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General Description

MAX3601

Laser Driver for Projectors

Benefits and Features

The MAX3601 laser driver for pico projectors supports
video imaging with red, blue, and green lasers. Each
output includes two 8-bit digital-to-analog converters
(DACs) with programmable gain and up to 400mA
driving capability per channel. DAC A has a full-scale
current up to 320mA, while DAC B has full-scale current
up to 80mA. All three channels can be combined into a
single channel with up to 1.2A drive capability.

Maxim’s patented technology allows pulsed current to
operate lasers efficiently while reducing speckle. This
feature operates from the video data clock. The driver
is available in a 3.0mm x 3.5mm, 42-bump wafer-level
package for commercial applications and a 5mm x 5mm,
40-pin TQFN package for industrial and automotive
applications.

Applications

RGB Pico Laser Projector
Laser Light Source for LCOS Projectors
High-Current LED or Laser Pulse Generator

Ordering Information appears at end of data sheet.

Integrates Three Current-Output Laser Drivers

<- Compatible with Most Red, Blue, and Green
Lasers

<~ 8-Bit Video DACs, DC to 167MHz operation

< Patented Pulsing Feature Reduces Laser
Speckling

<> 1ns Output Switching Time

< Pulse Switching Speed Enhancer

Minimizes PCB Area with Functional Integration

<~ SPI or I12C Serial Port Control

<~ 1.8V to 3.3V Operation

<~ 8-Bit Gain Adjustment

< Programmable Pulse Current

<> 42-Bump WLP (3.0mm x 3.5mm) and 40-Pin
TQFN (5mm x 5mm) Packages

< Integrated Temperature Sensor

Low Power Requirements

< < 80mW for Black Video Images

< Output Disable Using Video Marker
< Output Voltage Sensor

Laser Enable Function Supports Safety Compliance

Simplified Functional Diagram

cs
3-WIRE PORT [ DIO/SDA SERIAL PORT > GAIN SETTINGS LASER DRIVER
(3.3V OR 1.8V CMOS) | CLK/SCL - VIDEO SETTINGS
outt | LASER1
VIDEO OUTPUT1 —|— +Va1
outz | LASER2
VIDEO DATA | D[0:11] VIDED 0UTPUTZ e
(1.8V CMOS)
DEMULTIPLEXER
VIDEO CLOCK | DCLK 13| LASER3
(1.8V CMOS) VIDEO OUTPUT 3 ouTS —|— +Va3
AVDD 1.8V
- DVDD e
PIXEL CLOCK AVCC +33V
DVCC "
AGND oV
SUBPIXEL GENERATOR PULSE-OFF DGND
TESTA
TEMP ALARM
VIDEO MARK ENABLE | MARKER EN1.3 T
(33V OR 1.8V CM0S) | ENMAIN CONTROL LOGIC

For related parts and recommended products to use with this part, refer to: www.maximintegrated.com/MAX3601.related

For pricing, delivery, and ordering information, please contact Maxim Direct at

1-888-629-4642, or visit Maxim Integrated’s website at www.maximintegrated.com.
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ABSOLUTE MAXIMUM RATINGS

AVDD t0 AGND ..ot -0.3V to +2.2V D0-D11, DCLK, SCL, SDA,

DVDD t0 DGND.....c.ooviiiiiiiiiicceceeeee e, -0.3V to +2.2V CS, EN_MAIN, MARKER Current ................ -50mA to +50mA

AVCC to AGND ...-0.3V to +4.0V Continuous Power Dissipation

DVCC to DGND. ....oooiiiiiiiiiis e -0.3V to +4.0V TQFN (Ta = +85°C, derate 35.7mW/°C above +85°C)..2320mW

AVDD t0 DVDD......ooviieicceeece e -0.3V to +0.3V WLP (Tp = +70°C, derate 28.5mW/°C above +70°C)..2200mW

AVCC to DVCC....... ...-0.3V to +0.3V Junction Temperature .........cccooevviiiiiiiiii +150°C

AGND to DGND ...-0.3V to +0.3V Operating Temperature Range

OUT_to DGND......ooiiiiiiiiiice e -0.3V to +8.4V TQFN L -40°C to +105°C

OUT_ Current WLP o 0°C to +70°C
CONLNUOUS. ... 400mA Storage Temperature Range..............cccooveeie -55°C to +150°C
Peak (1 < THS) oo 800mA Lead Temperature (soldering, 10s; TQFN only) ............. +300°C

D0-D11, DCLK, TESTC to DGND...... -0.3V to lower of +2.2V or Soldering Temperature (reflow) ........cccooiiiiiiiiiis +260°C

(Vbvop + 0.3V)

CLK/SCL, DIO/SDA, CS, EN_MAIN, MARKER,
TESTA, TESTBto DGND ................ -0.3V to lower of +4.0V or
(Vbvce + 0.3V)

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)

TQFN WLP
Junction-to-Case Thermal Resistance (8¢) .......c..co..... 2°C/W Junction-to-Ambient Thermal Resistance (64a) -......... 36°C/W
Junction-to-Ambient Thermal Resistance (8ya) -......... 28°C/W

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.maximintegrated.com/thermal-tutorial.

ELECTRICAL CHARACTERISTICS

(Vavpp = Vpvpp = 1.7V to 1.9V, Vavee = Vpvee = 2.9V to 3.5V, Ta = Tmin to Tmax, Ty < +125°C, EN_MAIN and MARKER high,
Vout = 0.7V, unless otherwise noted. Typical values are at Vaypp = Vpypp = 1.8V, Vavce = Vpvee = 3.3V, Ty = +85°C. Consumer
grade parts are tested at Tp = +70°C. Automotive grade parts are tested at Tp = +105°C. Minimum and maximum specifications are
guaranteed by design, characterization and/or production test.)(Note 2)

PARAMETER | symeoL | CONDITIONS | M TYP  maAX | UNITS
OPERATING CONDITIONS
Output Voltage | Vout | Output enabled | 0.5 0.6 7.5 | \
POWER SUPPLY (Note 3, Figure 4)
IavbD DIs | EN_MAIN low or SP_EN = 1 0.01 (1) HA
lAvDD SP_EN High 5 7 mA
SP_EN =0 0.02  (0.03)
IDVDDA mA/MHz
SP_EN = 1, fpg = 75MHz 0.1 (0.2)
+1.8V Supply Current )
IDvDD _G1A | Video dependency DAC A 1.1 (1.5) HA/
= (MHz x
IpvpDD_G18B | Video dependency DAC B 0.5 (0.6) | ACODE

| Maximum digital supply current
BVDD fpixeL = 150MHz, fpo = 75MHz

(45) mA

Maxim Integrated 6



MAX3601
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ELECTRICAL CHARACTERISTICS (continued)
(Vavpp = Vpvpp = 1.7V to 1.9V, Vavee = Vpvee = 2.9V to 3.5V, Ta = Tmin to Tmax, Ty < +125°C, EN_MAIN and MARKER high,
Vout = 0.7V, unless otherwise noted. Typical values are at Vaypp = Vpvpp = 1.8V, Vavee = Vpvee = 3.3V, Ty = +85°C. Consumer
grade parts are tested at Tp = +70°C. Automotive grade parts are tested at Tp = +105°C. Minimum and maximum specifications are
guaranteed by design, characterization and/or production test.)(Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
lavee Core analog 1.5 1.8
lpvee pis | ENA_ = ENB_ = 0 0.01 0.1
Ipvce g1a | GA_ = 0x00 (per channel) 3.4 4.8
Ipvce goa | GA_ = OxFF (per channel) 8.2 9.1
mA
+3.3V Supply Current Ipvce g1B | GB_ = 0x00 (per channel) 1.2 1.6
| GB OXFF ( h ) MAX3601C 25 2.8
= 0x er channe
DVCC_G28B | =7 P MAX3601G 25 33
Maximum analog supply MAX3601C (37.6)
lavee current GA_= GB_ = OxFF,
ENA_=ENB_=1 MAX3601G (39.1)
lccp g1 |PHS_=0 5 (10)
Pulse-Off Assist Current (Note 4 = = = A/MHz
( ) loeh 6o fpo = fPoOH = 75MHz, fpxgl = 150MHz, o3 4.6) H
- CL = OpF, Yoyt min = 0.8V to 1.8V
Outputs off, clock stopped 0.2
0% video <83 (100)
Power In MAX3601 Driver 27% video 130
mwW
(Note 5) 100% video 270
27% video with pulse-off 150
27% video with pulse-off assist 160
lout/VavDD 1
Typical Output Sensitivity to lout/VDvDD 1 ) .y
Supply Voltage (Note 6) lout/VAVCC 2 (17)
lout/VDVee 22 (6)
VIDEO DAC (8-Bit, Note 7)
Maximum Conversion Rate 150 160 (250) Msps
Within 12 LSBs (GAIN = OxOF to OxFF) 6.7 (12)
Settling Time ts Within 3 LSBs (GAIN = OxFF) 12 (25) ns
Within 1 LSB (GAIN = OxFF) 23 (34)
Rise/Fall Time 20% to 80% 1.5 (2.5) ns
Offset Error (GSA_ = GSB+ = OV < Vour = Vavce + 0.5V 1.0 24
OS_ER HA
OxFF, ENA_ = ENB_ = 1) Vout = 7.5V (1.0) 10.5 37
Resistor ROUT1 RouT1 Voyr = 7.5V, see Figure 12 (290) 400 (490) kQ
Video INL (Notes 8 and 9) Code > Ox1F (-15) (15) LSB
. 0x1F < GAIN < OxFF, 0°C < Tj < +125°C
INL Drift (Notes 8 and 9) VouT min = 0.6V to 1.6V 1.5 (3) LSB
Maxim Integrated 7



MAX3601

Laser Driver for Projectors

ELECTRICAL CHARACTERISTICS (continued)
(Vavpp = Vpvpp = 1.7V to 1.9V, Vavee = Vpvee = 2.9V to 3.5V, Ta = Tmin to Tmax, Ty < +125°C, EN_MAIN and MARKER high,
Vout = 0.7V, unless otherwise noted. Typical values are at Vaypp = Vpvpp = 1.8V, Vavee = Vpvee = 3.3V, Ty = +85°C. Consumer
grade parts are tested at Tp = +70°C. Automotive grade parts are tested at Tp = +105°C. Minimum and maximum specifications are
guaranteed by design, characterization and/or production test.)(Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
2)/)'3:?:? ([,)\wt‘e(g)AlN = 0x0F to Guaranteed monotonic (-1) (+1) LSB
Propagation Delay (Delay = PD1 PD1 2 cFI)(l)zils
+ PD2)
PD2 11 ns
Propagation Delay Variation (-1) (+1) ns
f < 50kHz, Vout > 0.9V 0.2 (1)
Transfer of Voyr to loyt (Note 5) f < IMHz, Vout > 0.6V 6 (10) %IV
f < IMHz, Vout > 0.5V 12 (15)
_ Vout = 0.6V 260
R STt %A | oo [vour - v o
Vout = 2.0V 100
PULSE OFF ASSIST
R
PHS_= 3, 8
Incremental Resistance PHS_ =2 16 o
PH_= OxFFFF PHS =1 32
PHS_= 0 64
. Relative to Vayce, lout = TmA (T =0to (-0.8)
Compliance Voltage Vo pon [ +125°C) %
Ta = -40°C to +125°C (-0.9)
OUTPUT GAIN (VIDEO_ = 0xFF)
Resolution 8 Bits
GA_= 0x00, GB_= 0x00 0.01 (1)
MAX3601C 280 320 400
el
MAX3601G, Tp < +25°C 260 320 400
Current at OUT MAX3601C 69 80 100 mA
el
MAX3601G, Tp < +25°C 60 80 100
GA_= OxFF, | MAX3601C (349) 400  (500)
GB_= OxFF MAX3601G (320) 400 (500)
Maxim Integrated 8



MAX3601
Laser Driver for Projectors

ELECTRICAL CHARACTERISTICS (continued)

(Vavpp = Vpvpp = 1.7V to 1.9V, Vavee = Vpvee = 2.9V to 3.5V, Ta = Tmin to Tmax, Ty < +125°C, EN_MAIN and MARKER high,
Vout = 0.7V, unless otherwise noted. Typical values are at Vaypp = Vpvpp = 1.8V, Vavee = Vpvee = 3.3V, Ty = +85°C. Consumer
grade parts are tested at Tp = +70°C. Automotive grade parts are tested at Tp = +105°C. Minimum and maximum specifications are
guaranteed by design, characterization and/or production test.)(Note 2)

PARAMETER SYMBOL CONDITIONS | MIN TYP MAX | UNITS
COMPLIANCE ALARM
VSET DAC Resolution 4 bit (70) 80 (90) mV
VSET DAC Range VSET_ = 0x0 0.32 0.4 0.48 v
VSET_ = OxF 1.4 1.6 1.8
Filter 1 Time Constant 1 ns
Filter 2 Time Constant 2.7 ns
TEMPERATURE ALARM
Temperature Range (5) (150) °C
Temperature Accuracy Ty = +20°C to +125°C (-10) (10) °C
Temperature Resolution Ty = +20°C to +125°C (2.25) 2.5 (2.75) | °C/LSB
LOGIC I/0 (DIO/SDA, CLK/SCL, CS, MARKER, EN_MAIN)
Input Low Voltage VLo Test condition 0.4 Vv
Input High Voltage ViH2 Test condition 1.45 Vv
Input High Threshold Relative to Vpypp (50) 60 (70) %
Input Low Threshold Relative to Vpypp (40 50 (60) %
Input Hysteresis Relative to Vpypp (5) %
Input Current DIO/SDA, CLK/SCL -10 +0.2 +10 LA
Ren MAIN | EN_MAIN to DGND 50 100 200
Input Resistance RmARKER | MARKER to DVDD 50 100 200 kQ
Rcs CS to DGND 50 100 200
Input Capacitance 1 pF
Disable Time iDIg EN_MAIN or MARKER to gy falling 0.1 1 ys
Enable Settling Time Constant tEN EN_MAIN rising or MARKER rising 0.5 1.5 us
DIO/SDA Low Voltage IDIO/SDA = 16mA 0.1 0.4 \Y
VIDEO DATA INPUTS
Maximum Frequency TDCLK MAX 150 > 160 MHz
DCLK Duty Cycle fpcLk > 100MHz (45) (55) %
DCLK High Time Relative to 2/fpcLk (-0.5) (+0.5) ns
Video Input Setup Time tsy Operating condition 1 ns
. : ) . MAX3601C 0.25
Video Input Hold Time tH Operating condition ns
MAX3601G 0.35
Input Switching Time 10% to 90%, operating condition 1.2 ns
0.5x
Input Low Voltage VIN-L VpvDD \
-0.1
Maxim Integrated 9




MAX3601

Laser Driver for Projectors

ELECTRICAL CHARACTERISTICS (continued)
(Vavpp = Vpvpp = 1.7V to 1.9V, Vavee = Vpvee = 2.9V to 3.5V, Ta = Tmin to Tmax, Ty < +125°C, EN_MAIN and MARKER high,
Vout = 0.7V, unless otherwise noted. Typical values are at Vaypp = Vpvpp = 1.8V, Vavee = Vpvee = 3.3V, Ty = +85°C. Consumer
grade parts are tested at Tp = +70°C. Automotive grade parts are tested at Tp = +105°C. Minimum and maximum specifications are
guaranteed by design, characterization and/or production test.)(Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
0.5 x
Input High Voltage VIN-H VbvDD V
+ 0.1

Input Threshold Relative to Vpypp 50 %
Input Hysteresis 0.1 Vv
Input Current -10 <=1 +10 pA
Data Input Capacitance Cp pF
SUBPIXEL GENERATOR

Pixel Clock Frequency Range Subpixel generator active 24 150 (250) MHz
Minimum Pulse Width 1 subpixel (2) ns
Subpixel Timing Accuracy Tpopom - TroD (-1) (+1) ns
PLL Bandwidth (1200) 2000  (3100) kHz
I2C TIMING

Clock Freguency fscL 400 kHz
Bus Free Time Between START tBUF 13 us
and STOP

HOLD .Time for a START 14D STA 06 us
Condition =

g((e)t:dpitiTc;ne Repeated START tsU_STA 06 s
SCL Low Time tLow 1.3 ys
SCL High Time tHIGH 0.6 us
SDA Hold Time tHD DAT 0.1 0.6 us
SDA Setup Time tSU_DAT 0.1 s
Setup Time for STOP Condition tsu STO 0.6 us
g;liigs\Mdth of Suppressed tsp 005 s
SPI TIMING

SPI Clock Cycle toLK 83 ns
SCL High Pulse Width twH 415 ns
SCL Low Pulse Width twi 415 ns
SCL Rise/Fall Time tRE At foLk = 12MHz 16 ns
SCL Setup Time tcLKS 8 ns
CS Setup/Hold Time tcs, 32 ns
CS Recovery Time tcR 50 ns
Maxim Integrated 10



MAX3601

Laser Driver for Projectors

ELECTRICAL CHARACTERISTICS (continued)

(VavbD

= Vpypp = 1.7V to 1.9V, Vavce = Vovee = 2.9V to 3.5V, Ta = Tmin to Tuwax, Ty < +125°C, EN_MAIN and MARKER high,

Vout = 0.7V, unless otherwise noted. Typical values are at Vaypp = Vpypp = 1.8V, Vavce = Vpvee = 3.3V, Ty = +85°C. Consumer
grade parts are tested at Tp = +70°C. Automotive grade parts are tested at Tp = +105°C. Minimum and maximum specifications are
guaranteed by design, characterization and/or production test.)(Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

Write Data Setup Time tps 16 ns

Write Data Hold Time tDH 16 ns

Read Data Delay Time tRD 34 ns

DIO Output Switching Time t7R Rpio = 390Q, Cpjp = 20pF 11 (16) ns
MAX3601C 34

DIO Output Disable Time tRz ns
MAX3601G 36

DIO Conflict Avoid Time tzz 0 ns

POWER-ON RESET (Figure 27)

VavDD,Vpvpp On Threshold 2VpOR+ 1.32 (1.6) \

VavDD,Vpvpp Off Threshold 2VpOR- (1) 1.28 \

Vpvee,Vpvec On Threshold 3VpOR+ 2.5 (2.8) \

Vavce,Vpvee Off Threshold 3VpOR- (2.2) 2.4 Vv

Note 2:

Note 3:

Note 4:

Parameters measured using circuit of Figure 1. Rg Cg C|_ = open, unless otherwise noted. Parameters in parentheses ()
are provided for guidance, but are not tested or guaranteed.
Power Consumption Calculations:

Ibvpp(MA) = Ipypp (MA/MHZ) x fp x| (MHZ) +
3

z [ENAN XIpyDD g s (MAMHZ) x ACODE p +ENBN XIpypp g (MAMHZ) x ACODE R |+ fpixeL (MH?)
3 GA GB
Ipvec(mA) = NZ1 {ENAN *xIDveCDgia +('DvcchA _lDVCCG1A) X?é\l*'ENBN xlpvcegg +(|DVCCGQB —'DVCCGB)X?&?}

where:

N = OUTPUT 1,2,3, fpixgL is the pixel clock frequency (MHz), ENA_ and ENB_ are the DAC enable signals with value O or
1, ACODE is the average number of video code changes per pixel (0 to 255). If the Pulse-Off feature is used 1 time per
pixel, ACODE = 2x Average Video Code Value. If Pulse-Off is used 2 times per pixel, ACODE = 4x Average Video Code

Value (Figure 3).
Pulse-Off Assist Current Calculation:

3
Ipveep * NZ1 [('DVCCG1 +CouTn AVOUTN) x fPON}

where:

N = Output 1,2,3, CoyTn is the total capacitance at OUTN (MAX3601 output capacitance + external capacitance),
AVouTN is the resulting voltage change at OUTN, fpop is the frequency of pulse-events in MHz. fpop is generally equal
to the pixel clock, but could be lower or higher, depending on the pulse-off duty cycle and number of pulse-off events per
pixel.

Maxim Integrated "



MAX3601

Laser Driver for Projectors

ELECTRICAL CHARACTERISTICS (continued)

(VavbD

= Vpypp = 1.7V to 1.9V, Vavce = Vbvee = 2.9V to 3.5V, Ta = Tmin to Timax, Ty < +125°C, EN_MAIN and MARKER high,

Vout = 0.7V, unless otherwise noted. Typical values are at Vaypp = Vpypp = 1.8V, Vavce = Vpvee = 3.3V, Ty = +85°C. Consumer
grade parts are tested at Tp = +70°C. Automotive grade parts are tested at Tp = +105°C. Minimum and maximum specifications are
guaranteed by design, characterization and/or production test.)(Note 2)

Note 5:

Power Estimation Conditions:

For each output, DAC A is enabled, DAC B is off, VIDEO = 27% data as shown in Figure 2, fpjxg = 150MHz. Vertical
Image Duty cycle is 70%, and the MARKER signal is used to reduce power during vertical flyback.

The load emulates:

Red Laser on OUT1: 4] + 2.3V

Green Laser on OUT2: 8| + 3.8V

Blue Laser on OUT3: 161 + 3.5V

GAIN1 | GAIN2 | GAIN3 | Vout VA1 VA2 VA3
PARAMETER | VIDEO PO_EN| POC | POM PHM
(mA) | (mA) | (mA) | @lpeak| (V) (\J) (\J) - - B
1 0% Video 00h 200 180 70 0.6V 3.7 5.9 5.2 0 0 0 0
2 27% Video 27% 200 180 70 0.6V 3.7 5.9 5.2 0 0 0 0
3 100% Video FFh 200 180 70 0.6V 3.7 5.9 5.2 0 0 0 0
4 Pulse-Off 27% 300 270 105 0.8V 4.3 6.8 6.0 1 4h FFOOh 0
5 W”hAZE:zte'Off 27% | 300 | 270 | 105 | 08V | 43 | 68 | 60 1 4h | FFOOh | FFOON
Note 6: Transfer from supply to oyt measured with 100mVp_p sine wave applied at the supply.
T flouT N 100%
lour  fV
with units %/V. loyt = 325mA, Ty < +110°C, foyt = 60Hz to 1MHz. Typical values are at 10kHz, maximum value at IMHz
typical corner.

Note 7: AC Parameters characterized with a video pattern of 0x00 to OxFF, GAIN = OxFF, 0x3F, Ox1F, OxOF. All combinations of
output VIDEO DACs: DAC A only, DAC B only, DAC A and DAC B. An external filter network (Rg, Cg) or digital filter may
be used to reduce ringing.

| - -1 -
Note 8: 1lsb = .QUT(CODE=0xFF) ~|OUT(CODE=0x00)
255
Note 9: Integral nonlinearity (INL) is measured as: [loyT - Least Squares approximation of current].
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AVDD AVCC OiFF ()(’
VIDEO WHITE
11,8V —e 20D DVEC 4 aqy OJ
DO 0UTH 8Q VIDEQ TYPICAL
- AAN ——o— Va3 e
D2 Rs Cs OX7F -------------- {4 --------------
0—/\/\/\/—| l—o
b ¢ TN O
L
[
D5 80 0x6t + Ox3F x 5t + Ox7F x 4t + OxFF x 2t
E? ouT2 o i 27% AVERAGE([()UTY CYCLE
MAX3601 Rg  0S ] )
D8 MARKER 70% DUTY CYCLE
< ] o
o sliain
o D10 Icﬁ
SOURCE
D1 I Figure 2. Video Test Pattern
8Q
DCLK outs ANAN,——e— Va2
Rs Cs : : 3
AN e — I E—
EN_MAIN ) l—o NO PO 40h --- ‘ ! ‘
= CL 0-- : : :
DIO/SDA |} ACODE aoh L 4o b don L don
CLK/SCL o0 ; ! 1
s DGND g I o N o IR e IO
AGND ! !
MARKER 80h --- 1
- 0- : : :
ACODE 2x60h | 2x40h | 2x80h | 2x40h
roure T Testcreut e il in B il il
80h - | ! |
ap0 a0 MLI‘\_I_\
0 | | |
ACODE 4x80h 4xdoh 4x80h 4x40h

Figure 3. ACode Example
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MAX3601
MAX3601 CURRENT CONSUMPTION MODEL
CORE CORE Vppa (+1.8V)
SUBPIXEL
ANALOG DIGITAL GENERATOR ___ SP_EN
l1=1cca=1.5mA e (+3.3V) l2=1ppa1 @ fPIXeL=0.03  vppp (+1.8V) I3=Ippa=5mA *EN_MAIN
© fpixeL (MHz) mA DGND
AGND
OUTPUT1
l4=1ccp_g1A+GA1/2559(Icc_goa - Icc_g1a) = [2.2+2.6 ® GA1/255] mA DAC A OUTPUT1
I5=1pDD_G1A © fPIXEL ® ACODE =0.039 @ fpixg (MHz) ® ACODE (%) mA
I =louT_A1
VeeD (+3.3V) —9 ENA O— Vppp (+1.8Y) ENA © POT -- - Voutt
j Roumt
e T
% Coutt
" =
I7=lcc_g18+ GB1/2559(Icc_g2B - Icc_a1B) =[1.2+1.0  GB1/255] mA DAC B
I8=1pDD_G1B ® fPIXEL ®ACode = 0.01 o fpixeL (MHz) ® ACODE (%) mA
lg=louT_B1
ENA ® POT -- -
Voeo (433V) —O N O— Voo (+1.8Y) o -,
o o °
E
N
Vee (+33Y) PULSE-OFF HELPER
J) PH1
{K —————— PH_EN1 !
Veep (+3.3V ;
R cep (+3.3V) O//O
“90 % l10=lcco_g0 = 1mA e
l11=1Iccp_G1 ® 2PHST © fpixel mA =0.0015 ® 2PHST e fpixe| (MHz) mA
l2=Cout1 (pF)*AVour1 (V) ® frH1 (MHz)® 1E+9 mA
"
out?
Rour2
OUTPUT 2 *
Cour2
N
ouT3
Routs
OUTPUT 3 * W\,—@—«
Courts
;«
Figure 4. Power-Supply Calculations
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Typical Operating Characteristics

(Vavpp = Vpvbp = 1.8V, Vavee = Vpvee = 3.3V, Voyt = 0.7V, R = 8Q, EN_MAIN high, Ta =+25°C, unless otherwise noted.)

DNL (LSB)

DNL (LSB)

0.5
0.4
0.3
0.2
0.1

0.1
-0.2
-0.3
-0.4
-0.5

0.5
0.4
0.3
0.2
0.1

-0.1
-0.2
-0.3
-0.4
-0.5

Maxim Integrated

VIDEO DNL DAC A VIDEO DNL DAC A VIDEO DNL DAC B
(GAIN = 0x20) (GAIN = OxFF) (GAIN = 0x20)
5 05 \ \ 3 05 g
g 0.4 Ty=-40°C, +125°C g 0.4 g
Z / Z Z
03 1 03 Ty=-40°C, +125°C
Ty =-40°C, +125°C 02 02 ‘ !
| | = 01 o 0.1 o
3 3
=0 S0
= ) =
L) | 01 HH 01
-02 -02
LUl
-03 -03
-04 -04
-05 -05
100 200 300 0 100 200 300 0 100 200 300
CODE CODE CODE
VIDEO DNL DAC B
(GAIN = 0xFF) VIDEO INL DAC A VIDEO INL DAC B
. 3 ‘ o 20 o
[ \ : GAIN = OXFF, GAIN =020, 12 =
Ty=-40°C, +125°C g T) = -40°C \\TJ =-40°C |3 15 GAIN = 0x20, | g
ve E 2~ E GAIN = 0x20, R Ty=-40C |2
j\ 10 F1y=4125°C
1 Wa ¥\ VY
— A __ 05 el
o o
% %
= 125°C =
I : - 05
1 \ /k/’\ GAIN = OxFF,
J GA\N 020, 10 Ty=+125°C
2 Ty=+125°C 45 GAIN OFF, |
Ty= —40°C
3 20
100 200 300 0 100 200 300 200 300
CODE CODE CODE
GAIN DNL DAC A GAIN DNL DAC B
(OFFSET = OxFF) (OFFSET = OxFF)
05 5 05 5
04 5 0.4 5
03 = 03 :
02 Ty (PG, +25° 02 :-40 c, +125°c
— | ] _
g o s g 0
S0 S 0
= =
= -01 ML | = 0.1
-02 0.2
-03 -03
-04 -04
-05 05
0 100 200 300 0 100 200 300
CODE CODE
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Typical Operating Characteristics (continued)

(Vavpp = Vpvbp = 1.8V, Vavee = Vpvee = 3.3V, Voyt = 0.7V, R = 8Q, EN_MAIN high, Ta =+25°C, unless otherwise noted.)

INL (LSB)

45
4.0
35
3.0
2.5
2.0
15
1.0
0.5

0

T(%)

GAIN INL DAC A
(OFFSET = OxFF)

it

MAX3601 toc09

Ty=+125°C

SN
V4

[

?\\\_A
Ty=-40°C

INL (LSB)

100

200 300
CODE

POWER-SUPPLY TRANSFER TO lout
(GAIN = OFFSET = OxFF)

MAX3601 toc12

N
\\ AVCC
N

| DvCC

\

T(%)

|
/
/
o

—

[
\\
X/ X\

——

LN

1k

lout (A)

10k

100k LY 10M

FREQUENCY (Hz)

lout RISE AND FALL TRANSIENT

—
o

o 4 N W A~ O N ™ ©

GAIN INLDAC B
(OFFSET = OxFF) 0UT1 PULSE OFF
- 0.35 -
5 0.30 \ 2T el
0.25 \ /
= |/
Ty=+125°C = 020 \ l
/ € 15
..,M ° \ I
5 010
° \ |
\ '/{ 0.05 \
N : J
Ty=-40°C
-0.05
0 100 200 300 10ns/div
CODE
Va TRANSFER TO lout NORMALIZED OUTPUT CURRENT
(GAIN = OFFSET = 0xFF) vs. OUTPUT VOLTAGE
o 120 -
S &
=
: .1/
= o /
2
o
=
20
0
1k 10k 100k M 10M 0 05 10 15

0.35

0.30

\ /[

0.25

\/

MAX3601 toc15

0.20

0.15

0.10

[\

0.05

J | N
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2ns/div

FREQUENCY (Hz)

0.8

0.6

COMPLIANCE ALARM TRIP VOLTAGE (V)

0.4

OUTPUT VOLTAGE (V)

OUT_ COMPLIANCE ALARM TRIP
VOLTAGE vs. REGISTER CODE

A

Ta=+125°C /

MAX3601 toc16

NS

A

// Ta=+125°C, -40°C

/

0 5 10
REGISTER CODE

15
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Typical Operating Characteristics (continued)

(Vavpp = Vpvbp = 1.8V, Vavee = Vpvee = 3.3V, Voyt = 0.7V, R = 8Q, EN_MAIN high, Ta =+25°C, unless otherwise noted.)

TEMPERATURE ALARM TRIP POINT

vs. REGISTER CODE OUT_ DISABLE TIME

140 - 20 2040
S 120 // g 18 \ 035
= Y z 16
5 10 iy 030
E 8 = | o 025 =
= s 12 =
= = W z
<< (&)
: w /] E 08 EN_MAIN 015 &
= 7 06 1] oRmagken 3
= / .
5 \ 0.0
N . \ 005

20 0 0

0 0 20 30 4 50 50ns/div
REGISTER CODE
SDA LOW VOLTAGE
OUT_ ENABLE TIME vs. SDA SINK CURRENT
20 2040 120 .
18— X 2035 g
g :

(A)

J
16 100

y 0.30
1.4 /‘ EN_MAIN —— E g

OR MARKER 0.25

=
S
= 12 — = 8
: /1 = yd
Z 10 out 020 E S 60
£ 08 [ N 5 /
= 0 [ 015 5 E 4 /
0.6 < 3
04 [ 0.10 //
02 [ 0.05 2
0 = 0 0
2us/div 0 5 10 15 20

SINK CURRENT (mA)
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Pin/Bump Configurations

T ssgesgess
= o O o o o o o o o
130: {291 {28} 27112611251 1241123, {22, {21
EN_MAIN] 31} 120 INC.
NC|32E 119 | DGND
MARKER | 33 118 | pvee
DIO/SDA | 34 § § 117 | Avee
CLK/SOL [ 35 MAX3601 116 | AGND
os| 36! | | 115 | AvoD
TESTA| 37 § § 14 | ovop
TESTC | 38 EP§ 113 | DGND
pofse}  f T 2 | Tests
D1 {40} 11| peLK
tiieiisiiaiisiieiiviisiioiii
NB388588¢C
THIN QFN
(5mm x 5mm)
TOP VIEW
(BUMP SIDE DOWN) MAX3601
1 2 3 4 5 6 7
+ - P N P P S,
al {oewo} {oursy {ours} {ourey {oum} (o} {out)
o | {ovect (oo} {oewo} {ovec) {oewo} wwR {ovec)
¢ | (oo} {weer (oo} {oawo} {yi {ooo) {07y

o | {ovoo} {mop} { oo} {oewo} {Testa} {os} (G

e| (s} (on ) {or ) (s {3} { ot} {TEsTC)
Pl ookt (o0} {os} (e} {4y o2 (oo}
wLP

(3.5mm x 3.0mm)
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Pin/Bump Description

PIN
NAME FUNCTION EQUIVALENT INPUT SCHEMATIC
TQFN-EP WLP
1 F6 D2
2 E5 D3
3 F5 D4 ,
4 E4 D5 Synchronous Video Data Inputs VDD
5 F4 D6 DIGITAL
6 E3 D7 INPUT
7 k3 D8 Synchronous Video Data Input. In DEMUX C
mode, D8 functions as the pixel clock.
8 D3 D9 , —
Synchronous Video Data Inputs
9 F2 D10
10 E2 D11 Synchronous Video Data Input, MSB
11 F1 DCLK Video Clock Input
TESTA,
12,37,38 | D5, E1, E7 TESTB, Test Pins. Connect to DGND.
TESTC
A1, B2,
13, 19, 21, B3, B5, -
04, 27 C3. C4. DGND Digital Ground. Connect to 0V.
Ce, D4
1.8V Digital Power Supply. Bypass DVDD
14 D1 DVDD to DGND with 0.1.|JF and 0.01uE capgmtors
as close as possible to the device with the
smaller value capacitor closest to DVDD.
1.8V Analog Power Supply. Bypass AVDD
15 D2 AVDD to AGND with 0.1.pF and 0.01uE capgcﬂors
as close as possible to the device with the
smaller capacitor closest to AVDD.
16 C1 AGND Analog Ground. Connect to OV.
3.3V Analog Power Supply. Bypass AVCC
17 co AVCC to AGND with 0.1.pF and 0.01uE capgcﬂors
as close as possible to the device with the
smaller capacitor closest to AVCC.
3.3V Digital Power Supply. Bypass DVCC
18 92 25 to DGND with 0.1uF and 0.01pF capacitors
’ 28‘ " | B1, B4, B7 DvCC (1 pair per pin) as close as possible to the
device with the smaller value capacitor
closest to DVCC.
20, 30, 32 . NC. No Connection. There is no connection from
the package to the IC.

Maxim Integrated
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Pin/Bump Description (continued)

PIN
NAME FUNCTION EQUIVALENT INPUT SCHEMATIC
TQFN-EP WLP
] LASER
23 A2 A3 oOUT3 Connection for Laser 3. Leave OUT3 OUTRUT
unconnected if unused.
26 A4, A5 oUT2 Connection for Laser 2. Leave OUT2
unconnected if unused.
29 A6, A7 OUTH Connection for Laser 1. Leave OUT1 AGND
unconnected if unused. —
Laser Enable Input with 100kQ Pulldown
31 Ch EN_MAIN | to DGND. Set EN_MAIN = high to enable
OUT1-0OUT3. DVCC
Video Marker Input with 100kQ Pullup to DIGITAL
33 B6 MARKER DVDD INPUT
34 C7 DIO/SDA | SPI and I12C Serial Data Input/Output
35 D7 CLK/SCL | SPI and I12C Serial Clock Input
SPI Chip Select with 100kQ Pulldown to =
36 D6 CS DGND. Connect CS to DVDD for 12C mode.
Set CS = low on power-up for SPI mode.
DVDD
39 F7 Do Synchronous Video Data Input, LSB DIGITAL
INPUT
40 E6 D1 Synchronous Video Data Input
Exposed Pad (TQFN Only). EP is internally
connected to DGND. The EP must be
— — EP connected to the PCB ground plane through
an array of vias for proper thermal and
electrical performance.

Maxim Integrated
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Functional Diagram

Al MAX3601
w VIDEO DEMULTIPLEXER g} : VIDED
0 J
> 2 PULSE TIMING ——Po,PH
-~ DEWUXA C : A ENAT, ENB1 — ENA, ENB
D3 . ; : —|ENA,
oo > Do T8 pea POM! VSA1 VST — vsa vsg  OUTPUT
> o4 T PHMT 0SA1, 0SB1 — OSA, 0SB
D5 | DDt g IR g POCT PHS1, AL1 — PHS, AL
D6yt D108 48  |e-A3 PHEN GA1, GBT — GA, GB
7
> Iy
D8 e \|
09 o> CLKIN o g VIDEO
D10 L] > CLK OUT C3 J o puseTmng  |—{PO.PH
o1ty A ENA2,ENB2 —| ENAENB 0o )
° DENIUX B POM2 VSA2, VSB2 —{ VSA, VSB
PHM2 0SA2, 0SB2 — OSA, 0SB
DO:D7 - LATCH L B1 POC2 PHS2, AL2 —{ PHS, AL
PHEN? GA2, GB2 —{ GA, GB
A3 \|
DEMUX G g; 8 VIDEO
D0:D7 - C1 3 J o PULSE TIMING ——Po.PH
> DATACLOCK |- G2 A ENAS,ENBS — ENAENB 0 0 o
D8 - C3 POM3 VSA3, VSB3 — VSA, VSB
DCLK D8 LATCHED DEMUX PHM3 053, 0383 — OSA, 0SB
SELECT POC3 PHS3, AL3 —| PHS, AL
MS — LOGIC PHEN3 GA3, GB3 — GA, GB
XL CLOCK SUBPIXEL TIMING — TEMPERATURE
P SUBPIXEL GENERATOR TALM — ALARM
ENABLE LOGIC (i=1, 2, 3) Egg
EN_MAIN oBA -\ TESTC
MARKER AND ENA;
TALM —] - M1S VE; @ AND — DGND
AL_—»- L VM AND o ENB; AGND
TSET <4 LN 0EB; | J
VE_ <a - SP =
- POM_ OR
- PHM_ AVCC _ Y
SERIAL PORT oy — PHEN; ovee | | 93
AND - ng_ POR POWER-ON
CS REGISTERS [# Vob_ RESET DVDD
L VSA_ o— +18V
DIO/SDA | GA_ AVDD T
CLK/SOL Igg;‘
0SB,
SR
—  BOLD LINE INDICATES PARALLEL DATA.

Maxim Integrated 21



Detailed Description

The laser driver for projectors supports video imaging
with red, blue, and green lasers. Each output includes
two 8-bit video/offset DACs with programmable gain and
offset.

Video Demultiplexer
The Video Demultiplexer supports three video formats
and pixel clock configurations. The video format and
demultiplexer are selected by the MUX select register
(MS) as shown in Table 7.

e [ e | wmi ]
o X m XK mo XK i XK X
ot X sl X o X sl X omm
2 X misl X i X el X aal XK
i3 X am X mE X am X aE X
D€ DYDY D
s X ma X mm XK masl XK oam X
6 X mie X m X owmsl X X
7 X nam X ow X mn X ra XK
DD EEEDH
o X msl X omin X omis X min XK
oo > miel X m XK mie X mia X
o O mm X me XK mm DX i X

e TR

Figure 5. Video Demultiplexer A Input Waveform
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Demux A
Demux A converts 4-bit input with DDR clock to 8-bit data
with pixel clock. Input data must be formatted as shown
in Figure 5. Four MSBs are latched on the rising edge of
DCLK, and four LSBs are latched on the falling edge of
DCLK.

Demux B
Demux B latches an 8-bit video input on the rising edge
of clock. The same video is sent to all outputs.

DO B1[0] B1[0]

D1 B1[1] B1[1]

D7 3 B1[7] B1[7]
v LI
- -~

Figure 6. Video Demultiplexer B Input Waveform
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PIXEL

D7-D0

D8

DCLK

ouTt

ouT2

0uT3

PIXEL1

PIXEL 2

C3 >< C1 >< G2 >< C3 >< C1 >< C2 >< C3 >< C1 ><

TN 0 o0 S

e S—

>< C2

N e -

C1, C2, C3 ARE 8-BIT VIDEO DATA, OUTPUT SHOWN FOR MS =2

e —

Figure 7. Video C Demultiplexer Input Waveform

DCLK-2
D 8 1
0 | Q
< —
D DCLK 8 C2
$ a D 0
Q -
<—eo
D
# DCLKp D
8 C3
Q | Q
<o
D >> =CLOCK ON BOTH
D7:D0 EDGES (DDR)
> =CLOCKON
RISING EDGE 08
DCLK LATCHED
> Q
D8 D

Demux C
Demux C is compatible with the data format of the
MAX3600. Data for the three outputs is multiplexed in
time and uses a DDR clock.

Figure 8. Video C Demultiplexer

Maxim Integrated
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Pulse Timing Generator
The Pulse Timing generator creates phases of the pixel
clock called subpixels (Figure 9). The subpixel timing
signals enable laser current output pulsing for use with

MAX3601

Laser Driver for Projectors

despeckling the laser light. Each output of the laser
driver can have different pulse widths or multiple pulses.
If unused, disable the subpixel generator (DO of register
0x0B) for additional power savings.

lout

—

Vour j

PO

PH

tPo

tPOH

SUBPIXEL | 14 | 15| 0 | 1 213|456 ([7]8

POM_REGISTER | 0 | 0 | 1 1 1 1 1 1 01010

PHM_REGISTER | 0 | 0 | O | 1 1 ofofo0ojo0o])0]o0O

VIDEO

PIXEL

PIXEL

Figure 9. Pulse Timing Generator
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Subpixel Programming
The subpixel programming bits (D[2:0] of register 0x0C)
determine the number of subpixels and duration of the
pulse time (Table 1). The pulse width is applied to every
pixel when the programmed pulse-off length > 0. This
can be dynamically implemented to adjust for various
lighting conditions.

Pulse-Off
The pulse-timing generator can be configured to skip
pulse events to save power. The Pulse-Off Configuration

Table 1. Subpixel Programming (SP
Register)

MAX3601

Laser Driver for Projectors

(POC) register selects options shown in Table 2. Random
pulse-off events are triggered from a 31-bit pseudo-
random bit-stream. By default, the PRBS is common to
all outputs. Bit D4 of the POC_ registers determine which
PRBS bits control each output (Table 3).

Pulse-off synchronization between outputs occurs when
POC_ registers match and POC_[4] = 0. For example, if
POC1 = POC2 = POC3 and POC_[4] = 0, the occurrence
of randomized pulse-off events at all outputs will be
synchronized.

Table 2. Pulse-Off Duty Cycle (POC_
Register)

sp fpixeL (MH2) ACTIVE INACTIVE POC_[3:0] PULSE-OFF DUTY CYCLE
MIN MAX SUBPIXELS SUBPIXELS 0000* Every pixel, 100%

000 150 200 07 8:15 0001 Random, 87.5%

001* 75 150 0:15 — 0010 Random, 75.0%

010 50 100 0:11 12,15 0011 Random, 62.5%

011 375 75 0:15 — 0100 Random, 50.0%

100 30 60 0:9 10:15 0101 Random, 37.5%

101 25 50 0:15 — 0110 Random, 25.0%

110 21.4 42.8 0:13 14:15 0111 Random, 12.0%

111 18.75 37.5 0:15 — IXXX Every other pixel, 50%

*Power-on default

Table 3. Random Pulse-Off Programming

*Power-on default

PRBS31 BITS USED
POC_[4]
OUTPUT 1 OUTPUT 2 OUTPUT 3
0* PRBS31[4], [3], [0] PRBS31[8], [7], [0] PRBS31[16], [15], [0]
1 PRBS31[2:0] PRBS31[2:0] PRBS31[2:0]

*Power-on default

Maxim Integrated
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