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CMOS 4-Bit Magnitude
Comparator

a0 12
=
High Voltage Types {20-Volt Rating) *““"'{25 &
a3 B
W CD46858'is a4-bit magnitude com-  Faarures: a8 -] E
parator designed for use in-computer and s i i 5 CIRedRe :::_5. E:‘:
logic applicatioffs that require the comparison ® Expansion t0 8,12,16......4N bits by cascading units a AL
of two 4-bit words. This logic:eircuit deter- W Medium-speed operation: worp"5"{ B —
mines whether one 4:bit word (Binary of compares two 4-bit words be Il
BCD) is "less than”, “equal to”, or “greater i
than”’ a second 4-bit word. in 180 ns (typ.) at 10 V _VW.'E Zi?,’.’,o,,,

u 100% tested for guiescent current at 20 V
W Standardized symmetrical output characteristics
u 5-V, 10-V, and 15V parametric ratings
= Maximum input current of T uA at 18 V
over full package temperature range;
100 nA at 18 V and 25°C
u Noise margin {full package temperature range)
range) =1VatVpp=5V
2VatVpp=10V
25V at VDD =15V
u Meets all requirements of JEDEC Tentative

The CD4585B has eight comparing inplits
(A3, B3, through AQ; B0), three outputs (A
<B,A = B,A> B} and three cascading inputs
{A < B, A =B, A> B) that permit systems
designers to expand the comparator function
to 8, 12, 16.....4N bits. When a single
CD4585B is used, the cascading inputs are
connected as follows: (A <B) = low, (A =8)
= high, (A > B} = high.

Cascading these units for comparison of more
than 4 bits is accomplished as shown in

Fig. 13. Standard No. 13B, “Standard Specifications
The CD4585B types are supplied in 16-lead for Description of ‘B’ Series CMOS Devices”
hermetic dual-in-line ceramic packages
(F3A suffix), 16-lead dual-in-line plastic

packages (E suffix), 16-lead small-outline
packages (NSR suffix), and 16-lead thin shrink
small-outlinepackages (PW and PWR suffixes).

Applications:

u Servo motor controls B Process controllers

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

Voltages referancedto Vgg Terminal) ... ... ...t -0.5V to +20V
INPUT VOLTAGE RANGE, ALLINPUTS ... ... i iiiiiiiiiriiiiiia it naeaenias -0.5VioVpp +0.5V
DCINPUT CURRENT, ANY ONEINPUT ... it iiiearinr i rrsaateanvsaianann +10mA
POWER DISSIPATION PER PACKAGE {Pp):

ForTa=-550C 10410000 ... .o ittt it it ie et 500mwW

ForTp = +100°C 1o +125°C Derale Linearity at 12mW/°C to 200mW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FORTA = FULL PACKAGE-TEMPERATURE RANGE (AliPackage Types) .........c.cvvivenvennnnes 100mW
OPERATING-TEMPERATURE RANGE(TA) ... ... oovviiiviiiiiai i Serreennaas -559C to +125°C
STORAGE TEMPERATURE RANGE (Tggg) ..o ~650C to +1509C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1716 % 1/32inch (1.59 1 0.79mm) from casefor10smax ........o.vvivnvivanniannas. +285°C

RECOMMENDED OPERATING CONDITIONS

For maximum reliability, nominat operating conditions should be selected so that oper-
ation is always within the following ranges:

LIMITS
CHARACTERISTIC - UNITS
Min. Max.
Supply-Voltage Range (For Ta = Full Package-
Temperature Range) 3 18 A
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FUNCTIONAL DIAGRAM
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Fig.1 — Typical output low [sink} current
characteristics.
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Fig.2 — Minimum output low (sink) current
characteristics.
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Fig.3 — Typical output high (source) current
characteristics.
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CD45858 Types

TRUTH TABLE
INPUTS oUTPUTS
COMPARING cae CASCADING
A3. B3 | A2, B2 | A1, B1} A0, BO.| A<B|A=B| A>B|A<B|A=B |A>B
|A3>B3 X X X X X 1 0 0. 1
(A3=B3 | A2> B2 X X X X 1 0 0 1
A3=83 | A2=B2 | A1>B1 X X X 1 0 0 1
A3=B3 |A2=B2 | A1=B1 | AD> B0 X X - 1 0 0 1
A3=B3 [AZ=B2 | A1=B1 | A0=8Bo o o 1. o | 0 1.
A3=B3 (A2=82 | A1=B1 | AO=B0O 0 1 X Y 1 )
A3=B3 [A2=B2 | A1=B1-| A0O=80 1 0. X 1. 0 0.
A3=B3 |AZ2=-B2 | A1=Bt | AO<EBO’ X X X 1 0 0
A3=B3 |A2=B2 | A1<Bt X X X X 1 0 0
A3=B3 | A2<B2 X X X X X 1 0 0
A3 <B3 X X X X - X X 1 0 0
X = Don't Care Logic 1 = High Level Logic 0 = Low Level
Voo
‘ ves. o
) ‘ i 29
= =
: O
[ =]
(A<BYOUT i o
=By . = r
o = O
8=

(A=8)IN

éDc
»*
(A»B)IN@%

- - T e - T - A
Fig.4 = Logic diagram. & ...~
DRAIN-TO-SOURCE VOLTAGE (Vps)—V . R .
-15 -10 -5 [} AMBIENT TEMPERATURE, (TAJs285C AMBIENT TEMPERATURE [Ty 1= 25°C{1T7] H
AMBIENT TEMPERATURE (Ta)= 25°C 1T T b it -+ lmwﬂ 0
IFUUNE RN SN IE TG A G D unE RO R | 1 Frl S b 14
SRR N RN AEERRARESNARRRRARRE T a - » [T ol L ) 14l i
GATE-TO-SOURCE VOLTAGE {Vgg)= -5 V H € H 2 =t ST N AT 7
aannasr jas NI 1 +f 4 L N RS BRE A Spe Eoesls
I 3 S Tyt o IR o e 83 1
.5 5] i e SEE ST TRRTRRIRES gAY TTHTS THH
a2 hes - = RTINS T e
= 2 3 Lo 35500 S 554 Fud :
z I T o
g £ B I ST T T
& - - e 44 riFbe e i 4t
FH -iov S ¥ ¥ 20 ;“_—”"'4”
-0 = - hiod Z . il al 11
03 5 % 1 { 4 oy
= 5 I 1 1 1
2 E B ] : Hf
e g - 1 1 - T
sy 3z F EX 13N )
E = g = 111
5 il £ =
[N =, 2
E so 80 100 ] 20 40 60 &0 00
LOAD CAPACITANCE (Cy )— pF LOAG CAPACITANCE (€L }—pF
— | 9zcs-24321R2 Ses-20322 92CE-32066
Fig. 5 — Minimum output high (source) current Fig. 6 — Typical transition time as a function of Fig. 7 — Typical propagation delay time (“com-
characteristics. load capacitance. paring inputs™ to outputs/ as a func-

tion of load capacitance.
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STATIC ELECTRICAL CHARACTERISTICS ) - 0§ AMBIENT TEMPERATURE [Ty ) 125°C
U
N E /’lr
CHARAC- CONDITIONS LIMITS AT INDICATED TEMPERATURES (°C) |, ey g v
TERISTIC . T ;n $ \,\cs. > £
z 3 o
Vo |Vin|VpD 2 S| = 2074
v (V) | (Vv}|-55 { —40 | +B5 [+126 |Min. | Typ. |Max. I S a%
s y
- 05| 5 5] 5| 150 150 — [ ooa] s . FHT
Quiescent § % s
Device - o010} 10] 10| 10] 300{ 300| — 0.04 | 10f,al 2% Zal) ampemmatis
furreh:t- - 0.15| 15 200 20| e00| 600} - 0.04| 20 : # 1] “Ll' 'fﬁ"
DD Hax. — [o020] 20 | 100] 100 | 3000| 3000 — | o008 100 DA b
- Lo 9208-232083
OutputLow |9 05| 5| oea| 061 042] 036 051 1 - Fig. 8 — Typical dynemic power dissipation as a
! r _ function of clock input frequency (see
(Slnk)gurrent 0.5 0,10( 10 1.6 1.5 1.1 0.9 1.3 26 Fig. 9—dynamic power dissiation test
lop Min. 15 |015] 15| a2] a4 28] 24| 24| e8] - circuit).
|4 5| 5 |-0.64]-061 [ -0.42|-036]|-051] -1| — |[mA v
Output High 6 05 0 q?ggpm
{Source) 2.5 05 5| -2| —1.8| —13|-115]| -18] -32| - L
INPUT
f“"eM"_‘- a5 lo1] 10| -16] 15[ -1.1] -09| —13] ~26] - FREQUENCY | (N otNAAY
n. ICL. COUNT MODE)
OoH 135 |015| 15 | —42| 4| —28| 24| —34] 68| - Gty w T | gp T MoK
&
Output Voltage:}— 054 S 008 — 01008 g g
- - — v
{_/ow li:vel, 0,10} 10 0.05 0005 supmy Ag A Az Az
oL Max. _ 015 | 15 0.05 - 0[0.05] -®-voo0 CM(!’:ES)M@ -
-Br(a<B);, cL
Output - 05| 5 4.95 4.95 5| - 100WF (A-m:,. (A=8)oUTHEH .
Voltage: - Jo1o] 10 995 995 10| - Dwn,, WV
High-Level, - By By By By
VoH Min. - 0,15] 15 14.95 14.95 15| - q]) & n
|
Inout L 0545 — 5 1.5 - - 1.5 :
nput Low -
\?ohage 19 | - [0 3 - -1 s = Szcs=azose
Vi Max. 1.5135] — 15 4 _ _ al y Fig. 8 — Dy ic power dissipation test circuit.
Input High 0545| - 5 3.5 3.5 - - y
Voltage, 1.9 - |10 7 7 -1 - f"”
VinMin. - 75338 - |15 1 1| -] - WPus |
’ Voo -— NOTE:
Input Current | 0,18 | 18 {01 | 01 | 21 +1 — |x1078] 0.1 A (D - MEASURE INPUTS
lyn Max. ' v; —-— SEQUENTIALLY,
T0 BOTH Vpp AND Vgg-
- CONNECT ALL UNUSED
DYNAMIC ELECTRICAL CHARACTERISTICS I Vo v e
At T4 =25°C; Input t,, tg=20ns, Cy = 50 pF, Ry =200 kS vis s
VDD L'M'Ts 92C5-27902
CHARACTERISTIC TEST CONDITIONS Volts Typ. Max. UNITS
Propagation Delay Time: 5 300 600 Fig. 10 — Input current test circuit.
Comparing Inputs to 10 125 250
Outputs, tpHL, tPLH | 15 80 160 ns
5 200 400 v
Cascading Inputs to 10 80 160 lf»
Outputs, tpHL, tPLH 15 60 120 INPUTS | QUTPUTS
' 5 100 200 Vin - :
Transition Time, 10 . 50 100 ns L - . +
tTHL. 'TLH 15 40 80 ™ - ?—
Input Capacitance, Cj\ Any Input S -5 75 pF . - - =
_ S ) { NOTE: .
v . Vss TEST ANY COMBINATION
OF INPUTS
92CS-2744 R4

Fig. 11 — Input-voltage test circuit.
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Hl

Voo Ag A A Ay Ay Ag Ag A7 Ap Ay A Ay
y t b o dlll &
oD Q , e i
INPUTS CD43a58 I coasese | CD45858
° {A>BIIN KA >8) ouT
Vss (A<BIN A-B) OuT .
[lucenn JA<BIOUT
Bp 8, 6, By 8 B3 Bg By | By By B 8
. 1pToTAL- 1 (ORTA" E)*H'p (SRPGTRE) AT Vo= 10V
vis {3 STAGES)

92CMW -~ 31007A1
pzcs-zraoiRl =120 +2(80)« 260 ne (TYR)

Fig. 12 — Quiescent-device-current test circuit. Fig. 13 — Typical speed characteristics of 8 12-bit comparator.

TERMINAL ASSIGNMENT

I

(A<BIOUT
80 ’
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8l

TOP VIEW I- e
92¢5- 31006 v e — .032)
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——l e—tcit Bema 97-105 | -

I {2.464-2.667)

92CM-32002
Dimensions and Pad Layout for CD45858H

Dii ic i in p th are in millimeters and are
derived from the basic inch dimensions as indicated.
Grid graduations are in mils (10~3 inch).
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ ® ® @/5)
7703702EA ACTIVE CDIP J 16 1 TBD A42 N/ A for Pkg Type -55to 125 7703702EA Samples
CD4585BF3A =
CD4585BE ACTIVE PDIP N 16 25 Pb-Free CU NIPDAU N/ A for Pkg Type -55to 125 CD4585BE Samples
(RoHS) =
CD4585BEE4 ACTIVE PDIP N 16 25 Pb-Free CU NIPDAU N/ A for Pkg Type -55to 125 CD4585BE Samples
(RoHS)
CD4585BF3A ACTIVE CDIP J 16 1 TBD A42 N/ A for Pkg Type -55to 125 7703702EA
CD4585BF3A L
CD4585BNSR ACTIVE SO NS 16 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -55to0 125 CD4585B Samples
& no Sh/Br) =
CD4585BNSRE4 ACTIVE SO NS 16 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -55to 125 CD4585B Samples
& no Sh/Br) =
CD4585BPW ACTIVE TSSOP PW 16 90 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -55to 125 CM585B Samples
& no Sh/Br)
CD4585BPWE4 ACTIVE TSSOP PW 16 90 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -55t0 125 CM585B
& no Sh/Br) =
CD4585BPWG4 ACTIVE TSSOP PW 16 90 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -551t0 125 CM585B Samples
& no Sh/Br) =

@ 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): Tl'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)
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® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® |ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl'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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MECHANICAL DATA

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

ol 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.




J (R—GDIP—Txx) CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN

PINS *x

ol 14 16 18 20
B 0.300 0.300 0.300 0.300
762) | (762 | (7.62) | (7.62)

14 8 BSC BSC BSC BSC
aiaiaialaiala B MAX 0.785 | .840 | 0.960 | 1.060
T (19,94) | (21,34) | (24,38) | (26,92)

D C B MIN — | — | — | —
l C A 0.300 | 0.300 | 0.310 | 0.300
VIVAVAVIVEVEY (7,62) | (7,62) | (7.87) | (7,62)
1J L 7 0.245 | 0.245 | 0220 | 0.245

0.065 (1,65) C MN : : : :
0015 (174 (6,22) | (6,22) | (559) | (6,22)

0.060 (1,52
—» |e— 0.005 (0,13) MIN Wﬁ% |<— —»‘

— 0.200 (5,08) MAX
— —Y ¢ Seating Plane

* 0.130 (3,30) MIN

J L7 026 (0,66)
0.014 (o 36) 015"
[0.100 (2,54)] 0.014 (0,36)

0.008 (0,20)

4040083 /F 03/03

NOTES:  A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package is hermetically sealed with a ceramic lid using glass frit.
D

E

Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.



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

=]
ol

<o
O

4040064—-4/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
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LAND PATTERN DATA

PW (R—PDSO-G16)

PLASTIC SMALL OUTLINE

Example Board Layout
(Note C)

|<—1 4x0,65

-
i

Sten(cil Openings

Note D)
| |~— 16X0,30
; ——| [=—14x0,65

DA
Juututt

16x1,95

f

5,60 5,60
\‘ -
!
\, Example
'\ Non Soldermask Defined Pad Example
| . Pad Geometry
* /// (See Note C)
//’ —
I/ —
/o
! 160 \ Example
! ) / Solder Mask Opening
'\ * L /' (See Note E)
‘\ — || ——— 0’07 /’
\ All Around /
\\ ’/,
. L
N~ - —
4211284-3/G  08/15
NOTES: ~ A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC—7351 is recommended for dlternate 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

N (R—PDIP—T**) PLASTIC DUAL—IN—LINE PACKAGE
16 PINS SHOWN
< A oM PINS ™1 44 16 18 20
16 9
- AW | (e | (1969) | (2557 | (26.92)
0.745 | 0.745 | 0.850 | 0.940
D) %&2?&) ACMING 1 (18.92) | (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
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.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl 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 reproduced
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 Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.
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