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+2.7V to +5.5 V, I°C INTERFACE (RECEIVE ONLY), VOLTAGE QUTPUT,
12-BIT DIGITAL-TO-ANALOG CONVERTER

FEATURES

* Micropower Operation: 140 phA @ 5V

e Power-On Reset to Zero

e +2.7-Vto +5.5-V Power Supply

« Specified Monotonic by Design

e Settling Time: 10 pus to +0.003%FS

« I°)C™ Interface up to 3.4 Mbps

¢ On-Chip Output Buffer Amplifier, Rail-to-Rail
Operation

¢ Double-Buffered Input Register

e Address Support for up to Two DAC7571s

e Small 6-Lead SOT Package

e Operation From —-40°C to 105°C

APPLICATIONS

e Process Control

« Data Acquistion Systems

e Closed-Loop Servo Control
e PC Peripherals

* Portable Instrumentation
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DESCRIPTION

The DAC7571 is a low-power, single channel, 12-bit
buffered voltage output DAC. Its on-chip precision
output amplifier allows rail-to-rail output swing to be
achieved. The DAC7571 utilizes an 1°2C compatible
two wire serial interface that operates at clock rates
up to 3.4 Mbps with address support of up to two
DAC7571s on the same data bus.

The output voltage range of the DAC is set to Vpp.
The DAC7571 incorporates a power-on-reset circuit
that ensures that the DAC output powers up at zero
volts and remains there until a valid write to the
device takes place. The DAC7571 contains a
power-down feature, accessed via the internal
control  register, that reduces the current
consumption of the device to 50 nA at 5 V.

The low power consumption of this part in normal
operation makes it ideally suited for portable battery
operated equipment. The power consumption is less
than 0.7 mW at Vpp = 5 V reducing to 1 pW in
power-down mode.

The DAC7571 is available in a 6-lead SOT 23
package.
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2 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.

12C is a trademark of Philips Corporation.

PRODUCTION DATA information is current as of publication date.
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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‘% '\ during storage or handling to prevent electrostatic damage to the MOS gates.

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

PACKAGE/ORDERING INFORMATION

PACKAGE SPECIFIED
PRODUCT | PACKAGE | DESIGNATO TEMPERATURE PACKAGE ORDERING TRANSPORT MEDIA
MARKING NUMBER
R RANGE
DAC7571IDBVT 250-Piece Small Tape and Reel
DAC7571 SOT23-6 DBV —40°C to +105°C D771 -
DAC7571IDBVR 3000-Piece Tape and Reel
PIN CONFIGURATIONS
TOP VIEW,
( ) PIN DESCRIPTION (SOT23-6)
Vour 1 1 3 6 A0 PIN NAME DESCRIPTION
GND 2 5 SCL 1 Vour Analog output voltage from DAC
VDD I:E 3 = 4 j:l SDA |
2 GND Qrou_nd reference point for all
circuitry on the part
(BOTTOM VIEW) 3 Vpp Analog Voltage Supply Input
[ < 1 11 4 SDA Serial Data Input
s < 214 5 SCL Serial Clock Input
CT]4 ; 31 6 A0 Device Address Select
) LOT Year (3 = 2003); Month (1-9 = JAN-SEP; A=0OCT,
Lot Trace Code TRACE | B=NOV, C=DEC); LL- Random code generated
CODE: when assembly is requested

ABSOLUTE MAXIMUM RATINGS®

UNITS
Vpp to GND -03Vto+6V
Digital Input voltage to GND —-0.3Vto+Vpp +0.3V
Vout to GND - 0.3V to+Vpp +0.3V

Operating temperature range

—40°C to +105°C

Storage temperature range

— 65°C to +150°C

Junction temperature range (T; max) +150°C
Power dissipation (Tymax - TA)Reja
Thermal impedance, Rgja 240°C/W
Lead temperature, soldering Vapor phase (60 s) 215°C
Infrared (15 s) 220°C

(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.

ELECTRICAL CHARACTERISTICS

Vpp = +2.7 Vto +5.5 V; R, = 2 kQ to GND; C, = 200 pF to GND; all specifications —40°C to +105°C unless otherwise noted.

DAC7571
PARAMETER CONDITIONS UNITS
MIN TYP MAX
STATIC PERFORMANCE ()
Resolution 12 Bits
Relative accuracy +0.195 % of FSR
Differential nonlinearity Assured monotonic by design +1 LSB

(1) Linearity calculated using a reduced code range of 48 to 4047; output unloaded.
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ELECTRICAL CHARACTERISTICS (continued)
Vpp = +2.7 Vto +5.5 V; R = 2 kQ to GND; C, = 200 pF to GND; all specifications —40°C to +105°C unless otherwise noted.

PARAMETER CONDITIONS DACTST1 UNITS
TYP MAX
Zero code error 5 20 mV
Full-scale error All ones loaded to DAC register -0.15 -1.25 % of FSR
Gain error +1.25 % of FSR
Zero code error drift +7 uv/°C
Gain temperature coefficient +3 ppm of FSR/°C
OUTPUT CHARACTERISTICS®
Output voltage range Vbp \%
Output voltage settling time 1/4 Scale to 3/4 scale change (4004 to C00y) 8 10 us
Slew rate 1 V/us
Capacitive load stability R = 470 pF
R =2kQ 1000 pF
Code change glitch impulse 1 LSB Change around major carry 20 nv-s
Digital feedthrough 0.5 nv-s
DC output impedance 1 Q
Short-circuit current Vop =*5V >0 mA
Vpp =+3V 20 mA
. Coming out of power-down mode, Vpp = +5 V 2.5 us
Power-up time -
Coming out of power-down mode, Vpp = +3 V 5 us
LOGIC INPUTS®
Input current +1 HA
V|\L, Input low voltage Vpp =+3V 0.3 x Vpp \%
V|yH, Input high voltage Vpp =+5V \%
Pin capacitance 3 pF
POWER REQUIREMENTS
Vbb 55 \Y
Ipp (normal operation) DAC active and excluding load current
Vpp = +3.6 Vto +5.5 V Vi = Vpp and V,, = GND 135 200 PA
Vpp = +2.7 V10 +3.6 V Vi = Vpp and V,, = GND 115 160 PA
Ipp (all power-down modes)
Vpp = +3.6 Vto +5.5 V Vi = Vpp and V,, = GND 0.2 PA
Vpp = +2.7 V10 +3.6 V Vi = Vpp and V,, = GND 0.05 1 PA
POWER EFFICIENCY
lout/lop lLoap = 2 MA, Vpp = +5 V 93 %

(2) Specified by design and characterization, not production tested.
(3) Specified by design and characterization, not production tested.
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TIMING CHARACTERISTICS
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
fscL SCL Clock Frequency Standard mode 100 kHz
Fast mode 400 kHz
High-speed mode, Cg - 100pF max 3.4 MHz
High-Speed mode, Cg - 400pF max 1.7 MHz
teuF Bus Free Time Between a STOP Standard mode 4.7 us
and START Condition Fast mode 13 us
thos tsTA Hold Time (Repeated) START Standard mode 4.0 us
Condition Fast mode 600 ns
High-speed mode 160 ns
tLow LOW Period of the SCL Clock Standard mode 4.7 us
Fast mode 1.3 us
High-speed mode, Cg - 100pF max 160 ns
High-speed mode, Cg - 400pF max 320 ns
tHicH HIGH Period of the SCL Clock Standard mode 4.0 us
Fast mode 600 ns
High-speed mode, Cg - 100pF max 60 ns
High-speed mode, Cg - 400pF max 120 ns
tsus tsTa Setup Time for a Repeated Standard mode 4.7 us
START Condition Fast mode 600 ns
High-speed mode 160 ns
tsus tbaT Data Setup Time Standard mode 250 ns
Fast mode 100 ns
High-speed mode 10 ns
thos tpaT Data Hold Time Standard mode 0 3.45 us
Fast mode 0 0.9 us
High-speed mode, Cg - 100pF max 0 70 ns
High-speed mode, Cg - 400pF max 0 150 ns
treL Rise Time of SCL Signal Standard mode 1000 ns
Fast mode 20 + 0.1Cp 300 ns
High-speed mode, Cg - 100pF max 10 40 ns
High-speed mode, Cg - 400pF max 20 80 ns
treLt Rise Time of SCL Sigan_After a Standard mode 1000 ns
Re%ﬁfgf;@ggﬁgggg'%%a”d Fast mode 20 +0.1Cqg 300 ns
High-speed mode, Cg - 100pF max 10 80 ns
High-speed mode, Cg - 400pF max 20 160 ns
trcL Fall Time of SCL Signal Standard mode 300 ns
Fast mode 20 + 0.1Cp 300 ns
High-speed mode, Cg - 100pF max 10 40 ns
High-speed mode, Cg - 400pF max 20 80 ns
trRpA Rise Time of SDA Signal Standard mode 1000 ns
Fast mode 20 + 0.1Cp 300 ns
High-speed mode, Cg - 100pF max 10 80 ns
High-speed mode, Cg - 400pF max 20 160 ns
tepa Fall Time of SDA Signal Standard mode 300 ns
Fast mode 20 + 0.1Cp 300 ns
High-speed mode, Cg - 100pF max 10 80 ns
High-speed mode, Cg - 400pF max 20 160 ns
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TIMING CHARACTERISTICS (continued)

LE - LSB

DLE - LSB

512

1024 1536 2048 2560
Digital Input Code

Figure 1.

3072

LINEARITY ERROR AND
DIFFERENTIAL LINEARITY ERROR

VS
CODE (+105° C)

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
tsui tsto Setup Time for STOP Condition Standard mode 4.0 Us
Fast mode 600 ns
High-speed mode 160 ns
Cg Capacitive Load for SDA and SCL 400 pF
tsp Pulse Width of Spike Suppressed Fast mode 50 ns
High-speed mode 10 ns
VNH Noise Margin at the HIGH Level Standard mode 0.2Vpp \%
for Each (;onnected Device Fast mode
(Including Hysteresis)
High-speed mode
VL Noise Margin at the LOW Level for Standard mode 0.1Vpp \%
Each annected Device Fast mode
(Including Hysteresis)
High-speed mode
TYPICAL CHARACTERISTICS: Vpp = +5V
At T, = +25°C, +Vp = +5 V, unless otherwise noted.
LINEARITY ERROR AND LINEARITY ERROR AND
DIFFERENTIAL LINEARITY ERROR DIFFERENTIAL LINEARITY ERROR
VS Vs
CODE (-40°C) CODE (+25°C)
8 8
6 6
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T o | mviminumnenh o Y
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1 -1

3584 4096 0
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Figure 2.
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Figure 3.
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Digital Input Code

Figure 4.
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TYPICAL CHARACTERISTICS: Vp, = +5V (continued)
At T, = +25°C, +Vp = +5 V, unless otherwise noted.
ZERO-SCALE ERROR FULL-SCALE ERROR
VS Vs
TEMPERATURE TEMPERATURE
30 30
20 20
> >
|E 10 .E 10
5 5
& g oo
o 0 o
g 8 o
2] 9]
g -10 £-10
N N
-20 -20
-30 -30
-50 -30 -10 10 30 50 70 90 110 -50 -30 -10 10 30 50 70 90 110
T - Temperature — °C T - Temperature — °C
Figure 5. Figure 6.
Iop HISTOGRAM SOURCE AND SINK CURRENT CAPABILITY
2500
5 T
\
2000 = DAC Loaded with FFF
4
I
1 1500 o
9 — - 3
[} >
3 <
g 1000 g
i > 2
500 | B
1
o DAC Loaded with 000,
0 1
Ipp — Supply Current = pA 0 5 10 15
Isourcersink (MA)
Figure 7. Figure 8.
SUPPLY CURRENT SUPPLY CURRENT
S Vs
CODE TEMPERATURE
500 300
< 400 < %0
| 3
z é 200
£ 300 @
9 5
> O 150
g >
3 200 §
|D "I’ 100
o -1 o
100 S5
0 0
000y 200y 600 A0OH E00H FFFy -50 -30 -10 10 30 50 70 90 110
CODE T - Temperature = °C
Figure 9. Figure 10.
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TYPICAL CHARACTERISTICS: Vpp = +5V (continued)

At T, = +25°C, +Vp = +5 V, unless otherwise noted.

SUPPLY CURRENT POWER-DOWN CURRENT
Vs Vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
300
100
250 90
<
= 80
1 200
S 70
ti 150 . 60 +105°C
_& _————’—’_ ic(/ 50 L —
@ 100 5 40 —40°C N
84 0 /{/ _—
20 )/ﬁ
0 10 b——] +25°C
27 32 37 42 47 52 57
Vpp - Supply V oltage — V 0
2.7 3.2 3.7 4.2 47 5.2 5.7
Vpp (V)
Figure 11. Figure 12.
SUPPLY CURRENT FULL-SCALE SETTLING TIME
Vs
LOGIC INPUT VOLTAGE
2500 —=
CLK (5V/div) =
2000 \ §
1500 N ¥ -
g \ 5/" Vour (LV/div)
2 1000 f-""'f

Full-Scale Code Change
000y, to FFF,
Output Loaded with
2kQ and 200pF to GND

1 1 1

\\ ‘//
0 1 2 3 4 5 Time (Lus/div)
VLOGIC (V)

500

Figure 13. Figure 14.
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TYPICAL CHARACTERISTICS: Vp, = +5V (continued)
At T, = +25°C, +Vp = +5 V, unless otherwise noted.
FULL-SCALE SETTLING TIME HALF-SCALE SETTLING TIME
CLK Bv/div) ¥ CLK (5V/div) t

\\ : T Vo (WVidiv)
I L+
3 > Vi I
T A I

Full-Scale Code Change ¥ / I Half-Scale Code Change
I FFF,, to 000}, N T T 400, to C00,,-
| Output Loaded with A \ N I Output Loaded with
2kQ and 200pF to GND ¥ Vour (1V/div) I 2kQ and 200pF to GND
L L 1 1 T i L ol | | 1 |
Time (1ps/div) Time (1ps/div)
Figure 15. Figure 16.
HALF-SCALE SETTLING TIME POWER-ON RESET TO 0V
T T T T T T T T T T
CLK (5V/div) Half-Scale Code Change Loaded with 2kQ to V.

C00,, to 400,
Output Loaded with |
2kQ and 200pF to GND

AT

Vpp (1V/div)

HHHH

IETIERIRE FTSRUSEEE L INU N ERE I

\\ A z
\\ Vour (LV/div) // pt =
out v, / T
| I
E3 . /fr"“‘ . I
I T Vour (LV/div)
Time (1ps/div) Time (20ps/div)
Figure 17. Figure 18.
EXITING POWER-DOWN CODE CHANGE GLITCH
(800yLoaded)
CLK'(SV/diIv) s 3 Loaded with 2kQ
T u and 200pF to GND.
E {H I Code Change:
I I 800, to 7FF,,.
£ s H \EE
T k) L
- > -
x € S:
I & b
T < k
EY o Tz
T Vo (Vidiv) > I
Time (5ps/div) Time (0.5ps/div)
Figure 19. Figure 20.
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LE -LSB

DLE - LSB

LE - LSB

DLE - LSB

Zero-Scale Error — mV

TYPICAL CHARACTERISTICS: Vpp = +2.7 V
At T, = +25°C, +Vp = +2.7V, unless otherwise noted.

LINEARITY ERROR AND
DIFFERENTIAL LINEARITY ERROR

VS
CODE (-40 °C)

8
6
4
c2) AN N St oo
-2
-4
-6
-8
1
0.5
o NN
-0.5
-1
0 512 1024 1536 2048 2560 3072 3584 4096
Digital Input Code
Figure 21.
LINEARITY ERROR AND
DIFFERENTIAL LINEARITY ERROR
VS
CODE (+105 °C)
8
6
4
2 e
0 V.d\-mg\ Acarretee
-2
-4
-6
-8
1
0.5
TSPV TP
-0.5
-1
0 512 1024 1536 2048 2560 3072 3584 4096
Digital Input Code
Figure 23.
ZERO-SCALE ERROR
VS
TEMPERATURE
30
20
10
0
-10
-20
-30
-50 -30 -10 10 30 50 70 90 110

T - Temperature — °C

Figure 25.

LE -LSB

DLE - LSB

Output Error - mV

Full-Scale Error - mV

LINEARITY ERROR AND

DIFFERENTIAL LINEARITY ERROR

VS
CODE (+25 °C)

1024 1536 2048 2560 3072 3584 4096
Digital Input Code

Figure 22.

ABSOLUTE ERROR

16

-8

-16

30

20

10

1024 1536 2048 2560 3072 3584 4096

Digital Input Code

Figure 24.

FULL-SCALE ERROR
VS
TEMPERATURE

-10 10 30 50 70 90 110
T - Temperature - °C

Figure 26.
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TYPICAL CHARACTERISTICS: Vpp = +2.7 V (continued)

At T, = +25°C, +Vp = +2.7V, unless otherwise noted.

lop HISTOGRAM

2500

2000
N
T
! 1500
)
=
5 -
=]
o
0 1000
w
I

500 — —

0 L -

Ipp — Supply Current = pA
Figure 27.
SUPPLY CURRENT
VS
CODE

500

400
N
T
L 300
o
c
[
=}
g
I 200
|

100

p—

0
000y 02Fy 200y 400y 600y 800y AO0 COOy EOOH FCFy FFFy
Ipp — Supply Curreat = pA

Figure 29.

SUPPLY CURRENT
Vs
LOGIC INPUT VOLTAGE

Vour (V)

Ipp — Supply Current - pA

SOURCE AND SINK CURRENT CAPABILITY

3
Vpp = +3V
DAC Loaded with FFF,
2
1
DAC Loaded with 000
0 e N
0 5 10 15
Isourcessink (MA)
Figure 28.
SUPPLY CURRENT
VS
9 TEMPERATURE
300
250
200
150
100
50
0

-50 -30 -10 10 30 50 70 90 110
T - Temperature = °C

Figure 30.

FULL SCALE SETTLING TIME

T T -
2500 CLK (2.7vidiv) T
2000 T
1500 i
z T
32 T
8 1000 //z
/ I Full-Scale Code Change
500 N 17 E3 000y, to FFF,,
+ Output Loaded with
Vour (1V/div) T 2kQand 200pF to GND
0 1 L il
0 1 2 3 4 5 Time (1ps/div)
Vioeic (V)
Figure 31. Figure 32.
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TYPICAL CHARACTERISTICS: Vpp = +2.7 V (continued)

At T, = +25°C, +Vp = +2.7V, unless otherwise noted.

FULL SCALE SETTLING TIME HALF SCALE SETTLING TIME

1 1 T
CLK (2.7V/div) CLK (2.7V/div)

Full-Scale Code Change

EETESEINUSTENNINEE N INU NN ERE B!

ETARTIR A CTRTANEER] SN RANNE T
HH
H+HHHH

| Vour (LV/div) |
\ FFF, to 000,
Output Loaded with | Half-Scale Code Change ]
. 2kQ and 200pF to GND I P 400, to C00y
| . Output Loaded with
I V°L|” (2vrdiv) T 2kQ and 200pF to GND
Time (1ps/div) Time (1ps/div)
Figure 33. Figure 34.
HALF SCALE SETTLING TIME POWER ON RESET 0V
CLK I(2.7V/Idiv) Loaded with 2kQ to Vpp. T P
r/_/ “Vop (1V/div) |+
I Half-Scale Code Change _| /—‘/ i
] CO0y, to 400, I
T 1 1 1 1 nsl
\ 4 Output Loaded with  _| I {
VOUT(lV/div)\\ $ 2kQand200pF to GND LT I Vour (1V/div)
Time (1ps/div) Time (20ps/div)
Figure 35. Figure 36.
EXITING-POWER DOWN (800yLoaded) CODE CHANGE GLITCH
CLKI(2,7v}diV) T ¥ Loaded with 2kQ
T T and 200pF to GND.
E “|---F---| Code Change:
= pn 800, to 7FF,,.
: E fo i
- > -
I £ v \F:
I 5 Y
I 5 L
I Vour (1V/div) L I
[ +
Time (5ps/div) Time (0.5ps/div)
Figure 37. Figure 38.
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THEORY OF OPERATION

D/A SECTION

The architecture of the DAC7571 consists of a string DAC followed by an output buffer amplifier.
shows a block diagram of the DAC architecture.

Vop
REF (+)
DAC Register Resistor V,
9 String out
REF (-) Output
Amplifier
GND

Figure 39. R-String DAC Architecture

The input coding to the DAC7571 is unsigned binary, which gives the ideal output voltage as:
_ D
VOUT - VDD X 4096

where D = decimal equivalent of the binary code that is loaded to the DAC register; it can range from 0 to 4095.

RESISTOR STRING

The resistor string section is shown in Figure 40. It is simply a string of resistors, each of value R. The code
loaded into the DAC register determines at which node on the string the voltage is tapped off to be fed into the
output amplifier by closing one of the switches connecting the string to the amplifier. It is ensured monotonic
because it is a string of resistors. The negative tap of the resistor string is tied to GND. The positive tap of the
resistor string is tied to Vpp.

Vop
R
R To Output
Amplifier
\ \
R
R
— GND

Figure 40. Resistor String
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THEORY OF OPERATION (continued)

OUTPUT AMPLIFIER

The output buffer amplifier is capable of generating rail-to-rail voltages on its output which gives an output range
of 0 V to Vpp. It is capable of driving a load of 2kQ in parallel with 1000 pF to GND. The source and sink
capabilities of the output amplifier can be seen in the typical characteristics. The slew rate is 1V/us with a
half-scale settling time of 8 ps with the output unloaded.

I2C Interface

The DAC7571 uses an I2C interface as defined by Philips Semiconductor to receive data in slave mode (see
I2C-Bus Specification, Version 2.1, January 2000). The DAC7571 supports the following data transfer modes,
described in the 1°C-Bus Specification: Standard Mode (100 kbit/s), Fast Mode (400 kbit/s) and High-Speed
Mode (3.4 Mbit/s). Ten-bit addressing and general call addres are not supported.

For simplicity, standard mode and fast mode are referred to as F/S-mode and high-speed mode is referred tg as
HS-mode.

The 2-wire 1°C serial bus protocol operates as follows:

e The Master initiates data transfer by establishing a Start condition. The Start condition is defined when a
high-to-low transition occurs on the SDA line while SCL is high, as shown in Figure 47]. The byte following
the start condition is the address byte consisting of the 7-bit slave address followed by the W bit.

r——n A

\
\
\
?
|
\
\
|

|
SCL } SCL
‘ S =)
[ [
Start Stop
Condition Condition

Figure 41. START and STOP Conditions

e The addressed Slave responds by pulling the SDA pin low during the ninth clock pulse, termed the
Acknowledge bit (see Figure 47). At this stage all other devices on the bus remain idle while the selected
device waits for data to be written to its shift register.

-—
|

|
Data Output \ l / X ><:::>< /
\
\
|
\
|
\
|

by Transmitter \
\
\

|
T

Not Acknowledge

\7J

Data Output
by Receiver

Acknowledge

\
\
\
\
\
\
\
[I— Clock Pulse for

Master
s |
START Acknowledgement
Condition

Figure 42. Acknowledge on the I°C Bus

e Data is transmitted over the serial bus in sequences of nine clock cycles (8 data bits followed by an
acknowledge bit. The transitions on the SDA line must occur during the low period of SCL and remain stable
during the high period of SCL (see Figure 43).
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THEORY OF OPERATION (continued)

SDA / :
|

| .
SCL / \ / \

| Data Line | Ll

| Stable; |

| Data Valid |

Figure 43. Bit Transfer on the I1°C Bus

* When all data bits have been written, a Stop condition is established (see Figure 44). In writing to the
DAC7571, the master must pull the SDA line high during the tenth clock pulse to establish a Stop condition.

Recognize START or Recognize STOP or
REPEATED START REPEATED START
Condition Condition

Generate ACKNOWLEDGE
Signal _ ¥ _

— 9 A&

J;‘\LLDD()CIX \ YOO

| Acknowledgement Sr

Signal From Slave

lq— Address _’l

I I
| RW ——
L o
I
scL N /1\L/ 2\ |
s I - I s |
I or | I or |
| sr | | p |
!___l Clock Line Held Low While l |
Interrupts are Serviced
START or
STOP or
Repeated START Repeated START
Condition Condition

Figure 44. Bus Protocol
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THEORY OF OPERATION (continued)

Standard-and Fast-Mode:

| S | SLAVE ADDRESS| RW | A Ctrl/MS-Byte LS-Byte | AA | P |
"0" (write) L—m—— Data Transferred
(n* Words + Acknowledge)
Word = 16 Bit

[ From Master to ACT7571 DAC7571 I12C-SLAVE ADDRESS:
I:l From DAC7571 to Master MSB LSB

A = Acknowledge (SDA LOW) 1 oo 1] 1] o]na[rw]

A = Not Acknowledge (SDA HIGH) U

S = START Condition Factory Preset 0=Wite to DAC7571

- 1’ = Not Supported
Sr = Repeated START Condition o ]
P = STOP Condition A0 =12C Address Pin

High-Speed-Mode (HS-Mode):

<4—— F/S-Mode HS-Mode F/S-Mode
S| Hs-Master Code |A| Sr| Slave Address | RIW | A Ctrl/MS-Byte LS-Byte [A/A | P
"0” (write) L— Data Transferred | HS-Mode Continues
(n* Words + Acknowledge)
Word = 16 Bit
HS-Mode Master Code: Sr| Slave Address
MSB LSB

[olofofofa]x]x [rm]

Ctrl/MS-Byte: LS-Byte:
MSB LSB MSB LSB
| 0 | 0 |PD1|PD2|D11|D10| D9| D8| | D7 | D6 | D5 | D4 | D3 | D2| Dl| D0|

D11 - DO = Data Bits

Figure 45. Master Transmitter Addressing DAC7571 as a Slave Receiver With a 7-Bit Address

ADDRESS BYTE
MSB RW
1 o | o | 1] 1] o] am]| o

The address byte is the first byte received by the DAC7571 following the START condition from the master
device. The first five bits (MSBs) of the slave address are factory preset to 100110. The next bit of the address
byte is the device select bit, AO. In order for DAC7571 to respond, the logic state of address bit AO should match
the logic state of address pin AO. A maximum of two devices with the same preset code can therefore be
connected on the same bus at one time. The A0 Address Input can be connected to Vpp or digital ground, or
can be actively driven by TTL or CMOS logic levels. The device address is set by the state of the AO pin upon
power-up of the DAC7571. The last bit of the address byte (R/W) should always be zero (receive only I°C
interface). Following the START condition, the DAC7571 monitors the SDA bus, checking the device type
identifier being transmitted. Upon receiving the 100110 code, the appropriate device select bit and the R/W bit,
the DAC7571 outputs an acknowledge signal on the SDA line. Upon receipt of a broadcast address 10010000,
the DAC7571 responds regardless of the state of the AO pin.
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MASTER TRANSMITTER WRITING TO A SLAVE RECEIVER (DAC7571) IN STANDARD/FAST
MODES

I2C protocol starts when the bus is dile, that is, when SDA and SCL lines are stable high. The master then pulls
the SDA line low while SCL is still high indicting that serial data transfer has started. This is called a start
condition, and can only be asserted by the master. After the start conditioin, the master generates the serial
clock and puts out an address byte. While generating the bit stream, the master ensures the timing for valid
data. For each valid 1C bit, the SDA line should remain stable during the entire high period of the SCL line. The
address byte consists of 7 address bits (1001 100, assuming A0=0) and a direction bit (R/W=0). After sending
the address byte, the master generates a ninth SCL pulse and monitors the state of the SDA line during the high
period of this ninth clock cycle.

The SDA line being pulled low by a receiver during the high period of this 9™ clock cylce is called an
acknowledge signal. If the master receives an acknowledge signal, it knows that a DAC7571 successfully
matched the address which the master sent. Upon the receipt of this acknowledge, the master knows that the
communication link with a DAC7571 has been established and more data can be sent. The master continues by
sending a Control/MS-byte, which sets DAC7571 operation mode and specifies the first 4 MSBs of data. After
sending the Control/MS-byte, the master expects an acknowledge signal from the DAC7571. Upon the receipt of
the acknowledge, the master sends an LS-byte that represents the 8 least significant bits of DAC7571's 12-bit
conversion data. After receiving the LS-byte, the DAC7571 sends an acknowledge. At the falling edge of the
acknowledge signal, following the LS-byte, the DAC7571 performs a digital to analog conversion. For further
DAC updates, the master can keep repeating Control/MS-byte and LS-byte sequences expecting an
acknowledge after each byte. After the required number of digital to analog conversions is complete, the master
can break the communication link with the DAC7571 by pulling the SDA line from low to high while SCL line is
high. This is called a stop condition . A stop condition brings the bus back to idle (SDA and SCL both high). A
stop condition indicates that communication with the DAC7571 has ended. All devices on the bus, including the
DAC7571, waits for a new start condition followed by a mtaching address byte. DAC7571 stays in a
programmed state until the receipt of a stop condition.

Table 1. Write Sequence in Standard/Fast Modes

Transmitter mse | 6 | 5 | 4 | 3 | 2 | 1 | LsB [comment

Master Start Begin Sequence®

Master 1 0 0 1 1 0 AO 0 V\)lrite Addressing (LSB=0, R/W =
0

DAC7571 DAC7571 Acknowledges

Master o [ o | pp1 | Poo | D11 | D10 | D9 | D8 |wiiting Contro/MS-Byte

DAC7571 DAC7571 Acknowledges

Master pr | e | ps | b4 | b3 | b2 | D1 | DO |witingLSByte

DAC7571 DAC7571 Acknowledges

Master Stop or Repeated Start(@ Done

(1) Once DAC7571 is addressed, high-byte-low-byte sequences can repeat until a stop condition is received.
(2) Use repeated start to secure bus operation and loop back to the stage of write addressing for next Write.

POWER-ON RESET

The DAC7571 contains a power-on reset circuit that controls the output voltage during power-up. On power-up,
the DAC register is filled with zeros and the output voltage is 0 V. It remains at a zero-code output until a valid
write sequence is made to the DAC. This is useful in applications where it is important to know the state of the
DAC output while it is in the process of powering up.

POWER-DOWN MODES

The DAC7571 contains four separate modes of operation. These modes are programmable via two bits (PD1
and PDOQ). shows how the state of these bits correspond to the mode of operation.
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Table 2. Modes of Operation for the DAC7571

PD1 PDO OPERATING MODE
0 0 Normal Operation
0 1 1kQ to AGND, PWD
1 0 100kQ to AGND, PWD
1 1 High Impedance, PWD

When both bits are set to 0, the device works normally with normal power consumption of 150 pA at 5V.
However, for the three power-down modes, the supply current falls to 200 nA at 5V (50 nA at 3 V). Not only
does the supply current fall but the output stage is also internally switched from the output of the amplifier to a
resistor network of known values. This has the advantage that the output impedance of the device is known
while in power-down mode. There are three different options: The output is connected internally to AGND
through a 1 kQ resistor, a 100 kQ resistor, or it is left open-circuited (high impedance). The output stage is
illustrated in Figure 44.

Amplifier

I>O?T Vour
Y

Circuitry Resistor
Network

v

Figure 46. Output Stage During Power-Down

Resistor
String DAC

All linear circuitry is shut down when the power-down mode is activated. However, the contents of the DAC
register are unaffected when in power-down. The time required to exit power down is typically 2.5 ps for AVpp =
5V and 5 pus for AVpp = 3 V. See the Typical Characteristics for more information.

CURRENT CONSUMPTION

The DAC7571 typically consumes 150 pA at Vpp =5V and 120 pA at Vpp = 3 V. Additional current consumption
can occur due to the digital inputs if V,y << Vpp. For most efficient power operation, CMOS logic levels are
recommended at the digital inputs to the DAC. In power-down mode, typical current consumption is 200 nA. Ten
to 20 ms after a power-down command is issued, the power-down current typically drops below 10 mA.

DRIVING RESISTIVE AND CAPACITIVE LOADS

The DAC7571 output stage is capable of driving loads of up to 1000 pF while remaining stable. Within the offset
and gain error margins, the DAC7571 can operate rail-to-rail when driving a capacitive load. Resistive loads of 2
kQ can be driven by the DAC7571 while achieving a typical load regulation of 1%. As the load resistance drops
below 2 kQ, the load regulation error increases. When the outputs of the DAC are driven to the positive rail
under resistive loading, the PMOS transistor of each Class-AB output stage can enter into the linear region.
When this occurs, the added IR voltage drop deteriorates the linearity performance of the DAC. This may occur
within approximately the top 20 mV of the DAC's digital input-to-voltage output transfer characteristic.

OUTPUT VOLTAGE STABILITY

The DAC7571 exhibits excellent temperature stability of 5 ppm/ °C typical output voltage drift over the specified
temperature range of the device. This enables the output voltage to stay within a +25 pV window for a +1°C
ambient temperature change. Good power-supply rejection ratio (PSRR) performance reduces supply noise
present on Vpp from appearing at the outputs to well below 10 pV-s. Combined with good dc noise performance
and true 12-bit differential linearity, the DAC7571 becomes a perfect choice for closed-loop control applications.
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APPLICATIONS

USING REF02 AS A POWER SUPPLY FOR THE DAC7571

Due to the extremely low supply current required by the DAC7571, a possible configuration is to use a REF02
+5V precision voltage reference to supply the required voltage to the DAC7571's supply input as well as the
reference input, as shown in Eigure 47. This is especially useful if the power supply is quite noisy or if the
system supply voltages are at some value other than 5 V. The REF02 will output a steady supply voltage for the
DAC7571. If the REF02 is used, the current it needs to supply to the DAC7571 is 150 pA typical and 200 pA
max for Vpp = 5 V. When a DAC output is loaded, the REF02 also needs to supply the current to the load. The
total typical current required (with a 5 mW load on a given DAC output) is: 135 pA + (5 mW/5 V) = 1.14 mA.

The load regulation of the REF02 is typically (0.005%xVpp)/mA, which results in an error of 285 mV for the 1.14
mA current drawn from it. This corresponds to a 0.2 LSB error for a 0 V to 5 V output range.

15V
|
Vv
REF02 5
T 1.14 mA
- \ 4
12c A0 O— Vour=0Vto5V
Interface  SCL O— DAC7S7L —p
SDA O—

Figure 47. REF02 as Power Supply to DAC7571

LAYOUT

A precision analog component requires careful layout, adequate bypassing, and clean, well-regulated power
supplies.

The power applied to Vpp should be well regulated and low noise. Switching power supplies and DC/DC
converters will often have high-frequency glitches or spikes riding on the output voltage. In addition, digital
components can create similar high-frequency spikes as their internal logic switches states. This noise can
easily couple into the DAC output voltage through various paths between the power connections and analog
output.

As with the GND connection, Vpp should be connected to a +5 V power supply plane or trace that is separate
from the connection for digital logic until they are connected at the power entry point. In addition, the 1 yuF to 10
puF and 0.1 pF bypass capacitors are strongly recommended. In some situations, additional bypassing may be
required, such as a 100pF electrolytic capacitor or even a Pi filter made up of inductors and capacitors—all
designed to essentially low-pass filter the +5 V supply, removing the high-frequency noise.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Qty Eco Plan Lead/Ball Finish  MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
@ Drawing @ @) @
DAC7571IDBVR ACTIVE SOT-23 DBV 6 3000 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM -40to 105 D771 m
& no Sh/Br)
DAC7571IDBVRG4 ACTIVE SOT-23 DBV 6 3000 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM -40to 105 D771 m
& no Sh/Br)
DAC7571IDBVT ACTIVE SOT-23 DBV 6 250 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM -40to 105 D771 m
& no Sh/Br)
DAC7571IDBVTG4 ACTIVE SOT-23 DBV 6 250 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM -40to 105 D771 m
& 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): 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 Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

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

@ Only one of markings shown within the brackets will appear on the physical device.

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
[ 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)
DAC7571IDBVR SOT-23 | DBV 6 3000 178.0 9.0 323 | 317 | 137 | 4.0 8.0 Q3
DAC7571IDBVT SOT-23 DBV 6 250 178.0 9.0 3.23 | 317 | 1.37 4.0 8.0 Q3
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TAPE AND REEL BOX DIMENSIONS
At
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\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
DAC7571IDBVR SOT-23 DBV 6 3000 180.0 180.0 18.0
DAC7571IDBVT SOT-23 DBV 6 250 180.0 180.0 18.0
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MECHANICAL DATA

DBV (R—PDSO—GG) PLASTIC SMALL—-OUTLINE PACKAGE
0,50 A
0,95 rsxm
6 4

sl — .
0,08
1,45 2,60 i
Pin 1

Index Area 1 3
Gage Plane i

3,05

2,75

L
ﬁt

— 1,45 MAX

Seating Plane $ \ ) ‘
0,15 j
0,00 E

4073253-5/K 03/2006

All linear dimensions are in millimeters.

This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.

Leads 1,2,5 may be wider than leads 4,5,6 for package orientation.
Falls within JEDEC MO-178 Variation AB, except minimum lead width.

NOTES:
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LAND PATTERN DATA

DBV (R—PDSO-G6) PLASTIC SMALL OUTLINE

Example Board Layout Stencil Openings
Based on a stencil thickness
of .127mm (.005inch).
—r—- R B Ml i W,iOOf* i R At I H
1 loss
e 2,7 2,7
e "
// \\\
// \\
\ pa
. —l - 0,95 — - 0,95
e
/’/ ,’///’—‘\\\\
]/// - 0,6 — Y
/ \\
// ‘__/\T/'So\der Mask Opening
/ 1,05 \
‘, K‘\ﬁ\ Pad Geometry
\\ 0,07 —= L— //
\\\ Al Around ///
L o
T 4209593-4/C 08/11

NOTES: A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.
D

E

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. Example stencil design based on a 50% volumetric
metal load solder paste. Refer to IPC=7525 for other stencil recommendations.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per 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. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

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

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

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

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

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

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

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

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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