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Global Mixed-mode Technology

G5031

12-Channel, 16-Bit, Enhanced Spectrum, PWM,
RGB, LED Driver with 3.3-V Linear Regulator

Features

Power Supply Range:

Internal linear Regulator: 6V to 17V
Direct Power Supply: 3V to 5.5V

12 constant-current output channels
Drive up to 60mA Each Channel

Grayscale Control with Enhanced PWM:

16-bit (65536 steps)

Global Brightness Control :

7-bit (128 steps) for each color group
LED Supply Voltage: up to 17V
Excellent Current Accuracy:

Between Channels: £1%(typ.)
Between ICs: £1%(typ.)

Data Transfer Rate: 20MHz

Linear Regulator: 3.3V

Auto Display Repeat Function
Display Timing Reset Function
Internal/External Selectable GS Clock
Thermal Shutdown with Auto Restart
Available in QFN 4X4-24 Package
RoHS Compliant

General Description

The G5031 is a 12-channels, constant-current sink
driver, which is designed for RGB LED cluster lamp
applications using internal Pulse Width Modulation

(PWM) control with 16-bit color depth.
channel has

Each output
individually adjustable currents with

65536 PWM grayscale (GS) steps. Also, each color
group can be controlled by 128 constant-current sink
steps with the global brightness control (BC) function.
GS control and BC are accessible via a two-wire sig-
nal interface. The maximum current value for each
channel is set by a single external resistor. All con-
stant-current outputs are turned off when the IC is in

an over-temperature condition.

Applications
m RGB LED Cluster Lamp Displays

Ordering Information

ORDER TEMP. PACKAGE
numser | MARKING | g nGE (Green)
G5031051D 5031 -40°C to +85°C | QFN4X4-24

Note: Q5:QFN4X4-24
1: Bonding Code
U: Tape & Reel
Green : Lead Free / Halogen Free

Pin Configuration

SDTI [1 ] jrormmmmmmemmmmooees . [18] GND
SCKI | 2 | 17 | NC
NC [3] Thermal E IREF
NCIli Pad i [15] VREG
scko [5] | i [1a] NC
1o (o I [ SO—— | [13] vee

RIRIRIEIEIE

N N N O M ™

EQEERE

5 5 525 >

Do 00D0DO0

G5031 QFN4X4-24

Note: Recommend connecting the Thermal Pad
to the GND for excellent power dissipation.
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Typical Application Circuit

Typical Application Circuit Example (Internal Linear Regulator Using VCC=6V to 17V)

L= i i

T GND T —Jj
GND vce — [ﬂ’f\iﬂ | GND vee [Ojlii" ‘
~ ~
| VREG outROL—> 1\ f —|——VREG ouTRO—> - f
AN | AN ~ | ~
IREF outGo| ™ ‘\ } IREF ouTGo—> I s }
a3t || .~ Ll aso3t | | .~ Lol
OUTG3 - ; - 1 OUTG3 N ; N 1
\ \
OuTB3 N ‘: ] OuTB3 N |
Controller PATA »(SDTI SDTO| soTI SDTO| -
" »|SCKI SCKO SCKI SCKO -
L |
(1) The output voltage range is from 0V to 3.3V
Note: The number of LEDs in series changes, depending on the VCC voltage.
Typical Application Circuit Example (Direct Power Supplying VCC=3V to 5.5V)
vee l l N
bc +
T T
GND vee—— ‘ Option ND vee ‘ Option
O N 1 N 1
L_VREG ouTRO— - | N LVREG OUTRO| | f
~ AN A
IREF OUTGO, ‘ ‘ IREF OUTGO I ‘
G503t | . L G5031 | ~ P
OUTG3 \\ }\\ | ouTtG \\ ; \\ |
N N x N
s ouTB3 |— ezt —
ControllerDATA SDTI SDTO; SDTI SDT! -
Y CLK CKI SCKO| CKI SCKQ -
GND
L |

(1) The output operating voltage range is from OV to VCC

Typical Application Circuit Example (Direct Power Supplying VCC=3V to 5.5V, V| g=15V)

VLED l l
bc — _—
GND
vee l l -
oc +
GND T T
ND VCC Option ND VC Option
< ~Zpuon —pon
RN NS
L_VREG OUTRO| - t —VREG OUTRO| - I
e S I NN
IREF OUTGO ‘ ‘ IREF OUTG ‘ i
AN RN \
G5031 | | L 1 G5031 | &S ! O
OUTG3 1 } OUTG: t }
~ X
ouTB3 s I ouTB3 v |
vCC | |
Controller DAT. »SDTI SDT SDTI SDT!
o CLK »SCKI SCK SCKI SCKQ
GND

(1) The output operating voltage range is from 0V to VCC
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Absolute Maximum Ratings

Supply Voltage, VCC .. ............... -0.3V to 18V
Input Voltage

IREF. . ... . -0.3V to VREG + 0.3V
SDTILSCKL. . . oo -0.3V to VREG + 0.6V
Output Voltage

OUTRO to OUTR3, OUTGO to OUTG3, OUTBO to
OUTB3 . ... e -0.3Vto + 18V
SDTO,SCKO. . . ............. -0.3V to VREG + 0.3V
VREG. .. ... -0.3Vto + 6V

Output Current (DC)
OUTRO to OUTR3, OUTGO to OUTG3, OUTBO to

OUTBS . .t e 75mA
VREG. .. .. -30mA
Operating junction Temperature Tymax - - - - - - +150°C

Storage Temperature Tgg. .. ... ... -55°C to + 150°C
Electrostatic Discharge Rsting
Human body mode (HBM)

Machine mode (MM)

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress
ratings only, and functional operation of the device at these or any other conditions beyond those indicated under recommended
operating conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device relia-

bility.

(2) All voltage values are with respect to network ground terminal.

Recommended Operating Conditions

At T,=—40°C to +85°C, and VCC=6V to 17V or VCC=VREG=3 V to 5.5 V, unless otherwise noted.

PARAMETER | symsoL | MIN | Nom | MAX | uNIT

DC Characteristics
Supply voltage, internal voltage regulator used VCC 6 17 V
Supply voltage, VREG connected to VCC VREG 3 3.3 5.5 V
Voltage applied to output Vo 17 Y
(OUTRO to OUTR3, OUTGO to OUTG3, OUTBO to OUTB3)
High-level input voltage (SDTI, SCKI) Vi 0.7xVREG VREG V
Low-level input voltage (SDTI, SCKI) Vi GND 0.3xVREG V
Input voltage hysteresis (SDTI, SCKI) Vinys 0.2xVREG V
High-level output current (SDTO) lon -2 mA
Low-level output current (SDTO) lov 2 mA
Constant output sink current

loLc 60 mA
(OUTRO to OUTR3, OUTGO to OUTG3, OUTBO to OUTB3)
Voltage regulator output current (VREG) Irec -25 mA
Operating free temperature range Ta —40 +85 °C
Operating junction temperature T —40 +125 °C
AC Characteristics
Data clock frequency and GS control clock frequency, SCKI feLk (sck) 0.007 20 MHz
Pulse duration, SCKI twhltwL 10 ns
Setup time, SDTI — SCKIt tsu 5 ns
Hold time, SDTI — SCKI1t th 3 ns

Ver: 0.2
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Electrical Characteristics
V=6V to 17V or VCC=VREG=3V to 5.5V, VLED=5V, and Cygec=1uF. Typical values are at T, =+25°C and
VCC=12V. Parameters with MIN and/or MAX limits are 100% tested at +25°C, unless otherwise specified.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
High-level output voltage, _
SDTO/SCKO Vou |IOH=—2mA VREG-0.4| -- VREG \Y
Low-level output voltage, _
SDTO/SCKO Voo [IOL=2mA 0 0.4 \Y
Input current, SDTI/SCKI I VI=VREG or GND -1 1 pA

SDTI/SCKI=low, BLANK=1, GSn=FFFFh,

lec BCX=7Fh, Vourxn=1V, Rirer=25KQ (loLcmax=2mA) 2 4 mA

SDTI/SCKI=low, BLANK=1, GSn=FFFFh,

|CC1 ch:7Fh, VOUTXn:]-V: R|REF:l.7 kQ --- 6 9 mA
(loLcmax=30mA)

SDTI=10MHz, SCKI=20MHz, BLANK=0, auto
Supply current repeat enable, external GS clock selected,

lecz | GSn=FFFFh, BCX=7Fh, Vourxn =1V, 14 22 mA
R|RE|:=1.7|(Q (IOLCMax=30mA)
SDTI=10MHz, SCKI=20MHz, BLANK=0, auto
repeat enable, external GS clock selected,
lecs | GSn=FFFFh, BCX=7Fh, Vourxn =1V, 2 3 | mA
R|REF:0.83KQ (|o|_CMax:60mA)
Constant output current, All OUTXn on, BCX=7Fh, Vourxn=1V, Vouti=1V,
ourxn ¥ lore | R er=0.83KQ (lotcua=60MA) 56.3 | 605 | 647 | mA
Leakage output current, | All OUTXn off, BCX=7Fh, VOUTXn=17V, . N 01 A
OUTXn OLKG |/ urin=17V, Rirgr=0.83KQ (loLcuia=60mA) a
Constant-current error? _ _ _
(channel-to-channel in Alorc g” Og;—)égkogg’(IBCX_izg’n:/:;’””_vo“”'x_lv’ +1 +3 %
same color group), OUTXn IREF— OLCMax
Constant current error(2) All OUTXn on, BCX=7Fh, VOUTXn=Vourix = 1V,
(device-to-device in same Al Rirer=0.83kQ (IoLcmax=60mA), at same grouped +1 +4 %
color group), OUTXn OLCt | color output of OUTRO-3, OUTGO-3, and -
OUTBO0-3
Line regulation of con- _ _ _
stant-cgrrent output, Aloics AllOUTn on, BCX=7Fh, Vouna=Vourn=1V, +0.5 +1 %/\V

OUTXn(3) R|REF:O.83kQ (IOLCMEXZGO mA)

Load regulation of con-
All OUTn on, BCX=7Fh, V =Vouriix =1V,
stant-current output, Aloics Rirer=0.83KO) (lor =60 ;Lg;n OUTfix +1 +3 %V
—u. ax—

OUTXn(4)

Thermal shutdown tem- . o
perature Trsp  |Junction temperature(5) 130 145 160 C
Thermal shutdown hys- Thys | Junction temperature(5) 10 20 30 °C
teresis

Reference voltage output, Vier | Rirer=0.83kQ 1.195 1.225 | 1.255 \Y

IREF

Linear regulator output

voltage, VREG Vees | VCC=6V to 1V, IREG=0mA to —25mA 3.1 3.3 35 v

kégi;gf'?}ggg linear |\ oo |vec=6v to 17V, IREG=0mA 90 mv
';;’;ﬂ;foﬂu'\j‘g%r‘cg"f“”ear AViee: | VCC=12V, IREG=0mA to —25mA ~ | 120 | mv
Undervoltage lockout

release, VREG Vstr 2.5 2.1 29 v

Undervoltage lockout

hysteresis gi/REG Vivs 300 400 500 mv

(1) The deviation of each output in the same color group (OUTR0-OUTR3 or OUTGO0-OUTG3 or OUTB0-OUTB3) from the average
current from the same color group. Deviation is calculated by the formula:

A(%) = loLcxn ~1|x100
(loLexo +loexs +loiexa +lorexs)
4

Where: X=R/G/B, and n = 0-3

Ver: 0.2 TEL: 886-3-5788833
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(2) The deviation of each color group constant-current average from the ideal constant-current value.
Deviation is calculated by the following formula:

loLcxo +lotexa +lotex2 +lolexs (deal Output Current)

A(%) = 4 x 100
Ideal Output Current

Where: X=R/G/B.
Ideal current is calculated by the following formula for the OUTRn and OUTGn groups:

loLexngoeany, (MA) = 41X [ﬂ]
Rirer(Q)

Where: X=R/G/B.

(3) Line regulation is calculated by this equation:

AGIV) = ((IOLCX” at VCC =5.5V) = (g cx at VCC = 3VJ 100

X
(loLcxn @t VCC=3V) 5.5V -3V
Where: X=R/G/B, n = 0-3

(4) Load regulation is calculated by the equation:

A%/V) = (loLcxn @t Vourn =3V) ~(loroxn @t Vour =1V |~ 100
(loLexn at Vourxn =1V) 3V -1V
Where: X=R/G/B, n = 0-3

(5) Not tested, specified by design.

Switching Characteristics

PARAMETER TEST CONDITIONS MIN | TYP MAX UNIT
Rise time, SDTO/SCKO trRO == 3 10 ns
Rise time, OUTXn tR1 BCX=7Fh --= 5 15 ns
Fall time, SDTO/SCKO tFo --= 3 10 ns
Fall time, OUTXn tF1 BCX=7Fh === 15 25 ns

too [SCKIt to SDTO1| 10 25 60 ns
to1  [SCKI? to SCKO? 5 15 40 ns
tp21) |SCKO1 to SDTO1| 5 10 20 ns
SCKI? to OUTRn1|, BLANK=0, BCXn=7Fh,
tos |OUTTMG=1 or SCKI| to OUTRn1|, BLANK=0, 10 25 60 ns
) BCXn=7Fh, OUTTMG=0
Propagation delay SCKI1 to OUTGN1 |, BLANK=0, BCXn=7Fh,
toa [OUTTMG=1 or SCKI| to OUTGn1? |, BLANK=0, 25 50 90 ns

BCXn=7Fh, OUTTMG=0
SCKI1 to OUTBn1|, BLANK=0, BCXn=7Fh,

tos [OUTTMG=1 or SCKI| to OUTBn?|, BLANK=0, 40 75 120 ns
BCXn=7Fh, OUTTMG=0
tpe(2) |Last SCKI? to internal latch pulse genaration 8/fosc - 16384/ fosc sec
Shift clock output one
) P tw(scko) [SCKO1 to SCKO| 12 25 35 ns
pulse width
Internal oscillator fre-
fosc 6 10 12 MHz

guency
(1) The propagation delays are calculated by tp=tpo+tpi.

(2) The generation timing of the internal latch pulse changes depending on the SCKI clock frequency; see the Internal Latch
Pulse Generation Timing section.

Ver: 0.2 TEL: 886-3-5788833
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Pin Description

PIN NAME /0 FUNCTION
1 SDTI | Serial data input for the 224-bit shift register
Serial data shift clock input. Data present on SDTI are shifted to the LSB of the 224-bit
2 SCKI | shift register with the SCKI rising edge Data in the shift register are shifted toward the
MSB at each SCKI rising edge. The MSB data of the shift register appear on SDTO.
5 SCKO Vo Serial data shift clock output. The input shift clock signal from SCKI is adjusted to the
timing of the serial data output for SDTO and the signal is then output at SCKO.
Serial data output of the 224-bit shift register. SDTO is connected to the MSB of the
6 SDTO O |224-bit shift register. Data are clocked out at the SCKI rising edge.
Internal linear voltage regulator output. A decoupling capacitor of 1 uF must be con-
nected. This output can be used for external devices as a 3.3-V power supply. This
15 VREG I/0 |terminal can be connected with the VREG terminal of other devices to increase the
supply current. Also, this pin can be supplied with 3 V to 5.5 V from an external power
supply by connecting it to VCC.
Maximum current programming terminal. A resistor connected between IREF and GND
16 IREF O |sets the maximum current for every constant-current output. The external resistor
should be placed close to the device.
19 OUTRO ©]
22 OUTR1 O |RED constant-current outputs. Multiple outputs can be configured in parallel to increase
7 OUTR2 O [the constant-current capability. Different voltages can be applied to each output.
10 OUTR3 ®]
20 OUTGO ®]
23 OUTG1 O |GREEN constant-current outputs. Multiple outputs can be configured in parallel to in-
8 OUTG2 O |crease the constant-current capability. Different voltages can be applied to each output.
11 QOUTG3 ®]
21 OUTBO o
24 OUTB1 O |BLUE constant-current outputs. Multiple outputs can be configured in parallel to in-
9 ouUTB2 o |crease the constant-current capability. Different voltages can be applied to each output.
12 OUTB3 [®]
13 VCC - Power-supply terminal
GND,
} PowerPAD(PWP)| ~ _
Power ground terminal
18 GND, exposed i
thermal pad (RGE)
3,4,14,17 NC - Not connected

Minimum Footprint PCB Layout Section
QFN4X4-24

RRRRARAR™SRP

BIEEEE By

—A

4. 7mm

l%
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Block Diagram

G5031

vee G
fol 3.3V V%E
regulator 1
SDTI LSB MSB UVLO reset
i -
S 224 bit shift register ™~ sgro
o Clock 0 =
—
Q - SCKO
S timing ADJ 6 J|> O
218 Write command
decoder
Wrire ENA |
\] LSB Y MSB
interlat
p» Data latch > .
™| Datalate 218 bit data latch
controller
reset
f 0 217
External CLK 26
1 2 BLANK
A ¥ TMGRST 3 Thermal
interlat detector
> GSclock |-
Clock selector 192
» » counter
Blank
DSPRPT
‘" 16 GSX' &y oUuTTMG
| | . -
ntt_arna »| 16 bit ESPWM timing controller |«
oscillator
12
21 v
3 grouped switching delay
12
BCX A
REF Reference carrent » 12 channel constant sink current
O > driver / 7-Bit 3-Grouped BC
controller
GND
O_T

o O O o O O
OUTR0 OUTGO OUTBO OUTR3 OUTG3 OUTB3
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Parametric Measurement Information
Pin Equivalent Input/Output Schematics

VREG

INPUT

GND

Figure 1. SDTI/SCKI

Test Circuits

()

CVREG

RIREF’

Figure 3. OUTRO Through OUTB3

VREG

IREF

vcC

GND

OuUTX

VLED

oo ()

RL

CL=
GND

Figure 4. Rise/Fall Time Test Circuit for OUTXn

=

VREG
p——— OUTPUT
¥
GND
Figure 2. SDTO/SCKO
p—— OUTX
A
GND
VCC
vcec
o C) VREG SDTO/SCKO
GND - — GND =
CVREG CL

Figure 5. Rise/Fall Time Test Circuit for SDTO/SCKO

VCC

GND

CVREG

:

VEC  ouTRO
VREG
OUTX
IREF \
VOUTX
OUT53——Iq vouT
GND oo e C_)
RIREF CEGND GND

Figure 6. Constant-Current Test Circuit for OUTXn
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Timing Diagrams

Tk Tw!
i
1
1
1
SCKI" 50% —=f----mmmm e Y
i
1
1
1
:4 Twn T
Tsu Ty
-=-= VREG
i i
| I
SCKIM  50% ===== === mm = e e e e e e
i i
1 1
! ! --- GND
i Tsu | DT
|—— ]
I I
! ! --- VREG
I I
I I
[}
SDTI 50% ———————Y---—mmmm e
I I
1 1
' ' === GND
(1) Input pulse rise and fall time is 1ns to 3ns.
Figure 7. Input Timing
tRO' tR1' tFO' tF1' tDO’ tD1' tD2' tDB’ tD4' tD5:
=== VREG
|NPUT(1) 50% - f}-------—-—-———————-"—-"-"f-—"—"—""—— - — -
=== GND
=== Voy of VourxnH
90% ——=—=-\-—f-—--———--——me LR ——--
OUTPUT  50% ———-=Y----——---————— - fmmmmmm— - m—— - 1-
10% —===f=-%-——-mmmmmmm A -
=== VoL 0or VourxnL
_’; :“_ frorte
(1) Input pulse rise and fall time is 1ns to 3ns.
Figure 8. Output Timing
Ver: 0.2 TEL: 886-3-5788833
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Write Command (6 Bits) Write Data (218 Bits)

ATA DATA \f DATA DATA DATA DATA
21TB 2B 1B (]Ei 216C 215C

SDTI
tym
§
SCKI f | | | | I | | | | !
1 2 6 S 222 223 224 1 2 3 4 5 6 7 8 9
e dmoman o NomeX o A R G iy ) R G )
LSB (Internal) 0A cmm 2178, CMDS5, CMD1 s AV
O ) € il €5 € o Ery €y G G €y G SR
LSB + 1 (Internal) __1A J\ 0A OMDOy 0B —m———
224-Bit Shift Register WAT whT \/WRT DATA \/DATA WAT oaa\/ oA\ oA\ oaa
MSB - 1 (Internal) CMD4 CMD3 /ACMD2Z, 216A M\ 215A CMD3, 2178 A\ 2168 /\ 2158 A\ 2148 I
i tmamay oo G 6 Ry € 6 65 65 65 S
MSB (Internal) CMD5 CMD4 217A 216A 2 A28 25BN\
Latch Signal
(Internal) i (« rmm—e
1)) 7T
Latch Data 55 5
(Internal) " g Previous Data X Latest Data (All GS Data are 0001h)
. {4 L 1
.ANK Bit in Data Latch ) T \
(Internal) L I,
1
‘GCK BitinDatalatth | . ——— ===
0 /
(Internal) £ I
LM R
4
TMG Bit in Data Latch / """
(Internal) 4 0
-
WRT WAt DATA wrr \/Daa\/DaTA \/ DATA
soro. g | Yam) DIIQ ) (o (b ) 65 ) G0
tro/tro
= D1 tW(SL‘,KO)
§ ]
SCKO % | | | | [ | | | | | | | l ! i
™ tgq
Vord) ) |
OFF K] 7 T e |
OUTRO-R3 ON ---LYO.UIXEL.) ...... Aﬁ. .......... ‘,‘r ............ ! ! .
—f | g,
Mourxnr) ” « tos =
outgoGa O Vo) § 7 - 19\ - —“"/"/”"/”
- ’
ON ===== WL - (R frmmmmmmm————- /
to, —=i ——
D4
Mourxnr) « «
oUTEOBS ' Voured” iy "’ A
- ’
OUTXnL
ON ==============- A= ————— frmmmmmmmm————— ! L \tt—/
05—

OUTXn on-off timing depends on previous GS data in the 218-bit data latch.
The propagation delay time shows the period from the rising edge of the last SCKI, not the 224th SCKI to the internal latch signal
eration.

Figure 9. Data Write and OUTXn Switching Timing (OUTTMG = 1)
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SDTI

SCKI

224-Bit Shift Register
LSB (Internal)

224-Bit Shift Register
LSB + 1 (Internal)

224-Bit Shift Register
MSB - 1 (Internal)

224-Bit Shift Register
MSB (Internal)

Latch Signal
(Internal)

Latch Data
(Internal)

BLANK Bit in Data Latch

(Internal)

EXTGCK Bit in Data Latch
(Internal)

OUTTMG Bit in Data Latch
(Internal)

SDTO

SCKO

OF
OUTRO-R3

OFF
OUTGO-G3

OFF
OUTB0-B3

Write Command (6 Bits) Write Data (218 Bits)

DATA DATA DATA \f DATA DATA WRT DATA \f DATA \/ DATA
0A 2178 28 18 08 CMD1 217c A 216C M\ _215C
b
§ -
[
) [ .
1 2 6 222 223 224 1 2 3 4 5 6 7 8 9
|ty
DATA WRT DATA’ WART oAy
0A CMD4 2178, 4 CMDS, 216C
DATA DATA \f WRT WAT ATA
1A 0A A CMD5 chDo,, B
WRT DATA \fDATA WRT para\oaa\foama\foara N
CMD4 2164 M\2154 CMD3 2178 A\ 2168 A\ 2158 A\ 2148
WRT DATA \fDATA WRT EAYECAYISA A
CMD5 217A J\ 2164, CMD4, 21768 A\ 2168 A\ 2158
L L
p) R
(1“ {S‘J """"
Previous Data X Latest Data (All GS Data are 0001h)
L( I
) e
L0 {4 1
) Rl
\ o
1
L {4 0 /
) 1
|
WRT WRT EAGAE
CMD5 CMD4, 2178 A 2168 A\ 2158
|
=
| ” | ” | || || i
1 1y
. ey
Vourxnn) « «
{ s _— e
oo Nowmed______ N . ! !
b 1,
thg —== |-
Vourxnn) . . D3
™ ) { s - ——————
OUTXnL ’
--------------- fpmmmmm e
toy —=
Vourxan) « .
) ) e Y
Mourx) !
--------------- S SEEEEEEEEEE EEEeE e Ry
tos —=

(1) OUTXn on-off timing depends on previous GS data in the 218-bit data latch.
(2) The propagation delay time shows the period from the rising edge of the last SCKI, not the 224th SCKI to the internal latch signal

generation.

Figure 10. Data Write and OUTXn Switching Timing (OUTTMG = 0)
Ver: 0.2 TEL: 886-3-5788833
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Application Information

Maximum Constant Sink Current Setting

The maximum constant sink current value for each channel, IOLCMax, is programmed through a single resistor,
Rirer, placed between IREF and GND. The desired value can be calculated with Equation 1:

Rirer(k) :—VIRE: V) x 41
loLcvax (MA)

Where:

Virer = the internal reference voltage on the IREF pin (1.225V, typically, when the global brightness control data are at
maximum),

loLemax = 2MA to 60Ma

loLcmax iS the maximum current for each output. Each output sinks the Io cvax CUrrent when it is turned on and global bright-
ness control data (BC) are set to the maximum value of 7Fh (127d).

Rirer must be between 0.837 kQ and 25.1 kQ to hold Io cvax between 60mA (typical) and 2mA (typical).

Otherwise, the output may be unstable. Output currents lower than 2mA can be achieved by setting lo, cvax t0 2mA or high-
er and then using global brightness control to lower th output current. The constant-current sink values for specific external
resistor values are shown in Figure 11 and Table 1.

Table 1. Maximum Constant-Current versus External Resistor Value

IOLCMax (mA) Rirer (kQ, Typical)

60 0.837

55 0.913

50 1.005

45 1.12

40 1.26

35 1.44

30 1.67

25 2.01

20 251

15 3.35

10 5.02

5 10.04

25.1
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Global Mixed-mode Technology

Global Brightness Control (BC) Function (Sink Current Control)

The G5031 has the capability to adjust all output currents of each color group (OUTRO0-3, OUTGO0-3, and OUTBO0-3)
to the same current value. This function is called global brightness (BC) control. The BC data are seven bits long,
which allows each color group output current to be adjusted in 128 steps from 0% to 100% of the maximum output
current, IOLCMax. The BC data are set via the serial interface. When the BC data are changed, the output current
is changed immediately.

When the IC is powered on, all outputs are forced off by BLANK (bit 213). BLANK initializes in the data latch but
the data in the 224-bit shift register and the 218-bit data latch are not set to a default value, except for the BLANK
bit. Therefore, BC data must be written to the data latch when BLANK is set to '0'.

Equation 2 determines each color group maximum output sink current:

lour(MA)=loLcmax (MA)X [ BCX }

127d

Where :

loLemax = the maximum channel current for each channel determined by R ger

BC = the global brightness control value in the data latch for the specific color group
(BCX=0d to 127d, X=R/G/B)

Table 2 summarizes the BC data value versus the output current ratio and set current value.

Table 2. BC Data versus Current Ratio and Set Current Value

BC Da- BC Data Output Current | o | 2MA loLcvax
ta(Binary) (Decimal) BC Data (Hex) | Ratio 10 lovcwax (mA, Typical) (mA, Typical)
(%, Typical)
000 0000 0 00 0 0 0
000 0001 1 01 0.8 0.47 0.02
000 0010 2 02 16 0.94 0.03
1111101 125 7D 98.4 59.06 1.97
111 1110 126 7E 99.2 59.53 1.98
1111111 127 7F 100 60 2
Ver: 0.2 TEL: 886-3-5/88833
May 05, 2020 http://www.gmt.com.tw

13



BT R

Global Mixed-mode Technology

G5031

Grayscale GS Function (PWM Control)

The G5031 can adjust the brightness of each output channel using the enhanced spectrum pulse width modulation
(ES-PWM) control scheme. The PWM bit length for each output is 16 bits. The use of the 16 bit length results in
65536 brightness steps from 0% to 100% brightness.

The PWM operation for all color groups is controlled by a 16 bit grayscale (GS) counter. The GS counter incre-
ments on each rising or falling edge of the external or internal GS reference clock that is selected by OUTTMG (bit
217) and EXTGCK (bit 216) in the data latch. When the external GS clock is selected, the GS counter uses the
SCKI clock as the grayscale clock. The GS counter is reset to 0000h and all outputs are forced off when BLANK
(bit 213) is set to '1' in the data latch and the counter value is held at '0' while BLANK is '1', even if the GS refer-
ence clock is toggled in between.

Equation 3 calculates each output (OUTXn) total on-time (tour on):

tout on (NS) = tescik (NS) GSXn

Where:

tescik = one period of the selected GS reference clock

(internal clock = 100ns typical, external clock = the period of SCKI)

GSXn = the programmed GS value for OUTXn (0d to 65535d) (3)

Table 3 summarizes the GS data values versus the output total on-time and duty cycle. When the IC is powered
up, BLANK (bit 213) is set to '1' to force all outputs off; however, the 224 bit shift register and the 218-bit data latch
are not set to default values. Therefore, the GS data must be written to the data latch when BLANK (bit 213) is set

to'0'.

Table 3. Output Duty Cycle and Total On-Time versus GS Data

GS DATA GS DATA ON-TIME DUTY GS DATA GS DATA ON-TIME
(decimal) (hex) (%) (decimal) (hex) DUTY (%)

0 0 0 32768 8000 50.001

1 1 0.002 32769 8001 50.002

2 2 0.003 32770 8002 50.004

3 3 0.005 32771 8003 50.005
8191 1FFF 12.499 40959 9FFF 62.499
8192 2000 125 40960 A000 62.501
8193 2001 12.502 40961 A001 62.502
16383 3FFF 24.999 49149 BFFF 74.997
16384 4000 25 49150 C000 74.998
16385 4001 25.002 49151 C001 75
24575 5FFF 37.499 57343 DFFF 87.5
24576 6000 37.501 57344 E000 87.501
24577 6001 37.502 57345 E001 87.503
32765 7FFD 49.996 65533 FFFD 99.997
32766 7FFE 49.998 65534 FFFE 99.998
32767 7FFF 49.999 65535 FFFF 100

Ver: 0.2 TEL: 886-3-5788833
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Enhanced Spectrum (ES) PWM Control

Enhanced spectrum (ES) PWM has the total display period divided into 128 display segments. The total dis-
play period refers the period between the first grayscale clock input to the 65536th grayscale clock input af-
ter BLANK (bit 213) is set to '0'. Each display period has 512 grayscale values, maximum. Each output
on-time changes depending on the grayscale data. Refer to Table 4 for sequence information and Figure 23
for timing information.

Table 4. ES-PWM Drive Turn-On Time Length

GS DATA GS DATA OUTn DRIVER OPERATION
(dec) (hex)
0 0000h Does not turn on
1 0001h Turns on during one GS clock period in the 1st display period
2 0002h Turns on during one GS clock period in the 1st and 65th display period
3 0003h Turns on during one GS clock period in the 1st, 33rd, and 65th display period
4 0004h Turns on during one GS clock period in the 1st, 33rd, 65th, and 97th display period
5 0005h Turns on during one GS clock period in the 1st, 17th, 33rd, 65th, and 97th display period
6 0006h Turns on during one GS clock period in the 1st, 17th, 33rd, 65th, 81st, and 97th display period
The number of display periods that OUTXn is turned on during one GS clock is incremented by
the GS data increasing in the following order. The order of display periods that the output turns
on are: 1, 65, 33, 97, 17, 81, 49, 113, 9, 73, 41, 105, 25, 89, 57, 121, 5, 69, 37, 101, 21, 85, 53,
117, 13, 77, 45, 109, 29, 93, 61, 125, 3, 67, 35, 99, 19, 83, 51, 115, 11, 75, 43, 107, 27, 91, 59,
o o 123,7, 71, 39, 103, 23, 87, 55, 119, 15, 79, 47, 111, 31, 95, 63, 127, 2, 66, 34, 98, 18, 82, 50,
114, 10, 74, 42, 106, 26, 90, 58, 122, 6, 70, 38, 102, 22, 86, 54, 118, 14, 78, 46, 110, 30, 94,
62, 126, 4, 68, 36, 100, 20, 84, 52, 116, 12, 76, 44, 108, 28, 92, 60, 124, 8, 72, 40, 104, 24, 88,
56, 120, 16, 80, 48, 112, 32, 96, 64, and 128.
127 007Fh Turns on during one GS clock period in the 1st to 127th display period, but does not turn on in
the 128th display period
128 0080h Turns on during one GS clock period in all display periods (1st to 128th)
129 0081h Turns on during two GS clock periods in the 1st display period and one GS clock period in the
next display period
The number of display periods where OUTn is turned on for two GS clocks is incremented by
B B the increased GS data similar to the previous case where the GS value is 1 trough 127
255 00FEh Turns on during two GS clock periods in the 1st to 127th display period, but only turns on dur-
ing one GS clock period in the 128th display period
256 0100h Turns on during two GS clock periods in all display periods (1st to 128th)
257 0101h Turns on during three GS clock periods in the 1st display period and two GS clock periods in
the next display period
Display periods with OUTn turned on is incremented by the increased GS data similar to 0101h
B B operation
65478 FEFFh Turns on during 511 GS clock periods in the 1st to 127th display period, but only turns on 510
GS clock periods in the 128th display period
65280 FFOOh Turns on during 511 GS clock periods in all display periods (1st to 128th)
65281 FFO1h Turns on during 512 GS.cIock periods in the 1st display period and 511 GS clock periods in the
2nd to 128th display periods
65534 FEFER Turns on during 512 GS clock periods in the 1st to 63th and 65th to 127th display periods, and
turns on 511 GS clock periods in the 64th and 128th display periods
65535 FEFEh Turns on during 512 GS clock periods in the 1st to 127th display period, but only turns on 511
GS clock periods in the 128th display period
Ver: 0.2 TEL: 886-3-5788833
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Figure 23. ES-PWM Operation
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Register and Data Latch Configuration

The G5031 has a 224bit shift register and a 218 bit data latch that set grayscale (GS) data, global brightness con-
trol (BC), and function control (FC) data into the device. When the internal latch pulse is generated and the data of
the six MSBs in the shift register are 25h, the 218 following data bits in the shift register are copied into the 218 bit
data latch. If the data of the six MSBs is not 25h, the 218 data bits are not copied into the 218 bit data latch. The
data in the data latch are used for GS, BC, and FC functions. Figure 24 shows the shift register and the data latch
configuration.

224-Bit Shift Register

H MSB LSB !
H Write Write Write Write Write Wite | Write Write Write Write  |-e;— SDTI
SDTO ==——{Command| ... Command| Data Data Data Data e Data Data Data Data 1
! Bit 5 gito | Bit217 | Bit216 | Bit2is | Bit214 Bit 3 Bit 2 Bit 1 Bito [=—— SCKI
H 223 218 217 216 215 214 3 2 1 0 H
L e e e m e e e e m i m e e m o —m——————————— i
I
I
218
6 218-Bit Data Latch

e e L

1

1 MSB LSB

. . H " Internal
6-Bit Write ' ouT EXT T™MG DSP .. | ouTRo | OUTRO | OUTRO | OUTRO Latch Pulse
Command H T™MG GCK RST RPT Bit 3 Bit 2 Bit 1 Bit0
Decoder 1 -
! 217 216 215 214 3 2 1 0
.
Write Command = 25h (100101b) -I ‘
26 192 The in;ernal \a}ch pulse is generated
after eight periods between the last
2 SCKI rising edges with no input.

To the three groups of 7-bit BC, To GS timing control circuit.
PWM timing control, GS clock counter,
and clock select circuit.

Figure 24. Common Shift Register and Control Data Latch Configuration

224 Bit Shift Register

The 224 bit shift register is used to input data from the SDTI pin with the SCKI clock into the G5031. The shifted
data in this register is used for GS, BC, and FC. The six MSBs are used for the write command. The LSB of the
register is connected to the SDTI pin and the MSB is connected to the SDTO pin. On each SCKI rising edge, the
data on SDTI are shifted into the register LSB and all 224 bits are shifted towards the MSB. The register MSB is
always connected to SDTO. When the device is powered up, the data in the 224 bit shift register is not set to any
default value.

218 Bit Data Latch

The 218 bit data latch is used to latch the GS, BC, and FC data. The 218 LSBs in the 244 bit shift register are
copied to the data latch when the internal latch pulse is generated with the 6-bit write command, 25h (100101b).
When the device is powered up, the data in the latch are not reset except for BLANK (bit 213) which is set to '1' to
force all outputs off. Therefore, GS, BC, and FC data must be set to the proper values before BLANK is set to '0'.
The 218 bit data latch configuration is shown in Figure 25 and the data bit assignment is shown in Table 5.
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From LSB-side of 224-bit shift register.

218
218-Bit Data Latch
] MSB LSB H
! 217 216 215 214 213 212-206 205199 198-192 191 176 a1 16 15 0 '
1]
1
"
1| ourtve | extow | tmarst [ oseReT | BLank | BcDma | BGDam | BCDam | grng ouTEs ouTao outeo | outro outro | 4
H s '= - - '= Bits 60 Bits 6.0 Bits 6-0 Bit 15 BitD Bit 15 Bito Bit 15 BitD [
1 | Rising Edge | Exteral Reset Repeat Blank forBLUE | for GREEN | for RED ' 1
1}
1
' Funtion Control Data (5 Bits) BC Data for OUTRN/Gr/Bn GS Data for OUTB3 GS Data for OUTGO GS Data for OUTRO H
! 7 Bits x 3= 21 Bits) (16 Bits) (16 Bits) {16 Bits) :
T 5 T 21 182
To function control (FC) circuit. To global brightness control (BC) circuil. To grayscale liming control (GS) circuit.

Figure 25. 218 Bit Data Latch Configuration

Table 5. Data Latch Bit Assignment

BIT NUMBER | BIT NAME CONTROLLED CHANNEL/FUNCTIONS
15-0 GSRO GS data bits 15 to 0 for OUTRO
31-16 GSGO0 GS data bits 15 to 0 for OUTGO
47-32 GSBO0 GS data bits 15 to 0 for OUTBO
63-48 GSR1 GS data bits 15 to 0 for OUTR1
79-64 GSG1 GS data bits 15 to 0 for OUTG1
95-80 GSB1 GS data bits 15 to 0 for OUTB1
111-96 GSR2 GS data bits 15 to 0 for OUTR2
127-112 GSG2 GS data bits 15 to 0 for OUTG2
143-128 GSB2 GS data bits 15 to 0 for OUTB2
159-144 GSR3 GS data bits 15 to 0 for OUTR3
175-160 GSG3 GS data bits 15 to 0 for OUTG3
191-176 GSB3 GS data bits 15 to 0 for OUTB3
198-192 BCR BC data bits 6 to 0 for OUTRO0-3
205-199 BCG BC data bits 6 to 0 for OUTGO-3
212-206 BCB BC data bits 6 to 0 for OUTBO-3

Constant-current output enable bit in FC data (0O = output control enabled, 1 = blank). When this bit is
'0', all constant-current outputs (OUTRO-OUTB3) are controlled by the GS PWM timing controller.
When this bit is '1', all constant-current outputs are forced off. The GS counter is reset to '0', and the

213 BLANK

GS PWM timing controller is initialized. When the IC is powered on, this bit is set to '1'.

Auto display repeat mode enable bit in FC data (0 = disabled, 1 = enabled). When this bit is '0', the
auto repeat function is disabled. Each constant-current output is only turned on once, according the GS
214 DSPRPT | data after BLANK is set to '0' or after the internal latch pulse is generated with the TMGRST bit set to
1. When this bit is '1', each output turns on and off according to the GS data every 65536 GS refer-
ence clocks.

Display timing reset mode enable bit in FC data (0 = disabled, 1 = enabled). When this bit is '1', the GS
counter is reset to '0' and all constant-current outputs are forced off when the internal latch pulse is
215 TMGRST | generated for data latching. This function is the same when BLANK is set to '0". Therefore, BLANK
does not need to be controlled by an external controller when this mode is enabled. When this bit is '0’,
the GS counter is not reset and no output is forced off even if the internal latch pulse is generated.

GS reference clock select bit in FC data (0 = internal oscillator clock, 1 = SCKI clock). When this bit is
216 EXTGCK | "1, PWM timing refers to the SCKI clock. When this bit is '0', PWM timing refers to the internal oscillator
clock.

GS reference clock edge select bit for OUTXn on-off timing control in FC data (0 = falling edge, 1 =
217 OUTTMG | rising edge). When this bit is '1', OUTXn are turned on or off at the rising edge of the selected GS ref-
erence clock. When this bit is '0', OUTXn are turned on or off at the falling edge of the selected clock.
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Internal Latch Pulse Generation Timing

The internal latch pulse is generated when the SCKI rising edge does not change for 8x the period between the
last SCKI rising edge and the second to last SCKI rising edge if the data of the six MSBs in the 244 bit shift regis-
ter are the command code 25h. The generation timing changes as a result of the SCKI frequency with the time
range between 16384 times the internal oscillator period (2.74ms), maximum, and 8x the internal oscillator period
(666 ns), minimum. Figure 26 shows the internal latch pulse generation timing.

The internal latch pulse is generated when the SCKI rising edge is not input during 8 times of
Period A if the 6-bit data of the MSB-side in the 244-bit shift register is the command code 25h.

1 2 3 4 N-3  N-2 |N—1 N |
Pl —> QTP
g ... The next SCKI clock should start after 8 or more
Period A " clock periods (1.34 us, min) of the internal clock
Latch Pulse from the internal latch pulse generation timing.
(Internal)
224-Bit Shift
Register Data
(Internal)
218-Bit _—— ———— .
>< 218-bit data are copied from shift register
D?lt:ré_:qt::; —— . whenthe internal latch isgenerated. .

Figure 26. Data Latch Pulse Generation Timing

Auto Display Repeat Function

This function repeats the total display period without a BLANK bit change, as long as the GS reference clock is
available. This function can be enabled or disabled with DSPRPT (bit 214) in the data latch. When the DSPRPT bit
is '1', this function is enabled and the entire display period repeats without a BLANK bit data change. When the
DSPRPT bit is '0', this function is disabled and the entire display period executes only once after the BLANK bit is
set to '0' or the internal latch pulse is generated when the display timing reset function is enabled. Figure 27 shows
the auto display repeat operation timing.

BLANK Bit

l¢——— 1st Display Period ————»

in Data Latch |
(Internal) -—— -— -
1 4 65534 1 4 65534 1 4 7 10 1 65534 1
2 5 65535 2 5 65535 2 5 8 2 65535 2
3 ==== 65533 65536 3 === 65533 65536 3 6 9 65536
GS Reference Clock
(SCKI or Internal Oscillator) e I .
I 1 I 1
DSPRPT =1 ! ! i
_ (Auto Repeat On) 1 1 !
DSPRPT Bit . —— : I DSPRPT=0 |
in Data Latch 1 | (Auto Repeat Off) 1
(Internal) : —-_——— :
i i i
1 I
I
]

]
]
1
1
1
|

1st
) e
«+—— 2nd Display Period —1  +4— 3rd Display Period — * Display Period !

) L ! OUTn is not turned;
Display period is repealed OUTn is forced off 1 on until the next !
by auto refrash function. when BLANK is '1". | BLANK changes \

I to'0". Y

— I S T

1
1
i
]
OFF !

QUTXn —l_
(GSDATA = FFFFh) ON

T

Figure 27. Auto Repeat Display Function
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Display Timing Reset Function

This function allows the display timing to be initialized using the internal latch pulse, as shown in Figure 28. This
function can be enabled or disabled by TMGRST (bit 215) in the data latch. When the TMGRST bit is '1', the GS
counter is reset to '0' and all outputs are forced off when the internal latch pulse is generated. This function is the
same when the BLANK bit changes (such as from '0' to '1' and from '1' to '0"). Therefore, the BLANK bit does not
need to be controlled from an external controller to restart the PWM control from the next GS reference clock rising
edge. When this bit is '0', the GS counter is not reset and no output is forced off even if the internal latch pulse is
generated. Figure 28 shows the display timing reset operation.

BLANK Bl e e e e e e o e e e e
in Data Latch 0 = No BLANK.
(Internal) ==
TMGRST Bit __ 1 = Display timing reset function is enabled.
in Data Latch
(Internal) — o T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T e
. 1 = OUTXn on-off state is changed at the rising edge of the clock selected by the EXTCLK bit.
EXTCLK Bit —-
in Data Latch
(Internal) = o T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T S ST
) 1 = OUTXn on-off state is changed at the rising edge of the clock selected by the EXTCLK bit.
OUTTMG Bit -
in Data Latch
(Internal) —====== =" e e e e e e e e e e e e e e e e e e e e e e e e e e ————————
£
SCKI  ___| Vo
N-4  N-3 N-2  IN-1 | N ,  8xorgreater internal |\ 1 2 3 e
I4—» | 44— Bx Period A ——» :‘" clock period bl
Internal Latch Pulse Period A (1.34 us, min).
(Internal)

A

B R U G =D TR T N 2 8

(Internal) When the TMGRST bitis ', the GS counter is
reset to ‘0’ at the internal latch pulse generation timing. ... OFF
OFF  =====- Also, OUTXn is forced off at the same time. ™4
ouma ON | | ON

Figure 28 Display Timing Reset Function

Output Timing Select Function

This function selects the on-off change timing of the constant-current outputs (OUTXn) set by OUTTMG (bit 217) in
the data latch. When this bit is ‘1, OUTXn are turned on or off at the rising edge of the selected GS reference clock.
When this bit is '0', OUTXn are turned on or off at the falling edge of the selected clock. Electromagnetic interfer-
ence (EMI) of the total system can be reduced using this bit setting. For example, when the odd number of devices
in the system have this bit set to '0' and the even number of devices in the system have this bit set to '1', EMI is
reduced because the devices change the OUTXn status at a deferent timing. Figure 29 and Figure 30 show the
output switching timing when the OUTTMG bit is '1' and '0', respectively.
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1
BLANK Bit

in Data Latch | 0
{

(Internal) D))

EXTCLK Bit 1 = SCKI used for OUTXn on-off timing control.

in Data Latch
(Internal) === === S e e e e e e e S s ———— il

OUTTMG Bit 4
in Data Latch
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ON ----- 4
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Figure 29. Output On-Off Timing with Four-Channel Grouped Delay (OUTTMG=1)
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Figure 30. Output On-Off Timing with Four-Channel Grouped Delay (OUTTMG=0)
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The thermal shutdown (TSD) function turns off all IC constant-current outputs when the junction temperature (T;)
exceeds the threshold (T+sp = +145°C, typ). When the junction temperature drops below (Ttsp — Thys), the output
control starts at the first GS clock in the next display period.

Noise Reduction

Large surge currents may flow through the IC and the board if all 12 outputs turn on simultaneously at the start of
each GS cycle. These large current surges could induce detrimental noise and EMI into other circuits. The G5031
turns on the outputs for each color group independently with a 25 ns (typ) rise time. The output current sinks are
grouped into three groups. The first group that is turned on/off are OUTRO-3; the second group that is turned on/off
are OUTGO-3; and the third group is OUTBO0-3. However, the state of each output is controlled by the selected GS
clock; see the Output Timing Select Function section.

How to Control the G5031

To set each function mode, BC color, GS output, 6 bit write command, 5 bit FC data, 21 bit BC data for each color
group, and 192 bit GS data for OUTXn, a total number of 224 bits must be written into the device. Figure 31 shows
the 224 bit data packet configuration.

When N units of the G5031 are cascaded (as shown in Figure 32), N x 224 bits must be written from the controller
into the first device to control all devices. The number of cascaded devices is not limited as long as the proper
voltage is supplied to the device at VCC. The packets for all devices must be written again whenever the data in
one packet is changed.

MSB LSB
Write Function BC for BC for BC for GS for GS for GS for 16 Bits GS for GS for GS for
Command Control BLUE GREEN RED ouTB3 ouUTG3 QUTR3 6 ouTBO OuUTGO QOUTRO
(6 bits, 25h) (5 bits) (7 bits) (7 bits) (7 Bits) (16 Bits) (16 Bits) (16 Bits) * (16 Bits) (16 Bits) (16 Bits)
Figure 31. 224 Bit Data Packet Configuration
VLED
IV s 10 Pl s 1]
o AN SN SN S
GND
) IV ) s 10 ) P s 1]
P PARrs PARrs PR
G5031 G5031 G5031 G5031
vcc vcc vcc VCC
1 2 N-1 N
DATA » — |
SDTI SDTO| SDTI SDTO| SDTI SDTO SDTI SDTO|
Controller
| SCKI SCKO SCKI SCKO _ SCKI SCKO SCKI SCKO——
GND  CLK i

3.3V
bC
GND

IREF

VREF

GND

GND
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b
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GND

VREF
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GND
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Figure 32. Cascading Connection of N G5031 Units
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Data Write and PWM Control with Internal Grayscale Clock Mode

When the EXTCLK bit is '0', the internal oscillator clock is used for PWM control of OUTXn (X = R/G/B and n

= 03) as the GS reference clock. This mode is ideal for illumination applications that change the display im-

age at low frequencies. The data and clock timing is shown in Figure 9 and Figure 33. A writing procedure

for the function setting and display control follows:

1. Power up VCC (VLED); all OUTXn are off because BLANK is set to ‘1’

2. Write the 224 bit data packet (with MSB bit first) for the Nth G5031 using the SDTI and SCKI signals.

The first six bits of the 224 bit data packet are used as the write command. The write command must be
25h (100101b); otherwise, the 218 bit data in the 224 bit shift register are not copied to the 218 bit data latch.
The EXTCLK bit must be set to ‘0’ for the internal oscillator mode. Also, the DSPRPT bit should be set to ‘1’ to
repeat the PWM timing control and BLANK set to ‘0’ to start the PWM control.

3. Write the 224 bit data packet for the (N — 1) G5031 without delay after step 2.

4. Repeat the data write sequence until all G5031s have data. The total shift clock count (SCKI) is how 224 x
N. After all device data are written, stop the SCKI at a high or low level for 8x the period between the last SCKI
rising edge and the second to last SCKI rising edge. Then the 218 LSBs in the 224 bit shift resister are copied to
the 218 bit data latch in all devices and the PWM control is started or updated at the same time.

b}
VLED Power / The next shift clock should start after 1.34 us
or more from the internal latch pulse generation timing.
MSB LSB MSB LSB MSB LSB "
Shift Data From 224-Bil Packel 224-Bit Packet for 0 for 224-Bit Packet 224-Bil Packel Next
Controller (SDTI) for Nth G5031 for N- 1st G5031 N-2th 3'rd for 2nd G5031 for 1st G5031 % Data
MSB LSB i MSB LSB MSB
It ™,
Shift Clock From ) , ’ ] ‘ Next
Controller (SCKI) | 224 Shift Clocks | 224 Shift Clocks | ) | 224 Shift Clocks l 224 Shift Clocks l Shift Clock
: L—»le
4
Latch Pulse H |-|
(Internal) 00 i

PWM Control Start
OUTXn B i | or data updated

o7

The time that generates the internal latch pulse is 8x the period between the last
SCLK rising edge and the second to last SCLK rising edge. The time changes
depending on the period of the shift clock within the range of 2.74 ms to 666 ns.

Figure 33. Data Packet and Display Start/Update Timing 1 (Internal Oscillator Mode)
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Data Write and PWM Control with External Grayscale Clock Mode

When the EXTCLK bit is '1', the data shift clock (SCKI) is used for PWM control of OUTXn (X = R/G/B and n = 03)

as the GS reference clock. This mode is ideal for video image applications that change the display image with high

frequencies or for certain display applications that must synchronize all G5031s. The data and clock timing are
shown in Figure 9 and Figure 34. A writing procedure for the display data and display timing control follows:

1. Power-up VCC (VLED); all OUTXn are off because BLANK is set to '1'.

2. Write the 224 bit data packet MSB-first for the Nth G5031 using the SDTI and SCKI signals. The first six bits of
the 224 bit data packet are used as the write command. The write command must be 25h (100101b); otherwise,
the 218 bit data in the 224 bit shift register are not copied to the 218 bit data latch. The EXTCLK bit must be set
to '1' for the external oscillator mode. Also, the DSPRPT bit should be set to '0' so that the PWM control is not
repeated, the TMGRST bit should be set to '1' to reset the PWM control timing at the internal latch pulse genera-
tion, and BLANK must be set to '0' to start the PWM control.

3. Write the 224 bit data for the (N — 1) G5031 without delay after step 2.

4. Repeat the data write sequence until all G5031s have data. The total shift clock count (SCKI) is 224 x N. After
all device data are written, stop the SCKI at a high or low level for 8x the period between the last SCKI rising
edge and the second to last SCKI rising edge. Then the 218 LSBs in the 224 bit shift resister are copied to the
218 bit data latch in all devices.

5. To start the PWM control, send one pulse of the SCKI clock with SDTI low after 1.34ys or more from step 4. The
OUTXn are turned on when the output GS data are not 0000h.

6. Send the remaining 65535 SCKI clocks with SDTI low. Then the PWM control for OUTXn is synchronized with
the SCKI clock and one display period is finished with a total of 65536 SCKI clock periods.

7. Repeat step 2 to step 6 for the next display period.

2
VLED P
ower _/ The next shift clock should start after 1.34 us
or more from the internal latch pulse generation timing.
MSB LSB . MSB LSB B MSB
Shift Data From 224-Bit Packet for 7 for 224-Bit Packet 224-Bit Packet
Controller (SDTI) for Nth G5031 N-1st 2nd for 1st G5031 Low for Nth G5031
MSB LSB :
{4 $
Shift Clock From ] R ] i 224 Shift
Controller (SCKI) 224 Shift Clocks » 224 Shift Clocks i 65536 Shift Clocks as GS Clock Clocks
i . PN
p bt—>
Latch Pulse
(Internal) «
T
f: QUTXn is controlled via the PWM
OUTXn « { | synchronized with SCKI
bl :
The time that generates the internal latch pulse is 8x the period between the last
SCLK rising edge and the second to last SCLK rising edge. The time changes
depending on the period of the shift clock within the range of 2.74 ms to 666 ns.
Figure 34. Data Packet and Display Start/Update Timing 2 (External Clock Mode)
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There is another control procedure that is recommended for a long chain of cascaded devices. The data and
clock timings are shown in Figure 9 and Figure 35. When 256 G5031 units are cascaded, use the following
procedure:

1. Power up VCC (VLED); all OUTXn are off because BLANK is set to '1".

2.Write the 224bit data packet MSB-first for the 256th G5031 using the SDTI and SCKI signals. The
EXTCLK bit must be set to '1' for the external oscillator mode. Also, the DSPRPT bit should be set to '0' so
that the PWM control does not repeat, the TMGRST bit should be set to '1' to reset the PWM control timing
with the internal latch pulse, and BLANK must be set to '0' to start the PWM control.

3. Repeat the data write sequence for all G5031s. The total shift clock count (SCKI) is 57344 (224 x 256).
After all device data are written, stop the SCKI signal at a high or low level for eight or more periods be-
tween the last SCKI rising edge and the second to last SCKI rising edge. Then the 218 LSBs in the 224 bhit
shift resister are copied to the 218 bit data latch in all devices.

4. To control the PWM, send 8192 SCKI clock periods with SDTI low after 1.34s or more from step 3 (or
step 7). These 8192 clock periods are used for the OUTXn PWM control.

5. Write the new 224 bit data packets to the 256th to first G5031s for the next display with 256 x 224 SCKI
clock for a total of 57344 clocks. The PWM control for OUTXn remains synchronized with the SCKI clock
and one display period is finished with a total of 65536 SCKI clocks. The SCKI clock signal is therefore
used for PWM control and, at the same time, to write data into the shift registers of all cascaded parts.

6. Stop the SCKI signal at a high or low level for eight or more periods between the last SCKI rising edge
and the second to last SCKI rising edge. Then the 218-bit LSBs in the 224 bit shift resister are copied to
the 218bit data latch in all devices.

7. Repeat step 4 to step 6 for the next display periods.

VLED Power / ° The next shift clock should start after 1.34 us or more from the internal latch pulse generation timing.
Timing clock for 1st display and :-‘.
MSB LSB « MSB LSB 3 Timing clock for 1st display. 2nd display data write.
Shift Data From | 224-Bit Packetfor | for 7 for 224-Bit Packet L 256 x 224-Bit Packet for
Controller (SDTI) 256th G5031 255th ( 2nd | for 1st G5031 : o | 256th G5031 |‘ ’ Low R
MSB © LSB | I
Shift Clock F 4 A & i -
ift Clock From } ) 8192 57344 (256 x 224) K | Shift Clock
Gontroler (SOK) 224 Shift Clocks | 224 snift Clocks | st | AP or maDieplay______
Ll
[————— 224 x 256 = 57344 Clocks Pt > -‘-‘ >t 65536 Clocks >t >t “;' #— 65536 Clocks
b A
Latch Pulse
(Internal) 1« E _————
pJ 5 H
.:'—, QUTXn is controlled via the PWM synchronized Znd Display
OUTXn OFF » B with SCKI for 1st dis playperiod | i OFF | Period ——e
Ed . 3
The time is 8 periods between the last SCLK rising edge and the second to last SCLK rising edge.
The wait time changes between 2.74 ms and 666 ns, depending on the period of the shift clock.
Figure 35. Data Packet and Display Start/Update Timing 3
(External Clock Mode with 256 Cascaded Devices)
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Package Information

E1
D r N | S—
o] )
) —
& !
ARARARAN -
£ —=] b |=— b=
z <
9]
<
QFN4X4-24 Package
DIMENSION IN MM DIMENSION IN INCH
Symbol

MIN. NOM. MAX. MIN. NOM. MAX.
A 0.80 0.90 1.00 0.0315 0.0354 0.0394
A1 0.00 --- 0.05 0.0000 --- 0.0020
A2 0.20 REF 0.0079 REF
D 3.95 4.00 4.05 0.1555 0.1575 0.1594
E 3.95 4,00 4,05 0.1555 0.1575 0.1594
D1 2.50 2.65 2.80 0.0984 0.1043 0.1102
E1 2.50 2.65 2.80 0.0984 0.1043 0.1102
b 0.18 0.23 0.30 0.0071 0.0091 0.0118

0.50 BSC 0.0197 BSC
0.35 | 0.40 0.45 0.0138 0.0157 0.0177

Taping Specification

O 00 O0O0
. . PACKAGE Q'TY/REEL
QFN4X4-24 3,000 ea
- N
Feed Direction
GMT Inc. does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and GMT Inc. reserves the right at any time without notice to change said circuitry and specifications.
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