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12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

General Description

The MAX1329/MAX1330 are smart data acquisition sys-
tems (DASs) based on a successive approximation
register (SAR) analog-to-digital converter (ADC). These
devices are highly integrated, offering an ADC, digital-
to-analog converters (DACs), operational amplifiers (op
amps), voltage reference, temperature sensors, and
analog switches in the same device.

The MAX1329/MAX1330 offer a single ADC with a refer-
ence buffer. The ADC is capable of operating in one of
two user-programmable modes. In normal mode, the
ADC provides up to 12 bits of resolution at 312ksps. In
DSP mode, the ADC provides up to 16 bits of resolution
at 1000sps. The ADC accepts one external differential
input or two external single-ended inputs as well as
inputs from other circuitry on-board. An on-chip pro-
grammable gain amplifier (PGA) follows the analog
inputs, reducing external circuitry requirements. The
PGA gain is adjustable from 1V/V to 8V/V.

The MAX1329/MAX1330 operate from a 1.8V to 3.6V dig-
ital power supply. Shutdown and sleep modes are avail-
able for power-saving applications. Under normal
operation, an internal charge pump boosts the supply
voltage for the analog circuitry when the supply is < 2.7V.

The MAX1329/MAX1330 offer four analog programmable
[/Os (APIOs) and four digital programmable 1/Os
(DPIOs). The APIOs can be configured as general-pur-
pose logic inputs and outputs, as a wake-up function, or
as a buffer and level shifter for the serial interface to
communicate with slave devices powered by the analog
supply, AVpp. The DPIOs can be configured as general-
purpose logic inputs and outputs as well as inputs to
directly control the ADC conversion rate, the analog
switches, the loading of the DACs, wake-up, sleep, and
shutdown modes, and as an interrupt for when the ana-
log-to-digital conversion is complete.

The MAX1329 includes dual 12-bit force-sense DACs
with a programmable reference buffer and one op amp.
The MAX1330 provides one 12-bit force-sense DAC with
a programmable reference buffer and two op amps. For
the MAX1329/MAX1330, a 16-word DAC FIFO can be
used with the DACA for direct digital synthesis (DDS)
of waveforms.

The 4-wire serial interface is compatible with SPI™,
QSPI™ and MICROWIRE™.

Applications
Battery-Powered and Portable Devices
Electrochemical and Optical Sensors

Medical Instruments

Industrial Control

Data Acquisition Systems

Low-Cost CODECs

SPI/QSPI are trademarks of Motorola, Inc.
MICROWIRE is a trademark of National Semiconductor Corp.

MAXIM

Features

4 1.8V to 3.6V Single Digital Supply Operation

4 Internal Charge Pump for Analog Circuits (2.7V to
5.5V)

4 12-Bit SAR ADC
12 Bits, 312ksps, No Missing Codes
16 Bits, 1000sps, DSP Mode
16-Word FIFO and 20-Bit Accumulator
PGA with Gains of 1, 2, 4, and 8
Unipolar and Bipolar Modes
16-Input Differential Multiplexer

¢ Dual 12-Bit Force-Sense DACs
16-Word FIFO (DACA Only)

4 Independent Voltage References for ADC and DACs
Internal 2.5V Reference
Adjustable Reference Buffers Provide 1.25V,
2.048V, or 2.5V

4 System Support
ADC Alarm Register
Uncommitted Op Amps
Dual SPDT Analog Switches
Internal/External Temperature Sensor
Internal Oscillator with Clock I/O
Digital Programmable 1/0
Analog Programmabile I/0
Programmable Interrupts
Accurate Supply Voltage Measurement
Programmable Dual Voltage Monitors

4 SPI-/QSPI-/MICROWIRE-Compatible, 4-Wire Serial
Interface

4 Space-Saving, 6mm x 6mm, 40-Pin Thin QFN
Package

Ordering Information

PART TEMP RANGE PIN-PACKAGE
MAX1329BETL+ -40°C to +85°C 40 Thin QFN-EP**
MAX1330BETL+* -40°C to +85°C 40 Thin QFN-EP**

*Future product—contact factory for availability.
**EP = Exposed pad.
+Denotes a lead-free/RoHS-compliant package.

Pin Configurations appear at end of data sheet.

Maxim Integrated Products 1

For pricing delivery, and ordering information please contact Maxim Direct at 1-888-629-4642,

or visit Maxim’s website at www.maxim-ic.com.
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MAX1329/MAX1330

12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

ABSOLUTE MAXIMUM RATINGS
AVDD 10 AGND ..o -0.3V to +6V

DVppto DGND.......cocoveee
Analog Inputs to AGND

Digital Inputs to DGND....................
Analog Outputs to AGND ...............

Digital Outputs to DGND ................

....-0.3V to +6V
-0.3V to the lower

of (AVpp + 0.3V) or +6V

-0.3V to the lower

of (DVpp + 0.3V) or +6V

-0.3V to the lower

of (AVpp + 0.3V) or +6V

-0.3V to the lower

of (DVpp + 0.3V) or 6V

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

(DVpp = 1.8V to 3.6V, AVpp = 2.7V to 5.5V, VREFDAC = VREFADC = 2.5V, external reference; 10uF capacitor at REFADC and REFDAC;
0.01pF capacitor at REFADJ; Ta = TmIN to Tmax, unless otherwise noted. Typical values are at Ta = +25°C.)

AGND to DGND ..o, -0.3V to +0.3V
Continuous Current into Any Pin.......ooociviiiiiic, +50mA
Continuous Power Dissipation (Ta = +70°C)

40-Pin Thin QFN (derate 37mW/°C above +70°C) ....2963mW

Operation Temperature Range............ccccoeovvninn. -40°C to +85°C
Storage Temperature Range C
Junction Temperature ............cccccccoeven +150°C
Lead Temperature (soldering, 10S) ...c..ooovvvviiiviiiiiienn, +300°C

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
ADC
Resolution No missing codes 12 Bits
DSP-Mode Resolution 256 oversampling, dither enabled 16 Bits
Integral Nonlinearity INL Normal mode (Note 1) +1 LSB12
Differential Nonlinearity DNL Normal mode (Note 1) +1 LSB12
Offset Error (Note 1) +4 mV
Offset Drift +1.5 pv/eC
] . Gain =1 +
Gain Error (Excluding Reference) Gain=2 4 15 % FS
(Note 1)
Gain =8 +
Gain Temperature Coefficient Excluding reference +0.8 ppm/°C
Unipolar mode, gain=1,2,4,8 0 +VFC25E;/;DC/
Voltage Range v y v ; )
. _— -VREFADC +VREFADC
Bipolar mode, gain=1, 2,4, 8 (2 x Gain) (2 x Gain)
Absolute Input Voltage Range AGND AVDD \
Input Leakage Current into (Note 2) +05 1 nA
Analog Inputs
. Gain=1,2 24
Input Capacitance : pF
Gain=4,8 48
Acquisition Ti ; Gain=1,2 0.6
cquisition Time s
g "% TGain =4, 8 12 "
Conversion Time tCoNvV 12 clocks 2.4 us
Conversion Clock Frequency 0.1 5.0 MHz
Normal operation mode, 305
ADC converting at 234ksps
ADC Supply Current (Note 3) pA
Fast power-down mode, 210
ADC converting at 234ksps
Aperture Delay tAD 30 ns
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12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

ELECTRICAL CHARACTERISTICS (continued)

(DVpp = 1.8V to 3.6V, AVpp = 2.7V to 5.5V, VREFDAC = VREFADC = 2.5V, external reference; 10uF capacitor at REFADC and REFDAC;
0.01pF capacitor at REFADJ; Ta = TmIN to Tmax, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Aperture Jitter tAJ 50 ps
Gain=1,2,DVpp=2.7V, AVpp = 5.0V 312
Gain =4, 8, DVpp = 2.7V, AVpp = 5.0V 263
Sample Rate - ksps
Gain=1,2 234
Gain=4,8 200
Power-Supply Rejection PSR AVpp = 2.7V to 5.5V, full-scale input +0.06 +0.5 mV/V
Turn-On Time Supply and reference have settled 1 us
ADC DYNAMIC ACCURACY (10kHz sine wave, V|N = 2.5Vp.-p, fsSAMPLE = 234ksps, gain = 1)
Signal-to-Noise Plus Distortion SINAD 71 dB
Total Harmonic Distortion THD Up to the 5th harmonic 82 dB
Spurious-Free Dynamic Range SFDR 84 dB
Channel-to-Channel Crosstalk 100 dB
Full-Power Bandwidth FPBW -3dB point 4 MHz
DAC (RL = 5kQ, CL = 200pF, tested in unity gain, unless otherwise noted)
Resolution 12 Bits
Differential Nonlinearity DNL Guaranteed monotonic (Note 4) +1.0 LSB
Integral Nonlinearity INL (Note 4) +1 +8 LSB
Offset Error Code = 0x000 (tested at 0x032) +2.5 +30 mV
ggfzfefh—:liier;(ir Temperature Due to amplifier +7 uv/eC
Gain Error Code = OxFFF 0 +5 % FS
gz‘ler};ilicri;c;rtTemperature Excluding reference drift +7 ppm/°C
Output Voltage Range No load AGND AVDD \
Output Slew Rate CL = 200pF 0.5 V/us
Output Settling Time Code = 0x400 to 0xCO0O0 (Note 2) 4 10 us
FB_ Input Bias Current (Note 2) +0.1 1 nA
FB_ Switch Resistance 200 Q
FB_ Switch Turn-On/-Off Time 40 ns
FB_ Switch Off Isolation f = 10kHz 100 dB
FB_ Switch Charge Injection 1 pC
DAC-to-DAC Crosstalk 0.5 nvV-s
o Sink 13
Short-Circuit Current mA
Source 50
DC Output Impedance Code = 0x800 0.8 Q
Power-Up Time 0.5 LSB settling to 0x800 5 ys
Power-Supply Rejection PSR AVpp = 2.7V to 5.5V +1 mV/V
Egsé?ri;uug?p Output ch)(j:eZOg;'EjOO, buffer on, R = 5kQ, 100 UVRMS

MAXIM 3
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MAX1329/MAX1330

12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

ELECTRICAL CHARACTERISTICS (continued)

(DVpp = 1.8V to 3.6V, AVpp = 2.7V to 5.5V, VREFDAC = VREFADC = 2.5V, external reference; 10uF capacitor at REFADC and REFDAC;
0.01pF capacitor at REFADJ; Ta = TmIN to Tmax, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Power-Down Output Leakage 100 nA
Current
Supply Current per DAC No load (Note 3) 70 pA

INTERNAL REFERENCE (10pF capacitor at REFADC and REFDAC, 0.01pF capacitor at REFADJ)
Ta = +25°C, AREF<1:0> = DREF<1:0> = 01 1225 1250 1.275
Ta = +25°C, AREF<1:0> = DREF<1:0> = 10 2.007 2.048 2.089 \Y

Output Voltage at REFADC and

REFDAC

Ta = +25°C, AREF<1:0> = DREF<1:0> = 11 2.450 2.500 2.550
Output-Voltage Temperature (Note 2) +10 +75 ppm/°C
REFADC and REFDAC Source 40 A
Output Short-Circuit Current Sink 13

REFADC and REFDAC

Line Regulation 100  +600 Y

ISOURCE = OPA to 500pA, Ta = +25°C 10

Load Regulation uV/uA
ISINK = OpA to 80uA, Ta = +25°C 10

Long-Term Stability Ta = +25°C +100 1 gg(;?]/r .

Turn-On Time At REFADJ 2 ms

Turn-Off Time 100 ns
Internal reference 445

Reference Supply Current (Note 3) REFADC buffer 270 pA
REFDAC buffer 270

EXTERNAL REFERENCE AT REFADJ
AREF<1:0> = DREF<1:0> = 11 1.225V _Agﬁ’?/

Eztr?g;al Reference Input Voltage AREF<1:0> = DREF<1:0> = 10 A:/.Sgé\gj[?v v
AREF<1:0> = DREF<1:0> = 01 Ry

Input Resistance 50 75 kQ
AREF<1:0> = 01 1

REFADC Buffer Gain AREF<1:0> =10 0.8192 VIV
AREF<1:0> = 11 0.5
DREF<1:0> = 01 1

REFDAC Buffer Gain DREF<1:0> = 10 0.8192 VIV
DREF<1:0> = 11 0.5

Minimum Capacitive Bypass REFADJ to AGND 10 nF

4 MAXIMN




12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

ELECTRICAL CHARACTERISTICS (continued)

(DVpp = 1.8V to 3.6V, AVpp = 2.7V to 5.5V, VREFDAC = VREFADC = 2.5V, external reference; 10uF capacitor at REFADC and REFDAC;

0.01pF capacitor at REFADJ; Ta = TmIN to Tmax, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
EXTERNAL REFERENCE AT REFADC
Eztrir;r;al Reference Input Voltage AGND AVDOD N
REFADC Input Resistance 50 75 kQ
REFADC Input Current VREFADC = 2.5V, 300ksps 30 40 pA
Turn-On Time REFADC buffer, CREFADC = 1uF 75 us
Shutdown REFADC Input Current 0.01 1.0 HA
Minimum Capacitive Bypass REFADC to AGND 10 uF
EXTERNAL REFERENCE AT REFDAC
REFDAC Input Voltage Range AGND AVDD Vv
REFDAC Input Resistance MAX1329 64 %0 180 kQ
MAX1330 128 180 360
REFDAC Input Current MAX1329, VREFDAC = 2.5V 2 8 UA
MAX1330, VREFDAC = 2.5V 14 43
Turn-On Time REFDAC buffer 75 us
Shutdown REFDAC Input Current 0.1 1 pA
Minimum Capacitive Bypass REFDAC to AGND 10 uF
MULTIPLEXER
Absolute Input Voltage Range AGND AVDD vV
Absolute Input Leakage Current Eﬁ(jt';“z; 100mV) < VAIN_ < (AVDD - 100mV) +0.01 +1 nA
. ADC gain=1,2 24
Input Capacitance - pF
ADC gain=4,8 48
On Resistance 340 Q
INTERNAL TEMPERATURE SENSOR
Internal Sensor Measurement Ta=+25°C +0.25 oC
Error (Note 5) Ta = -40°C to +85°C +3
Ta = +25°C +0.4
E;(rts:rzﬁlofeeg?or Measurement Ta = 0°C to +70°C o oc
Ta = -40°C to +85°C +3
MNAXIW 5
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MAX1329/MAX1330

12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

ELECTRICAL CHARACTERISTICS (continued)

(DVpp = 1.8V to 3.6V, AVpp = 2.7V to 5.5V, VREFDAC = VREFADC = 2.5V, external reference; 10uF capacitor at REFADC and REFDAC;
0.01pF capacitor at REFADJ; Ta = TmIN to Tmax, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Temperature Resolution VREFADC = 2.5V 1/8 °C/LSB
External-Diode Drive Ratio IDRIVEMIN = 4pA, IDRIVEMAX = 68UA 17:1
(T:irrr;gs{ature-Sensor Supply Not including ADC current (Note 3) 100 pA
Tgmperature-Sensor Conversion 307 clocks per measurement, master clock 65 N
Time = 5.00MHz
CHARGE PUMP
Input Voltage DVpD 1.8 3.6 Vv
DVpp = 1.8V to 3.0V, VM2CP<2:0> = 001 2.85 3.0 3.20

No-Load Output Voltage AVDD DVpp = 2.2V to 3.6V, VM2CP<2:0> = 010 3.75 4.0 4.30 \
DVpp = 2.7V to 3.6V, VM2CP<2:0> = 011 4.80 5.0 5.40

Output Current Including internal current (Table 32) 25 mA

No-Load Supply Current DVpp = 2.7V, AVpp = 4V, 39kHz clock 250 HA

Switching Frequency 39 78 kHz

Switch Turn-On/-Off Time Between DVpp to AVpp, charge pump off 40 ns

Switch Impedance Shorts DVpp to AVpp, charge pump off 25 50 Q

Efficiency ggrkt?zlgi)%kDVDD 1.8V, AVpp = 3.0V, 80 %

DVpp VOLTAGE MONITOR (VM1)

Supply Voltage Range 1.0 3.6 \

) ) VM1<1:0> = Ox, RST1 input 1.80 1.865 1.93

Trip Threshold (DVpp Falling) VDTH ——— Vv

VM1<1:0> = x0, RST2 input 2.65 2.750 2.90
) VM1<1:0> = 0x, RSTT input 15

Hysteresis VDHYS — mV
VM1<1:0> = x0, RST2 input 22,5

Reset Timeout Period VpvDD = VDTH + VDHYS 170 ms

Turn-On Time DVpp = 1.8V, enabled by VM1 <1:0> 2 ms

AVpp VOLTAGE MONITOR (VM2)

Supply Voltage Range 1.0 55 \

. ) VM2CP<1:0> = 01 2.53 2775 2975

(Thrl'gt;%r)%ho'd (AVDD Falling) VATH | VM2CP<1:0> = 10 34 3700 3925 v
VM2CP<1:0> = 11 4.25 4.625 4.925
VM2CP<1:0> = 01 22.5

Hysteresis VAHYS VM2CP<1:0> = 10 30 mV
VM2CP<1:0> = 11 37.5
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12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

ELECTRICAL CHARACTERISTICS (continued)

(DVpp = 1.8V to 3.6V, AVpp = 2.7V to 5.5V, VREFDAC = VREFADC = 2.5V, external reference; 10uF capacitor at REFADC and REFDAC;
0.01pF capacitor at REFADJ; Ta = TmIN to Tmax, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Turn-On Time AVpp = 2.7V, enabled by VM2CP<1:0> 2 ms
INTERNAL OSCILLATOR
Clock Frequency TA = TMIN to TMAX 3.5758 3.6864 3.7970 MHz
Turn-Off Delay Using clock at CLKIO pin, ODLY = 1 1024 Clocks
Turn-On Time 200 ns
Supply Current (Note 7) 120 HA
SWITCHES (SPDT)
: AVpp = 2.7V to 5.5V 140 200
On Resistance Q
AVpp = 4.5V to 5.5V 90 120
On-Resistance Match 15 Q
On-Resistance Flatness Over analog voltage range 12 Q
Analog Voltage Range AGND AVpD \Y
Turn-On/-Off Time Break-before-make for SPDT configuration 50 ns
Leakage Current '(A,\ﬁ)'t\‘eDz;r 100mV < VSN_ < AVDD - 100mV 0.08 +1 nA
Off Isolation f = 10kHz 100 dB
Charge Injection 1 pC
Input Capacitance 2 pF
OPERATIONAL AMPLIFIER (RL = 10kQ, C = 200pF)
Input Bias Current (Note 2) 0.3 +1 nA
Input Offset Voltage Vos 2 +20 mV
Input Offset Drift AVOs +10 pv/eC
Common-Mode Rejection Ratio CMRR AGND + 100mV < Vcm < AVpp - 100mV 75 dB
Phase Margin 60 degrees
ggrrggon—l\/lode Input Voltage AGND AVOD N
No load AGND AVDD
AV
Output Voltage Range 10k foad 01 - O?E v
100kQ load 0.1 /f\(’)fl’f
Gain Bandwidth Product 1 MHz
Slew Rate 0.5 V/us
) . AVpp = 2.7V to 5.5V 140 200
OSW_ Switch Resistance Q
AVpp = 4.5V to 5.5V 90 120
OSW_ Switch Turn-On/-Off Time 50 ns

MAXIM 7
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MAX1329/MAX1330

12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

ELECTRICAL CHARACTERISTICS (continued)

(DVpp = 1.8V to 3.6V, AVpp = 2.7V to 5.5V, VREFDAC = VREFADC = 2.5V, external reference; 10uF capacitor at REFADC and REFDAC;
0.01pF capacitor at REFADJ; Ta = TmIN to Tmax, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
OSW_ Switch Charge Injection 1 pC
Input Noise Voltage Density fin_= 1kHz 330 nVAHz
Input Noise Voltage fiIN_=0.1Hz to 10Hz 9 UVRMS
Power-Down Output Leakage +10 nA
Power-Supply Rejection Ratio AVpp = 2.7V to 5.5V 65 100 dB
Supply Current per Amplifier (Note 3) 70 HA
Turn-On Time 5 us
Short-Circuit Current S.ource 50 mA
Sink 13
DC Output Impedance Ay = 1VV 0.2 Q
DIGITAL INPUTS (DIN, SCLK, CS)
Input High Voltage ViH SJDXD v
Input Low Voltage ViL ngE \
Input Hysteresis DVpp = 3V 200 mV
Input Leakage Current VIN =0 or DVpp +0.01 +10 pA
DIGITAL OUTPUTS (DOUT, RST1, RST2)
Output Low Voltage VoL IsINK = TMA, DVpp = 2.7V to 3.6V 0.4 y
IsINK = 200pA, DVpp = 1.8V to 3.6V 0.4
ISOURCE = 0.2mA, DVpp = 2.7V to 3.6V 0.8x
DVbp
Output High Voltage VoH \
Isource = 100uA, DVpp = 1.8V to 3.6V 8\/8[:;
DOUT Three-State Leakage +0.01 +10 bA
DOUT Three-State Capacitance (Note 2) 15 pF
RST1, RST2 Open-Drain Output IsINK = TmA, DVpp = 2.7V to 3.6V 0.4 v
Low Voltage ISINK = 200uA, DVpp = 1.8V to 3.6V 0.4
fj;;;esgi r?eﬁ”'Dra'” Output (Note 2) 013 100 nA
DIGITAL I/0O (DPIO1-DPIO4, CLKIO)
Output Low Voltage ISINK = 2mA, DVpp = 2.7V to 3.6V 0.4 y
IsINk = TmA, DVpp = 1.8V to 3.6V 0.4
ISOURCE = 2mA, DVpp = 2.7V to 3.6V ngE
Output High Voltage \
ISOURCE = 1mA, DVpp = 1.8V to 3.6V ngE

8 MAXIMN




12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

ELECTRICAL CHARACTERISTICS (continued)

(DVpp = 1.8V to 3.6V, AVpp = 2.7V to 5.5V, VREFDAC = VREFADC = 2.5V, external reference; 10uF capacitor at REFADC and REFDAC;

0.01pF capacitor at REFADJ; Ta = TmIN to Tmax, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
0.7 x
Input High Voltage \Y
put Rig g DVDD
0.3 x
DPIO1-DPIO4 DVoD
Input Low Voltage \
CLKIO 0.25 x
DVbbp
Input Hysteresis DVpp = 3V 110 mV
Three-State Leakage +0.01 +1 HA
Three-State Capacitance (Note 2) 15 pF
DPIO_ Pullup Resistance 0.5 MQ
ANALOG /0 (APIO1-APIO4)
I =2mA, AVpp = 2.7V to 5.5V 0.4
Output Low Voltage SINK Db V
ISINK = TmA, AVpp = 1.8V to 5.5V 0.4
| = 2mA, AVpp = 2.7V 10 5.5V 0.8 x
SOURCE = ) DD = <. . AVDD
Output High Voltage 08 \
8 x
Isource = TmA, AVpp = 1.8V to 5.5V AVOD
0.7 x
AVpp = 2.7V to 5.5V AVDD
Input High Voltage 07 \
7 X
AVpp = DVpp = 1.8V to 3.6V AVDD
0.3 x
AVpp = 2.7V to 5.5V AVDD
Input Low Voltage 03 \
3 x
AVpp = DVpp = 1.8V to 3.6V AVDD
. AVpp = 3V 120
Input Hysteresis mV
AVpp = 5V 160
Three-State Leakage +0.01 +10 pA
Three-State Capacitance (Note 2) 15 pF
Pullup Resistance 0.5 MQ
POWER REQUIREMENTS
DVpD Supply Voltage Range 1.8 3.6 \
AVpD Supply Voltage Range 2.7 55 \
Run (all on, except charge pump) 3.75 7.5 mA
Supply Current (Note 8) )
Sleep (1.8V or 2.7V monitor on) 1 2.5 pA
Shutdown Current All off 0.5 1 HA
MAXIV 9
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MAX1329/MAX1330

12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

TIMING CHARACTERISTICS
(DVpp = 1.8V t0 3.6V, AVpp = 2.7V t0 5.5V, Ta = TmIN to TmAX, unless otherwise noted.)

PARAMETER ‘ SYMBOL ‘ CONDITIONS ‘ MIN TYP MAX | UNITS
SERIAL-INTERFACE TIMING PARAMETERS (DVpp = 2.7V to 3.6V) (Figures 1 and 2)
SCLK Operating Frequency fop 0 20 MHz
SCLK Cycle Time tove 50 ns
DIN to SCLK Setup bs 15 ns
DIN to SCLK Hold b 0 ns
SCLK Fall to Output Data Valid tho 20 ns
CS Fall to Output Enable thy 24 ns
CS Rise to Output Disable g 24 ns
CS to SCLK Rise Setup toss 15 ns
CS to SCLK Rise Hold tosH 0 ns
SCLK Pulse-Width High ton 20 ns
SCLK Pulse-Width Low oL 20 ns
SERIAL-INTERFACE TIMING PARAMETERS (DVpp = 1.8V to 3.6V) (Figures 1 and 2)
SCLK Operating Frequency fop 0 10 MHz
SCLK Cycle Time tove 100 ns
DIN to SCLK Setup bs 30 ns
DIN to SCLK Hold b 0 ns
SCLK Fall to Output Data Valid Ibo 40 ns
CS Fall to Output Enable 5 48 ns
CS Rise to Output Disable trp 48 ns
CS to SCLK Rise Setup toss 30 ns
CS to SCLK Rise Hold tosH 0 ns
SCLK Pulse-Width High toy 40 ns
SCLK Pulse-Width Low toL 40 ns
DIGITAL PROGRAMMABLE I/0 TIMING PARAMETERS (DPI01-DPI04, DVpp = 2.7V to 3.6V, CL = 20pF)
SPI Write to DPIO Output Valid tsp From last SCLK rising edge 50 ns
DPIO Rise/Fall Input to Interrupt o Interrupt programmed on Wand/or 55 ns
Asserted Delay RST2, corresponding status bits unmasked
DPIO Input to Analog Block Delay toa When controlling ADC, DACs, or switches 40 ns
DIGITAL PROGRAMMABLE I/0 TIMING PARAMETERS (DP101-DPI0O4, DVpp = 1.8V to 3.6V, CL = 20pF)
SPI Write to DPIO Output Valid sp From last SCLK rising edge 100 ns
DPIO Rise/Fall Input to Interrupt o, Interrupt programmed on @and/or 150 ns
Asserted Delay RST2, corresponding status bits unmasked
DPIO Input to Analog Block Delay toa When controlling ADC, DACs, or switches 50 ns
ANALOG PROGRAMMABLE 1/0 TIMING PARAMETERS (APIO1-APIO4, DVpp = 2.7V to 3.6V, AVpp = 2.7V to 5.5V, CL = 20pF)
SPI Write to APIO Output Valid tsp From last SCLK rising edge 50 ns
APIO Rise/Fall Input to Interrupt o, Interrupt programmed on Wand/or 50 ns
Asserted Delay RST2, corresponding status bits unmasked
CS to APIO4 Propagation Delay toca AP4AMD<1:0> = 11 35 ns

10
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12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

TIMING CHARACTERISTICS (continued)
(DVpp = 1.8V t0 3.6V, AVpp = 2.7V t0 5.5V, Ta = TmIN to TMAX, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
SCLK to APIO3 Propagation tbsa | AP3MD<1:0> = 11, TS is high 30 ns
Delay
DIN to APIO2 Propagation Delay topa AP2MD<1:0> = 11, CS is high 25 ns
APIOT to DOUT Propagation thap | APIMD<1:0> = 11, TS iss high 20 ns
Delay
SPI-Mode Propagation Delay toM | Among APIO4, APIO3, APIO2, and APIO1 +10 ns
Matching
ANALOG PROGRAMMABLE I/0 TIMING PARAMETERS (APIO1-APIO4, DVpp = 1.8V to 3.6V, AVpp = 2.7V to 5.5V, CL = 20pF)
SPI Write to APIO Output Valid tsp From last SCLK rising edge 100 ns
APIO Rise/Fall Input to Interrupt t Interrupt programmed on RST1 and/or 175 ns
Asserted Delay Dl RST2, corresponding status bits unmasked
CS to APIO4 Propagation Delay toea AP4MD<1:0> = 11 60 ns
SCLK 10 APIO3 Propagation tbsa | AP3MD<1:0> = 11, CS is high 50 ns
Delay
DIN to APIO2 Propagation Delay topa AP2MD<1:0> = 11, CSis high 50 ns
APIOT to DOUT Propagation tbap | APIMD<1:0> = 11, CS is high 80 ns
Delay
fﬂztm‘i):ge Propagation Delay toM | Among APIO4, APIO3, APIO2, and APIO1 +30 ns

Note 1: ADC INL and DNL, offset, and gain are tested at DVpp = 1.8V, AVpp = 2.7V, fsampLE = 234ksps to guarantee performance
at fsampLE = 312ksps, DVpp = 2.7V and AVpp = 5.0V.

Note 2: Guaranteed by design. Not production tested.

Note 3: AVpp supply current contribution for this module.

Note 4: DNL and INL are measured between code 115 and 4095.

Note 5: Temperature sensor accuracy is tested using a 2.5084V reference applied to REFADJ.

Note 6: The maximum trip levels for the AVpp monitor are 5% below the typical charge-pump output value. The charge-pump output
voltage and the trip thresholds track to prevent tripping at -5% below the typical charge-pump output value.

Note 7: DVpp supply current contribution for this module.

Note 8: The normal operation and sleep mode supply currents are measured with no load on DOUT, SCLK idle, and all digital inputs
at DGND or DVpp. CLKIO runs in normal mode operation and idle in sleep mode.

MAXIM 1
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MAX1329/MAX1330

12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

Typical Operating Characteristics
(AVpD = 5.0V, VREFADC = VREFDAC = 2.5V for DVpp = 3.0V; Ta = +25°C, unless otherwise noted.)

STATIC DIGITAL SUPPLY CURRENT STATIC DIGITAL SUPPLY CURRENT STATIC DIGITAL SUPPLY CURRENT
vs. DIGITAL SUPLY VOLTAGE (EVERYTHING ON) vs. DIGITAL SUPPLY VOLTAGE (ONLY VM1A ON) vs. DIGITAL SUPPLY VOLTAGE (SHUTDOWN)
10 . 2,00 . 2.00 .
g 175 é 175 g
: Ta=-40°C // 150 150
Tas B /%/ 125 f1,- 450 125
= 06 | Ta=+85°C = 0 [ Ta=485° Ta=-40°C =1L
g P = = | Ta=425°C —— =
3 y/ 5100 f— —= 510
s = = N E A=485°C 1 oneq Ta=-40°C
04 = 0.75 |t~ 0.75
; SN— —T3
050 050 |—= L -
, .
02 ———
0.25 0.25
0 0 0
15 20 25 30 35 40 45 50 55 15 20 25 30 35 40 45 50 55 15 20 25 30 35 40 45 50 55
DVpp (V) DVpp (V) DVpp (V)
STATIC ANALOG SUPPLY CURRENT STATIC ANALOG SUPPLY CURRENT vs. ANALOG STATIC ANALOG SUPPLY CURRENT
vs. ANALOG SUPPLY VOLTAGE (EVERYTHING ON) SUPPLY VOLTAGE (ONLY VM1A AND VM1B ON) vs. ANALOG SUPPLY VOLTAGE (SHUTDOWN)
1.70 . 1000 ‘ 5 1000 ‘ 2
1.65 § Ta=+85°C § Ta=+85°C §<
= 800 = 800 B
160 ] o ]
f<E? 1.55 Tp= -40°C ~ Ta =<8‘5 ¢ g 600 Ta= +25°C g 600 —— TA =+25°C
‘8150 « 8 AN —1 =& N —
= — 1 = — =
= — 1 400 400
1.45 ~—
Tv\ +25°C \ \
A= Ta=-40°C o
140 200 a 200 Ta=-40°C
1.35
1.30 0 0
25 30 35 40 45 50 55 25 30 35 40 45 50 55 25 30 35 40 45 50 55
AVpp (V) AVpp (V) AVpp (V)
fosc ERROR ADC INTEGRAL NONLINEARITY ADC INTEGRAL NONLINEARITY
vs. DIGITAL SUPPLY VOLTAGE vs. TEMPERATURE vs. TEMPERATURE
10 — s 08 ‘ = 08 ; =
0 NOMINAL fosc = 3.6864MHz (0% VALUE) E foony = 234ksps g foony = 312ksps £
06 E 07 z 07 z
= 04 S Ta=+25°C 06 06
§ o.s \\\_ - Tp=+85°C % 0 A\//DD=2.7V @ .
= NI = 05 = 05 AVpp =55V
2 00 P —£ 1 =2 | E—apess| 2 2,
S Y e 4 !
= 04 T~ 04 . 04 B—— AVpp =5.0V
e Tp=-40°C .
. AVpp =5.0V
06 03 DD 03
08
10 02 0.2
18 20 22 24 26 28 30 32 34 36 40 -5 10 35 60 85 40 15 10 35 60 85
DVpp (V) TEMPERATURE (°C) TEMPERATURE (°C)
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12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

Typical Operating Characteristics (continued)
(AVpD = 5.0V, VREFADC = VREFDAC = 2.5V for DVpp = 3.0V; Ta = +25°C, unless otherwise noted.)

ADC DIFFERENTIAL NONLINEARITY ADC INTEGRAL NONLINEARITY ADC SUPPLY CURRENT
vs. DIGITAL INPUT CODE (AVpp = 3.0V) vs. DIGITAL INPUT CODE (AVpp = 3.0V) vs. ANALOG SUPPLY VOLTAGE
" 234K g L 234K g 120 g
= 234ksps E = 234ksps 3 8
08 SAMPLE p ; 08 SAMPLE p g %
06 e 06 e 11 :
0.4 0.4 10
g 0.2 ) 0.2 i %
= = [=)
% 0 2 0 2 105 4
-0.2 LA R e 202 = /
-0.4 -0.4 100 =7
-0.6 -0.6 95
-0.8 -0.8
-1.0 -1.0 90
0 1024 2048 3072 4096 0 1024 2048 3072 4096 2.5 30 35 40 45 50 5.5
DIGITAL INPUT CODE DIGITAL INPUT CODE AVpp (V)
ADC SUPPLY CURRENT ADC OFFSET VOLTAGE ADC OFFSET ERROR
vs. CONVERSION RATE vs. TEMPERATURE vs. SUPPLY VOLTAGE
400 =1 05 = 050 o
350 C d g — g g
/// 2 04 = 1 e :
= iR N
; _ / _
N g / o I L iy L ey IR X
= A 44 o [
S 200 % 7 = / A 7]
= // £ 02 S 044
150 =—s / P ’ =0 \
100 Va4 : S~
7 -
50 /r ~——
D
0 0 0.40
0 50 100 150 200 250 300 -40 -15 10 35 60 85 2.7 37 47
CONVERSION RATE (ksps) TEMPERATURE (°C) Avpp (V)
A=FAST POWER-DOWN B =NORMAL MODE C = BURST MODE
AVpp =5V, VRerpac = 2.5V AVpp =5V, VRerpac =2.5V  AVpp =5V, Vrerpac = 2.5V
D = FAST POWER-DOWN  E=NORMAL MODE F =BURST MODE

AVpp =3V, VReranc = 1.25V AVpp = 3V, VReranc = 1.25V AVpp =3V, Vrerapc = 1.25V

MAXI 13
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MAX1329/MAX1330

12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

Typical Operating Characteristics (continued)
(AVpD = 5.0V, VREFADC = VREFDAC = 2.5V for DVpp = 3.0V; Ta = +25°C, unless otherwise noted.)

ADC GAIN ERROR ADC GAIN ERROR
vs. TEMPERATURE vs. SUPPLY VOLTAGE
0.05 o 0.023 .
Ay=1 2 Ay=1 g
0.04 2 :
AVpp =5.5V 0022 P>~
g 00 { EOE \\
o o
o oc
& 0.02 = \/
A <C
T S~ < 0021
001 H— AVDD =27V
0 0.020
40 1510 35 60 85 27 37 47
TEMPERATURE (°C) AVpp (V)
ADC 4096-POINT FFT PLOT ADC ENOB vs. FREQUENCY
0 — - 13.0 -
fin=10.261kHz |2 2
FS =253 95ksps |2 = g
-20 THD=82.8608 |2 2 125 z
SFDR = 84.740B =
— 0 SINAD = 709848 | £ 10
= S
L oc
[ds) L
= 60 £ 115
= 2
2110
=
2
& 105
L Al I 10,0
0 20 40 60 80 100 120 120 170 220 270 320
FREQUENCY (kHz) CONVERSION RATE (ksps)
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12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

Typical Operating Characteristics (continued)
(AVpD = 5.0V, VREFADC = VREFDAC = 2.5V for DVpp = 3.0V; Ta = +25°C, unless otherwise noted.)

ADC REFERENCE VOLTAGE (1.25V) ADC REFERENCE VOLTAGE (2.048V)

vs. LOAD GURRENT

vs. LOAD CURRENT

1.2520 . 2.056 5
— A £ :
1.2515 g 2.054 g
B g g
1.2510 c 2.052
“\
—1.2505 |—— — 2050
= D = A
21.2500 S 2048 B 3
= 1.2495 = 206 D
E E
1.2490 = 2.044
— — ] =
1.2485 F 2.042
1.2480 2.040
100 0 100 200 300 400 500 00 0 100 200 300 400 500

IREFADC (1A)

IReFADC (uA)

OEELXVIN/6CELXVIN

A: Ta=-40°C, AVpp =5V, DVpp =3V D: Ta=+25°C, AVpp =3V, DVpp = 2V A: Ta=-40°C, AVpp =5V, DVpp =3V D: Ta =+25°C, AVpp = 3V, DVpp = 2V

B: Ta=-40°C, AVpp =3V, DVpp = 2V
C: Ta=+25°C, AVpp =5V, DVpp =3V

E: Ta=+85°C, AVpp = 5V, DVpp = 3V
F: Ta=+85°C, AVpp =3V, DVpp =2V

ADC REFERENCE VOLTAGE (2.5V)
vs. LOAD CURRENT

B: Ta=-40°C, AVpp =3V, DVpp =2V

E: Ta=+85°C, AVpp =5V, DVpp =3V

C:Ta=+25°C, AVpp =5V, DVpp =3V  F: Ta=+85°C, AVpp =3V, DVpp = 2V

ADC REFERENCE VOLTAGE (1.25V)
vs. ANALOG SUPPLY VOLTAGE

2510 5 1.255 <
2508 g 1254 g
2,506 E 1253 g
2504 1252 f—Ty=-40°C

= 2502 S1251 F—1-

S 2500 —B C §1.250 — Ta=+25°C

£ 9498 D = 129 ——

2.49 t 1.248 //
2494 F 1247 | Ta=+85C
2492 1246
2490 1.245
400 0 100 200 300 400 500 25 30 35 40 45 50 55

IReFADC (WA)

A: Tp=-40°C, AVpp =5V, DVpp =3V  D: Tpa=+25°C, AVpp =3V, DVpp =2V

B: Ta=-40°C, AVpp =3V, DVpp =2V

E: Ta=+85°C, AVpp =5V, DVpp =3V

C:Ta=+25°C, AVpp =5V, DVpp=3V  F:Ta=+85°C, AVpp =3V, DVpp =2V

MAXIW

AVpp SUPPLY VOLTAGE (V)
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MAX1329/MAX1330

12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

(AVpD = 5.0V, VREFADC = VREFDAC = 2.5V for DVpp = 3.0V; Ta = +25°C, unless otherwise noted.)

2,055
2,054
2,053
2.052
2,051

= 2050

<2.049

22048
£2047
2,046
2,045
2.044
2,043
2,042
2,041

16

ADC REFERENCE VOLTAGE (2.048V)

ADC REFERENCE VOLTAGE (2.5V)

ADC REFERENCE LINE TRANSIENT

Typical Operating Characteristics (continued)

500mV/div
3V

10mV/div
1.25V

vs. ANALOG SUPPLY VOLTAGE vs. ANALOG SUPPLY VOLTAGE (VaADCREF = +1.25V)
- 2510 - MAX1329 toc26
g g g . 1 D
g 2508 g :
: 2506 = Do
2504 s
= AVpp .
L Ty=-40°C < 2502 1 1,=-40°C Do
£ 2500 — } freed i :
|7, -o5eC = 2498 *TA:‘+25°C VADCREF |\ A
} 2.49% ‘ s
[ 7a-85°C 2494 |— Ta=+85°C $
2490 R
2.490 i i i i L i i i
25 30 35 40 45 50 55 25 3.0 35 4.0 45 5.0 55 1ms/div
AVpp SUPPLY VOLTAGE (V) AVpp SUPPLY VOLTAGE (V)
ADC REFERENGE LINE TRANSIENT ADC REFERENGE LINE TRANSIENT
(VADCREF = +2.048V) (VADCREF = +2.5V)
MAX1329 toc27 MAX1329 toc28
T W T T aaaasy T T T . . anasas |
v T aaa v Y aaa
: ; 500mV/div T 500mv/div
AVpp : ok 3V AVop 5 - 3v
: A T ' 10mV/div : T T ' 10mVy/div
VADCREF N A 2,048V VabcReF N A 25V
1ms/div 1ms/div
ADC REFERENCE LINE TRANSIENT ADC REFERENCE LINE TRANSIENT
(VaDCREF = +1.25V) (VADCREF = +2.048V)
MAX1329 toc29 MAX1329 toc30
y T v T T Y] T T T v T T T T
L Co LI S
Co N 500mv/div Do N 500mV/div
AVbp e - 5V AVop e 7 5
; o - ’ 20mV/div ; e 20mV/div
VADCREF I\‘- : N 1.25V VADCREF I'\ j I\ . 2.048V
1ms/div 1ms/div
MNAXIMN




12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

Typical Operating Characteristics (continued)
(AVpD = 5.0V, VREFADC = VREFDAC = 2.5V for DVpp = 3.0V; Ta = +25°C, unless otherwise noted.)

ADC REFERENCE LINE TRANSIENT ADC REFERENCE SUPPLY CURRENT ADC REFERENCE TURN-ON TIME
(VaDCREF = +2.5V) vs. ANALOG SUPPLY VOLTAGE vs. ANALOG SUPPLY VOLTAGE
MAX1329 toc3
—————————rr ] 446 o 10 -
R SR TR / £ g
S S : 445 v ] 8 \ E
soomvjdv / = \ 25V
1S
AVop 5V g Q.iv / S 6 | v
Ferrd T TR T = A / = \ 2.048V
e el oomvgy 8 49 ped g
v : N = Z 4
ADCREF - 2.5V 2048V /{ Z N
: T 449 \ / v = >\ \\
% ..................... ) / 1,95 ) 1 25\/\ \\\
f 4 [ 1- ~ — —
15_ ............. /// \\\
i i i L i HP i 440 0
1ms/div 2.5 3.0 35 4.0 45 50 55 25 3.0 35 40 45 5.0 55
AVpp SUPPLY VOLTAGE (V) AVpp SUPPLY VOLTAGE (V)
DAC INTEGRAL NONLINEARITY DAC INTEGRAL NONLINEARITY DAC DIFFERENTIAL NONLINEARITY
vs. DIGITAL INPUT CODE (AVpp = 3V) vs. DIGITAL INPUT CODE (AVpp = 5V) vs. DIGITAL INPUT CODE (AVpp = 3V)
20 5 20 — 2 20 — 5
VREFDAC = 2.5V s VREFDAC = 2.5V s VReFDAC = 2.5V E
15 g 15 % 15 2
E E E
1.0 I \ 1.0 1.0
05 . 05 | _ 05
3 3 A
= 0 M S0 w ' = 0
= = =
-0.5 0.5 0.5
-1.0 -1.0 1.0
-15 -15 15
-2.0 -2.0 2.0
0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000
DIGITAL INPUT CODE DIGITAL INPUT CODE DIGITAL INPUT CODE
DAC DIFFERENTIAL NONLINEARITY DAC SUPPLY CURRENT DAC OFFSET VOLTAGE
vs. DIGITAL INPUT CODE (AVpp = 5V) vs. ANALOG SUPPLY VOLTAGE vs. TEMPERATURE
20 T T 5 80 3 2.60 3
VReFDAC = 2.5V : 75 : | :
15 g g 240 AVpp =5.5V—] §
: 70 = =
10 6 220 - /
g 05 '<§ 60 | VRerpac = 2.5V, DACB g 200 // \\
S 0 g 5 b / —
2 = 5 7 5180 1 =
05 ’(
. 15— 160 ///
o AVpp =2.7V
40 VRerpac = 2.5V, DACA
15 1.40
: 35
-2.0 30 120
0 500 1000 1500 2000 2500 3000 3500 4000 25 3.0 35 4.0 45 5.0 55 -40 -15 10 35 60 85
DIGITAL INPUT CODE AVpp (V) TEMPERATURE (°C)
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12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

-0.800

-0.825

-0.850

-0.875

-0.900

ERROR (%)

-0.925

-0.950

-0.975

-1.000

MAX1329/MAX1330
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Typical Operating Characteristics (continued)
(AVpD = 5.0V, VREFADC = VREFDAC = 2.5V for DVpp = 3.0V; Ta = +25°C, unless otherwise noted.)

DAC GAIN ERROR DAC SLEW RATE/CROSSTALK TRANSIENT DAC SLEW RATE/CROSSTALK TRANSIENT
vs. TEMPERATURE RESPONSE (VREFDAG +1.25V) RESPONSE (VREFI]A(: +2.048V)
MAX1329 tuc41 MAXWHQQ tocd2
£ T Ry 5 153 R T L R
g AVDD = +5.0V AVDD +5 UV 2048V
AVpp =2.7V ) = o / = \ I '
D/D | Voura 1w o} : R 1 i
— G
f’ \\L\\ IRERS T III [ARRERSRER] III P (ER III FAA4-Er 14 III III [ERRYEE IIIIr
B N Vours 1mV/div Vouts W i
AVop =55V - HMWMN w LWWU\‘/&” ImV/div
-40 -15 10 35 60 85 4us/div 4us/div
TEMPERATURE (°C)
DAC SLEW RATE/CROSSTALK TRANSIENT DAC DIGITAL FEEDTHROUGH TRANSIENT
RESPONSE (Vm:_rm\c +2. 5\I) RESPONSE (VRerpac = +2.50V)
MAXW 329 toc43 MAX1329 toc44
™o aass 5T _ T
2.5V : AVDD=+5-0V ..:...._ ......................
Vouta v/ : ﬂ fARAN il
OV ’ y A B - LHAEH - 4
VoL AP A e 2V/div
Vouts TmV/div
Vouta 20mV/div
AVpp = *.’.5.0V : = :
4us/div 200ns/div
OP-AMP INPUT OFFSET VOLTAGE OP-AMP INPUT OFFSET VOLTAGE
vs. TEMPERATURE vs. COMMON-MODE VOLTAGE
10 : . 10 .
9 | Vem = A‘VDD/Z § 9 §
8 ; E 8 = S
2 | AVop=5v 7 =N\ AVpp =5V
— 6 \ e — 6 \‘
£ |__— | z N
\g) 5 _— / \_g/ 5 \\/—— \\
=y = 4 b avpp-av
3 AVpp =3V 3
2 2
1 1
0 0
-40 -15 10 35 60 85 0 0510 15 20 25 3.0 35 40 45 50
TEMPERATURE (°C) Vom (V)
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12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

Typical Operating Characteristics (continued) g
(AVpD = 5.0V, VREFADC = VREFDAC = 2.5V for DVpp = 3.0V; Ta = +25°C, unless otherwise noted.) I
OP-AMP SUPPLY CURRENT OP-AMP PSRR OP-AMP OUTPUT IMPEDANCE x
vs. ANALOG SUPPLY VOLTAGE vs. FREQUENCY vs. FREQUENCY -y
100 5 80 AL ] 500 g
9% 2 o AVpp =5.0V s 450 H u
g =, | g g N
90 E 70 B 400 E
_ N
85 g0 |AVe0=30V I\ < %0 \Q
z 8 @ o 300 g
= = S
= =
g 7% g 50 é 250
= & \ < 20 b
65 40 N 150 x
60 2 N\ 100 / )
55 50 T QL
50 20 0 = (X1
25 3.0 35 4.0 45 5.0 5.5 0.01 0.1 1 10 100 1000 0 1 10 100 1000 °
AVpp (V) FREQUENCY (kHz) FREQUENCY (kHz)
OP-AMP MAXIMUM OUTPUT VOLTAGE OP-AMP MAXIMUM OUTPUT VOLTAGE
vs. TEMPERATURE vs. TEMPERATURE
50 ‘ s 140 ‘ .
RLTO AVpp/2 Z RLTO AVpp/2 :
2 120 <
40 = =
_ 100 A\ —
E 5 E L—
5 A B — c 80
=] B
R — o I N I —
S 2 5 60—
= _— = __j___,_/
Cd D e 0 B D
10— — -
F 20 E F
E \ A N\
0 0
-40 -15 10 35 60 85 -40 -15 10 35 60 85
TEMPERATURE (°C) TEMPERATURE (°C)
A:=Rp=5kQ, AVpp =5V, DVpp =3V B: =Ry =5kQ, AVpp =3V, DVpp = 2V A:=R_ =5k, AVpp =5V, DVpp=3V  B: =Ry =5kQ, AVpp =3V, DVpp = 2V
C: =R =10k, AVpp =5V, DVpp =3V D: =Ry =10k, AVpp = 3V, DVpp =2V C: =R =10kQ, AVpp =5V, DVpp=3V D: =R =10k, AVpp = 3V, DVpp = 2V
E: =R =100k, AVpp =5V, DVpp =3V F: =R =100k, AVpp = 3V, DVpp = 2V E: =R =100k, AVpp =5V, DVpp =3V F: =R =100k, AVpp =3V, DVpp = 2V
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MAX1329/MAX1330

12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

(AVpD = 5.0V, VREFADC = VREFDAC = 2.5V for DVpp = 3.0V; Ta = +25°C, unless otherwise noted.)

60

GAIN/PHASE (dB/deg)

-180

70

60

50

40

ton/torr (ns)
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20

GAIN (dB)

20

OP-AMP GAIN AND PHASE

vs. FREQUENCY

Ty
GAIN

N

AVpp=5V,3V 1|
CL= OpF, 220pF |

MAX1329 toc52

TTT T

AVpp =5V

CL=

AVpp =3V

CL=0pF i

OpF

AVpp =3V
CL=220pF

LS

AVpp =3V

CL= 220pF
L LI

0.1
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FREQUENCY (kHz)

100 1000

ANALOG SWITCH TURN-ON/-OFF TIME
vs. ANALOG SUPPLY VOLTAGE

R, = k@

‘ ‘ ton

,DVpp=2V

ton, DVpp =3V
|

MAX1329 toc55

4

\ torr, DVpp =2V
\

4

7

torr, DVpp =3V

2.5

3.0

35 40 45
AVpp (V)

50 55

ANALOG SWITGH ON-RESPONSE

vs. FREQUENCY

!
\
AVpp =5V

MAX1329 toc58
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0.1
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ANALOG SWITCH ON-RESISTANCE

vs. COM VOLTAGE (AVpp = 3V)

[ 7, - 10500 [ TA=385°C 2
B3
ya
/ \ o
NN
/ TN M
V4 ™
/7TA - 40°C
0 05 1.0 15 2.0 25 3.0
COM VOLTAGE (V)
ANALOG SWITGH TURN-ON/-OFF TIME
vs. TEMPERATURE
T T g
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Typical Operating Characteristics (continued)
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12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

Typical Operating Characteristics (continued)
(AVpD = 5.0V, VREFADC = VREFDAC = 2.5V for DVpp = 3.0V; Ta = +25°C, unless otherwise noted.)
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MAX1329/MAX1330

12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

Typical Operating Characteristics (continued)
(AVpD = 5.0V, VREFADC = VREFDAC = 2.5V for DVpp = 3.0V; Ta = +25°C, unless otherwise noted.)

CHARGE-PUMP OUTPUT VOLTAGE CHARGE-PUMP RIPPLE (lgyt = 5mA, CHARGE-PUMP LOAD TRANSIENT
vs. OUTPUT CURRENT (AVpp = 5V) DVpp = 2V, CHARGE-PUMP CLOCK = 78kHz) RESPONSE FOR 0.1mA TO 1.0mA LOAD
52 2 v o MAXIS22 0cT0 v MAX1329 tocT 1
§ - ! - . 1 5 ' I :
) JIT TR [rwesoromezo T g 30, D ¥
— = I g
50 N > ~
\ ™~ PR ol s R o B B 2mV/div
S 49 1N A DD} ¢ ] i
= \DVDD=3.3V
=T \_| | N ! fanc: SR 52
' \?VDH'OV AVop g
A7 - ) 1mA
/f\ P P : mv/div
46 DVpp = 2.7V -\ TN T ST . IavDD : 0
TN MANE NN a
45 A s -
0 5 10 15 20 25 30 35 40 45 50 Aus/div 1ms/div
lout (MA)
CHARGE-PUMP LINE TRANSIENT RESPONSE CHARGE-PUMP SUPPLY CURRENT
FOR +2.0V TO +2.5V STEP INPUT vs. SUPPLY VOLTAGE
— R 400 2
I A A g
= AVDD :+3.0V, 3.0kQ LOAD £ ERERSSERY 380 2
FOE S - AVpp =5V =
DVpp ¥ ' 25V 360 pp=5
500mV/div 340
{av =
= AVpp = 4.0V
e S 300
= 280
AVop 1 100mv/div 260 |——AVpp=3.0V
240
220
: Eod s o0
2ms/div 15 20 25 30 35 40 45 50
DVpp (V)

22 MAXIW




12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

Pin Description

PIN NAME FUNCTION
MAX1329 MAX1330

1 1 DPIO1 | Digital Programmable Input/Output 1

2 2 DPIO2 | Digital Programmable Input/Output 2

3 3 DPIO3 | Digital Programmable Input/Output 3

4 4 DPIO4 | Digital Programmable Input/Output 4
Serial-Data Output. DOUT outputs serial data from the data register. DOUT changes on the

5 5 DOUT | falling edge of SCLK and is valid on the rising edge of SCLK. When CS is high, DOUT is
high impedance, unless APIO1 is programmed for SPI mode.
Serial-Clock Input. Apply an external serial clock to transfer data to and from the device.

6 6 SCLK [ When CS is high, SCLK is inactive unless APIOS is configured for SPI mode. Then the input
on SCLK is level-shifted and output at APIO3.
Serial-Data Input. Data on DIN is clocked in on the rising edge of SCLK when CSis low.

7 7 DIN When CS is high, DIN is inactive unless APIO2 is configured for SPI mode. Then the input
on DIN is level-shifted and output at APIO2.

8 8 s A_ctiye—lpw Chip—SeIegt Inputl. Drive CS low to transfer dat.a to and from the device. When
CS is high and API104 is configured for SPI mode, APIO4 is low.

g g BSTT | Open-Drain Reset Output 1.W.remgins low while DVpp is below 1.8V. RSTT can be
reprogrammed as a push-pull, active-high, or active-low Status register interrupt output.

10 10 S5 Open-Drain Reset Output 2. m.reme}ins low vvhile DVpp is below 2.7\(. RST2 can be
reprogrammed as a push-pull, active-high, or active-low Status register interrupt output.

11 11 APIO1 | Analog Programmable Input/Output 1

12 12 APIO2 | Analog Programmable Input/Output 2

13 13 APIO3 | Analog Programmable Input/Output 3

14 14 APIO4 | Analog Programmable Input/Output 4

15 15 SNO1 | Analog Switch 1 Normally-Open Terminal

16 16 SCM1 | Analog Switch 1 Common Terminal

17 17 SNCA1 Analog Switch 1 Normally-Closed Terminal

18 18 INT+ Operational Amplifier 1 Noninverting Input

19 19 IN1- Operational Amplifier 1 Inverting Input. Also internally connected to ADC mux.

20 20 OUTA Operational Amplifier 1 Output. Also internally connected to ADC mux.

21 — N.C. No Connection. Not internally connected.

22 — FBB DACB Force-Sense Feedback Input. Also internally connected to ADC mux.

23 — OUTB | DACB Force-Sense Output. Also internally connected to ADC mux.

— 21 IN2+ Operational Amplifier 2 Noninverting Input

— 22 IN2- Operational Amplifier 2 Inverting Input. Also internally connected to ADC mux.

— 23 OUT2 | Operational Amplifier 2 Output. Also internally connected to ADC mux.
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MAX1329/MAX1330

12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,
Reference, Voltage Monitors, and Temp Sensor

Pin Description (continued)

PIN
NAME FUNCTION
MAX1329 MAX1330

24 24 OUTA | DACA Force-Sense Output. Also internally connected to ADC mux.

25 25 FBA DACA Force-Sense Feedback Input. Also internally connected to ADC mux.
DAC Internal Reference Buffer Output/DAC External Reference Input. In internal reference

o6 26 REFDAC mode, REFDAC provides a 1.25V, 2.048V, or 2.5V internal reference buffer output. In
external DAC reference buffer mode, disable internal reference buffer. Bypass REFDAC to
AGND with a 1uF capacitor.

27 27 SNC2 | Analog Switch 2 Normally-Closed Terminal

28 28 SCM2 | Analog Switch 2 Common Terminal

29 29 SNO2 | Analog Switch 2 Normally-Open Terminal

30 30 AIN2 Analog Input 2. Also internally connected to ADC mux.

31 31 AINT Analog Input 1. Also internally connected to ADC mux.
ADC Internal Reference Buffer Output/ADC External Reference Input. In internal reference

30 30 REFADC mode, REFADC provides a 1.25V, 2.048V, or 2.5V internal reference buffer output. In
external ADC reference buffer mode, disable internal reference buffer. Bypass REFADC to
AGND with a 1uF capacitor.
Internal Reference Output/Reference Buffer Amplifiers Input. In internal reference mode,

33 33 REFADJ | bypass REFADJ to AGND with a 0.01pF capacitor. In external reference mode, disable
internal reference.

34 34 AGND | Analog Ground
Analog Supply Input. Bypass AVpp to AGND with at least a 0.01uF capacitor. With the

35 35 AVDD . .
charge pump enabled, see Table 32 for required capacitor values.

36 36 ciB Charge-Pump Capacitor Input B. Connect CrLy across C1A and C1B. See Table 32 for
required capacitor values.

37 37 C1A Charge-Pump Capacitor Input A. Connect CrLy across C1A and C1B. See Table 32 for
required capacitor values.
Digital Supply Input. Bypass DVpp to DGND with at least a 0.01uF capacitor. When using

38 38 DVpp ) :
charge pump, see Table 32 for required capacitor values.

39 39 DGND | Digital Ground

40 0 CLKIO Clock Input/Output. In internal clock mode, enable CLKIO output for external use. In
external clock mode, apply a clock signal at CLKIO for the ADC and charge pump.
Exposed Pad. The exposed pad is located on the package bottom and is internally

— — EP connected to AGND. Connect EP to the analog ground plane. Do not route any PCB traces

under the package.
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12-/16-Bit DASs with ADC, DACs, DPIOs, APIOs,

Reference, Voltage Monitors, and Temp Sensor
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Figure 1. Detailed Serial-Interface Timing Diagram

Detailed Description

The MAX1329/MAX1330 smart DASs are based on a
312ksps, 12-bit SAR ADC with a 1ksps, 16-bit DSP
mode. The ADC includes a differential multiplexer, a pro-
grammable gain amplifier (PGA) with gains of 1, 2, 4,
and 8, a 20-bit accumulator, internal dither, a 16-word
FIFO, and an alarm register. The MAX1329/MAX1330
operate with a digital supply down to 1.8V and feature an
internal charge pump to boost the supply voltage for the
analog circuitry that requires 2.7V to 5.5V.

The MAX1329/MAX1330 include an internal reference
with programmable buffer for the ADC, two analog exter-
nal inputs as well as inputs from other internal circuitry,
an internal/external temperature sensor, internal oscilla-
tor, dual single-pole, double-throw (SPDT) switches, four
digital programmable 1/Os, four analog programmable
I/Os, and dual programmable voltage monitors.

The MAX1329 features dual 12-bit force-sense DACs
with programmable reference buffer and one opera-
tional amplifier. The MAX1330 includes one 12-bit force-
sense DAC with programmable reference buffer and
dual op amps. DACA can be sequenced with a 16-word
FIFO. The DAC buffers and op amps have internal ana-
log switches between the output and the inverting input.

Power-On Reset
After a power-on reset, the DVpp voltage supervisor is
enabled with thresholds at 1.8V and 2.7V. All digital
and analog programmable 1/Os (DPIOs and APIOs) are
configured as inputs with pullups enabled. The internal
oscillator is enabled and is output at CLKIO once the
1.8V reset trip threshold has been exceeded and the
subsequent timeout period has expired. See the

MAXIM
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Figure 2. DOUT Enable and Disable Time Load Circuits

Register Bit Descriptions section for the default values
after a power-on reset.

Power-On Setup
After applying power to AVpDD:

1) Write to the Reset register. This initializes the tem-
perature sensor and voltage reference trim logic.

2) Within 3ms following the reset, configure the charge
pump as desired by writing to the CP/VM Control
register. The details of programming the charge
pump are described in the Charge Pump section.

Charge Pump
Power AVpp and DVpp by any one of the following
ways: drive AVpp and DVpp with a single external
power supply, drive AVpp and DVpp with separate
external power supplies, or drive DVpp with an external
supply and enable the internal charge pump to gener-
ate AVpp or short DVpp to AVpp internally.
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