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RECOMMENDED DC OPERATING CONDITIONS
(VDVDD = VAVDD = 2.7V to 3.6V, TA = -40°C to +85°C.) (Note 1)

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.

Voltage Range on All Pins (including AVDD,
DVDD) Relative to Ground .................................-0.5V to +3.6V

Voltage Range on Any Pin Relative to
Ground Except AVDD, DVDD .............-0.5V to (VDVDD + 0.5V)

Operating Temperature Range ...........................-40°C to +85°C

Continuous Output Current
Any Single I/O Pin ............................................................20mA
All I/O Pins Combined....................................................100mA

Storage Temperature Range .............................-65°C to +150°C
Soldering Temperature...........................Refer to the IPC/JEDEC

J-STD-020 Specification.

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Digital Supply Voltage VDVDD  2.7  3.6 V 

Digital Supply Voltage Output VREGOUT (Note 2)  1.8  V 

Analog Supply Voltage VAVDD VAVDD = VDVDD 2.7  3.6 V 

Ground GND AGND = DGND 0  0 V 

Digital Power-Fail Reset Voltage VRST Monitors VDVDD 2.55 2.6 2.65 V 

IDD_HFX1
fCK = 10MHz, VDVDD = VAVDD = 2.7V, 
FREQMD = 0  

 3.1 3.75 
Active Current, FLL Disabled 
(Note 3) 

IDD_HFX2
fCK = 10MHz, VDVDD = VAVDD = 3.6V, 
FREQMD = 0 (Note 4) 

 3.2 4.0 

mA 

IDD1_FLL Divide-by-1 mode, FREQMD = 0  3.15 4 

IDD2_FLL Divide-by-2 mode, FREQMD = 0 (Note 4)  2.9 3.6 

IDD3_FLL Divide-by-4 mode, FREQMD = 1 (Note 4)  2.25 3 

IDD4_FLL Divide-by-8 mode, FREQMD = 1 (Note 4)  1.4 2 

Active Current, FLL Enabled  
(Note 5) 

IDD5_FLL PMM mode, FREQMD = 1 (Note 4)  0.5 0.7 

mA 

TA = +25°C  0.37 4 ISTOP_1 
(Note 7) TA = +85°C  0.68 6.5 

TA = +25°C  0.94 5 ISTOP_2 
(Note 8) TA = +85°C  1.3 6.5 

TA = +25°C  195 295 

Stop-Mode Current  
(Note 6) 

ISTOP_3 
(Note 9) TA = +85°C  225 335 

μA 

tSTOP_1 Internal regulator on  4tCLCL

tSTOP_2
Internal regulator off, brownout or SVM on, 
SVMSTOP = 1 

 30 160 
Stop-Mode Resume Time  
(Note 4) 

tSTOP_3 Internal regulator, brownout, and SVM off  30 320 

μs 

Input Low Voltage on HFXIN and 
32KIN 

VIL1  DGND  
0.20 x 
VDVDD

V

Input Low Voltage on All Other 
Pins  

VIL2  DGND  
0.30 x 
VDVDD

V

ABSOLUTE MAXIMUM RATINGS
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RECOMMENDED DC OPERATING CONDITIONS (continued)
(VDVDD = VAVDD = 2.7V to 3.6V, TA = -40°C to +85°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input High Voltage on HFXIN 
and 32KIN 

VIH1
0.75 x 
VDVDD

 VDVDD V 

Input High Voltage on All Other 
Pins 

VIH2
0.70 

VDVDD
 VDVDD V 

Input Hysteresis (Schmitt) VIHYS   0.18  V 

Output Low Voltage for All Port 
Pins (Note 10) 

VOL IOL = +4mA DGND  0.4 V 

Output High Voltage for All Port 
Pins (Note 10) 

VOH IOH = -4mA 
VDVDD
- 0.4 

  V 

I/O Pin Capacitance CIO Guaranteed by design   15 pF 

I/O Pin Capacitance SCL, SDA 
(Note 11) 

CIO_I2C Guaranteed by design   10 pF 

RST Pullup Resistance RRST  30  85 k

Input Low Current for RST Pin IIL1 VIN = 0.4V -85  -30 μA 

Input Low Current for All Other 
Pins 

IIL2 VIN = 0.4V -85  -30 μA 

Input Leakage Current IL Internal pullup disabled -150  +150 nA 

Input Pullup Resistor RPU  30  85 k

CLOCK SOURCE       

External Clock Frequency fHFIN  DC  10 MHz 

External Clock Period tCLCL  100   ns 

External Clock Duty Cycle tXCLK_DUTY  40  60 % 

System Clock Frequency fCK  DC  10 MHz 

FREQUENCY-LOCKED LOOP (FLL)

FLL Output Frequency fFLL f32KIN = 32.768kHz  8.4  MHz 

FLL Output Frequency Delta fFLL f32KIN = 32.768kHz  1.5 ±5 % 

Note 1: Specifications to -40°C are guaranteed by design and are not production tested.
Note 2: Typical value presented for reference only. Do not draw current from this pin.
Note 3: FLL disabled. Crystal connected across HFXIN and HFXOUT. Operating in divide-by-1 mode. Measured on the DVDD pin

and part executing program code from flash. All inputs are connected to GND or DVDD. Outputs do not source/sink any
current. Timer B enabled.

Note 4: This parameter is guaranteed by design and is not production tested.
Note 5: FLL enabled. f32KIN = 32.768kHz, HFXIN = disconnected, FLL = 8.39MHz, measured on the DVDD pin, part executing

program code from flash. All inputs are connected to GND or DVDD. Outputs do not source/sink any current. Timer B
enabled.

Note 6: ISTOP is the total current into the device when the device is in stop mode. This includes both the digital and analog current
(current into DVDD and AVDD).

Note 7: Regulator, brownout monitor, LCD, and RTC disabled.
Note 8: Regulator, brownout monitor, and LCD disabled; RTC enabled.
Note 9: Regulator enabled, brownout monitor enabled, and LCD and RTC disabled.
Note 10: IOH(MAX) + IOL(MAX) for all outputs combined should not exceed 35mA to meet the specification.
Note 11: When DVDD is switched off, SDA and SCL may obstruct the line.
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RECOMMENDED DC OPERATING CONDITIONS (continued)
(VDVDD = VAVDD = 2.7V to 3.6V, TA = -40°C to +85°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

FLASH PROGRAMMING

System Clock During Flash 
Programming/Erase 

  2   MHz 

Mass erase  24  
Flash Erase Time  

Page erase  24  
ms 

Flash Programming Time per 
Word (Note 12) 

   66  μs 

Write/Erase Cycles   20,000   Cycles 

Data Retention  TA = +25°C 100   Years 

ANALOG-TO-DIGITAL CONVERTER (Note 13)

Serial Clock Frequency fSCLK  0.1  5 MHz 

Unipolar (single-ended) 0  VREF
Input Voltage Range VAIN

Bipolar (differential) (Note 14) -VREF/2  +VREF/2
V

Analog Input Capacitance  CAIN   16  pF 

IAVDD1 fSCLK = 5MHz, internal reference  1.9 2.5 

Current Consumption (Note 4) 
IAVDD2

fSCLK = 5MHz, external reference (internal 
reference disabled) 

 1.1 1.3 
mA 

ANALOG-TO-DIGITAL CONVERTER PERFORMANCE (VREF = VAVDD, 0.1μF capacitor on VREF, fSCLK = 5MHz)

Resolution   12   Bits 

Integral Nonlinearity INL   ±1 ±2 LSB 

Differential Nonlinearity DNL No missing codes over temperature   ±1 LSB 

Offset Error VOS    ±2 LSB 

Offset Temperature Coefficient    ±0.5  ppm/°C 

Gain Error      ±1 % 

Gain Temperature Coefficient    ±0.5  ppm/°C 

Signal-to-Noise Plus Distortion SINAD fIN = 1kHz 65   dB 

Spurious-Free Dynamic Range SFDR fIN = 1kHz 68   dB 

Throughput  16 SCLK samples   312.5 ksps 

Conversion Time tCONV Not including tACQ 2.6   μs 

ADC Setup Time 
tADC_SETUP 
(Note 15)

   4 μs 

Input Leakage Current IILA
Shutdown or conversion stopped,  
ANx and VAEREF

±1 μA 

Autoscan Throughput  All channels active   39 
ksps per 
channel 

ANALOG-TO-DIGITAL CONVERTER REFERENCE

Internal Reference Voltage VAIREF  1.47 1.5 1.53 V 

Internal Reference Voltage 
Startup Time 

tAIREF    50 μs 
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RECOMMENDED DC OPERATING CONDITIONS (continued)
(VDVDD = VAVDD = 2.7V to 3.6V, TA = -40°C to +85°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

External Reference Voltage 
Input  

VAEREF  0.9  
VAVDD
+ 0.05 

V

Internal Reference Voltage Drift  VADRIFT Guaranteed by design   ±50 ppm/°C 

Reference Settle Time  
(Switching ADC Reference from 
Either Internal or External 
Reference to AVDD) (Note 16) 

tAAVDD_ 

SETUP 
(Note 17) 

   4 Samples 

SUPPLY VOLTAGE MONITOR

Supply Voltage Set Point VSVM  2.7  3.5 V 

Supply Voltage Increment 
Resolution (Note 18) 

SVINC  0.08 0.1 0.12 V 

Supply Voltage Default Set Point    2.7  μA 

Supply Voltage Monitor Current 
Consumption 

ISVM   20  μs 

Supply Voltage Monitor Setup 
Time (Time from Supply Voltage 
Monitor Enabled to SVMRDY Is  
Set to 1) (Note 18) 

tSVM_SU   15 25 μs 

REAL-TIME CLOCK

RTC Input Frequency  f32KIN 32kHz watch crystal  32,768  Hz 

VDVDD = 2.7V, guaranteed by design  0.45 0.7 
RTC Operating Current IRTC

VDVDD = 3.6V  0.5 0.8 
μA 

LCD

LCD Reference Voltage VLCD  VDVDD  3.6 V 

LCD Bias Voltage 1 VLCD1 1/3 bias 
VADJ + 

 2/3 (VLCD - VADJ)
V

LCD Bias Voltage 2 VLCD2 1/3 bias 
VADJ +  

2/3 (VLCD - VADJ)
V

LCD Adjustment Voltage  VADJ Guaranteed by design 0  
0.4 x 
VLCD

V

LCD Bias Resistor  RLCD   40  k

LCD Adjustment Resistor  RLADJ LRA[3:0] = 15  80  k

Pin is driven at VLCD = 3V, ISEGxx = -3μA  
VLCD - 
0.02 

 VLCD

Pin is driven at VLCD1 = 2V, ISEGxx = -3μA  
VLCD1 - 

0.02 
VLCD1 + 

0.02 

Pin is driven at VLCD2 = 1V, ISEGxx = -3μA  
VLCD2 - 

0.02 
VLCD2 + 

0.02 

LCD Segment and COM Voltage 
(Note 18) 

VSEGxx

Pin is driven at VADJ = 0V, ISEGxx = -3μA  -0.1  +0.1 

V

LCD Output Rise Time tLCD_RISE
COM output load = 5000pF, SEG output 
load = 200pF, VLCD = 3.3V 

  200 μs 
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Note 12: Programming time does not include overhead associated with the utility ROM interface.
Note 13: VREF = VAVDD.
Note 14: The operational input voltage range for each individual input of a differentially configured pair is from GND to AVDD. The

operational input voltage difference is from -VREF/2 to +VREF/2.
Note 15: The typical value is applied when a conversion is requested with ADPMO = 0. Under these conditions, the minimum delay

is met. If ADPMO = 1, the user is responsible for ensuring the 4μs delay time is met.
Note 16: Switching ADC reference from either internal or external reference to AVDD. Sample accuracy is not guaranteed prior to

ADC reference settlement.
Note 17: Total on-board decoupling capacitance on the AVDD pin < 100nF. The output impedance of the regulator driving the

AVDD pin < 10Ω.
Note 18: This parameter is guaranteed by design and is not production tested.

RECOMMENDED DC OPERATING CONDITIONS (continued)
(VDVDD = VAVDD = 2.7V to 3.6V, TA = -40°C to +85°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

SPI (See Figures 1 and 2)

SPI Master Operating Frequency 1/tMCK  fCK/2 MHz 

SPI Slave Operating Frequency 1/tSCK    fCK/8 MHz 

SCLK Output Pulse-Width 
High/Low 

tMCH, tMCL
(tMCK/2) 

- 25 
  ns 

SCLK Input Pulse-Width 
High/Low  

tSCH, tSCL   tSCK/2  ns 

MOSI Output Hold Time After 
SCLK Sample Edge 

tMOH CL = 50pF 
(tMCK/2) 

- 25 
  ns 

MOSI Output Valid to Sample 
Edge 

tMOV
(tMCK/2) 

- 25 
  ns 

MISO Input Valid to SCLK 
Sample Edge Rise/Fall Setup 

tMIS  25   ns 

MISO Input to SCLK Sample 
Edge Rise/Fall Hold 

tMIH  0   ns 

SCLK Inactive to MOSI Inactive  tMLH
(tMCK/2) 

- 25 
  ns 

SSEL Active to First Shift Edge tSSE  4tCK   ns 

MOSI Input to SCLK Sample 
Edge Rise/Fall Setup  

tSIS  20   ns 

MOSI Input from SCLK Sample 
Edge Transition Hold  

tSIH
tCK + 

25
  ns 

MISO Output Valid After SCLK 
Shift Edge Transition  

tSOV    
3tCK + 

25
ns 

SSEL Inactive  tSSH
tCK + 

25
  ns 

SCLK Inactive to SSEL Rising  tSD
tCK + 

25
  ns 

MISO Output Disabled After 
SSEL Edge Rise  

tSLH    
2tCK + 

50
ns 
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SSEL

SHIFT SHIFTSAMPLE SAMPLE

MOSI

MISO

SCLK
CKPOL/CKPHA

0/1 OR 1/0

SCLK
CKPOL/CKPHA

0/0 OR 1/1

tSCH tSCL

tSIS

tSOV tRF

tSD

tSLH

tSSH

tSIH

tSSE

tSCK

MSB MSB-1 LSB

MSB LSBMSB-1

SSEL
SHIFT SHIFTSAMPLE SAMPLE

MOSI

MISO

SCLK
CKPOL/CKPHA

0/1 OR 1/0

SCLK
CKPOL/CKPHA

0/0 OR 1/1

tMCK

tMCH tMCL

tMOH

tMOV

tMIS tMIH

tMLHtRF

MSB MSB-1

MSB MSB-1

LSB

LSB
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I2C ELECTRICAL CHARACTERISTICS
(VDVDD = VAVDD = 2.7V to 3.6V, TA = -40°C to +85°C.)

Note 19: Devices that use nonstandard supply voltages that do not conform to the intended I2C bus system levels must relate their
input levels to the voltage to which the pullup resistors RP are connected. See Figure 3.

Note 20: CB—Capacitance of one bus line in pF.
Note 21: The maximum fall time of 300ns for the SDA and SCL bus lines shown in the I2C Bus Controller Timing table is longer than

the specified maximum tOF_I2C of 250ns for the output stages. This allows series protection resistors (RS) to be connected
between the SDA/SCL pins and the SDA/SCL bus lines as shown in the I2C Bus Controller Timing (Acting as I2C Slave)
table without exceeding the maximum specified fall time. See Figure 3.

SDA
P6.7

SCL
P6.6

RS RS

I2C
DEVICE

RS RS

I2C
DEVICE

RP RP

VDVDD

MAXQ2010

STANDARD MODE FAST MODE
PARAMETER SYMBOL TEST CONDITIONS 

MIN MAX MIN MAX 
UNITS

Input Low Voltage (Note 19) VIL_I2C  -0.5 0.3 x VDVDD -0.5 0.3 x VDVDD V 

Input High Voltage (Note 19) VIH_I2C  0.7 x VDVDD  0.7 x VDVDD VDVDD + 0.5V V 

Input Hysteresis (Schmitt) VIHYS_I2C VDVDD > 2V   0.05 x VDVDD  V 

Output Logic-Low (Open 
Drain or Open Collector) 

VOL_I2C
VDVDD > 2V, 3mA sink 
current 

0 0.4 0 0.4 V 

Output Fall Time from 
VIH_MIN to VIL_MAX with Bus 
Capacitance from 10pF to 
400pF (Notes 20, 21) 

tOF_I2C   250 20 + 0.1CB 250 ns 

Pulse Width of Spike 
Filtering That Must Be 
Suppressed by Input Filter 

tSP_I2C    0 50 ns 

Input Current on I/O IIN_I2C
Input voltage from 0.1 x 
VDVDD to 0.9 x VDVDD

-10 +10 -10 +10 μA 

I/O Capacitance CIO_I2C   10  10 pF 
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I2C BUS CONTROLLER TIMING
(VDVDD = VAVDD = 2.7V to 3.6V, TA = -40°C to +85°C.) (Note 22) (Figure 4)

STANDARD MODE FAST MODE
PARAMETER SYMBOL 

MIN MAX MIN MAX 
UNITS

Operating Frequency fI2C 0 100 0 400 kHz 

Hold Time After (Repeated) 
START  

tHD:STA 4.0  0.6  μs 

Clock Low Period tLOW_I2C 4.7  1.3  μs 

Clock High Period tHIGH_I2C 4.0  0.6  μs 

Setup Time for Repeated START tSU:STA 4.7  0.6  μs 

Hold Time for Data tHD:DAT
0

(Note 23) 
3.45 

(Note 24) 
0

(Note 23) 
0.9 

(Note 24) 
μs 

Setup Time for Data tSU:DAT 250  
100 

(Note 25) 
 ns 

SDA/SCL Fall Time tF_I2C  300 
20 + 0.1CB
(Note 26) 

300 ns 

SDA/SCL Rise Time tR_I2C  1000 
20 + 0.1CB
(Note 26) 

300 ns 

Setup Time for STOP tSU:STO 4.0  0.6  μs 

Bus-Free Time Between STOP 
and START 

tBUF 4.7  1.3  μs 

Capacitive Load for Each Bus 
Line 

CB  400  400 pF 

Noise Margin at the Low Level 
for Each Connected Device 
(Including Hysteresis) 

VNL_I2C 0.1 x VDVDD  0.1 x VDVDD  V 

Noise Margin at the High Level 
for Each Connected Device 
(Including Hysteresis) 

VNH_I2C 0.2 x VDVDD  0.2 x VDVDD  V 

Note 22: All values referenced to VIH_I2C(MIN) and VIL_I2C(MAX).
Note 23: A device must internally provide a hold time of at least 300ns for the SDA signal (referred to as the VIH_I2C(MIN) of the SCL

signal) to bridge the undefined region of the falling edge of SCL. 
Note 24: The maximum tHD:DAT need only be met if the device does not stretch the low period (tLOW_I2C) of the SCL signal.
Note 25: A fast-mode I2C bus device can be used in a standard-mode I2C bus system, but the requirement tSU:DAT ≥ 250ns must

be met. This is automatically the case if the device does not stretch the low period of the SCL signal. If such a device does
stretch the low period of the SCL signal, it must output the next data bit to the SDA line tR_I2C(MAX) + tSU:DAT = 1000 + 250
= 1250ns (according to the standard-mode I2C specification) before the SCL line is released.

Note 26: CB—Total capacitance of one bus line in pF.
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I2C BUS CONTROLLER TIMING (ACTING AS I2C MASTER)
(VDVDD = VAVDD = 2.7V to 3.6V, TA = -40°C to +85°C.) (Figure 4)

STANDARD MODE FAST MODE
PARAMETER SYMBOL 

MIN MAX MIN MAX 
UNITS

System Frequency fSYS 0.90  3.60  MHz 

Operating Frequency fI2C  fSYS/8  fSYS/8 Hz 

Hold Time After (Repeated) 
START  

tHD:STA tHIGH_I2C  tHIGH_I2C  μs 

Clock Low Period tLOW_I2C 5tSYS  5tSYS  μs 

Clock High Period tHIGH_I2C 3tSYS  3tSYS  μs 

Setup Time for Repeated START tSU:STA tLOW_I2C  tLOW_I2C  μs 

Hold Time for Data tHD:DAT 0 3.45 0 0.9 μs 

Setup Time for Data tSU:DAT 250  100  ns 

SDA/SCL Fall Time tF_I2C  300 20+ 0.1CB 300 ns 

SDA/SCL Rise Time tR_I2C  1000 20+ 0.1CB 300 ns 

Setup Time for STOP tSU:STO tHIGH_I2C  tHIGH_I2C  μs 

Bus-Free Time Between STOP 
and START 

tBUF tLOW_I2C  tLOW_I2C  μs 

Capacitive Load for Each Bus 
Line 

CB  400  400 pF 

Noise Margin at the Low Level 
for Each Connected Device 
(Including Hysteresis) 

VNL_I2C 0.1 x VDVDD  0.1 x VDVDD  V 

Noise Margin at the High Level 
for Each Connected Device 
(Including Hysteresis) 

VNH_I2C 0.2 x VDVDD  0.2 x VDVDD  V 
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I2C BUS CONTROLLER TIMING (ACTING AS I2C SLAVE)
(VDVDD = VAVDD = 2.7V to 3.6V, TA = -40°C to +85°C.) (Figure 4)

SDA

SCL

S SR P S

tF_I2C tR_I2C

tLOW

tHIGHtHD:STA

tSU:DAT tSU:STA

tSU:STO

tBUF

tHD:DAT

NOTE: TIMING REFERENCED TO VIH_I2C(MIN) AND VIL_I2C(MAX).

STANDARD MODE FAST MODE
PARAMETER SYMBOL 

MIN MAX MIN MAX 
UNITS

System Frequency fSYS 0.9  3.60  MHz 

Operating Frequency fI2C  fSYS/8  fSYS/8 Hz 

System Clock Period tSYS 1/fI2C   1/fI2C μs 

Hold Time After (Repeated) 
START  

tHD:STA 3tSYS  3tSYS  μs 

Clock Low Period tLOW_I2C 5tSYS  5tSYS  μs 

Clock High Period tHIGH_I2C 3tSYS  3tSYS  μs 

Setup Time for Repeated START tSU:STA 5tSYS  5tSYS  μs 

Hold Time for Data tHD:DAT 0 3.45 0 0.9 μs 

Setup Time for Data tSU:DAT 250  100  ns 

SDA/SCL Fall Time tF_I2C  300 20 + 0.1CB 300 ns 

SDA/SCL Rise Time tR_I2C  1000 20 + 0.1CB 300 ns 

Setup Time for STOP tSU:STO 3tSYS  3tSYS  μs 

Bus-Free Time Between STOP 
and START 

tBUF 5tSYS  5tSYS  μs 

Capacitive Load for Each Bus 
Line 

CB  400  400 pF 

Noise Margin at the Low Level 
for Each Connected Device 
(Including Hysteresis) 

VNL_I2C 0.1 x VDVDD  0.1 x VDVDD  V 

Noise Margin at the High Level 
for Each Connected Device 
(Including Hysteresis) 

VNH_I2C 0.2 x VDVDD  0.2 x VDVDD  V 
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VDD SUPPLY CURRENT
vs. CLOCK FREQUENCY

M
AX

Q2
01

0 
to

c0
1

fHFXIN (MHz)

I D
D1

 (m
A)

8642

1.5

2.0

2.5

3.0

3.5

1.0
0 10

FREQMD = 1

FREQMD = 0

CLOCK SOURCE DRIVEN ON HFXIN,
TA = +25°C, FLL DISABLED

PORT PIN LOW-OUTPUT VOLTAGE
vs. SINK CURRENT

M
AX

Q2
01

0 
to

c0
2

VOL (V)

I O
L (

m
A)

3.22.80.4 0.8 1.2 2.01.6 2.4

5

10

15

20

25

30

35

40

0
0 3.6

TA = +25°C, VDVDD = 3.6V

PORT PIN HIGH-OUTPUT VOLTAGE
vs. SOURCE CURRENT

M
AX

Q2
01

0 
to

c0
3

VOH (V)

I O
H 

(m
A)

3.22.82.42.01.61.20.80.4

-50

-40

-30

-20

-10

0

-60
0 3.6

TA = +25°C, VDVDD = 3.6V

INTEGRAL NONLINEARITY (INL)
vs. CODE

M
AX

Q2
01

0 
to

c0
4

CODE

IN
L 

(L
SB

)

400030001000 2000

-1.5

-1.0

-0.5

0

1.0

0.5

1.5

2.0

-2.0
0

TA = +25°C, VAVDD = 3.3V, VREF = 3.0V

DIFFERENTIAL NONLINEARITY (DNL)
vs. CODE

M
AX

Q2
01

0 
to

c0
5

CODE

DN
L 

(L
SB

)

4000300020001000

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1.0

-1.0
0

TA = +25°C, VAVDD = 3.3V, VREF = 3.0V

OFFSET ERROR
vs. SUPPLY VOLTAGE

M
AX

Q2
01

0 
to

c0
6

VDVDD (V)

OF
FS

ET
 E

RR
OR

 (L
SB

)

3.563.463.06 3.16 3.26 3.36

-3

-2

-1

0

1

2

3

4

-4
2.96 3.66

TA = +25°C, VREF = 3.0V

DIFFERENTIAL BIPOLAR TRANSFER

M
AX

Q2
01

0 
to

c0
7

INPUT VOLTAGE (LSB)

OU
TP

UT
 C

OD
E 

(H
EX

)

+FS0-FS

800

801

FFF

000

001

7FE

7FF

-FS + 0.5 LSB +FS - 0.5 LSB

+FS = VREF/2
-FS = -VREF/2
1 LSB = VREF/4096
ZS = 0

SINGLE-ENDED UNIPOLAR TRANSFER

M
AX

Q2
01

0 
to

c0
8

INPUT VOLTAGE (LSB)

OU
TP

UT
 C

OD
E 

(H
EX

)

FS2 3 41

001

002

003

004

FFD

FFE

FFF

000

FS - 0.5 LSB

FS = VREF
1 LSB = VREF/4096
ZS = 0

(TA = +25°C, unless otherwise noted.)
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HFX

FLL

32kHz

16

INSTRUCTION
DECODER

PROGRAM
MEMORY

DATA
MEMORY

CONTROL

STACK

ADD REG

ADDRESS
GENERATOR

DE
M

UX

M
UX

IP
DP

SPR

IN-CIRCUIT
DEBUGGER

SFR

Acc

STATUS

JTAG

INTERRUPT

SUPPLY
VOLTAGE
MONITOR

MACWATCHDOG

POWER

OSC UP

BROWNOUT

RESET

LCD

DVDD
DGND

AVDD
AGND 12-BIT

8-CHANNEL
ADC

I2CRTCSPI

RESET

PMM

STOP SYSTEM
CLOCK

16

TIMERUART

MAXQ2010
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40, 63, 96 DVDD 

41, 66, 95 DGND 

98, 99 REGOUT 

82 AVDD 

79 AGND 

70 AVREF 

78, 77 AN0, AN1 

76, 75 AN2, AN3 

74, 73 AN4, AN5 

72, 71 AN6, AN7 

92 RST 

81 32KIN 

80 32KOUT 

64 HFXIN 

65 HFXOUT 

45 VLCD 

44 VLCD1 

μ

μ μ
μ
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43 VLCD2 

42 VADJ 

   

6 P0.0 SEG0 INT0 

5 P0.1 SEG1 INT1 

4 P0.2 SEG2 INT2 

3 P0.3 SEG3 INT3 

2 P0.4 SEG4 INT4 

1 P0.5 SEG5 INT5 

94 P0.6 SEG6 INT6 

6–1, 94, 93 
P0.0–P0.7; 

SEG0–SEG7;  
INT0–INT7 

93 P0.7 SEG7 INT7 

   

91 P1.0 SEG8 

90 P1.1 SEG9 

89 P1.2 SEG10 

88 P1.3 SEG11 

87 P1.4 SEG12 

86 P1.5 SEG13 

85 P1.6 SEG14 

91–84 
P1.0–P1.7; 

SEG8–SEG15 

84 P1.7 SEG15 
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56 P2.0 SEG16 

55 P2.1 SEG17 

54 P2.2 SEG18 

53 P2.3 SEG19 

52 P2.4 SEG20 

48 P2.5 SEG21 

47 P2.6 SEG22 

56–52,  
48–46 

P2.0–P2.7; 
SEG16–SEG23 

46 P2.7 SEG23 

36 P3.0 SEG24 

35 P3.1 SEG25 

34 P3.2 SEG26 

33 P3.3 SEG27 

22 P3.4 SEG28 

21 P3.5 SEG29 

20 P3.6 SEG30 

36–33, 22–19 
P3.0–P3.7; 

SEG24–SEG31 

19 P3.7 SEG31 

 

18 P4.0 SEG32 

17 P4.1 SEG33 

16 P4.2 SEG34 

15 P4.3 SEG35 

14 P4.4 SEG36 

13 P4.5 SEG37 

12 P4.6 SEG38 

18–11 
P4.0–P4.7; 

SEG32–SEG39 

11 P4.7 SEG39 
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10 COM3 SEG40 

9 COM2 SEG41 

10, 9, 8
COM3, COM2, 
COM1; SEG40, 
SEG41, SEG42 

8 COM1 SEG42 

7 COM0 

68
P5.0/INT8/ 
TB0B/RX0 

67
P5.1/INT9/ 
TB0A/TX0

61
P5.2/INT10/ 

SQW 

60
P5.3/INT11/ 
SSEL

59
P5.4/INT12/ 

MOSI 

58
P5.5/INT13/ 

SCLK 

57
P5.6/INT14/ 

MISO

32
P6.0/INT15/ 

TCK

31
P6.1/INT16/ 

TDI

电子工程师之家http://www.eehome.cn

项目开发 芯片解密 零件配单 TEL:15013652265 QQ:38537442



20 ______________________________________________________________________________________

30
P6.2/INT17/ 

TMS

29
P6.3/INT18/ 

TDO

28
P6.4/INT19/ 
TB1B/RX1 

25
P6.5/INT20/ 
TB1A/TX1 

24
P6.6/INT21/ 
TB2B/SCL 

23
P6.7/INT22/ 
TB2A/SDA 

26, 27, 37, 38, 
39, 49, 50, 51, 
62, 69, 83, 97, 

100 

N.C.
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•

•

•

•

PROGRAM
SPACE 

DATA
SPACE 

2K x 16
UTILITY ROM

1K x 16
DATA RAM

32K x 16
PROGRAM
MEMORY

8000h

00h

0Fh

FFFFh WBSn = 1
FFFFh

WBSn = 0
FFFFh

07FFh03FFh

0000h 0000h

87FFh

7FFFh

0000h

0Fh

07h
06h

00h

1Fh

SPRs

SFRs

REGISTERS FFh

16 x 16
STACK
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PD.x

SF DIRECTION

SF ENABLE

M
UX

M
UX

PO.x

VDDIO

SF OUTPUT

VDDIO

WEAK

I/O PAD

PORT PIN

INTERRUPT
FLAG

FLAG

PI.x OR SF INPUT

EIES.x
TYPE D PORT ONLY

DETECT
CIRCUIT

MAXQ2010
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SSEL

MODE TYPE START BITS DATA BITS STOP BIT

Mode 0 Synchronous — 8 — 

Mode 1 Asynchronous 1 8 1 

Mode 2 Asynchronous 1 8 + 1 1 

Mode 3 Asynchronous 1 8 + 1 1 
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μ
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•

•

•
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–
–

INPUT
MULTIPLEXER

AND
TRACK/HOLD

12-BIT
SAR

INTERNAL
REFERENCE

EXTERNAL
REFERENCE

AVDD

ADC REFERENCE

ADC CONTROL

AN7

AVDD

AVSS

ADC INTERRUPT

AN6
AN5
AN4
AN3
AN2
AN1
AN0
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SEG0

SEG1

SEG2
SEG3

COM0

SEG[0:7]

CONNECTED TO DARK GREY SEGMENTS 

COM1 CONNECTED TO LIGHT GREY SEGMENTS

SEG4

SEG5

SEG6
SEG7

MAXQ2010

电子工程师之家http://www.eehome.cn

项目开发 芯片解密 零件配单 TEL:15013652265 QQ:38537442



30 ______________________________________________________________________________________

TAP
CONTROLLER

CPU
DEBUG
ENGINE

DEBUG
SERVICE

ROUTINES
(UTILITY ROM)

CONTROL
BREAKPOINT

ADDRESS
DATA

TMS
TCK
TDI

TDO

MAXQ2010
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AN3P0.5/SEG5/INT5 1 75

AN4P0.4/SEG4/INT4 2 74

AN5P0.3/SEG3/INT3 3 73

AN6P0.2/SEG2/INT2 4 72

AN7P0.1/SEG1/INT1 5 71

N.C.COM0 7 69

P5.0/INT8/TB0B/RX0COM1/SEG42 8 68

P5.1/INT9/TB0A/TX0COM2/SEG41 9 67

N.C.P6.5/INT20/TB1A/TX1 25 51

TOP VIEW

AVREF6 70P0.0/SEG0/INT0

HFXOUT11 65P4.7/SEG39
HFXIN12 64 P4.6/SEG38
DVDD13 63 P4.5/SEG37

P5.2/INT10/SQW15 61 P4.3/SEG35
P5.3/INT11/SSEL16 60P4.2/SEG34
P5.4/INT12/MOSI17 59P4.1/SEG33

DGND10 66COM3/SEG40

N.C.14 62P4.4/SEG36

P5.5/INT13/SCLK18 58P4.0/SEG32
P5.6/INT14/MISO19 57P3.7/SEG31
P2.0/SEG1620 56P3.6/SEG30

P2.2/SEG1822 54P3.4/SEG28
P2.3/SEG1923 53P6.7/INT22/TB2A/SDA
P2.4/SEG2024 52P6.6/INT21/TB2B/SCL

P2.1/SEG1721 55P3.5/SEG29

LQFP

26

10
0

N.
C.

N.
C.

27

99

N.
C.

RE
GO

UT

28

98

P6
.4

/IN
T1

9/
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/R
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RE

GO
UT

29

97

P6
.3

/IN
T1

8/
TD

O
N.

C.

30

96
P6

.2
/IN

T1
7/

TM
S

DV
DD

31

95
P6

.1
/IN

T1
6/

TD
I

DG
ND

32

94

P6
.0

/IN
T1

5/
TC

K
P0

.6
/S

EG
6/

IN
T6

33

93

P0
.7

/S
EG

7/
IN

T7
P3

.3
/S

EG
27

34

92

P3
.2

/S
EG

26
RS

T

35

91

P1
.0

/S
EG

8
P3

.1
/S

EG
25

36

90

P1
.1

/S
EG

9
P3

.0
/S

EG
24

37

89

P1
.2

/S
EG

10
N.

C.

38

88

P1
.3

/S
EG

11
N.

C.

39

87

P1
.4

/S
EG

12
N.

C.

40

86

P1
.5

/S
EG

13
DV

DD

41

85

DG
ND

P1
.6

/S
EG

14

42

84

P1
.7

/S
EG

15
V A

DJ

43

83

N.
C.

V L
CD

2

44

82

AV
DD

V L
CD

1

45

81

32
KI

N
V L

CD

46

80

32
KO

UT
P2

.7
/S

EG
23

47

79

AG
ND

P2
.6

/S
EG

22

48

78

AN
0

P2
.5

/S
EG

21

49

77

AN
1

N.
C.

50

76

N.
C.

AN
2

+
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AVDD

AGND

DVDD

DGND

AN0
AN1
AN2
AN3
AN4
AN5
AN6
AN7

RST

32KIN

32KOUT

AVREF
OPTIONAL
EXTERNAL

REFERENCE

COM3
COM2
COM1
COM0

RX0
TX0
RX1
TX1

UP TO 40
SEG PINS

UP TO 55
DIGITAL I/O PINS

JTAG PINS

10nF

32.768kHz

HFXIN

OPTIONAL

HFXOUT

10MHz

22pF

1μF

22pF

1kΩ

REGOUT
1μF

LCD SEGMENT PINS

160-SEGMENT LCD DISPLAY

SCL
SDA

SSEL
MOSI
SCLK
MISO

SERIAL 0

SERIAL 1

HOST INTERFACE

MAXQ2010

RS-232
TRANSCEIVER

MAX3233E

FOUR CURRENT SOURCES
CAPABLE OF SINKING OR

SOURCING CURRENT*

*APPLICATION DEPENDENT.

JTAG
INTERFACE HOST INTERFACE

DS4404

DUAL AUDIO TAPER
POTENTIOMETER

WITH PUSHBUTTON
CONTROL*

DS1802
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100 LQFP — 21-0297

china.maxim-ic.com/packages

PART 
PROGRAM 

MEMORY (KB) 
DATA MEMORY 

(KB) 
LCD SEGMENTS ADC CHANNELS ADC RESOLUTION 

MAXQ2010-RFX+ 64 2 160 8 12 

•

•

•

•

•

•

•

•
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