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DAC081S101 8-Bit Micro Power Digital-to-Analog Converter with Rail-to-Rail Output

Check for Samples: DAC081S101

FEATURES DESCRIPTION

« Guaranteed Monotonicity The DAC081S101 is a full-featured, general purpose
.« Low Power Operation 8-bit voltage-output digital-to-analog converter (DAC)
P that can operate from a single +2.7V to 5.5V supply
* Rail-to-Rail Voltage Output and consumes just 175 pA of current at 3.6 Volts.
« Power-on Reset to Zero Volts Output The on-chip output amplifier allows rail-to-rail output
. - swing and the three wire serial interface operates at
SYNC Interrupt Facility clock rates up to 30 MHz over the specified supply
« Wide Power Supply Range (+2.7V to +5.5V) voltage range and is compatible with standard SPI™,
* Small Packages QSPI, MICROWIRE and DSP interfaces. Competitive
devices are limited to 20 MHz clock rates at supply
voltages in the 2.7V to 3.6V range.

APPLICATIONS The supply voltage for the DAC081S101 serves as its
. Battery-Powered Instruments voltage reference, providing the widest possible

output dynamic range. A power-on reset circuit
- Digital Gain and Offset Adjustment ensures that the DAC output powers up to zero volts
« Programmable Voltage & Current Sources and remains there until there is a valid write to the
device. A power-down feature reduces power
consumption to less than a microWatt.

e Power Down Feature

* Programmable Attenuators

The low power consumption and small packages of
the DAC081S101 make it an excellent choice for use
in battery operated equipment.

The DAC081S101 is a direct replacement for the
AD5300 and is one of a family of pin compatible
DACs, including the 10-bit DAC101S101 and the 12-
bit DAC121S101. The DACO081S101 operates over
the extended industrial temperature range of —40°C

to +105°C.
Table 1. Key Specifications
VALUE

Resolution 8 bits
DNL +0.04, -0.02 LSB (typ)
Output Settling Time 3 s (typ)
Zero Code Error 3.8mV (typ)
Full-Scale Error -0.07 %FS (typ)
. Normal Mode 0.63 mW (3.6V) / 1.41 mW (5.5V) typ

Power Consumption
Pwr Down Mode 0.14 pW (3.6V) / 0.33 pW (5.5V) typ

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

SPl is a trademark of Motorola, Inc..

All other trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date. Copyright © 2005-2013, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas !

Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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Pin Configuration

SOT VSSOP
Vout —{1 6~ SYNC Va -1 8- GND
NC —2 - DN
GND— 2 5 SCLK
NC —3 6 |- SCLK
Va—3 4F DN Vout -4 5 SYNC
Block Diagram
Va GND
POWER-ON
RESET DAC0815101
\ 4
REF(+) REF(-)
DAC
REGISTER > 8-BIT DAC ) VouTt
8
A A
8
INPUT POWER-DOWN
CONTROL CONTROL 1k 100k
LOGIC LOGIC
SYNC SCLK Din
Pin Descriptions
SOT-23 VSSOP o
Name Pin No. Pin No. Description
Vour DAC Analog Output Voltage.
GND 2 Ground reference for all on-chip circuitry.
Va Power supply and Reference input. Should be decoupled to GND.
D 4 7 Serial Data Input. Data is clocked into the 16-bit shift register on the falling
IN edges of SCLK after the fall of SYNC.
Serial Clock Input. Data is clocked into the input shift register on the falling
SCLK 5 6 St
edges of this pin.
Frame synchronization input for the data input. When this pin goes low, it
enables the input shift register and data is transferred on the falling edges
SYNC 6 5 of SCLK. The DAC is updated on the 16th clock cycle unless SYNC is
brought high before the 16th clock, in which case the rising edge of SYNC
acts as an interrupt and the write sequence is ignored by the DAC.
NC 2,3 No Connect. There is no internal connection to these pins.

A

These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam

‘%'\ during storage or handling to prevent electrostatic damage to the MOS gates.

2 Submit Documentation Feedback

Copyright © 2005-2013, Texas Instruments Incorporated

Product Folder Links: DAC081S101



I,

www.ti.com

TEXAS
INSTRUMENTS

DAC081S101

SNAS323C —JUNE 2005—-REVISED FEBRUARY 2013

Absolute Maximum Ratings W@

Supply Voltage, Va 6.5V
Voltage on any Input Pin -0.3V to (V5 + 0.3V)
Input Current at Any Pin®) 10 mA
Package Input Current®) 20 mA
Power Consumption at Tp = 25°C See®
ESD Susceptibility ®)

Human Body Model 2500V
Machine Model 250V
Soldering Temperature, Infrared,

10 Seconds © 235°C
Storage Temperature —-65°C to +150°C

@

()
©)

4)

®)
(6)

Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for
which the device is functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see
the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics
may degrade when the device is not operated under the listed test conditions.

All voltages are measured with respect to GND = 0V, unless otherwise specified

When the input voltage at any pin exceeds the power supplies (that is, less than GND, or greater than V,), the current at that pin should
be limited to 10 mA. The 20 mA maximum package input current rating limits the number of pins that can safely exceed the power
supplies with an input current of 10 mA to two.

The absolute maximum junction temperature (T;max) for this device is 150°C. The maximum allowable power dissipation is dictated by
Tjmax, the junction-to-ambient thermal resistance (8,,), and the ambient temperature (T,), and can be calculated using the formula
PpMAX = (Tymax — Tp) / 834. The values for maximum power dissipation will be reached only when the device is operated in a severe
fault condition (e.g., when input or output pins are driven beyond the power supply voltages, or the power supply polarity is reversed).
Obviously, such conditions should always be avoided.

Human body model is 100 pF capacitor discharged through a 1.5 kQ resistor. Machine model is 220 pF discharged through ZERO
Ohms.

See the section entitled "Surface Mount" found in any post 1986 National Semiconductor Linear Data Book for methods of soldering
surface mount devices.

Operating Ratings @@

Operating Temperature Range -40°C £ Tp £ +105°C
Supply Voltage, V,©) +2.7V to 5.5V
Any Input Voltage ™ -0.1Vto (Va+0.1V)
Output Load 0 to 1500 pF
SCLK Frequency Up to 30 MHz

@

()
4)

Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for
which the device is functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see
the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics
may degrade when the device is not operated under the listed test conditions.

All voltages are measured with respect to GND = 0V, unless otherwise specified

To guarantee accuracy, it is required that V5 be well bypassed.

The analog inputs are protected as shown below. Input voltage magnitudes up to Va + 300 mV or to 300 mV below GND will not
damage this device. However, errors in the conversion result can occur if any input goes above V, or below GND by more than 100 mV.
For example, if Vp is 2.7Vpc, ensure that —100mV < input voltages <2.8Vpc to ensure accurate conversions.

1/0
TO INTERNAL
CIRCUITRY
GND

Package Thermal Resistances

Package 0;3a
8-Lead VSSOP 240°C/W
6-Lead SOT 250°C/W
Copyright © 2005-2013, Texas Instruments Incorporated Submit Documentation Feedback 3
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Electrical Characteristics

Values shown in this table are design targets and are subject to change before product release.
The following specifications apply for V, = +2.7V to +5.5V, R, = 2kQ to GND, C, = 200 pF to GND, f5c x = 30 MHz, input
code range 4 to 251. Boldface limits apply for Ty < Ta < Tyax: all other limits T, = 25°C, unless otherwise specified.

Input code = 00h

L. . (1) - (1) Units
Parameter Test Conditions Typical Limits (Limits)
STATIC PERFORMANCE
Resolution Bits (min)
Monotonicity Bits (min)
INL Integral Non-Linearity +0.16 +0.75 LSB (max)
-0.12 =0.75 LSB (min)
. . . . +0.04 +0.1 LSB (max)
DNL Differential Non-Linearity -
-0.02 -0.1 LSB (min)
ZE Zero Code Error lour=0 +3.8 +15 mV (max)
FSE Full-Scale Error lour=0 -0.07 -1.0 %FSR (max)
GE Gain Error All ones Loaded to DAC register -0.10 +1.0 %FSR (max)
ZCED Zero Code Error Drift -20 uv/ec
. Vp =3V -0.7 ppm/°C
TC GE Gain Error Tempco
Vp =5V -1.0 ppm/°C
OUTPUT CHARACTERISTICS
@ 0 V (min)
Output Voltage Range Va V (max)
Va =3V, loyt = 10 pA 2.0 mV
Va =3V, | =100 pA 5.0 mVv
ZCO Zero Code Output A out H
Va =5V, loyt = 10 pA 3.0 mV
Va =5V, loyt = 100 pA 5.4 mV
Va =3V, loyt = 10 pA 2.986 \%
Va =3V, | =100 pA 2.976 \%
FSO Full Scale Output A out H
Va =5V, loyt = 10 pA 4.976 \%
Va =5V, loyt = 100 pA 4.970 \%
. . R = 1500 pF
Maximum Load Capacitance
R, = 2kQ 1500 pF
DC Output Impedance 1.3 Ohm
VA = 5V, VOUT = OV, _
Input code = FFh 63 mA
VA = 3V, VOUT = OV, _
o Input code = FFh 50 mA
los Output Short Circuit Current
Va =5V, Vour =5V, 74 mA
Input code = 00h
VA = 3V, VOUT = 3V, 53 mA

(1) Typical figures are at T; = 25°C, and represent most likely parametric norms. Test limits are guaranteed to TI's AOQL (Average

Outgoing Quiality Level).

(2) This parameter is guaranteed by design and/or characterization and is not tested in production.
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Electrical Characteristics (continued)

Values shown in this table are design targets and are subject to change before product release.
The following specifications apply for V, = +2.7V to +5.5V, R, = 2kQ to GND, C, = 200 pF to GND, f5c x = 30 MHz, input
code range 4 to 251. Boldface limits apply for Ty < Ta < Tyax: all other limits T, = 25°C, unless otherwise specified.

L. . (1) - (1) Units
Parameter Test Conditions Typical Limits (Limits)
LOGIC INPUT

N Input Current® +1 PA (max)

Va =5V 0.8 V (max

Vi Input Low Voltage ©® A (max)
Vp =3V 0.5 V (max)

Vp =5V 2.4 V (min

Viy Input High Voltage ® A ( _ )

Vp =3V 2.1 V (min)

Cin Input Capacitance® 3 pF (max)

POWER REQUIREMENTS

Normal Mode Va =55V 256 328 HA (max)

fscLk = 30 MHz Vp = 3.6V 174 224 HA (Mmax)

Normal Mode Va =55V 221 294 HA (max)

fscLk = 20 MHz Vp = 3.6V 154 200 HA (Mmax)

Normal Mode Va =5.0V 142 HA (max)

fsclk =0 Vp = 3.0V 107 HA (Mmax)

Ia Supply Current (output unloaded)

All PD Modes, Va =5.0V 83 HA (max)

fscLk = 30 MHz Vp = 3.0V 42 HA (Mmax)

All PD Modes, Va =5.0V 56 HA (max)

fscLk = 20 MHz Vp = 3.0V 28 HA (Mmax)

All PD Modes, Vp =5.5V 0.06 1.0 HA (max)

fsok =0 @ Vp = 3.6V 0.04 1.0 HA (max)
Normal Mode Va = 5.5V 1.41 1.80 mW (max)
fscLk = 30 MHz Vp = 3.6V 0.63 0.81 mW (max)
Normal Mode Va = 5.5V 1.22 1.62 mW (max)
fscLk = 20 MHz Vp = 3.6V 0.55 0.72 mW (max)
Normal Mode Va =5.0V 071 HW (max)
Pc Power Consumption (output fsok =0 Va =3.0V 0.32 HW (max)
unioaded) All PD Modes, Va = 5.0V 0.42 HW (max)
fscLk = 30 MHz Vp = 3.0V 0.13 UW (max)
All PD Modes, Va =5.0V 0.28 HW (max)
fscLk = 20 MHz Vp = 3.0V 0.08 UW (max)
All PD Modes, Vp =5.5V 0.33 5.5 UW (max)
fsok =0 @ Vp = 3.6V 0.14 3.6 HW (max)

lour/ ln | Power Effici | 2mA Va =SV ol %
ower Efficienc =2m
out/ la y LOAD Vp =3V 94 %
(3) This parameter is guaranteed by design and/or characterization and is not tested in production.
Copyright © 2005-2013, Texas Instruments Incorporated Submit Documentation Feedback 5
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AC and Timing Characteristics

Values shown in this table are design targets and are subject to change before product release.
The following specifications apply for V, = +2.7V to +5.5V, R, = 2kQ to GND, C, = 200 pF to GND, f5c x = 30 MHz, input
code range 4 to 251. Boldface limits apply for Ty < Ta < Tyax: all other limits T, = 25°C, unless otherwise specified.

Parameter Test Conditions Typical Limits (I}:rr::rtss)
fscLk SCLK Frequency 30 MHz (max)
Output Voltage Settling Time 40h to COh code
ts Q) change, R, = 2kQ C, <200 pF 3 5 ps (max)
SR Output Slew Rate 1 V/us
Glitch Impulse Code change from 80h to 7Fh 12 nV-sec
Digital Feedthrough 0.5 nV-sec
. Vp =5V 6 ps
twu Wake-Up Time Vaz3v 9
A= WS
1/fscLk SCLK Cycle Time 33 ns (min)
ty SCLK High time 5 13 ns (min)
L SCLK Low Time 5 13 ns (min)
Set-up Time SYNC to SCLK Risin .
tsucL Edgep 9 -15 0 ns (min)
tsup Data Set-Up Time 25 5 ns (min)
tbHD Data Hold Time 25 4.5 ns (min)
. _— Vp =5V 0 3 ns (min)
tcs SCLK fall to rise of SYNC -
Vp =3V -2 1 ns (min)
. . 27<VpA<36 9 20 ns (min)
tsync SYNC ngh Time ;
3.6=Vp<55 5 10 ns (min)

(1) This parameter is guaranteed by design and/or characterization and is not tested in production.

Specification Definitions

DIFFERENTIAL NON-LINEARITY (DNL) is the measure of the maximum deviation from the ideal step size of 1
LSB, which is VREF / 256 = VA/ 256.

DIGITAL FEEDTHROUGH is a measure of the energy injected into the analog output of the DAC from the digital
inputs when the DAC outputs are not updated. It is measured with a full-scale code change on the data bus.

FULL-SCALE ERROR is the difference between the actual output voltage with a full scale code (FFh) loaded
into the DAC and the value of V x 255 / 256.

GAIN ERROR is the deviation from the ideal slope of the transfer function. It can be calculated from Zero and
Full-Scale Errors as GE = FSE - ZE, where GE is Gain error, FSE is Full-Scale Error and ZE is Zero Error.

GLITCH IMPULSE is the energy injected into the analog output when the input code to the DAC register
changes. It is specified as the area of the glitch in nanovolt-seconds.

INTEGRAL NON-LINEARITY (INL) is a measure of the deviation of each individual code from a straight line
through the input to output transfer function. The deviation of any given code from this straight line is measured
from the center of that code value. The end point method is used. INL for this product is specified over a limited
range, per the Electrical Tables.

LEAST SIGNIFICANT BIT (LSB) is the bit that has the smallest value or weight of all bits in a word. This value is
LSB = Vgee / 2" @

where Vger is the supply voltage for this product, and "n" is the DAC resolution in bits, which is 8 for the
DAC081S101.

MAXIMUM LOAD CAPACITANCE is the maximum capacitance that can be driven by the DAC with output
stability maintained.

6 Submit Documentation Feedback Copyright © 2005-2013, Texas Instruments Incorporated
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MONOTONICITY is the condition of being monotonic, where the DAC has an output that never decreases when
the output code increases.

MOST SIGNIFICANT BIT (MSB) is the bit that has the largest value or weight of all bits in a word. Its value is
1/2 of V.

POWER EFFICIENCY is the ratio of the output current to the total supply current. The output current comes from
the power supply. The difference between the supply and output currents, is the power consumed by the device
without a load.

SETTLING TIME is the time for the output to settle within 1/2 LSB of the final value after the input code is
updated.

WAKE-UP TIME is the time for the output to settle to within 1/2 LSB of the final value after the device is
commanded to the active mode from any of the power down modes.

ZERO CODE ERROR is the output error, or voltage, present at the DAC output after a code of 00h has been
entered.

Transfer Characteristic

255 X Va *

256
GE = FSE - ZE _t—'JJ

FSE = GE + ZE

OuTPUT
VOLTAGE

0
0 T 255
DIGITAL INPUT CODE

Figure 1. Input / Output Transfer Characteristic

Timing Diagram

—» a—tsucL
tsyne i

AWAVAWAWA!

- b)Y
SYNC ' €

I\ 2 I

{DHD —w .

oo L =)

tsup—» .—

Figure 2. DAC081S101 Timing

Copyright © 2005-2013, Texas Instruments Incorporated Submit Documentation Feedback 7
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Typical Performance Characteristics
fscik = 30 MHz, T, = 25C, Input Code Range 4 to 251, unless otherwise stated

DNL at Vp = 3.0V DNL at Vp = 5.0V
0.10 0.10
0.05 T 0.05
o o
» 7]
2 =
= 0.00 = 0.00 ﬂd%w
Z b4
o =)
-0.05 -0.05
-0.10 -0.10
0 64 128 192 256 0 64 128 192 256
OUTPUT CODES OUTPUT CODES
Figure 3. Figure 4.
INL at Vp = 3.0V INL at Vo = 5.0V
0.4 0.4
0.2 A /A 0.2 A /A
@ \# @ \v
%) %)
= 00 .A ™ = 00 .A My
= Y SN Vv
-0.2 \ -0.2
0.4 0.4
0 64 128 192 256 0 64 128 192 256
OUTPUT CODES OUTPUT CODES
Figure 5. Figure 6.
TUE at V, = 3.0V TUE at V, = 5.0V
1.0 1.0
0.5 0.5
2 2
- |
-0.5 -0.5
-1.0 -1.0
0 64 128 192 256 0 64 128 192 256
OUTPUT CODES OUTPUT CODES
Figure 7. Figure 8.
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Typical Performance Characteristics (continued)
fscik = 30 MHz, T, = 25C, Input Code Range 4 to 251, unless otherwise stated

DNL INL
VS. vS.
Va Va
0.10 0.2
+DNL +INL
0.05 0.1
~
) @
2] 2
= 0.00 S 00
g z
-DNL -INL
-0.05 -0.1
-0.10 0.2
25 30 35 40 45 50 55 25 30 35 40 45 50 55
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V)
Figure 9. Figure 10.
3V DNL 5V DNL
VS. VS.
fscLk fscLk
0.10 0.10
+DNL +DNL
0.05 0.05
o o
%) %)
2 2
— 0.00 — 0.00
= z
[a) a
-DNL -DNL
-0.05 -0.05
-0.10 -0.10
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
CLOCK FREQUENCY (MHz) CLOCK FREQUENCY (MHz)
Figure 11. Figure 12.
3V DNL 5V DNL
VS. VS.
Clock Duty Cycle Clock Duty Cycle
0.10 0.10
+DNL +DNL
0.05 0.05
o o
%) »n
2 2
— 0.00 — 0.00
= z
a a
-DNL -DNL
-0.05 -0.05
-0.10 -0.10
30 40 50 60 70 80 20 30 40 50 60 70 80
CLOCK DUTY CYCLE (%) CLOCK DUTY CYCLE (%)
Figure 13. Figure 14.

Copyright © 2005-2013, Texas Instruments Incorporated Submit Documentation Feedback

Product Folder Links: DAC081S101



DAC081S101 A UMENTS

SNAS323C —JUNE 2005-REVISED FEBRUARY 2013 www.ti.com

Typical Performance Characteristics (continued)
fscik = 30 MHz, T, = 25C, Input Code Range 4 to 251, unless otherwise stated

3V DNL 5V DNL
VS. VS.
Temperature Temperature
0.10 0.10
+DNL +DNL
0.05 0.05
o o
n 7]
S S5
— 0.00 — 0.00
b4 =z
o [a)
-0.05 DN -0.05 DNL
-0.10 -0.10
50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C)
Figure 15. Figure 16.
3V INL 5V INL
VS. VS.
fscLk fscLk
0.2 0.2
+INL +INL
0.1 0.1
o o
n 7]
S S5
< 00 < 00
z z
-INL -INL
-0.1 -0.1
-0.2 -0.2
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
CLOCK FREQUENCY (MHz) CLOCK FREQUENCY (MHz)
Figure 17. Figure 18.
3V INL 5V INL
VS. VS.
Clock Duty Cycle Clock Duty Cycle
0.2 0.2
+INL +INL
0.1 0.1
o o
7 7]
2 S
S 00 S 00
z Z
-INL -INL
-0.1 -0.1
0.2 -0.2
20 30 40 50 60 70 80 20 30 40 50 60 70 80
CLOCK DUTY CYCLE (%) CLOCK DUTY CYCLE (%)
Figure 19. Figure 20.
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Typical Performance Characteristics (continued)
fscik = 30 MHz, T, = 25C, Input Code Range 4 to 251, unless otherwise stated

3V INL
VS.
Temperature
0.2
+INL
0.1
o
%]
=
S 00
Zz
-INL
-0.1 ——
-0.2
50 25 0 25 50 75 100 125
TEMPERATURE (°C)
Figure 21.
Zero Code Error
VS.
fscLk
5
S
é 4
o V, = 5.0V
Z3
74
w
w
o)
3 2
e V= 3.0V
w
N 1
0

0 5 10 15 20 25 30 35
CLOCK FREQUENCY (MHz)
Figure 23.

Zero Code Error
VS.
Temperature

\
\

w

N

ZERO CODE ERROR (mV)

-

0
50 -25 0 25 50 75 100 125
TEMPERATURE (°C)

Figure 25.

ZERO CODE ERROR (mV) INL (LSB)

FULL SCALE ERROR (%FS)

5V INL
VS.
Temperature
0.2
+INL
0.1
0.0
-INL
-01
-0.2
50 25 0 25 50 75 100 125
TEMPERATURE (°C)
Figure 22.
Zero Code Error
VS.
Clock Duty Cycle
5
4
V,=5.0V
3
2
V,=3.0V
1
0

20 30 40 50 60 70 80
CLOCK DUTY CYCLE (%)
Figure 24.

Full-Scale Error

VS.

fscLk
0.000
-0.025

VA = 3.0V
-0.050
-0.075 VA = 5.0V
-0.100

0O 5 10 15 20 25 30 35
CLOCK FREQUENCY (MHz)
Figure 26.
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0.000

-0.025

-0.050

-0.075

FULL SCALE ERROR (%FS)

-0.100

Typical Performance Characteristics (continued)
fscik = 30 MHz, T, = 25C, Input Code Range 4 to 251, unless otherwise stated

Full-Scale Error

VS.
Clock Duty Cycle

V= 3.0V

V4 =5.0V

30 40 50 60 70 80
CLOCK DUTY CYCLE (%)
Figure 27.

Supply Current
VS.

0.000

-0.025

-0.050

-0.075

FULL SCALE ERROR (%FS)

-0.100

Full-Scale Error

VS.
Temperature

V= 5.0V

50 25 0 25 50 75 100 125

TEMPERATURE (°C)
Figure 28.

Supply Current
VS

Va Temper'ature
300 300
1
2 250 = 2 250
3 3 —
= L~ = V,=5.0V
£ 200 ~ S 200 '
g = g I ACTIVE CLOCK
© // o V, = 3.0V
3 150 3 150 :
Nt S NO CLOCK \/ Z5 5T~
& 100 & 100 —
o o A= 3.0V
w w
50 50
0 0
25 30 35 40 45 50 55 -50 -25 0 25 50 75 100 125
SUPPLY VOLTAGE (V) TEMPERATURE (°C)
Figure 29. Figure 30.
5V Glitch Response Power-On Reset
2.43 ‘I 2.0
242
1.5 /
S 241 > /
= /
E 240 e /
(@] (@]
2.39 t /
0.5 7
2.38 l
0.0
0 1 2 3 4 5 0 10 20 30 40 50
TIME (us) TIME (us)
Figure 31. Figure 32.
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Typical Performance Characteristics (continued)
fscik = 30 MHz, T, = 25C, Input Code Range 4 to 251, unless otherwise stated

3V Wake-Up Time 5V Wake-Up Time
5 8
V= 5V
V=3V 7
4 6
CsS cs
>3 > °
5 g
= =
2 3 —
1 / 2 I
Vour
/ Vour 1 I
0
0 1 2 3 4 5 0 1 2 3 4 5
TIME (us) TIME (us)
Figure 33. Figure 34.
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FUNCTIONAL DESCRIPTION

DAC SECTION

The DAC081S101 is fabricated on a CMOS process with an architecture that consists of switches and a resistor
string that are followed by an output buffer. The power supply serves as the reference voltage. The input coding
is straight binary with an ideal output voltage of:

Vour = Va X (D / 256) 2)
where D is the decimal equivalent of the binary code that is loaded into the DAC register and can take on any
value between 0 and 255.

RESISTOR STRING

The resistor string is shown in Figure 35. This string consists of 4096 equal valued resistors with a switch at each
junction of two resistors, plus a switch to ground. The code loaded into the DAC register determines which switch
is closed, connecting the proper node to the amplifier. This configuration guarantees that the DAC is monotonic.

@— To Output Amplifier

O S O 4

Figure 35. DAC Resistor String

OUTPUT AMPLIFIER

The output buffer amplifier is a rail-to-rail type, providing an output voltage range of OV to V,. All amplifiers, even
rail-to-rail types, exhibit a loss of linearity as the output approaches the supply rails (OV and V,, in this case). For
this reason, linearity is specified over less than the full output range of the DAC. The output capabilities of the
amplifier are described in the Electrical Tables.

SERIAL INTERFACE

The three-wire interface is compatible with SPI, QSPI and MICROWIRE as well as most DSPs. See the Timing
Diagram for information on a write sequence.

A write sequence begins by bringing the SYNC line low. Once SYNC is low, the data on the D,y line is clocked
into the 16-bit serial input register on the falling edges of SCLK. On the 16th falling clock edge, the last data bit is
clocked in and the programmed function (a change in the mode of operation and/or a change in the DAC register
contents) is executed. At this point the SYNC line may be kept low or brought high. In either case, it must be
brought high for the minimum specified time before the next write sequence as a falling edge of SYNC is used to
initiate the next write cycle.

14 Submit Documentation Feedback Copyright © 2005-2013, Texas Instruments Incorporated
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Since the SYNC and D,y buffers draw more current when they are high, they should be idled low between write
sequences to minimize power consumption.

INPUT SHIFT REGISTER

The input shift register, Figure 36, has sixteen bits. The first two bits are "don't cares" and are followed by two
bits that determine the mode of operation (normal mode or one of three power-down modes). The contents of the
serial input register are transferred to the DAC register on the sixteenth falling edge of SCLK. See Timing
Diagram, Figure 2.

MSB LSB

X1 X PD1|PDO D7|D6|D5|D4|D3|D2D1|DO| X | X | X | X

DATABITS ——

Normal Operation

1 kQ to GND

100 kQ to GND } Power-Down Modes
High Impedance

aa 00
O =0

Figure 36. Input Register Contents

Normally, the SYNC line is kept low for at least 16 falling edges of SCLK and the DAC is updated on the 16th
SCLK falling edge. However, if SYNC is brought high before the 16th falling edge, the shift register is reset and
the write sequence is invalid. The DAC register is not updated and there is no change in the mode of operation
or in the output voltage.

POWER-ON RESET

The power-on reset circuit controls the output voltage during power-up. Upon application of power the DAC
register is filled with zeros and the output voltage is 0 Volts and remains there until a valid write sequence is
made to the DAC.

POWER-DOWN MODES

The DAC081S101 has four modes of operation. These modes are set with two bits (DB13 and DB12) in the
control register.

Table 2. Modes of Operation

DB13 DB12 Operating Mode
0 0 Normal Operation
0 1 Power-Down with 1kQ to GND
1 0 Power-Down with 100kQ to GND
1 1 Power-Down with Hi-Z

When both DB13 and DB12 are 0, the device operates normally. For the other three possible combinations of
these bits the supply current drops to its power-down level and the output is pulled down with either a 1kQ or a
100KQ resistor, or is in a high impedance state, as described in Table 2.

The bias generator, output amplifier, the resistor string and other linear circuitry are all shut down in any of the
power-down modes. However, the contents of the DAC register are unaffected when in power-down, so when
coming out of power down the output voltage returns to the same voltage it was before entering power down.
Minimum power consumption is achieved in the power-down mode with SCLK disabled and SYNC and D,y idled
low. The time to exit power-down (Wake-Up Time) is typically ty,, usec as stated in the A.C. and Timing
Characteristics Table.

APPLICATION INFORMATION

The simplicity of the DAC081S101 implies ease of use. However, it is important to recognize that any data
converter that utilizes its supply voltage as its reference voltage will have essentially zero PSRR (Power Supply
Rejection Ratio). Therefore, it is necessary to provide a noise-free supply voltage to the device.

Copyright © 2005-2013, Texas Instruments Incorporated Submit Documentation Feedback 15
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DSP/MICROPROCESSOR INTERFACING

Interfacing the DAC081S101 to microprocessors and DSPs is quite simple. The following guidelines are offered
to hasten the design process.

ADSP-2101/ADSP2103 Interfacing

Figure 37 shows a serial interface between the DAC081S101 and the ADSP-2101/ADSP2103. The DSP should
be set to operate in the SPORT Transmit Alternate Framing Mode. It is programmed through the SPORT control
register and should be configured for Internal Clock Operation, Active Low Framing and 16-bit Word Length.
Transmission is started by writing a word to the Tx register after the SPORT mode has been enabled.

ADSP-2101/ DAC0815101

ADSP2103
TFS —’ SYNC
DT —> DIN
SCLK —’ SCLK

Figure 37. ADSP-2101/2103 Interface

80C51/80L51 Interface

A serial interface between the DAC081S101 and the 80C51/80L51 microcontroller is shown in Figure 38. The
SYNC signal comes from a bit-programmable pin on the microcontroller. The example shown here uses port line
P3.3. This line is taken low when data is to transmitted to the DAC081S101. Since the 80C51/80L51 transmits 8-
bit bytes, only eight falling clock edges occur in the transmit cycle. To load data into the DAC, the P3.3 line must
be left low after the first eight bits are transmitted. A second write cycle is initiated to transmit the second byte of
data, after which port line P3.3 is brought high. The 80C51/80L51 transmit routine must recognize that the
80C51/80L51 transmits data with the LSB first while the DAC081S101 requires data with the MSB first.

80C51/80L51 DAC0815101
P3.3 P SN
XD 4D0—> SCLK
RXD P{ DN

Figure 38. 80C51/80L51 Interface

68HC11 Interface

A serial interface between the DAC081S101 and the 68HC11 microcontroller is shown in Figure 39. The SYNC
line of the DAC081S101 is driven from a port line (PC7 in the figure), similar to the 80C51/80L51.

The 68HC11 should be configured with its CPOL bit as a zero and its CPHA bit as a one. This configuration
causes data on the MOSI output to be valid on the falling edge of SCLK. PC7 is taken low to transmit data to the
DAC. The 68HC11 transmits data in 8-bit bytes with eight falling clock edges. Data is transmitted with the MSB
first. PC7 must remain low after the first eight bits are transferred. A second write cycle is initiated to transmit the
second byte of data to the DAC, after which PC7 should be raised to end the write sequence.

68HC11 DAC0815101

PC7 SYNC

SCK

SCLK

¥Y¥ VvV V

MOSI

DIN

Figure 39. 68HCL11 Interface

Microwire Interface

Figure 40 shows an interface between a Microwire compatible device and the DAC081S101. Data is clocked out
on the rising edges of the SCLK signal.
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MICROWIRE DAC0815101
DEVICE N
cs P| SYnC
K 4Do—> SCLK
o) P{ Din

Figure 40. Microwire Interface

USING REFERENCES AS POWER SUPPLIES
Recall the need for a quiet supply source for devices that use their power supply voltage as a reference voltage.

Since the DAC081S101 consumes very little power, a reference source may be used as the supply voltage. The
advantages of using a reference source over a voltage regulator are accuracy and stability. Some low noise
regulators can also be used for the power supply of the DAC081S101. Listed below are a few power supply
options for the DAC081S101.

LM4130

The LM4130 reference, with its 0.05% accuracy over temperature, is a good choice as a power source for the
DACO081S101. Its primary disadvantage is the lack of 3V and 5V versions. However, the 4.096V version is useful
if a 0 to 4.095V output range is desirable or acceptable. Bypassing the LM4130 VIN pin with a 0.1uF capacitor
and the VOUT pin with a 2.2uF capacitor will improve stability and reduce output noise. The LM4130 comes in a
space-saving 5-pin SOT23.

Input

LM4130-4.1
Voltage
c1 I lco
S

DAC0815101

—»| snc VouT = OV to 4.080V
—>

—»{ o

—P scik

Figure 41. The LM4130 as a power supply

LM4050

Available with accuracy of 0.44%, the LM4050 shunt reference is also a good choice as a power regulator for the
DAC081S101. It does not come in a 3 Volt version, but 4.096V and 5V versions are available. It comes in a
space-saving 3-pin SOT-23.

Input
Voltage

R
Vz

LMA4050-4.1 0.47 uF
or

LM4050-5.0

11—

DAC0815101
= —» s VouT =0V to 5V

—»] 0N
— scik

Figure 42. The LM4050 as a power supply
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The minimum resistor value in the circuit of Figure 42 should be chosen such that the maximum current through
the LM4050 does not exceed its 15 mA rating. The conditions for maximum current include the input voltage at
its maximum, the LM4050 voltage at its minimum, the resistor value at its minimum due to tolerance, and the
DAC081S101 draws zero current. The maximum resistor value must allow the LM4050 to draw more than its
minimum current for regulation plus the maximum DACO081S101 current in full operation. The conditions for
minimum current include the input voltage at its minimum, the LM4050 voltage at its maximum, the resistor value
at its maximum due to tolerance, and the DAC081S101 draws its maximum current. These conditions can be
summarized as

R(min) = ( V\y(max) = Vz(min) / (Ia(min) + I;(max)) 3

and
R(max) = ( V,y(min) = Vz(max) / (Ia(max) + I;(min) ) 4)

where V,(min) and V,(max) are the nominal LM4050 output voltages = the LM4050 output tolerance over
temperature, I;(max) is the maximum allowable current through the LM4050, I,(min) is the minimum current
required by the LM4050 for proper regulation, Ia(max) is the maximum DAC081S101 supply current, and I5(min)
is the minimum DAC081S101 supply current.

LP3985

The LP3985 is a low noise, ultra low dropout voltage regulator with a 3% accuracy over temperature. It is a good
choice for applications that do not require a precision reference for the DAC081S101. It comes in 3.0V, 3.3V and
5V versions, among others, and sports a low 30 uV noise specification at low frequencies. Since low frequency
noise is relatively difficult to filter, this specification could be important for some applications. The LP3985 comes
in a space-saving 5-pin SOT-23 and 5-bump DSBGA packages.

Input

LP3985
Voltage | l
l 0.1 pF

J‘ J‘OOlpFl

DAC0815101
> SYNC

—»1 o
—P scik

VouT =0V to 5V

Figure 43. Using the LP3985 regulator

An input capacitance of 1.0uF without any ESR requirement is required at the LP3985 input, while a 1.0pF
ceramic capacitor with an ESR requirement of 5mQ to 500mQ is required at the output. Careful interpretation
and understanding of the capacitor specification is required to ensure correct device operation.

LP2980

The LP2980 is an ultra low dropout regulator with a 0.5% or 1.0% accuracy over temperature, depending upon
grade. It is available in 3.0V, 3.3V and 5V versions, among others.

Input VIN Vout
Voltage | JE— o
8 ON / OFF LP2980 l
T __Ll wE
DAC0815101
' SYNC
VouTt =0V to 5V
—>] o
—» scik

Figure 44. Using the LP2980 regulator
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Like any low dropout regulator, the LP2980 requires an output capacitor for loop stability. This output capacitor
must be at least 1.0uF over temperature, but values of 2.2uF or more will provide even better performance. The
ESR of this capacitor should be within the range specified in the LP2980 data sheet. Surface-mount solid
tantalum capacitors offer a good combination of small size and ESR. Ceramic capacitors are attractive due to
their small size but generally have ESR values that are too low for use with the LP2980. Aluminum electrolytic
capacitors are typically not a good choice due to their large size and have ESR values that may be too high at
low temperatures.

BIPOLAR OPERATION

The DAC081S101 is designed for single supply operation and thus has a unipolar output. However, a bipolar
output may be obtained with the circuit in Figure 45. This circuit will provide an output voltage range of +5 Volts.
A rail-to-rail amplifier should be used if the amplifier supplies are limited to £5V.

+5V O—I—I—

"
10 uF T 0.1pF 9

||H

DAC0815101
—» Se
—» o
— scik

Vout

Figure 45. Bipolar Operation

The output voltage of this circuit for any code is found to be

Vo = (V4 X (D /256) x (R1 + R2) / R1) - V5, x R2 / R1) (5)
where D is the input code in decimal form. With V, = 5V and R1 = R2,
Vo = (10 x D / 256) - 5V (6)

A list of rail-to-rail amplifiers suitable for this application are indicated in Table 3.

Table 3. Some Rail-to-Rail Amplifiers

AMP PKGS Typ Vos Typ IsuppLy
PDIP-8
LMC7111 SOT-23.5 0.9 mVv 25 pA
SO-8
LM7301 SOT-23-5 0.03 mVv 620 pA
LM8261 SOT-23-5 0.7 mV 1 mA

LAYOUT, GROUNDING, AND BYPASSING

For best accuracy and minimum noise, the printed circuit board containing the DAC081S101 should have
separate analog and digital areas. The areas are defined by the locations of the analog and digital power planes.
Both of these planes should be located in the same board layer. There should be a single ground plane. A single
ground plane is preferred if digital return current does not flow through the analog ground area. Frequently a
single ground plane design will utilize a "fencing" technique to prevent the mixing of analog and digital ground
current. Separate ground planes should only be utilized when the fencing technique is inadequate. The separate
ground planes must be connected in one place, preferably near the DAC081S101. Special care is required to
guarantee that digital signals with fast edge rates do not pass over split ground planes. They must always have a
continuous return path below their traces.

The DAC081S101 power supply should be bypassed with a 10uF and a 0.1uF capacitor as close as possible to
the device with the 0.1uF right at the device supply pin. The 10uF capacitor should be a tantalum type and the
0.1pF capacitor should be a low ESL, low ESR type. The power supply for the DAC081S101 should only be
used for analog circuits.

Avoid crossover of analog and digital signals and keep the clock and data lines on the component side of the
board. The clock and data lines should have controlled impedances.
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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)

DAC081S101CIMK/NOPB ACTIVE SOT-23-THIN DDC 6 1000 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 105 X65C Samples
& no Sh/Br)

DAC081S101CIMKX/NOPB ACTIVE SOT-23-THIN  DDC 6 3000 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 105 X65C Samples
& no Sh/Br)

DAC081S101CIMM/NOPB ACTIVE VSSOP DGK 8 1000 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 105 X64C Samples
& no Sh/Br)

DAC081S101CIMMX/NOPB ACTIVE VSSOP DGK 8 3500 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 105 X64C 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.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may

reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based

flame retardants must also meet the <=1000ppm threshold requirement.

® 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.

® Lead/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
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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 Tl 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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |+ KO ’<—P14>1
Y R P T
go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O 0778procket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*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)
DACO081S101CIMK/NOPB| SOT- DDC 6 1000 178.0 8.4 3.2 3.2 14 4.0 8.0 Q3
23-THIN
DAC081S101CIMKX/NOP | SOT- DDC 6 3000 178.0 8.4 3.2 3.2 14 4.0 8.0 Q3
B 23-THIN
DAC081S101CIMM/NOPB| VSSOP DGK 8 1000 178.0 12.4 53 34 1.4 8.0 12.0 Q1
DAC081S101CIMMX/NOP | VSSOP | DGK 8 3500 330.0 12.4 5.3 34 14 8.0 12.0 Q1
B
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At

4
///
// S
/\g\ /)i\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
DACO081S101CIMK/NOPB| SOT-23-THIN DDC 6 1000 210.0 185.0 35.0
[DAC081S101CIMKX/NOP SOT-23-THIN DDC 6 3000 210.0 185.0 35.0
B
DAC081S101CIMM/NOPB VSSOP DGK 8 1000 210.0 185.0 35.0
PAC081S101CIMMX/NOP VSSOP DGK 8 3500 367.0 367.0 35.0
B
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MECHANICAL DATA

DDC (R—PDS0O-G6) PLASTIC SMALL—OUTLINE
020
0,12
+
. v Gage Plane | |4
\md!}z Area
" 308 3 o
275 E— 0-8
0,60
0,30
1,00
0,70
v
1,10 [} [}
MAX — — — ¢ Seating Plane ¢
T 010
0,00
4204403-3/E 06,/05
NOTES: All linear dimensions are in millimeters.

This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion.
Falls within JEDEC MO-193 variation AA (6 pin).
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LAND PATTERN DATA

DDC (R—PDSO-G6) PLASTIC SMALL OUTLINE

Example Board Layout Stencil Oper]inghs_
Based on a stencil thickness
of .127mm (.005inch).
(Note D)
6 4 f
- —— (1,1) —p-—F—-— - — -
—(0,6)—
(2,7) (2.7)
3
! ! ! !
—1 (0,95) — —l (0,95) I—

Example
Non Soldermask Defined Pad

Solder Mask Opening

Pad Geometry

(0,07) =
All Around

4218552-3/A 05/13

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. Example stencil design based on a 50% volumetric

metal load solder paste. Refer to IPC—7525 for other stencil recommendations.
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MECHANICAL DATA

DGK (S—PDSO-G8) PLASTIC SMALL—OUTLINE PACKAGE

r ﬂﬂgz
8 5

,HHHHT OZ

0,13
310 505
2,90 4,75 i

[@N]

LiLlil:

[ ]
jM_D—i Seating Plane ¢ J_\ ) m
— 1,10 MAX 875% AT [&]o.10 AT

4073329/E 05/06

NOTES: A All linear dimensions are in millimeters.
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 per end.
b Body width does not include interlead flash. Interlead flash shall not exceed 0.50 per side.

E.  Falls within JEDEC MO—-187 variation AA, except interlead flash.
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LAND PATTERN DATA

DGK (S—PDSO-G8) PLASTIC SMALL OUTLINE PACKAGE
Example Board Layout Example Stencil Openings
Based on a stencil thickness
of .127mm (.005inch).
(See Note D)
|—-—|—(O,65)TYP. 8X(0,45) _—| |<_ |———|—(O,65}TYP.
_4_
5|—-——— - 8X(1,45) —— [
4
PEG (4,4) PEG (4,4)
(! o
/I 7 PKG PKG
: ¢ ¢
/I Example
b Non Soldermask Defined Pad
/ /// - Example '
N ERE
! (1,45) || \
\ * \:\F(’ad Geometrgl
! See Note C
Y - (0,05)
\ | All Around ///
N /
N -
S—-- 4221236/A 11/13

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—7351 is recommended for alternate designs.

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.

NOTES:
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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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