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ABSOLUTE MAXIMUM RATINGS

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.

VDD to GND...........................................................-0.3V to +4.0V
INT to GND.................................................-0.3V to (VDD + 0.3V)
SCL, SDA, A1, A0, SHDN to GND.........................-0.3V to +4.0V
FORCE, SENSE to GND.........................................................±6V
Current into Any Pin..........................................................±50mA
Maximum ESD per IEC 61000-4-2

Human Body Model, FORCE, SENSE............................±15kV

FORCE, SENSE Short to GND....................................Continuous
Junction Temperature ......................................................+150°C
Operating Temperature Range ...........................-40°C to +85°C
Storage Temperature Range .............................-65°C to +150°C
Lead Temperature (soldering, 10s) .................................+300°C
Soldering Temperature (reflow) .......................................+260°C

ELECTRICAL CHARACTERISTICS
(VDD = +1.6V to +3.6V, CSENSE = 10nF, RSENSE = 10kΩ, TA = TMIN to TMAX, unless otherwise noted. Typical values are at TA = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

KEY DETECTION CHARACTERISTICS

Detectable Keys
Provided the keys meet the next three
specifications; RJACK connected; use
recommended circuit

30 Keys

Maximum Switch Resistance (Note 1) 100 Ω

Maximum Switch Bounce Time (Note 1) 13 ms

External Resistor Tolerance (Note 1) ±1 %

SWITCH DEBOUNCE

Debounce Analog Time Constant
CSENSE = 10nF, external resistor from
FORCE to SENSE is 10kΩ (RSENSE)

0.4 ms

Chatter Rejection Pulses shorter than this are ignored 18 ms

Rising Voltage Debounce Time tCPW

Time required for a new voltage (due to
keypress) to be detected and stored in
FIFO

18 ms

Falling Voltage Debounce Time tLPWS
Time required for detection of key release
and final time duration to be stored in FIFO

18 ms

Jack Insertion Debounce Time (Note 2) 18 ms

Jack Removal Debounce Time (Note 2) 18 ms

DURATION COUNTER

Duration-Counter Resolution One tick 32 ms

Duration-Counter Range MSB is overflow bit 0 127 Counts

Duration-Counter Accuracy ±20 %

DIGITAL INPUTS (SDA, SCL, SHDN, A0, A1)

Input High Voltage VIH
0.7 x
VDD

V

Input Low Voltage VIL
0.3 x
VDD

V

Input Leakage Current IIH, IIL -10 +10 μA

Input Hysteresis 9 %VDD

Input Capacitance 10 pF
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ELECTRICAL CHARACTERISTICS (continued)
(VDD = +1.6V to +3.6V, CSENSE = 10nF, RSENSE = 10kΩ, TA = TMIN to TMAX, unless otherwise noted. Typical values are at TA = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

DIGITAL OUTPUTS (SDA, INT)

Output High Voltage (INT) VOH ISOURCE ≤ 2mA
0.9 x
VDD

V

Output Low Voltage (INT) VOLINT ISINK ≤ 2mA
0.1 x
VDD

V

Output High Leakage Current IOHL VOUT = VDD 1 μA

IOL = 3mA for VDD > 2V 0.4 V

Output Low Voltage (SDA) VOLSDA
IOL = 3mA for VDD < 2V

0.2 x
VDD

V

I2C TIMING CHARACTERISTICS (see Figure 1)

Serial Clock Frequency fSCL 0 400 kHz

Bus Free Time Between STOP
and START Conditions

tBUF 1.3 μs

Hold Time (Repeated) START
Condition

tHD,STA 0.6 μs

SCL Pulse-Width Low tLOW 1.3 μs

SCL Pulse-Width High tHIGH 0.6 μs

Setup Time for a Repeated
START Condition

tSU,STA 0.6 μs

Data Hold Time tHD,DAT 0 900 ns

Data Setup Time tSU,DAT 100 ns

SDA and SCL Receiving Rise
Time

tRR (Note 3)
20 +

Cb / 10
300 ns

SDA and SCL Receiving Fall
Time

tFR (Note 3)
20 +

Cb / 10
300 ns

SDA Transmitting Rise Time tRT VDD = 3.6V (Note 3)
20 +

Cb / 10
250 ns

VDD = 2.4V to 3.6V
20 +

Cb / 20
250

SDA Transmitting Fall Time tFT

VDD = 1.6V to 2.4V
20 +
Cb / 20

375

ns

Setup Time for STOP Condition tSU,STO 0.6 μs

Bus Capacitance Cb 400 pF

Pulse Width of Suppressed Spike tSP 0 50 ns
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Note 1: Recommended properties of external switch for proper detection of 30 keys or key combinations.
Note 2: See the Jack Insertion/Removal Detection section.
Note 3: Cb is the bus capacitance in pF.
Note 4: Key current depends on external key resistors and is calculated by VDD / (30.1kΩ + RSW).

ELECTRICAL CHARACTERISTICS (continued)
(VDD = +1.6V to +3.6V, CSENSE = 10nF, RSENSE = 10kΩ, TA = TMIN to TMAX, unless otherwise noted. Typical values are at TA = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

POWER SUPPLIES

Power-Supply Voltage VDD 1.6 3.6 V

Excluding jack/key current 5 20Average Operational Supply
Current

IDDOP
Jack inserted, RJACK = 619kΩ 8

μA

Shutdown Power-Supply Current IDDSHDN Excluding jack/key current 1 μA

Jack Current IDDJACK Flowing when jack is inserted 4 μA

Key Current IDDBUTTON Flowing when keys pressed (Note 4) 90 μA

SHDN High to Part Active Wake-up time 5 ms

tHD,STA

tSU,DAT

SDA

tHD,DAT

SCL

STOP CONDITION
(P)

tSU,STA

tSU,STO

tLOW

tBUF

START CONDITION
(S)

tHD,STA

tHIGH

tRR,tRT tFR,tFT

tRR tFR

START CONDITION
(S) 

REPEATED START CONDITION
(Sr)
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*Oscilloscope shots are taken with simulated bounce and chatter. Real switches will exhibit different bounce and chatter characteristics.
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RSENSE

CSENSE

FORCE

10kΩ

10nF

SENSE

HOLD
SWITCH

WIRED REMOTE CONTROLLER

RJACK

TO
AUDIO

CIRCUIT

JACK/PLUG
CONNECTION

RSW0

RSW1

RSW30

MAX11041

BITS READ/WRITE POWER-UP STATE DESCRIPTION

C7 R/W 1
0 = FORCE is high-impedance
1 = FORCE is not high-impedance (normal operation)

C6 R/W 0
0 = Normal operation
1 = Power-down state, full reset

C5 R 1
1 = FIFO is empty
0 = FIFO is not empty

C4–C0 — Not used Reading/writing has no effect

FIFO DATA BIT NAMES

Keypress type K7 K6 K5 K4 K3 K2 K1 K0

Keypress duration OF T6 T5 T4 T3 T2 T1 T0
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➂➁➀ ➃

1. DEBOUNCED KEYPRESS STORED IN FIFO AND INT GOES LOW, DURATION 
TIMER STARTS.

2. PROCESSOR READS FIFO AND INT GOES HIGH. KEY TYPE AND CURRENT 
KEYPRESS DURATION TIME SENT. FIFO IS NOT CLEARED.

3. KEYPRESS RELEASES AND INT GOES LOW. KEY TYPE AND FINAL KEYPRESS 
DURATION TIME STORED IN FIFO.

4. PROCESSOR READS THE FIFO AND INT GOES HIGH. KEYPRESS INFORMATION 
STORED IN FIFO FROM STEP 3 IS CLEARED.

KEY TYPE

TIME

TIME
VINT

➂➁➀

TIME

TIMEVINT

1. DEBOUNCED KEYPRESS STORED IN FIFO AND INT GOES LOW. 
DURATION TIMER STARTS.

2. KEYPRESS RELEASES. KEY TYPE AND KEYPRESS TIME 
DURATION INFORMATION STORED IN FIFO.

3. PROCESSOR READS FIFO COMPLETELY AND INT GOES HIGH. 
PREVIOUS KEYPRESS INFORMATION CLEARED.

KEY TYPE

BIT NAMES
CHIP ID

I7 I6 I5 I4 I3 I2 I1 I0

MAX11041 0 0 0 0 0 0 0 0
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START ADDRESS
BYTE 0 ACK STOP

5 BITS 0

ACK

START
ADDRESS

BYTE 0 R/W ACK STOP

1

CHIP ID
BYTE 1

I7–I0

ACK

CONTROL
REG DATA

BYTE 2
ACK

KEY TYPE
BYTE 3 ACK

KEY
DURATION

BYTE 4 
ACK

S PAAA1 A0

5 BITS A1 A0S A A A A A P

READ FORMAT

C7–C0 K7–K0 OF, T6–T0

R/W
CONTROL
REG DATA

BYTE 1 

C7–C0

WRITE FORMAT

SLAVE TO MASTER

MASTER TO SLAVE
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1 2 3 4 5 6 7 8 9

0 1 0 0 0 A1 A0SDA

SCL

ACK
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R/W

W

SCL

SDA

S P

SCL

SDA

S

1 2 8 9

NOT ACKNOWLEDGE

ACKNOWLEDGE
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*

FIFO RESISTOR CODE*
KEY

STANDARD 1%
RESISTOR VALUE (Ω) LOWEST HIGHEST

FUNCTION

0 0 0 1 Function 0

1 1470 11 13 Function 1

2 2550 19 21 Function 2

3 3740 27 30 Function 3

4 4990 35 38 Function 4

5 6340 42 46 Function 5

6 7680 50 53 Function 6

7 9310 58 62 Function 7

8 11000 66 70 Function 8

9 13000 74 78 Function 9

10 15000 82 86 Function 10

11 17400 90 94 Function 11

12 20000 98 102 Function 12

13 22600 105 110 Function 13

14 26100 114 119 Function 14

15 30100 123 127 Function 15

16 34000 130 135 Function 16

17 38300 137 142 Function 17

18 44200 146 150 Function 18

19 51100 154 159 Function 19

20 59000 162 166 Function 20

21 68100 170 174 Function 21

22 80600 178 182 Function 22

23 95300 186 190 Function 23

24 118000 194 198 Function 24

25 147000 202 206 Function 25

26 191000 211 214 Function 26

27 261000 218 222 Function 27

28 402000 226 229 Function 28

29 825000 235 237 Function 29

Jack inserted 619000 243 245 Jack inserted

Jack removed ∞ 254 255 Jack removed
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➂➁➀ ➃
KEY TYPE

JACK 
REMOVED

JACK 
DETECTED

FALSE
KEYS

TIME

TIMEVINT

1. JACK INSERTION DETECTED AND ENTERED IN FIFO.
2. JACK REMOVAL DETECTED AND ENTERED IN FIFO.
3. JACK INSERTION DETECTED AND ENTERED IN FIFO.
4. FIFO IS READ UNTIL EMPTY (INT GOES HIGH). 
    THE LAST READ BEFORE THE EMPTY FIFO IS REACHED
    IS THE FINAL STATE OF THE JACK DETECTION.



μ μ
μ

______________________________________________________________________________________ 13



14 ______________________________________________________________________________________

1 2 3 4 5 6 7 8 9 10 11 12

DATA ENTERED

RESET DATA (POR)

TIME

TIME

VINT

VSENSE

t1 t2 t3 t4 t5 t6

WRITE 
POINTER

READ 
POINTER

SHDN TRANSITION FROM
LOW TO HIGH.

1

WRITE 
POINTER

READ 
POINTER

OPEN CIRCUIT DETECTED 
AND ENTERED IN FIFO.

DURATION
TIMER STARTS.

2

WRITE 
POINTER

READ 
POINTER

JACK INSERTION DETECTED AND
ENTERED IN FIFO. FINAL
DURATION TIME FROM 2

IS STORED. NEW DURATION TIME
FOR JACK DETECTION STARTS.

3

WRITE 
POINTER

READ 
POINTER

JACK REMOVAL DETECTED  (OPEN
CIRCUIT) AND STORED IN FIFO.
FINAL DURATION TIME FROM 3

IS STORED. NEW DURATION TIME
FOR OPEN CIRCUIT STARTS.

4

0xFF
0xFF

0xFF

0xFF

0xFF

0x00
0x00

0x000xFF
0x00
0x00

0x00

0xFF
0x00

0xFF
0x00

0xFF
0xFF

0xFF

0xFF

0xFF

0x00
TIMER...

0x000xFF
0x00
0x00

0x00

0xFF
0x00

0xFF
0x00

0xFF
JD CODE

0xFF

0xFF

0xFF

TIMER...
t1/32ms

0x000xFF
0x00
0x00

0x00

0xFF
0x00

0xFF
0x00

0xFF
JD CODE

0xFF

0xFF

0xFF

t1/32ms

TIMER...0xFF
0x00
0x00

0x00

0xFF
0x00

0xFF
0x00

t2/32ms

JACK INSERTION DETECTED AND
ENTERED IN FIFO. FINAL
DURATION TIME FROM 4

IS STORED. NEW DURATION TIME
FOR JACK DETECTION STARTS.

5 μP READS UNTIL FIFO EMPTY
FLAG IS REACHED. FURTHER

READS RESULT IN JD CODE AND
CURRENT TIME DURATION
OF JD CODE BEING SENT.

6 KEY PRESS DETECTED AND
ENTERED IN FIFO. FINAL TIME

DURATION FROM 6 IS STORED.
NEW DURATION TIME FOR 

KEYPRESS STARTS.

7 μP READS UNTIL FIFO EMPTY
FLAG IS REACHED. FURTHER

READS RESULT IN KEY_ CODE
AND CURRENT TIME DURATION OF

KEY_ CODE BEING SENT.

8

WRITE 
POINTER

READ 
POINTER

0xFF
JD CODE

0xFF

0xFF

t1/32ms

TIMER...
0xFF

0x00

0x00

0xFF
0x00

0xFF
0x00

t2/32ms
t3/32ms

JD CODE

WRITE 
POINTER

READ 
POINTER

0xFF

0xFF

0xFF

TIMER...
0xFF

0x00

0x00

0xFF
0x00

0xFF
0x00

JD CODE

0xFF
0x00
0x00
0x00

WRITE 
POINTER

READ 
POINTER

0xFF

0xFF

0xFF

TIMER...

0xFF

0x00
0x00

0xFF
0x00

JD CODE

0xFF
0x00
0x00
0x00

t4/32ms
KEY_ CODE

WRITE 
POINTER

READ 
POINTER

0xFF

0xFF

0xFF

TIMER...

0xFF

0x00
0x00

0xFF
0x00

0xFF
0x00
0x00
0x00

KEY_ CODE
0xFF 0x00

KEY RELEASE DETECTED (JD
CODE) AND ENTERED IN FIFO.

FINAL DURATION TIME FROM 8 IS
STORED. NEW DURATION TIME

FOR JD CODE STARTS.

9 μP READS UNTIL FIFO EMPTY
FLAG IS REACHED. FURTHER

READS RESULT IN JD CODE AND
CURRENT TIME DURATION
OF JD CODE BEING SENT.

10 11 12JACK REMOVAL DETECTED (OPEN CIRCUIT)
AND STORED IN FIFO. FINAL
DURATION TIME FROM 10

IS STORED. NEW DURATION TIME
FOR OPEN CIRCUIT STARTS.

μP READS UNTIL FIFO EMPTY
FLAG IS REACHED. FURTHER
READS RESULT IN 0xFF AND
CURRENT TIME DURATION 

BEING SENT.

WRITE 
POINTER

READ 
POINTER

WRITE 
POINTER

READ 
POINTER

WRITE 
POINTER

READ 
POINTER

WRITE 
POINTER

READ 
POINTER

0xFF

0xFF

TIMER...

0xFF

0x000xFF
0x00

0xFF
0x00
0x00
0x00

KEY_ CODE
0xFF 0x00

t5/32ms
JD CODE

0xFF

0xFF

TIMER...

0xFF

0x000xFF
0x00

0xFF
0x00
0x00
0x00

0xFF 0x00

JD CODE
0xFF 0x00

0xFF

0xFF
TIMER...

0xFF

0x00

0x00
0x00
0x00

0xFF

0xFF

0x00

JD CODE
0xFF

t6/32ms

0xFF

0xFF
TIMER...

0xFF

0xFF
0x00

0x00
0x00
0x00

0xFF

0xFF

0x00

0xFF
0x00
0x00

0xFF

*BOTH POINTERS WRAP AROUND TO THE TOP WHEN THEY GET TO THE END OF FIFO.

0xFF 0x00

*
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8-BIT
DURATION

DURATION
TIMER
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MAX9850

MAX11041

μP

I2S

I2C

INTERRUPT

SDA

SCL

FIFO DEBOUNCE RESISTOR
DETECTOR

CONTROL
LOGIC DURATION

TIMER

ESD

FORCE

VOLUME

SENSE

GND

10nF

10kΩ

A1

DAC

3.3V

3.3V

VDD

0.01μF

DAC

AO

SHDN
OUTPUT

VBUS

INT

HOLD
SWITCH

RJACK

RSW0

RSW1

RSW30

PROCESS: BiCMOS
china.maxim-ic.com/packages

12 TQFN-EP T1244+4 21-0139

http://china.maxim-ic.com/packages
http://pdfserv.maxim-ic.com/package_dwgs/21-0139.PDF
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