MITSUMI
12bit Delta-sigma ADC
MM4013A12, MM4014A12, MM4015A12 data sheet

OUTLINE

The MM4013A12, MM4014A12, and MM4015A12 are high-precision, low-power, 12-bit
delta sigma analog-to-digital converter ICs with I2C compatible interface.
MM4015 can measure two differential inputs or four single-ended inputs by the internal
input multiplexer.

MM4014A12 and MM4015A12 have a build-in PGA (programmable gain amplifier), and
are well suited for sensor measurement applications because having input voltage range
switching function. This ADC operates in either continuous-conversion mode or single-shot
conversion mode.

FEATURE

- 3 products line-up : MM4013-MM4014-MM4015

- 12bit Resolution (no missing codes)

- Single-Cycle Setting

- Programmable Data Rate : 128 SPS ~ 3300 SPS

- Multiplexer allows 4 single inputs and 2 differential inputs (MM4015)

- Input voltage range can be changed by installing PGA (MM4014, MM4015)
- Installing Programmable Comparator (MM4014, MM4015)

- Low Current Consumption : 150 pA (Continuous-Conv. Mode)

- Ultra Small SQFN Package : 2.0(W) x 1.5(D) x 0.4(H) mm

- I2C Interface : 4 different slave address are selectable

- Operation temperature : -40 °C ~ +125 °C
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12bit Delta-sigma ADC MMA4013A12, MM4014A12, MM4015A12
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12bit Delta-sigma ADC MM4013A12, MM4014A12, MM4015A12

PIN CONFIGURATION

MM4015

ADDR [ 1% i10} {37 spA

ALERT/RDY [ 2_: i8] VDD

GND |} 3 : 7 | AIN3

AINO | ai isiis6|AIN2

AIN1
TERMINAL EXPLANATIONS
NO | PIN SYMBOL TYPE INTERNAL EQUIVALENT CIRCUIT FUNCTION
VDD
1 ADDR Input ADDR D L 12C slave address select

GNo /// eNo// )/

ALERT/
RDY D Comparator output or

— conversion ready
2 ALERT/RDY Output (Open Drain Output)

*MM4013 : Not connected

N0 /// a0 ///
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12bit Delta-sigma ADC MM4013A12, MM4014A12, MM4015A12

NO | PIN SYMBOL TYPE INTERNAL EQUIVALENT CIRCUIT FUNCTION

VDD
3 GND Supply \-1 Ground
GND D
GN
DD
G

D
4 AINO v Analog input 0
5 AIN1 AINO Analog input 1
AIN1
Input AIN2
6 AIN2 AIN3 Analog input 2
¥MM4013, MM4014 : Not connected
Analog input 3
’ AN ND %MM4013, MM4014 : Not connected

VDD >
8 VDD Supply Power Supply
GND

VDD
SDA -
9 SDA 1/0 > Data input/output through 12C
serial communication
|——<:|
7.77.
GND GND GND

VDD

10 scL Tnput scL D o Clock mput t.hrough I12C serial
communication
GND GND
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12bit Delta-sigma ADC MM4013A12, MM4014A12, MM4015A12

ABSOLUTE MAXIMUN RATINGS

Unless otherwise specified

Ta =25 °C

ITEM SYMBOL MIN. MAX. UNIT

Power supply voltage VDDabx -0.3 7.0 \'

Analog input voltage (note?) VAINabx GND - 0.3 VDD + 0.3 \Y

Digital input voltage (note?) VDINabx GND - 0.3 5.5 v
Continuous input current Icntabx -10 10 mA

Operating ambient temperature Tamax -40 125 °C

Junction temperature Timax -40 150 °C

Storage temperature Tstg -60 150 °C

Power dissipation (on board) (note3) Pd - 270 mw

note! : AINO, AIN1, AIN2, AIN3
note? : ADDR, ALERT/RDY, SDA, SCL

note3 : Conditions: 10 mm x 12 mm, t = 1.6 mm, single-sided board, and copper foil 10%

RECOMMENDED OPERATING CONDITIONS

Unless otherwise specified

Ta =25 °C
ITEM SYMBOL MIN. MAX. UNIT
Operating ambient temperature Top -40 125 °C
Operating voltage Vop 2.0 5.5 \
Analog absolute input voltage (note?) VaInx GND VDD \Y
Full-scale input voltage range (note?) FSR +0.256 +6.144 \"
Digital input voltage (note3) Vbinx GND 5.5 V

note! : AINO, AIN1, AIN2, AIN3

note? : AINP and AINN indicate the selected positive and negative inputs.

note3 : ADDR, ALERT/RDY, SDA, SCL
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12bit Delta-sigma ADC

MMA4013A12, MM4014A12, MM4015A12

ELECTRICAL CHARACTERISTICS

Unless otherwise specified

MIN./MAX. Specifications : Ta = —40 to 125 °C, VDD = 3.3V, DR = 128 SPS, FSR = +£2.048 V
:Ta=25°C, VDD = 3.3V, DR = 128 SPS, FSR = +2.048 V

TYP. Specifications

ITEM SYMBOL CONDITIONS MIN. TYP. MAX. UNIT

ANALOG INPUT
FSR = +6.144 V - >100 -

FSR = +4.096 V - >100 -

Common-mode input Zcom FSR = £2.048 V - >100 - MO

impedance FSR = £1.024 V - >100 -
FSR = £0.512 V - >100 -
FSR = £0.256 V - >100 -
FSR = +6.144 V - 29 -
FSR = +4.096 V - 22 -

. . . . FSR = £2.048 V - 15 -

Differential input impedance Zdiff FSR = £1.024 V ; 10 a MQ
FSR = £0.512 V - 6 -

FSR = £0.256 V - 3 -

SYSTEM PERFORMANCE

Resolution (notet) Reso 12 - - Bits

Data rate DR 128, 250, 490, 920, 1600, 2400, 3300 SPS

Data rate variation DR_var ALL data rates -10 - 10 %

. . DR = 128 SPS
2 ’ -

Integral nonlinearity (note?) INL FSR = 42.048 V, Ta = 25 °C 0.5 0.5 LSB
FSR = £2.048 V -0.5 0.0 0.5 LSB
differential inputs

Offset error Erof FSR = £2.048 V

R - +0.25 - LSB
single-ended inputs

Offset drift over temperature |AErof_t| | FSR = £2.048 V - 0.005 - LSB/°C

. FSR = £2.048 V
- - + -

Long-term offset drift Erof _Itr Ta = 125 °C, 1000 hours 1 LSB
Offset channel match Erof_ch Match between any two inputs - 0.25 - LSB
. FSR = £2.048 V o
Gain error Erga Ta = 25°C 0.25 0.05 0.25 %o

FSR = £0.256 V - 7 -
Gain drift over temperature
o o o |AErga_t| | FSR = £2.048 V - 5 40 ppm/°C
|Erga(-40°C)-Erga(125°C) |/165°C FSR = £6.144 V : 5 :

note! : Ensured by design.

note? : Best-fit INL; covers 99% of full-scale
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12bit Delta-sigma ADC

MMA4013A12, MM4014A12, MM4015A12

Unless otherwise specified

MIN./MAX. Specifications : Ta = —40 to 125 °C, VDD = 3.3V, DR = 128 SPS, FSR = £2.048 V
:Ta=25°C, VDD = 3.3V, DR = 128 SPS, FSR = +2.048 V

TYP. Specifications

ITEM SYMBOL CONDITIONS MIN. TYP. MAX. UNIT
SYSTEM PERFORMANCE
L FSR = £2.048 V
- - +0. - [s)
Long-term gain drift Erga_lItr Ta = 125 °C, 1000 hours 0.05 %o
Gain match Erga_re Match between any two gains - 0.02 0.1 %
Gain channel match Erga_ch Match between any two gains - 0.05 0.1 %
DIGITAL INPUT/OUTPUT DC CHARACTERISTICS
High-level input voltage Vi 0.7vDD - VDD \Y
Low-level input voltage Vi GND - 0.3vDD \Y
Low-level output voltage VoL TIo. = 3mA GND 0.15 0.4 Vv
Input leakage current Inn GND < Vbmx < VDD -10 - 10 HA
POWER SUPPLY
Idds Power-down - 0.5 -
Supply current Operating, Ta=25°C - 150 200 MA
Iddo -

Operating - - 300

VDD =5.0V - 0.9 -
Power dissipation Pop VDD = 3.3V - 0.5 - mwW

VDD =2.0V - 0.3 -
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12bit Delta-sigma ADC MM4013A12, MM4014A12, MM4015A12

TIMING CHARACTERISTICS : 12C

Unless otherwise specified,
Ta=-40t0 125°C,VDD =2.0to 5.5V

FAST MODE HIGH-SPEED MODE UNIT

ITEN SYMBOL MIN. TYP. MAX. MIN. TYP. MAX.
12C Clock frequency FscL 0.01 - 0.4 0.01 - 3.4 MHz
Bus free time between START
and STOP condition Tewr 600 ) ) 160 ) i ns
Hold time after repeated
START condition. Thosta 600 - - 160 - - ns
Setup time for a repeated ) )
START condition Tsusa 600 ) ) 160 ns
Setup time for STOP condition Tsusto 600 - - 160 - - ns
Data hold time THDDAT 0 - - 0 - - ns
Data setup time Tsupat 100 - - 10 - - ns
L_ow period of the SCL clock Tiow 1300 ) i 160 ) ) ns
signal
I-!lgh period of the SCL clock T 600 ) i 60 ) ) ns
signal
Rise time for both SDA and
SCL signals (note?) Tr ) ) 300 i ) 160 ns
F_all time for tlJoth SDA and SCL T i ) 300 ) ) 160 ns
signals (notet)

note! : For the maximum values in high-speed mode, the load capacity of bus line must be less than 400 pF.

T | e M
SCL < Tow R
y—l— | | - 77 T,
> e Tr « > NI «
Trosm Tsupar Tsoso | |
SDA Taur
Te| — S e JE—
Tr
S P S
START STOP START
condition condition  condition

Figure 1. I2C Interface Timing
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12bit Delta-sigma ADC

MMA4013A12, MM4014A12, MM4015A12

DETAILED DESCRIPTION

OVERVIEW

The MM4013, MM4014, and MM4015 are 12-bit delta sigma analog-to-digital converter. This consists of a A~ ADC core

with an internal reference voltage source, a clock oscillator, and an I2C interface circuit.

MM4014 and MM4015 also have a programmable gain amplifier (PGA) and digital comparator.

FEATURE DESCRIPTION

MULTIPLEXER

MM4015 is equipped with an input multiplexer as shown in Figure 2. This multiplexer can measure two differential
signals or four single-ended signals by setting MUX[2:0] in Config register. When measuring the single-ended signal, the
negative input of the ADC is internally connected to GND using a switch in the multiplexer.

MM4013 and MM4014 do not have an input multiplexer. It can measure either 1ch differential signals or 1ch single-end

signals. For single-end measurements, connect the AIN1 pin externally to the GND.

AINOL?

AIN1[}

AIN2 [}

> AINp

AIN3 [}

A

ol

P AINy

L]

GND

Figure 2. Input Multiplexer

Table 1. Input signal selection

MUX[2:0]

AINp

AINy

0

AINO

AIN1

AINO

AIN3

AIN1

AIN3

AIN2

AIN3

AINO

GND (noter)

AIN1

GND (note1)

AIN2

GND (note1)

Nt |hWIN|—

AIN3

GND (note1)

Note! : AINN is connected internally
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12bit Delta-sigma ADC MM4013A12, MM4014A12, MM4015A12

ANALOG INPUT CIRCUIT

MM4013, MM4014, and MM4015 use a switched-capacitor input stage to sample the voltage between AINP and AINN. In
this IC, the input signal is sampled at 250 kHz by the built-in oscillator. The structure of the sampling circuit of the analog
input stage can be expressed by the equivalent circuit of Figure 3, and switching is performed at the timing shown in Figure
4. Charge / discharge during this sampling period causes a very small transient current to flow through the analog input
pins, and the mean of this current can be used to calculate the effective input impedance (Zcom or Zdiff). The impedance
of the analog input may affect the measurement accuracy. The impedance of the signal source should be considered in
light of the standard value of the input impedance.

AINpO—O/

o————00.7V
51 SZ
Cs
AINNO—O/ Oo——00.7V
51 SZ

Figure 3. Simplified Analog Input Circuit

¢ tSAMPLE ’

ON
S

1
OFF ——
ON —
S |
OFF

Figure 4. S1 and S2 Switching Timing

FULL—SCALE RANGE (FSR) AND LSB SIZE

For MM4014 and MM4015, a programmable gain amplifier (PGA) is implemented before the AZADC. This allows the
magnitude of the minimum resolution (LSB) to be set. Table 2 shows the relation between the full-scale range (FSR =
+6.144 V, £4.096 V, £2.048 V, £1.024 V, £0.512 V, £0.256 V) and the LSB. Full scale can be set by PGA[2:0] bits in
Config register. In addition, LSB can be calculated from FSR by the equation below.

LSB SIZE = FSR / 212

Table 2. Full-Scale Range and Corresponding LSB Size

PGA[2:0] FSR LSB SIZE
0 +6.144 V 3mv
1 +4.096 V 2mv
2 +2.048 V 1mv
3 +1.024 V 0.5mv
4 +0.512V 0.25 mV
5-7 +0.256 V 0.125 mV

The analog input voltages must never exceed the analog input voltage limits given in the Absolute Maximum Ratings. If
the power supply voltage is less than or equal to the full scale range, the full scale output code of the ADC cannot be
obtained.
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12bit Delta-sigma ADC MM4013A12, MM4014A12, MM4015A12

OUTPUT DATA RATE AND CONVERSION TIME

MM4103, MM4014, and MM4015 can use the DR[2:0] bits in Config register to select the output data rate from the
following : 128, 250, 490, 920, 1600, 2400, or 3300 SPS.

Table 3. Data rate selection
DR[2:0] Data Rate
0 128 SPS
250 SPS
490 SPS
920 SPS
1600 SPS
2400 SPS
3300 SPS
3300 SPS

N |[h(WIN ([

DIGITAL COMPARATOR (MM4014, MM4015)

MM4014 and MM4015 have a programmable digital comparator that can issue an alert from ALERT/RDY pin. Since
ALERT/RDY pin is an open-drain pin, a pull-up resistor is required.

The digital comparator has two modes. In traditional comparator mode, ALERT/RDY pin is asserted when the converted
data exceeds the limit set in the High-side threshold register (Hi_thresh) (default low-active). It is then deasserted when
the conversion data falls below the value set in the Lo side threshold register (Lo_thresh). In window comparator mode,
ALERT/RDY pin is asserted when the converted data exceeds the Hi_thresh register value or falls below the Lo_thresh
register value.

In both modes, the COMP_LAT bit can be used to latch and hold the state after the assertion. This assertion can be
cleared by a SMBus alert-response or by reading Conversion register. (Refer to Figure 6 for SMBus alert response signals.)
In this situation, the lowest slave address output from MM4014 and MM4015 are prioritized and deasserted.In traditional
comparator mode, the SMBus alert status bit indicates a 1 if the converted data exceeds Hi_thresh. In window comparator
mode, the SMBus alert status bit indicates a 1 if the converted data exceed the Hi_thresh, and a 0 if the converted data
exceed the Lo_thresh.

The comparator can also be configured to activate ALERT/RDY pin only when the thresholds set in the threshold registers
(Hi_thresh and Lo_thresh) are continuously exceeded. The COMP_QUE[1:0] bits in Config register can set the number of
times the threshold is continuously exceeded to 1, 2, or 4. The COMP_QUE[1:0] bits can also disable the comparator
function and make ALERT/RDY pin to Hi-Z. In addition, the COMP_POL bit in Config register can control High- or low-
activation of ALERT/RDY pin.
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12bit Delta-sigma ADC MM4013A12, MM4014A12, MM4015A12

Input Signal
Input Signal

Time Time

Non-Latching
Comparator
Output
Non-Latching
Comparator
Output

Time Time
Successful Successful Successful
C SMBus Alert e SMBus Alert SMBus Alert
o2, Response ] 28 Response \“ Response
£°3 ponse 1™ £ty W
223 225
3g° 58°
) o
Time Time
Traditional Comparator Mode Window Comparator Mode

Figure 5. ALERT Pin Timing Diagram

ALERT /7

< JuJUJLI I e e L e e e e L e e e e e
SDA \ o o o/ 1 1\ o o [rwW\ [ 1\ o o/ 1\ o [ALY A0 )sauws)

Start by ACK by From NACK by Stop by
Master MM4014/5 MM4014/5 Master Master

Frame 1: SMBus ALERT Response Address Byte —+7 Frame 2: Slave Address

Figure 6. Timing Diagram for SMBus Alert Response
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12bit Delta-sigma ADC MMA4013A12, MM4014A12, MM4015A12

CONVERSION READY PIN (MM4014, MM4015)

ALERT/RDY pin can also be set as a conversion ready pin. Setting the most significant bit of the Hi_thresh register to 1
and the most significant bit of the Lo_thresh register to 0 enables the conversion ready pin. When the COMP_QUE[1:0] bits
are set to any 2-bit value other than 11, the conversion ready signal is output from ALERT/RDY pin. At this time, the
functionality of the COMP_MODE and COMP_LAT bits is disabled. When this pin is set as a conversion ready pin, a pull-up
resistor must be connected to ALERT/RDY pin as well. As shown in Figure 7, MM4014 and MM4015 output approximately 8
us-conversion ready pulses from ALERT/RDY pin at the completion of conversion in continuous conversion mode.

In single-shot mode, when the COMP_POL bit is set to 0, ALERT/RDY pin is asserted to the low-level on completion of
the conversion. The polarity of the COMP_POL bit is still valid for this setting.

MM4114/5

Status Converting | Converting | Converting | Converting
Conversion Ready Conversion Ready Conversion Ready
V_: 8 s
ALERT/RDY |_| |_|
(active high)

Figure 7. Conversion Ready Pulse in Continuous-Conversion Mode

DEVICE FUNCTION MODES

RESET AND POWER—UP

MM4013, MM4014, and MM4015 initialize at power up and sets all registers to their defaults. This initialization process is
completed in about 150 ps, and then automatically goes into the power-down state.

When the I2C general call reset command (06h) is received, the reset processing is executed in the same way as when
the device is started.

2.0V —<
VDD

< 150 ps >
State PowerOff Initialize PowerDown

Figure 8. Startup at power on

POWER-OFF AND REBOOT

After power off, MM4015 requires a wait time of 100us or more for reboot.

2.0V
VDD . 0.1V

<«—Min 100 ps————»|  [«——150 pys—>
State PowerDown or Active X Power Off Initialize PowerDown

Figure 9. Power off and reboot
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12bit Delta-sigma ADC MM4013A12, MM4014A12, MM4015A12

OPERATING MODES

MM4013, MM4014, and MM4015 operate either in continuous-transform mode or single-shot mode. The respective
operation mode is selected using the MODE bit of Config register.

SINGLE—SHOT MODE

When MODE bit in Config register is set to 1, MM4013, MM4014, and MM4015 set the single-shot mode and powers
down the internal circuit. It remains powered down until 1 is written to Operational Status (OS) bit in Config register. When
the OS bit is set to 1, the device starts within approximately 25 us, resets the OS bit to 0, and performs AD conversion once.
After the conversion is completed, the conversion result is stored in Conversion register, and the device goes into the
power-down state again. If 1 is written to the OS bit during conversion, the new command is disabled and conversion
currently being executed continues. To switch to continuous conversion mode, 0 must be written to MODE bit in Config
register.

’c Standy | Write (0S = 1) Standby
le—25us—pe—————————— gpR—————

state Power Down | Power Up AD Conversion Data Ready Power Down

Figure 10. Single-shot conversion
CONTINUOUS-CONVERSION MODE

In continuous conversion mode (MODE bit is set to 0), MM4013, MM4014, and MM4015 perform AD conversion
continuously. After the conversion is completed, the result is stored in Conversion register and the next conversion is
immediately started. If a new configuration setting is written, the configuration settings of the currently running conversion
are retained and the next conversion is performed with the new configuration setting. To switch to single-shot conversion
mode, 1 must be written to MODE bit in Config register or reset the device.

12C Standy | write (MODE = 0) Standby
€—25 ys—P¢———1/DR—————Pp¢——1/DR———
state Power Down | Power Up AD Conversion AD Conversion |
Data ready Data ready
RDY
(active low) < 8 ps

Figure 11. Continuous conversion
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12bit Delta-sigma ADC MM4013A12, MM4014A12, MM4015A12

I12C INTERFACE

MM4013, MM4014, and MM4015 communicate as slaves on the I2C interfaces. For speed mode, this IC supports
standard mode (100 kHz), fast mode (400 kHz), and high speed mode (3.4 MHz). It also supports the I2C bus timeout
function, which releases the bus when the bus communication becomes idle (SCL is low) for longer than 25 ms.

Figure 11 and 12 show the read/write sequence in normal mode and fast mode. In the read sequence, the internal
register can be read by writing the pointer address and then reading it again. In the write sequence, data can be written
after the pointer address is written. Figure 13 shows the sequences in high-speed mode.

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

scL
soA \ /[ 1\ o0 0/1\0/A1><A0\R/W /_\0 o 0o o o o /prt)ro)\Ack /_

Start by ACK by ACK by Stop by
Master MM4013/4/5 MM4013/4/5 Master

Frame 1: Salve Address Byte Frame 2: Address Pointer Register

(Continued)

(Co:t'i)rﬁjed) t\o o / 1 \ 0 /A1 XAo/R/W\ACKAD15><D14><D13><012><011><D10>< D9>< D8 >\ACK
Start by ACK by From ACK by
Master MM4013/4/5 MM4013/4/5 Master

Frame 3: Salve Address Byte Frame 4: Data Byte 1 Read Register

SCL
(Continued)

(CO:t'i)rﬁJed) (7 ) b6 ) D5 ) D43 D2)D1)D0)ACK [
From ACK by Stop by
MM4013/4/5 Master Master

}47 Frame 5: Data Byte 2 Read Register
Figure 12. Timing Diagram for Reading from MM4013, MM4014, MM4015

scL
soa \ /1\o of1\o/mYm\rw [\o o o o o o [p)ro\ak/

Start by ACK by ACK by
Master MM4013/4/5 MM4013/4/5
‘47 Frame 1: Salve Address Byte Frame 2: Address Pointer Register

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

SCL
(Continued)

(Cor?t?’l/-l\Jed) (p15) D14} p13) D12) D11) D10 Do ) D8 ) Ack (D7 | D6 | D5 | D4 | D3 D2 | D1 | DO )ACK [
Start by ACK by ACK by Stop by
Master MM4013/4/5 MM4013/4/5 Master

‘47 Frame 3: Data Byte 1 Frame 4: Data Byte 2
Figure 13. Timing Diagram for Writing to MM4013, MM4014, MM4015
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12bit Delta-sigma ADC MM4013A12, MM4014A12, MM4015A12

. Normal /
—— —  Normal / Fast Mode 4{47 High Speed Mode 4+— Fast Mode
1 2 3 4 5 6 7 8 9 123456789

soa\ 0 0 o 0/1\<XXX><X>/NACK\_/T\00/T\OAG<[_D ------- o, [

Start by NACK by ACK by ACK by  Stop by
Master MM4013/4/5 MM4013/4/5 MM4013/4/5 Master
}47 Hs Master Code 4+— Salve Address -« Data Byte(s)

Figure 14. Hs master code

I2C ADDRESS SELECTION

In MM4013, MM4014, and MM4015, ADDR pin is used to set the I2C address of the device. This pin can be connected to
GND, VDD, SDA or SCL. As shown in Table 4, four distinct slave addresses can be selected for one pin.

Table 4. ADDR Pin Connection and Corresponding Slave Address

ADDR PIN CONNECTION SLAVE ADDRESS
GND 100 1000
VDD 100 1001
SDA 100 1010
SCL 100 1011

I2C GENERAL CALL

MM4013, MM4014, and MM4015 respond to an 12C general call (0000 0000). When the general call address is checked

and the second byte is 00000110 (06h), MM4013, MM4014, and MM4015 reset the register and enters the power-down
state.

R/W
SDA \ 0 0 0 0 0 0 0 0 ACK/\O0 0 0 0 0 1 1 0 ACK
Start by ACK by ACK by
Master MM4013/4/5 MM4013/4/5

General Call Address Byte 4%47 Reset Command

Figure 15. General call reset
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12bit Delta-sigma ADC MM4013A12, MM4014A12, MM4015A12

Data Format

MM4013, MM4014, and MM4015 converted data is 12-bit data in left-aligned 2's complement format. Table 5 shows the
ideal output code for differential inputs. Figure 15 shows the code transitions relative to the input voltage.

Table 5. Input Signal versus Ideal Output Code

INPUT SIGNAL
Vin = V(AINp)-V (AINN) IDEAL OUTPUT CODE
= +FS (21-1)/21 7FFOh
+FS/211 0010h
0 0000h
-FS/211 FFFOh
< -FS 8000h
7FFOh f----i-----
T O e e S
o .
'8 .
8 0010h
+ 0000h
o
E T S e e
o O VUSSR R S AR S S AU R S SORT R S
8010h I fomenet -
8000h gt Foeed
-FS 0 ------ A +FS
Input Voltage Vi
211_1 211_1
-FS _Zﬁ_ +FS —21'1—

Figure 16. Code Transition Diagram

Only the positive-code range from 0000h to 7FFOh is used to measure single-ended signals. However, if V(AINP) is near
0V, the device may output a negative code because of the offset of the device.
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12bit Delta-sigma ADC MM4013A12, MM4014A12, MM4015A12

REGISTER MAP

MM4013, MM4014, and MM4015 have four registers that can be accessed through the I2C interface. Address Pointer
register specifies the access destination. Conversion register stores the ADC-converted data. Config register is used to set
the operating mode and check the status. The other two registers (Lo_thresh and Hi_thresh) set the threshold used by the

comparator function, but not available on MM4013.
Address Pointer Register (address = N/A) [reset = N/A]

All four registers are accessible by writing to the Address Pointer register. See Table 6.

Table 6. Address Pointer Register

7 6 5 4 3 2 1 | 0
0 0 0 0 0 0 P[1:0]
W-0h W-0h W-0h W-0h W-0h W-0h W-0h
LEGEND: R/W = Read/Write; R = Read only; W = Write only; -n = value after reset
Table 7. Address Pointer Register Field Descriptions
Bit Field Type Reset Description
7:2 Reserved w Oh Always write Oh
Address pointer Register
00 : Conversion Register
1:0 P[1:0] W Oh 01 : Config Register
10 : Lo_thresh Register
11 : Hi_thresh Register

Conversion Register (P[1:0] = Oh) [reset = 0000h]

Conversion register is the two's complement form of the last conversion result. At power-up and reset, Conversion

register is cleared to 0 and remains 0 until the first conversion is completed.

Table 8. Conversion Register

15 14 13 12 11 10 9 8
D11 D10 D9 D8 D7 D6 D5 D4
R-00h
7 6 5 4 3 | 2 | 1 | 0

D3 D2 D1 DO Reserved
R-00h R-0h
LEGEND: R/W = Read/Write; R = Read only; W = Write only; -n = value after reset
Table 9. Conversion Register Field Descriptions
Bit Field Type Reset Description
15:4 D[11:0] R 000h 12-bit conversion result
3:0 Reserved R Oh Always Read Back Oh
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12bit Delta-sigma ADC MM4013A12, MM4014A12, MM4015A12

Config Register (P[1:0] = 1h) [reset = 8583h]
Config register is used to control the operation mode, input selection, data rate, full scale range, and comparator mode.

Table 10. Config Register

15 14 | 13 | 12 11 | 10 | 9 8
05 MUX[2:0] PGA[2:0] MODE
R/W-1h R/W-0h R/W-2h R/W-1h
7 6 | 5 4 3 2 1 0
DR[2:0] COMP_MODE | COMP_POL | COMP_LAT COMP_QUE[1:0]
R/W-4h R/W-0h R/W-Oh R/W-0h R/W-3h

LEGEND: R/W = Read/Write; R = Read only; W = Write only; -n = value after reset

Table 11. Config Register Field Descriptions
Bit Field Type Reset Description
This bit determines ADC operation status and starts single-
shot conversion.

When writing:
0 : No effect
15 oS R/W 1h 1 : Start a single conversion (during power-down state)

When reading :
0 : Conversion is in progress.
1 : Conversion is completed.

These bits configure the input multiplexer. (MM4015)
These bits does not work with MM4013 and MM4014.

000 : AINr = AINO and AINnN = AIN1 (default)
001 : AINp = AINO and AINN = AIN3
14:12 MUX[2:0] R/W Oh 010 : AINp = AIN1 and AINN = AIN3
011 : AINe = AIN2 and AINN = AIN3
100 : AINp = AINO and AINN = GND
101 : AINe = AIN1 and AINN = GND
110 : AINr = AIN2 and AINN = GND
111 : AINe = AIN3 and AINN = GND

These bits set gain amplifier. (MM4014, MM4015)
These bits does not work with MM4013.

000 : FSR = £6.144 V (note!)
001 : FSR = +4.096 V (note!)
11:9 PGA[2:0] R/W 2h 010 : FSR = +2.048 V (default)
011 : FSR = £1.024 V

100 : FSR = +£0.512 V

101 : FSR = £0.256 V

110 : FSR = £0.256 V

111 : FSR = +£0.256 V

note! : This parameter expresses the full-scale range of the ADC scaling. Do not apply more than VDD + 0.3 V to the
analog input of the device.
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12bit Delta-sigma ADC

MMA4013A12, MM4014A12, MM4015A12

Bit

Field

Type

Reset

Description

MODE

R/W

1h

This bit sets ADC operating mode.

0 : Continuous-conversion mode
1 : Single-shot mode or power-down state (default)

7:5

DR[2:0]

R/W

4h

These bits set conversion data rate.

000 : 128 SPS

001 : 250 SPS

010 : 490 SPS

011 : 920 SPS

100 : 1600 SPS (default)
101 : 2400 SPS

110 : 3300 SPS

111 : 3300 SPS

COMP_MODE

R/W

Oh

This bit sets the comparator mode. (MM4014, MM4015)
This bit does not work with MM4013.

0 : Traditional comparator (default)
1 : Window comparator

COMP_POL

R/W

Oh

This bit sets the polarity of the ALERT/RDY pin.
(MM4014, MM4015)
This bit does not work with MM4013.

0 : Active low (default)
1 : Active high

COMP_LAT

R/W

Oh

This bit sets whether the ALERT/RDY pin latches.
(MM4014, MM4015)
This bit does not work with MM4013.

0 : Non-latching comparator (default).
1 : Latching comparator

1:0

COMP_QUE[1:0]

R/W

3h

These bits specify comparator judgment count and
comparator usage. (MM4014, MM4015)
These bits does not work with MM4013.

00 : Assert after one conversion

01 : Assert after two conversions

10 : Assert after four conversions

11 : Disable comparator and set ALERT/RDY pin to high-
impedance (default)
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12bit Delta-sigma ADC MM4013A12, MM4014A12, MM4015A12

Lo_thresh (P[1:0] = 2h)[reset = 8000h] and Hi_thresh (P[1:0] = 3h)[reset = 7FFFh] Register

Lo_thresh and Hi_thresh resistors are used to store the comparator upper and lower limits of the thresholds. The output
of this comparator is determined by comparing the ADC conversion result with the value of this register. For this reason,
the register value of Hi_thresh must always be greater than that of Lo_thresh.

To use the conversion ready function, the MSB of Hi_thresh must be set to 1 and the MSB of Lo_thresh to 0. ALERT/RDY
pin outputs the OS bit in single-shot mode and Conversion Ready pulses in continuous-conversion mode.

Table 12. Lo_thresh Register

15 14 13 12 11 10 9 8
Lo_thresh1l | Lo_thresh10 Lo_thresh9 Lo_thresh8 Lo_thresh?7 Lo_thresh6 Lo_thresh5 Lo_thresh4
R/W-80h
7 6 5 4 3 2 1 0
Lo_thresh3 Lo_thresh2 Lo_thresh1 Lo_threshO 0 0 0

R/W-0h R-0Oh
LEGEND: R/W = Read/Write; R = Read only; W = Write only; -n = value after reset
Table 13. Hi_thresh Register
15 14 13 12 11 10 9 8
Hi_thresh11 Hi_thresh10 Hi_thresh9 Hi_thresh8 Hi_thresh7 Hi_thresh6 Hi_thresh5 Hi_thresh4
R/W-7Fh
7 6 5 4 3 2 1 0
Hi_thresh3 Hi_thresh2 Hi_thresh1 Hi_thresh0 1 1 1 1
R/W-Fh R-Fh
LEGEND: R/W = Read/Write; R = Read only; W = Write only; -n = value after reset
Table 14. Lo_thresh and Hi_thresh Register Field Descriptions
Bit Field Type Reset Description
15:4 Lo_thresh R/W 800h Low threshold value
[11:0]
15:4 H'[—ltrlrg]s" R/W 7FFh High threshold value
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12bit Delta-sigma ADC MM4013A12, MM4014A12, MM4015A12

TYPICAL APPLICATION CIRCUIT

VDD

iPiezoelectric element

__________________ MM4015 oo B ey
I===!1keto10ke
AINO GND | !
AIN1 ADDR MCU
6] AIN2 ALERT/RDY [2 GPIO
VDD VOUTL | AIN3 SCL [id scL
MM3154
Anal tput
temp. Sensor SDA[9 SDA
GND  NC

L

Figure 17. Typical application circuit

APPLICATION HINTS

Transient current flows through MM4013/14/15 during conversion. Connecting a 0.1 puF power supply bypass capacitor
absorbs instantaneous current changes and improves tolerance to fluctuations in power supply voltage and noise
generation.

Connection of the analog input must be done with sufficiently small output impedance compared to input impedance of
the data rate to use. In addition, connecting a low-pass filter to the input reduces the effects of folding distortion and
external noise. It is recommended that these constants be checked on the actual machine.

The I2C bus pins of SDA and SCL to VDD must be connected using a pull-up resistor of 1 to 10 kQ. The resistance value
of the resistor to connect must be selected considering the wiring capacitance and data rate of the 12C bus.

Analogue inputs of MM4013/14/15 have protective diodes. However, the current processing capacity of these diodes is
limited and applying an analog input voltage to the power rail for extended periods of time in excess of approximately 300
mV may cause permanent damages.

Un used analog input pins must be unconnected or connected to VDD, GND, or intermediate potential.
When ALERT/RDY output pin is not used, it must be unconnected or connected to VDD using a pull-up resistor.
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12bit Delta-sigma ADC MM4013A12, MM4014A12, MM4015A12
TYPICAL PERFORMANCE CHARACTERISTICS

Unless otherwise specified
Ta=25°C, VDD = 3.3V, FSR = £2.048 V, DR = 128 SPS

300

12
= \/DD = —\/DD =
250 2ov 10
z —— VDD = §
2 33V -
E 200 g 8
5 5
3 150 S P 26
2 3
= [=}
© 100 -?_ 4
5 g
(o] o
50 a 2
0 0 -
-50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150
Temperature [C] Temperature [C]
Figure 18. Operating Current vs Temperature Figure 20. Power-Down Current vs Temperature
2 0.6
VDD=2.0V ===-- VDD = 3.3V FSR=+6.144v = = ====- FSR =+4.096V
15 - = =VDD=5.0V = — VDD = 5.5V 0.5 — = = FSR =+2.048V — —FSR =+1.024V
Yy . B . 0.4
2 os X
S 5 03
s 0 5
= c 02
% -0.5 8 ‘
-1 0.1 |
15 0
2 01 !
-50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150
Temperature [C] Temperature [°C]
Figure 19. OffsetError vs Temperature Figure 21. GainError vs Temperature
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12bit Delta-sigma ADC

MM4013A12, MM4014A12, MM4015A12

Ryr—: SQFN-10
PACKAGE

[ UNIT | mm |

; 2.0
9 | 6
|
I
| .
10 | —
I
|
1 | 4
>
<T
-
=
o
N iy O s SO s DO s L
n
o
Q
o
1 s »
0.5 )‘
N
|= 2% | 3 4}
T
0 - 4|. : g
| o
— | — ™
| .
9 | | 7 6
0.4 0.25

©2024 Mitsumi Electric Co., Ltd. All rights reserved. The contents of this document are subject to change without notice. The details listed here are not a guarantee.

MITSUMI ELECTRIC CO., LTD. Semiconductor Business div.

https://product.minebeamitsumi.com/en/product/category/ics/




12bit Delta-sigma ADC MMA4013A12, MM4014A12, MM4015A12
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12bit Delta-sigma ADC MM4013A12, MM4014A12, MM4015A12

RECOMMENDED LAND PATTERN

UNI T mm]

ZNC
1:90
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0:39
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— N
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j\
N \ﬁ\—&\%\—
|
|
\\\ Rk“\\&\\“_
|
0,70
1.88

Ji2d J.3U

The dimension are for reference only and not guaranteed by design.

To design practically, correction should be made for optimized dimensions considering the effects of the board
type to be mounted, mount (soldering) method, type and coating thickness of cream solder.
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MOUNTING CONDITION FOR PACKAGE

Pb-Free recommended profile condition
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This profile gives recommended values, which are not guaranteed.

For mounting the package, evaluate the profile with the equipment, conditions, and materials to be used.

- Mounting by flow solding
Flow soldering cannot be used for mounting of this package.

- Mounting by manual soldering
Manual soldering cannot be used for mounting of this package.
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MOUNTING CONDITION FOR PACKAGE

Storage method

[Storage condition]
Store the device under the following conditions.

Temperature : 5 to 30 °C
Humidity : 40 to 70 %RH
Storage life : 1 year

Do not store this device where a large amount of dust or harmful volatile gas exists, electrostatic is easily charged,
condensation is generated, or changes in temperature and humidity are wide, or under the direct sunlight.

[Baking]
If the storage time specified above has passed, mounting by soldering may cause cracks on the moistureabsorbed
package. Before mounting, the package should be baked under the following conditions.

Temperature : 125 °C
Storage life : 16 to 24 hours

Embossing tapes and reels are not heat-resistant type.

Before baking, the device should be placed in a heat-resistant container.

In consideration of the time-consuming baking process and the possibility of deformed terminal, the device should be
mounted promptly within the time observing the storage conditions.

If a long-term storage is needed, a desiccator or a dry box should be used.

[Handling instructions]
Shipping boxes must be handled with care because any drop or shock may damage the device.
Additionally, the device must be handled in the place with the protection against electrostatic charge and without
extreme changes of temperature/humidity.
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LINE-UP

Device Resolution Data rate - Inp.ut char!nels PGA Digital Interface
Differencial | Single-End comparator
MM4113 16Bit 8 ~ 860 SPS 1 1 No No 12C
MM4114 16Bit 8 ~ 860 SPS 1 1 Yes Yes 12C
MM4115 16Bit 8 ~ 860 SPS 2 4 Yes Yes 12C
MM4013 12Bit 128 ~ 3300 SPS 1 1 No No 12C
MM4014 12Bit 128 ~ 3300 SPS 1 1 Yes Yes 12C
MM4015 12Bit 128 ~ 3300 SPS 2 4 Yes Yes 12C
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NOTES

Safety Precautions
Though Mitsumi Electric Co., Ltd. (hereinafter referred to as "Mitsumi") works continually to improve our product's
quality and reliability, sem|conductor products may generally malfunction or fail. Customers are responsible for
complying with safety standards and for providing adequate designs and safeguards for their hardware, software and
systems which minimize risk and avoid situations in which a malfunction or failure of this product could cause loss of
human life, bodily injury, or damage to property, including data loss or corruption. Before customers use this product,
create designs including this product, or incorporate this product into their own applications, customers must also
refer to and comply with (a) the latest versions or all of our relevant information, including without limitation, product
specifications, data sheets and application notes for this product and (b) the user’s manual, handling instructions or all
relevant information for any products which is to be used, or combined with this products. Customers are solely
responsible for all aspects of their own product design or applications, including but not limited to (a) determining the
appropriateness of the use of this product in such design or applications; (b) evaluating and determining the
applicability of any information contained in this document, or in charts, diagrams, programs, algorithms, sample
application circuits, or any other referenced documents; and (c) validating all operating parameters for such designs
and applications. Mitsumi assumes no liability for customers’ product design or applications.
This product is intended for applying to computers, OA units, communication units, instrumentation units, machine
tools, industrial robots, AV units, household electrical appliances, and other general electronic units.
This product is not designed as a component of equipment or devices that require a high degree of reliability, may
affect the life or body, or could damage the property (space systems, submarine repeaters, nuclear power controllers,
infrastructure controllers, medical equipment, military devices, units related to the control and safety of transport
equipment (automobiles, trains, aircraft, etc.), traffic signaling equipment, disaster / crime prevention units, or the
like). In the case where this product is used in these applications, Mitsumi does not bear any responsibility. If the
product is used as a component of the above equipment or devices, Mitsumi shall not be liable for any damage caused
thereby. It is the customer's responsibility to carry out the necessary safety design for the customer's hardware,
software and systems.
Before using this product, even when it is not used for the applications written previous paragraph, notify and present
us beforehand if special care and attention are needed for its application, intended purpose, environment of usage,
risk, and the design or inspection specification corresponding to them.
If any damage to our customer is objectively identified to be caused by the defect of this product, Mitsumi is
responsible for it. In this case, Mitsumi is liable for the cost limited to the delivery price of this product.

Appllcatlon considerations during actual circuit design
The outline of parameters described herein has been chosen as an explanation of the standard parameters and
performance of the product. When you actually plan to use the product, please ensure that the outside conditions are
reflected in the actual circuit and assembling designs.
Before using this product, please evaluate and confirm the actual application with this product mounted and
embedded.
To investigate the influence by applied transient load or external noise, It is necessary to evaluate and confirm them
with mounting this product to the actual application.
Any usage above the maximum rating may destroy this product or shorten the lifetime. Be sure to use this product
under the maximum rating.
If you continue to use this product highly-loaded (applying high temperature, large current or high voltage; or
variation of temperature) even under the absolute maximum rating and even in the operating range, the reliability of
this product may decrease significantly. Please design appropriate reliability in consideration of power dissipation and
voltage corresponding to the temperature and designed lifetime after confirming our individual reliability documents
(such as reliability test report or estimated failure rate). It is recommended that, before using this product, you
appropriately derate the maximum power dissipation (typically, 80% or less of the maximum value) considering
parameters including ambient temperature, input voltage, and output current.
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Precautions for Foreign Exchange and Foreign Trade Control Act
If you export or take products and technologies in this document which are subject to security trade control based on
the Foreign Exchange and Foreign Trade Act to overseas from Japan, permission of the Japanese government is
required.

Prohlbltlons for Industrial Property Rights
Since this document contains the contents related to our copyright and know-how, you are requested not to use this
document for any purpose other than the application of this product.
If a use of this product causes a dispute related to the industrial property rights of a third party, Mitsumi has no
liability for any disputes except those which arise directly from the manufacturing and manufacturing method of our
products.

Precautions for Product Liability Act
Mitsumi does not bear any responsibility for any consequence resulting from any wrong or improper use of this
product and other factors.

Others
Any part of the contents contained herein must not be reprinted or reproduced without our prior permission.
In case of any question arises out of the description in this specification, it shall be settled by the consultation
between both parties promptly.

ATTENTION

This product is designed and manufactured with the intention of normal use in general electronics. No special
circumstance as described below is considered for the use of it when it is designed. With this reason, any use and
storage under the circumstances below may affect the performance of this product. Prior confirmation of performance
and reliability is requested to customers.

Environment with strong static electricity or electromagnetic wave

Environment with high temperature or high humidity where dew condensation may occur
This product is not designed to withstand radioactivity, and must avoid using in a radioactive environment.
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MITSUMI ELECTRIC CO., LTD.

Strategy Engineering Department Semiconductor Business Division
Tel: +81-46-230-3470 / https://product.minebeamitsumi.com/en/contact/

Notes:
Any products mentioned this datasheet are subject to any modification in their appearance and others for improvements without prior
notification. The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you

will be asked to check their specifications.
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Disclaimers

Disclaimers (Handling Precautions)

1. All the information described herein (product data, specifications, figures, tables, programs, algorithms and
application circuit examples, etc.) is current as of publishing date of this document and is subject to change
without notice.

2. The circuit examples and the usages described herein are for reference only, and do not guarantee the success of
any specific mass-production design.

MITSUMI ELECTRIC CO., LTD. is not liable for any losses, damages, claims or demands caused by the reasons
other than the products described herein (hereinafter "the products") or infringement of third-party intellectual
property right and any other right due to the use of the information described herein.

3. MITSUMI ELECTRIC CO., LTD. is not liable for any losses, damages, claims or demands caused by the incorrect
information described herein.

4. Be careful to use the products within their ranges described herein. Pay special attention for use to the absolute
maximum ratings, operation voltage range and electrical characteristics, etc.

MITSUMI ELECTRIC CO., LTD. is not liable for any losses, damages, claims or demands caused by failures and /
or accidents, etc. due to the use of the products outside their specified ranges.

5. Before using the products, confirm their applications, and the laws and regulations of the region or country where
they are used and verify suitability, safety and other factors for the intended use.

6. When exporting the products, comply with the Foreign Exchange and Foreign Trade Act and all other export-
related laws, and follow the required procedures.

7. The products are strictly prohibited from using, providing or exporting for the purposes of the development of
weapons of mass destruction or military use. MITSUMI ELECTRIC CO., LTD. is not liable for any losses, damages,
claims or demands caused by any provision or export to the person or entity who intends to develop, manufacture,
use or store nuclear, biological or chemical weapons or missiles, or use any other military purposes.

8. The products are not designed to be used as part of any device or equipment that may affect the human body,
human life, or assets (such as medical equipment, disaster prevention systems, security systems, combustion
control systems, infrastructure control systems, vehicle equipment, traffic systems, in-vehicle equipment, aviation
equipment, aerospace equipment, and nuclear-related equipment), excluding when specified for in-vehicle use or
other uses by MITSUMI ELECTRIC CO., LTD. Do not apply the products to the above listed devices and equipment.
MITSUMI ELECTRIC CO., LTD. is not liable for any losses, damages, claims or demands caused by unauthorized or
unspecified use of the products.

9. In general, semiconductor products may fail or malfunction with some probability. The user of the products should
therefore take responsibility to give thorough consideration to safety design including redundancy, fire spread
prevention measures, and malfunction prevention to prevent accidents causing injury or death, fires and social
damage, etc. that may ensue from the products' failure or malfunction.

The entire system in which the products are used must be sufficiently evaluated and judged whether the products
are allowed to apply for the system on customer's own responsibility.

10. The products are not designed to be radiation-proof. The necessary radiation measures should be taken in the
product design by the customer depending on the intended use.

11. The products do not affect human health under normal use. However, they contain chemical substances and
heavy metals and should therefore not be put in the mouth. The fracture surfaces of wafers and chips may be
sharp. Be careful when handling these with the bare hands to prevent injuries, etc.

12. When disposing of the products, comply with the laws and ordinances of the country or region where they are
used.

13. The information described herein contains copyright information and know-how of MITSUMI ELECTRIC CO., LTD.
The information described herein does not convey any license under any intellectual property rights or any other
rights belonging to MITSUMI ELECTRIC CO., LTD. or a third party. Reproduction or copying of the information
from this document or any part of this document described herein for the purpose of disclosing it to a third-party
is strictly prohibited without the express permission of MITSUMI ELECTRIC CO., LTD.

14. For more details on the information described herein or any other questions, please contact MITSUMI ELECTRIC
CO., LTD.'s sales representative.

15. This Disclaimers have been delivered in a text using the Japanese language, which text, despite any translations
into the English language and the Chinese language, shall be controlling.
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