ANALOG
DEVICES

True 18-Bit, Voltage Output DAC

+0.9 LSB INL, +0.5 LSB DNL

AD5781

FEATURES

Single 18-bit DAC, +0.5 LSB INL

7.5 nV/VHz noise spectral density

0.05 LSB long-term linearity stability
<0.05 ppm/°C temperature drift

1 ps settling time

1.4 nV-sec glitch impulse

Operating temperature range: —40°C to +125°C
20-lead TSSOP package

Wide power supply range of up to £16.5V
35 MHz Schmitt triggered digital interface
1.8V compatible digital interface

APPLICATIONS

Medical instrumentation

Test and measurement

Industrial control

Scientific and aerospace instrumentation
Data acquisition systems

Digital gain and offset adjustment
Power supply control

GENERAL DESCRIPTION

The AD5781" is a single 18-bit, unbuffered voltage output DAC
that operates from a bipolar supply of up to 33 V. The AD5781
accepts a positive reference input range of 5V to Voo — 2.5 V and
a negative reference input range of Vss + 2.5 V to 0 V. The
AD5781 offers a relative accuracy specification of 0.5 LSB
maximum, and operation is guaranteed monotonic with a 0.5
LSB DNL maximum specification.

The part uses a versatile 3-wire serial interface that operates at
clock rates of up to 35 MHz and is compatible with standard
SPI, QSPI™, MICROWIRE™, and DSP interface standards. The
part incorporates a power-on reset circuit that ensures that the
DAC output powers up to 0 V and in a known output impedance
state and remains in this state until a valid write to the device
takes place. The part provides an output clamp feature that
places the output in a defined load state.

' Protected by U.S. Patent No 7884747, and other patents are pending.
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Figure 1.
Table 1. Complementary Devices
Part No. Description
AD8675 Ultraprecision, 36 V, 2.8 nV/y/Hz rail-to-rail
output op amp
AD8676 Ultraprecision, 36 V, 2.8 nV/v/Hz dual rail-to-

rail output op amp

High voltage, low noise, low distortion, unity
gain stable, high speed op amp

ADA4898-1

Table 2. Related Devices

Part No. Description

AD5791 20-bit, T ppm accurate DAC
AD5541A/AD5542A | 16-bit, 1 LSB accurate 5V DAC

PRODUCT HIGHLIGHTS

1. True 18-Bit Accuracy.

Wide Power Supply Range of Up to +16.5 V.
—-40°C to +125°C Operating Temperature Range.
Low 7.5 nV/VHz Noise.

Low 0.05 ppm/°C Temperature Drift.
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SPECIFICATIONS

Vopb =+12.5V to +16.5V, Vss = -16.5V to =12.5V, Vrerr = +10 V, Vreen = =10 V, Vecc = +2.7 V to +5.5 V, IOVcc = +1.71 Vto +5.5 V,
Ry = unloaded, C. = unloaded, Tmx to Tmax, unless otherwise noted.

Table 3.
A, B Version'
Parameter Min Typ Max Unit Test Conditions/Comments
STATIC PERFORMANCE?
Resolution 18 Bits
Integral Nonlinearity Error (Relative -0.5 +0.25 +05 LSB B version, Vrerr = +10 V, Vreen = =10V
Accuracy)
-0.5 +0.25 +0.5 LSB B version, Veerr = +10V, Veeen = 0 V3
-1 +0.5 +1 LSB B version, Veere = +5 V, Veeen = 0 V3
-4 +2 +4 LSB A version*
Differential Nonlinearity Error -0.5 +0.25 +0.5 LSB Veerr = +10V, Veeen=—10V
-0.5 +0.25 +0.5 LSB Vrerr = +10V, Vreen =0 V3
-1 +0.5 +1 LSB Vrerr = +5 V, VReen = 0 V3
Linearity Error Long-Term Stability® 0.04 LSB After 500 hours at Ta = 125°C
0.05 LSB After 1000 hours at Ta = 125°C
0.03 LSB After 1000 hours t Ta = 100°C
Full-Scale Error -1.75 +0.25 +1.75 LSB Veerr = +10V, Veern = =10 V3
-2.75 +0.062 +2.75 LSB Vrerp = +10V, Vreen = 0 V3
-5.25 +0.2 +5.25 LSB Veerp = +5 V, Vreen =0 V2
-1 +0.25 +1 LSB Vrerp = +10V, Veeen = —10 V3,
Ta=0°Cto 105°C
-1 +0.062 +1 LSB Vrere = 10V, Veeen = 0 V3, Ta = 0°C to 105°C
-1.5 +0.2 +1.5 LSB Vrere =5V, Veeen = 0 V3, Ta = 0°C to 105°C
Full-Scale Error Temperature Coefficient® +0.02 ppm FSR/°C
Zero-Scale Error -1.75 +0.025 +1.75 LSB Veerp=+10V, Veern = —10 V3
-2.5 +0.38 +2.5 LSB Vrerp = +10V, Vreen = 0 V3
-5.25 +0.19 +5.25 LSB Veerp = +5 V, Veeen =0 V2
-1 +0.025 +1 LSB Vrerr = +10V, Vrern = =10 V3,
Ta=0°Cto 105°C
-1 +0.38 +1 LSB Vererp = 10V, Vreen = 0 V3, Ta = 0°C to 105°C
-1.5 +0.19 +1.5 LSB Veerp =5V, Vereen = 0 V3, Ta= 0°C to 105°C
Zero-Scale Error Temperature Coefficient? +0.04 ppm FSR/°C
Gain Error -6 +0.3 +6 ppm FSR Vrerr = +10V, Veern = =10 V3
-10 +0.4 +10 ppm FSR Veerr=+10V, Veern =0 V3
-20 +0.4 +20 ppm FSR Vrerr = +5 V, Veeen = 0 V3
Gain Error Temperature Coefficient® +0.04 ppm FSR/°C
R1, Rrs Matching 0.01 %
OUTPUT CHARACTERISTICS?
Output Voltage Range VRern Vrerp \Y
Output Slew Rate 50 V/us Unbuffered output, 10 MQ||20 pF load
Output Voltage Settling Time 1 Us 10V step to 0.02%, using AD845
buffer in unity-gain mode
1 Us 125 code step to £1 LSBS
Output Noise Spectral Density 7.5 nV/yHz at 1 kHz, DAC code = midscale
7.5 nV/vHz at 10 kHz, DAC code = midscale
7.5 nV/vHz at 100 kHz, DAC code = midscale
Output Voltage Noise 1.1 MV p-p DAC code = midscale, 0.1 Hz to
10 Hz bandwidth?’

Rev.D | Page 3 of 28
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A, BVersion'’

Parameter Min Typ Max Unit Test Conditions/Comments
Midscale Glitch Impulse 3.1 nV-sec Veerr = +10V, Veeen=—10V
1.7 nV-sec Veeep = +10V, Vreen=0V
1.4 nV-sec Veeep =45V, Veeen =0V
MSB Segment Glitch Impulse® 9.1 nV-sec Veerp = +10V, Veern = =10V, see Figure 42
3.6 nV-sec Veerr = 10V, Vreen = 0V, see Figure 43
1.9 nV-sec Vrerr =5V, Vrern = 0V, see Figure 44
Output Enabled Glitch Impulse 45 nV-sec On removal of output ground clamp
Digital Feedthrough 0.4 nV-sec
DC Output Impedance (Normal Mode) 34 kQ
DC Output Impedance (Output 6 kQ
Clamped to Ground)
Spurious Free Dynamic Range 100 dB 1 kHz tone, 10 kHz sample rate
Total Harmonic Distortion 97 dB 1 kHz tone, 10 kHz sample rate
REFERENCE INPUTS?
Vkere INnput Range 5 Vop—25V |V
Vrern Input Range Vss+2.5V 0
DC Input Impedance 5 6.6 kQ Vrerp, Vrern, code dependent,
typical at midscale code
Input Capacitance 15 pF Vrerp, VRern
LOGIC INPUTS?
Input Current® -1 +1 MA
Input Low Voltage, Vi 03 %10V | V IOVec=1.71Vto 5.5V
Input High Voltage, Vi1 0.7 X I0Vcc Vv IOVcc=1.71Vto 55V
Pin Capacitance 5 pF
LOGIC OUTPUT (SDO)?
Output Low Voltage, VoL 0.4 Vv I0Vcc=1.71Vto 5.5V, sinking 1 mA
Output High Voltage, Von IOVcc—- 05V IOVcc=1.71Vto 5.5V, sourcing T mA
High Impedance Leakage Current +1 MA
High Impedance Output Capacitance 3 pF
POWER REQUIREMENTS All digital inputs at DGND or IOVcc
Voo 7.5 Vss + 33 \
Vss Voo — 33 —-2.5 Vv
Vec 2.7 5.5 Vv
IOVcc 1.71 55 Vv I0Vcc < Ve
Iop 4.2 5.2 mA
lss 4 49 mA
lec 600 900 HA
10lcc 52 140 MA SDO disabled
DC Power Supply Rejection Ratio*? +0.6 puv/v Voo £ 10%, Vss =15V
+0.6 uv/v Vss £ 10%, Voo =15V
AC Power Supply Rejection Ratio® 95 dB Vop =200 mV, 50 Hz/60 Hz, Vss =15V
95 dB Vss =200 mV, 50 Hz/60 Hz, Vop = 15V

' Temperature range: —40°C to +125°C, typical conditions: Ta= 25°C, Voo = +15V, Vss = =15V, Vrerp = +10 V, Veeen =—10 V.
2 Performance characterized with AD8676BRZ voltage reference buffers and AD8675ARZ output buffer.
3 Linearity error refers to both INL error and DNL error; either parameter can be expected to drift by the amount specified after the length of time specified.

“#Valid for all voltage reference spans.

® Guaranteed by design and characterization, not production tested.
¢The AD5781 is configured in the bias compensation mode with a low-pass RC filter on the output. R = 300 Q, C = 143 pF (total capacitance seen by the output buffer,

lead capacitance, and so forth).

7 Includes noise contribution from AD8676BRZ voltage reference buffers.

8 Current flowing in an individual logic pin.

?Includes PSRR of AD8676BRZ voltage reference buffers.
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AD5781

TIMING CHARACTERISTICS

Vee =27V to 5.5 V; all specifications Tmin to Tmax, unless otherwise noted.

Table 4.
Limit’

Parameter | IOVcc=1.71Vto3.3V IOVcc=3.3Vto5.5V | Unit Test Conditions/Comments
2 40 28 nsmin | SCLK cycle time

92 60 ns min | SCLK cycle time (readback mode)
t 15 10 ns min | SCLK high time
t3 9 5 ns min | SCLK low time
ta 5 nsmin | SYNC to SCLK falling edge setup time
ts nsmin | SCLK falling edge to SYNC rising edge hold time
ts 48 40 nsmin | Minimum SYNC high time
ty 8 6 nsmin | SYNC rising edge to next SCLK falling edge ignore
ts 9 7 ns min | Data setup time
to 12 7 ns min | Data hold time
tio 13 10 nsmin | LDAC falling edge to SYNC falling edge
tn 20 16 nsmin | SYNC rising edge to LDAC falling edge
ti2 14 11 nsmin | LDAC pulse width low
tis 130 130 nstyp | LDAC falling edge to output response time
tis 130 130 ns typ SYNC rising edge to output response time (LDAC tied low)
tis 50 50 nsmin | CLR pulse width low
tis 140 140 ns typ CLR pulse activation time
ti7 0 0 nsmin | SYNC falling edge to first SCLK rising edge
tig 65 60 nsmax | SYNC rising edge to SDO tristate (C. = 50 pF)
tio 62 45 ns max | SCLKrising edge to SDO valid (C. = 50 pF)
t20 0 0 nsmin | SYNC rising edge to SCLK rising edge ignore
a1 35 35 nstyp | RESET pulse width low
t2 150 150 ns typ RESET pulse activation time

! Allinput signals are specified with tr = tr = 1 ns/V (10% to 90% of I0Vcc) and timed from a voltage level of (Vi + Vin)/2.
2 Maximum SCLK frequency is 35 MHz for write mode and 16 MHz for readback mode.

Rev.D | Page 5 of 28
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AD5781

ABSOLUTE MAXIMUM RATINGS

Ta = 25°C, unless otherwise noted. Transient currents of up to

100 mA do not cause SCR latch-up.

Table 5.

Parameter Rating

Voo to AGND -0.3Vto+34V

Vss to AGND -34Vto+0.3V

Vop to Vss -0.3Vto+34V

Vcc to DGND -03Vto+7V

IOVcc to DGND -03VtoVec+3Vor+7V

Digital Inputs to DGND

Vour to AGND

Vrerre to AGND

Vreres to AGND

Vrerne to AGND

Vrerns to AGND

DGND to AGND

Operating Temperature Range, Ta
Industrial

Storage Temperature Range

Maximum Junction Temperature,
Tymax

Power Dissipation

TSSOP Package
0, Thermal Impedance
0ic Thermal Impedance

Lead Temperature
Soldering

ESD (Human Body Model)

(whichever is less)

-0.3V1toIOVcc+0.3Vor
+7V (whichever is less)

-03VtoVop+0.3V
-03VtoVop+0.3V
-03VtoVop+0.3V
Vss —0.3Vto+03V
Vss—0.3Vto+0.3V
-0.3Vto+03V

—40°Cto + 125°C
—65°C to +150°C
150°C

(Ty max — Ta)/6a

143°C/W

45°C/W

JEDEC industry standard
J-STD-020

1.5 kv

Stresses above those listed under Absolute Maximum Ratings
may cause permanent damage to the device. This is a stress
rating only; functional operation of the device at these or any
other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.

This device is a high performance integrated circuit with an
ESD rating of 1.5 kV, and it is ESD sensitive. Proper precautions
should be taken for handling and assembly.

ESD CAUTION

A
ALa\

ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
without detection. Although this product features
patented or proprietary protection circuitry, damage
may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to
avoid performance degradation or loss of functionality.
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PIN CONFIGURATION AND FUNCTION DESCRIPTION

INv [1]| 20] Re
Vour [2] [19] AGND
VREFPS E 18] Vss

AD5781
VREFPF IZ TOP VIEW E VREFNS

Not to Scale,
Voo [5] ( ) [16] Vrerne

RESET [6] 5] DeND
CLR [7] [12] SYNC

LDAC [3] 13] scLk
Vee [2] 12] sDIN

10V¢c [10] [11] spo é

Figure 4. Pin Configuration

Table 6. Pin Function Descriptions

Pin No. | Mnemonic Description

1 INV Connection to Inverting Input of External Amplifier. See the AD5781 Features section for further details.

2 Vour Analog Output Voltage.

3 Vrerps Positive Reference Sense Voltage Input. A voltage range of 5V to Vop — 2.5 V can be connected. A unity gain amplifier
must be connected at this pin, in conjunction with the Veerer pin. See the AD5781 Features section for further details.

4 Vrerer Positive Reference Force Voltage Input. A voltage range of 5 V to Voo — 2.5 V can be connected. A unity gain amplifier
must be connected at these pin, in conjunction with the Vgeres pin. See AD5781 Features section for further details.

5 Voo Positive Analog Supply Connection. A voltage range of 7.5 V to 16.5 V can be connected. Voo should be decoupled to
AGND.

6 RESET Active Low Reset Logic Input Pin. Asserting this pin returns the AD5781 to its power-on status.

7 CLR Active Low Clear Logic Input Pin. Asserting this pin sets the DAC register to a user defined value (see Table 13) and
updates the DAC output. The output value depends on the DAC register coding that is being used, either binary or twos
complement.

8 LDAC Active Low Load DAC Logic Input Pin. This is used to update the DAC register and, consequently, the analog output.
When tied permanently low, the output is updated on the rising edge of SYNC. If LDAC is held high during the write
cycle, the input register is updated, but the output update is held off until the falling edge of LDAC. The LDAC pin
should not be left unconnected.

9 Vee Digital Supply Connection. A voltage in the range of 2.7 V to 5.5 V can be connected. Vcc should be decoupled to DGND.

10 IOV Digital Interface Supply Pin. Digital threshold levels are referenced to the voltage applied to this pin. A voltage range of
1.71Vto 5.5V can be connected. IOV should not be allowed to exceed Vcc.

1 SDO Serial Data Output Pin. Data is clocked out on the rising edge of the serial clock input.

12 SDIN Serial Data Input Pin. This device has a 24-bit shift register. Data is clocked into the register on the falling edge of the
serial clock input.

13 SCLK Serial Clock Input. Data is clocked into the input shift register on the falling edge of the serial clock input. Data can be
transferred at clock rates of up to 35 MHz.

14 SYNC Active Low Digital Interface Synchronization Input Pin. This is the frame synchronization signal for the input data. When
SYNC is low, it enables the input shift register, and data is then transferred in on the falling edges of the following clocks.
The input shift register is updated on the rising edge of SYNC.

15 DGND Ground Reference Pin for Digital Circuitry.

16 VRerne Negative Reference Force Voltage Input. A voltage range of Vss + 2.5 V to 0 V can be connected. A unity gain amplifier
must be connected at this pin, in conjunction with the Vems pin. See the AD5781 Features section for further details.

17 Vrerns Negative Reference Sense Voltage Input. A voltage range of Vss + 2.5V to 0 V can be connected. A unity gain amplifier
must be connected at these pin, in conjunction with the Vgernr pin. See the AD5781 Features section for further details.

18 Vss Negative Analog Supply Connection. A voltage range of —16.5 V to —2.5 V can be connected. Vss should be decoupled to
AGND.

19 AGND Ground Reference Pin for Analog Circuitry.

20 Res Feedback Connection for External Amplifier. See the AD5781 Features section for further details.

Rev.D | Page 8 of 28




AD5781

TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 9. Differential Nonlinearity Error vs. DAC Code, 10V Span
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Figure 10. Differential Nonlinearity Error vs. DAC Code, +10 V Span
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Figure 11. Differential Nonlinearity Error vs. DAC Code, +5 V Span

09092-013

0.5 T T T T
AD8676 REFERENCE BUFFERS —Ta=+25°C
0.4 AD8675 OUTPUT BUFFER — —Tp=-40°C -
Vgeep = +10V Tp =+125°C
0.3 [ Vgepy = OV
Vpp = +15V
_ 0.2 Vgg=-15V
]
o4 041 e
g I LPT, T N T T S S l'\u"wlb\-” sethbglitlsel N‘w"l"‘ 1L M'
0
(4
IV 4L P U R Rl Y L
o on ol A -HrJ Y 1 W | .Jilkl.nlx | ‘Ir '-"M A M
o -0
F
-0.2
-0.3
-0.4
-0.5
0 50000 100000 150000 200000 250000
DAC CODE
Figure 12. Differential Nonlinearity Error vs. DAC Code, £10 V Span,
X2 Gain Mode
0.5 T T T T
AD8676 REFERENCE BUFFERS
0.4 | AD8675 OUTPUT BUFFER
Vpp = +15V
0.3} Vgg =15V —
T
0.2
o — ——
2 01
4
S o
(4
[4
wo_o.1 L
-
=z
-0.2
\_/
-0.3
— +10V SPAN MAX INL — +10V SPAN MAX INL
-0.4 | — +5V SPAN MAX INL #10V SPAN MIN INL
= +10V SPAN MIN INL = +5V SPAN MIN INL
_0_5 1 1 1 1 1 1 1
-55 -35 15 5 25 45 65 8 105 125

TEMPERATURE (°C)

Figure 13. Integral Nonlinearity Error vs. Temperature

09092-014

Vop/IVssl (V)

0.3 T T T T
AD8676 REFERENCE BUFFERS
0.2 | AD8675 OUTPUT BUFFER
“[ vpp =+15v =
Vgs = -15V — ]
0.1 — —
] 0
14
€ 01—
o | f—
w
2 02 \‘
E \
-0.3
| — +10V SPAN MAX DNL — +10V SPAN MAX DNL
=04 — +5v SPAN MAX DNL +10V SPAN MIN DNL
— +10V SPAN MIN DNL — +5V SPAN MIN DNL
05 . g g . g . :
55 35 15 5 25 45 65 8 105 125
TEMPERATURE (°C)
Figure 14. Differential Nonlinearity Error vs. Temperature
0.14
0.12 ~
0.10 INL MAX
0.08
o
g 0.06 |- Ta =25°C
= Vgerp = +10V
O 0.04| Vgery =10V
© AD8676 REFERENCE BUFFERS
4" 0.02|- AD8675 OUTPUT BUFFER
E |
° |
~0.02 INL MIN
| —
TN\ P N
—0.04 ]
—0.06
125 130 135 140 145 150 155 160 165

09092-015

09092-016

Figure 15. Integral Nonlinearity Error vs. Supply Voltage, +10 V Span

Rev. D | Page 10 of 28

INL ERROR (LSB)

0.4
0.3
L] \ INL MAX
|_—1 | —
0.2
Ta = 25°C
0.1~ VRepp = +5V
VRerN = 0V
| AD8676 REFERENCE BUFFERS
AD8675 OUTPUT BUFFER
-0.1
-0.2 N
INL MIN
-0.3
7.5 8.5 95 105 115 125 135 145 155 16.5
Vop (V)
-25 -39 -53 -67 -91 -10.5 -129 -142 -155 -16.5
Vss (V)

09092-017

Figure 16. Integral Nonlinearity Error vs. Supply Voltage, +5 V Span




AD5781

0.08 0.14 I I
LT~ L1 Ta=25°C
0.06 -y 0.12}— VRerp = +5V
VRerN = 0V
0.04 & AD8676 REFERENCE BUFFERS PR
®? 0.10 AD8675 OUTPUT BUFFER 7 U/
2 ooz} o
3 "¥[ Ta=25c £ 0.8
© VRerp = +10V ¢ —
2 0! Vgepn =10V w
[ AD8676 REFERENCE BUFFERS 2 006
5 AD8675 OUTPUT BUFFER o
32 -0.02- %
° £ 0.04
-0.04 u \ /
-0.06 DNL MIN 0.02 N/
I
—0.08 © 0
12.5 13.0 13.5 14.0 14.5 15.0 15.5 16.0 16.5 3 7.5 8.5 95 105 115 125 135 145 155 16.5
Vop/IVssl (V) g Vpp (V) -
-25 -39 -53 -67 -91 -10.5 -12.9 -142 -155 -16.5
Vss (V) g
Figure 17. Differential Nonlinearity Error vs. Supply Voltage, +10 V Span Figure 20. Zero-Scale Error vs. Supply Voltage, +5 V Span
0.10 0.05
Tp=25°C
| VRerp = +10V N
0.05 0.04T Vggpy = -0V
AD8676 REFERENCE BUFFERS
DNL MAX & 0.03| AD8675 OUTPUT BUFFER
—_ -
m =
<] Tp=25°C 002 A\ /TN
x 0051 Vggpp = +5V g \ / \ / \
Q VRerN = 0V W 0.01
|2 AD8676 REFERENCE BUFFERS w
ui —0.10 = Apge75 OUTPUT BUFFER 3
= o 0
8 2 \
—0.15 =
DNL MIN = _0.01 \g
~ /
-0.20 _0.02
—0.25 -0.03 8
75 85 95 105 115 125 135 145 155 16.5 125 130 135 140 145 150 155 160 165
Vop (V) 2 Vpp/IVssl (V) g
-25 -39 -53 -67 -91 -10.5 -12.9 -142 -155 -16.5
Vss (V) g
Figure 18. Differential Nonlinearity Error vs. Supply Voltage, +5 V Span Figure 21. Midscale Error vs. Supply Voltage, +10 V Span
0.14 0.05
N /\
/ 0
2 T~ — &
@ 0.10 / 8
z <4
e L _0.05
Z 0.08 2 ~_ \
o w
- w
< 0.06 =
8 (<_) -0.10 A4
o Tp=25°C 'Q'.’
& 0.04 [~ Vgepp = +10V s Ta =25°C
N VRern = -10V VRerp = +5V
0.02 | AD8676 REFERENCE BUFFERS 015 REFN = OV
'~ AD8675 OUTPUT BUFFER AD8676 REFERENCE BUFFERS
| | | | AD8675 OUTPUT BUFFER
< -0.20 | | | | |
125 130 135 140 145 150 155 160 1653 75 85 95 105 115 125 135 145 155 165
Voo/IVssl (V) g Vop (V) 2
-25 -39 -53 -67 -91 -10.5 —12.9 -142 -155 -16.5
Vss (V) g
Figure 19. Zero-Scale Error vs. Supply Voltage, 10 V Span Figure 22. Midscale Error vs. Supply Voltage, +5 V Span

Rev.D |Page 11 of 28




AD5781

-0.015
-0.020
o / \
(7]
= _0.025
g /
& RS
w _0.030
w
-1
3 / \
7]
& —0.035 A
5 Ta=25°C
* /| VRerp = +10V /
-0.040 VRerN =-10V
/ AD8676 REFERENCE BUFFERS _/
AD8675 OUTPUT BUFFER
_0.045 1 1 1 1
125 130 135 140 145 150 155 160 16.5
Vpp/Vss| (V)
Figure 23. Full-Scale Error vs. Supply Voltage, 10V Span
0.07
0.06 /.
__ 005 \
8 A1 I\l A
= 0.04
o
[] / /
E 0.03 7
4 002 yd
Ug) V
4 001 -
2 AL/ =3
0 REFP =
\/ VRerFN = 0V
—0.01 AD8676 REFERENCE BUFFERS __|
: AD8675 OUTPUT BUFFER
~0.02 | | | | |
75 85 95 105 115 125 135 145 155 165
Vop (V)
25 -39 -53 -67 -91 -10.5 -12.9 -14.2 -155 -16.5
Vss (V)
Figure 24. Full-Scale Error vs. Supply Voltage, +5 V Span
-0.30 T T
Tp=25°C
VRerp = +10V
03517 Vepy =10V
AD8676 REFERENCE BUFFERS
é,i, —0.40 |~ AD8675 OUTPUT BUFFER
'S
£
8045 / \
P
2 oso /TN
g / N\ N
4
g _oss \
o N
-0.60 \
\/
-0.65
125 130 135 140 145 150 155 160 165

Vop/IVssl (V)

Figure 25. Gain Error vs. Supply Voltage, +10 V Span

09092-026

09092-024

09092-025

Rev.D | Page 12 of 28

GAIN ERROR (ppm FSR)

INL ERROR (LSB)

DNL ERROR (LSB)

0.10 T T
Ta=25°C
0.05 VReFp = +5V
REFN = OV |
0 AD8676 REFERENCE BUFFERS
/ \ AD8675 OUTPUT BUFFER
-0.05 / \ 1
-0.10
/ \ —
-0.15 \
—0.25 / \ / \
-0.30
—0.35
-0.40
75 85 95 105 115 125 135 145 155 165
Vop (V)
25 -39 -53 -67 -91 -10.5 -12.9 -142 -155 -16.5
Vss (V)
Figure 26. Gain Error vs. Supply Voltage, +5 V Span
0.15
0.10 INL MAX A
\
0.05
Ta =25°C
Vpp = +15V
0}— Vgs =-15V
AD8676 REFERENCE BUFFERS
AD8675 OUTPUT BUFFER
-0.05 /’
-0.10 Z >~
/ ~—" | INLmIN
-0.15 |
50 55 60 65 70 75 80 85 90 95 100

Vrerp/IVRern| (V)

Figure 27. Integral Nonlinearity Error vs. Reference Voltage

0.10 i
DNL MAX
\ /
0.05
ol— Ta=25C
Vop = +15V
Ve = 15V
AD8676 REFERENCE BUFFERS
—0.05|— AD8675 OUTPUT BUFFER
/I
-0.10 V4
——
DNL MIN
-0.15 '
50 55 60 65 7.0 75 80 85 90 95

Vrerp/IVRern| (V)

10.0

Figure 28. Differential Nonlinearity Error vs. Reference Voltage

09092-027

09092-028

09092-029




AD5781

MID-SCALE ERROR (LSB) ZERO-SCALE ERROR (LSB)

FULL-SCALE ERROR (LSB)

0.16 -0.30 T T
Ta=25°C
0.14 Vpp = +15V
-0.35 [— Vgg =15V
N AD8676 REFERENCE BUFFERS
0.12 \ z AD8675 OUTPUT BUFFER
— T \L_ 1] @ _0.40
0.10 £ f\
o
Tp = 25°C f N
0.08[— Vpp = +15V ¥ -0.45
Vgg = -15V £
0.06 —— AD8676 REFERENCE BUFFERS i
AD8675 OUTPUT BUFFER Z 050
/
0.04 © N \
-0.55 N
0.02
0 2 -0.60 2
50 55 60 65 70 75 80 85 90 95 10023 50 55 60 65 70 75 80 85 90 95 1003
Vrerp/IVrern! (V) g Vrerp/IVRern| (V) g
Figure 29. Zero-Scale Error vs. Reference Voltage Figure 32. Gain Error vs. Reference Voltage
0.03 0.3 ; ;
— +10V SPAN
0.02 M 0.2 — +10V SPAN
N +5V SPAN
0.01 \ g o
. m I —
/ \ / ] 0 K g / \
-~ —_ .
0 g Nl R
& NN Y.
¢ 0.1 NN
-0.01 m \ \'4
/ \ 2 02 )
—0.02 N\ Tp=25°C S AD8676 REFERENCE BUFFERS
: \V Vpp = +15V % _o.3| AD8675 OUTPUT BUFFER i
Vgs = —15V 3 Vpp = +15V
-0.03 AD8676 REFERENCE BUFFERS L _g4f Vss=-15V
AD8675 OUTPUT BUFFER VRrerp = +10V
~0.04 _o5| YReFN =15V -
-0.05 . 0.6 | | | .
50 55 60 65 7.0 75 80 85 9.0 95 1003 55 35 15 5 25 45 65 85 105 125%
VRerp/IVRernl (V) g TEMPERATURE (°C) g
Figure 30. Midscale Error vs. Reference Voltage Figure 33. Full-Scale Error vs. Temperature
0.04 T T 0.40 . .
) — +10V SPAN
Ta=25°C /\\ — +10V SPAN _|
0.03 Vpp = +15V 03575 5V SPAN
Vgs = —15V \\ -
0.02 AD8676 REFERENCE BUFFERS _| —~ 0.30 AN
\ AD8675 OUTPUT BUFFER o \
-
~ N A
0.01 \ @ 0.25
Nl — Q A
\ o e~
0 w 0.20
— o
\_/ \ 2
-0.01 N @ 015 AD8676 REFERENCE BUFFERS - |
\—~\ a AD8675 OUTPUT BUFFER
-0.02 = 0.10| Vpp = +15V
\ Vgs = —15V
N | Vrerp = +10V
-0.03 AN 0.05 1 ey = —15V
-0.04 0 | |

50 55 6.0 65 70 75 80 85 9.0 95 10.0
Vrerp/IVrernl (V)

Figure 31. Full-Scale Error vs. Reference Voltage Figure 34. Midscale Error vs. Temperature

-55 -35 -15 5 25 45 65 85 105 125
TEMPERATURE (°C)

09092-032
09092-035

Rev. D | Page 13 of 28




AD5781

1.2 . T
— +10V SPAN
1.0 — +10V SPAN
+5V SPAN
0.8
8
Q 06
=I_
x 04
2
£ o2 —
w e
w o oI\ - k_
2 \
<
3 -0.2
@ ~0-21 AD8676 REFERENCE BUFFERS
e} AD8675 OUTPUT BUFFER
€ -0.4 >
w Vpp = +15V
_0.6} Vss=-15V i
VRerp = +10V
-0.8 | VREFN = -15V
ol L |
55 -35 -15 5 25 45 65 85 105 125
TEMPERATURE (°C)
Figure 35. Zero-Scale Error vs. Temperature
4 T T T T T T
AD8676 REFERENCE BUFFERS — +10V SPAN
3| AD8675 OUTPUT BUFFER — +10V SPAN _|
Vpp = +15V +5V SPAN
2| Vss=-15V
= VRerp = +10V
% 4 | VReFN =15V
w
: I
g, /
[ L — —
g — e %
['4
Z 21
<
[t}
-3
-4
-5
55 -35 -15 5 25 45 65 8 105 125
TEMPERATURE (°C)
Figure 36. Gain Error vs. Temperature
900
Ta = 25°C — 10V =5V, LOGIC VOLTAGE
A INCREASING
800 — 10V = 5V, LOGIC VOLTAGE
DECREASING
700 — 10V = 3V, LOGIC VOLTAGE
INCREASING
600 10V = 3V, LOGIC VOLTAGE
l \ DECREASING
< s00
: [N/
. JAVANA
300 / 4 N \
200 / < \\\
100 44 N A\
. |
0 1 2 3 4 5 6

LOGIC INPUT VOLTAGE (V)

Figure 37. 10lcc vs. Logic Input Voltage

09092-036

09092-037

09092-038

Rev.D | Page 14 of 28

-1

Ipp; Iss (MA)

-2

T
Tp=25°C -
——
Ipp
Iss -
]
-20 -15 -10 -5 0 5 10 15 20
Vop: Vss (V)

Figure 38. Power Supply Currents vs. Power Supply Voltages

Vpp = #15V
Vgg =—15V
VRerp = +10V

VRern =-10V

AD8676 REFERENCE BUFFERS
OUTPUT UNBUFFERED

LOAD = 10MQ|[20pF

CH3 5V

200ns

Figure 39. Rising Full-Scale Voltage Step

S R
Vpp = +15V

Vgg =-15V
VRerp = +10V
VRerN = -10V

AD8676 REFERENCE BUFFERS

OUTPUT UNBUFFERED

LOAD = 10MQ|[20pF

4RI

i

CH3 5V

& sv

200ns

Figure 40. Falling Full-Scale Voltage Step

09092-040

09092-041

09092-039




AD5781

Vour (mV)

OUTPUT GLITCH (nV-sec)

OUTPUT GLITCH (nV-sec)

10.8 . .
+10V Vger
OUTPUT GAIN OF 1
10.6 BIAS COMPENSATION MODE 1
20pF COMPENSATION CAPACITOR
RC LOW-PASS FILTER
10.4
10.2 \
10.0 W
9.8
9.6
9.4
(] 1 2 3 4 5
TIME (us)
Figure 41. 125 Code Step Settling Time
10
SV VRer
9 | OUTPUT GAIN OF 1 NEGATIVE CODE
BIAS COMPENSATION MODE CHANGE
8 | 20pF COMPENSATION CAPACITOR—{ 5~
RC LOW-PASS FILTER
7
6
5 POSITIVE CODE
CHANGE
4 A\
AR
bl WL
1 | * H
ol
383333 LSILSIIICB8INY
MWW oo~ N T NOONMWL © 0O «~AN
O U T OANN™O O NOULTOANTT OO
- O ™ © - © v« © N O WO WOoOWmWOoWmOowmOoO
- T NN MmO T OO O ONNO®O®OO O
CODE

4.0

3.5

3.0

25

2.0

1.5

1.0

o
==

65536 |—
114688
163840
212992
262144

Figure 42. 6 MSB Segment Glitch Energy for £10 V Veer

10V Vier
OUTPUT GAIN OF 1

BIAS COMPENSATION MODE
20pF COMPENSATION CAPACITOR
RC LOW-PASS FILTER

NEGATIVE CODE
CHANGE

POSITIVE CODE
HANGE 7

N

=

16384

311296
360448
458752
606208
655360
704512 |=
753664
802816
851968
901120
950272
999424

Figure 43. 6 MSB Segment Glitch Energy for 10 V Vrer

09092-063

09092-059

09092-060

Vourt (mV) OUTPUT GLITCH (nV-sec)

OUTPUT VOLTAGE (nV)

Rev. D | Page 15 of 28

3.0
5V Vger
2.6 | OUTPUT GAIN OF 1
- I BIAS COMPENSATION MODE
20pF COMPENSATION CAPACITOR
2.2 | RC LOW-PASS FILTER —— NEGATIVE CODE—
CHANGE
18 POSITIVE CODE
CHANGE g 4
1.4
1.0
0.6
o2l
oo L
QO”ONS&D&ONQO&ONQ@WON‘P
0 M O ¥ O O T ONOWO O ™wWWOW—OWANNON
MWL OO NTONIDIONMLL © 0O «~ N F
8IS B3BSHABIBSSESRBI =
T AN ANOMOOFTTET O OONNODO®WOODOO® E
CODE g
Figure 44. 6 MSB Segment Glitch Energy for 5 V Vrer
40 T T T
+10V Vger
OUTPUT GAIN OF 1
30 BIAS COMPENSATION MODE
20pF COMPENSATION CAPACITOR
RC LOW-PASS FILTER
20
10
0
10 —Cyx =143pF + OpF |
N v — Cx = 143pF + 220pF
— Cyx = 143pF + 470pF
— Cy = 143pF + 1,000pF
-20 &
-1.0 -0.5 0 0.5 1.0 1.5 20 §
TIME (us) 8
Figure 45. Midscale Peak-to-Peak Glitch for £t 10V
800 = T T T T T
Ta=25°C MID-SCALE CODE LOADED
Vpp = +15V OUTPUT UNBUFFERED
600 | Vss =-15V AD8676 REFERENCE BUFFERS —]
VRerp = +10V
VRerN = -10V |
400
200 | | | | LA
OHH' r H
-200 | 1 1 A | ¥ I
-400 —W{
—600
0o 1 2 3 4 5 6 7 8 9 10

09092-044

TIME (Seconds)

Figure 46. Voltage Output Noise, 0.1 Hz to 10 Hz Bandwidth




AD5781

100

VRerp = +1

VRerN = -1

Vpp = +15V
Vgs = —15V

ov
ov

CODE = MIDSCALE

NSD (nV/\Hz)
H

0.1 10 100 1k 10k
FREQUENCY (Hz)
Figure 47. Noise Spectral Density vs. Frequency
350 T T
Ta=25°C
Vpp = +15V
300 DD
Vgs =15V
VRerp = +10V
250 VRerN = -10V

AD8675 OUTPUT BU

FFER

N
=3
o

OUTPUT VOLTAGE (mV)
a
o

100 \
50 \\
0 J “~
-50
-1 0 1 2 3 4 5

TIME (us)

Figure 48. Glitch Impulse on Removal of Output Clamp

100k

09092-049

09092-064

Rev. D | Page 16 of 28




AD5781

TERMINOLOGY

Relative Accuracy

Relative accuracy, or integral nonlinearity (INL), is a measure of
the maximum deviation, in LSB, from a straight line passing
through the endpoints of the DAC transfer function. A typical
INL error vs. code plot is shown in Figure 5.

Differential Nonlinearity (DNL)

Differential nonlinearity is the difference between the measured
change and the ideal 1 LSB change between any two adjacent
codes. A specified differential nonlinearity of £1 LSB maximum
ensures monotonicity. This DAC is guaranteed monotonic. A
typical DNL error vs. code plot is shown in Figure 9.

Linearity Error Long-Term Stability

Linearity error long-term stability is a measure of the stability of
the linearity of the DAC over a long period of time. It is
specified in LSB for a time period of 500 hours and 1000 hours
at an elevated ambient temperature.

Zero-Scale Error

Zero-scale error is a measure of the output error when zero-scale
code (0x00000) is loaded to the DAC register. Ideally, the output
voltage should be Vrerns. Zero-scale error is expressed in LSBs.

Zero-Scale Error Temperature Coefficient

Zero-scale error temperature coefficient is a measure of the
change in zero-scale error with a change in temperature. It is
expressed in ppm FSR/°C.

Full-Scale Error

Full-scale error is a measure of the output error when full-scale
code (0x3FFFF) is loaded to the DAC register. Ideally, the
output voltage should be Vrers — 1 LSB. Full-scale error is
expressed in LSBs.

Full-Scale Error Temperature Coefficient

Full-scale error temperature coefficient is a measure of the
change in full-scale error with a change in temperature. It is
expressed in ppm FSR/°C.

Gain Error

Gain error is a measure of the span error of the DAC. It is the
deviation in slope of the DAC transfer characteristic from ideal,
expressed in ppm of the full-scale range.

Gain Error Temperature Coefficient

Gain error temperature coefficient is a measure of the change in
gain error with a change in temperature. It is expressed in ppm
FSR/°C.

Midscale Error

Midscale error is a measure of the output error when midscale
code (0x20000) is loaded to the DAC register. Ideally, the output
voltage should be (Vreres — Vreens)/2 +Vreens. Midscale error is
expressed in LSBs.

Midscale Error Temperature Coefficient

Midscale error temperature coefficient is a measure of the
change in mid-scale error with a change in temperature. It is
expressed in ppm FSR/°C.

Output Slew Rate

Slew rate is a measure of the limitation in the rate of change of
the output voltage. The slew rate of the AD5781 output voltage
is determined by the capacitive load presented to the Vour pin.
The capacitive load in conjunction with the 3.4 kQ output
impedance of the AD5781 set the slew rate. Slew rate is
measured from 10% to 90% of the output voltage change and is
expressed in V/us.

Output Voltage Settling Time

Output voltage settling time is the amount of time it takes for
the output voltage to settle to a specified level for a specified
change in voltage. For fast settling applications, a high speed
buffer amplifier is required to buffer the load from the 3.4 kQ
output impedance of the AD5781, in which case, it is the
amplifier that determines the settling time.

Digital-to-Analog Glitch Impulse

Digital-to-analog glitch impulse is the impulse injected into the
analog output when the input code in the DAC register changes
state. It is specified as the area of the glitch in nV-sec and is
measured when the digital input code is changed by 1 LSB at
the major carry transition (see Figure 42).

Output Enabled Glitch Impulse

Output enabled glitch impulse is the impulse injected into the
analog output when the clamp to ground on the DAC output is
removed. It is specified as the area of the glitch in nV-sec (see
Figure 48).

Digital Feedthrough

Digital feedthrough is a measure of the impulse injected into
the analog output of the DAC from the digital inputs of the
DAC but is measured when the DAC output is not updated. It is
specified in nV-sec and measured with a full-scale code change
on the data bus, that is, from all 0s to all 1s, and vice versa.

Spurious Free Dynamic Range (SFDR)

Spurious free dynamic range is the usable dynamic range of a
DAC before spurious noise interferes or distorts the fundamental
signal. It is measured by the difference in amplitude between the
fundamental and the largest harmonically or nonharmonically
related spur from dc to full Nyquist bandwidth (half the DAC
sampling rate, or fs/2). SFDR is measured when the signal is a
digitally generated sine wave.

Total Harmonic Distortion (THD)

Total harmonic distortion is the ratio of the rms sum of the
harmonics of the DAC output to the fundamental value. Only
the second to fifth harmonics are included.
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DC Power Supply Rejection Ratio.

DC power supply rejection ratio is a measure of the rejection of
the output voltage to dc changes in the power supplies applied
to the DAC. It is measured for a given dc change in power
supply voltage and is expressed in pV/V.

AC Power Supply Rejection Ratio (AC PSRR)

AC power supply rejection ratio is a measure of the rejection of
the output voltage to ac changes in the power supplies applied
to the DAC. It is measured for a given amplitude and frequency
change in power supply voltage and is expressed in decibels.
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THEORY OF OPERATION

The AD5781 is a high accuracy;, fast settling, single, 18-bit,
serial input, voltage output DAC. It operates from a Vop supply
voltage of 7.5 V to 16.5 V and a Vss supply of —=16.5 V to 2.5 V.
Data is written to the AD5781 in a 24-bit word format via a 3-wire
serial interface. The AD5781 incorporates a power-on reset
circuit that ensures the DAC output powers up to 0 V with the
Vour pin clamped to AGND through a ~6 kQ internal resistor.

DAC ARCHITECTURE

The architecture of the AD5781 consists of two matched DAC
sections. A simplified circuit diagram is shown in Figure 49.
The six MSBs of the 18-bit data-word are decoded to drive 63
switches, EO to E62. Each of these switches connects one of 63
matched resistors to either the Vrere or Vrern voltage. The
remaining 12 bits of the data-word drive the SO to S11 switches
of a 12-bit voltage mode R-R ladder network.

Table 7. Input Shift Register Format

2R
E62
VREFPF O
VREFPS O
VREFNF O—————————¢— — — — — — — —

VREFNS O ,

12-BIT R-R LADDER SIX MSBs DECODED INTO

63 EQUAL SEGMENTS
Figure 49. DAC Ladder Structure Serial Interface

09092-053

The AD5781 has a 3-wire serial interface (SYNC, SCLK, and
SDIN) that is compatible with SPI, QSPI, and MICROWIRE
interface standards, as well as most DSPs (see Figure 2 for a
timing diagram).

Input Shift Register

The input shift register is 24 bits wide. Data is loaded into the
device MSB first as a 24-bit word under the control of a serial
clock input, SCLK, which can operate at up to 35 MHz. The
input register consists of a R/W bit, three address bits, and
twenty data bits as shown in Table 7. The timing diagram for
this operation is shown in Figure 2.

MSB LSB
DB23 DB22 DB21 DB20 DB19 DBO
R/W Register address Register data

Table 8. Decoding the Input Shift Register

R/W Register Address Description

X! 0 0 0 No operation (NOP). Used in readback operations.

0 0 0 1 Write to the DAC register.

0 0 1 0 Write to the control register.

0 0 1 1 Write to the clearcode register.

0 1 0 0 Write to the software control register.

1 0 0 1 Read from the DAC register.

1 0 1 0 Read from the control register.

1 0 1 1 Read from the clearcode register.

"Xis don't care.
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Standalone Operation

The serial interface works with both a continuous and noncon-
tinuous serial clock. A continuous SCLK source can be used

only if SYNC is held low for the correct number of clock cycles.
In gated clock mode, a burst clock containing the exact number

of clock cycles must be used, and SYNC must be taken high
after the final clock to latch the data. The first falling edge of
SYNC starts the write cycle. Exactly 24 falling clock edges must
be applied to SCLK before SYNC is brought high again. If
SYNC is brought high before the 24" falling SCLK edge, the
data written is invalid. If more than 24 falling SCLK edges are
applied before SYNC is brought high, the input data is also
invalid. The input shift register is updated on the rising edge of
SYNC. For another serial transfer to take place, SYNC must be
brought low again. After the end of the serial data transfer, data
is automatically transferred from the input shift register to the

addressed register. Once the write cycle is complete, the output
can be updated by taking LDAC low while SYNC is high.

Readback

The contents of all the on-chip registers can be read back via
the SDO pin. Table 8 outlines how the registers are decoded.
After a register has been addressed for a read, the next 24 clock
cycles clock the data out on the SDO pin. The clocks must be
applied while SYNC is low. When SYNC is returned high, the
SDO pin is placed in tristate. For a read of a single register, the
NOP function can be used to clock out the data. Alternatively,
if more than one register is to be read, the data of the first
register to be addressed can be clocked out at the same time the
second register to be read is being addressed. The SDO pin
must be enabled to complete a readback operation. The SDO
pin is enabled by default.

HARDWARE CONTROL PINS
Load DAC Function (LDAC)

After data has been transferred into the input register of the
DAC, there are two ways to update the DAC register and DAC
output. Depending on the status of both SYNC and LDAC, one
of two update modes is selected: synchronous DAC updating or

asynchronous DAC updating.
Synchronous DAC Update
In this mode, LDAC is held low while data is being clocked into

the input shift register. The DAC output is updated on the rising
edge of SYNC.

Asynchronous DAC Update

In this mode, LDAC is held high while data is being clocked
into the input shift register. The DAC output is asynchronously
updated by taking LDAC low after SYNC has been taken high.
The update now occurs on the falling edge of LDAC.

Reset Function (RESET)

The AD5781 can be reset to its power-on state by two means:

either by asserting the RESET pin or by utilizing the software
RESET control function (see Table 14). If the RESET pin is not
used, it should be hardwired to IOV cc.

Asynchronous Clear Function (CLR)

The CLR pin is an active low clear that allows the output to be
cleared to a user defined value. The 18-bit clear code value is
programmed to the clearcode register (see Table 13). It is
necessary to maintain CLR low for a minimum amount of time
to complete the operation (see Figure 2). When the CLR signal

is returned high, the output remains at the clear value (if LDAC
is high) until a new value is loaded to the DAC register. The

output cannot be updated with a new value while the CLR pin is
low. A clear operation can also be performed by setting the CLR
bit in the software control register (see Table 14).
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Table 9. Hardware Control Pins Truth Table

LDAC | CLR RESET | Function

X! X! 0 The AD5781 is in reset mode. The device cannot be programmed.

X! X! 1 The AD5781 is returned to its power-on state. All registers are set to their default values.

0 0 1 The DAC register is loaded with the clearcode register value, and the output is set accordingly.
0 1 1 The output is set according to the DAC register value.

1 0 1 The DAC register is loaded with the clearcode register value, and the output is set accordingly.
1 1 1 The output is set according to the DAC register value.

1 0 1 The output remains at the clear code value.

1 1 1 The output remains set according to the DAC register value.

1 0 1 The output remains at the clear code value.

1 1 1 The DAC register is loaded with the clearcode register value and the output is set accordingly.
0 1 1 The DAC register is loaded with the clearcode register value and the output is set accordingly.
1 1 1 The output remains at the clear code value.

0 1 1 The output is set according to the DAC register value.

"Xis don't care.

ON-CHIP REGISTERS
DAC Register

Table 10 outlines how data is written to and read from the DAC register.

Table 10. DAC Register

MSB LSB
DB23 DB22 | DB21 | DB20 DB19 DB2 DB1 DBO

R/W Register address DAC register data

R/W 0 | 0 | 1 18-bits of data X! X!

"X is don't care.

The following equation describes the ideal transfer function of the DAC:
Vv _ (VREFP ~ Viern )X D +V

our ~ 18 REFN
27 -1

where:

Vrerv is the negative voltage applied at the Vrerns input pin.
Vrere is the positive voltage applied at the Vreres input pin.
D is the 18-bit code programmed to the DAC.
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Control Register

The control register controls the mode of operation of the AD5781.

Table 11. Control Register

MsB LSB
DB23 | DB22 | DB21 | DB20 | DB19..DB11 | DB10 | DB9 | DBS | DB7 | DB6 | DB5 | DB4 |DB3 [ DB2 | DB1 | DBO
RW Register address Control register data

RAW 0 | 1 | 0 Reserved | Reserved | LIN COMP | SDODIS | BIN/2sC | DACTRI | OPGND | RBUF | Reserved

Table 12. Control Register Functions

Function Description

Reserved These bits are reserved and should be programmed to zero.

RBUF Output amplifier configuration control.
0: internal amplifier, A1, is powered up and resistors RFB and R1 are connected in series as shown in Figure 52. This allows
an external amplifier to be connected in a gain of two configurations. See the AD5781 Features section for further details.
1: (default) internal amplifier, A1, is powered down and resistors RFB and R1 are connected in parallel as shown in Figure 51
so that the resistance between the RFB and INV pins is 3.4 kQ, equal to the resistance of the DAC. This allows the RFB and INV
pins to be used for input bias current compensation for an external unity gain amplifier. See the AD5781 Features section
for further details.

OPGND Output ground clamp control.
0: DAC output clamp to ground is removed, and the DAC is placed in normal mode.
1: (default) DAC output is clamped to ground through a ~6 kQ resistance, and the DAC is placed in tristate mode.
Resetting the part puts the DAC in OPGND mode, where the output ground clamp is enabled and the DAC is tristated.
Setting the OPGND bit to 1 in the control register overrules any write to the DACTRI bit

DACTRI DAC tristate control.
0: DAC is in normal operating mode.
1: (default) DAC is in tristate mode.

BIN/2sC DAC register coding select.
0: (default) DAC register uses twos complement coding.
1: DAC register uses offset binary coding.

SDODIS SDO pin enable/disable control.
0: (default) SDO pin is enabled.
1: SDO pin is disabled (tristate).

LIN COMP Linearity error compensation for varying reference input spans. See the AD5781 Features section for further details.
0 |0 | 0 | 0 | (Default) reference inputspanupto 10V.
1 1 | 0 | 0 | Referenceinputspan of 20V.

Clearcode Register

The clearcode register sets the value to which the DAC output is set when the CLR pin or CLR bit is asserted. The output value depends

on the DAC coding that is being used, either binary or twos complement. The default register value is 0.

Table 13. Clearcode Register

MSB LSB
DB23 DB22 | DB21 | DB20 DB19 DB2 DB1 DBO

R/W Register address Clearcode register data

R/W 0 |1 | 1 18-bits of data X' X'

"Xis don't care.
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Software Control Register

This is a write only register in which writing a 1 to a particular bit has the same effect as pulsing the corresponding pin low.

Table 14. Software Control Register

MsB LSB
DB23 DB22 | DB21 | DB20 DB19 DB3 | DB2 | DB1 | DBO

R/W Register address Software control register data

0 1 |0 |0 Reserved | RESET | CLR' | LDAC?

' The CLR function has no effect if the LDAC pin is low.
2The LDAC function has no effect if the CLR pin is low.

Table 15. Software Control Register Functions

Function Description

LDAC Setting this bit to 1 updates the DAC register and consequently the DAC output.

CLR Setting this bit to 1 sets the DAC register to a user defined value (see Table 13) and updates the DAC output. The output
value depends on the DAC register coding that is being used, either binary or twos complement.

RESET Setting this bit to 1 returns the AD5781 to its power-on state.
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AD5781 FEATURES

POWER-ONTOOV

The AD5781 contains a power-on reset circuit that, as well as
resetting all registers to their default values, controls the output
voltage during power-up. Upon power-on, the DAC is placed in
tristate (its reference inputs are disconnected), and its output is
clamped to AGND through a ~6 kQ resistor. The DAC remains
in this state until programmed otherwise via the control
register. This is a useful feature in applications where it is
important to know the state of the DAC output while it is in the
process of powering up.

CONFIGURING THE AD5781

After power-on, the AD5781 must be configured to put it into
normal operating mode before programming the output. To do
this, the control register must be programmed. The DAC is
removed from tristate by clearing the DACTRI bit, and the
output clamp is removed by clearing the OPGND bit. At this
point, the output goes to Vrern unless an alternative value is first
programmed to the DAC register.

DAC OUTPUT STATE

The DAC output can be placed in one of three states, controlled
by the DACTRI and OPGND bits of the control register, as
shown in Table 16.

Table 16. AD5781 Output State Truth Table

DACTRI | OPGND | Output State

0 0 Normal operating mode.

0 1 Output is clamped via ~6 kQ to AGND.
1 0 Outputis in tristate.

1 1 Output is clamped via ~6 kQ to AGND.

LINEARITY COMPENSATION

The integral nonlinearity (INL) of the AD5781 can vary
according to the applied reference voltage span; the LIN COMP
bits of the control register can be programmed to compensate
for this variation in INL. The specifications in this data sheet
are obtained with LIN COMP = 0000 for reference spans up to
and including 10 V and with LIN COMP = 1100 for a reference
span of 20 V. The default value of the LIN COMP bits is 0000.

OUTPUT AMPLIFIER CONFIGURATION

There are a number of different ways that an output amplifier
can be connected to the AD5781, depending on the voltage
references applied and the desired output voltage span.

Unity Gain Configuration

Figure 50 shows an output amplifier configured for unity gain,
in this configuration the output spans from Vreen to Vreep

VRerp
O

1/2 AD8676 .

\
VREFPF

VREFPS

AD8675,
ADA4898-1,

6.8kQ | 6.8kQ

INV ADA4004-1
18-BIT
DAC Vour oVour
AD5781
VREFNF | VREFNS
1/2 AD8676
VREFN g

Figure 50. Output Amplifier in Unity Gain Configuration

A second unity gain configuration for the output amplifier is
one that removes an offset from the input bias currents of the
amplifier. It does this by inserting a resistance in the feedback
path of the amplifier that is equal to the output resistance of the
DAC. The DAC output resistance is 3.4 k(). By connecting R1
and Res in parallel, a resistance equal to the DAC resistance is
available on-chip. Because the resistors are all on one piece of
silicon, they are temperature coefficient matched. To enable this
mode of operation, the RBUF bit of the control register must be set
to Logic 1. Figure 51 shows how the output amplifier is connected
to the AD5781. In this configuration, the output amplifier is in
unity gain and the output spans from Vrerx to Viere. This unity
gain configuration allows a capacitor to be placed in the
amplifier feedback path to improve dynamic performance.

VRerp
1/2 AD8676
N
VREFPF VREFPS
Reg
L L i
R136.8kQ Reg $6.8kQ 10pF
18-BIT INV : Vour
e Vour ADB8675
ADA4898-1,
AD5781 ADA4004-1
VREFNF | VREFNS
1/2 AD8676
VREFN g

Figure 51. Output Amplifier in Unity Gain with Amplifier Input Bias Current
Compensation
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Gain of Two Configuration

Figure 52 shows an output amplifier configured for a gain of
two. The gain is set by the internal matched 6.8 kQ resistors,
which are exactly twice the DAC resistance, having the effect

of removing an offset from the input bias current of the external
amplifier. In this configuration, the output spans from 2 X Vrerx —
Vrere to Vrere. This configuration is used to generate a bipolar
output span from a single-ended reference input, with Vrern =

0 V. For this mode of operation, the RBUF bit of the control
register must be cleared to Logic 0.

A"
VREFPF

18-BIT

e Vour AD8675
ADA4898-1,
AD5781 ADA4004-1
VREFNF | VREFNS
1/2 AD8676
VRerFN = 0V g

Figure 52. Output Amplifier in Gain of Two Configuration
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APPLICATIONS INFORMATION

TYPICAL OPERATING CIRCUIT
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Figure 53. Typical Operating Circuit

Figure 53 shows a typical operating circuit for the AD5781
using an AD8676 for reference buffers and an AD8675 as an
output buffer. To meet the specified linearity, force sense buffers
must be used on the reference inputs. Because the output
impedance of the AD5781 is 3.4 kQ), an output buffer is
required for driving low resistive, high capacitive loads.

EVALUATION BOARD

An evaluation board is available for the AD5781 to aid
designers in evaluating the high performance of the part with
minimum effort. The AD5781 evaluation kit includes a
populated and tested AD5781 PCB. The evaluation board
interfaces to the USB port of a PC. Software is available with the
evaluation board to allow the user to easily program the
AD5781. The software runs on any PC that has Microsoft®
Windows® XP (SP2) or Vista (32 bits) installed. The EVAL-
AD5781 data sheet is available, which gives full details on the
operation of the evaluation board
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OUTLINE DIMENSIONS
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Figure 54. 20-Lead Thin Shrink Small Outline Package [TSSOP]
(RU-20)
Dimensions shown in millimeters

ORDERING GUIDE

Model’ Temperature Range INL Package Description Package Option
AD5781BRUZ —40°C to +125°C +0.5LSB 20-Lead TSSOP RU-20
AD5781BRUZ-REEL7 —40°C to +125°C +0.5 LSB 20-Lead TSSOP RU-20
AD5781ARUZ —40°C to +125°C +4 LSB 20-Lead TSSOP RU-20
AD5781ARUZ-REEL7 —40°C to +125°C +4 LSB 20-Lead TSSOP RU-20
EVAL-AD5781SDZ Evaluation Board

' Z = RoHS Compliant Part.
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