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MAX1149 / (T / H)
MAX1146/MAX1148 +4.75V +5.25V
MAX1147/MAX1149 +2.7V +3.6V

/ /

4 SPI™/QSPI™/MICROWIRE™
(SSTRB)

MAX1146–MAX1149

MAX1146/MAX1148 +4.096V MAX1147/
MAX1149 +2.500V
1.5V VDD

MAX1146–MAX1149

120μA

MAX1146–MAX1149 20 TSSOP

____________________________________

__________________________________
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♦
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♦
+4.096V (MAX1146/MAX1148)
+2.500V (MAX1147/MAX1149)

♦ 116ksps

♦
1.1mA (116ksps)
120μA (10ksps)
12μA (1ksps)
300nA ( )

♦ SPI/QSPI/MICROWIRE
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SPI/QSPI Motorola, Inc.
MICROWIRE National Semiconductor Corp.

________________________________________________________________ Maxim Integrated Products 1

Maxim Maxim
Maxim

Maxim www.maxim-ic.com.cn

___________________________________________________________________

PART
TEMP

RANGE
PIN-
PACKAGE

INL
(LSB)

INPUT
CHANNELS

INTERNAL
REFERENCE (V)

PKG
CODE

MAX1146BCUP  0°C to +70°C 20 TSSOP ±2 4 +4.096 U20-3

MAX1146BEUP -40°C to +85°C 20 TSSOP ±2 4 +4.096 U20-3

MAX1147BCUP  0°C to +70°C 20 TSSOP ±2 4 +2.500 U20-3

MAX1147BEUP -40°C to +85°C 20 TSSOP ±2 4 +2.500 U20-3

MAX1148BCUP  0°C to +70°C 20 TSSOP ±2 8 +4.096 U20-3

MAX1148BEUP -40°C to +85°C 20 TSSOP ±2 8 +4.096 U20-3

MAX1149BCUP  0°C to +70°C 20 TSSOP ±2 8 +2.500 U20-3

MAX1149BEUP -40°C to +85°C 20 TSSOP ±2 8 +2.500 U20-3
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ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(VDD = 5V (MAX1146/MAX1148), VDD = 3.3V (MAX1147/MAX1149), SHDN = VDD, VCOM = 0, fSCLK = 2.1MHz, external clock (50%
duty cycle), 18 clocks/conversion (116ksps), VREFADJ = VDD, CREF = 2.2μF, external +4.096V reference at REF (MAX1146/
MAX1148), external 2.500V reference at REF (MAX1147/MAX1149), TA = TMIN to TMAX, unless otherwise noted. Typical values are at
TA = +25°C.)

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 AGND, DGND............................................-0.3V to +6.0V
AGND to DGND.....................................................-0.3V to +0.3V
CH0–CH7, COM to AGND..........................-0.3V to (VDD + 0.3V)
REF, REFADJ to AGND ..............................-0.3V to (VDD + 0.3V)
Digital Inputs to DGND...............................-0.3V to (VDD + 0.3V)
Digital Outputs to DGND............................-0.3V to (VDD + 0.3V)
Digital Output Sink Current .................................................25mA

Continuous Power Dissipation (TA = +70°C)
20 TSSOP (derate 10.9mW/°C above +70°C) .............879mW

Operating Temperature Ranges
MAX114_ BC_ _ ..................................................0°C to +70°C
MAX114_ BE_ _ ...............................................-40°C to +85°C

Storage Temperature Range .............................-60°C to +150°C
Lead Temperature (soldering, 10s) .................................+300°C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

DC ACCURACY (Note 1)

Resolution 14 Bits

Relative Accuracy (Note 2) INL ±0.7 ±2 LSB

Differential Nonlinearity DNL No missing codes over temperature -1.0 ±0.5 +1.5 LSB

Offset Error ±10 LSB

Offset Temperature Coefficient 0.3 ppm/°C

Gain Error (Note 3) ±20 LSB

Gain Temperature Coefficient ±0.8 ppm/°C

Channel-to-Channel Offset
Matching

±1 LSB

Channel-to-Channel Gain
Matching

±1 LSB

DYNAMIC SPECIFICATIONS (1kHz sine-wave input, 2.5VP-P, full-scale analog input, 116ksps, 2.1MHz external clock)

Signal-to-Noise Plus Distortion
Ratio

SINAD 77 81 dB

Total Harmonic Distortion THD Up to the 5th harmonic -96 -88 dB

Spurious-Free Dynamic Range SFDR 84 98 dB

Channel-to-Channel Crosstalk (Note 4) -85 dB

Small-Signal Bandwidth SSBW -3dB point 3.0 MHz

Full-Power Bandwidth FPBW SINAD > 68dB 2.0 MHz
CONVERSION RATE

External clock, 2.1MHz 15 SCLK cycles 7.2
Conversion Time (Note 5) tCONV

Internal clock 6 8
μs



M
A

X
1146

–
M

A
X

1149

14 ADC

_______________________________________________________________________________________ 3

ELECTRICAL CHARACTERISTICS (continued)
(VDD = 5V (MAX1146/MAX1148), VDD = 3.3V (MAX1147/MAX1149), SHDN = VDD, VCOM = 0, fSCLK = 2.1MHz, external clock (50%
duty cycle), 18 clocks/conversion (116ksps), VREFADJ = VDD, CREF = 2.2μF, external +4.096V reference at REF (MAX1146/
MAX1148), external 2.500V reference at REF (MAX1147/MAX1149), TA = TMIN to TMAX, unless otherwise noted. Typical values are at
TA = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

18 clocks/conversion 60.3Internal clock mode,
fSCLK = 2.1MHz 24 clocks/conversion 51.5

18 clocks/conversion 116.66
Throughput Rate fSAMPLE

External clock mode,
fSCLK = 2.1MHz 24 clocks/conversion 87.50

ksps

T/H Acquisition Time tACQ 1.4 μs

Aperture Delay tAD 20 ns

Aperture Jitter tAJ <50 ps

External clock mode 0.1 2.1
Serial Clock Frequency fSCLK

Internal clock mode 0 2.1
MHz

Internal Clock Frequency 2.1 MHz
ANALOG INPUTS (CH0–CH7, COM)

Unipolar, COM = 0 0 VREFInput Voltage Range, Single-
Ended and Differential (Note 6) Bipolar, COM = VREF / 2, single-ended ±VREF / 2

V

Multiplexer Leakage Current On/off-leakage current, VCH_ = 0 to VDD ±0.01 ±1 μA

Input Capacitance 18 pF

INTERNAL REFERENCE (CREF = 2.2μF, CREFADJ = 0.01μF)

MAX1147/MAX1149, TA = +25°C 2.480 2.500 2.520
REF Output Voltage VREF

MAX1146/MAX1148, TA = +25°C 4.076 4.096 4.116
V

REF Short-Circuit Current IREFSC REF = DGND 20 mA

MAX114_ BC _ _ ±30 ±50
VREF Tempco (Note 7)

MAX114_ BE _ _ ±40 ±60
ppm/°C

Load Regulation 0 to 0.2mA output load (Note 8) 2.0 mV

Capacitive Bypass at REF 2 μF

Capacitive Bypass at REFADJ 0.01 μF

REFADJ Output Voltage 1.250 V

REFADJ Input Range ±18 mV

REFADJ Logic High
Pull REFADJ high to disable the internal
bandgap reference and reference buffer

VDD -
0.25V

V

MAX1147/MAX1149 2.000
Reference Buffer Voltage Gain

MAX1146/MAX1148 3.277
V/V
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ELECTRICAL CHARACTERISTICS (continued)
(VDD = 5V (MAX1146/MAX1148), VDD = 3.3V (MAX1147/MAX1149), SHDN = VDD, VCOM = 0, fSCLK = 2.1MHz, external clock (50%
duty cycle), 18 clocks/conversion (116ksps), VREFADJ = VDD, CREF = 2.2μF, external +4.096V reference at REF (MAX1146/
MAX1148), external 2.500V reference at REF (MAX1147/MAX1149), TA = TMIN to TMAX, unless otherwise noted. Typical values are at
TA = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

EXTERNAL REFERENCE AT REF

REF Input Voltage Range VREF 1.5
VDD +
50mV

V

125 450
REF Input Current IREF

Shutdown 0.01 10
μA

REF Input Resistance 6 8 kΩ

DIGITAL INPUTS (DIN, SCLK, CS, SHDN)

VDD < 3.6V 2.0
Input High Voltage VIH

VDD > 3.6V 3.0
V

Input Low Voltage VIL 0.8 V

Input Hysteresis VHYST 0.2 V

Input Leakage IIN ±1 μA

Input Capacitance CIN 10 pF

DIGITAL OUTPUT (DOUT, SSTRB)

Output-Voltage Low VOL ISINK = 2mA 0.4 V

Output-Voltage High VOH ISOURCE = 2mA VDD - 0.5 V

Tri-State Leakage Current IL CS = VDD ±10 μA

Tri-State Output Capacitance COUT CS = VDD 10 pF

POWER REQUIREMENTS

MAX1147/MAX1149 2.7 3.6
Positive Supply Voltage VDD

MAX1146/MAX1148 4.75 5.25
V

116ksps 1.1 1.5
10ksps 0.12

External
reference

1ksps 0.012
mA

Supply Current (Note 8) IDD

Normal
operation, full-
scale input Internal reference at

116ksps
1.9 2.4 mA

Fast power-down 120

Full power-down 0.3
Shutdown Supply Current
(Note 8)

SHDN = DGND 0.3 10

μA

Power-Supply Rejection (Note 9) PSR External reference ±0.2 mV

325

230



M
A

X
1146

–
M

A
X

1149

14 ADC

_______________________________________________________________________________________ 5

Note 1: Tested at VDD = 3.0V (MAX1147/MAX1149) or 5.0V(MAX1146/MAX1148); VCOM = 0; unipolar single-ended input mode.
Note 2: 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 3: Offset nulled. Measured with external reference.
Note 4: “On” channel grounded; full-scale 1kHz sine wave applied to all “off” channels.
Note 5: Conversion time defined as the number of clock cycles multiplied by the clock period; clock has 50% duty cycle. (See

Figures 8–11.)
Note 6: The common-mode range for the analog inputs is from AGND to VDD.
Note 7: Digital inputs equal VDD or DGND.
Note 8: External load should not change during conversion for specified accuracy.
Note 9: Measured as (VFS x 3.6V) - (VFS x 2.7V) for the MAX1147/MAX1149 and (VFS x 5.25V) - (VFS x 4.75V) for the

MAX1146/MAX1148. VDD = 3.6V to 2.7V for MAX1147/MAX1149 and VDD = 5.25V to 4.75V for the MAX1146/MAX1148.

TIMING CHARACTERISTICS
(VDD = 4.75V to 5.25V (MAX1146/MAX1148), VDD = 2.7V to 3.6V (MAX1147/MAX1149), SHDN = VDD, VCOM = 0, fSCLK = 2.1MHz,
external clock (50% duty cycle), 18 clocks/conversion (116ksps), VREFADJ = VDD, CREF = 2.2μF, external +4.096V reference at REF
for the MAX1146/MAX1148, external 2.500V reference at REF for the MAX1147/MAX1149, TA = TMIN to TMAX, unless otherwise noted.
Typical values are at TA = +25°C.) (Figures 1, 2, and 3)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

DIN to SCLK Setup Time tDS 50 ns

DIN to SCLK Hold Time tDH 0 ns

SCLK Fall to Output Data Valid tDOV CLOAD = 50pF 10 80 ns

CS Fall to DOUT Enable tDOE CLOAD = 50pF 120 ns

CS Rise to DOUT Disable tDOD CLOAD = 50pF 120 ns

SHDN Rise CS Fall to SCLK Rise
Time

tCSS 50 ns

SHDN Rise CS Fall to SCLK Rise
Hold Time

tCSH 50 ns

External clock mode 0.1 2.1
SCLK Clock Frequency fSCLK

Internal clock mode 0 2.1
MHz

SCLK Pulse-Width High tCH Internal clock mode 100 ns

SCLK Pulse-Width Low tCL Internal clock mode 100 ns

CS Fall to SSTRB Output Enable tSTE External clock mode only 120 ns

CS Rise to SSTRB Output Disable tSTD External clock mode only 120 ns

SSTRB Rise to SCLK Rise tSCK Internal clock mode only 0 ns

SCLK Fall to SSTRB Edge tSCST 80 ns

CS Pulse Width tCSW 100 ns
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VDD

DGND

DOUT
6kΩ

CLOAD
50pF

DGND

6kΩ

DOUT

CLOAD
50pF

DGND

a) HIGH-Z TO VOH AND VOL TO VOH b) HIGH-Z TO VOL AND VOH TO VOL

1. 

VDD

DGND

DOUT
6kΩ

CLOAD
50pF

DGND

6kΩ

DOUT

CLOAD
50pF

DGND

a) VOH TO HIGH-Z b)  VOL TO HIGH-Z

2. 

HIGH-Z

SCLK

DIN START SEL2 SEL1 SEL0 PD1 PD0

1 8 9

tACQ

SSTRB
(INTERNAL CLOCK MODE)

SSTRB
(EXTERNAL CLOCK MODE)

DOUT D13 D12 D11 D10HIGH-Z

tCSH

tCH

tCL

tCSS

tDS
tDH

1

fSCLK

tDOE

tSTE

tDOV

24

D2 D1 D0

tDOD

tSTD

tCSW

HIGH-Z

HIGH-Z

tSCK

tSCST

tSCST

CS

SGL/DIF UNI/BIP

3. 
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INL vs. OUTPUT CODE

M
AX

11
46

 to
c0

1

OUTPUT CODE

IN
L 

(L
SB

)

1228881924096

-1.0

-0.5

0

0.5

1.0

1.5

-1.5
0 16384

DNL vs. OUTPUT CODE

M
AX

11
46

 to
c0

2

OUTPUT CODE

DN
L 

(L
SB

)

1228881924096

-1.0

-0.5

0

0.5

1.0

1.5

-1.5
0 16384

SUPPLY CURRENT vs. SUPPLY VOLTAGE
(MAX1147/MAX1149)

M
AX

11
46

 to
c0

3

SUPPLY VOLTAGE (V)

SU
PP

LY
 C

UR
RE

NT
 (m

A)

3.33.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

0
2.7 3.6

INTERNAL REFERENCE

EXTERNAL REFERENCE

SUPPLY CURRENT vs. SUPPLY VOLTAGE
(MAX1146/MAX1148)

M
AX

11
46

 to
c0

4

SUPPLY VOLTAGE (V)

SU
PP

LY
 C

UR
RE

NT
 (m

A)

5.205.155.05 5.104.85 4.90 4.95 5.004.80

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

0
4.75 5.25

INTERNAL REFERENCE

EXTERNAL REFERENCE

SHUTDOWN SUPPLY CURRENT
vs. SUPPLY VOLTAGE (MAX1147/MAX1149)

M
AX

11
46

 to
c0

5

SUPPLY VOLTAGE (V)

SH
UT

DO
W

N 
SU

PP
LY

 C
UR

RE
NT

 (μ
A)

3.53.43.2 3.32.9 3.0 3.12.8

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

0
2.7 3.6

SUPPLY CURRENT
vs. CONVERSION RATE

M
AX

11
46

 to
c0

7

CONVERSION RATE (ksps)

SU
PP

LY
 C

UR
RE

NT
 (μ

A)

1001010.1

200

400

600

800

1000

1200

0
0.01 1000

FAST POWER-DOWN

FULL
POWER-DOWN

SUPPLY CURRENT vs. TEMPERATURE

M
AX

11
46

 to
c0

8

TEMPERATURE (°C)

SU
PP

LY
 C

UR
RE

NT
 (m

A)

603510-15

0.5

1.0

1.5

2.0

2.5

0
-40 85

MAX1146/MAX1148 INTERNAL REFERENCE

MAX1147/MAX1149 INTERNAL REFERENCE

MAX1146/MAX1148 EXTERNAL REFERENCE

MAX1147/MAX1149 EXTERNAL REFERENCE

SHUTDOWN SUPPLY CURRENT
vs. TEMPERATURE

M
AX

11
46

 to
c0

9

TEMPERATURE (°C)

SH
UT

DO
W

N 
SU

PP
LY

 C
UR

RE
NT

 (μ
A)

603510-15

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

0
-40 85

MAX1146/MAX1148

MAX1147/MAX1149

___________________________________________________________________
(VDD = +5.0V (MAX1146/MAX1148), VDD = +3.3V (MAX1147/MAX1149), SHDN = VDD, VCOM = 0, fSCLK = 2.1MHz, external clock
(50% duty cycle), 18 clocks/conversion (116ksps), VREFADJ = VDD, external +4.096V reference at REF (MAX1146/MAX1148), exter-
nal +2.500V reference at REF (MAX1147/MAX1149), CREF = 2.2μF, CLOAD = 50pF, TA = +25°C, unless otherwise noted.)

SHUTDOWN SUPPLY CURRENT
vs. SUPPLY VOLTAGE (MAX1146/MAX1148)

M
AX

11
46

 to
c0

6

SUPPLY VOLTAGE (V)

SH
UT

DO
W

N 
SU

PP
LY

 C
UR

RE
NT

 (μ
A)

5.155.054.954.85

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0
4.75 5.25
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REFERENCE VOLTAGE vs. SUPPLY VOLTAGE
(MAX1146/MAX1148)

M
AX

11
46

 to
c1

0

SUPPLY VOLTAGE (V)

RE
FE

RE
NC

E 
VO

LT
AG

E 
(V

)

5.155.054.85 4.95

4.0945

4.0950

4.0955

4.0960

4.0965

4.0970

4.0975

4.0980

4.0940
4.75 5.25

REFERENCE VOLTAGE vs. SUPPLY VOLTAGE
(MAX1147/MAX1149)

M
AX

11
46

 to
c1

1

SUPPLY VOLTAGE (V)

RE
FE

RE
NC

E 
VO

LT
AG

E 
(V

)

3.33.0

2.4985

2.4990

2.4995

2.5000

2.5005

2.5010

2.5015

2.5020

2.4980
2.7 3.6

REFERENCE VOLTAGE vs. TEMPERATURE
(MAX1146/MAX1148)

M
AX

11
46

 to
c1

2

TEMPERATURE (°C)

RE
FE

RE
NC

E 
VO

LT
AG

E 
(V

)

603510-15

4.091

4.092

4.093

4.094

4.095

4.096

4.097

4.098

4.099

4.100

4.090
-40 85

REFERENCE VOLTAGE vs. TEMPERATURE
(MAX1147/MAX1149)

M
AX

11
46

 to
c1

3

TEMPERATURE (°C)

RE
FE

RE
NC

E 
VO

LT
AG

E 
(V

)

603510-15

2.498

2.499

2.500

2.501

2.502

2.503

2.497
-40 85

REFERENCE BUFFER POWER-UP DELAY
vs. TIME IN SHUTDOWN

M
AX

11
46

 to
c1

4

TIME IN SHUTDOWN (s)

DE
LA

Y 
(μ

s)

10.10.01

500

1000

1500

2000

2500

0
0.001 10

CREF = 4.7μF
CREFADJ = 0.01μF

FFT PLOT

M
AX

11
46

 to
c1

5

FREQUENCY (Hz)

AM
PL

IT
UD

E 
(d

B)

50004000300020001000

-110
-100

-90
-80
-70
-60
-50
-40
-30
-20
-10

0
10
20

-120
0

fIN = 1kHz
fSAMPLE = 116ksps
VDD = 5V/3V

EFFECTIVE NUMBER OF BITS
vs. FREQUENCY

M
AX

11
46

 to
c1

6

FREQUENCY (kHz)

EF
FE

CT
IV

E 
NU

M
BE

R 
OF

 B
IT

S

4637281910

12.1

12.2

12.3

12.4

12.5

12.6

12.7

12.8

12.9

13.0

12.0
1 55

_________________________________________________________________________________ ( )
(VDD = +5.0V (MAX1146/MAX1148), VDD = +3.3V (MAX1147/MAX1149), SHDN = VDD, VCOM = 0, fSCLK = 2.1MHz, external clock
(50% duty cycle), 18 clocks/conversion (116ksps), VREFADJ = VDD, external +4.096V reference at REF (MAX1146/MAX1148), exter-
nal +2.500V reference at REF (MAX1147/MAX1149), CREF = 2.2μF, CLOAD = 50pF, TA = +25°C, unless otherwise noted.)
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GAIN ERROR vs. SUPPLY VOLTAGE
(MAX1147/MAX1149)

M
AX

11
46

 to
c1

9

SUPPLY VOLTAGE (V)

GA
IN

 E
RR

OR
 (L

SB
)

3.33.0

-4

-2

0

2

4

6

-6
2.7 3.6

GAIN ERROR vs. SUPPLY VOLTAGE
(MAX1146/MAX1148)

M
AX

11
46

 to
c2

0

SUPPLY VOLTAGE (V)

GA
IN

 E
RR

OR
 (L

SB
)

5.155.054.85 4.95

-4

-2

0

2

4

6

-6
4.75 5.25

CHANNEL-TO-CHANNEL GAIN MATCHING
vs. SUPPLY VOLTAGE (MAX1147/MAX1149)

M
AX

11
46

 to
c2

1

SUPPLY VOLTAGE (V)

GA
IN

 M
AT

CH
IN

G 
(L

SB
)

3.33.0

-4

-2

0

2

4

6

-6
2.7 3.6

CHANNEL-TO-CHANNEL GAIN MATCHING
vs. SUPPLY VOLTAGE (MAX1146/MAX1148)

XM
AX

11
46

 to
c2

2

SUPPLY VOLTAGE (V)

GA
IN

 M
AT

CH
IN

G 
(L

SB
)

5.155.054.954.85

-4

-2

0

2

4

6

-6
4.75 5.25

___________________________________________________________________________ ( )
(VDD = +5.0V (MAX1146/MAX1148), VDD = +3.3V (MAX1147/MAX1149), SHDN = VDD, VCOM = 0, fSCLK = 2.1MHz, external clock
(50% duty cycle), 18 clocks/conversion (116ksps), VREFADJ = VDD, external +4.096V reference at REF (MAX1146/MAX1148), exter-
nal +2.500V reference at REF (MAX1147/MAX1149), CREF = 2.2μF, CLOAD = 50pF, TA = +25°C, unless otherwise noted.)

OFFSET ERROR vs. SUPPLY VOLTAGE
(MAX1147/MAX1149)

M
AX

11
46

 to
c1

7

SUPPLY VOLTAGE (V)

OF
FS

ET
 E

RR
OR

 (L
SB

)

3.33.0

-4

-2

0

2

4

6

-6
2.7 3.6

OFFSET ERROR vs. SUPPLY VOLTAGE
(MAX1146/MAX1148)

M
AX

11
46

 to
c1

8

SUPPLY VOLTAGE (V)
OF

FS
ET

 E
RR

OR
 (L

SB
)

5.155.054.954.85

-7

-4

-5

-6

-2

-3

-1

0

-8
4.75 5.25
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OFFSET ERROR vs. TEMPERATURE

M
AX

11
46

 to
c2

8

TEMPERATURE (°C)

OF
FS

ET
 E

RR
OR

 (L
SB

)

6035-15 10

-4

-2

0

2

4

6

-6
-40 85

__________________________________________________________________________ ( )
(VDD = +5.0V (MAX1146/MAX1148), VDD = +3.3V (MAX1147/MAX1149), SHDN = VDD, VCOM = 0, fSCLK = 2.1MHz, external clock
(50% duty cycle), 18 clocks/conversion (116ksps), VREFADJ = VDD, external +4.096V reference at REF (MAX1146/MAX1148), exter-
nal +2.500V reference at REF (MAX1147/MAX1149), CREF = 2.2μF, CLOAD = 50pF, TA = +25°C, unless otherwise noted.)

CHANNEL-TO-CHANNEL OFFSET MATCHING
vs. TEMPERATURE

M
AX

11
46

 to
c2

6

TEMPERATURE (°C)

OF
FS

ET
 M

AT
CH

IN
G 

(L
SB

)

6035-15 10

-4

-2

0

2

4

6

-6
-40 85

GAIN ERROR vs. TEMPERATURE

M
AX

11
46

 to
c2

7

TEMPERATURE (°C)

GA
IN

 E
RR

OR
 (L

SB
)

6035-15 10

-4

-2

0

2

4

6

-6
-40 85

CHANNEL-TO-CHANNEL OFFSET MATCHING
vs. SUPPLY VOLTAGE (MAX1147/MAX1149)

M
AX

11
46

 to
c2

4

SUPPLY VOLTAGE (V)
OF

FS
ET

 M
AT

CH
IN

G 
(L

SB
)

3.33.0

-4

-2

0

2

4

6

-6
2.7 3.6

CHANNEL-TO-CHANNEL OFFSET MATCHING
vs. SUPPLY VOLTAGE (MAX1146/MAX1148)

M
AX

11
46

 to
c2

5

SUPPLY VOLTAGE (V)

OF
FS

ET
 M

AT
CH

IN
G 

(L
SB

)

5.155.054.85 4.95

-4

-2

0

2

4

6

-6
4.75 5.25

CHANNEL-TO-CHANNEL GAIN MATCHING
vs. TEMPERATURE

M
AX

11
46

 to
c2

3

TEMPERATURE (°C)

GA
IN

 M
AT

CH
IN

G 
(L

SB
)

6035-15 10

-4

-2

0

2

4

6

-6
-40 85
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MAX1148
MAX1149

MAX1146
MAX1147

1 1 CH0

2 2 CH1

3 3 CH2

4 4 CH3

5 — CH4

6 — CH5

7 — CH6

8 — CH7

9 9 COM

10 10 SHDN

11 11 REF

12 12 REFADJ

13 13 AGND

14 14 DGND

15 15 DOUT

16 16 SSTRB

17 17 DIN

18 18 CS

19 19 SCLK

20 20 VDD

— 5–8 N.C.

_______________________________________________________________________

COM

SHDN 0.2μA

/ADC MAX1146/MAX1148
VREF +4.096V MAX1147/MAX1149 VREF +2.500V

0.01μF AGND REFADJ VDD

CS SCLK CS DOUT

ADC SSTRB SSTRB
SSTRB MSB CS SSTRB

( )

CS SCLK CS DIN

CS DIN CS DOUT

( 40%
60% )

0.1μF AGND
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______________________________
MAX1146–MAX1149 ADC T/H

14
(μP ) 4 5

MAX1148/MAX1149

/

MAX1146–MAX1149
(MUX) T/H T/H

(DAC) ( 6)

MUX IN+ IN-
COM IN+ IN- CH0/CH1

1– 5

SCLK
T/H CT/H+ CT/H-

SCLK MUX
T/H CT/H+ CT/H-

MUX T/H
8– 11

DAC 14
0 15

CT/H+ CT/H- 18pF x (VIN+ - VIN-)
DAC

T/H MUX

SSTRB
SCLK

T/H
MAX1146–

MAX1149 SCLK (tACQ) T/H

SCLK (RSOURCE ) T/H

tACQ = 11.5 × (RSOURCE + RIN) × CIN

RSOURCE RIN 2.6kΩ (
MUX T/H ) CIN 18pF (CT/H+

CT/H- )

AGND
100pF AC

RC
MAX4430

MAX1148
MAX1149

SCLK

DIN

DOUT

SSTRB

VDD

VDD

VDD

VSS

REFADJCOM

ANALOG
INPUTS CH4

CH5

CH6

CH7

CH0

CH1

CH2

CH3

REF

AGND DGND 0.01μF

0.1μF 4.7μF

2.2μF

μP

I/O

I/O

I/O

SCK

MOSI

MISO

10Ω

SHDN

CS

4 . 

MAX1149

ANALOG
INPUT
MUX

CONTROL
LOGIC

INTERNAL
CLOCK

INPUT
SHIFT

REGISTER

OUTPUT
SHIFT

REGISTER

+1.250V
BANDGAP

REFERENCE

T/H

DOUT

SSTRB

VDD

AGND

SCLK

DIN

COM

REFADJ
REF

CH6
CH7

CH4
CH5

CH1
CH2
CH3

CH0

DGND

SAR
ADC
REF

CLOCK

IN OUT

20kΩ

AV = 2.0V/V

CS

SHDN

5. 
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MAX1146–MAX1149 3.0MHz

ADC

VDD AGND
(AGND - 0.3V) (VDD +

0.3V)
AGND 50mV VDD 50mV

50mV 2mA

7 MAX1148/ MAX1149
MAX1148/MAX1149 SCLK DIN

DIN VDD SCLK
$ FF HEX ( 1) CH7

14 MSB DOUT SSTRB
CH7

DOUT 18
( 10) SSTRB DOUT SCLK

MAX1148
MAX1149

CH0

ANALOG INPUT MUX

CH1

CH2

CH3

CH4

CH5

CH6

CH7

COM

IN+

IN-

TRACK

HOLD

CT/H+

CT/H-

TRACK

TRACK

REF

14-BIT
CAPACITIVE
DAC

14-BIT
CAPACITIVE
DAC

REF

HOLD

HOLD

6. 
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BIT NAME DESCRIPTION

7 (MSB) START Start bit. The first logic 1 bit after CS goes low defines the beginning of the control byte.

6 SEL2

5 SEL1

4 SEL0

Channel-select bits. The channel-select bits select which of the eight channels are used for the conversion
(Tables 2, 3, 4, and 5).

3 SGL/DIF
1 = single ended, 0 = differential. Selects single-ended or differential conversions. In single-ended mode,
input signal voltages are referred to COM. In differential mode, the voltage difference between two channels
is measured.

2 UNI/BIP
1 = unipolar, 0 = bipolar. Selects unipolar or bipolar conversion mode. In unipolar mode, connect COM to
AGND to perform conversion from 0 to VREF. In bipolar mode, connect COM to VREF/2 to perform conversion
from 0 to VREF. See Table 7.

1 PD1

0 (LSB) PD0

Selects clock and power-down modes.
PD1 = 0 and PD0 = 0 selects full power-down mode*.
PD1 = 0 and PD0 = 1 selects fast power-down mode*.
PD1 = 1 and PD0 = 0 selects internal clock mode.
PD1 = 1 and PD0 = 1 selects external clock mode.

1. 

MAX1148
MAX1149

OSCILLOSCOPE

CH1 CH2 CH3 CH4

*FULL-SCALE ANALOG INPUT, CONVERSION RESULT = $FFF HEX

SCLK

SSTRB

DOUT*DOUT
SSTRB

SCLK

DIN
VDD

DGND
AGND

COM

0.01μF

0.01μF

2.2μF

EXTERNAL CLOCK

CH7

REFADJ

REF

MAX1149 VREF = +2.500V
MAX1148 VREF = +4.096V

VREF

AIN

VDD
10Ω10Ω

VCOM  ≤ AIN  ≤ VREF

SHDN

CS

0.1μF 4.7μF

7. 

*
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MAX1146–MAX1149
MAX1146–MAX1149

SSTRB CS
DIN 1

DOUT

DIN CS
SCLK DIN MAX1146–

MAX1149 CS 1
MSB DIN

0 1

MAX1146–MAX1149 SPI/QSPI MICROWIRE
SPI SPI

CPOL = 0 CPHA = 0 MICROWIRE
SPI QSPI

( 4)
8 ( 8 ADC
8 14 )

SEL2 SEL1 SEL0 CH0 CH1 CH2 CH3 CH4 CH5 CH6 CH7 COM

0 0 0 + -

1 0 0 + -

0 0 1 + -

1 0 1 + -

0 1 0 + -

1 1 0 + -

0 1 1 + -

1 1 1 + -

2. MAX1148/MAX1149 (SGL/DIF = 1)

SEL2 SEL1 SEL0 CH0 CH1 CH2 CH3 CH4 CH5 CH6 CH7

0 0 0 + -

0 0 1 + -

0 1 0 + -

0 1 1 + -

1 0 0 - +

1 0 1 - +

1 1 0 - +

1 1 1 - +

3. MAX1148/MAX1149 (SGL/DIF = 0)

SEL2 SEL1 SEL0 CH0 CH1 CH2 CH3 COM

0 0 0 + -

1 0 0 + -

0 0 1 + -

1 0 1 + -

4. MAX1146/MAX1147
(SGL/DIF = 1)

SEL2 SEL1 SEL0 CH0 CH1 CH2 CH3

0 0 0 + -

0 0 1 + -

1 0 0 - +

1 0 1 - +

5. MAX1146/MAX1147
(SGL/DIF = 0)
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( 14)
( 15)

SCLK MSB

MAX1146–MAX1149

MAX1146–MAX1149

(116ksps)
0.1MHz 2.1MHz

0 2.1MHz
CPU

PD1 PD0
MAX1146–MAX1149

8– 11

SSTRB

14 SCLK DOUT ( 8 10)
CS SSTRB DOUT

100kHz
140μs

140μs T/H

MAX1146 – MAX1149
μP SAR
2.1MHz

SSTRB SSTRB
8.0μs SCLK

SCLK
SSTRB SCLK DOUT

MSB MSB ( 9
11)

MAX1146 –MAX1149 I/O
(tCONV)

CS CS DIN
18

CS SSTRB SSTRB
MAX1146– MAX1149 μP

SCLK

SSTRB

DIN START SEL2 SEL1 SEL0 PD1 PD0

HIGH-ZHIGH-Z

1 8 9 16 24

INPUT MUX

INPUT  T/H

SET ACCORDING TO PREVIOUS CONTROL BYTE SET TO CB1

TRACK TRACKHOLD

HIGH-ZDOUT

tACQ

HIGH-Z

tCONV

CB1

OPEN RESET TO CB1

D13 D12 D11 D10 D9 D8 D6 D5 D4 D3 D2 D1 D0D7

CS

SGL/DIF UNI/BIP

8. —24 /
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______________________________

DIN 18

CS CS
DIN 1

SCLK
SCLK

1) CS
DIN

2) DOUT 5
DIN ( 10 11)

CS

CS MAX1146–MAX1149
18 10 11 18

SCLK

SCLK

SSTRB

DIN START SEL2 SEL1 SEL0 PD1 PD0

1 8 9 16 24

INPUT MUX

INPUT  T/H

SET ACCORDING TO PREVIOUS CONTROL BYTE SET TO CB1

TRACK TRACKHOLD

HIGH-ZDOUT

tACQ

HIGH-Z

tCONV

CB1

OPEN RESET TO CB1

D13 D12 D11 D10 D9 D8 D6 D5 D4 D3 D2 D1 D0D7

CS

SGL/DIF UNI/BIP

9. —24 /

SCLK

SSTRB

DIN START SEL2 SEL1 SEL0 PD1 PD0

1 8

INPUT MUX

INPUT  T/H

SET ACCORDING TO PREVIOUS
CONTROL BYTE

TRACK HOLD

DOUT
HIGH-Z

1 4

TRACK

10 1811

HOLD

1 4

D13 D12

10

D5 D4

11

SET TO CB2SET TO CB1

START SEL2 SEL1 SEL0 PD1 PD0

D13 D12 D5 D4 D3 D2 D1 D0 D3 D2 D1 D0

START SEL2 SEL1 SEL0

15

HOLD

CS

CB1 CB2

tACQ tCONV tACQ

SGL/DIF UNI/BIP UNI/BIPSGL/DIF UNI/BIPSGL/DIF

10. —18 /
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MAX1146–MAX1149

SHDN
300nA CREFADJ =

0.01μF CREF = 2.2μF 2ms
CREFADJ CREF ( 6)

PD1 PD0 ( 1)

300nA
600μA

MAX1146–MAX1149
( 1)

CREFADJ = 0.01μF CREF = 2.2μF
2ms CREFADJ CREF ( 6)

MAX1146–MAX1149
ADC ( 7)

MAX1146–MAX1149 1.250V
20kΩ REFADJ 0.01μF

REFADJ AGND MAX1146/MAX1148
3.277V/V REF +4.096V

MAX1147/MAX1149 2.000V/V
REF +2.500V
2.2μF REF AGND

MAX1146–MAX1149

1) REFADJ VDD REF
( 12)

2) REFADJ ( 13)

SCLK

SSTRB

DIN START SEL2 SEL1 SEL0 PD1 PD0

1 8

INPUT MUX

INPUT  T/H

SET ACCORDING TO PREVIOUS
CONTROL BYTE

TRACK HOLD

tCONV tCONV

DOUT
HIGH-Z

tACQ

1 4

TRACK

D13 D12

10 18

D5 D4 D3 D2 D1 D0

11

HOLD

1 4

D13 D12

START

10

D5 D4

SEL2

11

TRACK

CB1 CB2

SET TO CB2SET TO CB1 RESET TO CB1OPEN RESET TO CB2OPEN

CS

START SEL2 SEL1 SEL0 PD1 PD0SGL/DIFUNI/BIP SGL/DIF UNI/BIP

tACQ

11. —18 /

CREFADJ* CREF
POWER-UP TIMES FROM AN
EXTENDED POWER-DOWN

0.01μF 4.7μF 2ms

0.1μF 10μF 25ms

6. 

* CREFADJ
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1 1.5V VDD + 50mV
REF 10kΩ REF

210μA
10Ω 0.1μF REF AGND

2 REFADJ
20kΩ REFADJ
100μA

100Ω MAX1146/MAX1148 3.277V/V
MAX1147/MAX1149 2.000V/V REFADJ

SAR ADC
REF 1.5V VDD + 50mV

0.01μF REFADJ AGND 2.2μF
REF AGND

7

MAX1146–MAX1149
1 LSB =

(VREF/2N) N (14)
LSB 14 15

/ (I /O)

MAX1146–MAX1149 SPI QSPI MICROWIRE
CPU

CPU ADC 2.1MHz

SPI MICROWIRE

SPI ( 16a) MICROWIRE ( 16b)
CPOL = CPHA = 0 8 ADC

MAX1146–
MAX1149

MAX6163

1.250V
BANDGAP

REFERENCE

20kΩ

SAR
ADC REF

REFERENCE
BUFFER

DISABLED

DGND

VDD

0.1μF

0.1μF

+5V

OUT

IN

GND

+5V

3.000V

AGND

REFADJ

REF

12. REF

MAX1146–
MAX1149

0.047μF

510kΩ

24kΩ

100kΩ

+3.3V

REFADJ

13. 

UNIPOLAR MODE BIPOLAR MODE
INPUT AND OUTPUT

MODES ZERO SCALE FULL SCALE
NEGATIVE FULL

SCALE
ZERO SCALE

POSITIVE FULL
SCALE

Single-Ended Mode VCOM VREF + VCOM VCOM

Differential Mode VIN- VREF + VIN- VIN-

7. 

AGND VDD

−
+

V
VREF

COM2

−
+ −

V
VREF
IN2

+
+

V
VREF

COM
2

+
+ −

V
VREF
IN2
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14 DOUT SCLK
μP 8 8

MSB 8 6

QSPI
QSPI ( 17) CPOL = 0 CPHA = 0

MAX1146–MAX1149 2.1MHz fSCLK
16 ADC 14 DOUT

SCLK μP 14

PIC16/PIC17 SSP
MAX1146–MAX1149 (SSP)
PIC16/PIC17 (μC) SPI

18 PIC16/PIC17
8 9 (SSPCON)

(SSPSTAT) SPI PIC16/
PIC17 μC 8

8 ADC 14 DOUT
SCLK μC

8 8 MSB
D5 D0

INPUT VOLTAGE (LSB)

BI
NA

RY
 O

UT
PU

T 
CO

DE
 (L

SB
)

0 1 2 3 16383

VREF

V R
EF

16381
0...000
0...001
0...010
0...011

1...111
1...110
1...101
1...100

1 LSB = VREF
16384

14. 

SCLK

DOUT

I/O

SCK

MISO
VDD

SS

SPI

MAX1146–
MAX1149

CS 

16a. SPI

MAX1146–
MAX1149

SCLK

DOUT

I/O

SK

SI

MICROWIRE

CS 

16b. MICROWIRE

INPUT VOLTAGE (LSB)

TW
O'

S 
CO

M
PL

EM
EN

T 
BI

NA
RY

 O
UT

PU
T 

CO
DE

 (L
SB

)

0 1 2 3 8191
8192

8193 16383

VREF

V R
EF

16381
1...000
1...001
1...010

1...011

1...111
0...000
0...001

0...111
0...110
0...101
0...100

1 LSB = VREF
16384

15.
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SCLK

DOUT

CS

SCK

MISO
VDD

SS

QSPI

MAX1146–
MAX1149

CS 

17. QSPI

SCK

SDI

GND GND

I/O

SCLK

DOUT

VDD VDD

MAX1146–
MAX1149

PIC16/PIC17

CS 

18. PIC16/PIC17 SPI

CONTROL BIT
PICI6/PICI7
SETTINGS

SYNCHRONOUS SERIAL-PORT CONTROL REGISTER (SSPCON)

WCOL Bit 7 X Write collision detection bit.

SSPOV Bit 6 X Receive overflow detect bit.

SSPEN Bit 5 1
Synchronous serial port enable bit:
0: Disables serial port and configures these pins as I/O port pins.
1: E nab l es ser i al  p or t and  confi g ur es S C K, S D O, and  S C I p i ns as ser i al - p or t p i ns.

CKP Bit 4 0 Clock polarity select bit. CKP = 0 for SPI master mode selection.

SSPM3 Bit 3 0

SSPM2 Bit 2 0

SSPM1 Bit 1 0

SSPM0 Bit 0 1

Synchronous serial port mode select bit. Sets SPI master mode and selects
FCLK = fOSC / 16.

8. SSPCON

CONTROL BIT
MAX1146–MAX1149

SETTINGS
SYNCHRONOUS SERIAL-PORT STATUS 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 Bit 5 X Data address bit.

P Bit 4 X Stop bit.

S Bit 3 X Start bit.

R/W Bit 2 X Read/write bit information.

UA Bit 1 X Update address.

BF Bit 0 X Buffer full status bit.

9. SSPSTAT
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TMS32OLC3x

19 MAX1146–MAX1149 TMS320
20

MAX1146–MAX1149

1) TMS320 CLKX ( )
CLKR (TMS320 )

TMS320 CLKX CLKR MAX1146–
MAX1149 SCLK

2) TMS320 XF_I/O MAX1146–MAX1149
CS MAX1146 –MAX1149

DIN

3) MAX1146–MAX1149 8 (1XXXXX11)
1

XXXXX

4) TMS320 FSR MAX1146 –MAX1149
SSTRB SSTRB
TMS320 MAX1146–MAX1149

5) TMS320 16 SCLK
16 14

6) CS MAX1146–
MAX1149

PCB

( )

4 AGND
DGND

MAX1146–
MAX1149

XF

CLKX

CLKR

DX

DR

FSR

SCLK

DIN

DOUT

SSTRB

TMS320LC3x
CS 

19. MAX1146–MAX1149 TMS320

SCLK

DIN

SSTRB

DOUT

START SEL2 SEL1 SEL0 PD1 PD0

MSB B12 B1 LSB

HIGH-Z

HIGH-Z

CS

SGL/DIF UNI/BIP

20. TMS320
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VDD 0.1μF
4.7μF

0.1μF 10Ω

______________________________

(INL)

MAX1146–MAX1149

(DNL) 1 LSB
1 LSB DNL

(tAJ)
(tAD)

(SNR)
(RMS ) RMS ( )

ADC (N )

SNR = (6.02 x N + 1.76)dB

SNR RMS RMS
5

(SINAD) RMS ADC
RMS

SINAD(dB) = 20 x log (SignalRMS / NoiseRMS)

(ENOB) ADC
ADC

ADC ENOB

ENOB = (SINAD - 1.76) / 6.02

(THD) 5 RMS

V1 V2 V5 2 5

(SFDR) ( ) RMS
RMS

______________________________
TRANSISTOR COUNT: 5589

PROCESS: BiCMOS

THD
V V V V

V
  log 

   
= ×

+ + +
⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟

20 2
2

3
2

4
2

5
2

1

____________________________
Rev 2 1 20 23 25



M
A

X
11

46
–

M
A

X
11

49

14 ADC

24 ______________________________________________________________________________________

20

19

18

17

16

15

14

13

1

2

3

4

5

6

7

8

VDD

SCLK

DINCH3

CH1

CH0

TOP VIEW

SSTRB

DOUT

DGND

AGNDN.C.

N.C.

N.C.

N.C.

12

11

9

10

REFADJ

REF

COM

MAX1146
MAX1147

TSSOP

SHDN

CS

20

19

18

17

16

15

14

13

1

2

3

4

5

6

7

8

VDD

SCLK

DINCH3

CH2

CH1

CH0

SSTRB

DOUT

DGND

AGNDCH7

CH6

CH5

CH4

12

11

9

10

REFADJ

REF

COM

MAX1148
MAX1149

TSSOP

SHDN

CSCH2

_______________________________________________________________________
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