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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.

(All voltages with respect to GND.)
VDD........................................................................-0.3V to +4.0V
R0–R7, G0–G7, B0–B7, MUX0, and MUX1 ...........-0.3V to +8.0V
All Other Pins..............................................-0.3V to (VDD + 0.3V)
Continuous Power Dissipation (TA = +70°C)

40-Pin TQFN (derate 37mW/°C over +70°C) .............2963mW

Operating Temperature Range .........................-40°C to +125°C
Junction Temperature ......................................................+150°C
Storage Temperature Range .............................-65°C to +150°C
Lead Temperature (soldering, 10s) .................................+300°C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Operating Supply Voltage VDD 3.0 3.6 V

LEDs Anode Voltage
(R0–R7, G0–G7, B0–B7, MUX0,
and MUX1)

VO 7 V

fCLKI = 0Hz; CLKO_, DOUT_ loaded 200Ω;
calibration DACs set to 0x01

28 52

fCLKI = 0Hz; CLKO_, DOUT_ loaded 200Ω;
calibration DACs set to 0xFF

51 72Supply Current IDD

fCLKI = 32MHz; CLKO_, DOUT_ loaded 200Ω;
calibration DACs set to 0xFF

54 77

mA

Input High Voltage LOADI VIHC
0.7

x VDD
V

Input Low Voltage LOADI VILC
0.3

x VDD
V

Differential Input Voltage Range
CLKI_, DIN_

VID ±0.15 ±1.20 V

Common-Mode Input Voltage
CLKI_, DIN_

VCM | V I D  / 2| 2.4 V

Differential Input High Threshold VDIFFTH 8 100 mV

Differential Input Low Threshold VDIFFTL -100 -8 mV

Differential Output Voltage
CLKO_, DOUT_

VOD Termination 200Ω at receiver _+ and _- inputs ±190 ±550 mV

Differential Output Offset
CLKO_, DOUT_

VOS Termination 200Ω at receiver _+ and _- inputs 1.125 1.25 1.375 V

Input Leakage Current
CLKI_, DIN_, LOADI

IIH, IIL -1 +1 μA

Input Capacitance
CLKI_, DIN_, LOADI

10 pF

Output Low Voltage LOADO VOLC ISINK = 5mA 0.05 0.25 V

Output High Voltage LOADO VOHC ISOURCE = 5mA
VDD
- 0.5

VDD
- 0.2

V

ELECTRICAL CHARACTERISTICS
(VDD = 3.0V to 3.6V, TA = TMIN to TMAX, unless otherwise noted. Typical values are at VDD = 3.3V, TA = +85°C.) (Note 1)
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Note 1: All parameters tested at TA = +85°C. Specifications over temperature are guaranteed by design.

Note 2: Specification limits apply to devices at the same TA for TA = TMIN to TMAX.

Note 3: Guaranteed by design.

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Output Slew Time LOADO 20% to 80%, 80% to 20%, load = 10pF 3 ns

Output Low Voltage MUX_ VOLM ISINK = 40mA 0.4 V

Open-Circuit Detection VOCD 200 mV

Output Voltage Slew Time
R0–R7, G0–G7, B0–B7

80% to 20%, load = 50pF,
calibration DACs set to 0xFF

100 ns

TA = +85°C 29.4 30 30.6

TA = +125°C 29.10 30.90
Full-Scale Port Output Current
R0–R7, G0–G7, B0–B7

ISINKFS
VDD = 3.3V, VO = 1.2V,
calibration DACs set to 0xFF

TA = TMIN to TMAX 28.2 31.8

mA

TA = +125°C
(Note 3)

0.5 1.7

TA = +85°C 0.3 1
Port-to-Port Current Matching
R0–R7, G0–G7, B0–B7

ΔISINK

VDD = 3.3V, VO = 1.2V,
calibration DACs set to 0xFF
ISINK = 30mA (Note 2) TA = -40°C

(Note 3)
±0.9 3.0

%

TA = +85°C 0.3 1.15
Output Load Regulation ΔIOLR

V D D  =  3.3V , V O =  1.2V  to 3.0V ,
calibration DACs set to 0x80,
ISINK = 18mA TA = TMIN to TMAX 1.5

mA/V

TA = +85°C 0.6 1.7
Output Power-Supply Rejection ΔIOPSR

V D D  =  3.0 V  to 3.6V , V O =  1.2V ,
calibration DACs set to 0x80,
ISINK = 18mA TA = TMIN to TMAX 2.0

mA/V

ELECTRICAL CHARACTERISTICS (continued)
(VDD = 3.0V to 3.6V, TA = TMIN to TMAX, unless otherwise noted. Typical values are at VDD = 3.3V, TA = +85°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

CLKI_ Input Frequency fCLKI 33 MHz

CLKI_ Duty Cycle 40 60 %

CLKO_ Output Delay tPD-CLKO 19 ns

DIN_ Setup Time tSU-DIN 0.5 ns

DIN_ Hold Time tHD-DIN 5 ns

DOUT_ Output Delay tPD-DOUT 18 ns

LOADO Output Delay tPD-LOADO 21 ns

LOADI Hold Time tHD-LOADI 11 ns

Watchdog Period When enabled 40 125 300 ms

TIMING CHARACTERISTICS
(VDD = 3.0V to 3.6V, TA = TMIN to TMAX, unless otherwise noted. Typical values are at 3.3V, TA = +85°C.) (Note 1)
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(VDD = 3.3V, TA = +25°C, unless otherwise noted.)

OPERATING CURRENT CONSUMPTION 
vs. SUPPLY VOLTAGE VDD

M
AX

69
74

 to
c0

1

SUPPLY VOLTAGE VDD (V)

I D
D 

(m
A)

3.43.33.23.1

53

49

51

55

45

47

3.0 3.5 3.6

TA = -40°C
TA = +25°C

TA = +125°C

TA = +85°C

fCLKI = 32MHz
CALDAC = 0xFF

OPERATING CURRENT CONSUMPTION
vs. SUPPLY VOLTAGE VDD

M
AX

69
74

 to
c0

2

SUPPLY VOLTAGE VDD (V)
I D

D 
(m

A)
3.53.43.33.23.1

24

26

28

30

20

22

3.0 3.6

TA = -40°C TA = +25°C

TA = +85°C
TA = +125°C

fCLKI = 0MHz
CALDAC = 0x00

LED OUTPUT SINK CURRENT
vs. OUTPUT VOLTAGE

M
AX

69
74

 to
c0

3

OUTPUT VOLTAGE (V)

I S
IN

K 
(m

A)

5 64321

5

15

10

25

20

30

35

0
0 7

TA = -40°C

TA = +125°C

TA = +25°C

TA = +85°C

LED OUTPUT SINK CURRENT
vs. OUTPUT VOLTAGE
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4

OUTPUT VOLTAGE (V)
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5 64321
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15
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20
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35

0
0 7

VDD = +3.0V

VDD = +3.3V VDD = +3.6V
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1 MUX0

2 CLKI+

3 CLKI-

4 DIN+

5 DIN-

6 LOADI

7 I.C.

8–15 R0–R7

16–23 G0–G7

24, 40 VDD

25 LOADO

26 DOUT-

27 DOUT+

28 CLKO-

29 CLKO+

30 MUX1

31 AGND

32–39 B7–B0

EP GND

MUX0

μ

MUX1
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R LED DRIVERS
R7–R0

ISET

R7

ISET
8-BIT

G CALDAC
MUX1

OUTPUTS

7-BIT GLOBAL-INTENSITY PDM MODULATOR
12-BIT INDIVIDUAL PWM MODULATOR

8 8

288

CALIBRATION
DATA LATCH

GLOBAL-
INTENSITY

DATA LATCH

8 8

MUX0 PIXEL PWM NEW DATA LATCH MUX1 PIXEL PWM NEW DATA LATCH

288 288

EXT. PNP EXT. PNP

7

7

EN EN

PWM
COUNTERS

SYNC

288-BIT DATA SHIFT REGISTER

CLKI

LOADI

D

CLKO

DOUT
DIN

288

288

288
CONTROL

MUX0 PIXEL PWM OLD DATA LATCH
LOAD

288 288

MUX1 PIXEL PWM OLD DATA LATCH
OE

LOAD

Q1

24

7

MUX0
OUTPUT

24-BIT NEW HEADER
SHIFT REGISTER

SYNC DETECT

R6 R5 R4 R3 R2 R1 R0

8-BIT
R CALDAC

R LED OUTPUTS

G LED DRIVERS
G7–G0

G7 G6 G5 G4 G3 G2 G1 G0

G LED OUTPUTS

LOADO

ISET8-BIT
B CALDAC

8

B LED DRIVERS
B7–B0

B7 B6 B5 B4 B3 B2 B1 B0

B LED OUTPUTS

8

0/1

OE

MAX6974
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R LED DRIVERS
R7–R0

ISET

R7

ISET
8-BIT

G CALDAC
MUX1

OUTPUTS

5-BIT GLOBAL-INTENSITY PDM MODULATOR
14-BIT INDIVIDUAL PWM MODULATOR

8 8

336

CALIBRATION
DATA LATCH

GLOBAL-
INTENSITY

DATA LATCH

8 8

MUX0 PIXEL PWM NEW DATA LATCH MUX1 PIXEL PWM NEW DATA LATCH

336 336

EXT. PNP EXT. PNP

5

5

EN EN

PWM
COUNTERS

SYNC

336-BIT DATA SHIFT REGISTER

CLKI

LOADI

D

CLKO

DOUT
DIN

336

336

336
CONTROL

MUX0 PIXEL PWM OLD DATA LATCH
LOAD

336 336

MUX1 PIXEL PWM OLD DATA LATCH
OE

LOAD

Q1

24

5

MUX0
OUTPUT

24-BIT NEW HEADER
SHIFT REGISTER

SYNC DETECT

R6 R5 R4 R3 R2 R1 R0

8-BIT
R CALDAC

R LED OUTPUTS

G LED DRIVERS
G7–G0

G7 G6 G5 G4 G3 G2 G1 G0

G LED OUTPUTS

LOADO

ISET8-BIT
B CALDAC

8

B LED DRIVERS
B7–B0

B7 B6 B5 B4 B3 B2 B1 B0

B LED OUTPUTS

8

0/1

OE

MAX6975
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HOST

CLKO

DOUT

LOADO

CLKI

DIN

LOADI

MAX6974/
MAX6975

1

MAX6974/
MAX6975

2

MAX6974/
MAX6975

3

MAX6974/
MAX6975

N

CLKI

DIN

LOADI

CLKO

DOUT

LOADO

CLKI

DIN

LOADI

CLKO

DOUT

LOADO

CLKI

DIN

LOADI

CLKO

DOUT

LOADO

CLKI

DIN

LOADI

CLKO

DOUT

LOADO

OPTIONAL FEEDBACK

GLOBAL PDM
PART

LED DRIVE

OUTPUTS

LED DRIVE

CURRENT

CALIBRATION

DAC RANGE DIRECT MULTIPLEXED

INDIVIDUAL

PWM

MAX6974 7 bits 6 bits 12 bits

5 bits 4 bits
MAX6975

24
(7V rated)

30mA 6mA to 30mA

3 bits 2 bits
14 bits
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5

10

15

25

30

(mA)
CALDAC

CURRENT

20

30mA MAX

6mA MIN

1270 GLOBAL
= 96

GLOBAL-INTENSITY
PDM

INDIVIDUAL-INTENSITY
PWM

40950 Rn, Gn, OR Bn PWM
= 2560

Rn, Gn, OR Bn IAVE = 10.22mA

CALDAC
 = 169

2550

21.8mA

100%

0%

50%

100%

0%

50%

100%

0%

50%
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R0, R2, R4, R6
G0, G2, G4, G6
B0, B2, B4, B6

R1, R3, R5, R7
G1, G3, G5, G7
B1, B3, B5, B7

R0, R2, R4, R6
G0, G2, G4, G6
B0, B2, B4, B6

R1, R3, R5, R7
G1, G3, G5, G7
B1, B3, B5, B7

SUBFRAME (n) SUBFRAME (n + 1)

tSPWM

tEMUX

tEMUX

MUX0

SUBFRAME (n), MUX0 SUBFRAME (n), MUX1

MUX1

tSPWM

tSPWM tEPWM

MULTIPLEXED

NONMULTIPLEXED

tSPWM tEPWM

ON/OFF PHASING

OFF/ON PHASING

ON/OFF PHASING

OFF/ON PHASING

50% 75%

100%25%

75%75%

75% 75%

PART
SUBFRAME

(TCLKI)

tSPWM

(TCLKI)

tEPWM

(TCLKI)

tEMUX

(TCLKI)

MAX6974 4096 16 16 16

MAX6975 16,384 32 32 32
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169d = 20

SUBFRAME NUMBER

5

10

15

25

30mA MAX

6mA MIN

(mA)

0 1 2 3 4 5 6 7 8 9 10 11

CA
LD

AC
 C

UR
RE

NT

OUTPUT LED CURRENTPWM = 2560/4096

ONE FRAME IS 219 (524,288) CLKI CYCLES LONG

GLOBAL PDM = 96/128 SUBFRAMES

ON ON ON ON ON ON ON ON
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EN
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56

0Ω
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0Ω C1
12

0p
F

+5
.5

5V
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56
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PART
MUX

BIT
OPERATION

PWM

RES.

TOTAL CLOCKS PER

PWM SUBFRAME

USEABLE CLOCKS PER

PWM SUBFRAME

MAXIMUM PWM

DUTY CYCLE

0 Nonmultiplex
MAX6974

1 Multiplex
12 bits 4096 4064 4064 / 4096 = 99.22%

0 Nonmultiplex
MAX6975

1 Multiplex
14 bits 16,384 16,320 16,320 / 16,384 = 99.61%

PART
GLB4

BIT

MUX

BIT
OPERATION

GLOBAL

PDM

RES.

SUBFRAMES

PER FRAME

CLOCKS

PER

FRAME

CLOCK

FREQUENCY (MHz)

FOR 50fps

CLOCK

FREQUENCY (MHz)

FOR 60fps

X 0 Nonmultiplex 7 bits 128
MAX6974

X 1 Multiplex 6 bits 64
524,288 26.2144 31.45728

0 Nonmultiplex 5 bits 32
0

1 Multiplex 4 bits 16
524,288 26.2144 31.45728

0 Nonmultiplex 3 bits 8
MAX6975

1
1 Multiplex 2 bits 4

131,072 6.5536 7.8643



14 ______________________________________________________________________________________

CMD[1:0]

C1 C0
COMMAND DATA LENGTH PER CASCADED DEVICE

288 bits (MAX6974 nonmultiplexed)

576 bits (MAX6974 multiplexed)

336 bits (MAX6975 nonmultiplexed)
0 0 Load individual PWM

672 bits (MAX6975 multiplexed)

0 1 Load CALDAC 24 bits

1 0 Load global-intensity PDM 24 bits

1 1 Load configuration 24 bits

PART GLB4 MUX TOTAL BITS MSB D7 D6 D5 D4 D3 D2 D1 LSB D0

X 0 7 0 Bit[6] Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0]
MAX6974

X 1 6 0 0 Bit[5] Bit[4] Bit[3] Bit[2] Bit[1] Bit[0]

0 0 5 0 0 0 Bit[4] Bit[3] Bit[2] Bit[1] Bit[0]

0 1 4 0 0 0 0 Bit[3] Bit[2] Bit[1] Bit[0]

1 0 3 0 0 0 0 0 Bit[2] Bit[1] Bit[0]
MAX6975

1 1 2 0 0 0 0 0 0 Bit[1] Bit[0]
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CONFIGURATION BIT ACRONYM FUNCTION DESCRIPTION

MSB          D7 — 0 Not used

  D6 — 0 Not used

  D5 — 0 Not used

  D4 GLB4 Global quarter

Enables the reduced global-intensity setting in the MAX6975 when set to
1. When set, the MAX6975 uses eight (or four, if multiplexing) PWM
subframes. GLB4 is set to 0 as power-on default. Setting bit D4 has no
effect in the MAX6974.

 D3 PWM-ON
Enable

individual
PWMs

Turns all individual PWM outputs on when set to 1. Power-on default is
PWM-ON set to 0 to disable all current output drivers. PWM-ON can be
used to turn all LEDs on or off without affecting the global-intensity or
individual PWM settings.

  D2 CRST
Reset frame
and PWM
counters

Setting CRST to 1 synchronously resets internal counters to 0. This action
sets the MAX6974/MAX6975 to subframe 0 of the global-intensity
subframe counter and clock 0 of all individual PWM counters. The CRST
bit is a nonlatching control function that resets to 0 after the counters are
set to 0.

  D1 WDOG
Watchdog

enable
Setting WDOG to 1 enables the watchdog timer operation. Power-on
default is 0.

LSB           D0 MUX
Multiplex
enable

Setting MUX to 1 turns multiplex mode on. Power-on default is 0.
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tHD-DIN

tHD-LOADI

CLKI+

CLKI-

CLKO+

CLKO-

DIN+

DIN-

DOUT+

DOUT-

LOADI

LOADO

tPD-CLKO

tSU-DIN

tPD-DOUT

tPD-LOADO

tSU-LOADI
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HDR

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SYNC CMD CNTR

7 6 5 4 3 2 1 0 1 0 1 0 1 0 9 8 7 6 5 4 3 2 1 0

1 1 1 0 1 0 0 0 C1 C0 C1 C0 C1 C0 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

C1:C0 CMD[5:0]

00 000000

01 010101

10 101010

11 111111

HEADER

COUNTER

CLKI

COMMAND

1 1 1 0 1 0 0 0

SYNC

LOADI

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

DIN

1

0

(CONTINUOUS)

C1 C0 C1 C0 C1 C0
b9 b8 b7 b6 b5 b4 b3 b2

DATA

b1 b0
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HEADER DATA 1 DATA 2 DATA 3 … DATA N

HDR[23:0] B[7:0] G[7:0] R[7:0] B[7:0] G[7:0] R[7:0] B[7:0] G[7:0] R[7:0] … B[7:0] G[7:0] R[7:0]

HEADER DATA 1 DATA 2 DATA 3 … DATA N

HDR[23:0] D[7:0] D[7:0] D[7:0] D[7:0] D[7:0] D[7:0] D[7:0] D[7:0] D[7:0] … D[7:0] D[7:0] D[7:0]

HEADER DATA 1 DATA 2 DATA 3 … DATA N

HDR[23:0] D[7:0] D[7:0] D[7:0] D[7:0] D[7:0] D[7:0] D[7:0] D[7:0] D[7:0] … D[7:0] D[7:0] D[7:0]

HEADER DATA 1 DATA 2 DATA 3 … DATA N

HDR[23:0] B7, B6, …R0 B7, B6, …R0 B7, B6, …R0 … B7…R0

HEADER DATA 1 DATA 2 DATA 3 … DATA N

HDR[23:0] B7, B7', B6, B6', …R0' B7, B7', B6, B6', …R0' B7, B7', B6, B6', …R0' … B7, B7', B6, B6', …R0'

B[7:0]
G[7:0]
R[7:0]
N 

D[7:0]

D[7:0]

B_…G_…R_

B_ MUX0
B_' MUX1
G_ MUX0
G_' MUX1
R_ MUX0
R_' MUX1
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HOST

CLKO

DOUT

LOADO

CLKI

DIN

LOADI

CLK0

D0

LOAD0

CLK1

D1

LOAD1

CLK2

D2

LOAD2

CLK3

D3

LOAD3

MAX6974/MAX6975
1

MAX6974/MAX6975
2

MAX6974/MAX6975
3

CLKI

DIN

LOADI

CLKO

DOUT

LOADO

CLKI

DIN

LOADI

CLKO

DOUT

LOADO

CLKI

DIN

LOADI

CLKO

DOUT

LOADO

DATA: CALDAC  DATA 1

(CONTINUOUS) 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72

CLKI

LOADI

DIN

0

1

B CALDAC G CALDAC G CALDAC B CALDAC G CALDAC R CALDAC
DATA: CALDAC  DATA 2

D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0

IDLE

IDLE

IDLE

IDLE

CLK0

3 BYTES 1 3 BYTES 2 3 BYTES 3HEADER 1 T

3 BYTES 2 3 BYTES 3HEADER 2 T

3 BYTES 3HEADER 3 T

HEADER 4 T

25 CLOCKS

25 CLOCKS

25 CLOCKS

D0

D1

D2

D3
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 DATA 1 PWM 288 BITSH1

289 CLOCKS

289 CLOCKS

289 CLOCKS

D0

D1

D2

D3

 DATA 2 PWM 288 BITS  DATA 3 PWM 288 BITS T

 DATA 2 PWM 288 BITS  DATA 3 PWM 288 BITS TH2

 DATA 3 PWM 288 BITS TH3

TH4

CLKI- CLKO-

CLKO+CLKI+

200Ω

DIN- DOUT-

DOUT+DIN+

LOADOLOADI

n-2

200Ω
MAX6974

CLKI- CLKO-

CLKO+CLKI+

110Ω

DIN- DOUT-

DOUT+DIN+

LOADOLOADI

n-1

110Ω
MAX6974

DO2-

DO2+

DIN2 DO1-

DO1+DIN1

MAX9112

CLK

DIN

LOAD

HOST

n MORE DEVICES WITH
200Ω TERMINATION
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μ

±

Ω
Ω

MAX6974
MAX6975

VDD

R1

Q1

30mA

+3.3V +3.3V +24V

R1
R2
R3
R4
R5
R6
R7

R0

GND

MAX6974 MAX6974
SYSTEM

CLK

DATA

LOAD

CLKO

DINO

LOADO

CLKI

DINI

LOADI

R0/G0/B0
8 RGB LEDs

R1/G1/B1

R2/G2/B2

R3/G3/B3

R4/G4/B4

R5/G5/B5

R6/G6/B6

R7/G7/B7

R0/G0/B0

R1/G1/B1

R2/G2/B2

R3/G3/B3

R4/G4/B4

R5/G5/B5

R6/G6/B6

R7/G7/B7

CLKO

DINO

LOADO

CLKI

DINI

LOADI

PROCESS: BiCMOS
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