MAX11100

16-Bit, +5V, 200ksps ADC with 10puA Shutdown

General Description

Features

The MAX11100 low-power, 16-bit analog-to-digital con-
verter (ADC) features a successive-approximation ADC,
automatic power-down, fast 1.1us wake-up, and a high-
speed SPI/QSPI™/MICROWIRE®-compatible interface.
The MAX11100 operates with a single +5V analog supply
and features a separate digital supply, allowing direct
interfacing with 2.7V to 5.25V digital logic.

At the maximum sampling rate of 200ksps, the MAX11100
typically consumes 2.45mA. Power consumption is typi-
cally 12.25mW (VavpD = VpvDD = +5V) at a 200ksps
(max) sampling rate. AutoShutdown™ reduces supply
current to 140pA at 10ksps and to less than 10pA at
reduced sampling rates.

Excellent dynamic performance and low power, com-
bined with ease of use and small package size (10-pin
UMAX® and 12-bump WLP), make the MAX11100 ideal
for battery-powered and data-acquisition applications
or for other circuits with demanding power consumption
and space requirements.

Applications

Motor Control

Industrial Process Control

Industrial 1/O Modules

Data-Acquisition Systems

Thermocouple Measurements
Accelerometer Measurements

Portable- and Battery-Powered Equipment

Ordering Information appears at end of data sheet.

QSPI is a trademark of Motorola, Inc.

+ 16-Bit Resolution, No Missing Codes

¢ +5V Single-Supply Operation

+ Adjustable Logic Level (2.7V to 5.25V)

+ Input Voltage Range: 0 to VRefr

+ Internal Track-and-Hold, 4MHz Input Bandwidth
SPI/QSPI/MICROWIRE-Compatible Serial Interface
Small 10-Pin pMAX and WLP Packages

Low Power
2.45mA at 200ksps
140pA at 10ksps
0.1pA in Power-Down Mode
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MICROWIRE is a registered trademark of National Semiconductor Corp.
AutoShutdown is a trademark and uMAX is a registered trademark of Maxim Integrated Products, Inc.

For related parts and recommended products to use with this part, refer to: www.maximintegrated.com/MAX11100.related
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MAX11100

16-Bit, +5V, 200ksps ADC with 10puA Shutdown

ABSOLUTE MAXIMUM RATINGS

AVDD 10 AGND ...t -0.3V to +6V
DVDD t0 DGND ....oooviiiiiiiiiiieee e -0.3V to +6V
DGND t0 AGND ..ot -0.3V to +0.3V
AIN, REF to AGND ..... -0.3V to (Vaypp + 0.3V)
SCLK, CSto DGND .......ooooiioiioooeeeee -0.3V to +6V
DOUT to DGND........oooviiiiiiiiiiii -0.3V to (Vpypp + 0.3V)
Maximum Current Into Any Pin ..o +50mA

Continuous Power Dissipation (Tp = +70°C)

UMAX (derate 5.6mW/°C above +70°C) .........ccceeenen. 444mW

WLP (derate 16.1mW/°C above +70°C)......1300mW (Note 1)
Operating Temperature Range ...........ccccccoeene. -40°C to +85°C
Maximum Junction Temperature..............ccooecveeviiiienenns +150°C
Storage Temperature Range........c..cccooveeenn. -65°C to +150°C
Lead Temperature (UMAX only; soldering, 10s) +300°C
Soldering Temperature (reflow) .......ccccooiiiiiiiiiis +260°C

Note 1: All WLP devices are 100% production tested at Tp = +25°C. Specifications over temperature limits are guaranteed by

design and characterization.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional opera-
tion of the device at these or any other condlitions 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

(VavpD = Vbvpp = 4.75V t0 5.25V, fgo Lk = 4.8MHz (50% duty cycle), 24 clocks/conversion (200ksps), VRer = 4.096V, Crer = 4.7yF,
Ta = TMIN to Tax, unless otherwise noted. Typical values are at Tp = +25°C.)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX | UNITS
DC ACCURACY (Note 2)
Resolution 16 Bits
Relative Accuracy INL (Note 3) -2 +2 LSB
Differential Nonlinearity DNL -1 +2 LSB
Transition Noise RMS noise +0.65 LSBrMs
Offset Error 0.1 1 mV
Gain Error (Note 4) +0.002 +0.01 %FSR
Offset Drift 0.4 ppm/°C
Gain Drift (Note 4) 0.2 ppm/°C
DYNAMIC SPECIFICATIONS (1kHz sine wave, 4.096Vp_p) (Note 2)
Signal-to-Noise Plus Distortion SINAD 86 91.5 dB
Signal-to-Noise Ratio SNR 87 91.7 dB
Total Harmonic Distortion THD -106 -90 dB
Spurious-Free Dynamic Range SFDR 92 108 dB
Full-Power Bandwidth -3dB point 4 MHz
Full-Linear Bandwidth SINAD > 86dB 10 kHz
CONVERSION RATE
Conversion Time tcony (Note 5) 5 240 us
Serial Clock Frequency fscLk 0.1 4.8 MHz
Aperture Delay taD 15 ns
Aperture Jitter tad <50 ps
Sample Rate fg fscLk/24 200 ksps
Track/Hold Acquisition Time tacq 1.1 us
Maxim Integrated 2



MAX11100

16-Bit, +5V, 200ksps ADC with 10puA Shutdown

ELECTRICAL CHARACTERISTICS (continued)
(VavpD = Vbvpp = 4.75V t0 5.25V, fgo Lk = 4.8MHz (50% duty cycle), 24 clocks/conversion (200ksps), VRer = 4.096V, Crer = 4.7yF,
Ta = TmiN to Tmax, unless otherwise noted. Typical values are at Tp = +25°C.)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP MAX | UNITS
ANALOG INPUT (AIN)
Input Range VaIN 0 VREF \
Input Capacitance CAIN 40 pF
Input Leakage Current SCLK idle 0.01 10 bA
EXTERNAL REFERENCE
Input-Voltage Range VREF 3.8 VavDD \
VRer = 4.096V, fgc K = 4.8MHz 60 150
Input Current IREF VRer = 4.096V, SCLK idle 0.01 10 HA
CS = DVDD, SCLK idle 0.01
DIGITAL INPUTS (SCLK, CS)
Input High Voltage Vii | Vovop = 2.7V t0 5.25V V(I;\7/I;D v
Input Low Voltage ViL | Vovpp = 2.7V to 5.25V 0.3 x v
VpvpD
Input Leakage Current N Vin = 0to Vpypp +0.1 +1 pA
Input Hysteresis VHysT 0.2 \
Input Capacitance CiN 15 pF
DIGITAL OUTPUT (DOUT)
Output High Voltage Vo | Isource = 0.5mA, Vpypp = 2.7V to 5.25V Y%Vgg v
Output Low Voltage VoL IsINK = 2mMA, Vpypp = 2.7V to 5.25V 0.4 \
gzjrﬁs;]?tate Output Leakage I TS - DVOD £01 +10 UA
Three-State Output Capacitance Court CS =DVDD 15 pF
POWER SUPPLIES
Analog Supply VavDD 4.75 5.25 \Y
Digital Supply VbvDD 2.7 5.25 \Y
Analog Supply Current lavbb | CS = DGND, 200ksps 1.85 2.5 mA
Digital Supply Current Ipvpp | CS = DGND, DOUT = all zeros, 200ksps 0.6 1.0 mA
Shutdown Supply Current |A;|\3/\I5>5D+ CS = DVDD, SCLK = idle 0.1 10 pA
Power-Supply Rejection Ratio PSRR \s/cAe\lllg?n;lYt?\l(l%?eZB)‘wsv 10 5.2V, full- 68 dB
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16-Bit, +5V, 200ksps ADC with 10puA Shutdown

TIMING CHARACTERISTICS

(Vavpp = Vpvpp = 4.75V to 5.25V, fgo k = 4.8MHz (50% duty cycle), 24 clocks/conversion (200ksps), VRer = 4.096V, Ta = TN to
Tmax, unless otherwise noted. Typical values are at Ta = +25°C.) (See Figure 1, Figure 2, Figure 3, and Figure 6.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Acquisition Time taca 1.1 us
SCLK to DOUT Valid tbo | Coour = 50pF 50 ns
CS Fall to DOUT Enable tpy CpouT = 50pF 80 ns
CS Rise to DOUT Disable trR CpouT = 50pF 80 ns
CS Pulse Width tcsw 50 ns
CS Fall to SCLK Rise Setup tcss 100 ns
CS Rise to SCLK Rise Hold tcsH 0 ns
SCLK High Pulse Width tcH 65 ns
SCLK Low Pulse Width toL 65 ns
SCLK Period tcp 208 ns

TIMING CHARACTERISTICS
(VavDD = 4.75V to 5.25V, Vpypp = 2.7V to 5.25V, fgc k = 4.8MHz (50% duty cycle), 24 clocks/conversion (200ksps), VRgr = 4.096V,
Ta = TmIN to Timax, unless otherwise noted. Typical values are at Tp = +25°C.) (See Figure 1, Figure 2, Figure 3, and Figure 6.)

PARAMETER SYMBOL CONDITIONS MIN TYP  MAX | UNITS
Acquisition Time tacq 1.1 ys
SCLK to DOUT Valid tbo Cpout = 50pF 100 ns
CS Fall to DOUT Enable tpy CpouT = 50pF 100 ns
CS Rise to DOUT Disable tTR CpouT = 50pF 80 ns
CS Pulse Width tcsw 50 ns
CS Fall to SCLK Rise Setup tcss 100 ns
CS Rise to SCLK Rise Hold tosH 0 ns
SCLK High Pulse Width tcH 65 ns
SCLK Low Pulse Width toL 65 ns
SCLK Period tcp 208 ns

Note 2: Vaypp = Vpypp = +5V.

Note 3: Relative accuracy is the deviation of the analog value at any code from its theoretical value after the full-scale range has

been calibrated.

Note 4: Offset and reference errors nulled.
Note 5: Conversion time is defined as the number of clock cycles multiplied by the clock period; clock has 50% duty cycle.
Note 6: Defined as the change in positive full scale caused by a £5% variation in the nominal supply voltage.
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16-Bit, +5V, 200ksps ADC with 10puA Shutdown

Typical Operating Characteristics

(VavpD = Vpvbp =5V, fscLk = 4.8MHz, C| oap = 50pF, Crer = 4.7uF, VRgg = 4.096V, Ta = +25°C, unless otherwise noted.)
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MAX11100

16-Bit, +5V, 200ksps ADC with 10puA Shutdown

Typical Operating Characteristics (continued)

(VavpD = Vpvbp =5V, fscLk = 4.8MHz, C| oap = 50pF, Crer = 4.7uF, VRgg = 4.096V, Ta = +25°C, unless otherwise noted.)

ANALOG SUPPLY CURRENT
SUPPLY CURRENT vs. SAMPLE RATE vs. SUPPLY VOLTAGE
10.0000 g 1.90 o
1.0000 | y g 188 g
= AVDD
= N Il
= dld = 186
Z 0.1000 = 1.
& ///‘K %
3 S
> / IovoD =
Z0.0100 ) 1.84
& ) /
@ /// /
00010 [—A 7 1.82
P4
1
0.0001 1.80
1 10 100 1000 475 485 495 505 515 525
SAMPLE RATE (ksps) Vavop (V)
SUPPLY CURRENT SHUTDOWN SUPPLY CURRENT
vs. TEMPERATURE vs. SUPPLY VOLTAGE
25 - 20 o
18
2.0 z 16 =
=3
£ f 14
=
E 15 |AVDD = 12
[a'=y —
3 é 10
2
g 1.0 £ 8
7 6
05 .T. 4
Ipvop 2
0 0
40 -15 10 35 60 85 475 485 495 505 515 525
TEMPERATURE (°C) SUPPLY VOLTAGE (V)
SHUTDOWN SUPPLY CURRENT OFFSET ERROR
vs. TEMPERATURE vs. ANALOG SUPPLY VOLTAGE
150 o 500 .
= 15 g 300 Z
E —
& 100 =,
§ = 100
% 75 E I
2 £ -100
) 5 T~
2 / \
] -
> 5 / L 300
0 -500
40 -15 10 35 60 85 475 485 495 505 515 525
TEMPERATURE (°C) Vavop (V)

Maxim Integrated 6



MAX11100

16-Bit, +5V, 200ksps ADC with 10puA Shutdown

Typical Operating Characteristics (continued)

(VavpD = Vpvbp =5V, fscLk = 4.8MHz, C| oap = 50pF, Crer = 4.7uF, VRgg = 4.096V, Ta = +25°C, unless otherwise noted.)
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16-Bit, +5V, 200ksps ADC with 10puA Shutdown

Pin Configurations

TOP VIEW
(BUMP SIDE DOWN) Waxiioo
2 3 4 TOP VIEW
TREE ADD AGND  SCLK
'Y RO I R B G
AGND REF  DGND cs MAX11100
I IO T B G B G
AN AGND  DVOD  DOUT
ol 7y oy .
- - HMAX
WLP
Pin Description
PIN
NAME FUNCTION
WLP HMAX
A1 B2 6 REF External Reference Voltage Input. Sets the analog voltage range. Bypass to AGND with a 4.7uF
' capacitor.
A2 7 AVDD Analog +5V Supply Voltage. Bypass to AGND with a 0.1pF capacitor.
A3é281‘ 4,8 AGND | Analog Ground
Ad 10 SCLK Serial Clock Input. SCLK drives the conversion process and clocks out data at data rates up to
4.8MHz.
B3 2 DGND | Digital Ground
Active-Low Chip-Select Input. Forcing CS high places the MAX11100 shutdown with a typical
B4 9 CcsS current of 0.1pA. A high-to-low transition on CS activates normal operating mode and initiates a
conversion.
C1 AIN Analog Input
C3 DVDD Digital Supply Voltage. Bypass to DGND with a 0.1uF capacitor.
Serial Data Output. Data changes state on SCLK’s falling edge. DOUT is high impedance when
C4 1 DOUT TS is high
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16-Bit, +5V, 200ksps ADC with 10puA Shutdown

VoD
1mA
DoutT DouT
1mA CLoaD = 50pF CLoAD = 50pF
— DGND 1 1 DGND
a) VoL TO VoH b) HIGH-Z TO VoL AND Vo TO VoL

Figure 1. Load Circuits for DOUT Enable Time and SCLK to
DOUT Delay Time

Vop
1mA
DouT DOUT
1mA; i ) ICLOAD =50pF CLoAD = 50pF
— DGND 1 1 DGND
a) VoH TO HIGH-Z b) VoL TO HIGH-Z

Figure 2. Load Circuits for DOUT Disable Time

Detailed Description

The MAX11100 includes an input track-and-hold (T/H)
and successive-approximation register (SAR) circuitry to
convert an analog input signal to a digital 16-bit output.
Figure 4 shows the MAX11100 in its simplest configura-
tion. The serial interface requires only three digital lines
(SCLK, CS, and DOUT) and provides an easy interface
to microprocessors (UPs).

The MAX11100 has two power modes: normal and shut-
down. Driving CS high places the MAX11100 in shut-
down, reducing the supply current to 0.1uA (typ), while
pulling CS low places the MAX11100 in normal operating
mode. Falling edges on CS initiate conversions that are
driven by SCLK. The conversion result is available at
DOUT in unipolar serial format. The serial data stream
consists of eight zeros followed by the data bits (MSB
first). Figure 3 shows the interface timing diagram.

Analog Input
Figure 5 illustrates the input sampling architecture of the
ADC. The voltage applied at REF sets the full-scale input
voltage.

Track-and-Hold (T/H)
In track mode, the analog signal is acquired on the inter-
nal hold capacitor. In hold mode, the T/H switches open
and the capacitive DAC samples the analog input.

DouT

Figure 3. Detailed Serial Interface Timing
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Figure 4. Typical Operating Circuit
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Figure 5. Equivalent Input Circuit

During the acquisition, the analog input (AIN) charges
capacitor CDAC. The acquisition interval ends on the
falling edge of the sixth clock cycle (Figure 6). At this
instant, the T/H switches open. The retained charge on
CDAC represents a sample of the input.

In hold mode, the capacitive digital-to-analog converter
(DAC) adjusts during the remainder of the conversion
cycle to restore node ZERO to zero within the limits of
16-bit resolution. At the end of the conversion, force CS
high and then low to reset the input side of the CDAC
switches back to AIN, and charge CDAC to the input
signal again.

The time required for the T/H to acquire an input sig-
nal is a function of how quickly its input capacitance
is charged. If the input signal’s source impedance is
high, the acquisition time lengthens and more time must
be allowed between conversions. The acquisition time
(tacq) is the maximum time the device takes to acquire
the signal. Use the following formula to calculate acquisi-
tion time:

Maxim Integrated

tacq = 13(Rs + RiN) x 35pF
where Ry = 800Q, Rg = the input signal’'s source
impedance, and taocq is never less than 1.1ps. A source
impedance less than 1kQ does not significantly affect the
ADC'’s performance.

To improve the input signal bandwidth under AC condi-
tions, drive AIN with a wideband buffer (> 4MHz) that
can drive the ADC'’s input capacitance and settle quickly.

Input Bandwidth
The ADC'’s input tracking circuitry has a 4MHz small-
signal bandwidth, so it is possible to digitize high-speed
transient events and measure periodic signals with
bandwidths exceeding the ADC’s sampling rate by using
undersampling techniques. To avoid aliasing of unwant-
ed high-frequency signals into the frequency band of
interest, use anti-alias filtering.

Analog Input Protection
Internal protection diodes, which clamp the analog input
to AVDD or AGND, allow the input to swing from VAGND
- 0.3V to Vaypp + 0.3V, without damaging the device.

If the analog input exceeds 300mV beyond the supplies,
limit the input current to 10mA.

Digital Interface

Initialization After Power-Up and Starting a

Conversion

The digital interface consists of two inputs, SCLK and

CS, and one output, DOUT. A logic-high on CS places

the MAX11100 in shutdown (AutoShutdown) and places

DOUT in a high-impedance state. A logic-low on CS
places the MAX11100 in the fully powered mode.

To start a conversion, pull CS low. A falling edge on CS
initiates an acquisition. SCLK drives the A/D conversion
and shifts out the conversion results (MSB first) at DOUT.

Timing and Control
Conversion-start and data-read operations are con-
trolled by the CS and SCLK digital inputs (Figure 6
and Figure 7). Ensure that the duty cycle on SCLK is
between 40% and 60% at 4.8MHz (the maximum clock
frequency). For lower clock frequencies, ensure that
the minimum high and low times are at least 65ns.
Conversions with SCLK rates less than 100kHz can
result in reduced accuracy due to leakage.

Note: Coupling between SCLK and the analog inputs
(AIN and REF) may result in an offset.
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Figure 6. External Timing Diagram

‘4— COMPLETE CONVERSION SEQUENCE —V‘
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CONVERSION 0

‘4— — -
POWERED UP POWERED DOWN
TIMING NOT TO SCALE.

CONVERSION 1

- —>
POWERED UP

Figure 7. Shutdown Sequence

Variations in frequency, duty cycle, or other aspects of
the clock signal’s shape result in changing offset.

A CS falling edge initiates an acquisition sequence. The
analog input is stored in the capacitive DAC, DOUT
changes from high impedance to logic-low, and the ADC
begins to convert after the sixth clock cycle. SCLK drives
the conversion process and shifts out the conversion
result on DOUT.

SCLK begins shifting out the data (MSB first) after the fall-
ing edge of the 8th SCLK pulse. Twenty-four falling clock
edges are needed to shift out the eight leading zeros
and 16 data bits. Extra clock pulses occurring after the

Maxim Integrated

conversion result has been clocked out, and prior to the
rising edge of CS, produce trailing zeros at DOUT and
have no effect on the converter operation.

Force CS high after reading the conversion’s LSB to
reset the internal registers and place the MAX11100 in
shutdown. For maximum throughput, force CS low again
to initiate the next conversion immediately after the speci-
fied minimum time (tcsw)-

Note: Forcing CS high in the middle of a conversion
immediately aborts the conversion and places the
MAX11100 in shutdown.
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Output Coding and Transfer Function
The data output from the MAX11100 is binary and Figure 8
depicts the nominal transfer function. Code transitions
occur halfway between successive-integer LSB values
(VREF = 4.096V and 1 LSB = 63V or 4.096V/65536).

Applications Information

External Reference
The MAX11100 requires an external reference with a
+3.8V and AVDD voltage range. Connect the external
reference directly to REF. Bypass REF to AGND with
a 4.7uF capacitor. When not using a low-ESR bypass
capacitor, use a 0.1yF ceramic capacitor in parallel with
the 4.7uF capacitor. Noise on the reference degrades
conversion accuracy.

The input impedance at REF is 40kQ for DC currents.
During a conversion the external reference at REF must
deliver 100pA of DC load current and have an output
impedance of 10Q or less.

For optimal performance, buffer the reference through
an op amp and bypass the REF input. Consider the
MAX11100’s equivalent input noise (38uVrms) when
choosing a reference.

QUTPUT CODE
FULL-SCALE
.11 TRANSITION
1,110
I
11...101 |
I
I
| . I
I // I
| , !
| g :
: . ' FS=Veer
I /
! ’ ! 115B= JREE
/ ! 65536
00...011 !
00...010 !
I
00... 001 ,
I
00...000 “4~—r"4+~—4+—--------- —t
01 2 3 ? £
INPUT VOLTAGE (LSB) FS-3/2LSB

Figure 8. Unipolar Transfer Function, Full Scale (FS) = Vrer
Zero Scale (ZS) = GND
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Input Buffer
Most applications require an input buffer amplifier to
achieve 16-bit accuracy. If the input signal is multiplexed,
switch the input channel immediately after acquisition,
rather than near the end of or after a conversion (Figure 9).
This allows the maximum time for the input buffer ampli-
fier to respond to a large step change in the input signal.
The input amplifier must have a slew rate of at least 2V/us
to complete the required output-voltage change before
the beginning of the acquisition time.

At the beginning of the acquisition, the internal sam-
pling capacitor array connects to AIN (the amplifier
output), causing some output disturbance. Ensure that
the sampled voltage has settled before the end of the
acquisition time.

Digital Noise
Digital noise can couple to AIN and REF. The conversion
clock (SCLK) and other digital signals active during input
acquisition contribute noise to the conversion result.
Noise signals synchronous with the sampling interval
result in an effective input offset. Asynchronous signals
produce random noise on the input, whose high-frequen-
cy components can be aliased into the frequency band
of interest. Minimize noise by presenting a low imped-
ance (at the frequencies contained in the noise signal)
at the inputs. This requires bypassing AIN to AGND, or
buffering the input with an amplifier that has a small-
signal bandwidth of several MHz, or preferably both. AIN
has 4MHz (typ) of bandwidth.

Distortion
Avoid degrading dynamic performance by choosing an
amplifier with distortion much less than the MAX11100’s
total harmonic distortion (THD = -102dB at 1kHz) at
frequencies of interest. If the chosen amplifier has
insufficient common-mode rejection, which results in
degraded THD performance, use the inverting configu-
ration (positive input grounded) to eliminate errors from
this source. Low temperature-coefficient, gain-setting
resistors reduce linearity errors caused by resistance
changes due to self-heating. To reduce linearity errors
due to finite amplifier gain, use amplifier circuits with suf-
ficient loop gain at the frequencies of interest.

DC Accuracy
To improve DC accuracy, choose a buffer with an offset
much less than the MAX11100’s offset (1mV (max) for
+5V supply), or whose offset can be trimmed while main-
taining stability over the required temperature range.
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CHANGE MUX INPUT HERE

Figure 9. Change Multiplexer Input Near Beginning of Conversion to Allow Time for Slewing and Settling

Serial Interfaces
The MAX11100’s interface is fully compatible with SPI,
QSPI, and MICROWIRE standard serial interfaces.

If a serial interface is available, establish the CPU’s
serial interface as master, so that the CPU generates the
serial clock for the MAX11100. Select a clock frequency
between 100kHz and 4.8MHz:

1) Use a general-purpose I/O line on the CPU to pull CS low.

2) Activate SCLK for a minimum of 24 clock cycles. The
serial data stream of eight leading zeros followed by
the MSB of the conversion result begins at the fall-
ing edge of CS. DOUT transitions on SCLK'’s falling

Maxim Integrated

3)

4)

edge and the output is available in MSB-first format.
Observe the SCLK to DOUT valid timing characteris-
tic. Clock data into the pP on SCLK'’s rising edge.

Pull CS high at or after the 24th falling clock edge. If
CS remains low, trailing zeros are clocked out after
the least significant bit (DO = LSB).

With CS high, wait at least 50ns (tcsyy) before start-
ing a new conversion by pulling CS low. A conver-
sion can be aborted by pulling CS high before the
conversion ends. Wait at least 50ns before starting a
new conversion.

13
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SPI

i/0
SCK
MISO

SS

—_—

-
Vbp

E

CS
SCLK
DoutT

MAX11100

Figure 10a. SPI Connections

1/0
SK
S|

MICROWIRE

cs
SCLK
DOUT

MAX11100

Figure 10b. MICROWIRE Connections

Data can be output in three 8-bit sequences or con-
tinuously. The bytes contain the results of the conversion
padded with eight leading zeros before the MSB. If the
serial clock has not been idled after the LSB (DO) and CS
has been kept low, DOUT sends trailing zeros.

SPI and MICROWIRE Interfaces
When using the SPI (Figure 10a) or MICROWIRE (Figure 10b)
interfaces, set CPOL = 0 and CPHA = 0. Conversion
begins with a falling edge on CS (Figure 10c). Three con-
secutive 8-bit readings are necessary to obtain the entire
16-bit result from the ADC. DOUT data transitions on
the serial clock’s falling edge. The first 8-bit data stream
contains all leading zeros. The second 8-bit data stream
contains the MSB through D8. The third 8-bit data stream
contains D7 through DO.

SCLK

1\

|«———— {STBYTEREAD —————— >

|«——— ONDBYTEREAD ——————— >

DouT*

“WHEN CS IS HIGH, DOUT = HIGH-Z

TIMING NOT TO SCALE.

Figure 10c. SPI/MICROWIRE Interface Timing Sequence (CPOL = CPHA = 0)

Maxim Integrated

14



MAX11100

16-Bit, +5V, 200ksps ADC with 10puA Shutdown

Cs

cs

SCK

Yy

SCLK

MISO |-
QsSPI Vbp

DouT

MAX11100

Figure 11a. QSPI Connections

SCLK 1 4 6
05\
END OF ‘
DOUT* ACQUISITION

*WHEN CS IS HIGH, DOUT = HIGH-Z

Figure 11b. QSPI Interface Timing Sequence (CPOL = CPHA = 0)

VoD Vbp
SCLK = SCK
pouT - SDI
CS |- 1/0
PIC16/17
MAX11100
JT_GND JT_

Figure 12a. SPI Interface Connection for a PIC16/PIC17

QSPI Interface
Using the high-speed QSPI interface with CPOL = 0 and
CPHA = 0, the MAX11100 supports a maximum fgcLk
of 4.8MHz. Figure 11a shows the MAX11100 connected
to a QSPI master and Figure 11b shows the associated
interface timing.

Maxim Integrated

PIC16 with SSP Module and PIC17 Interface
The MAX11100 is compatible with a PIC16/PIC17 micro-
controller (UC) using the synchronous serial-port (SSP)
module.

To establish SPI communication, connect the controller
as shown in Figure 12a. Configure the PIC16/PIC17 as
system master, by initializing its synchronous serial-port
control register (SSPCON) and synchronous serial-port
status register (SSPSTAT) to the bit patterns shown in
Table 1 and Table 2.

In SPI mode, the PIC16/PIC17 uC allows 8 bits of data
to be synchronously transmitted and received simultane-
ously. Three consecutive 8-bit readings (Figure 12b) are
necessary to obtain the entire 16-bit result from the ADC.
DOUT data transitions on the serial clock’s falling edge
and is clocked into the yC on SCLK's rising edge. The
first 8-bit data stream contains all zeros. The second 8-bit
data stream contains the MSB through D8. The third 8-bit
data stream contains bits D7 through DO.

15
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|———— 1STBYTEREAD —————— |

|«——— NDBYTEREAD ———————— |

SCLK

S ™\

o *+1T—

DouT*

“WHEN CS IS HIGH, DOUT = HIGH-Z

TIMING NOT TO SCALE.

Figure 12b. SPI Interface Timing with PIC16/PIC17 in Master Mode (CKE = 1, CKP = 0, SMP = 0, SSPM3 - SSPMO = 0001)

Table 1. Detailed SSPCON Register Contents

CONTROL BIT “SnI‘EA'I)'('I"II:\:(gSO SYNCHRONOUS SERIAL-PORT CONTROL REGISTER (SSPCON)
WCOL BIT7 X Write Collision Detection Bit
SSPOV BIT 6 X Receive Overflow Detect Bit
Synchronous Serial-Port Enable Bit:
SSPEN BIT 5 1 0: Disables serial port and configures these pins as 1/O port pins.

1: Enables serial port and configures SCK, SDO, and SCI pins as serial port pins.

CKP BIT 4 Clock Polarity Select Bit. CKP = 0 for SPI master mode selection.

SSPM3 BIT3
SSPM2 BIT 2
SSPM1 BIT 1
SSPMO BITO

Synchronous Serial-Port Mode Select Bit. Sets SPI master mode and selects fo k = fogc/16.

- |O|lO|O|O

Table 2. Detailed SSPSTAT Register Contents

CONTROL BIT gé_ﬁ;\:gg SYNCHRONOUS SERIAL-PORT CONTROL REGISTER (SSPSTAT)
SMP BIT 7 0 SPI Data Input Sample Phase. Input data is sampled at the middle of the data output time.
CKE BIT 6 1 SPI Clock Edge Select Bit. Data is transmitted on the rising edge of the serial clock.
D/A BIT5 X Data Address Bit
P BIT 4 X STOP Bit
S BIT3 X START Bit
R/W BIT 2 X Read/Write Bit Information
UA BIT 1 X Update Address
BF BIT O X Buffer Full Status Bit

Maxim Integrated 16
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Definitions

Integral Nonlinearity
Integral nonlinearity (INL) is the deviation of the values
on an actual transfer function from a straight line. This
straight line can be either a best-fit straight line fit or a
line drawn between the endpoints of the transfer function,
once offset and gain errors have been nulled. The static
linearity parameters for the MAX11100 are measured
using the endpoint method.

Differential Nonlinearity
Differential nonlinearity (DNL) is the difference between
an actual step width and the ideal value of 1 LSB. A DNL
error specification of 1 LSB guarantees no missing codes
and a monotonic transfer function.

Aperture Definitions
Aperture jitter (tay) is the sample-to-sample variation in
the time between samples. Aperture delay (tap) is the
time between the falling edge of the sampling clock and
the instant when the actual sample is taken.

Signal-to-Noise Ratio
For a waveform perfectly reconstructed from digital
samples, signal-to-noise ratio (SNR) is the ratio of the
full-scale analog input (RMS value) to the RMS quantiza-
tion error (residual error). The ideal, theoretical minimum
analog-to-digital noise is caused by quantization noise
error only and results directly from the ADCs resolution
(N bits):

SNR = (6.02 x N + 1.76)dB

In reality, there are other noise sources besides quantiza-
tion noise: thermal noise, reference noise, clock jitter, etc.
SNR is computed by taking the ratio of the RMS signal to
the RMS noise, which includes all spectral components
minus the fundamental, the first five harmonics, and the
DC offset.

Signal-to-Noise Plus Distortion
Signal-to-noise plus distortion (SINAD) is the ratio of
the fundamental input frequency’s RMS amplitude to
the RMS equivalent of all the other ADC output signals,
excluding the DC offset.

SignalRMS

SINAD(dB) =20 xlo
(dB) x1od (Noise + Distortion)

RMS

Maxim Integrated

Effective Number of Bits
Effective number of bits (ENOB) indicate the global
accuracy of an ADC at a specific input frequency and
sampling rate. An ideal ADC error consists of quantiza-
tion noise only. With an input range equal to the full-scale
range of the ADC, calculate the effective number of bits
as follows:

ENOB = (SINAD - 1.76)/6.02

Figure 13 shows the effective number of bits as a function
of the MAX11100’s input frequency.

Total Harmonic Distortion
Total harmonic distortion (THD) is the ratio of the RMS
sum of the first five harmonics of the input signal to the
fundamental itself. This is expressed as:

\/V22 +\/32 + V42 + V52

THD =20 xlog v
1

where V1 is the fundamental amplitude and Vs through
V5 are the 2nd- through 5th-order harmonics.

Spurious-Free Dynamic Range
Spurious-free dynamic range (SFDR) is the ratio of the
RMS amplitude of the fundamental (maximum signal
component) to the RMS value of the next largest fre-
quency component.

16
14 i
™
w ™
E 1 ™ N
210
&
S 38
=
§ 6
i 4
2
0
0.1 1 10 100
INPUT FREQUENCY (kHz)

Figure 13. Effective Number of Bits vs. Input Frequency
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Supplies, Layout, Grounding, and Bypassing
Use PCBs with separate analog and digital ground
planes. Do not use wire-wrap boards. Connect the two
ground planes together at the MAX11100. Isolate the
digital supply from the analog with a low-value resistor
(10Q) or ferrite bead when the analog and digital sup-
plies come from the same source (Figure 14).

Constraints on sequencing the power supplies and
inputs are as follows:

e Apply AGND before DGND.
¢ Apply AIN and REF after AVDD and AGND are present.
e DVDD is independent of the supply sequencing.

Ensure that digital return currents do not pass through
the analog ground and that return-current paths are
low impedance. A 5mA current flowing through a PCB
ground trace impedance of only 0.05Q creates an error
voltage of about 250uV, 4 LSB error with a +4V full-scale
system.

The board layout should ensure that digital and analog
signal lines are kept separate. Do not run analog and dig-
ital (especially the SCLK and DOUT) lines parallel to one
another. If one must cross another, do so at right angles.

The ADCs high-speed comparator is sensitive to high-
frequency noise on the AVDD power supply. Bypass an
excessively noisy supply to the analog ground plane with
a 0.1uF capacitor in parallel with a 1pF to 10uF low-ESR
capacitor. Keep capacitor leads short for best supply-
noise rejection.

AIN AN CS|— ¢S
SCLK |—— SCLK
VREF —@ REF DOUT}—
4 DOUT
— MAX11100
5V ® ® AVDD
0.1pF DVDD
AGND —
0.14F DGND
- - 1T
— GND

Figure 14. Powering AVDD and DVDD from a Single Supply
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Ordering Information

PART TEMP RANGE PIN-PACKAGE
MAX11100EUB+ -40°C to +85°C 10 pMAX
MAX11100EWC+ -40°C to +85°C 12 WLP

+Denotes a lead(Pb)-free/RoHS-compliant package.

Chip Information

PROCESS: BiCMOS

Package Information

For the latest package outline information and land patterns (foot-
prints), go to www.maximintegrated.com/packages. Note that a
“+7“#”, or “-” in the package code indicates RoHS status only.
Package drawings may show a different suffix character, but
the drawing pertains to the package regardless of RoHS status.

PACKAGE PACKAGE OUTLINE LAND
TYPE CODE NO. PATTERN NO.
10 uMAX Uto+2 21-0061 90-0330
Refer to
12 WLP W121A2+1 21-0009 Application
Note 1891
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Revision History

REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 9/11 Initial release —

1 112 Revised the Absolute Maximum Ratings and Electrical Characteristics. 2-4
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OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHoBsaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




