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16-Bit, Single-Channel, +18V Output (Unbuffered), Ultra-Low Power, Serial Interface
DIGITAL-TO-ANALOG CONVERTER

FEATURES DESCRIPTION
* 16-Bit Resolution The DACB8871 is a 16-bit, single-channel, serial input,
e Output: £18V for +18V Reference Input voltage output digital-to-analog converter (DAC). The

output range is determined by the reference voltage,

e 18V Supply O ti :
Upply Lperation Vrern @nd Vger . By properly selecting the reference,

* Very Low Power the output can be unipolar or bipolar, and up to +18V.
» High Accuracy INL: 1LSB The DAC8871 provides excellent linearity (1LSB INL),
« Low Noise: 10nV/VAz low noise, and fast settlipg (1ps to 1LSB of full scale
. Fast Settling: 1us to 1LSB output) over the specified temperature range of

ast settling: 1ps to —40°C to +105°C. The output is unbuffered, which
» Fast SPI™ Interface: Up To 50MHz reduces the power consumption and the error
+ 16-Pin TSSOP Package introduced by the buffer. This device features a

standard high-speed clock (up to 50MHz), and a 3V
or 5V SPI serial interface to communicate with the
DSP or microprocessors. For optimum performance,

» Selectable Reset to Zero or Midscale

APPLICATIONS a set of Kelvin connections to external reference are
» Portable Equipment provided.
* Automatic Test Equipment The DAC8871 is available in a TSSOP-16 package.

* Industrial Process Control
» Data Acquisition Systems
» Optical Networking
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Q 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.

TI DSP is a trademark of Texas Instruments.

SPI, QSPI are trademarks of Motorola, Inc.

Microwire is a trademark of National Semiconductor.

All other trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date. Copyright © 2007-2008, 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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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
A appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

ORDERING INFORMATION®

MINIMUM
RELATIVE DIFFERENTIAL SPECIFIED
ACCURACY NONLINEARITY TEMPERATURE PACKAGE PACKAGE- PACKAGE
PRODUCT (LSB) (LSB) RANGE MARKING LEAD DESIGNATOR
DAC8871B +1 +1 —40°C to +105°C 8871 TSSOP-16 PW
DAC8871 +3 +1 —40°C to +105°C 8871 TSSOP-16 PW

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this data sheet, or see the Tl
website at www.ti.com.

ABSOLUTE MAXIMUM RATINGS®
Over operating free-air temperature range (unless otherwise noted).

DAC8871 UNIT
Vpp to GND -0.3to +7 \%
Digital input voltage to GND -0.3to (Vpp + 0.3) \%
AGND to DGND -0.3to0 +0.3 \%
Ve to Vgg —-0.3to +39.6 \%
Ve to AGND —-0.3to0 +19.8 \Y
Vgs to AGND +0.3t0-19.8 \Y
VRerH 10 VRerL —-0.3to +39.6 \%
Vrern 1o AGND —-0.3to +19.8 \Y
VrerL to AGND —19.8to +17.5 \Y
Operating temperature range —40 to +105 °C
Storage temperature range —65 to +150 °C
Maximum junction temperature (T; max) +150 °C
Power dissipation (Ty max - Ta)/63a W
Thermal impedance, 635 | TSSOP-16 161.4 C/W

(1) Stresses above those listed under absolute maximum ratings may cause permanent damage to the device. Exposure to absolute
maximum conditions for extended periods may affect device reliability.

2 Submit Documentation Feedback Copyright © 2007-2008, Texas Instruments Incorporated
Product Folder Link(s): DAC8871



. DAC8871
13 TEXAS
INSTRUMENTS

www.ti.com SBAS396A—-JUNE 2007—-REVISED JUNE 2008

ELECTRICAL CHARACTERISTICS
All specifications at Ta = Ty t0 Tyaxs Vee = 15V, Vgg = =15V, Vrery = +10V, Vger, = -10V, and Vpp = +5V, unless
otherwise noted; specifications subject to change without notice.

DACB8871
PARAMETER CONDITIONS MIN TYP MAX UNIT
STATIC PERFORMANCE
Resolution 16 Bits
Vrery = 10V, Vgep = -5V +0.75 +1 LSB
Linearity error DACBST1B VRrern = 10V, Vger = 10V +1 +1.5 LSB
DAC8871 +1 +3 LSB
Differential linearity error +0.25 +1 LSB
Gain error T =+25°C +0.5 2 LSB
Gain drift +0.1 ppm/°C
Bipolar zero error Ta=+25°C +1 +4 LSB
Bipolar drift 0.1 ppm/°C
Zero code error Ta =+25°C +0.5 +2 LSB
Zero code drift +0.05 ppm/°C
OUTPUT CHARACTERISTICS
Voltage output VREFL VREFH \%
Output impedance 6.25 kQ
Settling time To 1LSB of FS, C_ = 15 pF 1 us
Slew rate® C, = 15pF 40 Vius
Digital feedthrough® 0.2 nv-s
Output noise Ta = +25°C 10 nViVHz
Power supply rejection Supplies vary +10% 1 LSB
REFERENCE INPUT
Vrery  Ref high input voltage range 0 +18 \%
Vrere Ref low input voltage range -18 Vrern — 1.25 \%
Ref high input current 13 mA
Ref low input current -1.3 mA
Reference input impedance ©® 7.5 kQ
Reference input capacitance Code = 0000 s pF
Code = FFFFh 120 pF
DIGITAL INPUTS
Vi Input low voltage Vop = +5V DGND 08 v
Vpp = +3V DGND 0.6 v
Viy Input high voltage Vop = +5V 26 Voo v
Vpp = +3V 2.1 Voo \%
Input current +1 HA
Input capacitance 10 pF

(1) Slew Rate is measured from 10% to 90% of transition when the output changes from 0 to full scale.

(2) Digital feedthrough is defined as the impulse injected into the analog output from the digital input. It is measured when the DAC output
does not change; CS is held high, while SCLK and DIN signals are toggled. It is specified with a full-scale code change on the SDI bus
(that is, from all Os to all 1s and vice versa).

(3) Reference input resistance is code-dependent, with a minimum at 8555h

Copyright © 2007-2008, Texas Instruments Incorporated Submit Documentation Feedback 3
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ELECTRICAL CHARACTERISTICS (continued)
All specifications at Ta = Ty t0 Tyaxs Vee = 15V, Vgg = =15V, Vrery = +10V, Vger, = -10V, and Vpp = +5V, unless
otherwise noted; specifications subject to change without notice.

DAC8871
PARAMETER CONDITIONS MIN TYP MAX UNIT

POWER SUPPLY
Vee +13.5 +15 +19.8 v
Vss -19.8 -15 -13.5 v
Voo +2.7 +55 v
lec 0.01 2 HA
Iss -0.01 -2 A
loo 3 10 A

Power 15 30 uw
TEMPERATURE RANGE

Specified performance -40 +105 °C
4 Submit Documentation Feedback Copyright © 2007-2008, Texas Instruments Incorporated
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PIN CONFIGURATION (NOT TO SCALE)

PW PACKAGE
TSSOP-16
(TOP VIEW)

)
Vour | 1 16 | DGND

Veo | 2 15 | LDAC
Vss | 3 14 | SDI

AGND | 4 13 | SCLK
DAC8871

Ve F E 12| CS

Vaern-S IE 11 | RST
VrgrL-S IZ
VierF Iz 9 | Voo

TERMINAL FUNCTIONS

TERMINAL
NO. NAME DESCRIPTION
1 Vout Analog output of the DAC
2 Ve Positive analog power supply: +15V
3 Vss Negative analog power supply: —15V
4 AGND Analog ground
5 Vrern-F | Vrern reference input (Force). Connect to external Vgegp.
6 Vrern-S | Vrern reference input (Sense). Connect to external Vgegn-
7 Vrerl-S | VrerL reference input (Sense). Connect to external Vggr, .
8 Vrerl-F | VrerL reference input (Force). Connect to external Vggg, .
9 Vpp Digital power. +5V for 5V interface logic; +3V for 3V logic.
10 RSTSEL Power-On-Reset select. D_etermines Vourt after power-on reset. If tied to Vpp, the DAC latch is set to mic_i-scale
after power-on, and Vour iS (Vrern — VrerL)/2. If tied to DGND, the DAC latch is cleared ('0"), and Vour iS VRerL-
11 RST Reset (active low)
12 [ Chip select input (active low). Data are not clocked into SDI unless CS is low.
13 SCLK Serial clock input
14 SDI Serial data input. Data are latched into input register on the rising edge of SCLK.
15 iDAC Load I?AC cont‘rol input (active low). When LDAC is low, the DAC latch is simultaneously updated with the content
of the input register.
16 DGND Digital ground

Copyright © 2007-2008, Texas Instruments Incorporated
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TIMING DIAGRAMS
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TIMING CHARACTERISTICS: Vg = +5V® @
At —40°C to +105°C, unless otherwise noted.

PARAMETER MIN MAX UNIT
tsck SCLK period 20 ns
twsck SCLK high or low time 10 ns
tDelay Delay from SCLK high to CS low 10 ns
tLead CS enable lead time 10 ns
tiag CS enable lag time 10 ns
toscLk Delay from CS high to SCLK high 10 ns
tro CS high between active period 30 ns
tsu Data setup time (input) 10 ns
tho Data hold time (input) 0 ns
twipac LDAC width 30 ns
toLbac Delay from CS high to LDAC low 30 ns
trsT Reset (RST) low 10 ns

Vpp high to CS low (power-up delay) 10 us

(1) Assured by design. Not production tested.

(2) Sample tested during the initial release and after any redesign or process changes that may affect this parameter.

Copyright © 2007-2008, Texas Instruments Incorporated
Product Folder Link(s): DAC8871
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TYPICAL CHARACTERISTICS
At T, = +25°C, Vpp = +5V, Ve = +15V, Vgg = =15V, Vgepy = +10V, and Vger, =10V, unless otherwise noted.

LINEARITY ERROR
vs DIGITAL INPUT CODE

DIFFERENTIAL LINEARITY ERROR
vs DIGITAL INPUT CODE

1.00 1.00
Ty =+25°C Ty =+25°C
0.75 Viery = 10V 0.75 Vegry = 10V
Vrer = -5V VRerL = -5V
0.50 0.50
5 025 & 025
2] ) | I WW
= 0 = 0
1 -
b4
£ 025 S 025
-0.50 -0.50
-0.75 -0.75
-1.00 -1.00
0 8192 16384 24576 32768 40960 49152 57344 65536 0 8192 16384 24576 32768 40960 49152 57344 65536
Digital Input Code Digital Input Code
Figure 3. Figure 4.
LINEARITY ERROR DIFFERENTIAL LINEARITY ERROR
vs DIGITAL INPUT CODE vs DIGITAL INPUT CODE
1.00 1.00
Ty =-40°C T, =-40°C
0.75 Viery = 10V 0.75 Vagry = 10V
V =-5V V, =-5V
0.50 REFL 0.50 REFL
T
& 0.25 i | & 0.25
%) (2]
= 0 I i = 0
2 z
= _025 ) 0 -025
-0.50 ! -0.50
-0.75 T -0.75
-1.00 -1.00
0 8192 16384 24576 32768 40960 49152 57344 65536 0 8192 16384 24576 32768 40960 49152 57344 65536
Digital Input Code Digital Input Code
Figure 5. Figure 6.
LINEARITY ERROR DIFFERENTIAL LINEARY ERROR
vs DIGITAL INPUT CODE vs DIGITAL INPUT CODE
1.00 1.00
T, =+105°C Tp=+105°C
0.75 Vegey = 10V 0.75 Vagry = 10V
\% =-5V V =-5V
050 REFL 050 REFL
& 0.25 o 0.25
2] 4
= 0 | = 0
1 1
b4
£ 025 8 -025
-0.50 -0.50
-0.75 -0.75
-1.00 -1.00
0 8192 16384 24576 32768 40960 49152 57344 65536 0 8192 16384 24576 32768 40960 49152 57344 65536
Digital Input Code Digital Input Code
Figure 7. Figure 8.
8 Submit Documentation Feedback Copyright © 2007-2008, Texas Instruments Incorporated
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TYPICAL CHARACTERISTICS (continued)
At T, = +25°C, Vpp = +5V, Ve = +15V, Vgg = =15V, Vgeey = +10V, and Vger, =10V, unless otherwise noted.

LINEARITY ERROR
vs DIGITAL INPUT CODE

DIFFERENTIAL LINEARITY ERROR
vs DIGITAL INPUT CODE

1.00 T C 1.00
= +25° Tp = +25°
0.75 A 0.75 A= +25°C
0.50
0.50
0.25
& 0 & 0.25
2 4
= -0.25 it 0
—
Z -0.50 L | E -0.25
-0.75
-0.50
-1.00
125 -0.75
-1.50 -1.00
0 8192 16384 24576 32768 40960 49152 57344 65536 0 8192 16384 24576 32768 40960 49152 57344 65536
Digital Input Code Digital Input Code
Figure 9. Figure 10.
LINEARITY ERROR DIFFERENTIAL LINEARITY ERROR
vs DIGITAL INPUT CODE vs DIGITAL INPUT CODE
1.00 T c 1.00
= —40° T, =-40°C
0.75 . 0.75 .
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0 8192 16384 24576 32768 40960 49152 57344 65536 0 8192 16384 24576 32768 40960 49152 57344 65536
Digital Input Code Digital Input Code
Figure 11. Figure 12.
LINEARITY ERROR DIFFERENTIAL LINEARITY ERROR
vs DIGITAL INPUT CODE vs DIGITAL INPUT CODE
1.00 T 050 1.00
= +105° T, = +105°
0.75 A 0.75 A= +108°C
0.50
0.50
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& 0 & 0.25
7] \ @
2 -0.25 = 0
—
Z 050 ! 8 _o2s
-0.75
-0.50
-1.00
-1.25 | | 075
-1.50 -1.00
0 8192 16384 24576 32768 40960 49152 57344 65536 0 8192 16384 24576 32768 40960 49152 57344 65536
Digital Input Code Digital Input Code
Figure 13. Figure 14.
Copyright © 2007-2008, Texas Instruments Incorporated Submit Documentation Feedback 9
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TYPICAL CHARACTERISTICS (continued)
At T, = +25°C, Vpp = +5V, Ve = +15V, Vgg = =15V, Vgeey = +10V, and Vger, =10V, unless otherwise noted.

LINEARITY ERROR
vs DIGITAL INPUT CODE

DIFFERENTIAL LINEARITY ERROR
vs DIGITAL INPUT CODE

1.00 " 1.00
VRery = 10V Vrern = 10V
0.75 Vpgr, = OV 0.75 Vier = 0V
0.50 0.50
& 0.25 g 0.25
1 -
b4
£ 025 8 025
-0.50 -0.50
-0.75 -0.75
-1.00 -1.00
0 8192 16384 24576 32768 40960 49152 57344 65536 0 8192 16384 24576 32768 40960 49152 57344 65536
Digital Input Code Digital Input Code
Figure 15. Figure 16.
LINEARITY ERROR DIFFERENTIAL LINEARITY ERROR
vs DIGITAL INPUT CODE vs DIGITAL INPUT CODE
2.00 1.00
Vee = +18V
1.50 Vgg = —18V 0.75
Vgern = +18V
1.00 Vger = —18V 0.50
& 0.50 g 0.25
] a
= 0 = 0
-
z z
- -0.50 0 -0.25
—1. -0.
00 0.50 NEry
-1.50 -0.75 Vrern = +18V.
VrerL = -18V
-2.00 -1.00
0 8192 16384 24576 32768 40960 49152 57344 65536 0 8192 16384 24576 32768 40960 49152 57344 65536
Digital Input Code Digital Input Code
Figure 17. Figure 18.
INTEGRAL NONLINEARITY ERROR DIFFERENTIAL NONLINEARITY ERROR
vs REFERENCE VOLTAGE vs REFERENCE VOLTAGE
20 10 T 1 1
Vee = +18V 0.8 Vee = +18V |
15 Vgg =-18V | : Vgg = -18V
0.6
10 0.4
0 5 ' P et i
o g 0.2
2 o i 0
-}
Z
£ o5 g 02
-0.4
-1.0 06
-1.5 —0.8
20 -1.0
5 6 7 8 9 10 11 12 13 14 15 16 17 18 5 6 7 8 9 10 11 12 13 14 15 16 17 18
+Reference (V) +Reference (V)
Figure 19. Figure 20.
10 Submit Documentation Feedback Copyright © 2007-2008, Texas Instruments Incorporated

Product Folder Link(s): DAC8871



13 TEXAS
INSTRUMENTS

www.ti.com

DAC8871

SBAS396A—-JUNE 2007—-REVISED JUNE 2008

TYPICAL CHARACTERISTICS (continued)
At T, = +25°C, Vpp = +5V, Ve = +15V, Vgg = =15V, Vgeey = +10V, and Vger, =10V, unless otherwise noted.

INTEGRAL NONLINEARITY ERROR
vs ANALOG SUPPLY VOLTAGE

DIFFERENTIAL NONLINEARITY ERROR
vs ANALOG SUPPLY VOLTAGE

2.0 1.0
15 0.8
0.6
1.0
0.4
g 0° @ 02
%) [}
2 o0 = o0
- —
z
Z o5 g 0.2
-0.4
-1.0
-0.6
-1.5 -0.8
-2.0 -1.0
12 13 14 15 16 17 18 12 13 14 15 16 17 18
+Supply (V) +Supply (V)
Figure 21. Figure 22.
GAIN ERROR ZERO-CODE ERROR
vs TEMPERATURE vs TEMPERATURE
1.00 0.5 -
4 Unipolar Mode Bipolar Mode
0.75 04 [MVgg =15V Vee =18V |
Vee = 15V 03 |Vgg=-15V Vgg=-15V ]
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§ 0 e ——_| I LIJ 0 r - -
i L | =~ 3 P
< _ == \>£~ 8 0.1 o=t o
s 025 < &)
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Vigr = 10V N -03
-0.75 04
-1.00 -0.5
-60 -40 -20 0O 20 40 60 80 100 120 140 -60 -40 -20 0O 20 40 60 80 100 120 140
Temperature (°C) Temperature (°C)
Figure 23. Figure 24.
BIPOLAR ZERO ERROR SUPPLY CURRENT
vs TEMPERATURE vs DIGITAL INPUT VOLTAGE
0 T T 25
Vg = 15V
Vgg = ~15V
Vger = 10V 2.0
Digital Input Code = 8000h -
& 025 Vpp = +5V
i / 1.5
S5 <
5 / E
i 8
= 1.0
N
L 050 — ,/ K
T 05 / ~
1 Vpp = +3V
-0.75 0
-60 40 -20 O 20 40 60 80 100 120 140 0 1 2 3 4 5
Temperature (°C) Digital Input Voltage (V)
Figure 25. Figure 26.
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TYPICAL CHARACTERISTICS (continued)
At T, = +25°C, Vpp = +5V, Ve = +15V, Vgg = =15V, Vgeey = +10V, and Vger, =10V, unless otherwise noted.

DUAL REFERENCE CURRENT
vs CODE

Vrern = +10V, Vggg = -10V

SINGLE REFERENCE CURRENT
vs CODE

Veern = +10V, Vgeg = OV

—. 800
z 1500 | | < 700 } \ \ \ \
= 1250 ‘é’ 600
£ 1000 S 500
£ ' 5 400
3 ™ S 300
z 500 £ 200
& 250 < 100
> 0 = 0 | |
0
0 = \ |
< < -100
S 250 = 200 \ "
£ -500 § -300
£ ! t 5 -4
2 -1000 E ~600 ‘ ‘
w o
£ \ \ > 700 \ N I N
Digital Input Code Digital Input Code
Figure 27. Figure 28.
SUPPLY CURRENTS DIGITAL SUPPLY CURRENT
vs TEMPERATURE vs DIGITAL SUPPLY VOLTAGE
5 4.0
4 3.5
<
z // 2 30 —
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2 — £ 25
c 5 L
o L 6]
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> L L >
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0 | | kN a
I I / 0.5
Iss (Vs =—15V)
_5 | | 0
-60 -40 -20 0O 20 40 60 80 100 120 140 27 30 33 36 39 42 45 48 51 54 57 6.0
Temperature (°C) Digital Supply Voltage (V)
Figure 29. Figure 30.
ANALOG SUPPLY CURRENT SUPPLY CURRENTS
vs ANALOG SUPPLY VOLTAGE vs REFERENCE VOLTAGES
0.10 5
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i(% 0.06 _
= 004 ) lop (Vop = +5V)
& 2 3
5 0.02 2
3 lec 3
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Figure 31. Figure 32.
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TYPICAL CHARACTERISTICS (continued)
At T, = +25°C, Vpp = +5V, Ve = +15V, Vgg = =15V, Vgeey = +10V, and Vger, =10V, unless otherwise noted.

MAJOR CARRY GLITCH MAJOR CARRY GLITCH
(FALLING) (RISING)
5V/div T 5V/div -
LDAC LDAC
N\
J \ Vour Vour
200mV/div 200mV/div /
Time (0.5us/div) Time (0.5us/div)
Figure 33. Figure 34.
DAC SETTLING TIME DAC SETTLING TIME
(FALLING) (RISING)
5V/div - 5V/div -
LDAC LDAC
5V/div
\ / Vour

5V/div

Time (0.5us/div)
Figure 35.

Time (0.5ps/div)

Figure 36.
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NOISE
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[0 &
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BW = 10kHz |
Code = 8000h
| |
Time (10us/div)
Figure 37.
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THEORY OF OPERATION

GENERAL DESCRIPTION

The DAC8871 is a 16-bit, single-channel, serial-input, voltage-output DAC. It operates from a dual power supply
ranging from £13.5V to £19.8V, and typically consumes 10pA. The output range is from Vggr to Vgery. Data are
written to this device in a 16-bit word format, via an SPI serial interface. To ensure a known power-up state, the
DAC8871 is designed with a power-on reset function. After power on, the state of the RSTSEL pin sets the value
of the input register and DAC latch, which sets the output state of the Vg1 pin. Refer to the Power-On Reset and
Hardware Reset section for more details.

Kelvin sense connections for the reference and analog ground are also included.

DIGITAL-TO-ANALOG SECTIONS

The DAC architecture consists of two matched DAC sections and is segmented. A simplified circuit diagram is
shown in Figure 38. The four MSBs of the 16-bit data word are decoded to drive 15 switches, E1 to E15. Each of
these switches connects one of 15 matched resistors to either Vgreey Or Vrep . The remaining 12 bits of the data
word drive switches SO to S11 of a 12-bit voltage mode R-2R ladder network.

R R
""""""" Vour
2R 2R 2R ---- 2R 2R 2R ---- 2R
SO S1 ---- S11 E1 E2 ---- E15
) o ) ) (e}
VrernF O ¢ ¢ ¢ /' ¢ ¢
VeernS O
Veer-F O V4
VREFL_S G | 1 |
12-Bit R-2R Ladder Four MSBs Decoded into

15 Equal Segments

Figure 38. DAC Architecture

OUTPUT RANGE

The output of the DAC is:
Veeen — V

VOUT = WGREFL X COde + VREFL

Where Code is the decimal data word loaded to the DAC latch.

For example, if Vrgey is +10V, and Vger is =10V, the range of Vg7 is from =10V (Code = 0000h) to +10V (Code
= FFFFh).

The range of Vggp is from =18V to (Vrery — 1.25V), and the range of Vgery is OV to +18V. The output from the
DAC8871 can be unipolar (from 0V to +18V) or bipolar by setting the proper Vger and Vgepy Values.

@
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POWER-ON RESET AND HARDWARE RESET

The DAC8871 has a power-on reset function. When the RSTSEL pin is low (tied to DGND), and after power-on
or a hardware reset signal is applled to the RST pin, the DAC latch is cleared ('0") and the Vgy7 pin is set to
negative full-scale. When RSTSEL is high, the DAC latch and Vg are set to mid-scale.

SERIAL INTERFACE

The DAC8871 digital interface is a standard 3-wire connection compatible with SPI, QSPI™, Microwire™ and TI
DSP™ interfaces, which can operate at speeds up to 50 Mbits/second. The data transfer is framed by the chip
select (CS) signal. The DAC works as a bus slave. The bus master generates the synchronize clock (SCLK) and
initiates the transmission. When CS is_high, the DAC is not accessed, and SCLK and SDI are ignored. The bus
master accesses the DAC by driving CS low. Immediately following the high-to-low transition of CS, the serial
input data on the SDI pin are shifted out from the bus master synchronously on the falling edge of SCLK and
latched on the rising edge of SCLK into the input shift register, MSB first. The low-to-high transition of CS
transfers the content of the input shift register to the input register.

All data registers are 16 bits. It takes 16 SCLK cycles to transfer one data word to the device. To complete a
whole data word, CS must be taken high immediately after the 16th SCLK is clocked in. If more than 16 SCLK
cycles are applied while CS is low, the last 16 bits are transferred into the input register on the rising edge of CS.
However, if CS is not kept low during the entire 16 SCLK cycles, the data are corrupted. In this case, reload the
DAC latch with a new 16-bit word.

The DAC8871 has an LDAC pin that allows the DAC latch to be updated asynchronously by bringing LDAC low
after CS goes high. In this case, LDAC must be kept high while CS is low. If LDAC is permanently tied low, the
DAC latch will be updated immediately after the input register is loaded (caused by the low-to-high transition of
CS).

EXTERNAL AMPLIFIER SELECTION

The output of the DAC8871 is unbuffered. The output impedance is approximately 6.2kQ. If the applications
require an external buffer amplifier, the selected amplifier must have a low-offset voltage (1LSB = 305uV for
+10V output range), eliminating the need for output offset trims. Input bias current should also be low because
the bias current multiplied by the DAC output impedance (approximately 6.25kQ) adds to the zero-code error.
Rail-to-rail input and output performance is required. For fast settling, the slew rate of the operational amplifier
should not impede the settling time of the DAC. The output impedance of the DAC is constant and
code-independent, but in order to minimize gain errors, the input impedance of the output amplifier should be as
high as possible. The amplifier should also have a 3dB bandwidth of 1MHz or greater. The amplifier adds
another time constant to the system, thus increasing the settling time of the output. A higher 3dB amplifier
bandwidth results in a shorter effective settling time of the DAC and amplifier combination.

Vss Vee Voo  DGND  Vigeey-S VegewF Vaer-F Veer-S

RSTSEL \ +V  OPA277
—_— Control V, or
RST }E Logic [P DAC ot I+\<QPA211
LDAC
AGND
s Serial Input
: eria npu
SCLK Interface > Data > LD ?(;\1
SDI Register ate
DACB8871 1L
Figure 39. DAC8871 with External Amplifier
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APPLICATION INFORMATION

REFERENCE INPUT
The DAC full-scale output voltage is determined by the reference voltage, as shown in the Output Range section.

Reference input Vgeey Can be any voltage from OV to +18V. Reference input Vggr, can be any voltage from
—18V to (Vrern — 1.25V). The current into the Vgeey input and out of Vger depends on the DAC output voltages.
Refer to Figure 27 and Figure 28 for details. The reference input appears as a varying load to the reference. If
the reference can sink or source the required current, a reference buffer is not required. The DAC8871 features a
reference drive (force) and sense connection that minimizes the internal errors caused by the changing reference
current and the circuit impedances. Figure 40 shows a typical reference configuration.

DACB8871
Veern —

VREFH'F

Vrern-S

VREFL'F

VREFL'S

Figure 40. Buffered Reference Connection

POWER-SUPPLY BYPASSING

For accurate, high-resolution performance, bypassing the supply pins with a 10uF tantalum capacitor in parallel
with a 0.1pF ceramic capacitor is recommended.

POWER-SUPPLY SEQUENCING

The analog supplies (Vcc and Vgg) must power up before the digital supply (Vpp). All three supplies must power
up before the reference voltages (Vrern and Vger ) are applied. Additionally, because the DAC input shift
register is not reset during a power-on reset (or a hardware reset through the RST pin), the CS pin must not be
unintentionally asserted during power-up of the device. It is recommended that the CS pin be connected to Vpp
through a pull-up resistor to avoid improper power-up.

Likewise, the state of the LDAC pin must not be accidentally changed during power-up. It is recommended that
the LDAC pin be connected to Vpp through a pull-up resistor, unless it is permanently tied to ground.

To ensure that the ESD protection circuitry of this device is not activated, all other digital pins must be kept at
ground potential until Vpp is applied.

16 Submit Documentation Feedback Copyright © 2007-2008, Texas Instruments Incorporated
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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
I Drawing Qty @ (6) (3) (4/5)
DAC8871SBPW ACTIVE TSSOP PW 16 90 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40 to 105 DACB8871 Samples
& no Sh/Br) =
DAC8871SBPWG4 ACTIVE TSSOP PW 16 90 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40 to 105 DACB8871 Samples
& no Sh/Br) =
DAC8871SBPWR ACTIVE TSSOP PW 16 2000  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40 to 105 DAC8871 Samples
& no Sh/Br)
DAC8871SPW ACTIVE TSSOP PW 16 90 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40 to 105 DAC8871
& no Sh/Br)
DAC8871SPWG4 ACTIVE TSSOP PW 16 90 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40 to 105 DAC8871
& no Sh/Br)
DAC8871SPWR ACTIVE TSSOP PW 16 2000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40 to 105 DAC8871
& 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 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, TI 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.
® 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.
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© | 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 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
4 |+ KO
i |
& 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
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 8
T
A
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)
DAC8871SBPWR TSSOP PW 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
DAC8871SPWR 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 26-Feb-2019
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)
DAC8871SBPWR TSSOP PW 16 2000 350.0 350.0 43.0
DAC8871SPWR TSSOP PW 16 2000 350.0 350.0 43.0
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PACKAGE OUTLINE

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
6.6
6.2 TYP
PIN 1 INDEX AREA 14X
1] e
— S e
— —
2X
51 —/ 1
4.9
—] —
—] —
o
Y — =
9 t
._J-i 45 16X 030

4.3 y
@ To10 [c[ATe]

\\.

\ / ]
~~&.«/\ (0.15) TYPjr
SEE DETAIL A

GAGE PLANE

P

DETAIL A
TYPICAL

4220204/A 02/2017

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-153.

(G20 w N
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PWOO0O16A

EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

:

7 1

16X (1.5)
|
{ [
|

16X (0.45)

(R0.05) TYP

e
.
-

SYMM

-
St
S

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X

SOLDER MASK
OPENHVGAA\\\ METAL
EXPOSED METAL

*H‘* 0.05 MAX

ALL AROUND

NON-SOLDER MASK
DEFINED
(PREFERRED)

METAL UNDER
SOLDER MASK

SOLDER MASK
fOPENING
ffffffffffff N

I
"~ EXPOSED METAL
0.05 MIN
ALL AROUND

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4220204/A 02/2017

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE

16X (0.45) |

16X (1.5) SYMM
|1 | ¢ (RO.05) TYP
— | e
|
|

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 10X

4220204/A 02/2017

NOTES: (continued)
8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for TI products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2019, Texas Instruments Incorporated
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