
General Description
The MAX5679 digitally programmable LCD gamma refer-
ence generator provides 18 buffered channels for biasing
LCD column drivers. The device provides 14 outputs of
8-bit programmable gamma reference voltage derived
from four externally applied reference voltages, and four
buffered outputs of the same externally applied reference
voltages. An I2C serial interface programs the 14 upper
and lower range gamma buffer outputs independently.

The MAX5679 features a digitally programmable volt-
age reference (DVR) with 7-bit adjustable current sink
to set the LCD common backplane (VCOM) voltage.
The MAX5679 includes a power-on reset (POR) function
that configures all 14 programmable gamma outputs to
predetermined levels upon initial power-up.

The MAX5679 is available in a 5mm x 5mm, 32-pin
TQFN package and is specified over the -40°C to
+85°C extended temperature range.

Applications
TFT-LCD Panels for Flat Screen TVs

TFT-LCD Panels for Desktop Monitors

Features
♦ 7-Bit Adjustable VCOM Calibrator (DVR)
♦ 14 Programmable Gamma Outputs for LCD

Column Driver ICs
8-Bit DAC Resolution for Upper and Lower
Range Outputs
Maximum Output Swing of (AVDD - 0.2V)
(OUT1–OUT7)
Minimum Output Swing of (GND + 0.2V)
(OUT8–OUT14)

♦ Four Independent Reference Inputs
♦ Four Independent Buffered Reference Outputs
♦ 9V to 16.5V Analog Supply
♦ 2V to 5.5V Digital Supply
♦ 400kHz I2C-Compatible Serial Interface
♦ Pin-Selectable I2C Address Bit Allows 

Two Slave IDs
♦ Backward Compatible with the MAX5678
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MAX5679

THIN QFN
 (5mm x 5mm x 0.80mm)

TOP VIEW

5

6

4

3

20

19

21

OU
T1

3

OU
T1

1

OU
T1

0

OU
T9

OU
T8

22

OU
T1

4

OU
T2

OU
T4

OU
T5

OU
T1

OU
T6

OU
T7

9 10

A0

12 13 14 15

3132 30 28 27 26

SDA

SCL

REFL_H

SET

DVR

REFU_L

OU
T1

2
OU

T3

11

29

7 18GND REFU_H

8 17OUT_REFL_L AVDD

DVDD

2 23 REFL_LAVDD

1 24 GND

OU
T_

RE
FL

_H
OU

T_
RE

FU
_L

16

25

OUT_REFU_H

Pin Configuration

UPPER DAC
BLOCK
OUT1–OUT7

LOWER DAC
BLOCK
OUT8–OUT14

GAMMA DAC DIGITAL CODE0 255

REFL_L

REFL_H

REFU_L

REFU_H

GA
M

M
A 

OU
TP

UT
 V

OL
TA

GE
 (V

)

REFU_H

Gamma DAC Transfer Function

Ordering Information

19-4058; Rev 0; 3/08

For pricing, delivery, and ordering information, please contact Maxim Direct at 1-888-629-4642,
or visit Maxim’s website at www.maxim-ic.com.

PART TEMP RANGE
PIN-
PACKAGE

PKG
CODE

MAX5679ETJ+ -40°C to +85°C
32 TQFN-EP*
(5mm x 5mm)

T3255+4

+Denotes a lead-free package.
*EP = Exposed pad.

Functional Diagram appears at end of data sheet.
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ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(AVDD = 9V to 16.5V, DVDD = 2V to 5.5V, TA = -40°C to +85°C, unless otherwise noted. Typical values are at TA = +25°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.

AVDD to GND..........................................................-0.3V to +22V
DVDD to GND ........................................................-0.3V to +6.0V
SET to GND ...........................................................-0.3V to +6.0V
DVR to GND.............................................-0.3V to (AVDD + 0.3V)
OUT_REF_ _ _, OUT_ to GND..................-0.3V to (AVDD + 0.3V)
REF_ _ _ to GND ......................................-0.3V to (AVDD + 0.3V)
SCL, SDA, A0 to GND..............................-0.3V to (DVDD + 0.3V)
Maximum Current Into Any Input......................................±50mA
Operating Temperature Range ...........................-40°C to +85°C

Storage Temperature Range .............................-65°C to +150°C
Continuous Power Dissipation (TA = +70°C)

32-Pin TQFN (derate 21mW/°C above +70°C) ..........1700mW
Lead temperature (soldering, 10s) ..................................+300°C
Junction Temperature ......................................................+150°C
ESD Protection

SCL, SDA to GND, DVDD (Human Body Model)..............±4kV
All Other Pins (Human Body Model, JESD22-A114D) .....±2kV

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

GAMMA OUTPUTS

DAC Resolution 8 Bits

Differential Nonlinearity ±0.05 ±1 LSB

Integral Nonlinearity ±2 LSB

OUT1 246D

OUT2 148D

OUT3 118D

OUT4 87D

OUT5 67D

OUT6 55D

OUT7 7D

OUT8 7D

OUT9 55D

OUT10 67D

OUT11 87D

OUT12 118D

OUT13 148D

Power-On Reset (POR)
Gamma Codes

OUT14 246D

Decimal

Absolute Accuracy (Note 2) ±13 ±70 mV

Channel-to-Channel
Matching

(Note 2) ±18 ±70 mV

OUTREFU_H, IOUT = |10mA|
1/2 x AV D D 

-  0.5
AVDD - 0.2

OUT1–OUT7, OUTREFU_L,
IOUT = |20mA|

1/2 x AV D D 
+  0.5

AVDD - 0.5

OUTREFL_L, IOUT = |10mA| GND + 0.2
1/2 x AV D D 

+  0.5

Gamma Output Voltage
Range (Note 3)

OUTREFL_H, OUT8–OUT14,
IOUT = |20mA|

GND + 0.5
1/2 x AV D D 

+  0.5

V
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Stability RS = 0Ω, no sustained oscillations 200 pF

OUT1–OUT14, REFU_L, REFL_H, no load 15
Slew Rate SR

REFU_H, REFL_L, no load 10
V/µs

OUTREFU_H, IOUT = ±10mA,
VOUT = AVDD - 0.2V

±5

OUT1–OUT7, OUTREFU_L,
IOUT = ±20mA, VOUT = AVDD - 0.5V

±5

OUT7–OUT14, OUTREFL_H,
IOUT = ±20mA, VOUT = GND + 0.5V

±5

Load Regulation VREG

OUTREFL_L, IOUT = ±10mA,
VOUT = GND + 0.2V

±5

mV

OUT1–OUT14, VOUT_ = AVDD/2 ±200

OUTREFU_L, OUTREFL_H, OUTREFL_L,
VOUT__ = AVDD/2

±200

OUTREFU_H sourcing 200

Output Short-Circuit
Current

OUTREFU_H sinking 20

mA

Gamma Output Load RL Referenced to nominal DC output voltage 1000 Ω
Referenced to nominal DC output voltage 200 pFGamma Output Load

Capacitance RS = 5Ω (Note 4) 1 µF

REFU_H, REFU_L, REFL_H, REFL_L

REFU_H, REFU_L
AVDD/2
+ 0.5

AVDD

Input Voltage Range

REFL_H, REFL_L GND
AVDD/2
+ 0.5

V

Input Resistance RIN Measured from VREF_ to GND 3.3 MΩ

Input Current IIN
Measured from VREF_ to GND with
VREF_ _ = +16.5V

5 µA

Reference Feedthrough
Bandwidth

BWREF
From any REF_ _ _ input to any reference
or gamma output

40 kHz

VCOM CALIBRATOR (DVR)

Power-On Reset
VCOM Code

64 Decimal

Adjustment Steps (Note 5) 125 Steps

SET Current (Note 6) 20 250 µA

To GND, AVDD = 16.5V 3.3SET External
Resistance (Note 6) To GND, AVDD = 9V 1.8

kΩ

SET Maximum External
Capacitance

30 pF

ELECTRICAL CHARACTERISTICS (continued)
(AVDD = 9V to 16.5V, DVDD = 2V to 5.5V, TA = -40°C to +85°C, unless otherwise noted. Typical values are at TA = +25°C.) (Note 1)
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ELECTRICAL CHARACTERISTICS (continued)
(AVDD = 9V to 16.5V, DVDD = 2V to 5.5V, TA = -40°C to +85°C, unless otherwise noted. Typical values are at TA = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

SET Differential
Nonlinearity

±0.5 LSB

SET Zero-Scale Error ±2 ±21 mV

VSET/AVDD Ratio DAC at full scale 0.05 V/V

VSET/AVDD Ratio POR At power-up 0.0254 V/V

D V R C om p l i ance Rang e DVR compliance measured at midscale VSET + 0.5 AVDD V

POWER SUPPLY

Analog Supply Voltage AVDD (Note 7) 9.0 16.5 V

AVDD High-Voltage
Stress

(Note 7) 20 V

Digital Supply Voltage DVDD 2.0 3.3 5.5 V

Analog Supply Current IS 12.5 18 mA

Digital Supply Current ISD 0.01 1 mA

DIGITAL INPUTS (A0, SDA, SCL)

Input-Logic High
Voltage

VIH
0.7 x
DVDD

V

Input-Logic Low
Voltage

VIL
0.3 x
DVDD

V

Input Leakage Current IIN VIN = 0 or DVDD ±0.1 ±1 µA

Input Hysteresis VHYST
0.05 x
DVDD

V

Input Capacitance CIN 6 pF

SDA Output-Logic
Low Voltage

VOL ISINK = 3mA 0.4 V

SERIAL-INTERFACE TIMING

Serial-Clock Frequency fSCL 400 kHz

Bus Free Time tBUF Between STOP and START 1.3 µs

REPEATED START
Hold Time

tHD:STA
After this period, the first clock pulse is
generated

0.6 µs

SCL Pulse-Width Low tLOW 1.3 µs

SCL Pulse-Width High tHIGH 0.6 µs

REPEATED START
Setup Time

tSU:STA 0.6 µs
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ELECTRICAL CHARACTERISTICS (continued)
(AVDD = 9V to 16.5V, DVDD = 2V to 5.5V, TA = -40°C to +85°C, unless otherwise noted. Typical values are at TA = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Data Hold Time tHD;DAT 0 900 ns

Data Setup Time tSU;DAT 100 ns

SDA/SCL Receiving
Rise Time

tr
20 +

Cb/10
300 ns

SDA/SCL Receiving
Fall Time

tf
20 +

Cb/10
300 ns

SDA Transmitting
Fall Time

tf
20 +

Cb/10
250 ns

STOP Setup Time tSU;STO 0.6 µs

DVDD = 2V to 2.7V 10 100
Bus Capacitance Cb

DVDD = 2.7V to 5.5V 10 400
pF

Suppressed Spike
Pulse Width

tsp 50 ns

Note 1: Specifications at TA = +85°C are guaranteed by production testing. Specifications at TA = -40°C and TA = +25°C are guaran-
teed by design and characterization.

Note 2: Error from the ideal output defined by the transfer function in the Gamma DAC Transfer Functions section.
Note 3: Due to power dissipation limits, not all outputs can source/sink IOUT (max) simultaneously.
Note 4: RS is a series resistor between the amplifier output and CL. The amplifier should be stable under this condition.
Note 5: The lower three codes, 0–2, are hardwired to give the same value as code two. This eliminates a zero-current condition in the

DVR output.
Note 6: Keep the minimum current into DVR > 10µA, and maximum current into DVR < 250µA over all codes.
Note 7: AVDD > 20V is a stress test. Functionality and spec compliance not guaranteed above 16.5V.
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Typical Operating Characteristics
(AVDD = +16.5V, DVDD = +3.3V, performance of the Typical Operating Circuit, TA = +25°C, unless otherwise noted.)
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Typical Operating Characteristics (continued)
(AVDD = +16.5V, DVDD = +3.3V, performance of the Typical Operating Circuit, TA = +25°C, unless otherwise noted.)
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Pin Description
PIN NAME FUNCTION

1 OUT_REFU_H Analog Output. Upper gamma reference high output.

2, 17 AVDD Analog Power Supply

3 DVDD Digital Power Supply

4 A0 Address Bit 0

5 SDA Serial-Data Input

6 SCL Serial-Clock Input

7, 24 GND Ground

8 OUT_REFL_L Lower Gamma Reference Low Output

9 OUT14 Gamma Reference 14 Output

10 OUT13 Gamma Reference 13 Output

11 OUT12 Gamma Reference 12 Output

12 OUT11 Gamma Reference 11 Output

13 OUT10 Gamma Reference 10 Output

14 OUT9 Gamma Reference 9 Output

15 OUT8 Gamma Reference 8 Output

16 OUT_REFL_H Lower Gamma Reference High Output

18 REFU_H Upper Reference High Input

19 REFU_L Upper Reference Low Input

20 DVR Sink Current Output

21 SET Sink Current Set

22 REFL_H Lower Reference High Input

23 REFL_L Lower Reference Low Input

25 OUT_REFU_L Upper Gamma Reference Low Output

26 OUT7 Gamma Reference 7 Output

27 OUT6 Gamma Reference 6 Output

28 OUT5 Gamma Reference 5 Output

29 OUT4 Gamma Reference 4 Output

30 OUT3 Gamma Reference 3 Output

31 OUT2 Gamma Reference 2 Output

32 OUT1 Gamma Reference 1 Output

— EP
Exposed Pad. Internally connected to GND. Connect to large ground plane for maximum thermal
dissipation. Do not use as primary ground connection.
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Detailed Description
The MAX5679 provides 18 buffered outputs for biasing
LCD column drivers. Fourteen outputs are 8-bit pro-
grammable voltages derived from four externally
applied reference voltages, and four are buffered out-
puts of the externally applied reference voltages.
Additionally, the MAX5679 features a DVR, using a 7-bit
adjustable current sink to set the VCOM voltage.

The MAX5679 includes a POR function that configures
all programmable outputs to predetermined levels upon
initial power-up. See the Power-On Reset section for
more information.

An I2C serial interface programs the internal DACs to
set the 14 upper/lower range gamma buffer outputs
and DVR’s sink current.

I2C Serial Interface
The MAX5679 operates as an I2C slave device that
sends and receives data through an I2C-compatible
2-wire interface. The interface uses a serial-data line
(SDA) and a serial-clock line (SCL) to achieve bidirec-
tional communication between master(s) and slave(s).
A master (typically a microcontroller) initiates all data
transfers to and from the MAX5679 and generates the
SCL clock that synchronizes the data transfer (Figure 1).
A slave issues an acknowledge bit after it recognizes
its address and again after each data byte is read and
recognized.

SDA operates as both an input and an open-drain out-
put. Install a pullup resistor, RP, between SDA and
DVDD. The value of RP depends on the DVDD supply
voltage and bus capacitance. SCL operates only as an
input. Install a pullup resistor, RPC, on SCL if there are
multiple masters on the 2-wire interface, or if the master

SDA

SCL

tSU:DAT

tLOW

tSD:STA

START
CONDITION

(S)

REPEATED START
CONDITION

(Sr)

ACKNOWLEDGE
(A)

tHIGH

tR tF

tSU:STA

tSU:STOtSU:STA
tHD:DAT

tBUF

STOP
CONDITION

(P)

START
CONDITION

(S)

Figure 1. I2C 2-Wire Serial-Interface Timing Details



in a single-master system has an open-drain SCL out-
put. Each communication with the MAX5679 contains a
START (S) condition sent by a master, the 7-bit
MAX5679 slave address plus a read/write (R/W) bit, an
acknowledge bit, a series of data bytes each followed
by an acknowledge bit, and finally a STOP (P) condi-
tion. Figure 2 shows how each communication is
framed by START and STOP conditions.

START and STOP Conditions
Both SCL and SDA remain high when the interface is
not busy. A master signals the beginning of a transmis-
sion with a START condition by transitioning SDA from
high to low while SCL is high. When the master has fin-
ished communicating with the slave, it issues a STOP
condition by transitioning SDA from low to high while
SCL is high. The bus is then free for another transmis-
sion (Figure 1).

Early STOP Conditions
The MAX5679 recognizes a STOP condition at any
point in a transmission even when the STOP condition
occurs in the same SCL high pulse as the START con-
dition (Figure 3).

REPEATED START (Sr) Conditions
A REPEATED START (Sr) condition on the bus is when
a START condition occurs without a prior STOP condi-
tion. An Sr condition terminates any previous operation
on the bus, and should be followed by the slave
address, which starts a new session. Usually Sr is
issued after the acknowledge bit. Issuing Sr in between
acknowledge bits prevents completion of the ongoing
byte transmission.

Bit Transfer
One data bit is transferred during each clock pulse.
The data on SDA must remain stable while SCL is high
(Figure 4).
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SDA

SCL

START
CONDITION

STOP
CONDITION

S P

Figure 2. START and STOP Conditions

STARTSTARTSTOP STOP

SCL

SDA

SCL

SDA

Figure 3. Valid START/STOP Conditions

SDA

SCL

DATA LINE STABLE;
DATA VALID

CHANGE OF DATA
ALLOWED

Figure 4. Bit Transfer



Acknowledge
The acknowledge bit is a clocked 9th bit that the recipi-
ent uses to signal the receipt of its address and each
byte of data (Figure 5). Each byte transferred thus
effectively requires nine clock pulses. The master gen-
erates the 9th clock pulse, and the recipient pulls down
SDA during the acknowledge clock pulse, ensuring the
SDA line is stable low during the high period of the
clock pulse. When the master is transmitting to the
MAX5679, the device generates the acknowledge bit
because the MAX5679 is the recipient. When the
MAX5679 is transmitting to the master, the master gen-
erates the acknowledge bit because the master is the
recipient. If the master fails to provide an acknowledge
bit during a read from the MAX5679, the MAX5679
interface ceases to provide data and waits for a new
START condition and a valid address. Not acknowledg-
ing by the master is a legitimate way to terminate read-
ing from the MAX5679; no STOP condition is necessary
afterwards.

I2C Compatibility
The MAX5679 is fully compatible with existing I2C sys-
tems. The interface supports both standard (100kHz)
and fast (400kHz) data-transfer modes. The MAX5679
does not respond to a general call address.

Slave Address
The MAX5679 has a 7-bit long slave address (Table 1).
The 8th bit following the 7-bit slave address is the R/W
bit. The R/W bit is low for a write command or high for a
read command.

Bits B7 through B2 of the MAX5679 slave address are
set to 111010. Address input, A0, controls the slave
address bit, B1. Connect A0 to DVDD or GND. The
MAX5679 provides two possible slave addresses
(Table 1). An interface can control two MAX5679
devices independently.

The address input A0 can be driven dynamically.
Ensure that the bit value is stable in the address
sequence. The MAX5679 interface compares each
address value bit-by-bit to allow the interface to power
down in the event of a bus cycle that does not address
the MAX5679.

Write Data Format
Send a START condition followed by the 7-bit slave
address of the device with the R/W bit reset to 0 and
one or more data bytes to initiate a write command. The
MAX5679 supports two timing modes referred to as
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B7 B6 B5 B4 B3 B2 B1 B0

1 1 1 0 1 0 A0 R/W

Table 1. Slave Address

SCL

SDA BY
TRANSMITTER

CLOCK PULSE
FOR ACKNOWLEDGE

START
CONDITION

SDA BY
RECEIVER

1 2 8 9

S

Figure 5. Acknowledge
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mode 1 and mode 2. See Figures 6a and 6b. In mode
1, the data received by the MAX5679 consists of 9
bytes defined as follows: slave address, DVR data, and
gamma 1 data though gamma 7 data. The DVR data is
stored in the DVR DAC register, while the gamma data
is stored in the gamma DAC registers as defined in
Table 2a. A STOP condition after gamma 7 data is
received determines the mode to be mode 1 (MAX5678
compatible mode).

If no STOP condition is detected after gamma 7 data
and additional data are received, the mode is deter-
mined to be mode 2. In mode 2, additional data is sent
in the form of gamma 8 data through gamma 14 data.
After the gamma 14 data is received a STOP condition
should be asserted by the master. The data received
after gamma 7 data (i.e. gamma 8 data through gamma
14 data) is stored in the gamma DAC registers accord-
ing to Table 2b.

1 2 3 4 5 6 7 8 9

S 1 1 1 0 1 0 A0 A D6 D5 D4 D3 D2 D1 D0 X0 A G6 G5 G4 G3 G2 G1 G0G7 A G6 G5 G4 G3 G2 G1 G0G7 A P

SLAVE ADDRESS

START CONDITION

R/W BIT SET TO 0 FOR A WRITE

ACKNOWLEDGE FROM SLAVE

DVR DATA GAMMA 1 DATA GAMMA 7 DATA

DON'T CARE

DVR DATA LATCHED INTO
DVR REGISTER

1 9

ACKNOWLEDGE FROM SLAVE

1 9

GAMMA 1 DATA LATCHED INTO
GAMMA 1 REGISTER

1 9

GAMMA 7 DATA LATCHED INTO
GAMMA 7 REGISTER

STOP CONDITION

SCL

SDA

WRITE OPERATION TO THE MAX5679

1 2 3 4 5 6 7 8 9

S 1 1 1 0 1 0 A0 A D6 D5 D4 D3 D2 D1 D0 11 A G6 G5 G4 G3 G2 G1 G0G7 A G6 G5 G4 G3 G2 G1 G0G7 A P

SLAVE ADDRESS

START CONDITION

R/W BIT SET TO 1 FOR A READ

ACKNOWLEDGE FROM SLAVE

DVR DATA GAMMA 1 DATA GAMMA 7 DATA

DVR DATA REGISTER LSB
ALWAYS SET TO 1

1 9

ACKNOWLEDGE FROM MASTER

1 9 1 9

STOP CONDITION

SCL

SDA

READ OPERATION FROM THE MAX5679

ACKNOWLEDGE FROM MASTER

ACKNOWLEDGE FROM MASTER

Figure 6a. Mode 1 (MAX5678 Compatible Mode)

1 2 3 4 5 6 7 8 9

S 1 1 1 0 1 0 A0 A D6 D5 D4 D3 D2 D1 D0 X0 A G6 G5 G4 G3 G2 G1 G0G7 A G6 G5 G4 G3 G2 G1 G0G7 A P

SLAVE ADDRESS

START CONDITION

R/W BIT SET TO 0 FOR A WRITE

ACKNOWLEDGE FROM SLAVE

DVR DATA GAMMA 1 DATA GAMMA 14 DATA

DON'T CARE

DVR DATA LATCHED INTO
DVR REGISTER

1 9

ACKNOWLEDGE FROM SLAVE

1 9

GAMMA 1 DATA LATCHED INTO
GAMMA 1 REGISTER

1 9

GAMMA 14 DATA LATCHED INTO
GAMMA 14 REGISTER

STOP CONDITION

SCL

SDA

WRITE OPERATION TO THE MAX5679

1 2 3 4 5 6 7 8 9

S 1 1 1 0 1 0 A0 A D6 D5 D4 D3 D2 D1 D0 11 A G6 G5 G4 G3 G2 G1 G0G7 A G6 G5 G4 G3 G2 G1 G0G7 A P

SLAVE ADDRESS

START CONDITION

R/W BIT SET TO 1 FOR A READ

ACKNOWLEDGE FROM SLAVE

DVR DATA GAMMA 1 DATA GAMMA 14 DATA

DVR DATA REGISTER LSB
ALWAYS SET TO 1

1 9

ACKNOWLEDGE FROM MASTER

1 9 1 9

STOP CONDITION

SCL

SDA

READ OPERATION FROM THE MAX5679

ACKNOWLEDGE FROM MASTER

ACKNOWLEDGE FROM MASTER

Figure 6b. Mode 2
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Read Data Format
Send a START condition followed by the 7-bit slave
address of the device with the R/W bit set to 1 to initiate
a read command to the MAX5679. The MAX5679 then
sequentially outputs 8 bytes of data if operating in
mode 1 or 15 bytes if in mode 2 that correspond to the
values stored in its internal registers. The first data byte
represents the contents of the DVR register. The follow-
ing 7 or 14 bytes of data represent the gamma DAC
settings.

DVR Register
The DVR register stores the 1st data byte transmitted to
the MAX5679 following a START condition and the
device slave address when a write operation is per-
formed (Figures 6a and 6b). The DVR register sets the
code for the DVR DAC and controls the operation of the
SET and DVR outputs. The DVR DAC is a 7-bit DAC
with the least significant bit (LSB) of this register as a
don’t-care bit (Table 3). When performing a read from
the MAX5679, the DVR register data is the first byte to
be output by the device following a START condition
and the slave address. A read from the DVR register
always returns an LSB value of 1.

Gamma Register
The MAX5679 includes a total of 14 gamma registers
that store the digital codes for the gamma DACs, which
control outputs OUT1–OUT14. When writing to the
MAX5679, the first data byte transmitted after the DVR
data is stored in the first gamma register and subse-
quent bytes of data are stored in the remaining gamma
registers until either seven or all 14 have been written,
depending on the mode (Tables 2a and 2b). Each
gamma register controls an upper and a lower DAC
output. The upper and lower DACs share the same dig-
ital code in mode 1. See the Gamma DAC Transfer

Functions section. When a read from the MAX5679 is
performed, the contents of the gamma registers are
output sequentially after the DVR register data (Figures
6a and 6b). If the MAX5679 is operating in mode 1,
issue a stop condition after receiving the 7th gamma
byte. If the device is operating in mode 2, issue a stop
condition after receiving the 14th gamma byte.

Register Update
The registers of the MAX5679 are updated on the rising
edge of SCL during the acknowledge bit. All bus cycles
require each 8-bit byte to be followed by an acknowl-
edge bit. If a write sequence is aborted before its
respective acknowledge bit, the data values are not
updated and the MAX5679 waits for a new START con-
dition and a valid slave address. For the MAX5679, a
write operation from the master may contain additional
data beyond what is required to program all the internal
registers. In this situation, the MAX5679 ignores any
data beyond the 15th data byte (DVR plus 14 gamma
bytes). The MAX5679 also accepts write commands
with fewer than 8 bytes. In this case, the number of reg-
isters that are updated corresponds to the number of
bytes sent. If there are more registers than bytes sent,
the remaining registers contain their previous values. If
multiple write operations are performed by the master,
each operation is performed on the MAX5679 data reg-
isters as requested.

GAMMA
DATA BYTE

WRITE OPERATION
REGISTER

READ OPERATION
REGISTER READ

1 Register 1 Register 14 Register 1

2 Register 2 Register 13 Register 2

3 Register 3 Register 12 Register 3

4 Register 4 Register 11 Register 4

5 Register 5 Register 10 Register 5

6 Register 6 Register 9 Register 6

7 Register 7 Register 8 Register 7

Table 2a. Mode 1
(MAX5678 Compatible Mode) GAMMA

REGISTER
BYTE

WRITE OPERATION
REGISTER DATA

STORED

READ OPERATION
REGISTER DATA

READ

1 Data 1 Data 1

2 Data 2 Data 2

3 Data 3 Data 3

4 Data 4 Data 4

5 Data 5 Data 5

6 Data 6 Data 6

7 Data 7 Data 7

8 Data 8 Data 8

9 Data 9 Data 9

10 Data 10 Data 10

11 Data 11 Data 11

12 Data 12 Data 12

13 Data 13 Data 13

14 Data 14 Data 14

Table 2b. Mode 2



Power-On Reset
On power-up, all internal registers of the MAX5679
(DVR register and 14 gamma registers) are initiated to
a preset series of values (Table 3). Use the I2C inter-
face to overwrite these values at any point after initial
power-up.

Applications Information
Digital Variable Reference (DVR)

DVR sinks a programmable current set by an internal 7-bit
DAC from an external resistive voltage-divider. The DAC
is ratiometric relative to AVDD and monotonic over all
operating conditions. The combination of the resistive
voltage-divider (R1 and R2), the external SET resistor
(RSET), and the AVDD supply determine the maximum
and minimum values of the DVR output (Figure 7).

DVR DAC Transfer Function and Offset
An I2C interface controls the DVR 7-bit DAC through
the DVR register. The DVR DAC determines the voltage
at SET as well as the current that DVR can sink. Figure 7
shows the transfer function of the DVR DAC. Calculate
the voltage at SET with the following sequation:

where DVR_Code is any integer from 0 to 127. The DVR
DAC provides two codes of offset by making the first
three DVR codes correspond to the same SET voltage
(Figure 8). DVR codes 0, 1, and 2 yield the same output
voltage as if DVR code 2 is written to the DVR DAC.
The previous equation is valid for codes 2 to 127. For
DVR codes 0 to 2, calculate SET voltage with the fol-
lowing equation:

V
AV

SET
DD    =

⎧
⎨
⎩

⎫
⎬
⎭

×
⎛
⎝
⎜

⎞
⎠
⎟

3
128 20

V
DVR Code AV

SET
DD  

_   
  =

+⎧
⎨
⎩

⎫
⎬
⎭

×
⎛
⎝
⎜

⎞
⎠
⎟

1
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M
A

X
5

6
7

9

Digitally Programmable LCD Gamma Reference
Generator with Digital Voltage Reference

14 ______________________________________________________________________________________

POWER-ON RESET VALUE
REGISTER OUTPUT

B7 B6 B5 B4 B3 B2 B1 B0 DECIMAL VALUE

DVR SET/DVR 1 0 0 0 0 0 0 X 64

Gamma 1 OUT1 1 1 1 1 0 1 1 0 246

Gamma 2 OUT2 1 0 0 1 0 1 0 0 148

Gamma 3 OUT3 0 1 1 1 0 1 1 0 118

Gamma 4 OUT4 0 1 0 1 0 1 1 1 87

Gamma 5 OUT5 0 1 0 0 0 0 1 1 67

Gamma 6 OUT6 0 0 1 1 0 1 1 1 55

Gamma 7 OUT7 0 0 0 0 0 1 1 1 7

Gamma 8 OUT8 0 0 0 0 0 1 1 1 7

Gamma 9 OUT9 0 0 1 1 0 1 1 1 55

Gamma 10 OUT10 0 1 0 0 0 0 1 1 67

Gamma 11 OUT11 0 1 0 1 0 1 1 1 87

Gamma 12 OUT12 0 1 1 1 0 1 1 0 118

Gamma 13 OUT13 1 0 0 1 0 1 0 0 148

Gamma 14 OUT14 1 1 1 1 0 1 1 0 246

Table 3. Power-On Reset Values

X = Don’t care.

AVDD

19R

128R0*

*128R0 = R

MAX5679

SET

RSET

DVR

AVDD

R1

R2

VCOM

Figure 7. DVR Circuit



Setting the DVR Adjustment Range (RSET)
An external resistive divider (R1 and R2) in conjuction
with RSET, set DVR’s adjustment range (Figure 7). The
value of RSET controls the range of currents (IDVR) that
DVR can sink. Large RSET values decrease LSB size
and decrease DVR’s adjustment range. Calculate R1,
R2, and RSET using the following procedure:

1) Choose the maximum DVR output level (VMAX),
the minimum DVR output level (VMIN), and the
AVDD supply voltage (AVDD).

2) Calculate the R1/R2 ratio:

3) Calculate the R1/RSET ratio:

4) Choose a RSET of approximately the value shown
in the Electrical Characteristics table and calcu-
late the values for R1 and R2.

5) DVR’s LSB size is:

After selecting the values of R1 and R2, calculate the
DVR voltage and IDVR with the following equations:

Gamma DAC Transfer Functions
The MAX5679 contains two sets of gamma DAC
blocks; an upper gamma DAC block and a lower
gamma DAC block (see the Functional Diagram). Each
DAC block comprises seven independent identical
DACs that control seven independent outputs and each
DAC block uses a seperate pair of reference inputs that
determine its transfer function.
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(4 / 128) x AVDD/20

(5 / 128) x AVDD/20

1 2 30

(128 / 128) x AVDD/20

(127 / 128) x AVDD/20

(1 / 128) x AVDD/20

(2 / 128) x AVDD/20

(3 / 128) x AVDD/20

DVR DIGITAL CODE

SE
T 

VO
LT

AG
E 

(V
)

4 5 6 126 127

Figure 8. DVR DAC Transfer Function

UPPER DAC
BLOCK
OUT1–OUT7

LOWER DAC
BLOCK
OUT8–OUT14

GAMMA DAC DIGITAL CODE0 255

REFL_L

REFL_H

REFU_L

REFU_H

GA
M

M
A 

OU
TP

UT
 V

OL
TA

GE
 (V

)

REFU_H

Figure 9. Gamma DAC Transfer Function
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COLUMN DRIVER 1MAX5679

OUT1

OUT2

OUT7

OUT6

OUT5

OUT4

OUT3

OUT_REFU_H

OUT_REFU_L

OUT_REFL_H

OUT8

OUT9

OUT14

OUT13

OUT12

OUT11

OUT10

OUT_REFL_L
RH1

RH2

RH3

RH4

RH5

RH6

RH7

RH8

RH8

RH7

RH6

RH5

RH4

RH3

RH2

RH1

GMA2

GMA3

GMA8

GMA7

GMA6

GMA5

GMA4

GMA0

GMA10

GMA11

GMA13

GMA14

GMA19

GMA18

GMA17

GMA16

GMA15

GMA21

COLUMN DRIVER n

RH1

RH2

RH3

RH4

RH5

RH6

RH7

RH8

RH8

RH7

RH6

RH5

RH4

RH3

RH2

RH1

GMA2

GMA3

GMA8

GMA7

GMA6

GMA5

GMA4

GMA0

GMA10

GMA11

GMA13

GMA14

GMA19

GMA18

GMA17

GMA16

GMA15

GMA21

HIGH-RANGE
GAMMA

AMPLIFIERS

LOW-RANGE
GAMMA

AMPLIFIERS

Figure 10. Typical LCD Application
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Upper Block DAC Transfer Function
The transfer function (see Figure 9) of each of the
DACs in the upper DAC block (OUT1–OUT7) is:

where:

VOUT_ is the output voltage of the respective upper
DAC (OUT1–OUT7).

The DAC code is the decimal equivalent of the code
written to the gamma register that controls the respec-
tive output (see Table 2), 0 ≤ DAC_Code ≤ 255.

VREFU_H is the high reference for the upper DACs.

VREFU_L is the low reference for the upper DACs.

See Figure 10 for a typical LCD application and Figure
11 for a typical LCD gamma curve.

Lower Block DAC Transfer Function
The transfer function (see Figure 9) of each of the
DACs in the lower DAC block (OUT8–OUT14) is:

where:

VOUT_ is the output voltage of the respective lower
DAC (OUT8–OUT14).

The DAC code is the decimal equivalent of the code
written to the gamma register that controls the respec-
tive output (see Table 2), 0 ≤ DAC code ≤ 255.

VREFL_H is the high reference for the lower DACs.

VREFL_L is the low reference for the lower DACs.

See Figure 10 for a typical LCD application and Figure
11 for a typical LCD gamma curve.

Layout Information
Place the resistor-divider close to the DVR output.
Place RSET close to SET. Use bypass capacitors on
DVDD and AVDD. Keep all bypass capacitors close to
the IC with short connections to the inputs.

Chip Information
PROCESS: BiCMOS

V V
DAC Code

V VOUT REFL H REFL H REFL L_ _ _ _    
_

    = −
⎧
⎨
⎩

⎫
⎬
⎭

× −( )
256

V V
DAC Code

V VOUT REFU L REFU H REFU L_  _   
_

    _ _= +
⎧
⎨
⎩

⎫
⎬
⎭

× −( )
256

HIGH RANGELOW RANGE

BRIGHTNESS

OUT14
OUT13
OUT12
OUT11
OUT10
OUT9
OUT8
OUT_REFL_H

OUT_REFU_L
OUT7
OUT6
OUT5
OUT4
OUT3
OUT2
OUT1
OUT_REFU_H
AVDD

GND
OUT_REFL_L

Figure 11. Typical LCD Gamma Curve
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COLUMN DRIVERS

AVDD

DVDD

3.3kΩ

11kΩ

100Ω

4.3kΩ

1.2kΩ

4.3kΩ

100Ω

12kΩ

AVDD

MAX5679

OUT1

OUT2

OUT7

OUT6

OUT5

OUT4

OUT3

OUT_REFU_H

OUT_REFU_L

OUT_REFL_H

OUT8

OUT9

OUT14

OUT13

OUT12

OUT11

OUT10

OUT_REFL_L
RH1

GND

REFU_H

SET

DVR

A0

SDA

SCL

REFL_L

REFU_L

DVDD

REFL_H

3.3V
0.1µF

AVDD15V
0.1µF 0.1µF

RH2

RH3

RH4

RH5

RH6

RH7

RH8

RH8

RH7

RH6

RH5

RH4

RH3

RH2

RH1

GMA2

GMA3

GMA8

GMA7

GMA6

GMA5

GMA4

GMA0

GMA10

GMA11

GMA13

GMA14

GMA19

GMA18

GMA17

GMA16

GMA15

GMA21

1.5kΩ 1.5kΩ

Typical Operating Circuit
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DATA 1

DATA 2

DATA 3

DATA 4

DATA 5
DATA 6
DATA 7

DATA 8

DATA 9

DATA 10

DATA 11

DATA 12

DATA 13
DATA 14

AVDD

ANALOG
POWER

DIGITAL
POWER

I2C
SERIAL

INTERFACE

UPPER
DAC

BLOCK
(OUT1–OUT7)

LOWER
DAC

BLOCK
(OUT8–OUT14)

OUT_REFU_H

OUT1

OUT2

OUT3

OUT4

OUT5

OUT6

OUT7

OUT_REFU_L

OUT_REFL_H

OUT8

OUT9

OUT10

OUT11

OUT12

OUT13

OUT14

OUT_REFL_L

REFU_H

REFU_L

AVDD

DVDD

SDA

SCL

A0

DVR

SET

REFL_H

REFL_L

19R

128R0*

128-STEP
DAC

GND

POR
CIRCUIT

*128R0 = R

DVR DATA

DIGITAL
REGISTERS

MAX5679

Functional Diagram
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Package Information
(The package drawing(s) in this data sheet may not reflect the most current specifications. For the latest package outline information
go to www.maxim-ic.com/packages.)
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