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Simplified Block Diagram

19-5841; Rev 0; 5/11

Ordering Information appears at end of data sheet.

For related parts and recommended products to use with this part, 
refer to www.maxim-ic.com/MAX9599.related.

Pin Configuration

Note: Some revisions of this device may incorporate deviations from published specifications known as errata. Multiple revisions of any device may 
be simultaneously available through various sales channels. For information about device errata, go to: www.maxim-ic.com/errata.

E V A L U A T I O N  K I T  A V A I L A B L E

General Description

The MAX9599 provides multiple programmable refer-
ence voltages for gamma correction in TFT LCDs. Each 
gamma output comprises a 10-bit digital-to-analog con-
verter (DAC) and high current buffer, which reduces the 
recovery time of the output voltages when critical levels 
and patterns are displayed. A precision-programmable 
internal reference sets the full-scale voltage of the DACs.

The IC contains nonvolatile multiple-time-programmable 
(MTP) memory to store the reference data and all of the 
gamma output codes.

The gamma output voltages, the programmable refer-
ence, and the nonvolatile memory are all programmed 
digitally through the 1MHz (fast mode plus) I2C interface.

Applications

Notebook and Tablet TFT LCDs

Monitors

Features

S	 28mW Quiescent Power

S	 4mm x 4mm Package

S	 14-Channel, 10-Bit Programmable Gamma

S	 Nonvolatile MTP Memory (300x Rewrite)
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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.
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(All voltages are with respect to GND.)
Supply Voltages
   AVDD..................................................................-0.3V to +12V
   DVDD....................................................................-0.3V to +6V
   PGM....................................................................-0.3V to +36V
Outputs
   GMA1–GMA14................................... -0.3V to (VAVDD + 0.3V)
Inputs
   SDA, SCL..............................................................-0.3V to +6V
Continuous Current
   SDA, SCL......................................................................Q20mA
   GMA1–GMA14..............................................................Q50mA

Continuous Power Dissipation (TA = +70NC)
	 24-Pin TQFN Multilayer Board
	 (derate 27.8mW/NC above +70NC)..........................2222.2mW
Junction Temperature......................................................+125NC
Operating Temperature Range........................... -40NC to +85NC
Storage Temperature Range............................. -65NC to +150NC
Lead Temperature (soldering, 10s)...............................  +300NC
Soldering Temperature (reflow).......................................+260NC

TQFN
	 Juction-to-Ambient Thermal Resistance (BJA).............36NC/W
	 Junction-to-Case Thermal Resistance (BJC)..................3NC/W

ABSOLUTE MAXIMUM RATINGS

Note 1:	 Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-
layer board. For detailed information on package thermal considerations, refer to www.maxim-ic.com/thermal-tutorial.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional opera-
tion 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.

PACKAGE THERMAL CHARACTERISTICS (Note 1)

ELECTRICAL CHARACTERISTICS
(VAVDD = 8V, VDVDD = 2.5V, VPGM = 24V, VGND = 0V, programmable reference code = 800, no load, TA = -40NC to +85NC, unless 
otherwise noted. Typical values are at TA = +25NC.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

SUPPLIES

AVDD Analog Supply Voltage 
Range

VAVDD1 Guaranteed by PSRR 7 11 V

Digital Supply Voltage VDVDD 2.25 5.5 V

AVDD Analog Quiescent 
Current

IAVDD 3 4 mA

Digital Quiescent Current IDVDD No SCL or SDA transitions 1.5 2.1 mA

PGM Program Supply Voltage 
Range

VPGM
Required when programming MTP mem-
ory only

18 33 V

PGM Supply Current IPGM
When programming MTP memory 5 mA

Normal operation 5 16 µA

Thermal Shutdown 160 NC

Thermal Shutdown Hysteresis 15 NC

DVDD Undervoltage Lockout 
Threshold

UVLO_D 1.8 V

http://www.maxim-ic.com/thermal-tutorial
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Note 2: 100% production tested at TA = +25NC. Specifications over temperature limits are guaranteed by design.

ELECTRICAL CHARACTERISTICS (continued)
(VAVDD = 8V, VDVDD = 2.5V, VPGM = 24V, VGND = 0V, programmable reference code = 800, no load, TA = -40NC to +85NC, unless 
otherwise noted. Typical values are at TA = +25NC.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

PROGRAMMABLE REFERENCE (VPREF)

Full-Scale Voltage  
Referred to output, TA = +25NC 9.99 10 10.01

V
TA = -40NC to +85NC 9.98 10 10.02

Resolution   10 Bits

Integral Nonlinearity Error   TA = +25NC, 16 P reference code P 1008 0.7 1.5 LSB

Differential Nonlinearity Error   TA = +25NC, 16 P reference code P 1008 0.5 1 LSB

DAC

Resolution   10 Bits

Integral Nonlinearity Error   TA = +25NC, 16 P code P 1008 0.5 1 LSB

Differential Nonlinearity Error   TA = +25NC, 16 P code P 1008 0.5 1 LSB

GAMMA OUTPUTS

Short-Circuit Current   Output connected to either supply rail 50 mA

Total Output Error   TA = +25NC, code = 768 2 mV

Load Regulation   -5mA P ILOAD P +5mA, code = 768 0.5 mV/mA

Low Output Voltage   Sinking 2mA, referred to lower supply rail 0.15 0.2 V

High Output Voltage  
Sourcing 2mA, referred to upper supply 
rail

-0.25 -0.15 V

Power-Supply Rejection Ratio  
Code = 768, VAVDD = 7V to 11V 60 90

dB
Code = 768, frequency = 120kHz 34

Output Resistance   Buffer is disabled 154 kI

Maximum Capacitive Load   Placed directly at output 100 pF

Settling Time  
Settling to 0.5 LSB, CLOAD = 50pF, 
0 to 15mA load step

2 Fs

Noise   RMS noise (10MHz bandwidth) 375 FV

MTP MEMORY

Maximum Writes to Each 
Register

  300 Times

MTP Write Time   Per 10-bit register programmed 35 ms

MTP Transfer Time   Time to transfer all data to DAC registers 400 Fs
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DIGITAL I/O CHARACTERISTICS
(VDVDD = 2.5V, VGND = 0V, TA = TMIN to TMAX, unless otherwise noted. Typical values are at TA = +25NC.) (Note 2)

I2C TIMING CHARACTERISTICS
(VDVDD = 2.5V, VGND = 0V, TA = TMIN to TMAX, unless otherwise noted. Typical values are at TA = +25NC.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Input High Voltage VIH
0.7 x 

VDVDD
    V

Input Low Voltage VIL    
0.3 x 

VDVDD
V

Hysteresis of Schmitt Trigger 
Inputs

VHYS
0.05 x 
VDVDD

    V

Low-Level Output Voltage VOL Open drain, ISINK = 3mA 0   0.4 V

Low-Level Output Current IOL VOL = 0.4V 20     mA

Input Leakage Current IIH, IIL VIN = 0V or DVDD -10 +0.01 10 FA

Input Capacitance     5   pF

Power-Down Input Current IIN VDVDD = 0V, VIN = 1.98V -10   +10 FA

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Serial-Clock Frequency fSCL   0 1000 kHz

Hold Time (REPEATED) START 
Condition

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

0.26 Fs

SCL Pulse-Width Low tLOW   0.5 Fs

SCL Pulse-Width High tHIGH   0.26 Fs

Setup Time for a REPEATED 
START Condition

tSU,STA   0.26 Fs

Data Hold Time tHD,DAT I2C bus devices 0 ns

Data Setup Time tSU,DAT   50 ns

SDA and SCL Receiving Rise 
Time

tR   120 ns

SDA and SCL Receiving Fall 
Time

tF   120 ns

SDA Transmitting Fall Time tF   140 ns

Setup Time for STOP Condition tSU,STO   0.26 Fs

Bus Free Time Between STOP 
and START Conditions

tBUF   0.5 Fs

Bus Capacitance CB   550 pF

Data Valid Time tVD;DAT 0.45 Fs

Data Valid Acknowledge Time tVD;ACK 0.45 Fs

Pulse Width of Suppressed 
Spike

tSP   0 50 ns
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Typical Operating Characteristics

(VAVDD = 8V, VDVDD = 2.5V, VGND = 0V, Programmable Reference Code = 800, no load, TA = -40NC to +85NC, unless otherwise noted. 
Typical values are at TA = +25NC.)
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Typical Operating Characteristics (continued)

(VAVDD = 8V, VDVDD = 2.5V, VGND = 0V, Programmable Reference Code = 800, no load, TA = -40NC to +85NC, unless otherwise noted. 
Typical values are at TA = +25NC.)
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Pin Description

Pin Configuration

PIN NAME FUNCTION

1, 2, 3, 24 N.C. No Internal Connection 

4 DVDD Digital Power Supply. Bypass DVDD with a 0.1FF capacitor to GND.

5 SCL I2C-Compatible Serial-Clock Input

6 SDA I2C-Compatible Serial-Data Input/Output

7 GND Ground Pin. Must be connected to board GND.

8 AVDD Analog Power Supply. Bypass AVDD with a 0.1FF capacitor to GND.

9 GMA1 Gamma DAC Analog Output 1

10 GMA2 Gamma DAC Analog Output 2

11 GMA3 Gamma DAC Analog Output 3

12 GMA4 Gamma DAC Analog Output 4

13 GMA5 Gamma DAC Analog Output 5

14 GMA6 Gamma DAC Analog Output 6

15 GMA7 Gamma DAC Analog Output 7

16 GMA8 Gamma DAC Analog Output 8

17 GMA9 Gamma DAC Analog Output 9
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Pin Description (continued)

Detailed Description

The MAX9599 contains 14 channels of 10-bit fully-
programmable gamma DACs and buffers. The transient 
response of the gamma output buffers is fast, eliminating 
display issues caused by source driver charge injection 
and other transients. In addition, the gamma output buf-
fers are capable of driving large capacitive loads.

The MAX9599 integrates a programmable reference 
voltage (VPREF) for the DACs, eliminating the need for 
an external reference voltage. Accuracy of the full-scale 
programmable reference voltage is Q0.1%, and resolu-
tion is 10 bits. The programmable reference voltage has 
very high DC and AC power-supply rejection.

Programmable Reference

The MAX9599 has an internal programmable reference 
which, when referred to the output, has a full-scale volt-
age of 10V (Q0.1%). The reference voltage is calculated 
using the following equation:

VPREF = (10V x CODE)/1024

where CODE is the numeric value stored in the internal 
register (0 to 1023). Note that VPREF cannot reach 10V 
because the maximum value of CODE is 1023, not 1024.

The value of PREF is independent of the AVDD supply 
voltage because the PREF block is low-voltage internally, 
so voltage headroom is not an issue. For example, with 
an AVDD supply of 8V, PREF can be set up to 10V; the 
actual gamma output voltages are limited by AVDD since 
the gamma buffers have AVDD as the positive supply.

10-Bit Digital-to-Analog Converters

VPREF sets the full-scale output of the DACs. Determine 
the output voltages using the following equations:

VGMA_ = (VPREF x CODE)/1024

where CODE is the numeric value of the DAC’s binary 
input code (0 to 1023).

Note that the DAC can never output VPREF because the 
maximum value of CODE is always one LSB less than 
the reference.

Gamma Buffers

The source drivers can kick back a great deal of current 
to the buffer outputs during a horizontal line change or a 
polarity switch. The DAC output buffers can source/sink 
50mA of peak transient current to reduce the recovery 
time of the output voltages when critical levels and pat-
terns are displayed.

Multiple-Time Programmable 
(MTP) Nonvolatile Memory

The IC contains nonvolatile memory for storing the 
gamma and reference values on-chip. Each register can 
be rewritten up to 300 times. Writing to MTP memory 
requires all three supply pins (AVDD, DVDD, and PGM) 
to be above their minimum voltages; any MTP write com-
mands issued will be ignored otherwise.

To read from MTP requires only the DVDD supply. On 
power-up, once the DVDD is above the minimum voltag-
es, the MTP memory values are automatically transferred 
to the DAC registers.

PIN NAME FUNCTION

18 GMA10 Gamma DAC Analog Output 10

19 GMA11 Gamma DAC Analog Output 11

20 GMA12 Gamma DAC Analog Output 12

21 GMA13 Gamma DAC Analog Output 13

22 GMA14 Gamma DAC Analog Output 14

23 PGM
Program Supply Voltage Pin. Required for programming MTP memory only. Requires typically 5mA 
current when programming MTP memory.

— EP Exposed Pad. EP must be connected to board GND.
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Figure 1. I2C Interface Timing Diagram

Program Pin (PGM)
The IC has a program pin that requires a high voltage 
for MTP memory programming only. When programming 
MTP memory, the PGM pin must be above its minimum 
voltage for the entire duration of the programming, and 
the supply should be capable of sourcing up to 20mA. 
When not programming MTP memory, the PGM pin sinks 
very little current, and the voltage on the pin does not 
matter.

Power-On Reset (POR)/Power-Up

The IC contains an integrated POR circuit that ensures all 
registers are reset to a known state on power-up. Once 
DVDD rises above its UVLO threshold, the POR circuit 
releases the registers for normal operation. Should the 
internal supply input drop to less than the threshold, the 
contents of the IC registers can no longer be guaran-
teed. After power-up or a POR event, the outputs (GMA1 
through GMA14) are in high-impedance mode until the 
gamma data from the MTP memory is finished transfer-
ring to the DAC registers.

Column Driver Protection
During power-up and before valid data is written to the 
registers, the IC operates in a safe mode to protect the 
column drivers. While in this mode, the 14 gamma out-
puts remain in high impedance. The output buffers are 
enabled once valid data is written to all the I2C registers 
from the MTP memory.

Thermal Shutdown

The IC features thermal-shutdown protection with tem-
perature hysteresis. When the die temperature reaches 
+165NC, all of the gamma outputs are disabled (high-
impedance). When the die cools down by 15NC, the 
outputs are enabled again.

I2C Serial Interface

The IC features an I2C/SMBusK-compatible, 2-wire serial 
interface consisting of a serial-data line (SDA) and a 
serial-clock line (SCL). Figure 1 shows the 2-wire inter-
face timing diagram.

Pullup Resistors 
and Input Protection

A pullup resistor with a value greater than 500I is 
required between SDA and DVDD. SCL operates as only 
an input. A pullup resistor with a value greater than 500I 
is required on SCL if there are multiple masters on the 
bus, or if the master in a single-master system has an 
open-drain SCL output. Series resistors in line with SDA 
and SCL are optional. Series resistors protect the digital 
inputs of the devices from high-voltage spikes on the bus 
lines, and minimize crosstalk and undershoot of the bus 
signals.

SMBus is a trademark of Intel Corp.

SCL

SDA

START
CONDITION

STOP
CONDITION

REPEATED 
START CONDITION

START 
CONDITION

tHD,STA

tSU,STA
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tBUF
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tR tF
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Figure 2. START, STOP, and REPEATED START Conditions Figure 3. Acknowledge

Bit Transfer

One data bit is transferred during each SCL cycle. The 
data on SDA must remain stable during the high period 
of the SCL pulse. Changes in SDA while SCL is high are 
control signals. See the START and STOP Conditions 
section. SDA and SCL idle high when the I2C bus is not 
in use.

START and STOP Conditions

A master initiates communication by issuing a START (S) 
condition. A START condition is a high-to-low transition 
on SDA with SCL high. A STOP (P) condition is a low-
to-high transition on SDA while SCL is high. A START 
condition from the master signals the beginning of a 
transmission to the IC. The master terminates transmis-
sion, and frees the bus, by issuing a STOP condition. The 
bus remains active if a REPEATED START (Sr) condition 
is generated instead of a STOP condition.

Early STOP Conditions

The IC recognizes a STOP condition at any point during 
data transmission except if the STOP condition occurs in 
the same high pulse as a START condition. For proper 
operation, do not send a STOP condition during the same 
SCL high pulse as the START condition.

Acknowledge

The acknowledge bit (ACK) is a clocked 9th bit that the 
IC uses to handshake receipt of each byte of data when 

in write mode (Figure 3). The IC pulls down SDA dur-
ing the entire master-generated ninth clock pulse if the 
previous byte is successfully received. Monitoring ACK 
allows for detection of unsuccessful data transfers. An 
unsuccessful data transfer occurs if a receiving device 
is busy or if a system fault has occurred. In the event of 
an unsuccessful data transfer, the bus master may retry 
communication.

The master pulls down SDA during the ninth clock cycle 
to acknowledge receipt of data when the IC is in read 
mode. An acknowledge is sent by the master after 
each read byte to allow data transfer to continue. A not 
acknowledge (NACK) is sent when the master reads the 
final byte of data from the IC, followed by a STOP condi-
tion.

Slave Address

The slave address is defined as the 7 most significant 
bits (MSBs) followed by the read/write (R/W) bit. Set the 
R/W bit to 1 to configure the IC to read mode. Set the R/W 
bit to 0 to configure the IC to write mode. The address is 
the first byte of information sent to the IC after the START 
condition. The IC’s slave address is set internally. Table 1 
shows the possible addresses for the IC.

Table 1. Slave Addresses for the IC
READ ADDRESS WRITE ADDRESS

E9h (11101001) E8h (11101000)

SCL

SDA

S Sr P

1SCL

START
CONDITION

SDA

2 8 9

CLOCK PULSE FOR
ACKNOWLEDGMENT

ACKNOWLEDGE

NOT ACKNOWLEDGE
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Table 2. Data Register Structure

10-Bit Register Structure

The IC has a 10-bit register, which requires two data 
bytes (16 bits) to be read or written in each transaction. 
Only the 10 least significant bits (LSBs) are written to the 
registers (Table 2). During a write operation, the write 
control bits (the two MSBs) are stripped from the incom-
ing data stream and are used to determine whether the 
MTP or DAC registers are updated (Table 3).

Writing Data to the IC

Write Control Bits
The write control bits are utilized as they are received, 
so they should only be set on the final data word sent in 
the write transaction. Data received after a word with the 
write control bits set to 01 or 10 are ignored, and a new 
I2C transaction is necessary to write more data.

Write Command Format
A write to the IC comprises a START condition, the 
slave address (with the R/W bit set to 0), one data byte 

to configure the internal register address pointer, one 
word (two bytes) of data or more, and a STOP condition. 
Figure 4 illustrates the proper frame format for writing 
one word of data to the IC. Figure 5 illustrates the frame 
format for writing multiple words of data to the IC.

As shown in the figures, the register addresses occupy 
the 6 LSBs of the address byte. The two memory transfer 
bits (M1 and M0) are used for transferring data from the 
MTP to DAC registers and should be set to 0b00 when 
writing data. The pointer tells the IC where to write the 
next byte of data. An acknowledge pulse is sent by the 
IC upon receipt of the address pointer data when writ-
ing to the DAC registers. When writing to the MTP, a not 
acknowledge is sent from the IC after the master writes 
the final byte of data, followed by a STOP condition.

The third and fourth bytes sent to the IC contain the 
data to be written, along with the two write control bits. 
The address pointer autoincrements to the next regis-
ter address after receiving every 16-bit data word (two 
bytes). This autoincrement feature allows the user to write 
all of the IC registers within one continuous frame.

Note:  The 10 LSBs contain the 10-bit data, and the 2 MSBs contain write control bits that determine whether the DAC registers or 
MTP registers are updated.

Table 3. Write Control Bits

Note:  These two bits accompany every 10-bit write command. The MTP register(s) or DAC register(s) are updated as soon as a 
16-bit data word is received with these bits set to 0b01 or 0b10.

B15 B14 B13 B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 B0

W1 W0 X X X X b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

W1 W0 ACTION

0 0 No update.

0 1
MTP register(s) are updated when the current 16-bit data word is received. See the Multiple-Time 
Programmable (MTP) Nonvolatile Memory section for more details.

1 0 DAC register(s) are updated when the current 16-bit data word is received.

1 1 No update.
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Writing to MTP Memory
Programming the MTP registers automatically updates 
the DAC registers and output voltages with the same 
codes. All the outputs are programmed and updated 
simultaneously. However, depending on the number of 
MTP registers, it takes up to 430ms to store the values 
into MTP memory. During this time, the�����������������     ����������������   IC is not avail-
able on the I2C bus and any communication from the 
master should be delayed until the MTP is programmed. 
Any attempt from the I2C master to talk to the IC is not 
acknowledged.

Reading Data from the IC

Read Data Format
Reading data from the IC requires the master to preset 
the address pointer by issuing a write command (slave 
address with R/W bit set to 0), followed by the desired 
register address. A REPEATED START condition should 
then be sent, followed by a read command (slave address 
with the R/W bit set to 1). The IC then transmits data, 
starting with the contents of the specified register. The 
address pointer autoincrements after every data word 
sent (2 bytes). This autoincrement feature allows all regis-
ters to be read sequentially within one continuous frame.

Figure 4. Writing a Word of Data to the IC’s DAC or MTP Registers

Figure 5. Writing Multiple Words of Data to the IC’s DAC or MTP Registers

1 WORD

ACKNOWLEDGE FROM MAX9599

AA P0

ACKNOWLEDGE FROM MAX9599

R/W

S SLAVE ADDRESS REGISTER ADDRESS

THE MEMORY BITS M1:M0 SHOULD BE SET TO ZERO, AND THE WRITE CONTROL BITS W1:W0 SHOULD BE SET ACCORDING TO THE DESIRED DATA DESTINATION.
WHEN WRITING TO DAC REGISTERS, THE IC RETURNS AN ACK; WHEN WRITING TO MTP, IT RETURNS A NACK.

DATA BYTE 2

AUTOINCREMENT INTERNAL
REGISTER ADDRESS POINTER

A 0 0 DATA BYTE 1

ACKNOWLEDGE FROM MAX9599

ACKNOWLEDGE FROM MAX9599

W1 W0 D9 D8XX XX D7 D6 D1 D0D2D4 D3D5

M0M1

A/A

1 WORD

ACKNOWLEDGE FROM MAX9599

AA A0

ACKNOWLEDGE FROM MAX9599

R/W

S SLAVE ADDRESS REGISTER ADDRESS DATA BYTE 2

AUTOINCREMENT INTERNAL
REGISTER ADDRESS POINTER

A 0 0 DATA BYTE 1

ACKNOWLEDGE FROM MAX9599

ACKNOWLEDGE FROM MAX9599

W1 W0 D9 D8XX XX D7 D6 D1 D0D2D4 D3D5

1 WORD

ACKNOWLEDGE FROM MAX9599

A A/A PDATA BYTE nDATA BYTE n-1

THE MEMORY BITS M1:M0 SHOULD BE SET TO ZERO, AND THE WRITE CONTROL BITS W1:W0 SHOULD BE SET ONLY ON THE FINAL DATA WORD IN THE TRANSACTION.
WHEN WRITING TO DAC REGISTERS, THE IC RETURNS AN ACK AFTER THE FINAL DATA WORD RECEIVED; WHEN WRITING TO MTP, IT RETURNS A NACK.

ACKNOWLEDGE FROM MAX9599

W1 W0 D9 D8XX XX D7 D6 D1 D0D2D4 D3D5

M0M1
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A STOP condition can be issued after any number of 
read data bytes. The STOP condition does not reset the 
address pointer, so subsequent reads picks up where 
the previous one left off.

The I2C master must acknowledge all received data 
bytes except for the last byte. The final byte must be fol-
lowed by a not acknowledge from the master and then 
a STOP condition. Figures 6 and 7 illustrate the frame 
format for reading data from the IC.

Reading Data from MTP Memory
To read the data in the MTP memory, it is necessary to 
first transfer the memory data into the DAC registers, 
then read the DAC registers as described in this section. 
See the section on Updating the DAC Outputs from MTP 
Memory for more information.

Figure 6. Reading One Word of Data from the IC

Figure 7. Reading Multiple Words of Data from the IC
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Updating the DAC Outputs from 
MTP Memory

It is possible to transfer the code to a single DAC reg-
ister from the corresponding MTP register, or update 
all DAC registers at once. The process involves setting 
the memory transfer bits, the two MSB bits sent with the 
I2C register address. See Figures 8 and 9 for a graphi-
cal description of the single or general memory acquire 
commands.

Memory Transfer Bits
Table 4 shows the memory transfer bits used to set this 
function. These two bits are sent along with the I2C reg-
ister address byte as part of a standard read or write 
command.

Register and Bit Descriptions

Table 5 shows the register map for the IC, including 
the factory-default values programmed into the MTP 
memory. Each register address points to a 10-bit register 
of data that must be read and written using two full bytes 
through the I2C interface. The least significant byte (LSB) 
holds the bottom 8 bits of the 10-bit data, while the most 
significant byte (MSB) holds the top 2 bits, as shown in 
Table 2.

Figure 8. Updating All DAC Registers from MTP Memory Data (General Acquire Command)

Figure 9. Updating a Single DAC Register with MTP Memory Data (Single Acquire Command)

Table 4. MTP Memory Transfer Bits
M1 M0 ACTION

0 0 No MTP transfer.

0 1 Only the addressed DAC register is set to the corresponding MTP value.

1 0 All I2C registers and DAC registers are set to their corresponding MTP values.

1 1 No MTP transfer.

SLAVE ID M1

S R/W
= 0 A1 1 1 0 1 0 0 1 0 0 0 0 0 0 0 A

M0

THE SLAVE ADDRESS R/W BIT SHOULD BE SET TO ZERO (WRITE MODE), AND THE MEMORY TRANSFER BITS (M1:M0) SHOULD BE SET TO 0B10; 
SINCE ALL REGISTERS ARE UPDATED, THE LAST 6 BITS OF THE REGISTER ADDRESS ARE IGNORED.

P

SLAVE ID DAC/VCOM ADDRESSM1

S R/W
= 0 A1 1 1 0 1 0 0 0 1 D5 D4 D3 D2 D1 D0 A

M0

THE SLAVE ADDRESS R/W BIT SHOULD BE SET TO ZERO (WRITE MODE). THE MEMORY TRANSFER BITS (M1:M0) 
SHOULD BE SET TO 0B01, FOLLOWED BY THE 6-BIT ADDRESS OF THE REGISTER TO BE UPDATED.

P
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Applications Information

Power Sequencing

The AVDD and DVDD supply pins are independent 
of each other, and can be powered up and powered 
down in any sequence without damage to the IC. The 
sequence in Figure 10 is recommended to ensure that 
the analog outputs are always in a known state.

On power-up, the MTP memory is transferred into the 
DAC registers as soon as AVDD and DVDD are both 
above their undervoltage lockout (UVLO) voltages. Once 
the PGM output is also brought up, the MTP memory can 
be programmed.

PCB Layout and Grounding

If the IC is mounted using reflow soldering or waver solder-
ing, the ground vias for the exposed pad should have a fin-
ished hole size of at least 14 mils to ensure adequate wick-
ing of soldering onto the exposed pad. If the IC is mount-
ed using solder mask technique, the vias requirement 

does not apply. In either case, the exposed pad on the 
TQFN package is electrically connected to both digital 
and analog grounds through a low thermal resistance 
path to ensure adequate heat dissipation. Do not route 
traces under these packages. The layout of the exposed 
pad should have multiple small vias over a single large 
via as shown as Figure 11. Thermal resistance between 
top and ground layers can be optimized with multiple 
small vias, and it is recommended to have plated via with 
15 mils diameter. The vias should be flooded with solder 
for good thermal performance.

Power-Supply Bypassing

The IC operates from a single analog supply (AVDD) 
and a single digital supply (DVDD). Bypass AVDD to 
GND with 0.1FF and 10FF capacitors in parallel. Use an 
extensive ground plane to ensure optimum performance. 
Bypass DVDD and PGM to GND with 0.1FF capacitors. 
The 0.1FF bypass capacitors should be as close as pos-
sible to the IC and appropriately rated to handle the volt-
ages. Refer to the MAX9599 Evaluation Kit for a proven 
PCB layout.

Table 5. Detailed Description of the IC’s 10-Bit DAC and MTP Memory Registers

REGISTER 
ADDRESS

REGISTER 
NAME

REGISTER DESCRIPTION READ/WRITE?
MTP MEMORY 

DEFAULT VALUE

0x00 PREF Programmable voltage reference Read and write 0x0333

0x01 GMA1 Gamma 1 Read and write 0x03BC

0x02 GMA2 Gamma 2 Read and write 0x0377

0x03 GMA3 Gamma 3 Read and write 0x0333

0x04 GMA4 Gamma 4 Read and write 0x02EF

0x05 GMA5 Gamma 5 Read and write 0x02AB

0x06 GMA6 Gamma 6 Read and write 0x0266

0x07 GMA7 Gamma 7 Read and write 0x0222

0x08 GMA8 Gamma 8 Read and write 0x01DE

0x09 GMA9 Gamma 9 Read and write 0x019A

0x0A GMA10 Gamma 10 Read and write 0x0155

0x0B GMA11 Gamma 11 Read and write 0x0111

0x0C GMA12 Gamma 12 Read and write 0x00CD

0x0D GMA13 Gamma 13 Read and write 0x0089

0x0E GMA14 Gamma 14 Read and write 0x0044
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Figure 10. Conventional Power-Up and Power-Down Sequence

Figure 11. Multiple Small Vias are Recommended over a Single Large Via in the PCB Layout
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Functional Diagram
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Typical Application Circuit
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+Denotes a lead(Pb)-free/RoHS-compliant package.
*EP = Exposed pad.

Ordering Information Chip Information

PROCESS: BiCMOSPART TEMP RANGE PIN-PACKAGE

MAX9599ETG+ -40NC to +85NC 24 TQFN-EP*
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Package Information

For the latest package outline information and land patterns (footprints), go to www.maxim-ic.com/packages. Note that a “+”, “#”, or 
“-” in the package code indicates RoHS status only. Package drawings may show a different suffix character, but the drawing pertains 
to the package regardless of RoHS status.

PACKAGE TYPE PACKAGE CODE OUTLINE NO. LAND PATTERN NO.

24 TQFN-EP T2444+4 21-0139 90-0067

http://www.maxim-ic.com/packages
http://pdfserv.maxim-ic.com/package_dwgs/21-0139.PDF
http://pdfserv.maxim-ic.com/land_patterns/90-0067.PDF
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Package Information (continued)

For the latest package outline information and land patterns (footprints), go to www.maxim-ic.com/packages. Note that a “+”, “#”, or 
“-” in the package code indicates RoHS status only. Package drawings may show a different suffix character, but the drawing pertains 
to the package regardless of RoHS status.

http://www.maxim-ic.com/packages
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