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Dual-Current Output, Parallel Input, 16-Bit
Multiplying DAC with 4-Quadrant Resistors

AD3541-EP

FEATURES

Dual channel

16-bit resolution: AD5547-EP

2- or 4-quadrant, 6.8 MHz bandwidth multiplying DAC

+1LSB DNL

+2 LSB INL

Operating supply voltage: 2.7V to 5.5V

Low noise: 12 nV/vHz

Low power: lop = 10 pA maximum

0.5 ps settling time

Built-in Res facilitates current-to-voltage conversion

Built-in 4-quadrant resistors allow 0Vto-10V,0Vto +10V,
or =10V outputs

2 mA full-scale current + 20%, with Vrer =10V

Extended automotive operating temperature range
-55°Cto +125°C

Selectable zero-scale/midscale power-on presets

Compact 38-lead TSSOP package

ENHANCED PRODUCT FEATURES

Supports defense and aerospace applications (AQEC
standard)

Military temperature range (such as —55°C to +125°C).

Controlled manufacturing baseline

One assembly/test site

One fabrication site

Enhanced product change notification

Qualification data available on request

APPLICATIONS

Automatic test equipment
Instrumentation

Digitally controlled calibration

Digital waveform generation
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GENERAL DESCRIPTION

The AD5547-EP is a dual precision, 16-bit, multiplying, low power,
current-output, parallel input, digital-to-analog converter (DAC). It
is designed to operate from a single +5 V supply with £10 V
multiplying references for 4-quadrant outputs with a 6.8 MHz
bandwidth.

The built-in, 4-quadrant resistors facilitate resistance matching
and temperature tracking, which minimize the number of
components needed for multiquadrant applications. In addition,
the feedback resistor (Res) simplifies the I-to-V conversion with
an external buffer.

The AD5547-EP is available in a compact, 38-lead TSSOP
package and operates at the extended automotive temperature
range of —55°C to +125°C. Additional application and technical
information can be found in the AD5547 data sheet.
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Figure 2. 16-Bit 4-Quadrant Multiplying DAC with Minimum of External Components (Only One Channel Is Shown)
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AD3547-EP

SPECIFICATIONS

ELECTRICAL CHARACTERISTICS
Vop =2.7 V to 5.5V, Iour = virtual GND, GND =0V, Vggr = =10 V to +10 V, Ta = —55°C to +125°C, unless otherwise noted.

Table 1.
Parameter Symbol Test Conditions/Comments Min Typ Max | Unit
STATIC PERFORMANCE'
Resolution N 1LSB =Vrer/2'9= 153 pV at Veer = 10V 16 Bits
Relative Accuracy INL +2 LSB
Differential Nonlinearity DNL Monotonic +1 LSB
Output Leakage Current lout Data = zero scale, Ta = 25°C 10 nA
Data = zero scale, Ta = Ta maximum 20 nA
Full-Scale Gain Error Grse Data = full scale +1 +5 mV
Bipolar Mode Gain Error Ge Data = full scale +1 +5 mV
Bipolar Mode Zero-Scale Error Gzse Data = full scale +1 +4 mV
Full-Scale Temperature Coefficient? | TCVes 1 ppm/°C
REFERENCE INPUT
Vrer Range Vrer -18 +18 \Y
REF Input Resistance REF 4 5 6 kQ
R1 and R2 Resistance R1 and R2 4 5 6 kQ
R1-to-R2 Mismatch A(R1to R2) +0.5 *1.5 Q
Feedback and Offset Resistance Res, Rors 8 10 12 kQ
Input Capacitance? Crer 5 pF
ANALOG OUTPUT
Output Current lout Data = full scale 2 mA
Output Capacitance? Cour Code dependent 200 pF
LOGIC INPUT AND OUTPUT
Logic Input Low Voltage Vi Vop=5V 0.8 Vv
Vop=3V 0.4 Vv
Logic Input High Voltage Vin Vop=5V 24 \Y
Vob=3V 2.1 Vv
Input Leakage Current I 10 HA
Input Capacitance? Cu 10 pF
INTERFACE TIMING? 3 See Figure 3
Data to WR Setup Time tos Vop=5V 20 ns
Vob=3V 35 ns
Data to WR Hold Time toH Vob=5V 0 ns
Vop=3V 0 ns
WR Pulse Width twr Vop=5V 20 ns
Vop=3V 35 ns
LDAC Pulse Width tibac Vob=5V 20 ns
Vob=3V 35 ns
RS Pulse Width trs Vop=5V 20 ns
Vop=3V 35 ns
WR to LDAC Delay Time twp Vop=5V 0 ns
Vop=3V 0 ns
SUPPLY CHARACTERISTICS
Power Supply Range Vo ranGE 2.7 55 Vv
Positive Supply Current Iop Logicinputs=0V 10 MA
Power Dissipation Poiss Logicinputs=0V 0.055 | mwW
Power Supply Sensitivity Pss AVop = £5% 0.003 | %/%
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AD3547-EP

Parameter Symbol Test Conditions/Comments Min Typ Max | Unit
AC CHARACTERISTICS*
Output Voltage Settling Time ts To +£0.1% of full scale, data cycles from zero scale 0.5 us
to full scale to zero scale
Reference Multiplying Bandwidth BW Vrer = 100 mV rms, data = full scale 6.8 MHz
DAC Glitch Impulse Q Vrer = 0V, midscale - 1 to midscale -35 nV-s
Multiplying Feedthrough Error Vout/Vrer Vrer = 100 mV rms, f = 10 kHz -78 dB
Digital Feedthrough Qo WR =1, LDAC toggles at 1 MHz 7 nV-s
Total Harmonic Distortion THD Vrer =5V p-p, data =full scale, f = 1 kHz -104 dB
Output Noise Density en f=1kHz, BW=1Hz 12 nV/vHz
Analog Crosstalk Car Signal input at Channel A and measures the -95 dB

output at Channel B, f =1 kHz

' All static performance tests (except lour) are performed in a closed-loop system using an external precision OP97 I-to-V converter amplifier. The device Rrs terminal is
tied to the ampilifier output. The +IN pin of the OP97 is grounded, and the lour of the DAC is tied to the OP97’s —IN pin. Typical values represent average readings

measured at 25°C.

2 Guaranteed by design; not subject to production testing.
3 All input control signals are specified with ts = tr = 2.5 ns (10% to 90% of 3 V) and are timed from a voltage level of 1.5 V.
4 All ac characteristic tests are performed in a closed-loop system using an AD8038 I-to-V converter amplifier except for THD where the AD8065 was used.
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Figure 3. AD5547-EP Timing Diagram
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AD3547-EP

ABSOLUTE MAXIMUM RATINGS

Table 2.
Parameter Rating
Voo to GND -0.3Vto+8V
Rrs, Rors, R1, Rcom, and VREF to GND -18Vto+18V
Logic Inputs to GND -03Vto+8V
V(lour) to GND -0.3VtoVop+ 03V
Input Current to Any Pin except Supplies +50 mA
Thermal Resistance (8,»)’
Maximum Junction Temperature (T; max) 150°C
Operating Temperature Range —55°Cto +125°C
Storage Temperature Range —65°Cto +150°C
Lead Temperature

Vapor Phase, 60 sec 215°C

Infrared, 15 sec 220°C

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.

' Package power dissipation = (Tymax — Ta)/6sa.

ESD CAUTION
ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
A without detection. Although this product features

patented or proprietary protection circuitry, damage

‘!’2 I\ 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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AD3547-EP

PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

b1 [1] [38] D2

Do [2] [37] D3
Rorsa 2] 6] D4
Rega [4] [35] D5
Ria [5] [34] D6
Rcoma [6] 3] D7
Vrera [7] 2] D8
loura [&] [31] D9

AGNDA [ ] AD5547-EP  [30] D10

DGND |10 TOP VIEW 29| VDD
(Not to Scale)
AGNDA |11 28| D11

louTs E Zl D12

Vrere [13] 6] D13

Rcoms E [25] D14

Ry [15] 24] D15

Rrgs [16] 23] RS

Rorss [17] 22] MSB
WR [18 [21] LDAC g
AO [19 [20] A1 g

Figure 4. Pin Configuration

Table 3. Pin Function Descriptions

Pin No. Mnemonic | Description

1,2,24to | DOto D15 Digital Input Data Bits DO to D15. Signal level must be < Vpp + 0.3 V.

28,30to

38

3 Rorsa Bipolar Offset Resistor A. Accepts up to £18 V. In 2-quadrant mode, Rorsa ties to Rrsa. In 4-quadrant mode, Rorsa
ties to Ria and the external reference.

4 Resa Internal Matching Feedback Resistor A. Connects to the external op amp for I-to-V conversion.

5 Ria 4-Quandrant Resistor. In 2-quadrant mode, Ria shorts to the Vgera pin. In 4-quadrant mode, Ria ties to Rorsa. Do
not connect when operating in unipolar mode.

6 Rcoma Center Tap Point of the Two 4-Quadrant Resistors, Ria and Ra. In 4-quadrant mode, Rcowma ties to the inverting
node of the reference amplifier. In 2-quadrant mode, Rcoma shorts to the associated Vrera pin. Do not connect if
operating in unipolar mode.

7 VRera DAC A Reference Input in 2-Quadrant Mode, R2 Terminal in 4-Quadrant Mode. In 2-quadrant mode, Vgera is the
reference input with constant input resistance vs. code. In 4-quadrant mode, Vrera is driven by the external
reference amplifier.

8 louta DAC A Current Output. Connects to the inverting terminal of external precision I-to-V op amp for voltage output.

9 AGNDA DAC A Analog Ground.

10 DGND Digital Ground.

11 AGNDB DAC B Analog Ground.

12 louts DAC B Current Output. Connects to inverting terminal of external precision I-to-V op amp for voltage output.

13 Vrers DAC B Reference Input Pin. Establishes DAC full-scale voltage. Constant input resistance vs. code. If configured
with an external op amp for 4-quadrant multiplying, Vrers becomes —Veer.

14 Rcoms Center Tap Point of the Two 4-Quadrant Resistors, Rig and Rzs. In 4-quadrant mode, Rcoms ties to the inverting
node of the reference amplifier. In 2-quadrant mode, Rcoms shorts to the Vrers pin. Do not connect if operating in
unipolar mode.

15 Ris 4-Quandrant Resistor. In 2-quadrant mode, Ris shorts to the Vrers pin. In 4-quadrant mode, Ris ties to Rorss. Do not
connect if operating in unipolar mode.

16 Ress Internal Matching Feedback Resistor B. Connects to external op amp for I-to-V conversion.

17 Rorss Bipolar Offset Resistor B. Accepts up to £18 V. In 2-quadrant mode, Rorss ties to Rres. In 4-quadrant mode, Rorss
ties to Rig and an external reference.

18 WR Write Control Digital Input In, Active Low. WR transfers shift register data to the DAC register on the rising edge.

Signal level must be <Vpp + 0.3 V.
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AD3547-EP

Pin No. Mnemonic | Description

19 A0 Address Pin 0. Signal level must be <Vpp + 0.3 V.

20 Al Address Pin 1. Signal level must be <Vop + 0.3 V.

21 LDAC Digital Input Load DAC Control. Signal level must be <Vop + 0.3 V.

22 MSB Power-On Reset State. MSB = 0 corresponds to zero-scale reset; MSB = 1 corresponds to midscale reset. The
signal level must be <Vop + 0.3 V.

23 RS Active low resets both input and DAC registers. Resets to zero-scale if MSB = 0 and resets to midscale if MSB = 1.
Signal level must be <Vpp + 0.3 V.

29 VDD Positive Power Supply Input. The specified range of operationis 2.7V to 5.5 V.

Table 4. Address Decoder Pins

A1 AO Output Update
0 0 DACA

0 1 None

1 0 DAC A and DACB
1 1 DACB

Table 5. Control Inputs

RS

WR

LDAC | Register Operation

0

_ =a a a

—‘|:‘|O—lo><

O|:‘|—‘—‘O><

Reset the output to 0 with MSB = 0; reset the output to midscale with MSB = 1.

Load the input register with data bits.

Load the DAC register with the contents of the input register.

The input and DAC registers are transparent.

When LDAC and WR are tied together and programmed as a pulse, the data bits are loaded into the input register
on the falling edge of the pulse and are then loaded into the DAC register on the rising edge of the pulse.

No register operation.
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AD3547-EP

TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 5. AD5547-EP Integral Nonlinearity Error
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Figure 6. AD5547-EP Differential Nonlinearity Error
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AD3547-EP
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AD3547-EP

OUTLINE DIMENSIONS
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Figure 14. 38-Lead Thin Shrink Small Outline Package [TSSOP]
(RU-38)
Dimension s shown in millimeters

ORDERING GUIDE
Model’ Resolution (Bits) DNL (LSB) | INL (LSB) | Temperature Range Package Description Package Option
AD5547SRU-EP 16 +1 +2 —55°Cto +125°C 38-Lead TSSOP RU-38

' Z = RoHS Compliant Part.
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NOTES
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AD3547-EP

NOTES
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