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AD3303

SPECIFICATIONS

Vop =2.5V t05.5V; Vrer = 2 V; Ry = 2 kQ to GND; C. = 200 pF to GND; all specifications Tu to Tmax, unless otherwise noted.

Table 1.
A Version' B Version'
Parameter? Min Typ Max Min Typ Max Unit Conditions/Comments
DC PERFORMANCE?* 4
AD5303
Resolution 8 8 Bits
Relative Accuracy £0.15 =1 +0.15 +0.5 | LSB
Differential Nonlinearity +0.02 +0.25 +0.02 +0.25 | LSB Guaranteed monotonic by design over
all codes
AD5313
Resolution 10 10 Bits
Relative Accuracy +0.5 +4 +0.5 +2 LSB
Differential Nonlinearity +0.05 +0.5 +0.05 +0.5 LSB Guaranteed monotonic by design over
all codes
AD5323
Resolution 12 12 Bits
Relative Accuracy +2 +16 +2 +8 LSB
Differential Nonlinearity +0.2 +1 +0.2 Rl LSB Guaranteed monotonic by design over
all codes
Offset Error +0.4 +3 +0.4 +3 % of FSR See Figure 2 and Figure 3
Gain Error +0.15 +1 +0.15 +1 % of FSR See Figure 2 and Figure 3
Lower Dead Band 10 60 10 60 mV See Figure 2 and Figure 3
Offset Error Drift® -12 -12 ppm of FSR/°C
Gain Error Drift® -5 -5 ppm of FSR/°C
Power Supply Rejection Ratio® -60 -60 dB AVop =+10%
DC Crosstalk® 30 30 uv
DAC REFERENCE INPUTS®
Vrer Input Range 1 Voo 1 Voo \ Buffered reference mode
0 Voo 0 Voo Vv Unbuffered reference mode
Veer Input Impedance >10 >10 MQ Buffered reference mode
180 180 kQ Unbuffered reference mode
0V to Veer output range, input
impedance = Rpac
90 920 kQ Unbuffered reference mode
0V to 2 Veer output range, input
impedance = Rpac
Reference Feedthrough -90 -90 dB Frequency =10 kHz
Channel-to-Channel Isolation -80 -80 dB Frequency =10 kHz
OUTPUT CHARACTERISTICS®
Minimum Output Voltage® 0.001 0.001 V min This is a measure of the minimum and
Maximum Output Voltage® Vop —0.001 Voo —0.001 V max maximum drive capability of the output
amplifier
DC Output Impedance 0.5 0.5 Q
Short-Circuit Current 50 50 mA Voo =5V
20 20 mA Vop =3V
Power-Up Time 2.5 2.5 us Coming out of power-down mode;
Voo =5V
5 5 us Coming out of power-down mode;
Voo =3V
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A Version' B Version'
Parameter? Min Typ Max Min Typ Max Unit Conditions/Comments
LOGIC INPUTS®
Input Current +1 +1 HA
Input Low Voltage, Vi, 0.8 0.8 \" Voo =5V 10%
0.6 0.6 Vv Voo =3 V£10%
0.5 0.5 \Y Vop =2.5V
Input High Voltage, V4 24 24 Vv Voo =5V 10%
2.1 2.1 Vv Voo =3 V£ 10%
2.0 2.0 Vv Voo = 2.5V
Pin Capacitance 2 3.5 2 3.5 pF
LOGIC OUTPUT (SDO)*
Voo =5V =+ 10%
Output Low Voltage 0.4 0.4 Vv Isink =2 mA
Output High Voltage 4.0 4.0 Vv Isource =2 MA
Voo =3V +10%
Output Low Voltage 0.4 0.4 \ Isink = 2 mA
Output High Voltage 2.4 2.4 \Y Isource =2 MA
Floating-State Leakage Current 1 1 HA DCEN = GND
Floating-State Output 3 3 pF DCEN = GND
Capacitance
POWER REQUIREMENTS
Voo 2.5 55 2.5 5.5 Vv Ioo specification is valid for all DAC codes
Ioo (Normal Mode) Both DACs active and excluding load
currents
Voo =4.5V 10 5.5V 300 450 300 450 HA Both DACs in unbuffered mode;
Voo =2.5Vto3.6V 230 350 230 350 HA Vi =Vop and Vi = GND; in buffered
mode, extra current is typically x pA
per DAC, where x =5 A + Vrer/Roac
loo (Full Power-Down)
Voo =4.5Vto5.5V 0.2 1 0.2 1 WA
Voo =2.5Vto3.6V 0.05 1 0.05 1 WA

" Temperature range for Version A, Version B: —40°Cto +105°C.

2 See the Terminology section.

3 DC specifications tested with the outputs unloaded.

4 Linearity is tested using areduced code range: AD5303 (Code 8 to Code 248); AD5313 (Code 28to Code 995); AD5323 (Code 115 to Code 3981).

5 Guaranteed by design and characterization, not production tested.

6 In order for the amplifier output to reachiits minimum voltage, offset error must be negative. In order for the amplifier output to reach its maximum voltage, Vrer = Voo
and offset plus gain error must be positive.
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AC CHARACTERISTICS'
Vop =2.5V t05.5V; RL=2kQ to GND; C.. = 200 pF to GND; all specifications Tan to Tuax, unless otherwise noted.
Table 2.
A, BVersion3
Parameter? Min  Typ Max Unit | Conditions/Comments
Output Voltage Settling Time Vree =Vop =5V
AD5303 6 8 Ms Vs scale to 34 scale change (0x40 to 0xc0)
AD5313 7 9 Us V4 scale to 3 scale change (0x100 to 0x300)
AD5323 8 10 Ms 4 scale to 34 scale change (0x400 to 0xc00)
Slew Rate 0.7 V/ps
Major-Code Transition Glitch Energy 12 nv-s 1 LSB change around major carry
(011...11t0100...00)
Digital Feedthrough 0.10 nV-s
Analog Crosstalk 0.01 nV-s
DAC-to-DAC Crosstalk 0.01 nV-s
Multiplying Bandwidth 200 kHz Vree=2V £ 0.1V p-p,unbuffered mode
Total Harmonic Distortion -70 dB Vree = 2.5V £ 0.1V p-p, frequency = 10 kHz

" Guaranteed by design and characterization, not production tested.
2 See the Terminology section.
3 Temperature range for Version A and Version B: —40°Cto +105°C.

TIMING CHARACTERISTICS

Vob = 2.5V to 5.5 V; all specifications Ty to Tmax, unless otherwise noted.

Table 3.

Limit at Tmin, Tmax

Parameter' 3 (A, BVersion) Unit Conditions/Comments

t 33 nsmin SCLK cycletime

t 13 ns min SCLK high time

ts 13 nsmin SCLK low time

ts 0 ns min SYNC to SCLK rising edge setup time

ts 5 ns min Data setup time

te 45 ns min Data hold time

t 0 ns min SCLK falling edge to SYNC rising edge
ts 100 ns min Minimum SYNC high time

to 20 ns min LDAC pulse width

tio 20 ns min SCLK falling edge to LDAC rising edge
ti1 20 ns min CLR pulse width

tia*® 5 ns min SCLK falling edge to SDO invalid

tiz*® 20 ns max SCLK falling edge to SDO valid

tia® 0 ns min SCLK falling edge to SYNC rising edge
tis® 10 ns min SYNC rising edge to SCLK rising edge

" Guaranteed by design and characterization, not production tested.
2 Allinput signals are specified with tr=tf =5 ns (10% to 90% of Vpp) and timed from a voltage level of (Vi + Vin)/2.

3 See Figure 4 and Figure 5.

4These are measured with the load circuit of Figure 4.
5> Daisy-chain mode only (see Figure 47).
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ABSOLUTE MAXIMUM RATINGS

Ta =25°C, unless otherwise noted.* Stresses above those listed under Absolute Maximum Ratings
may cause permanent damage to the device. This is a stress

Table 4. _ rating only; functional operation of the device at these or any
Parameter Rating other conditions above those indicated in the operational
Voo to GND —03Vto+7V section of this specification is not implied. Exposure to absolute
Digital Input Voltage to GND —0.3VtoVeo +0.3V maximum rating conditions for extended periods may affect
Digital Output Voltage to GND —0.3VtoVop +0.3V device reliability.
Reference Input Voltage to GND -03VtoVop +0.3V
VoutA, VourB to GND -03VtoVop +0.3V
Operating Temperature Range ESD CAUTION
Industrial (A, BVersion) —40°Cto +105°C ESD (electrostatic discharge) sensitive device.
Storage Temperature Range —65°Cto +150°C Charged devices and circuit boards can discharge
B o without detection.  Although this product features
Junction Temperature (T, Max) 150°C patented or proprietary protection circuitry, damage
16-Lead TSSOP Package ‘ !2 I\ may .occur on devices subjected to high energy ESD.
Power Dissipation (T, max —Ta)/Bm The.refore, proper ESD precaytions should be ta.ken .to
avoid performance degradation or loss of functionality.
6,1 Thermal Impedance 160°C/W
Lead Temperature JEDEC Industry Standard
Soldering J-STD-020

"Transient currents of upto 100 mA do not cause SCR latch-up.
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

CrR[1]* 16] sbo
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Figure 6. Pin Configuration

Table 5. Pin Function Descriptions

Pin No. Mnemonic | Description

1 CLR Active Low Control Input. Loads all zeros to both input and DACregisters.

2 LDAC Active Low Control Input. Transfers the contents of the inputfegisterstotheir respective DACregisters. Pulsing
this pinlow allows either or both DAC registers to be updated if the input registers have new data. This allows
the simultaneous update of both DAC outputs.

3 Voo Power Supply Input. These parts can be operated from 2.5V to 5.5V, and the supply should be decoupled to GND.

4 VrerB Reference InputPin for DAC B. It may be configured as a buffered or an unbuffered input, depending on the state
of the BUF B pin. It has an input range from 0V to Voo in unbufferedmode and from 1V to Voo in buffered mode.

5 VrerA Reference InputPin for DAC A. It may be configured as a buffered or an unbuffered input depending on the state
of the BUF A pin. It has an input range from 0 to Vpp in unbuffered mode and from 1V to Vop in buffered mode.

6 VoutA Buffered Analog Output Voltage from DAC A. The output amplifier has rail-to-rail operation.

7 BUF A Control Pin. Controls whether the reference inputfor DAC A is unbuffered or buffered. If this pin istied low, the
reference inputis unbuffered. Ifitis tied high, the reference inputis buffered.

8 BUF B Control Pin. Controls whether the reference input for DAC B is unbuffered or buffered. If this pinistied low, the
reference inputisunbuffered. If itis tied high, the reference inputis buffered.

9 DCEN This pinis used to enable the daisy-chaining option. This should be tied high if the part is being used in a daisy
chain. The pin should be tied low if itisbeing used in standalone mode.

10 PD Active Low Control Input./Acts.as a hardware power-down option. This pinoverrides any software power-down
option. Both DACs gorinto power-down mode when this pin is tiedlow. The DAC outputs go into a high
impedance state and the current consumption of the part drops to 200nA @5V (50 nA @ 3 V).

11 VourB Buffered Analog Output Voltage from DAC B.The output amplifier has rail-to-rail operation.

12 SYNC Active Low Control.Input. This is the frame synchronization signal for the input data. When SYNC goes low, it
powers on‘the SCLK and DIN buffers and enables the input shift register. Data is transferred in on the falling
edges of the following 16 clocks. If SYNC is taken high before the 16thfalling edge, the rising edge of SYNC acts
asan interruptand the write sequence isignored by the device.

13 SCLK Serial Clock Input. Data is clockedinto the input shift register on the falling edge of the serial clockinput. Data
can be transferred at rates up to 30 MHz. The SCLK input buffer is powered down after each write cycle.

14 DIN Serial Data Input.This device has a 16-bit shiftregister. Data is clocked into the register on the falling edge of the
serial clockinput. The DIN input buffer is powered down after each write cycle.

15 GND Ground Reference Pointfor All Circuitry on the Part.

16 SDO Serial Data Output. Can be used for daisy-chaining a number of these devices together or for reading back the

data in the shift register for diagnostic purposes.The serial data output is valid on the falling edge of the clock.

Downloaded from AFFOW.Com.
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TERMINOLOGY

Relative Accuracy or Integral Nonlinearity (INL)

For the DAC, relative accuracy or integral nonlinearity is a
measure of the maximum deviation, in LSB, from a straight
line passing through the actual endpoints of the DAC transfer
function. A typical INL error vs. code plot can be seen in
Figure 7, Figure 8, and Figure 9.

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 DNL of +1 LSB maximum ensures monotonic-
ity. This DAC is guaranteed monotonic by design. A typical
DNL error vs. code plot can be seen in Figure 10, Figure 11, and
Figure 12.

Offset Error

This is a measure of the offset error of the DAC and the output
amplifier. It is expressed as a percentage of the full-scale range.

Gain Error

This is a measure of the span error of the DAC. It is the devia-
tion in slope of the actual DAC transfer characteristic from the
ideal expressed as a percentage of the full-scale range.

Offset Error Drift
This is a measure of the change in offset error with changes in
temperature. It is expressed in (ppm of full-scale range)/°C.

Gain Error Drift
This is a measure of the change in gain error with changes in
temperature. It is expressed in (ppm of full-scale range)/°C.

Major-Code Transition Glitch Energy

Major-code transition glitch energy is the energy of the impulse
injected into the analog output when the code in the DAC register

changes state. It is normally specified as the area-of the glitch in

nV-s and is measured when the digital code is changed by 1 LSB
at the major carry transition (011...11t0100...00or 100...

00t0011...11).

Digital Feedthrough

Digital feedthrough is a measure of the impulse injected into
the analog output of the DAC from the digital input pins of the
device, but is measured when the DAC is not being written to
(SYNC held high). It is specified in nV-s and is measured with a
full-scale change on the digital input pins, that is, from all 0s to
all 1s and vice versa.

Analog Crosstalk
This is the glitch impulse transferred to the output of one DAC
due to a change in the output of the other DAC. It is measured

by loading one of the input registers with a full-scale code
change (all Os to all 1s and vice versa) while keeping LDAC
high. Then pulse LDAC low and monitor the output of the

DAC whose digital code was not changed. The area of the
glitch is expressed in nV-s.

DAC-to-DAC Crosstalk

This is the glitch impulse transferred to the output of one DAC
due to a digital code change and subsequent output change of
the other DAC. This includes both digital and analog crosstalk.
It is measured by loading one of the DACs with a full-scale code
change (all Os to all 1s and vice versa) while keeping LDAC low
and monitoring the output of the other DAC. The area of the
glitch is expressed in nV-s.

DC Crosstalk

This is the dc change in the outputlevel of one DAC in response
to a change in the output of the other DAC. It is measured with
a full-scale output change on one DAC while monitoring the
other DAC. It is expressed in microvolts.

Power SupplyRejection Ratio (PSRR)

This indicateshow the output of the DAC is affected by changes
in the supply voltage. PSRR is the ratio of the change in Vour to
a change in Vop for full-scale output of the DAC. It is measured
in decibels. Vrer isheld at2 V and Voo is varied £10%.

Reference Feedthrough

This is the ratio of the amplitude of the signal at the DAC output to
the reference input when the DAC output is not being updated
(thatis, LDAC s high). It is expressed in decibels.

Total Harmonic Distortion (THD)

This is the difference between an ideal sine wave and its
attenuated version using the DAC. The sine wave is used as
the reference for the DAC and the THD is a measure of the

harmonics present on the DAC output. It is measured in
decibels.

Multiplying Bandwidth

The amplifiers within the DAC have a finite bandwidth. The
multiplying bandwidth is a measure of this. A sine wave on the
reference (with full-scale code loaded to the DAC) appears on
the output. The multiplying bandwidth is the frequency at
which the output amplitude falls to 3 dB below the input.

Channel-To-Channel Isolation

This is a ratio of the amplitude of the signal at the output of one
DAC to a sine wave on the reference input of the other DAC. It
is measured in decibels.
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 7. AD5303 Typical INL Plot
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Vpp = 5V
Tp = 25°C

cHz2| CLK

CH1 Vour

00472-022

CH1 1V, CH2 5V, TIME BASE = 5us/DIV

Figure 22:Half-Scale Settling (Yato % Scale Code Change)

Tp =25°C

Vb /

/]
/
CH1
VoutA
CH2
CH1 1V, CH2 1V, TIME BASE = 20ps/DIV g
Figure 23. Power-On Reset to 0 V
I
Ta = 25°C
/TN
~
Vour
CH1
CH3
CLK

00472-024

CH1 1V, CH3 5V, TIME BASE = 1us/DIV

Figure 24. Exiting Power-Down to Midscale
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2.50

2.49

Vout (V)

N\

2.48 j

N
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Figure 25. AD5323 Major-Code Transition
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00472-025

FULL-SCALE ERROR (V)

00472-026

Figure 26. Multiplying Bandwidth (Small-Signal Frequency Response)
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Figure 27. DAC-to-DAC Crosstalk
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Figure 28. Full-Scale Error vs. Vger (Buffered)
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AD3303

FUNCTIONAL DESCRIPTION

The AD5303/AD5313/AD5323 are dual resistor-string DACs
fabricated on a CMOS process with resolutions of 8-/10-/12-bits
respectively. They contain reference buffers and output buffer
amplifiers, and are written to via a 3-wire serial interface. They
operate from single supplies of 2.5 V to 5.5 V and the output
buffer amplifiers provide rail-to-rail output swing with a slew
rate of 0.7 V/us. Each DAC is provided with a separate reference
input, which may be buffered to draw virtually no current from
the reference source, or unbuffered to give a reference input
range from GND to Vop. The devices have three programmable
power-down modes, in which one or both DACs may be turned
off completely with a high impedance output, or the output may
be pulled low by an on-chip resistor.

DIGITAL-TO-ANALOG

The architecture of one DAC channel consists of a reference
buffer and a resistor-string DAC followed by an output buffer
amplifier. The voltage at the Vrer pin provides the reference
voltage for the DAC. Figure 29 shows a block diagram of the
DAC architecture. Because the input coding to the DAC is
straight binary, the ideal output voltage is given by

Vs XD

Vour = N

our
where:
D is the decimal equivalent of the binary code, which is loaded
to the DAC register:
0 to 255 for AD5303 (8 bits)
0to 1023 for AD5313 (10 bits)
0 to 4095 for AD5323 (12 bits)

N is the DAC resolution.
VRerA
SWITCH
CONTROLLED
REFERENCE ~— Bv CONTROL
BUFFER LoGIC

INPUT N DAC N RESISTOR

VoutA
REGISTER [ REGISTER |4, | STRING

OUTPUT BUFFER
AMPLIFIER

Figure 29. Single DAC Channel Architecture

00472-029

RESISTOR STRING

The resistor string section of the AD5303/AD5313/AD5323
is shown in Figure 30. It is simply a string of resistors, each of
value R. The digital code loaded to the DAC register determines
at what node on the string the voltage is tapped off to be fed
into the output amplifier. The voltage is tapped off by closing
one of the switches connecting the string to the amplifier.
Because it is a string of resistors, it is guaranteed monotonic.
-
o
_O\)__:_>TO ouTPUT
C o\ | AMPLIFIER

R

R

SAAA-SAMAGAAA
\AA S\AAS BAAS

Y
q SAA

W
00472-030

Figure 30. Resistor String

DACREFERENCE INPUTS

There is areference input pin for each of the two DACs. The
reference inputs are buffered, but can also be configured as
unbuffered. The advantage with the buffered input is the high
impedance it presents to the voltage source driving it. However,
if the unbuffered mode is used, the user can have a reference
voltage as low as GND and as high as Voo since there is no
restriction due to headroom and footroom of the reference
amplifier.

If there is a buffered reference in the circuit (for example,
REF192), there is no need to use the on-chip buffers of the
AD5303/AD5313/AD5323. In unbuffered mode, the input
impedance is still large at typically 180 kQ per reference input
for 0 V to Vrer mode and 90 kQ for 0 V to 2 Vrer mode.

The buffered/unbuffered option is controlled by the BUF A
and BUF B pins. If a BUF pin is tied high, the reference input
is buffered; if tied low, it is unbuffered.

OUTPUT AMPLIFIER

The output buffer amplifier is capable of generating output
voltages to within 1 mV of either rail, which gives an output
range of 0.001 V to Vpp — 0.001 V when the reference is Vop.
It is capable of driving a load of 2 kQ) in parallel with 500 pF to
GND and Vop. The source and sink capabilities of the output
amplifier can be seen in Figure 17.

The slew rate is 0.7 V/ps with a half-scale settling time to
+0.5 LSB (at eight bits) of 6 ps.
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AD3303

POWER-ON RESET

The AD5303/AD5313/AD5323 are provided with a power-on
reset function, so that they power up in a defined state. The

power-on state is with 0V to Vrer output range and the output
setto0 V.

Both input and DAC registers are filled with zeros and remain
so until a valid write sequence is made to the device. This is

particularly useful in applications where it is important to know
the state of the DAC outputs while the device is powering up.

CLEAR FUNCTION (CLR)

The CLR pin is an active low input that, when pulled low, loads

all zeros to both input registers and both DAC registers. This
enables both analog outputs to be cleared to 0 V.

Rev. C | Page 16 of 28
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AD3303

SERIAL INTERFACE

The AD5303/AD5313/AD5323 are controlled over a versatile,
3-wire serial interface, which operates at clock rates up to

30 MHz and is compatible with SPI, QSPI, MICROWIRE,
and DSP interface standards.

INPUT SHIFT REGISTER

The input shift register is 16 bits wide. Data is loaded into

the device as a 16-bit word under the control of a serial clock
input, SCLK. The timing diagram for this operation is shown in
Figure 5. The 16-bit word consists of four control bits followed
by 8 /10 /12 bits of DAC data, depending on the device type.
The first bit loaded is the MSB (Bit 15), which determines whether
the data is for DAC A or DAC B. Bit 14 determines the output
range (0 Vto Vrer or 0 V to 2 Vrer). Bit 13 and Bit 12 control the
operating mode of the DAC.

Table 6. Control Bits

Power-On

Bit | Name | Function Default
15 | A/B 0: data writtento DACA N/A

1: data writtento DACB
14 | GAIN | 0:outputrange of 0V to Ve 0

1: output range of 0V to 2 Ve
13 | PD1 Mode bit 0
12 | PDO Mode bit 0

The remainingbits are DAC data bits, starting with the MSB
and ending with the LSB. The AD5323 usesall 12 bits of DAC
data; the AD5313 uses 10 bits and ignores'the 2 LSBs: The
AD5303 uses eight bits and ignores the last four bits. The data
format is straight binary, with all Os corresponding to 0 V output,
and all 1s corresponding to full-scale output (Vg =1 LSB).

The SYNC input is a level-triggered input that acts as a frame
synchronization signal and chip enable. Data can be transferred
into the device only while SYNC is low. To start the serial data

transfer, SYNC should be taken low, observing the minimum
SYNC to SCLK rising edge setup time, t.. After SYNC goes low,

serial data is shifted into the device’s input shift register on the
falling edges of SCLK for 16 clock pulses. Any data and clock
pulses after the 16th are ignored, and no further serial data

transfer occurs until SYNC is taken high and low again.

SYNC may be taken high after the falling edge of the 16th SCLK
pulse, observing the minimum SCLK falling edge to SYNC
rising edge time, t.

After the end of serial data transfer, data is automatically
transferred from the input shift register to the input register
of the selected DAC. If SYNC is taken high before the 16th
falling edge of SCLK, the data transfer is aborted and the input
registers are not updated.

When data has been transferred into both input registers, the
DAC registers of both DACs may be simultaneously updated,
by taking LDAC low. CLR is an active low, asynchronous clear
that clears the input and DACtegisters of both DACs to all Os.

LOW POWER SERIAL INTERFACE

To reduce the power.consumption of the device even further,
the interface onlypowers up fully when the device is being
written to. As soon as the 16-bit control word has been written
to the part, the SCLK and DIN input buffers are powered down.
They only power up again following a falling edge of SYNC.

DOUBLE-BUFFERED INTERFACE

The DACs all have double-buffered interfaces consisting of two
banks of registers—input registers and DAC registers. The input
register is connected directly to the input shift register and the
digital code is transferred to the relevant input register on com-
pletionof a valid write sequence. The DAC register contains the
digital code used by the resistor string.

Access to the DAC register is controlled by the LDAC function.
When LDAC is high, the DAC register is latched and the input
register may change state without affecting the contents of the
DAC register. However, when LDAC is brought low, the DAC

register becomes transparent and the contents of the input reg-
ister are transferred to it.

This is useful if the user requires simultaneous updating of
both DAC outputs. The user may write to both input registers
individually and then, by pulsing the LDAC input low, both
outputs update simultaneously.

These parts contain an extra feature whereby the DAC register
is not updated unless its input register has been updated since
the last time that LDAC was brought low. Normally, when LDAC
is brought low, the DAC registers are filled with the contents of
the input registers. In the case of the AD5303/AD5313/AD5323,
the part only updates the DAC register if the input register has
been changed since the last time the DAC register was updated,
thereby removing unnecessary digital crosstalk.
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DB15 (MSB) DBO (LSB)
|K/B|GAIN|PD1|PDO| D7|D6|D5| D4|D3| D2| D1|DO| X | X | X | X |
|«—— pataBTs ——»]

Figure 31. AD5303 Input Shift Register Contents
DB15 (MSB) DBO (LSB)
|K/B|GAIN|PD1|PDO| D9 | D8| D7| D6 | D5| D4 | D3 | D2 | D1| DO| X | X |
fe—— pATABTS ———— |
Figure 32. AD5313 Input Shift Register Contents
DB15 (MSB) DBO (LSB)
| K/B|GA|N| PD1|PDO|D11|D10| D9| D8| D7 | D6| D5| D4| D3| D2 | D1 | DO |

IA DATA BITS

Figure 33. AD5323 Input Shift Register Contents
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AD3303

POWER-DOWN MODES

The AD5303/AD5313/AD5323 have very low power consump-
tion, dissipating only 0.7 mW with a 3 V supply and 1.5 mW
with a 5 V supply. Power consumption can be further reduced
when the DACs are not in use by putting them into one of three
power-down modes, which are selected by Bit 13 and Bit 12
(PD1 and PDO) of the control word. Table 7 shows how the
state of the bits corresponds to the mode of operation of that
particular DAC.

Table 7. PD1/PD0 Operating Modes

PD1 PDO | Operating Mode

Normal operation

Power-down (1 kQ load to GND)
Power-down (100 kQ load to GND)
Power-down (high impedance output)

- - O O

0
1
0
1

When both bits are set to 0, the DACs work normally with their
normal power consumption of 300 pA at 5 V. However, for the
three power-down modes, the supply current falls to 200 nA at
5V (50 nA at 3 V) when both DACs are powered down. Not
only does the supply current drop, 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 part is known while the part isin
power-down mode and provides a defined input condition

for whatever is connected to the output of the DAC amplifier.

There are three different power-down options. The output is
connected internally to GND through either a 1 kQ) resistor or
a 100 kQ resistor, or it is left in a high impedance state (three-
state). The output stage is illustrated in Figure 34.

The bias generator, the output amplifier, the resistor string, and
all other associated linear circuitry are shut down when the
power-down mode is activated. However, the contents of the
registers are unaffected when in power-down. The time to exit
power-down is typically 2.5 psfor Vop =5 Vand 5 ps when
Vop =3 V (see Figure 24 for a plot).

The software power-down modes programmed by PD0 and
PD1 are overriddenby the PD pin. Taking this pin low puts
both DACs intopower-down mode simultaneously and both
outputs are put into a high impedance state. If PD is not used,
it should be tied high.

AMPLIFIER

RESISTOR
STRING DAC

I O
POWER-DOWN RESISTOR
CIRCUITRY NETWORK

Figure 34. Output Stage During Power-Down

00472-034
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AD3303

MICROPROCESSER INTERFACING

AD5303/AD5313/AD5323 TO ADSP-2101
INTERFACE

Figure 35 shows aserial interface between the AD5303/AD5313/
AD5323 and the ADSP-2101. The ADSP-2101 should be set up
to operate in the SPORT transmit alternate framing mode. The
ADSP-2101 sport is programmed through the SPORT control
register and should be configured as follows: internal clock
operation, active-low framing, 16-bit word length. Transmission
is initiated by writing a word to the Tx register after the SPORT
has been enabled.

ADSP-2101 AD5303/
AD5313/
AD5323*
TFS »{SYNC
DT »{ DIN
SCLK »{SCLK

00472-035

*ADDITIONAL PINS OMITTED FOR CLARITY
Figure 35. AD5303/AD5313/AD5323 to ADSP-2101 Interface

AD5303/AD5313/AD5323 TO 68HC11/68L11
INTERFACE

Figure 36 shows a serial interface between the AD5303/
AD5313/AD5323 and the 68HC11/68L11 microcontroller.
SCK of the 68HC11/68L11 drives the SCLK of the AD5303/
AD5313/AD5323, while the MOSI output drives the serial data
line (DIN) of the DAC. The SYNC signal is derived from a port
line (PC7). The setup conditions for correct operation of this
interface are as follows: the 68HC11/68L11 should be con-
figured so that its CPOL bitisa 0 and its CPHA bitisa 1.
When data is being transmitted to the DAC, the SYNC line

is taken low (PC7). When the 68HC11/68L11 is.configured

as previously mentioned, data appearing on the MOSI output
is valid on the falling edge of SCK. Serial data from the 68HC11/
68L11 is transmitted in 8<bit bytes with only eight falling clock
edges occurring in thetransmit cycle. Data is transmitted MSB
first. To load data to the AD5303/AD5313/ AD5323, PC7 is left
low after the first eight bits are transferred and a second serial
write operation is performed to the DAC; PC7 is taken high at
the end of this procedure.

68HC11/68L11* AD5303/
AD5313/
AD5323*
PC7 »|SYNC
SCK »|SCLK
MOSI »|DIN

00472-036

*ADDITIONAL PINS OMITTED FOR CLARITY
Figure 36. AD5303/AD5313/AD5323 to68HC11/68L11 Interface

AD5303/AD5313/AD5323 TO 80C51/80L51
INTERFACE

Figure 37 shows a serial interface between the AD5303/
AD5313/AD5323 and the 80C51/80L51 microcontroller. The
setup for the interface is as follows: TXD of the 80C51/80L51
drives SCLK of the AD5303/AD5313/AD5323, while RXD
drives the serial data line of the part. The SYNC signal is again
derived from a bit programmable pin on the port. In this case,
port line P3.3 is used. When data is to be transmitted to the
AD5303/AD5313/AD5323, P3:3 is takendow. The 80C51/80L51
transmits data only in 8-bit bytes; thus only eight falling clock
edges occur in the transmit cycle. To load data to the DAC, P3.3
is left low after the first eight bits are transmitted and a second
write cycle is initiated to transmit the second byte of data. P3.3
is taken high following the completion of this cycle. The 80C51/
80L51 output the serial data in a format that has the LSB first.
The AD5303/AD5313/AD5323 require data with MSB as the
first bit received. The 80C51/80L51 transmit routine should
take this into account.

80C51/80L51* AD5303/
AD5313/
AD5323*
P3.3 | SYNC
TXD | SCLK
RXD »{ DIN

00472-037

*ADDITIONAL PINS OMITTED FOR CLARITY.
Figure 37. AD5303/AD5313/AD5323 to80C51/80L51 Interface

AD5303/AD5313/AD5323 TO MICROWIRE
INTERFACE

Figure 38 shows an interface between the AD5303/AD5313/
AD5323 and any MICROWIRE-compatible device. Serial
data is shifted out on the falling edge of the serial clock and
is clocked into the AD5303/AD5313/AD5323 on the rising
edge of the SK.

MICROWIRE* AD5303/
AD5313/
AD5323*
cs SYNC
SK —[>o—> SCLK
so »|DIN

00472-038

*ADDITIONAL PINS OMITTED FOR CLARITY.
Figure 38. AD5303/AD5313/AD5323 to MICROWIRE Interface
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AD3303

APPLICATIONS INFORMATION

TYPICAL APPLICATION CIRCUIT

The AD5303/AD5313/AD5323 can be used with a wide range
of reference voltages, especially if the reference inputs are con-
figured to be unbuffered, in which case the devices offer a full,

one-quadrant multiplying capability over a reference range of
0V to Vop.

More typically, the AD5303/AD5313/AD5323 may be used
with a fixed precision reference voltage. Figure 39 shows a
typical setup for the AD5303/AD5313/AD5323 when using
an external reference. If the reference inputs are unbuffered,
the reference input range is from 0 V to Vpp, but if the on-chip
reference buffers are used, the reference range is reduced. Suit-
able references for 5 V operation are the AD780 and REF192
(2.5 V references). For 2.5 V operation, a suitable external
reference is the REF191,a 2.048 V reference.

Vpp = 2.5V 10 5.5V

Vob
EXT
REF Vour _'L VRerA VoutA —O
; 1uF L VRrerB
AD780/REF192
WITH Vpp = 5V g AD5303/AD5313/
OR REF191 WITH AD5323
Vpp = 2.5V SCLK
DIN
SYNC VourB—o
GND BUF A BUFB

SERIAL
INTERFACE

Figure 39. AD5303/AD5313/AD5323 Using External Reference

00472-039

If an output range of 0 V to Vop is required when'the reference
inputs are configured as unbuffered (for example, 0 Vto 5 V),
the simplest solution is to connect the reference inputs to Voo.
As this supply may not be very accurate andmay be noisy, the
AD5303/AD5313/AD5323 can be powered from the reference
voltage, for example, using a 5 V- reference such as the REF195,
as shown in Figure 40. The REF195 outputs a steady supply
voltage for the AD5303/AD5313/AD5323. The supply current
required from the REF195 is 300 pA and approximately 30 pA
or 60 pA into each of the reference inputs (if unbuffered). This
is with no load on the DAC outputs. When the DAC outputs are
loaded, the REF195 also needs to supply the current to the
loads. The total current required (with a 10 kQ load on each
output) is

360 pA +2(5V/10kQ) =1.36 mA
The load regulation of the REF195 is typically 2 ppm/mA, which
results in an error of 2.7 ppm (13.5 uV) for the 1.36 mA current

drawn from it. This corresponds to a 0.0007 LSB error at eight
bits and 0.011 LSB error at 12 bits.

15v

0.1uF 10pF
REF195 g g
OUTPUTI—4- *— Voo
GND 1pF & VRerA VoutA -0
$ g VrerB

AD5303/AD5313/
AD5323
SCLK

DIN
e VourB
SYNC ourB =0
f GND. BUF A BUF B
SERIAL
INTERFACE
Figure 40..Using an REF195 as Power and Reference to the
AD5303/AD5313/AD5323

BIPOLAR OPERATION USING THE AD5303/
AD5313/AD5323

The AD5303/AD5313/AD5323 have been designed for single-
supply operation, but bipolar operation is also achievable using
the circuit shown in Figure 41. The circuit shown has been con-
figured to achieve an output voltage range of -5 V < Vour <+5 V.

00472-040

Rail-to-rail operation at the amplifier output is achievable using
an AD820 or OP295 as the output amplifier.

6Vto 16V
o

| R P PR
0.1uF =< 10uF Q ey
;l; @ R1
10kQ

R2
10kQ

Vs Wy -
—O 5V

REF195 Vpp + AD820/

OUTPUT|—o VRerA/B OP295

GND 1 1pF v

% g AD5303/AD5313/

AD5323
SCLK

DIN
— VouTA/B
SYNC our
GND BUF A BUF B
SERIAL
INTERFACE

Figure 41. Bipolar Operation Using the AD5303/AD5313/AD5323

00472-041

The output voltage for any input code can be calculated as
follows:

Vour = (Vg ) X (D127 ) x (RI+ R2) / R1 = Vg x (R2/ R1)]

where:
D is the decimal equivalent of the code loaded to the DAC.
N is the DAC resolution.
Vrer is the reference voltage input, and gain bit = 0, with
Veer =5V
RI=R2=10kQandVop=5YV,

Vour =10xD/2V) -5V
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AD3303

OPTO-ISOLATED INTERFACE FOR PROCESS SCLK © AD5303/
CONTROL APPLICATIONS SYNC AD5313/
DIN O DIN  AD5323
The AD5303/AD5313/AD5323 has a versatile 3-wire serial V'ID'D $— SCLK
interface making it ideal for generating accurate voltages in Vee
process control and industrial applications. Due to noise, safety ENABLE 0—{1G 130 1Y0k AD5303/
requirements, or distance, it may be necessary to isolate the copep O—{1A TARCI39 vk SYNC AD5313/
AD5303/AD5313/AD5323 from the controller. This can easily ADDRESS {1 gi 1 THE D AD5s23
be achieved by using opto-isolators, which provides isolation DGND
in excess of 3 kV. The serial loading structure of the AD5303/ L AD5303/
AD5313/AD5323 makes it ideally suited for use in opto-isolated SYNG AD5313/
applications. Figure 42 shows an opto-isolated interface to the 1]on  ADS323
AD5303/AD5313/AD5323 where DIN, SCLK, and SYNC are
driven from opto-couplers. The power supply to the part also
needs to be isolated. This is done by using a transformer. On the ﬁggggg;
DAC side of the transformer, a 5 V regulator provides the 5V S:(NNC AD5323 | 2
supply required for the AD5303/AD5313/AD5323. | SCK g
5v R Figure 43. Decoding Multiple AD5303/AD5313/AD5323 Devices ina System
REGULATOR T 1
POWER g W ;g M AD5303/AD5313/AD5323 AS A DIGITALLY
ad PROGRAMMABLE WINDOW DETECTOR
Voo 1 A digitally programmable upper/lower limit detector using
10kQ Voo the two DACs'in the AD5303/AD5313/AD5323 is shown in
SCLK 00— SCLK VRerA Figure 44. The upper and lower limits for the test are loaded
G[ o> VierB to DAC A and DAC B, which, in turn, set the limits on the
I = .. |ADss03aDs313/ CMP04.§fthe;1gnal aigllg Yncql‘mput 1;ncf)t'ifv1th1(li1.t'he pro-
10“% AD5323 grammed window, an Indicates the fail condition.
VoutA |—o 5V O—e >
SyNco *—] SvNC VourB |—o e 0-1uF e 1047 Vin 3xa 1kQ
C > Vo ® AL PASS
= L \Y NS
= Vpp REF O—E xiiig VoutA h A M
10k0% AD5303/AD5313/ - AN
DIN o DIN AD5323 12 PASSIFAIL
ey SYNC 0—] S¥RC NG,
@[ = GND BUF A BUF B ) o o— o
= = é_l_‘ 2 SCLK O— sCLK VourB p 1/6 74HCO5
3 GND :o;
Figure 42. AD5303/AD5313/AD5323 in an Opto-Isolated Interface é %7 g

The SYNC pin on the' AD5303/AD5313/AD5323 can be used
in applications to decodea number of DACs. In this application,
all the DACs in the system receive the same serial clock and

serial data, but only the SYNC to one of the devices is active at

any one time, allowing access to two channels in this 8-channel
system. The 74HC139 is used as a 2-to-4 line decoder toaddress
any of the DACs in the system. To prevent timing errors from
occurring, the enable input should be brought to its inactive
state while the coded address inputs are changing state.

Figure 43 shows a diagram of a typical setup for decoding
multiple AD5303/AD5313/AD5323 devices in a system.
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AD3303

COARSE AND FINE ADJUSTMENT USING THE A continuous SCLK source may be used if it can be arranged
AD5303/AD5313/AD5323 that SYNC is held low for the correct number of clock cycles.
The DACs in the AD5303/AD5313/AD5323 can be paired Alternatively, a burst clock containing the exact number of

together to form a coarse and fine adjustment function, as clock cycles may be used and SYNC may be taken high some

shown in Figure 45. DAC A provides the coarse adjustment time later.
while DAC B provides the fine adjustment. Varying the ratio When the transfer to all input registers is complete, a common
of R1 and R2 changes the relative effect of the coarse and fine LDAC signal updates all DAC registers and all analog outputs
adjustments. With the resistor values and external reference are updated simultaneously.
shown, the output amplifier has unity gain for the DAC A
output, so the output range is 0 V to 2.5 V — 1 LSB. For 68HC11L 2823225
DAC B, the amplifier has a gain of 7.6 x 107, giving DAC B AD53231
MOSI o 1
a range equal to 19 mV. (DAC 1)
scK = scLk
The circuit is shown with a 2.5 V reference, but reference - »| svne
voltages up to Vpp may be used. The op amps indicated allow Pes ~| A
a rail-to-rail output swing. M:fo Sbo
Vpp =5V Y
? R3 R4 DIN
T 1 sika | so0n AD5303/
| ;; 0.14F g 104F %7 ey AD5313/
YN b scLk AD5323t
EXT 2.5V 2 (DAC 2)
REFV Vbp R1 —OVour | SYNC
ouT— VREFA VoutA [ZW—e1t 1" AD820/ ==
GND L 1uF 390Q OP295 ILPAC (oo
é ;l; AD5303/AD5313/
AD5323 Y
AD780/REF192 DIN
WITH Vpp = 5V R
VRerB VourB AD5303/
512k . AD5313/
T 2 > scLk AD5323t
$ g ___ (DACN)
g >| SYNC
Figure 45. Coarse and Fine Adjustment »| TBAC
SDO
DAISY-CHAIN MODE [ g
This mode is used for updating serially connected or standalone LADDITIONAL PINS OMITTED FOR CLARITY. 3
devices on the rising edge of SYNC: For systems that contain Figure 46. Daisy-Chain Mode

several DACs, or where the user wishes to read back the DAC
contents for diagnostic purposes, the SDO pin may be used to
daisy-chain several devices togetherand provide serial readback.

By connecting the daisy-chain enable (DCEN) pin high, the
daisy-chain mode'is enabled. It is tied low in standalone mode.
In daisy-chain mode, the internal gating on SCLK is disabled.
The SCLK is continuously applied to the input shift register
when SYNC is low. If more than 16 clock pulses are applied,

the data ripples out of the shift register and appears on the SDO
line. This data is clocked out after the falling edge of SCLK and
is valid on the subsequent rising and falling edges. By connect-
ing this line to the DIN input on the next DAC in the chain, a
multiDAC interface is constructed. Sixteen clock pulses are
required for each DAC in the system. Therefore, the total
number of clock cycles must equal 16N, where N is the total
number of devices in the chain. When the serial transfer to all
devices is complete, SYNC should be taken high. This prevents
any further data from being clocked into the input shift register.
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SCLK
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SYNC
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DIN

.

INPUT WORD FOR DAC N

INPUT WORD FOR DAC (N+1)

- OO ---@-

UNDEFINED

SCLK

INPUT WORD FOR DAC N

SDO

FVin

t12

00472-047

Figure 47. Daisy-Chaining Timing Diagram

POWER SUPPLY BYPASSING AND GROUNDING

In any circuit where accuracy is important, careful considera-
tion of the power supply and ground return layout helps to
ensure the rated performance. The printed circuit board on
which the AD5303/AD5313/AD5323 are mounted should be
designed so that the analog and digital sections are separated
and confined to certain areas of the board. If the AD5303/
AD5313/AD5323 are in a system where multiple devices
require an AGND-to-DGND connection, the connection
should be made at one point only. The star ground point
should be established as close as possible to the AD5303/
AD5313/AD5323. The AD5303/AD5313/AD5323 should
have ample supply bypassing of 10 uF in-parallel with 0.1 pF
on the supply located as close to the package as possible, ideally
right up against the device. Use 10 UF capacitors that are of the
tantalum bead type. The 0.1 uF capacitor should have low
effective series resistance (ESR) and effective series inductance

(ESI), like the common ceramic types that provide a low
impedance path to ground at high frequencies to handle
transient currents due to internal logic switching,

The power supply lines of the AD5303/AD5313/AD5323 should
use as large a trace as possible to provide low impedance paths
and reduce the effects of glitches on the power supply line. Fast
switching signals such as clocks should be shielded with digital
ground to avoid radiating noise to other parts of the board, and
should never be run near the reference inputs. Avoid crossover
of digital and analog signals. Traces on opposite sides of the
board should run at right angles to each other. This reduces
the effects of feedthrough through the board. A microstrip
technique is by far the best, but is not always possible with a
double-sided board. In this technique, the component side of
the board is dedicated to the ground plane while signal traces
are placed on the solder side.
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OUTLINE DIMENSIONS
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COMPLIANT TO JEDEC STANDARDS MO-153-AB
Figure 48. 16-Lead Thin Shrink Small Outline Package [TSSOP]

(RU-16)
Dimensions shown in millimeters

ORDERING GUIDE

Model Temperature Range Package Description Package Option
AD5303ARU -40°Cto +105°C 16-Lead Thin Shrink Small Qutline Package (TSSOP) RU-16
AD5303ARU-REEL7 -40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5303ARUZ’ -40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5303BRU -40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5303BRU-REEL -40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5303BRU-REEL7 -40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5303BRUZ! -40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5303BRUZ-REEL7’ -40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5313ARU -40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5313ARU-REEL7 -40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5313ARUZ' -40°Cto+105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5313BRU -40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5313BRU-REEL =40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5313BRU-REEL7 -40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5313BRUZ’ -40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5323ARU -40°Cto+105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5323ARU-REEL7 -40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5323ARUZ’ -40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5323ARUZ-REEL7! =40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5323BRU -40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5323BRU-REEL -40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5323BRU-REEL7 -40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5323BRUZ! -40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5323BRUZ-REEL' -40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16
AD5323BRUZ-REEL7' -40°Cto +105°C 16-Lead Thin Shrink Small Outline Package (TSSOP) RU-16

1 Z=RoHS Compliant Part.
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NOTES
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