘o PULSE
Transition Time, tT{L, tTLH 10 - | so| 100 1 : 1T (%
15 - 40 80 92c8-20187
5 12| 24 ~
Maximum Clock Frequency, fo 10 25 5 - MHz Fig.11 — Dynamic power dissipation test circuit.
15 35 7 -
5 - 165 | 330 APPLICATIONS
Minimum Ciock Puise Width, tyy 10 - 85 170 ns
15 — 50 100
MOST SIGNIFICANT LEAST SIGNIFICANT
5 - - 15 DIGIT DIGIT
Clock Rise or Fall Time, t ¢, tCL 10 - - 16 us —a oD o—a ORME
15 - — 15 o—8 outr o— s out|—
5 _ 80 160 0—¢ utl— I—c B30T —
Minimum Set or Ciear Pulse Width, tyy 10 ~| a5 | 9 S S N PP |
15 - 30 60 ns deasc. cASC.
5 - B0 100 INH.IN 9" — L INLIN - 79" b=
Minimum Inhibit In Setup Time, tg( 10 -] 20| a0 Sear s StLean s
5 | -] ] 20 ' L-L"
5 - =
Minimum Inhibit In Removal ;l'ime, w | - 1:: fg cLockO—
REM 15 - 55 110 O 12345678-90°t2348678290
5 — 75 150 ns <LocK i 5
Minimum Set Removal Time, tRgpm . 18 - 40§ 8 oRu ] 1
16 - 25 50 TIMING DIAGRAM SHOWING ONE OF FOUR QUTPUT /
PULIES CONTRIBUTED BY DRM (D) TO CUTPUT FOR
5 - 30 60 EVERY 100 CLOCK PULSES IN FOR PRESET Noj9d.
Minimum Clear Removal Time, Trem 10 -] 20( 40 ns , szcs-2asrm
15 - 16 30 Fig.12 — Two Cm278't cascaded in the “Add”
Input Capacitance, CIN Any Input [ - 8 75 pF mode with a presat

14 4 94
°f9‘(‘i5*m"rao)-
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CD4527B Types
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Dimensions and Pad Layout for CD45278H

Dimensions in parentheses are in millimeters and
are derived from the basic inch dimensions as in-
dicated. Grid graduations are in mils (10—3 inch).
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CD45278B Types

TRUTH TABLE

INPUTS QUTPUTS

Number of Pulses or Number of Pulses or

Input Logic Levet Output Logic Level

{0 = Low; 1 = High; X = Don’t Care) (L = Low; H = High)
D|C]B]A [CLK| INH STR CAS CLR SET ouT| ouT INH | “9”

IN # # - { outjouTt

gjojojoji0]| O 0 0 0 0 L H 1 1
gjojoj110]| O 0 0 0 0. 1 1 1 1
ojo|1|0]10]| O 0 0 0 0 2 2 1 1
ojojt|1]10]| O 0 0 0 0 3 3 1 1
oj1|0j0]10] 0O 0 0 0 0 4 4 1 11
o[1{0{1}10]| o0 0 0 0 0 5 5 1 1
oj1j1io0| 10 0 0 0 0 0 6 6 1 1
gl|ij1f1j10]| o 0 0 0 0 7 7 1 1
101040110 © 0 0 0 1] 8 8 1 1
1|0jo[1|10]| O 0 0 0 0 9 9 1 1
1]16|1]0}j10| O 0 o 0 0 8 8 1 1
1{0{1]3]1 10| O 0 0 0 0 9 9 1 1
tjrjojoj10| 0 0 0 0 0 8 8 1 1
1j1j01j1{10| O 0 0 0 0 9 9 1 1
1{1j1joj10| © 0 0 0 0 8 8 1 1
Tt j14104} 0 0 0 0 0 .9 9 1 1
X[x{x|x}10] 1 0 0 0 (] t 1 H |t
Xix|x|x}{ 10} o 1 0 0 0 L H 1 1
X[x{x{x] 10| o 0 1 0 0 H . 1|1
1|X|X|X]|10]| O 0 0 1 0 10 10 H L
O |X|X{X]|10] O 0 0 1 0 E H H L
XIX|X|X]10] © 0 0 0 1 L H L H

* Qutput same as the first 16 kines of this truth table {depending on values of A, B, C, D).
Depends on internal state of counter.

#Clear and Set Inputs should not be high at the same time; device draws increased quies-
cent current when in this non-valid state.
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R Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS
www.ti.com 4-Jun-2007

PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
CD4527BE ACTIVE PDIP N 16 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)
CD4527BEE4 ACTIVE PDIP N 16 25 Pb-Free CU NIPDAU N/ A for Pkg Type
(RoHS)

CD4527BNSR ACTIVE SO NS 16 2000 Green (RoOHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

CD4527BNSRE4 ACTIVE SO NS 16 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

CD4527BNSRG4 ACTIVE SO NS 16 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)

CD4527BPW ACTIVE TSSOP PW 16 90 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)

CD4527BPWE4 ACTIVE TSSOP PW 16 90 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

CD4527BPWG4 ACTIVE TSSOP PW 16 90 Green(RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

CD4527BPWR ACTIVE TSSOP PW 16 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

CD4527BPWRE4 ACTIVE TSSOP PW 16 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

CD4527BPWRG4 ACTIVE TSSOP PW 16 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: TI 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 Sh/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 Sh/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 TI
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INSTRUMENTS
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to Customer on an annual basis.
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i3 Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 14-Jul-2012
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
+ —> KO |e— P1—»]
% { I
iy’
& & & || 8o
x | l
A T {
Cavity (€ A0 P,
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v w Overall width of the carrier tape
P1 Pitch between successive cavity centers
E W1
TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
CD4527BNSR SO NS 16 2000 330.0 16.4 8.2 10.5 25 12.0 | 16.0 Q1
CD4527BPWR TSSOP PW 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 14-Jul-2012
TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
CD4527BNSR SO NS 16 2000 367.0 367.0 38.0
CD4527BPWR TSSOP PW 16 2000 367.0 367.0 35.0

Pack Materials-Page 2



MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—IN—LINE PACKAGE
16 PINS SHOWN
< A oM PINS ™1 44 16 18 20
16 9
- AWK | (e | (1969) | (2557 | (26.92)
0.745 | 0.745 | 0.850 | 0.940
D) %&2?&) ACMING 1 1892y | (18,92) | (21,59) | (23,88)
PR ey ey ey e ey gy g Yo\ VXS\;\?\O&N A BB AC AD
w J L 8
0.070 (1,78)
0085 (114 O
0.045 (1,14) .
—» rom(om Yo 0.020 (0,51) MIN % —

\ 5 0.015 (0,38)
T 0.200 (5,08) MAX

4+ v L Seating Plane
? 0.125 (3,18) MIN (0,25) NOM

—J 0.430 (10,92) MAX L

r_——-\

? Gauge Plane

0.021 (0,53)
0.015 (0,38)

[4]0.010 (0,25) W]

)

U 14/18 Pin Only "

= 20 Pin vendor option

4040049/€ 12/2002

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

@ Falls within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).
@ The 20 pin end lead shoulder width is a vendor option, either half or full width.

b TExAS
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MECHANICAL DATA

PW (R-PDS0O—-G16) PLASTIC SMALL OUTLINE

N
16 9

LT —
|

4,50 6,60
4,50 6,20

[ \ [\
i Seating P\Gne¢ g_\\)

[~ ]o,10

5

L 1,20 MAX

=]
|l

<o
O

40400644 /G 02/1

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.

B. This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall

not exceed 0,15 each side.
Body width does not include interlead flash. Interlead flash shall not exceed 0,25 each side.

E. Falls within JEDEC MO-153

i3 TEXAS
INSTRUMENTS
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LAND PATTERN DATA

PW (R—PDSO-G16)

PLASTIC SMALL OUTLINE

ExqmpI?N?)?:rg)Layout Stené:hllo&p%rsings
—= =— 16x0,30
_>| 14x0,65 ‘ _>| |<_1 4x0,65
LA
- 16x1,55
it s b
5,60 5,60
Qi et
"._\“\___//
‘.
‘.
\, Example
'\ Non Soldermask Defined Pad Example
H . Pad Geometry
* /// (See Note C)
I/” — ]
l/l —
[
! \ E I
| 1,60 / Solder GgrsT;(pgpening
"\ * j (See Note E)
“\\ — || —— 0,07 ,/’
\, Al Around  /
N /,
\\\\ . pr

4211284-3/E 07/12
NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC—7351 is recommended for alternate designs.
D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA

NS (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

i I s
1A RAAAT

0,15 NOM

|
r

Gage Plane

O
NERELE

A

0,15

;LU_U_U_U_U_U_U_/;J%W Seating Plone ¥ \_JJ |__)

— 2,00 MAX ©lo0.10

PINS
DIM

A MAX

A MIN

4040062,/C 03,03

NOTES:  A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.




IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46C and to discontinue any product or service per JESD48B. Buyers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All
semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale supplied at the time
of order acknowledgment.

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

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

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 significant portions 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. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components which meet ISO/TS16949 requirements, mainly for automotive use. Components which
have not been so designated are neither designed nor intended for automotive use; and Tl will not be responsible for any failure of such
components to meet such requirements.

Products Applications

Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics Www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Mobile Processors  www.ti.com/omap Tl E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity
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