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2-Wire Serial 8-Bit DACs with

General Description

The MAX517/MAX518/MAX519 are 8-bit voltage output
digital-to-analog converters (DACs) with a simple 2-wire
serial interface that allows communication between
multiple devices. They operate from a single 5V supply
and their internal precision buffers allow the DAC out-
puts to swing rail-to-rail.

The MAX517 is a single DAC and the MAX518/MAX519
are dual DACs. The MAX518 uses the supply voltage
as the reference for both DACs. The MAX517 has a ref-
erence input for its single DAC and each of the
MAX519’s two DACs has its own reference input.

The MAX517/MAX518/MAX519 feature a serial interface
and internal software protocol, allowing communication
at data rates up to 400kbps. The interface, combined
with the double-buffered input configuration, allows the
DAC registers of the dual devices to be updated indi-
vidually or simultaneously. In addition, the devices can
be put into a low-power shutdown mode that reduces
supply current to 4pA. Power-on reset ensures the DAC
outputs are at OV when power is initially applied.

The MAX517/MAX518 are available in space-saving 8-
pin DIP and SO packages. The MAX519 comes in 16-
pin DIP and SO packages.

Applications
Minimum Component Analog Systems

Digital Offset/Gain Adjustment

Industrial Process Control

Automatic Test Equipment

Programmable Attenuators

Pin Configurations

Rail-to-Rail Outputs

Features

Single +5V Supply

Simple 2-Wire Serial Interface

I2C Compatible

Output Buffer Amplifiers Swing Rail-to-Rail

Space-Saving 8-pin DIP/SO Packages
(MAX517/MAX518)

Reference Input Range Includes Both Supply Rails
(MAX517/MAX519)

¢ Power-On Reset Clears All Latches
4 4pA Power-Down Mode

* & & o o

<*

Ordering Information

TUE
PART TEMP RANGE PIN-PACKAGE (LSB)
MAX517ACPA 0°Cto +70°C 8 Plastic DIP 1
MAX517BCPA 0°Cto +70°C 8 Plastic DIP 1.5
MAX517ACSA 0°Cto +70°C 880 1
MAX517BCSA 0°Cto +70°C 88O 1.5
MAX517BC/D 0°Cto +70°C  Dice* 1.5

TOP VIEW
—
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() ARE FOR MAX517

Pin Configurations continued at end of data sheet.

MAXIM

Ordering Information continued at end of data sheet.
*Dice are specified at Ta = +25°C, DC parameters only.
**Contact factory for availability and processing to MIL-STD-883.

Functional Diagram
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Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MAX517/MAX518/MAX519

2-Wire Serial 8-Bit DACs with

Rail-to-Rail Outputs

ABSOLUTE MAXIMUM RATINGS
VDD 10 GND .o -0.3V to +6V

OUT_ o -0.3V to (Vpp + 0.3V)
REF_ (MAX517, MAX519) -0.3V to (Vpp + 0.3V)
AD it -0.3V to (Vpp + 0.3V)
SCL, SDA 10 GND.....ooviiiiiiiiiiieece e -0.3Vto +6V
Maximum Current into Any Pin........cooiiii 50mA

Continuous Power Dissipation (Ta = +70°C)
8-Pin Plastic DIP (derate 9.09mW/°C above +70°C) ...727mW
8-Pin SO (derate 5.88mW/°C above +70°C)................ 471mwW
8-Pin CERDIP (derate 8.00mW/°C above +70°C)........ 640mwW

16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)..842mW

16-Pin Narrow SO (derate 8.70mW/°C above +70°C) ...696mW

16-Pin CERDIP (derate 10.00mW/°C above +70°C)......800mW
Operating Temperature Ranges

MAXBT_C_ i 0°C to +70°C
MAX51_E_ _ -40°C to +85°C
MAXST_MUB ..o -65°C to +125°C
Storage Temperature Range ............ccccoeoeee -65°C to +150°C
Lead Temperature (soldering, 10S) .....cccccceevriiiiirninnnn. +300°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(VDD = 5V £10%, VRer_ = 4V (MAX517, MAX519), RL = 10kQ, CL = 100pF, Ta = TMIN to TMmAX, unless otherwise noted.

Typical values are Ta = +25°C.)

PARAMETER | symBOL | CONDITIONS MIN  TYP  MAX | UNITS |
STATIC ACCURACY
Resolution 8 Bits
MAX51 _A +1
Total Unadjusted Error (Note 1) TUE LSB
MAX51 _B +1.5
Differential Nonlinearity (Note 1) DNL Guaranteed monotonic +1 LSB
MAX51 _C 18
Zero-Code Error ZCE Code = 00 hex MAX51 _E 20 mV
MAX51 _BM 20
MAX51 _C +1
Zero-Code-Error Supply Rejection Code = 00 hex MAX51 _E +1 mV
MAX51 _BM +1
Zero-Code-Error Temperature Coefficient Code = 00 hex +10 uv/eC
MAX51 _C +18
Full-Scale Error m‘:g 1;&?{%@ 4 | MAXs1_E +20 mv
MAX51 _BM +20
MAX517, MAX519 | MAX51_C d
Full-Scale-Error Supply Rejection Code = FF hex MAX51 _E +1 mV
VoD = +5V 10% [ MAX51_BM +1
Full-Scale-Error Temperature Coefficient Code = FF hex +10 uv/eC
2 M AXIW




2-Wire Serial 8-Bit DACs with
Rail-to-Rail Outputs

ELECTRICAL CHARACTERISTICS (continued)

(VDD = 5V £10%, VRer_ = 4V (MAX517, MAX519), RL = 10kQ, CL = 100pF, Ta = TMmIN to TmAX, unless otherwise noted.
Typical values are Ta = +25°C.)

PARAMETER |sYmBoL | CONDITIONS MIN TYP MAX [UNITS]|

REFERENCE INPUTS (MAX517, MAX519)
Input Voltage Range 0 VDD \
Input Resistance RIN Code = 55 hex (Note 2) 16 24 kQ
Input Current Power-down mode +10 pA
Input Capacitance Code = FF hex (Note 3) 30 pF
(C,\;ﬁ;g?gt)o@hannel Isolation (Note 4) 60 dB
AC Feedthrough (Note 5) -70 dB
DAC OUTPUTS
Full-Scale Output Voltage 0 VDD \

OUT_ = 4V, OmA to 2.5mA 0.25

MAX51 _C/E, REF_ = VpD

(MAX517, MAX519), code = FF hex, 15
Output Load Regulation OpA to 500pA LSB

MAX51 _M, REF_ = Vpp

(MAX517, MAX519), code = FF hex, 2.0

OpA to 500pA
Output Leakage Current OUT_ = 0V to Vpp, power-down mode +10 HA
DIGITAL INPUTS SCL, SDA
Input High Voltage VIH 0.7VpbD Vv
Input Low Voltage ViL 0.3Vpp \
Input Leakage Current IIN OV <VIN<SVDD +10 pA
Input Hysteresis VHYST 0.05VpD \
Input Capacitance CIN (Note 6) 10 pF
DIGITAL INPUTS ADO, AD1, AD2, AD3
Input High Voltage VIH 2.4 Vv
Input Low Voltage ViL 0.8 \Y
Input Leakage Current IIN VIN = 0V to VDD +10 pA
DIGITAL OUTPUT SDA (Note 7)
Output Low Voltage VoL ISINK = SmA 04 %

ISINK = BMA 0.6
Three-State Leakage Current IL VIN = 0V to VbD +10 pA
Three-State Output Capacitance | CouT (Note 6) 10 pF
DYNAMIC PERFORMANCE

MAX51 _C 2.0
Voltage Output Slew Rate Positive and negative MAX51 _E 1.4 V/us
MAX51 _M 1.0

Output Settling Time To 1/2 LSB, 10kQ and 100pF load (Note 8) 6 us
Digital Feedthrough Code = 00 hex, all digital inputs from OV to Vpp 5 nV-s

MAXIMN 3
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MAX517/MAX518/MAX519

2-Wire Serial 8-Bit DACs with
Rail-to-Rail Outputs

ELECTRICAL CHARACTERISTICS (continued)
(VDD = 5V £10%, VRer_ = 4V (MAX517, MAX519), RL = 10kQ, CL = 100pF, Ta = TMmIN to TmAX, unless otherwise noted.

Typical values are Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX [UNITS
Digital-Analog Glitch Impulse Code 128 to 127 12 nv-s
Retio (a7, MAXs1e) | SNAD | ode o rrnex 0 87 dB
?,/\'AUX;(FJS'?'QQMBAE‘QS%W VREF_ = 4Vp-p, 3dB bandwidth 1 MHz
Wideband Amplifier Noise 60 UVRMS
POWER REQUIREMENTS
Supply Voltage VDD 4.5 5.5 \

MAX517C 1.5 3.0

Normal mode, .ou.tpu.t(s) MAX517E/M 15 35
Supply Current .. unloaded, all digital inputs A T8C. MAXE 190 55 : mA

at OV or Vpp '

MAX518E/M, MAX519E/M 25 6
Power-down mode 4 20 pA
TIMING CHARACTERISTICS
(Vbp =5V £10%, Ta = TmIN to TmAX, unless otherwise noted. Typical values are Ta = +25°C.)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Serial Clock Frequency fscL 0 400 kHz
Bus Free Timle_ Between a STOP and a {BUF 13 us
START Condition
Hold Time, (Repeated) Start Condition tHD, STA 0.6 us
Low Period of the SCL Clock tLow 1.3 us
High Period of the SCL Clock tHIGH 0.6 us
Setup Time for a Repeated START Condition tsu, STA 0.6 us
Data Hold Time tHD, DAT | (Note 9) 0 0.9 us
Data Setup Time tsu, DAT 100 ns
Rise Time of Both SDA and SCL Signals, Receiving tR (Note 10) 20 + 0.1Cb 300 ns
Fall Time of Both SDA and SCL Signals, Receiving tF (Note 10) 20 + 0.1Cb 300 ns
Fall Time of SDA Transmitting tF IsiINK < 6mA (Notes 7, 10)| 20 + 0.1Cb 250 ns
Setup Time for STOP Condition tsu, sTO 0.6 us
Capacitive Load for Each Bus Line Cb 400 pF
Pulse Width of Spike Suppressed tsp (Notes 6, 11) 0 50 ns

Note 1: For the MAX518 (full-scale = VpD) the last three codes are excluded from the TUE and DNL specifications, due to the limited
output swing when loaded with 10kQ to GND.

Note 2: Input resistance is code dependent. The lowest input resistance occurs at code = 55 hex.

Note 3: Input capacitance is code dependent. The highest input capacitance occurs at code FF hex.

Note 4: VREF_= 4Vp.p, 10kHz. Channel-to-channel isolation is measured by setting the code of one DAC to FF hex and setting the
code of all other DACs to 00 hex.

Note 5: VREF_ = 4Vp-p, 10kHz, DAC code = 00 hex.

Note 6: Guaranteed by design.

Note 7: I°C compatible mode. RpyLLup = 1.7kQ.

Note 8: Output settling time is measured by taking the code from 00 hex to FF hex, and from FF hex to 00 hex.

Note 9: A master device must provide a hold time of at least 300ns for the SDA signal (referred to V| of the SCL signal) in order to
bridge the undefined region of SCL'’s falling edge.

Note 10: Cb = total capacitance of one bus line in pF. tr and tF measured between 0.3Vpp and 0.7Vpp.

Note 11: Input filters on the SDA and SCL inputs suppress noise spikes less than 50ns.

4
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2-Wire Serial 8-Bit DACs with
Rail-to-Rail Outputs

Typical Operating Characteristics

(Ta = +25°C, unless otherwise noted.)

FULL-SCALE ERROR vs. SOURCE CURRENT

(VREF = VD)
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MAXIMN

SUPPLY CURRENT (mA) ZERO-CODE ERROR (LSB)

RELATIVE OUTPUT (dB)

ZERO-CODE ERROR
vs. SINK CURRENT

MAX517/MAX519 SUPPLY CURRENT
vs. TEMPERATURE
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DAC CODE (DECIMAL) TEMPERATURE (°C)

MAX517/MAX519 REFERENCE VOLTAGE INPUT

POSITIVE FULL-SCALE STEP RESPONSE

FREQUENCY RESPONSE
0 BN E
. ¢ AQ
. 7774VP-P SINE -\-\-\-!»:‘I‘I‘\ 1—;‘\ I || INHE i-m-\- Frn || Pt | [EENBENEES
i 2Vp-p SINE [ P
—+1Vp-p SINE H
_12 0.5Vp.p SINE 11 I
IR \
Vpp =5V \
16 | Vrer = SINE WAVE
CENTERED AT 2.5V \ 1 e 1
us/div
Tk 10k 100k 1M 10M QUTO LOADED WITH 10k Il 100pF
FREQUENCY (Hz) REFO = 4V (MAX517/MAX519)

DAC CODE = 00 HEX to FF HEX
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MAX517/MAX518/MAX519

2-Wire Serial 8-Bit DACs with

Rail-to-Rail Outputs

(Ta = +25°C, unless otherwise noted.)
NEGATIVE FULL-SCALE STEP RESPONSE

1ps/div
OUTO LOADED WITH 10k 11 100pF
REFO = 4V (MAX517/MAX519)
DAC CODE = FF HEX to 00 HEX

CLOCK FEEDTHROUGH

A=SCL, 400kHz, 5V/div

B =0UTO0, 5mV/div

DAC CODE = 7F HEX

REF0 =5V (MAX517/MAX519)

MAX517/MAX519
REFERENCE FEEDTHROUGH AT 10kHz

ouTo

1 1vydiv

Typical Operating Characteristics (continued)

WORST-CASE 1LSB STEP CHANGE

7 outo
——— 20mV/div
: AC COUPLED

500ns/div
REF0 =5V (MAX517/MAX519)

DAC CODE = 80 HEX to 7F HEX
MAX517/MAX519
REFERENCE FEEDTHROUGH AT 1kHz

A =REFO, 1V/div (4Vp_p)
B = 0UTO, 50uV/div, UNLOADED
FILTER PASSBAND = 100Hz to 10kHz
DAC CODE = 00 HEX

MAX517/MAX519
REFERENCE FEEDTHROUGH AT 100kHz

LT ] [ |
A A A
gl
aeraran

A=REF0, 1V/div (4Vp-p)

B = 0UTO, 50uV/div, UNLOADED
FILTER PASSBAND = 1kHz to 100kHz
DAC CODE = 00 HEX

A=REF0, 1V/div (4Vp-p)

B = 0UTO, 50uV/div, UNLOADED
FILTER PASSBAND = 10kHz to 1MHz
DAC CODE =00 HEX

MAXIMN




2-Wire Serial 8-Bit DACs with

Rail-to-Rail Outputs

Pin Description

PIN

NAME FUNCTION
MAX517 MAX518 MAX519

1 1 1 OouTo DACO Voltage Output

2 2 4 GND Ground

— — 5 AD3 Address Input 3; sets IC’s slave address

3 3 6 SCL Serial Clock Input

4 4 8 SDA Serial Data Input

— — 9 AD2 Address Input 2; sets IC’s slave address

5 5 10 AD1 Address Input 1; sets IC’s slave address

6 6 11 ADO Address Input O; sets IC’s slave address

7 7 12 VDD Power Supply, +5V; used as reference for MAX518

— — 13 REF1 Reference Voltage Input for DACH

8 — 15 REFO Reference Voltage Input for DACO

— 8 16 OUTH1 DAC1 Voltage Output

— — 2,3,7, 14 N.C. No Connect—not internally connected.

Detailed Description

Voo REFO (REFT) Serial Interface

The MAX517/MAX518/MAX519 use a simple 2-wire

N serial interface requiring only two 1/O lines (2-wire bus)

weur N outeur N of a standard microprocessor (uP) port. Figure 2 shows

LATCHO [/} (ATCHO |— DACO . ouTo the timing diagram for signals on the 2-wire bus.

AN ] Figure 3 shows a typical application. The 2-wire bus can

AR I s O R RO | have several devices (in addition to the MAX517/

| + I | MAX518/MAX519) attached. The two bus lines (SDA and

" RUT N - ! SCL) must be high when the bus is not in use. When in

' LATCH W = ) oot y | out) use, the port bits are toggled to generate the appropriate

1 ! signals for SDA and SCL. External pull-up resistors are

L fr‘ b MAX519 ONLY | not required on these lines. The MAX517/MAX518/

MAX519 can be used in applications where pull-up resis-

BT tors are required (such as in 12C systems) to maintain
SHIFT ADDRESS compatibility with existing circuitry
COMPARATOR :

REGISTER [T MAXIMN The MAX517/MAX518/MAX5 . | :

“f I MAX517/MAX519 e 517/ 518/ 519 are receive-only devices
SCL——1# and must be controlled by a bus master device. They
SDA N4 | v ‘ operate at SCL rates up to 400kHz. A master device

pecooe L [staRT/sTop|| sends information to the devices by transmitting their
DETECTOR address over the bus and then transmitting the desired

ALl information. Each transmission consists of a START

N | condition, the MAX517/MAX518/MAX519’s programm-

ADOAm(ADaDS) GND able slave-address, one or more command-byte/out-

(') ARE FOR MAX519

Figure 1. MAX517/MAX519 Functional Diagram

MAXIMN

put-byte pairs (or a command byte alone, if it is the last
byte in the transmission), and finally, a STOP condition
(Figure 4).
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MAX517/MAX518/MAX519

2-Wire Serial 8-Bit DACs with
Rail-to-Rail Outputs

SDA \

B
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1
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4
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Fo

tHD, DAT

t

tsu, sTA | [Pa—

: tHD, STA
\ tsy, S0 f—n!
1
1

} ] ]

REPEATED START CONDITION STOP CONDITION ~ START CONDITION

Figure 2. Two-Wire Serial Interface Timing Diagram
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ﬁg? OUT1 |— CONTRAST ADJUSTMENT
SINGLE  REFO [— <25V
DAC
N/
soL MAXs17
ooh 0UTO |— THRESHOLD ADJUSTMENT
+5v —] ADo

AD1
L

Figure 3. MAX517/MAX518/MAX519 Application Circuit

The address byte and pairs of command and output
bytes are transmitted between the START and STOP con-
ditions. The SDA state is allowed to change only while
SCL is low, with the exception of START and STOP condi-
tions. SDA’s state is sampled, and therefore must remain
stable while SCL is high. Data is transmitted in 8-bit
bytes. Nine clock cycles are required to transfer the data
bits to the MAX517/MAX518/MAX519. Set SDA low dur-
ing the 9th clock cycle as the MAX517/MAX518/MAX519
pull SDA low during this time. Rc (see Figure 3) limits the
current that flows during this time if SDA stays high for
short periods of time.

The START and STOP Conditions
When the bus is not in use, both SCL and SDA must be
high. A bus master signals the beginning of a transmis-
sion with a START condition by transitioning SDA from
high to low while SCL is high (Figure 5). When the mas-
ter has finished communicating with the slave, it issues
a STOP condition by transitioning SDA from low to high
while SCL is high. The bus is then free for another
transmission.

The Slave Address
The MAX517/MAX518/MAX519 each have a 7-bit long
slave address (Figure 6). The first three bits (MSBs) of
the slave address have been factory programmed and
are always 010. In addition, the MAX517 and MAX518
have the next two bits factory programmed to 1s. The
logic state of the address inputs (ADO and AD1 on the
MAX517/MAX518; ADO, AD1, AD2, and AD3 on the
MAX519) determine the LSB bits of the 7-bit slave
address. These input pins may be connected to VDD or
DGND, or they may be actively driven by TTL or CMOS
logic levels. The MAX517/MAX518 have four possible
slave addresses and therefore a maximum of four of

MAXIMN




2-Wire Serial 8-Bit DACs with

Rail-to-Rail Outputs

SCL

START CONDITION STOP CONDITION

Figure 5. All communications begin with a START condition and
end with a STOP condition, both generated by a bus master.

SLAVE ADDRESS
e )
0 1 0 tor 1or AD1T ADO O ACK
AD3  AD2
S N S I I N [

LSB

SLAVE ADDRESS BITS ADO, AD1, AD2, AND AD3 CORRESPOND TO THE LOGIC
STATE OF THE ADDRESS INPUT PINS.

Figure 6. Address Byte

these devices may share the bus. The MAX519 has 16
possible slave addresses. The eighth bit (LSB) in the
slave address byte should be low when writing to the
MAX517/MAX518/MAX519.

The MAX517/MAX518/MAX519 monitor the bus continu-
ously, waiting for a START condition followed by their
slave address. When a device recognizes its slave
address, it is ready to accept data.

The Command Byte and Output Byte
A command byte follows the slave address. Figure 7
shows the format for the command byte. A command
byte is usually followed by an output byte unless it is
the last byte in the transmission. If it is the last byte, all
bits except PD (power-down) and RST (reset) are

MAXIMN

‘4— SLAVE ADDRESS BYTE —» |-«—— COMMAND BYTE —»] |-—— OUTPUT BYTE —>|
)) ))
SDA _| )) | | )() l | l | D() | l l_
\ MSB « S8 ACK  MSB « LSB  ACK MSB « LB  ACK .
scL _rl_l_l_l_l_eej_l_l_l_l_l_l_l_l_l_e g_l_l_l_l_l_lfr
START CONDITION STOP CONDITION
Figure 4. A Complete Serial Transmission
R2 R1 RO RST PD A0/0  ACK
))
¢ soa [ T ITxIxT 1 T
SDA | | » | | [ S LSB

SCL

R2, R1,R0: RESERVED BITS. SET TO 0.
RST: RESET BIT, SET TO 1 TO RESET ALL DAC REGISTERS.

PD: POWER-DOWN BIT. SET TO 1 TO PLACE THE DEVICE IN THE 4uA SHUTDOWN
MODE. SET TO 0 TO RETURN TO THE NORMAL OPERATIONAL STATE.

AO: ADDRESS BIT. DETERMINES WHICH DAC'S INPUT LATCH RECEIVES THE 8 BITS
OF DATA IN THE NEXT BYTE. SET TO 0 FOR MAX517.

ACK: ACKNOWLEDGE BIT. THE MAX517/MAX518/MAX519 PULLS SDA LOW DURING
THE 9TH CLOCK PULSE.

X: DON'T CARE.

Figure 7. Command Byte

ignored. If an output byte follows the command byte,
A0 of the command byte indicates the digital address
of the DAC whose input data latch receives the digital
output data. Set this bit to 0 when writing to the
MAX517. The data is transferred to the DAC’s output
latch during the STOP condition following the transmis-
sion. This allows both DACs of the MAX518/MAX519 to
be updated simultaneously (Figure 8).

Setting the PD bit high powers down the MAX517/
MAX518/MAX519 following a STOP condition (Figure
9a). If a command byte with PD set high is followed by
an output byte, the addressed DAC’s input latch will be
updated and the data will be transferred to the DAC’s
output latch following the STOP condition (Figure 9b).
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MAX517/MAX518/MAX519

2-Wire Serial 8-Bit DACs with
Rail-to-Rail Outputs

11

or or
0 1 O0OAD3AD2ADIADOO 0 0 0 O 0 0 0O0O0OO0C T 11 1111 10
SDA I |
| <—— ADDRESS BYTE —— ACK-«—— COMMAND BYTE —» ACK~—— OUTPUT BYTE —»ACK:

START (ADDRESSING DACO) (FULL SCALE) T STOP
CONDITION DACO INPUT LATCH | CONDITION
( SET TO FULL SCALE)
DAC QUTPUT CHANGES HERE:
DACO GOES TO FULL SCALE.

Figure 8a. Setting One DAC Output (MAX517/MAX518/MAX519)

11
or or
0 1 0AD3AD2AD1IADOO O 0 0 O 0O OOOO 1T 1111111 000000O0TO0T10

SOA | | | N
\ <«—— ADDRESS BYTE —» AGK«—— COMMAND BYTE —» ACK<«—— OUTPUT BYTE ——» ACK<— COMMAND BYTE —» ACK
START (ADDRESSING DACO) (FULL SCALE) 4 (ADDRESSING DACY)
CONDITION DACO INPUT LATCH
SET TO FULL SCALE
111111110
SDA
<— QUTPUT BYTE—» ACK |
(FULL SCALE) } stop
DACT INPUT LATCH | SONDITION
SETTO FULL SCALE
DAC OUTPUTS CHANGE HERE:

DACO AND DAC1 GO TO FULL SCALE.

Figure 8b. Setting Both DAC Outputs (MAX518/MAX519)

1 1
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A § | xIx[x] ¢

| ~—— ADDRESS BYTE ——» ACK-—— COMMAND BYTE — ACK.

START STOP DEVICE ENTERS
CONDITION CONDITION | POWER-DOWN STATE
11
(b) or or (PD)
0 1 0AD3AD2ADTADOO 0 0 0 0 0 1 o0 1t 11111110

A} [ XD Lt

| <—— ADDRESS BYTE ——ACK-<—— COMMAND BYTE — ACK<—— OUTPUT BYTE —»ACK

START (ADDRESSING DACO) (FULL SCALE) } stop
CONDITION ( DACO INPUT LATCH ) ?ONDITION
SET TO FULL SCALE. | (DEVICE ENTERS POWER-DOWN STATE.
NOTE: X =DON'T CARE DACO OUTPUT LATCH SET TO FULL SCALE.

Figure 9. Entering the Power-Down State
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2-Wire Serial 8-Bit DACs with

Furthermore if the transmission’s last command byte
has PD high, the output latches are updated, but volt-
age outputs will not reflect the newly entered data
because the DAC enters power-down mode when the
STOP condition is detected. When in power-down, the
DAC outputs float. In this mode, the supply current is a
maximum of 20pA. A command byte with the PD bit low
returns the MAX517/MAX518/MAX519 to normal opera-
tion following a STOP condition, with the voltage out-
puts reflecting the output-latch contents (Figures 10a
and 10b). Because each subsequent command byte
overwrites the previous PD bit, only the last command
byte of a transmission affects the power-down state.

Setting the RST bit high clears the DAC input latches.
The DAC outputs remain unchanged until a STOP con-
dition is detected (Figure 11a). If a reset is issued, the

Rail-to-Rail Outputs

following output byte is ignored. Subsequent pairs of
command/output bytes overwrite the input latches
(Figure 11b).

All changes made during a transmission affect the
MAX517/MAX518/MAX519’s outputs only when the
transmission ends and a STOP has been recognized.

The RO, R1, and R2 bits are reserved and must be set
to zero.

I12C Compatibility
The MAX517/MAX518/MAX519 are fully compatible
with existing 12C systems. SCL and SDA are high-
impedance inputs; SDA has an open drain that pulls
the data line low during the 9th clock pulse. Figure 12
shows a typical 12C application.

11
(a) or or (PD)
0 1 0 AD3AD2ADIADOO 0 0 0 0 0 0 0
SDA l IxIxIx] ¢
' <«—— ADDRESS BYTE—» ACK —<— COMMAND BYTE —» ACK'
START STOP [ DEVICE RETURNS TO
CONDITION CONDITION | NORMAL OPERATION
1 1
(b) or or (PD)
0 1 OAD3AD2ADIADOO 0 0 0 0 0 0 00 0000O00O0O0O0 O
SDA X | x f
" «—— ADDRESS BYTE ——~ACK~<—— COMMAND BYTE — = AGK<—— OUTPUT BYTE — ACK |
START (ADDRESSING DACO) (SETTO0) STOP
CONDITION (DACO INPUT ) CONDITION
NOTE: X = DON'T CARE LATCH SETTO 0/ peyicE RETURNS TO NORMAL OPERATION.
DACO SETTO 0.
Figure 10. Returning to Normal Operation from Power-Down
11
(a) or or (RST)
0 1 0AD3AD2ADIADOO 0 0 0 0 1 0 0
SDA [ L IxIxIx] f
! «—— ADDRESS BYTE ——ACK<—— COMMAND BYTE — ACK |
START STOP
GONDITION (ALLINPUT LATCHES) GONDITION
D SETTO 0. (ALL OUTPUTS)
(b) or or (RST) SETTO 0.
0 1 OAD3AD2ADIADOO 0 0 0 0 1 0 0 0 «
))
o} 3 3 3 3 S A 3 B
| «—— ADDRESS BYTE ——»ACK<—— COMMAND BYTE —» ACK<—— 'DUMMY' ——»ACK=-ADDITIONAL> &,
START OUTPUT BYTE COMMAND BYTE/ 2o -
CONDITION (ALUNPUT LATCHES) OUTPUT BYTE PAIRS  §
: , SETTO 0. DAC OUTPUTS SET TO 0 UNLESS
NOTE: X = DON'T CARE CHANGED BY ADDITIONAL COMMAND
BYTE/QUTPUT BYTE PAIRS.

Figure 11. Resetting DAC Outputs
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2-Wire Serial 8-Bit DACs with

Rail-to-Rail Outputs

F’ PROM
XICOR
X24C04
SCL
SDA

uC
SDA SCL

DUAL
DAC quro
INAXI

MAX518
SCL
SDA ouT1

ADO
AD1

SINGLE
DAC  ouro

MAXIV
MAX517

5
b

L

SCL
SDA
ADO
AD1

Figure 12. MAX517/MAX518/MAX519 Used in a Typical I°C
Application Circuit

Additional START Conditions
It is possible to interrupt a transmission to a device with
a new START (repeated start) condition (perhaps
addressing another device), which leaves the input

latches with data that has not been transferred to the
output latches (Figure 13). Only the currently addressed
device will recognize a STOP condition and transfer
data to its output latches. If the device is left with data in
its input latches, the data can be transferred to the out-
put latches the next time the device is addressed, as
long as it receives at least one command byte and a
STOP condition.

Early STOP Conditions
The addressed device recognizes a STOP condition at
any point in a transmission. If the STOP occurs during a
command byte, all previous uninterrupted command
and output byte pairs are accepted, the interrupted
command byte is ignored, and the transmission ends
(Figure 14a). If the STOP occurs during an output byte,
all previous uninterrupted command and output byte
pairs are accepted, the final command byte’s PD and
RST bits are accepted, the interrupted output byte is
ignored, and the transmission ends (Figure 14b).

Analog Section

DAC Operation
The MAX518 and MAX519 contain two matched volt-
age-output DACs. The MAX517 contains a single DAC.
The DACs are inverted R-2R ladder networks that con-
vert 8-bit digital words into equivalent analog output
voltages in proportion to the applied reference volt-
ages. The MAX518 has both DAC'’s reference inputs
connected to VpD. Figure 15 shows a simplified dia-
gram of one DAC.

MAX517/MAX519 Reference Inputs
The MAX517 and MAX519 can be used for multiplying
applications. The reference accepts a 0V to Vpp volt-

01011000000000UO0O000T1T 11111110 0101 10100
SOA § |
! <—— ADDRESS BYTE ——»ACK~—— COMMAND BYTE ——ACK~—— OUTPUTBYTE ——»ACK | ~<—— ADDRESS BYTE ——» ACK
START (DEVICE 0) ADDRESSING DACO (FULL SCALE) to (DEVICE 1)
CONDITION DEVICEQ's\  REPEATED START
DACOINPUTLATCH | CONDITION
SET TO FULL SCALE.
000000000 111111110
SDA | 4
~—— COMMAND BYTE —ACK-=—— OQUTPUT BYTE —»! ACK !
(ADDRESSING DACO) (FULL SCALE) T STOP
CONDITION
DEVICE 1's DACO
INPUT LATCH SET | { ONLY DEVICE 1's DACO OUTPUT LATCH SET TQ FULL
TO FULL SCALE. || SCALE. DEVICE 0's OUTPUT LATCH UNCHANGED.

Figure 13. Repeated START Conditions
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2-Wire Serial 8-Bit DACs with

Rail-to-Rail Outputs

11

(a) oror (RST) (PD)
0 1 0AD3AD2ADIADOO 0 0 0 0 1 1 0
SDA f
| <—— ADDRESS BYTE —»ACK-e— INTERRUPTED —» |
START COMMAND BYTE  EARLY MAX517/MAX518/MAX519's
CONDITION STOP CONDITION | STATE REMAINS UNCHANGED.
11
(b) or or (PD)
0 1 OAD3AD2ADTADOO 0 O O ORSTT 0 0 0 0 1 1 1 0 0
soA | [ [ DxIx] | L ¢
\ +—— ADDRESS BYTE ——-ACK-«—— COMMAND BYTE — ACK-a— INTERRUPTED -» MAX517/MAX518/MAX519
START (POWER DOWN) OUTPUTBYTE . POWER DOWN: INPUT LATCH
CONDITION EARLY UNCHANGED IF RST = 0,
STOP CONDITION

DAC OUTPUT(S) RESET IFRST = 1.
|

Figure 14. Early STOP Conditions

Table 1. Unipolar Code Table

DAC CONTENTS ANALOG OUTPUT
11111111 + VRer ( 222‘:’3 )
10000001 + VRer ( 122% )
10000000 + VRer ( 12252 ) = VR%
01111111 + Vier ( 12252 )
00000001 + VREF (%)
00000000 ov

age, both DC and AC signals. The voltage at each REF
input sets the full-scale output voltage for its respective
DAC. The reference voltage must be positive. The
DAC’s input impedance is code dependent, with the
lowest value occurring when the input code is 55 hex or
0101 0101, and the maximum value occurring when the
input code is 00 hex. Since the REF input resistance
(RIN) is code dependent, it must be driven by a circuit
with low output impedance (no more than RIN + 2000)
to maintain output linearity. The REF input capacitance
is also code dependent, with the maximum value
occurring at code FF hex (typically 30pF). The output
voltage for any DAC can be represented by a digitally
programmable voltage source as: VouT = (N x VREF) /
256, where N is the numerical value of the DAC’s binary
input code.

MAXIMN

REF_*

GND
SHOWN FOR ALL 1s ON DAC
*REF = Vpp FOR THE MAX518

Figure 15. DAC Simplified Circuit Diagram

Output Buffer Amplifiers
The DAC voltage outputs are internally buffered preci-
sion unity-gain followers that slew up to 1V/us. The out-
puts can swing from OV to Vpp. With a OV to 4V (or 4V
to OV) output transition, the amplifier outputs typically
settle to 1/2LSB in 6ps when loaded with 10kQ in paral-
lel with 100pF. The buffer amplifiers are stable with any
combination of resistive loads >2kQ and capacitive
loads <300pF.

The MAX517/MAX518/MAX519 are designed for unipo-
lar-output, single-quadrant multiplication where the out-
put voltages and the reference inputs are positive with
respect to AGND. Table 1 shows the unipolar code.

13
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Rail-to-Rail Outputs

SYSTEM GND
oM __ o (R[]
REFO — o 9 N.C.
N.C. (©) N.C.
REFI O ® GND

o o

o o

o o

(o] (o]

Figure 16. PC Board Layout for Minimizing MAX519 Crosstalk
(bottom view)

Applications Information

Power-Supply Bypassing and

Ground Management

Bypass VpD with a 0.1uF capacitor, located as close to

VDD and GND as possible. Careful PC board layout

minimizes crosstalk among DAC outputs, reference

inputs, and digital inputs. Figure 16 shows the suggest-
ed PC board layout to minimize crosstalk.

When using the MAX518 (or the MAX517/MAX519 with
VDD as the reference), you may want to add a noise fil-
ter to the VpD supply (Figure 17) or to the reference
input(s) (Figure 18), especially in noisy environments.
The reference input’s bandwidth exceeds 1MHz for AC
signals, so disturbances on the reference input can
easily affect the DAC output(s).

The maximum input current for a single reference input
is VREF/16kQ = IREF (max). In Figure 17, choose RF so
that changes in the reference input current will have lit-
tle effect on the reference voltage. For example, with RF
= 6Q, the maximum output error due to RF is given by:

6Q x IREF (Mmax) = 1.9mV or 0.1LSB

In Figure 18, there is a voltage drop across RF that
adds to the TUE. This voltage drop is due to the sum of
the reference input current (VREF/16kQ maximum), sup-
ply current (6mA maximum), and the amplifier output
current (VREF/RLOAD). Choose RF to limit this voltage
drop to an acceptable value. For example, with a 10kQ
load, you can limit the error due to RF to 0.5LSB
(9.8mV) by selecting RF so that:

RF = VRe /IR <9.8mV / (5V / 16kQ + 6mA +
5V / 10kQ)

Re < 1.4Q

14

+5V ®
q
L 0.1uF
=
Vop
Rr
REF_
¢ + MAXIMN
F MAX517
I MAX519

Figure 17. Reference Filter When Using Vpp as a Reference

+5V

T ? 1
.
Cr I Vop %: el
MAXIMN
MAX518

Figure 18. Vpp Filter When Using Vpp as a Reference
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2-Wire Serial 8-Bit DACs with
Rail-to-Rail Outputs

Pin Configurations (continued) Chip Topography

*Dice are specified at Ta = +25°C, DC parameters only.
**Contact factory for availability and processing to MIL-STD-883.

MAXIMN

TOP VIEW - ouTo (MAXS?l;J/ijAXMQ)
L)
ouro [ 1] 16] ouTt REFD
o [ o e ey
N3] maxian [ ve REF1
GND[4]  MmAXs19 |13 ReFi (MAX519)
AD3 [5 | [12] Vo
GND —
scL [ [11] ADO 0 135
NC. [7] [10] AD1 (MAAX053‘19)— (3.429mm)
sDA [ 9] Ap2
DIP/SO
Voo
_ Ordering Information (continued) - —— ADO
. &
PART TEMP RANGE  PIN-PACKAGE (ILSJE) / /
MAX517AEPA  -40°C to +85°C 8 Plastic DIP 1 SIA  wAxeyg M1
MAX517BEPA  -40°C to +85°C 8 Plastic DIP 15 0.078"
MAX517AESA  -40°C to +85°C 8 SO 1 (1.981mm)
MAX517BESA  -40°C to +85°C 8 SO 15 TRANSISTOR COUNT: 1707
MAX517BMJA  -55°C to +125°C 8 CERDIP** 15 SUBSTRATE CONNEGTED TO VDD
MAX518ACPA  0°Cto +70°C 8 Plastic DIP 1
MAX518BCPA  0°Cto +70°C 8 Plastic DIP 15
MAX518ACSA  0°Cto +70°C 8 SO 1
MAX518BCSA  0°Cto +70°C 8 SO 15
MAX518BC/D 0°C to +70°C  Dice* 15
MAX518AEPA  -40°C to +85°C 8 Plastic DIP 1
MAX518BEPA  -40°C to +85°C 8 Plastic DIP 15
MAX518AESA  -40°C to +85°C 8 SO 1
MAX518BESA  -40°C to +85°C 8 SO 15
MAX518BMJA ~ -55°C to +125°C 8 CERDIP** 15
MAX519ACPE ~ 0°Cto +70°C 16 Plastic DIP 1
MAX519BCPE ~ 0°Cto +70°C 16 Plastic DIP 15
MAX519ACSE 0°C to +70°C 16 Narrow SO 1
MAX519BCSE ~ 0°Cto +70°C 16 Narrow SO 15
MAX519BC/D 0°Cto +70°C  Dice* 15
MAX519AEPE  -40°C to +85°C 16 Plastic DIP 1
MAX519BEPE ~ -40°C to +85°C 16 Plastic DIP 15
MAX519AESE ~ -40°C to +85°C 16 Narrow SO 1
MAX519BESE ~ -40°C to +85°C 16 Narrow SO 1.5
MAX519BMJE ~ -55°C to +125°C 16 CERDIP** 15
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Package Information

(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information,
go to www.maxim-ic.com/packages.)
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