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14 Programmable Gamma Reference Buffers with
Four Static References for TFT-LCD Displays

General Description

The MAX9590 provides 14 programmable voltage
references and four static voltage references for
gamma correction in TFT-LCD displays. Two register
banks are provided to store two sets of gamma refer-
ence values. Gamma values are programmed into the
banks through the I12C interface and the outputs can
switch between values in 0.5us.

The 14 programmable reference voltages are divided
evenly into seven upper and seven lower voltages for the
upper and lower gamma curves of LCD column drivers.

Each gamma reference voltage has an 8-bit digital-to-
analog converter (DAC) and isolation buffer associated
with it to ensure stable operation. Therefore, the refer-
ence voltages remain stable without synchronizing to the
LCD horizontal timing. In addition, each buffer is able to
provide a high current that further ensures a stable volt-
age when critical levels and patterns are displayed.

The 14 programmable buffers wake up in the high-imped-
ance state until the registers are programmed. This pro-
tects the LCD system from high transient currents
during the startup phase.

The MAX9590 is available in a 38-pin TQFN package
and is specified for operation over the -40°C to +85°C
temperature range.

Applications

TFT-LCD Displays
Industrial Reference Voltage Generators

Ordering Information

PKG
PART TEMP RANGE PIN-PACKAGE CODE
MAX9590ETU+  -40°C to +85°C 38 TQFN-EP T3857-1
(5mm x 7mm)

+Denotes lead-free package.
**EP = Exposed paddle.

MAXIM

Features

14 Programmable Reference Voltages
Four Static Reference Voltages
Independent DACs with 8-Bit Resolution

Two Register Banks for Two Sets of
Gamma Values

Fast Switching between Gamma Values
16.5V (max) Operating Voltage

Output Swing within 150mV of Rails

Peak Current Greater than 200mA

Output Channels Tri-Stated During Wake-Up

* & & o
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Block Diagram
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SDA 12C INTERFACE

10 MAX9590
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Maxim Integrated Products 1

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

06S6XVIN



MAX9590

14 Programmable Gamma Reference Buffers with
Four Static References for TFT-LCD Displays

ABSOLUTE MAXIMUM RATINGS

AVDD t0 GND...ooi -0.3V to +18V
DVDD t0 GND ..o -0.3V to +6V
REFU_H, REFU_L, REFL_H, REFL_L ....... -0.3V to (AVpp + 0.3V)
OUTI-OUTT4. .o, -0.3V to (AVpp + 0.3V)
OUT_REFU_H, OUT_REFU_L,

OUT_REFL_H, OUT_REFL_L ............. -0.3V to (AVpp + 0.3V)

STD_REG, A0, SDA, SCL, BANK_SEL, CAP to GND....-0.3V to +6V
Continuous Current

SDA 50mA
CAP L 20mA
OUTI-0OUTT4 e 400mA

OUT_REFU_H, OUT_REFU_L,

OUT_REFL_H, OUT_REFL_L .....coooiiiiiiiicecc 400mA
Short-Circuit Duration
Any Output to AVpp or GND ..o, Continuous

Continuous Power Dissipation (Ta = +70°C)

38-Pin TQFN (derate 26.3mW/°C above +70°C) ...... 2195mw
Operating Temperature Range ............cccceeevnenn. -40°C to +85°C
Junction Temperature.............ccccooe.n.
Storage Temperature Range. .................
Lead Temperature (soldering, 10S) .......coocvevviiiieiiniennns +300°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.

ELECTRICAL CHARACTERISTICS

(AVpp = 15V, DVpp = 3.3V, VREFU_H = 14V, VREFU_L = 9V, VREFL_H = 6V, VRerFL L = 1V, GND = 0V, no load. 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
SUPPLIES
Analog Supply Voltage Range AVDD S&:é?g:ﬁgﬂby power-supply rejection ratio 9.0 16.5 \
Digital Supply Voltage Range DVpbb 2.7 55 \
Analog Quiescent Current IAVDD 21 32 mA
Undervoltage Lockout Threshold UVLO DVpp undervoltage lockout threshold 15 \
L ) During a register mode load event 200
Digital Quiescent Current IDvDD — pA
No SCL or SDA transitions 46 100
HIGH REFERENCE BUFFERS (REFU_H, REFL_H)
Output Voltage Range Vout Ta = +25°C, sinking or sourcing 4mA 3.0 AVpp-0.15 V
Input Voltage Range Vcwm Ta = +25°C, sinking or sourcing 4mA 3.0 AVDD V
Offset Voltage Vos Vout =5V 1 10 mV
Input Resistance RIN 100 MQ
Load Regulation ReG -12mA to +12mA 0.25 mV/mA
Power-Supply Rejection Ratio PSRR 9V < AVpp = 16.5V, outputs at 5V 60 20 dB
Short-Circuit Current Isc To AVpp or GND 400 mA
Slew Rate SR Swing 5Vp-p at input, 10% to 90% 10 Vius
measurement on output
LOW REFERENCE BUFFERS (REFU_L, REFL_L)
Output-Voltage Range Vout | Ta = +25°C, sinking or sourcing 4mA GND +0.15  AVpp-3.7 v
Input-Voltage Range VoM Ta = +25°C, sinking or sourcing 4mA GND AVpp - 3.7 V
Offset Voltage Vos Vout =5V 1 10 mV
Input Resistance RIN 100 MQ
Load Regulation ReG -12mA to +12mA 0.25 mV/mA
Power-Supply Rejection Ratio PSRR 9V < AVpp =< 16.5V, outputs at 5V 60 90 dB
Short-Circuit Current Isc To AVpp or GND 400 mA
s [Sumg oveo st 1% oo o
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14 Programmable Gamma Reference Buffers with
Four Static References for TFT-LCD Displays

ELECTRICAL CHARACTERISTICS (continued)

(AVpp = 15V, DVpp = 3.3V, VREFU_H = 14V, VREFU_L = 9V, VREFL_H = 6V, VRerL_L = 1V, GND = 0V, no load. Ta = -40°C to +85°C,
unless otherwise noted. Typical values are at Ta = +25°C.) (Note 1)

PARAMETER I SYMBOL | CONDITIONS MIN TYP MAX UNITS
DAC OUTPUTS (OUT1-0UT14)
Resolution RES Linear 8 Bits
Integral Nonlinearity Error INL 0.5 LSB
Differential Nonlinearity Error DNL 0.25 LSB
Full-Scale Error EFs 0.5 LSB
Zero-Code Error Ezc 0.5 LSB
Output-Voltage Range VouT Ta = +25°C, sinking or sourcing 4mA 0.15 AVpp-0.15 V
Load Regulation -12mA to +12mA 0.50 mV/mA
Power-Supply Rejection Ratio PSRR 9V < AVpp =< 16.5V, outputs at 5V 60 90 dB
| Outputs 1, 7, 8, 14 to AVpp or GND 400
Short-Circuit Current Sl P DD mA
Isce All other outputs to AVpp or GND 200
Output resistance of voltage source when
Output Impedance Z0 buffer disabled 100 kQ
Swing 5Vp-p at input, 10% to 90%
Slew Rate SR measurement on OUT1-0OUT14 22 Viks
OUT1-0OUT 14 swing 5Vp-p, and settled to
Settling Time +0.5 LSB, switch from Bank A to Bank B or 05 S
9 vice versa, RL = 10kQ to GND and C = ' H
50pF to GND (Note 2)
Channel-to-Channel Isolation CxtLk | f=5MHz, all channels to all channels 80 dB
. RMS noise voltage at any output
Noise En (10MHz BW) 375 uv
Thermal Shutdown Ts +160 °C
Thermal Shutdown Hysteresis Hys 15 °C
LOGIC INPUTS AND OUTPUTS (SDA, SCL, BANK_SEL, STD_REG, A0)
Input High Voltage VIH 2.2 \
Input Low Voltage ViL 0.8 Vv
Input Leakage Current i1, i | ViIN =0V or DVpp -1 +0.01 +1 pA
Input Capacitance Guarant.eed by.de3|gn, not subject to 5 oF
production testing
Power-Down Input Current [N DVpp =0V, VIN = 1.98V (Note 3) -10 +10 pA
SDA Output Low Voltage VoL ISINK = BmA 0.4 V

MAXIM 3
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MAX9590

14 Programmable Gamma Reference Buffers with
Four Static References for TFT-LCD Displays

ELECTRICAL CHARACTERISTICS (continued)

(AVpp = 15V, DVpp = 3.3V, VREFU_H = 14V, VREFU_L = 9V, VREFL_H = 6V, VRerL_L = 1V, GND = 0V, no load. 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

I2C TIMING CHARACTERISTICS (Figure 1)

Serial Clock Frequency fscL 0 400 kHz

Bus Free Time Between STOP (P) i 13 S

and START (S) Condition BUF ' H

Hold Time (Repeated) START (S)

Condition tHD.STA 06 us

SCL Pulse-Width Low tLow 1.3 us

SCL Pulse-Width High tHIGH 0.6 us

Setup Time for a Repeated START

Condition 1SU.STA 0.6 ks
A master device must provide a hold time of at

. least 300ns for the SDA signal (referred to VL

Data Hold Time tHD,DAT of the SCL signal) to bridge the undefined 0 0.9 Ks
region of SCL'’s falling edge

Data Setup Time tSU,DAT 100 ns

Setup Time for STOP Condition tsu,sTO 0.6 us
Guaranteed by design, input filters on the

Pulse Width of Suppressed Spike tsp SDA and SCL inputs suppress noise spikes 50 ns
less than 50ns

Note 1: All devices are 100% production tested at Ta = +25°C. Specifications over temperature limits are guaranteed by design.
Note 2: Reference voltages transition from Bank A to Bank B value in less than 500ns. The Timing Diagram shows the response at

the output pin.

Note 3: Only SCL and SDA are high impedance.

Timing Diagram

ouT_

BANK_SEL g
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14 Programmable Gamma Reference Buffers with
Four Static References for TFT-LCD Displays

Typical Operating Characteristics

(AVpp = 15V, DVpp = 3.3V, VREFU_H = 14V, VREFU_L = 9V, VREFL_H = 6V, VRerL_L = 1V, GND = 0V, no load. Ta = +25°C, unless
otherwise noted.)

INPUT OFFSET VOLTAGE DEVIATION INPUT OFFSET VOLTAGE DEVIATION
vs. SUPPLY VOLTAGE vs. TEMPERATURE
250 5 8 ]
2.25 g 6 g
| E
2.00 4
~ L~
175 ™ 2
= N =~ —~——
= N E
= \ =
1.25 AN 2
1.00 N 4
0.75 -6
050 -8
8 10 12 14 16 18 50 25 0 25 50 75 100
AVpp (V) TEMPERATURE (°C)
ANALOG SUPPLY CURRENT DIGITAL SUPPLY CURRENT
vs. ANALOG SUPPLY VOLTAGE vs. DIGITAL SUPPLY VOLTAGE
24 T 2 100 T T 3
NO LOAD E LOGIC INPUTS = DVpp OR 0 E
2 % g
2 E
2 80 ,/
= 2 L S /
S A 3 60
= // =
19 50
18 // 10 ,/
/
17 30
16 20
8 10 12 14 16 18 2 3 4 5 6
AVpp (V) DVpp (V)
SETTLING TIME SETTLING TIME
_— - - M.AX%EIU toc05a - - MAXQSQEII toc05b
q BANK_SEL
1V/div
| BANK_SEL
1V/div
- out i our
500mV/div 500mV/div
100ns/div 100ns/div
OUT IS SWITCHING FROM 2V TO 5V. QUT IS OUT IS SWITCHING FROM 5V TO 2V. OUT IS
LOADED WITH 1k<2 11 50pF TO GROUND. LOADED WITH 1k I 50pF TO GROUND.

MAXIMN 5
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MAX9590

14 Programmable Gamma Reference Buffers with
Four Static References for TFT-LCD Displays

Typical Operating Characteristics (continued)
(AVpp = 15V, DVpp = 3.3V, VREFU_H = 14V, VREFU_L = 9V, VREFL_H = 6V, VRerL_L = 1V, GND = 0V, no load. Ta = +25°C, unless
otherwise noted.)

LOAD REGULATION LOAD REGULATION
16 i g 18 8
OUT_REFU_H £ £
1 \ Z g
4o |LOUT_ATMIDCODE : o :
= =
2 10 Jrour_ReFu_L 2 16
S 3 } =] OUT_ AT MIDCODE
=) OUT_REFL_H 5
_REFL_| 115
£ o 2
o o
4 |-ouT_ATMIDCODE
114
2 [OUT_REFL_L
0 | 113
30 20 10 0 10 20 3 46 12 -8 4 0 4 8 12 16
ILoaD (MA) ILoAD (MA)
INTEGRAL NONLINEARITY DIFFERENTIAL NONLINEARITY
vs. DIGITAL INPUT CODE vs. DIGITAL INPUT CODE
0.10 . 0.10 2
0.05 005
8 g
= o S0
= w A s
-0.05 -0.05
-0.10 -0.10
0 64 128 192 255 0 64 128 192 255
DIGITAL INPUT CODE DIGITAL INPUT CODE
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14 Programmable Gamma Reference Buffers with
Four Static References for TFT-LCD Displays

Pin Description

PIN NAME FUNCTION
1 OUT_REFU_H REFU_H Buffered Output
2,21 AVDD Analog Power Supply. Bypass to GND with 0.1uF and 10pF capacitors.
3 STD REG Operation Mode Select. Input that selects mode of operation. Set STD_REG = 0 to select
- register mode. Set STD_REG = 1 to select standard mode. See the [2C Compatibility section.
A0 12C Slave ID Selector Input. Connect to SCL or SDA or DVpp or GND.
SDA |2C-Compatible Serial Data Input/Output
6 SCL |2C-Compatible Serial Clock
7,10, 24,25 N.C. No Connection. Not internally connected. Leave unconnected.
8 DVbp Digital Power Supply. Bypass to GND with a 0.1uF capacitor.
9 BANK SEL Bank Select. Logic input that selects the set of reference voltages buffered to the outputs. Set
- BANK_SEL = 0 to select Bank A. Set BANK_SEL = 1 to select Bank B.
11, 28, 30 GND Ground
12 OUT_REFL_L REFL_L Buffered Output
13 OouUT14 Lower DAC Analog Output 14
14 OuUT13 Lower DAC Analog Output 13
15 ouT12 Lower DAC Analog Output 12
16 OuT11 Lower DAC Analog Output 11
17 OuUT10 Lower DAC Analog Output 10
18 ouT9 Lower DAC Analog Output 9
19 ouT8 Lower DAC Analog Output 8
20 OUT_REFL_H REFL_H Buffered Output
22 REFU_H Upper DAC High Reference Voltage Input
23 REFU_L Upper DAC Low Reference Voltage Input
26 REFL_H Lower DAC High Reference Voltage Input
27 REFL_L Lower DAC Low Reference Voltage Input
29 CAP Internal Voltage Reference. Bypass to GND with a 0.1uF capacitor (10V). Do not connect
external loads.
31 OUT_REFU_L REFU_L Buffered Output
32 ouT7? Upper DAC Analog Output 7
33 ouTe Upper DAC Analog Output 6
34 OouT5 Upper DAC Analog Output 5
35 ouT4 Upper DAC Analog Output 4
36 OouT3 Upper DAC Analog Output 3
37 ouT2 Upper DAC Analog Output 2
38 OUT1 Upper DAC Analog Output 1
o Ep Exposed Paddle. Internally connected to ground. Leave EP unconnected or connect the EP to

the ground plane for improved thermal conductivity.

MAXIM
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14 Programmable Gamma Reference Buffers with
Four Static References for TFT-LCD Displays

Functional Diagram

MAX9590

REFU_H I 3 OUT_REFU_H
> | 8-BIT DAC 0UT1
App ———
| 8-BIT DAC 0uT2
Voo —f—— BANK A N
MEMORY V/
(HIGH) | 8-BIT DAC 0UT3
GND ———— T— |8—BIT DAC 0UT4
BANK B | 8-BIT DAC 0UT5
AP ——— :(> MEMORY
(HIGH)
| 8-BIT DAC 0UT6
l—I} | 8-BIT DAC ouT?
REFU_L > ° OUT_REFU_L
BANK_SEL
REFL_H > ° OUT_REFL_H
> | 8-BIT DAC 0UT8
| 8-BIT DAC 0UTY
BANK A N
MEMORY V/
(Low) | 8-BIT DAC oUT10
T—o | 8-BIT DAC ouTH
BANK B | 8-BIT DAC 0UT12
MEMORY
(Low)
| | 8-BIT DAC 0UT13
l—l} | 8-BIT DAC 0UT14
REFL_L > o OUT_REFL_L
S~
s MAXIM
SDA 12C INTERFACE
A0 MAX9590
STD_REG '
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14 Programmable Gamma Reference Buffers with
Four Static References for TFT-LCD Displays

Typical Application Circuit

9VT016.5V

NAXI WV
MAX9590

AVpp

10uF 0.1uF

—

GND TFT-LCD
COLUMN DRIVER

I}
11— ;_\ .|}_|_| e

CAP
OUT_REFU_H f—— | V1

oM fp——» | \2
oun2 ——% | \3
Ut f——"""" | V4
ouT4 |———» | V6
outS b——% | V6
ot |———% | V7

% REFU_L ouT7 f—o | V8
% |— OUT_REFU_L |————» | V9

0.1uF

REFU_H

OUT_REFLH f|———® [ V10
0T f——» | V11

REFL_H
oty |——% | V12

OUT10 |——® | V13
ot f—— | V14
REFL_L 0UT2 p———— | V15

OUT3 |———» | V16
ouTt4 |/ | V17
OUT_REFLL f|——» | V18

SCL

°C INTERFACE

BANK_SEL SDA

i

STD_REG AO*

o—4
—_—01uF e —

*ADDRESS SHOWN SET UP FOR OxE8/0xE9

MAXIM 9
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MAX9590

14 Programmable Gamma Reference Buffers with
Four Static References for TFT-LCD Displays

Detailed Description

The MAX9590 provides 14 channels of programmable
voltage references and four channels of static voltage
references for gamma correction in TFT-LCD displays.
Two register banks are provided to store two different
sets of gamma reference values. Gamma values are
programmed into the banks through the 12C interface
and the outputs can switch between values in 0.5ps.

Output Buffers
The 14 programmable reference voltages are divided
evenly into seven upper and seven lower voltages for the
upper and lower gamma curves of LCD column drivers.

The seven upper voltages cover the range between
REFU_L to REFU_H. The seven lower voltages cover
the range of REFL_L to REFL_H.

Each gamma reference voltage has an 8-bit DAC and
isolation buffer associated with it to ensure stable
operation. Therefore, the reference voltages remain
stable without synchronization to the LCD horizontal
timing. In addition, each buffer is able to provide a high
current that further ensures a stable voltage when
critical levels and patterns are displayed.

Each of the MAX9590 output buffers hold the reference
voltages stable while providing the ability to source and
sink current (200mA) into a capacitive load such as
LCD column drivers. When switching from Bank A to
Bank B or vice versa, the outputs settle to within +0.5
LSB in less than 0.5us.

8-Bit DAC
Each voltage is generated by an 8-bit DAC and
programmed values are set through the 12C interface.
The input code data is used to set the output voltages
of the MAX9590. See the 12C Compatibility section.

The ideal transfer function of the upper reference
voltages is:

D
VouT1 to Voute =VReru_L + x (VREFU_H — VREFU_L)

255

while the ideal transfer function of the lower reference
voltages is:

D
VouTs to VouTia = VRerL_L + 5= *(VReFL_H - VREFL_L)

255

10

D =27 (B7) + 26 (B6) + 25 (B5) + 24 (B4) + 23(B3)
+22(B2) + 21 (B1) + 20(B0)

D is the decimal value of the input binary code. B7 is the
most significant bit of the data byte and is clocked in first.

Table 1 shows the ideal output voltage of VouT1 and
VouT14 with the following typical conditions:

VREFU_H = 14V, VReFu_L = 9V, VREFL_H = 6V,
and VRerL L= 1V
Table 1. Ideal Output Voltage with Typical
Conditions

BINARY DECIMAL VouTi VouTi4

INPUT VALUE (\) V)
0000 0000 0 9.00 1.00
0000 0001 1 9.019 1.019
0000 0011 3 9.058 1.058
0000 0111 7 9.136 1.136
0000 1111 15 9.292 1.292
0001 1111 31 9.605 1.605
0011 1111 63 10.230 2.230
0111 1111 127 11.480 3.480
1111 1111 255 14.00 6.00

Register Banks
The MAX9590 features two register banks: Bank A and
Bank B. The user can program one set of gamma
values into Bank A while Bank B is being used to drive
the LCD column drivers and vice versa.

Set BANK_SEL = 0 to select Bank A and set
BANK_SEL = 1 to select Bank B. The gamma voltage
transition from Bank A to Bank B and vice versa takes
place in less than 500ns. See the Register Address
section for details on memory bank internal registers.

Power-On Reset (POR)
The MAX9590 contains an integrated POR circuit that
ensures all registers are reset to a zero state on power-up.
Once DVpp rises above 1.5V (typ), the POR circuit releas-
es the registers for normal operation. Should the DVpp
input drop to less than 1.5V (typ), the POR is activated.

After a POR, the outputs (OUT1-OUT14) are in high-
impedance mode until a minimum of two data bytes have
been written to both Bank A and Bank B in any order.

MAXIMN




14 Programmable Gamma Reference Buffers with
Four Static References for TFT-LCD Displays

Thermal Shutdown

The MAX9590 features thermal-shutdown protection
with temperature hysteresis. When the die temperature
reaches +160°C, OUT1-OUT14 shut down. When the
die cools down by 15°C, the device turns on again.
When in thermal shutdown, the amplifier outputs
(OUT1-0OUT14) are high impedance. The four static
buffers remain active. When exiting thermal shutdown,
the amplifier outputs return to the programmed output
voltages.

Serial Interface
The MAX9590 features an 12C-compatible, 2-wire serial
interface consisting of a bidirectional serial data line
(SDA) and a serial clock line (SCL). SDA and SCL facili-
tate bidirectional communication between the MAX9590
and the master at rates up to 400kHz. Figure 1 shows
the 2-wire interface timing diagram. The MAX9590 is a
transmit/receive slave-only device, relying upon a master
to generate a clock signal. The master (typically a
microcontroller) initiates data transfer on the bus and
generates SCL.

A master device communicates with the MAX9590 by
transmitting the correct slave ID followed by a com-
mand and/or data words. Each transmit sequence is
framed with a START (S) or repeated START (Sr) condi-
tion and a STOP (P) condition.

The SDA driver is an open-drain output, requiring a
pullup resistor to generate a logic-high voltage.
Optional resistors in series with SDA and SCL
(i.e. 300Q) protect the device inputs from high-voltage
spikes on the bus lines. Series resistors also minimize
crosstalk and undershoot of the bus signals.

Bit Transfer
Each SCL rising edge transfers one data bit. The data
on SDA must remain stable during the high portion of
the SCL clock pulse (Figure 2). Changes in SDA while
SCL is high are read as control signals (see the START
and STOP Conditions section). When the serial inter-
face is inactive, SDA and SCL idle high.

-

|
|
SDA —H{ | ———
PN |
Ol i
| tSu; pAT o
) ,
tF—l 4 -lLow th —o tF P
I ! I
SCL ——— .
bl i
I ! I
I ! I
I : - I
] i
- tHD; STA - tsu; STA—B1
. tHD; DAT tHiGH "
1S i
US| -

|
|
| S
T
|
|
| E
T
|
|

R

<€ {F

A

o
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DATA LINE STABLE;
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%

Figure 2. Bit Transfer

MAXIM

11

06S6XVIN



MAX9590

14 Programmable Gamma Reference Buffers with
Four Static References for TFT-LCD Displays

START and STOP Conditions
A master device initiates communication by issuing a
START condition which is a high-to-low transition on
SDA with SCL high. A START condition from the master
signals the beginning of a transmission to the
MAX9590. The master terminates transmission by a
STOP condition (see the Acknowledge Bit (ACK) and
Not-Acknowledge Bit (NACK) section). A STOP condi-
tion is a low-to-high transition on SDA while SCL is high
(Figure 3). The STOP condition frees the bus. If a
repeated START condition is generated instead of a
STOP condition, the bus remains active. When a STOP
condition or incorrect slave ID is detected, the MAX9590
internally disconnects SCL from the serial interface
until the next START or repeated START condition, mini-
mizing digital noise and feedthrough.

Early STOP Conditions
The MAX9590 recognizes a STOP condition at any
point during transmission except when a STOP condi-
tion occurs in the same high pulse as a START condi-
tion (Figure 4). This condition is not a legal 12C format;
at least one clock pulse must separate any START and
STOP conditions. The MAX9590 discards any data
received during a data transfer aborted by an early
STOP condition.

Repeated START Conditions
A repeated START condition is used to indicate
a change in direction of data flow (see the Register
Mode Read Operation section). Repeated START may
also be used when the bus master is writing to several
12C devices and does not want to relinquish control of
the bus. The MAX9590 serial interface supports continu-
ous write operations with (or without) an Sr condition
separating them.

Acknowledge Bit (ACK) and

Not-Acknowledge Bit (NACK)
Successful data transfers are acknowledged with an
acknowledge bit (ACK) or a not-acknowledge bit
(NACK). Both the master and the MAX9590 (slave)
generate acknowledge bits. To generate an acknow-
ledge, the receiving device must pull SDA low before
the rising edge of the acknowledge-related clock pulse
(ninth pulse) and keep it low during the high period of
the clock pulse (Figure 5). If a master transmitter is
involved in a data transfer, it must signal the end of
data to the slave transmitter by not generating an
acknowledge on the last byte that was clocked out of
the slave. The slave transmitter must release the SDA to
allow the master to generate a STOP or repeated
START condition. Monitoring the acknowledge bits
allows for detection of unsuccessful data transfers. An

/ %

A\

%

S A Wy A W A W

START STOP
CONDITION CONDITION
Figure 3. START/STOP Conditions
SCL / N\ NOT ACKNOWLEDGE
SDA A A (« R\
STOP START ))
LEGAL STOP CONDITION SDA (
SCL ) ACKNOWLEDGE x
SDA
*\_/* SCL 1 8 9
START ILLEGAL STOP

ILLEGAL EARLY STOP CONDITION

Figure 4. Early STOP Conditions

12

Figure 5. Acknowledge and Not Acknowledge Bits
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14 Programmable Gamma Reference Buffers with
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unsuccessful data transfer happens if a receiving
device is busy or if a system fault has occurred. In the
event of an unsuccessful data transfer, the master
should reattempt communication at a later time.

The MAX9590 generates an acknowledge when receiving
an address or data by pulling SDA low during the ninth
clock pulse. When transmitting data during a read, the
MAX9590 does not drive SDA during the ninth clock
pulse (i.e. the external pullups define the bus as a logic
high) so that the receiver of the data can pull SDA low
to acknowledge receipt of data. When the last byte of
data is received by the master during a read, a not
acknowledge is generated where the SDA line is not
pulled low by the master receiver.

Slave ID
A bus master initiates communication with a slave
device by issuing a START condition followed by the
7-bit slave ID (Figure 6). When idle, the MAX9590 waits

for a START condition followed by its slave ID. The serial
interface compares each slave ID bit by bit, allowing
the interface to power down and disconnect from SCL
immediately if an incorrect slave ID is detected. After
recognizing a start condition followed by the correct
slave ID, the MAX9590 is programmed to accept or
send data. The LSB of the slave ID word is the
Read/Write (R/W) bit. R/W indicates whether the master
is writing to or reading from the MAX9590 (R/W = 0
selects a write condition, R/W = 1 selects a read condi-
tion). After receiving the proper slave ID, the MAX9590
issues an ACK by pulling SDA low for one clock cycle.

The MAX9590 slave ID consists of five fixed bits
B7...B3 (set to 11101) and two programmable bits B2
and B1. The most significant slave ID bit (B7) is trans-
mitted first, followed by the remaining bits. The
MAX9590 slave ID is determined by connecting AO to
GND or DVpp or SCL or SDA. Table 2 shows the four
possible slave IDs of the device.

SDA / 1 1 1 \ o

1

o X o o\ f

B2

o LU

Figure 6. Slave ID Byte Definition

Table 2. Slave ID Description

A0 B7 B6 B5 B4 B3 B2 B1 B0 WRITE ADDRESS | READ ADDRESS
(Hex) (Hex)
GND 1 1 1 0 1 0 0 RW OxES8 OxE9
DVDD 1 1 1 0 1 0 1 RIW OxEA OxEB
SCL 1 1 1 0 1 1 0 RW OxEC OxED
SDA 1 1 1 0 1 1 1 RW OxEE OxEF
M AXI WV 13
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Register Address
The MAX9590 consists of two register banks A and B.
Each register bank has 14 internal registers with
addresses as shown in Table 3.

Control Data Byte
Use the control data byte to configure the MAX9590.
The MAX9590 control byte contains a write-designator
bit (C1) and a read-designator bit (C2). The rest of the
bits (CO and C3-C7) are don’t-care bits. The most
significant bit (B7) is transmitted first, followed by the
remaining bits. Table 4 shows the control data byte.

Table 3. Register Mapping

The write-designator bit (C1) determines to which bank
to write. ‘O’ corresponds to Bank A while ‘1’ cor-
responds to Bank B. At POR, C1 is set to 0. See Figures
7,11, and 13 for more details.

The read-designator bit (C2) determines which bank to
read from. A ‘0O’ corresponds to Bank A while a ‘1’ cor-
responds to Bank B. At POR, C2 is set to 0. See
Figures 7, 11, and 13 for more details.

After a POR, the outputs (OUT1-OUT14) are in high-
impedance mode until a minimum of two data bytes have
been written to both Bank A and Bank B in any order.

REGISTER | HEXADECIMAL POWER-ON REGISTER ADDRESS
CODE DEFAULT VALUES R7 R6 R5 R4 R3 R2 R1 RO
Control Byte 0X00 0X00 0 0 0 0 0 0 0 0
AO1 or BO1 0X01 0X00 0 0 0 0 0 0 0 1
AO02 or BO2 oxo2 0X00 0 0 0 0 0 0 1 0
A03 or B3 0X03 0X00 0 0 0 0 0 0 1 1
A04 or BO4 0X04 0X00 0 0 0 0 0 1 0 0
A05 or BO5 0X05 0X00 0 0 0 0 0 1 0 1
AOB or BB 0X06 0X00 0 0 0 0 0 1 1 0
AQ7 or BO7 0X07 0X00 0 0 0 0 0 1 1 1
A08 or BO8 0X08 0X00 0 0 0 0 1 0 0 0
A09 or BO9 0X09 0X00 0 0 0 0 1 0 0 1
A10 or B10 OX0A 0X00 0 0 0 0 1 0 1 0
A11 or B11 0X0B 0X00 0 0 0 0 1 0 1 1
A12 or B12 0XoC 0X00 0 0 0 0 1 1 0 0
A13 or B13 0X0D 0X00 0 0 0 0 1 1 0 1
A14 or B14 OXOE 0X00 0 0 0 0 1 1 1 0
Table 4. Control Byte Definition
CONTROL DATA BYTE: INDIVIDUAL BITS
DESCRIPTION

C7 | C6 | C5 | C4 | C3 | C2 | C1 co

Writes to Bank A given that the Read/Write bit is set low (RW = 0); Reads
from Bank A given that the Read/Write bit is set high (RW = 1). (At power-on
reset, C1 and C2 are set to 0).

Writes to Bank B given that the Read/Write bit is set low (RW = 0); Reads
from Bank A given that the Read/Write bit is set high (RW = 1).

Writes to Bank A given that the Read/Write bit is set low (RW = 0); Reads
from Bank B given that the Read/Write bit is set high (RW = 1).

Writes to Bank B given that the Read/Write bit is set low (RW = 0); Reads
from Bank B given that the Read/Write bit is set high (RW = 1).

14
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Modes of Operation
(Standard Mode (STD_REG = 1))

Standard Mode Write Operation
For the standard mode write operation, send the slave
ID as the first byte followed by the control byte and then
a burst of 14 data bytes. The control byte specifies the
bank (to be written to or read from). Once the MAX9590
receives the control byte, the device transfers the
control byte data into the control byte register. After this
operation, the register address is set to AO1 for Bank A
or BO1 for Bank B. The address gets automatically
incremented from AO1 (or BO1) and the 14 data bytes
are written to the corresponding register addresses
until A14 (or B14) is reached. If more than 14 data
bytes are written, the excess is ignored. Only data writ-
ten up to A14 or B14 will be accepted. Data written

past A14 or B14 is ignored. Terminate the data transfer
with a STOP condition. The standard mode write opera-
tion is shown in Figure 7.

The MAX9590's responses to burst-write operations for
various scenarios are summarized in Table 5.

Standard Mode Read Operation
The standard mode read operation can be performed
on the same bank or on the second bank. If the read
operation does not require a bank change, send the
slave ID with an R/W bit of 1. The register address is
set internally to AO1 (or BO1) depending on the value of
the previously written control byte. The control byte is
not sent during a read operation unless a bank change
is required. Read the 14 data bytes and then terminate
the transmission using a STOP as shown in Figure 8.

s |t | o] e e [P X

X

% | M| X |ca|ct || A S - START CONDITION

SLAVEID 4’|

|

|<7

Ar - ACKNOWLEDGE BY THE

CONTROL BYTE RECEIVER (MAX9590)

-

B7 B6 B5 B4 B3 B2 B1 BO Ar | B7

B6

P - STOP CONDITION
X-DONT CARE

B5 B4 B3 B2 B1 BO Ar

|l <
I

DATA 2 4’|

------------------------------------ Ar B7

B6

B5 B4 B3 B2 B1 BO Ar P

|<7 DATA 14 4’|

Figure 7. Standard Mode Write Operation

Table 5. Standard Mode Write Operation—Response to Burst Write

SCENARIO

RESPONSE

Burst-write operation involving
more than 14 data bytes

The device writes data bytes into the corresponding register addresses in sequential order
starting with the first register address (AO1 or BO1). The device ignores the excess bytes after
register address A14 or B14.

Burst-write operation involving
less than 14 data bytes

have been written.

The device writes data bytes into the corresponding register addresses in sequential order,
starting with the first register address (AO1 or BO1), until the specified number of data bytes

S 0o | 1 | 8| Bt |RW| & | B

B6

S - START CONDITION

B5 | B4 | B3 | B2 | Bl | BO | AM Ar - ACKNOWLEDGE BY THE

1 1 1 o
|<7 SLAVE ID 4>|

|
J

RECEIVER (MAX9590)

DATAT P - STOP CONDITION

B7 B6 BS B4 B3 B2 B1 BO [ AM B7

B6

AM - ACKNOWLEDGE BY THE

B5 B4 B3 B2 B1 BO [ AM MASTER

f

NA - NOT ACKNOWLEDGE
P - STOP CONDITION

J

DATA 3

------------------------------------ A | B7

B6

BS B4 B3 B2 B1 BO | NA P

I
|

DATA 14

Figure 8. Standard Mode Read Operation
MAXIV
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If a read operation requires a bank change, transmit
the slave ID with a R/W bit of '0' and send the control
byte to change the bank. After a repeated START sig-
nal, the 14 bytes are read from the respective bank as
shown in Figure 9.

The MAX9590's responses to burst-read operations for
various scenarios are summarized in Table 6.
Register Mode (STD_REG = 0)

Register Mode Write Operation
For the register mode single write operation, send the

slave ID, register address, and then data. For the regis-
ter mode burst-write operation, send the slave ID, reg-
ister address, and then the burst of data bytes. The
address gets automatically incremented internally from
the address specified and the data is written to the cor-
responding register addresses. If more than 14 data
bytes are written, the excess is ignored. Only data writ-
ten up to A14 or B14 is accepted. Data written past
A14 or B14 is ignored.

Figure 10 shows a single/burst-write operation in the
register mode.

s ol t ] o [ e fer [P oa || %

S - START CONDITION
AR - ACKNOWLEDGE BY THE

X

Mol | co|ct | M| oA

|<7 SLAVEID 44

|
|

RECEIVER (MAX9590)
Sr—REPEATED START

CONTROL BYTE

Sr 1 1 1 0 1 B2 B1 _ Ar B7 B6 BS B4 B3 B2 B1 BO | AM CONDITION
|<7 SLAVE D 4>| |<7 DATA 1 4,| AM - ACKNOWLEDGE BY THE
MASTER

B7 B6 BS B4 B3 B2 B1 BO | AM B7 B6

B5 B4 B3 B2 B1 BO | AM NA —NOT ACKNOWLEDGE

T
|

P —STOP CONDITION
X -DON'T CARE

DATA 3

------------------------------------ av | 87| BS

BS B4 B3 B2 B1 BO | NA P

|
J

DATA 14

Figure 9. Standard Mode Bank Change Read Operation

Table 6. Standard Mode Read Operation—Response to Burst Read

SCENARIO

RESPONSE

Burst-read operation involving
more than 14 data bytes

The device reads the valid data bytes starting from AO1 (or BO1) till A14 (or B14). The rest of
the data bytes read are OxFF (hexadecimal) indicating that those data are invalid.

Burst-read operation involving
less than 14 data bytes

bytes have been read.

The device reads data bytes from the corresponding register addresses in sequential order
starting with the first register address (AO1 or BO1) and stops after the specified number of data

S 1 1 1 0 1 B2 B1 Ar R7 R6

RS R4 R3

j=s)
bS]

R1 RO Ar

Idi SLAVEID

I‘i REGISTER ADDRESS 44

S - START CONDITION
AR - ACKNOWLEDGE BY THE

RECEIVER (MAX9590)

B7 | B6 | B5 | B4 | B3 | B2 |81 [BO | A | B7 |86 |B5 |B4 |B3|B |BI [BO| A
P - STOP CONDITION
|<7 DATA 1 4>| |<7 DATA 2 4>|
------------------------------------ Ar | B7 |86 |85 | B4 [ B3 [ B2 |81 |BO| A | p
|<7 DATAN 4>|

Figure 10. Register Mode (Single/Burst) Write Operation
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If a write operation requires a bank change, the byte
sent after the slave ID is the control register's address
(0Ox00 in the MAX9590) and data following this address
is the control byte data to switch banks. After switching
banks, execute a normal register mode write operation
as shown in Figure 11.

The MAX9590's responses to burst-write operations for
various scenarios are summarized in Table 7.

Register Mode Read Operation
The read operation in the register mode is an ordinary 12C
read operation if the bank is not changed. Send the slave
ID followed by the register address. The register address
needs to be the location from which the data byte is to be
read. Use a repeated START to change the direction of
data transfer. Send the slave ID with an R/W bit of 1 to
facilitate a read operation. Read the required number of
data bytes and terminate the transfer. The register mode
read operation is shown in Figure 12.

S 1 1 1 0

oW
(]

0 0 0 Ar

o
o
o

SLAVEID

|

|<7 CONTROL REGISTER
ADDRESS

|

S - START CONDITION
AR - ACKNOWLEDGE BY

O | Ok | O& | O | O& | CcacCt |04 |a |5

THE RECEIVER (MAX9590)
St - REPEATED START

1 1 0 1 B2

I
o

|<7 CONTROL BYTE 4>| |<7 SLAVE ID 4>| CONDITION
P - STOP CONDITION
R7 | R6 | R5 | R4 | R3 | R2 | R | RO | Ar | B7 |B6 |B5 | B4 | B3 | B2 |B1 |BO | A X - DON'T CARE
|<7 REGISTER ADDRESS 4>| |<7 DATA 1 4>|
------------------------------------ Ar | B7 | B6 [B5 | B4 | B3 [ B2 [BI |BO | A | p
|<7 DATAN 4>|
Figure 11. Register Mode Bank Change Write Operation
Table 7. Register Mode Write Operation—Response to Burst Write
SCENARIO RESPONSE

(A01-A14 or BO1-B14).

Burst-write operation involving more data bytes than valid register address locations

lllustration 1: Burst-write operation involving more than 14 data bytes starting with register address A01.
Illustration 2: Burst-write operation involving more than 2 data bytes starting with register address A13.

The device ignores
excess bytes after
register address
Al14 or B14.

—
S 1 1 1 0 1| B2 Bt | V)| A | RT | R6 | RS | R4 | RS | R | R [RO| A S - START CONDITION
<«————— SLAED ——— «————— REGISTER ADDRESS ———p» AR - ACKNOWLEDGE BY THE
RECEIVER (MAX9590)
RIW Sr - REPEATED START
St 1 1 1 0 1B | BT | A B7 | B6 | B5 | B4 | B3 | B2 | Bl | BO | AM CONDITION
«—— SIAVED ——————— ] -~ DATA 1 — > AM - ACKNOWLEDGE BY THE
MASTER
B7 | B6 | B5 | B4 | B3 | B2 | BT | Bo | AM | B7 | B6 | B5 | B4 | B3 | B2 | BT | BO | AM NA —NOT ACKNOWLEDGE
‘ DATAD DATAS P —STOP CONDITION
------------------------------------ AM | B7 | B6 | B5 | B4 | B3 | B2 | BI | BO | NA | P
-~ DATAM —»

Figure 12. Register Mode Read Operation
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If a read operation requires a bank change, send the
slave ID followed by the control register's address
(0x00 in MAX9590) and then the control byte data to
switch banks. After switching banks, execute a normal
register mode read operation as shown in Figure 13

The MAX9590's responses to burst-read operations for
various scenarios are summarized below in Table 8.

I12C Compatibility
The MAX9590 is compatible with existing 12C systems.
SCL and SDA are high-impedance inputs; SDA has an
open-drain output that pulls the data line low during the
ninth clock pulse. The communication protocol supports
standard 12C 8-bit communications. The general call
address is ignored, and CBUS formats are not supported.
The devices’ address is compatible with 7-bit 12C
addressing protocol only. No 10-bit address formats are
supported. Repeated START protocol is supported.

s |t |t o |1 [P a0 o

0 0 0 0 0 0 Ar

|<7 SLAVEID 4>|

I‘i CONTROL REGISTER 4>|
ADDRESS

X[ 0& | O] | O | [c2|ct |0 | A | s 1

RAW S - START CONDITION

1 1 0 1 B2 | Bl Ar
AR - ACKNOWLEDGE BY

CONTROL BYTE —>|

|<— SLAVEID 4>|

THE RECEIVER (MAX9590)
Sr - REPEATED START

R7 R6 R5 R4 R3 R2 R1 RO Ar Sr 1

CONDITION

AM - ACKNOWLEDGE BY
THE MASTER

EA O T - B I VO AL

|<7 REGISTER ADDRESS —>|

|<— SLAVEID 4>|

NA —NOT ACKNOWLEDGE
P —STOP CONDITION

B7 B6 BS B4 B3 B2 B1 BO [ AM

B4 | B3 | B2 | Bt BO | AM X -DONT CARE

—

DATA 2

———————————————————————————————————— AM

B4 B3 B2 B1 BO | NA P

B7 B6 BS
B7 B6 BS

DATAN

Figure 13. Register Mode Bank Change Read Operation

Table 8. Register Mode Read Operation—Response to Burst Read

SCENARIO

RESPONSE

Burst-read operation involving

more than 14 data bytes those data are invalid.

The device reads the valid data bytes starting from the specified register address until A14 (or
B14). After A14 (or B14), the rest of the data bytes read are OxFF (hexadecimal) indicating that

Burst-read operation involving

| han 14
ess than 14 data bytes has been read.

The device reads data bytes from the corresponding register addresses in sequential order
starting with the specified register address and stops after the specified number of data bytes
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Applications Information

Power Dissipation

The maximum power dissipation is the sum of analog
circuitry power dissipation, digital circuitry power dissi-
pation, and power dissipation due to the load calculat-
ed using a maximum operating voltage of AVpp =
16.5V and DVpp = 5.5V.

Total Power Dissipation = PD(analog) + PD

(digital) + PD(load)

PD(analog) = 16.5V x 28mA = 462mW
PD(digital) = 5.5V x 0.75mA = 4.13mW

Each output buffer supplies an average load current of
5mA. The power dissipation per output buffer is therefore:

5mA x 16.5V / 2 (average) = 41.25mW

The device has a total of 18 output buffers therefore:
PD(load) = 41.25mW per output buffer x 18
buffers total = 742.5mW

PD(total) = 462mW + 4.13mW + 742.5mW =
1208.63mW

There will also be AC switching power dissipation, but
because of the low duty cycle and the fast transition
times involved, this should be minimal.

The maximum power dissipation of the 38-pin TQFN
package is 2195mW with a derating factor of
26.5mW/°C above +70°C. Therefore, the maximum
power dissipation of the 38-pin TQFN package at
+85°C is 1800mW.

Power Supplies and Bypass Capacitors
The MAX9590 operates from a single +9V to +16.5V
analog supply and a +2.7 to +5.5V digital supply.
Bypass AVDD to GND with 0.1uF and 10uF capacitors
in parallel. Use an extensive ground plane to ensure
optimum performance. Bypass DVDD to GND with a
0.1pF capacitor. Bypass CAP (pin 29) to GND with a
0.1uF capacitor.

MAXIM

Refer to the MAX9590 evaluation kit for a proven PC
board layout.

Layout and Grounding
Solder the exposed paddle to a ground plane to pro-
vide a low thermal resistance to ground for heat dissi-
pation. Do not route traces under these packages.

Pin Configuration
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Chip Information

PROCESS: BICMOS

Revision History

Pages changed atRev 1: 1,2, 7, 19
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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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