RICHTEK

RT6929

PMIC for TFT-LCD TV Panels

General Description

The RT6929 offers a compact power supply solution to
provide all voltages required by a TFT-LCD panel. With
its high current capabilities, the device is ideal for large
screen monitors panels and LCD TV applications with
12V supply voltage. RT6929 is available in a
WQFN-48L 6x6 package.

Ordering Information

RT6929 Ii

Package Type
QW : WQFN-48L 6x6 (W-Type)
(Exposed Pad-Option 1)

Lead Plating System
G : Green (Halogen Free and Pb Free)

Note :
Richtek products are :

» ROHS compliant and compatible with the current
requirements of IPC/JEDEC J-STD-020.

» Suitable for use in SnPb or Pb-free soldering processes.

Marking Information

RT6929GQW : Product Number
RT6929 YMDNN : Date Code
GQW
YMDNN
[ J

Features

e 9.5V to 14.7V Input Supply Voltage

e 1.5A to 5A Boost Regulator for AVDD with 13.5V
to 19.4V Programmable Output and OCP

e 1.5A/3.5A Sync. Buck Regulator for DVDD1

e 1.5A/3.5A Sync. Buck Regulator for DVDD2

e 0.5A Linear Regulator for DVDD3

e 1.2A Sync. Buck Regulator or OP type for
HAVDD with 6.75V to 9.7V Programmable Output

e 3-CH VCOM

e 2-CH Analog Switch

e 2.7MHz / 2.25MHz / 1.8MHz / 1.5MHz / 1.35MHz /
1.2MHz / 900kHz / 750kHz / 600kHz / 450kHz
Selectable Switching Frequency for DVDD1 and
DVDD2

e 900kHz / 750kHz / 600kHz / 450kHz Selectable
Switching Frequency for AVvDD and HAVDD

e 7-Bit Programmable VCOM1 Calibrator with
EEPROM

e 7-Bit Programmable AVDD Trimming with
EEPROM

e Programmable Sequencing

e Over-Temperature Protection

e 12C-Compatible Interface for Register Control

Applications
e TFT-LCD TV Panel
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RT6929

RICHTEK

Pin Configurations

(TOP VIEW)
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WQFN-48L 6x6

Functional Pin Description

Pin No. Pin Name Pin Function
1 VINB Supply Input Pin for Buck Converter DVDD1 (3.3V).
2 NC No Internal Connection.
3 LXB1 Switching Node of Buck Converter DVDD1 (3.3V).
4 PGNDB Power Ground of 3.3VDD, 1.2VDD Buck Converter.
5 LXB2 Switching Node of 1.2VDD Buck Converter.
6 PDVDD1 Power Input of 1.2VDD Buck Converter.
7 DvDD1 Power for 1.8VDD LDO & Feedback of Buck Converter DVDD1 (3.3V).
8 DVvDD3 Output of 1.8vDD LDO.
9 FBB2 Feedback of 1.2VDD Buck Converter.
10 VCC Power for RESET, Inverter.
RESET Signal Output from the integrated DVDD1 (3.3V) Voltage Detector.
11 RESET ;
Active Low.
12 CDLY RESET Signal Delay Adjustment Point. The value of the capacitance on this
Pin Sets the Time Delay for the RESET Output.
13 EN Enable Signal Input of 3.3VDD, 1.2VvDD Buck Converter, 1.8VDD LDO.
14 STV SCAN Driver Start Signal Input Pin.
15 TRDY Enable Signal Input from T-CON.
Bank Select Input for AVDD, HAVDD, DVR and AVDD trimming of 2D/3D;
16 BANK_SEL Bank_Sel = 0 => Output Bank 1 = 2D
Bank_Sel = 1 => Output Bank 2 = 3D
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RICHTEK

RT6929

Pin No. Pin Name Pin Function

17 SDA_OUT Analog Switch Output. (Connect with T-CON 12C interface)

18 SCL_OUT Analog Switch Output. (Connect with T-CON 12C interface)

19 SDA IN I°C Compatible Serial-Data Input. Analog Switch Input. (Connect with

- Connector only)
20 scL IN I°C Compatible Serial-Clock Input. Analog Switch Input. (Connect with
- Connector only)

21 INvouT T ction Pin s EN, ASWAVPN Pin
Enable/Disable for the Integrated Analog Switch.
Active Low is AVDD Trimming and DVR Writing Protection.

22 EN_ASW/WPN SUt alTlgev\C(arztgliISZt(;rEI)va:itsn\életes to Internal AVDD Trimming & DVR EEPROM
1 = Allow 12C Data Writes to Internal AVDD Trimming & DRV EEPROM and
Register.

23 SEQ_IN Enable/Disable for AVDD and HAVDD.

24 FAULT FAULT Signal (DATA EN, SCP, TSD, UVLO) Output & Enable Signal Input.

25 T_SENSE Temperature Sense Pin.

26 A0 Slave Address Assignment.

27 C_GND Ground of Amplifier.

28 VCOMS3 Output of VCOM Amplifier 3.

29 NEG3 Negative Input of VCOM Amplifier 3.

30 VCOM2 Output of VCOM Amplifier 2.

31 NEG2 Negative Input of VCOM Amplifier 2.

32 VCOML1 Output of VCOM Amplifier 1.

33 NEG1 Negative Input of VCOM Amplifier 1.

34 POS3 Positive Input of VCOM Amplifier 3.

35 DVR_REF DVR Reference Input.

36 VINO Power Input of VCOM Amplifier.

37 HAVDD HAVDD Buck Feedback Input & Amplifier Output.

38 LXH Switching Node of HAVDD Buck Converter.

39 PGNDH Power Ground of HAVDD Buck Converter.

40 LSIN Load Switch Input & Power Input of HAVDD Buck Converter.

41 LSOUT/GD Load Switch Output or Gate Drive Pin for External P-MOSFET.

42 PGND Power Ground of AVDD Boost Converter.

43 LX Switching Node of AVDD Boost Converter.

44 BSTA Bootstrap Capacitor Connection of AVDD Boost Converter.

45 AVDD AVDD Boost OUTPUT & Feedback Input.

46 AGND Analog Ground.

47 COMP Compensation Pin for AVDD Boost Control Loop.

48 VL Intern’ql Linear Regulator Output. Connect this pin with a decoupling
capacitor.

49 GND Ground. The Ex_posed Pad mgst_ be _soldered to a large PCB and connected

(Exposed Pad) to GND for maximum power dissipation.
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RT6929 RICHTEK
Typical Application Circuit
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RT6929

Function Block Diagram
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AVDD Boost Application Circuits
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Figure 1. AVDD Control I: Register 14h[2:1] = 00, Sync-Boost Structure used Internal GD MOS
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Figure 2. AVDD Control Il : Register 14h[2:1] = 01, Asyn-Boost Structure used Internal GD MOS.
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Figure 3. AVDD Control Ill : Register 14h[2:1] = 10, Sync-Boost Structure used External GD MOS.
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Figure 4. AVDD Control IV : Register 13h[2:1] = 11, Asyn-Boost Structure used External GD MOS.
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RT6929 RICHTEK

DVDD1 HV Buck Application Circuits
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Figure 5. DVDD1 Control : Register 11h[7:6] = 00, initial frequency; Regeister 14h[4] = 0/1, Sync-Buck/Asyn-Buck;
OCP = 3.5A for 10uH coil inductor when Register 13h[1] = 0.
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Figure 6. DVDD1 Control: Register 11h[7:6] = 01~11, initial frequency*2,*3;
Regeister 14h[4] = 0/1, Sync-Buck/Asyn-Buck;
OCP = 1.5Afor 2.2uH chip inductor when Register 13h[1] = 1.
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RICHTEK RT6929
DVDD2 LV Buck Application Circuits with FB Detect Function
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Figure 7. DVDD2 Control : Register 11h[5:4] = 00, initial frequency; Regeister 14h[3] = 0/1, Sync-Buck/Asyn-Buck;
OCP = 3.5A for 10pH coil inductor when Register 13h[0] = O.
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Figure 8. DVDD2 Control: Register 11h[5:4] = 01~11, initial frequency*2,*3;
Regeister 14h[3] = 0/1, Sync-Buck/Asyn-Buck;
OCP = 1.5Afor 2.2uH chip inductor when Register 13h[0] = 1.

Copyright © 2015 Richtek Technology Corporation. All rights reserved. RICHTEMWK is a registered trademark of Richtek Technology Corporation.

DS6929-00_SAMS  April 2015 www.richtek.com
9




RT6929 RICHTEK

DVDD2 & DVDD3 Swap Function

If IC is power on and T_SENSE connects to temperature compensated resistor: DvDD1
DvDD?2 initial voltage=1.2V RNTC
DvDD3 initial voltage=1.8V T_SENSE
If IC is power on and T_SENSE connects to VL pin VL
DVDD?2 initial voltage=1.8V
o 0 ohm

D vDD3 initial voltage=0.96V T SENSE

Digital ' ' Qutput Voltage. Reference

Code Decimal Hex. FB Ratio : X | FB Ratio : X | FB Ratio : X | o o o Voltage

(8-Bit) =1.0 =15 =20 ato -
0010 0111 39 27 0.80 1.000 1.20 0.40*(1+X) 0.40
0010 1000 40 28 0.82 1.025 1.23 0.41*(1+X) 0.41
0010 1101 45 2D 0.92 1.150 1.38 0.46*(1+X) 0.46
0010 1110 46 2E 0.94 1.175 1.41 0.47*(1+X) 0.47
0010 1111 a7 2F 0.96 1.200 1.44 0.48*(1+X) 0.48
0011 0000 48 30 0.98 1.225 1.47 0.49*(1+X) 0.49
0011 0001 49 31 1.00 1.250 1.50 0.50*(1+X) 0.50
0011 1001 57 39 1.16 1.450 1.74 0.58*(1+X) 0.58
0011 1010 58 3A 1.18 1.475 1.77 0.59*(1+X) 0.59
0011 1011 59 3B 1.20 1.500 1.8 0.60*(1+X) 0.60
0011 1100 60 3C 1.22 1.525 1.83 0.61*(1+X) 0.61
0011 1101 61 3D 1.24 1.550 1.86 0.62*(1+X) 0.62
0101 0111 87 57 1.76 2.200 2.64 0.88*(1+X) 0.88
0101 1000 88 58 1.78 2.225 2.67 0.89*(1+X) 0.89
0101 1001 89 59 1.80 2.250 2.70 0.90*(1+X) 0.90
0101 1010 90 5A 1.82 2.275 2.73 0.91*(1+X) 0.91
0101 1011 91 5B 1.84 2.300 2.76 0.92*(1+X) 0.92
1000 0000 128 80 2.58 3.225 3.87 1.29%(1+X) 1.29
1000 0001 129 81 2.60 3.250 3.90 1.30%(1+X) 1.30
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RICHTEK RT6929
HAVDD HV Buck/OP Application Circuits
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Figure 9. The HAVDD Control: Register OFh[0] = 0, DC/DC Sync- Buck Structure.
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Figure 10. The HAVDD Control : Register OFh[0] = 1, OP Structure.
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RT6929

RICHTEK

DVR and AVDD Trimming
DVR device address is 1001111 + R/W bit only when

A0 =1.

AVDD trimming address is decided by AO:

When A0 = 0, AVDD trimming address is 0100101 +
R/W bit.

When AO = 1, AVDD trimming address is 0110101 +
R/W bit.

Write Command
7-bits value is for DVR and AVDD trimming data. The

7-bits DVR and AVDD trimming value are placed in
the upper 7-bits of the byte. When receive the DVR or
AVDD trimming write command and EN_ASW/WPN
signal is high, IC will write data to both Memory and
Register at LSB bit (P)=0 and write data to Register at
LSB bit (P) =1

The Bank_Sel signal is low and data write to Bank1.

The Bank_Sel signal is high and data write to Bank2.

EN_ASW/WPN J

Bank_Sel

|

Start Device Addr

“1001111”

DVR Bank 1

Stop

el e,

Start Device Addr

“1001111"

DVR Bank 2 Stop

son \ [\ T

SCL LRERE ERHBE

NEdEGCGRERCERERARAREER

\ N\ O

ERERENEEAREEA

LEGRERERERERE Al 7] e

Figure 11. DVR and AVDD trimming write command

Read Command
7-bits value is for DVR and AVDD trimming data. The

7-bits DVR and AVDD trimming value are placed in
the upper 7-bits of the byte. The LSB bit (X) must AND

with 0 to prevent returning an incorrect value.

Bank_Sel

The Bank_Sel signal is low, 12C will transfer DVR and
AVDD trimming Bankl data. The Bank_Sel signal is
high, 12C will transfer DVR and AVDD trimming Bank2

data.

L
L

e,

Start Device Addr

“1001111”

DVR Bank 1

Stop “1001111"

No

Start Device Addr

DVR Bank 2

son N\ AT

SRERCEBEdEERERG

SCL LEERERERERERE NEdRE

\’7~55’4321

LBGRERERERERE Al 7L s

EREREREARARERE

Figure 12. DVR and AVDD Trimming Read Command
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RICHTEK RT6929

DVR Block Diagram

Internal
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Figure 13. DVR Block Diagram

If internal reference voltage is floating, it will add pull low resistance.
Table 1. VCOM Reference Select: 12h[3:2] with AO.

A0 =1, DVRON A0 =0, DVR OFF
VCOM1 DVR VCOM1 Pull Low
[00] |VvCOM2 Pull Low [00] VCOM2 Pull Low
VCOM3 POS3 VCOM3 POS3
VCOM1 DVR VCOM1 Pull Low
[01] |VvCOM2 DVR [01] VCOM2 Pull Low
VCOM3 POS3 VCOM3 POS3
VCOM1 DVR VCOM1 Pull Low
[10] |VvCOM2 POS3 [10] VCOM2 POS3
VCOM3 POS3 VCOM3 POS3
VCOM1 DVR VCOM1 POS3
[11] |VvCOM2 DVR [11] VCOM2 POS3
VCOM3 DVR VCOM3 POS3
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RT6929 RICHTEK

LDO, Inverter, Reset and ASW Block Diagram

EN_ASW/WPN
(= INV_IN)

-

|
\
‘ 5 [I-o mv_ourt
|
\V/

VCC
CDLY

v

SCLIN SCL_oUT
SDA_IN SDA_OUT
VL
EN_ASW/WPN

Reset r
Controller (J—O RESET

v

Figure 14. LDO, Inverter, RESET and EN_ASW/WPN Block Diagram

I12C Interface Block Diagram

c t SDA_IN ! :

onnector t

0 | RT6929

(External I2C) | gop N | :
| I
| |
| |
EN_ASWI/I |
WPN | Analog |
: Switch |
|

|
T.CON | spAjout | :
- SCL buT =~ 12C Interface | |
< — |
| |
: DVR Register :
| I
_—— e —_——— =

\ A 4
RT6930
Gamma || eEpROM
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Figure 15. 12C Interface Block Diagram
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RT6929

AVDD Trimming Function Block Diagram

COMP AVDD

12C I/F DAC1 [VREFL S
A
i RB
o 4
EEPROM|—»| VREFS |+ R
P A
(78Bit) DAC2

T

RCQ

Figure 16. AVDD Trimming Function Block Diagram

A 4

Ra*+Rg Rg .
AVDD (Code)= (R—) xVREF1+ (R—) xVREF2 (Default Setting)
A c

Where VREF2=[VREF1x(1+Code)/128]

AVDD (Code)= (RA+RB + Rs x 64 ) xVREF1 + Rs x Code-64 xVREF1
0= TR, TRe 128 Re . 128
Default Value (AVDD Setting) Variable Value

The 1bit variable value should become 0.1% Resolution as follows :

(RBx L ) <VREF1= L x(RA+RB+RBx 64>><VREF1
Rc 128 1000\ Ry, Rc 128
Variable Value Default Value (AVDD Setting)

Thus, RC becomes as follow equations :

Ra ) _1000-64
Ra+Rg/ 128

RC:RBX (
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RT6929 RICHTEK

Timing Sequence
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—OaVIN-4V UVLO_F UVLO_R
VIN, GD ‘ | GD \“\ f
| | ;
i | EN I
EN ! ; L l \
l»VIN>UVLO & EN=1, DVDD1 enable | DVDDL } Tdischarpe <200ms
DVDD1 1 : 175 |
: | | e
™3ms™| ; l DVDD3 ; 1 }
| H |
{
DVDD3 S l L
> < ! B Lo
Tad 1 ! coLy ! |
coLY /{35v | I | ‘ |
- 1 | —
1 ! ! oo
' RESET
RESET i ! i | i i
L L
| ! : } |
! : ! | DVDD2 } }
DVDD2 ‘h i |
| : : —
i i ‘
[Pa—] TRDY ! !
TRDY ' amst | | : | !
| |
‘ \
] | i |
' 1
I°C Command [Control [ PCM | TA3 | ACC/DCC | ! 1
Data EN=1& TRDY=1 — : FAULT }
FAULT ‘ i ‘
! |
H |
| SEQ_IN !
SEQ_IN [ i \
| | AVDD }
I I
VIN>UVLO & EN=1, SEQ_IN=1 ‘ | HAVDD :
AVDD, HAVDD AVDDHOLS /_l_/} g }
| }// ! |
‘
T ] ] |
! DLYr ! 1 5ms . ‘
Figure 17. Normal Power On Sequence
VIN_UVLO_R VIN < >1 sec |
—OaVIN-4V UVLO_F UVLO_R
VIN, GD /'/ ! ) \T\ f
; i
‘ | EN !
EN ; L l \
VIN>UVLO & EN=1, DVDD1 enable | DVDDL } Tdischarpe <200ms
DVDD1 r 1 : 175 |
: | | e
W | i DVDD3 ; Do
t {
DVDD3 S l L
> < ! B Lo
1.5mg 1 i £oLY ; |
cDLY /{35v | I | ‘ |
|
1 ! !
' RESET
RESET i ! i | i i
| L
| ! : } |
! . : | DVDD2 } }
DVDD2 ‘h i |
| : : —
> ! | |
TRDY ! !
TRDY ' amst | | : | !
| |
‘ \
2 | | |
' 1
I°C Command [Control [ PCM | TA3 | ACC/DCC | ! 1
Data EN=1& TRDY=1 — : FAULT }
FAULT ‘ i ‘
! |
H |
| SEQ_IN !
SEQ_IN [ i \
| | AVDD }
I I
| I
‘ HAVDD !
|
|
|
T
|
|

Figure 18. Normal Power On Sequence-EN Control
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VIN, GD V”gto/_R ‘—}\VIN-4V ::‘ \‘%o_:l SZW
EN ‘ ! | EN 1
VIN>UVLO & EN=1, DVDD1 kenable | | Tdischarye <200ms
DVDD1 r : | } DVDD1 1@}
%ﬂl ; | DVDD3 i i i
DVDD3 /‘—j ! SN
s | | I
coLY 1.5%35\/ i : 2 i ' i
RESET i ; i i RESET % i %
DVDD2 i/'}—‘; i B i\%
TRDY “ame i i TROY i i
[ ! ! | 1
IC Command [ Control [ PCM i TA3 [ Acc/DCC | | }
ALY Data_EN=1 & TRDY=1 j: [ i FAULT i
RT6929 non-switch. ! SEQIN i
SEQ_IN IC can’ tuse this condition. ‘ : = i
i | AVDD |
VIN>UVLO & EN=1, SEQ_IN=1 } ! HAVDD !
AVDD, HAVDD 1 AVDDXO.1L i// /i ;
. 3
| DLY1 ! 1 5ms |
Figure 19. Normal Power On Sequence-TRDY Control
Table 2. IC Shutdown Function
Shutdown Operation
Address Name
Channel Shutdown IC Shutdown
_ AVDD_BANK1 > Clh
00h AVDD_BANK1 AVDD_ BANK1 =00h AVDD_ BANK1< 86h
_ HAVDD_BANK1 > Cilh
01h HAVDD__ BANK1 HAVDD_BANK1 = 00h HAVDD_ BANK1 < 86h
_ AVDD_BANK2 > Clh
06h AVDD__ BANK2 AVDD_ BANK2 = 00h AVDD_ BANK2 < 86h
_ HAVDD_ BANK2 > C1h
07h HAVDD_BANK2 HAVDD_BANK2 = 00h HAVDD_ BANK2 < 86h
DVDD1 > 4Fh
OCh DVDD1 X DVDD1 < 33h
DVDD2 > 81h
ODh DVDD2 X DVDD2 < 27h
DVDD3 > 81h
OEh DVDD3 X DVDD3 < 27h
AVDD - HAVDD > 10.5V
AVDD is off, GD will off.

Copyright © 2015 Richtek Technology Corporation. All rights reserved. RICHTEMWK is a registered trademark of Richtek Technology Corporation.

DS6929-00_SAMS  April 2015 www.richtek.com
17




RT6929 RICHTEK

Fault and Monitoring update data is the average of monitoring data during
The monitoring and update should be synchronized by the setting frame and should be transferred in max
STV. The update point is next frame of setting frame 0.5ms.

that is controlled by 2bit as shown in Table 3. The

, Min. 1ms (Initial Detection)
—
|

|
Chip Temp | _’I_l‘_ 100us

STV i i_|

PBA Temp ! [ [ |ao [ ao
[
AVDD Voltage , —|A/D | |_|AID |_|AID
AVDD Peak Current ! |_|A/D ' |_|A/D ' |_|A/D '

| —>  — | I |

100us
Figure 20. Data Monitoring Sequence

Update (Data Monitoring +1Frame) Update Update

4 4 4

STV

N N
Y Y Y
Data Monitoring Data Monitoring Data Monitoring

Figure 21. Data Monitoring and Update Period

Table 3. Update Period setting

Data of
Register12h [1:0] 00 01 10 1
Frame 8 Frame 32 Frame 128 Frame 512 Frame
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Absolute Maximum Ratings (Note 1)
e VINB, LXB1, HAVDD, LXH, LSIN, LSOUT to PGND

e LXB2to PGND

« VCC, PDVDD1, DVDD1, DVDD3, FBB2, RESET, CDLY, TRDY, STV to AGND -------=-==-=-==-=---
o EN, BANK_SEL, SDA_IN, SCL_IN, SDA_OUT, SCL_OUT, INV_OUT to AGND -----=-=========-=---
o EN_ASW/WPN, SEQ_IN, FAULT, T_SENSE, A0, COMP, VL to AGND
¢ VCOM3, NEG3, VCOM2, NEG2, VCOM1, NEG1, POS3, DVR_REF, VINO to C_GND ------------

o LX, BSTA, AVDD to PGND

e GDtoLSIN

o Power Dissipation, Pp @ Ta = 25°C
o WQFN-48L 6x6

o Package Thermal Resistance  (Note 2)

o WQFN-48L 6x6, 03a

o WQFN-48L 6x6, 6ic

o Lead Temperature (Soldering, 10 sec.)

¢ Junction Temperature

o Storage Temperature Range

e ESD Susceptibility  (Note 3)
e HBM (Human Body Model)

e MM (Machine Model)

Recommended Operating Conditions

o Ambient Temperature Range

(Note 4)

o Junction Temperature Range

—0.3to 22V
—0.3to 6V
—0.3to 6V
—0.3to 6V
—0.3to 6V
—0.3 to 26V
—0.3 to 26V
—0.3to -6V

3.73W

26.8°C/W
1.3°C/W

260°C

150°C

—65°C to 150°C

2kV
200V

—40°C to 85°C
—40°C to 125°C
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Electrical Characteristics
(Vin =12V, DVDD1 = 3.3V, DVDD2 = 1.2V, DVDD3 = 1.8V, AVDD = 17.5V, HAVDD = 8.75V, Ta = 25°C, unless otherwise

specified)

Parameter Symbol Test Conditions Min Typ Max | Unit
General
Supply Voltage VIN 9.5 -- 14.7 \%
VINB Under-Voltage Vv VINB faIIing 7.7 8.15 8.6 Vv
Lockout Threshold VLo VINB rising 8.5 8.8 9.1
VINB UVLO Hysteresis VHYUVLO 500 650 800 mV
AVDD Input Voltage Range | Vs _avpbp x\fT4 -- 194 \%
PDVDD1 Input Voltage
Range P g Vs_ppvDD1 2.6 -- 4 \%
VINB Quiescent Current loving No Switching -- 4 -- mA

uiescent Current into o

SDVDDl lopPDVDDL No Switching -- 1 -- A
Quiescent Current into -
VINO lovino No Switching -- 9 -- mA
VL Output Voltage VL 4.5 5 5.5
VL Start Threshold Voltage | V| sTarT 3.8 4.1 4.4
VL Stop Threshold Voltage |V stop 3.2 35 3.8
VL UVLO Hysteresis VHy vL 0.45 0.6 0.75
Thermal Shutdown Tsb Junction Temp. rising 150 165 180 °C
Thermal Shutdown o
Hysteresis ATsp - 20 - C
EEPROM Write Guarantee 1000 -- -- count
Internal Oscillator
Oscillator Frequencyll foscu Initial Frequency “00” 360 450 540 kHz
Oscillator Frequency12 fosci2 Initial Frequency “01” 480 600 720 kHz
Oscillator Frequencyl13 foscis Initial Frequency “10” 600 750 900 kHz
Oscillator Frequencyl14 fosci14 Initial Frequency “11” 720 900 1080 | kHz
Oscillator Frequency21 . «n "
(DVDD1,2) fosc21 Initial Frequency “00” x2 720 900 1080 | kHz
Oscillator Frequency22 s “ 47
(DVDD1,2) fosc22 Initial Frequency “01” x2 960 1200 1440 | kHz
Oscillator Frequency23 s “q
(DVDD1,2) fosc2s Initial Frequency “10” x2 1200 1500 1800 | kHz
Oscillator Frequency24 s wqqr
(DVDD1,2) fosco4 Initial Frequency “11” x2 1440 1800 2160 | kHz
Oscillator Frequency31 . «A A
(DVDD1,2) fosca1 Initial Frequency “00” x3 1080 1350 1620 | kHz
Oscillator Frequency32 . « 47
(DVDD1,2) fosca2 Initial Frequency “01” x3 1440 1800 2160 | kHz
Oscillator Frequency33 i “q
(DVDD1,2) foscas Initial Frequency “10” x3 1800 2250 2700 | kHz
Copyright © 2015 Richtek Technology Corporation. All rights reserved. RICHTEMWK is a registered trademark of Richtek Technology Corporation.
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Parameter Symbol Test Conditions Min Typ Max | Unit
Oscillator Frequency34 . wqan
(DVDD1,2) foscas Initial Frequency “11” x3 2160 2700 3240 | kHz
Boost Converter(AVDD)
VIN x
Output Voltage Range AVDD 114 -- 19.4 \%
Maximum Duty Cycle Dwmax_avbD 81 95 99 %
AVDD Voltage (Default) VAvDD No load, +1.0% Error 17325 | 175 |17.675| V
AVDD Input Bias Current IBIAS_AVDD -- 380 -- HA
AVDD Fault Trip Level VAVDD OLP AVDD falling AVDD | AVDD AVXDD Vv
Falling - x 0.816 | x0.85 0.884
LX ON-Resistance 1 Rbsoon)1 LX-PGHD, ILx = 800mA 100 150 200 mQ
LX ON-Resistance 2 Rbs(on)2 AVDD-LX, ILx = 800mA 100 150 200 mQ
Load Switch _
ON-Resistance Risw ILsw = 800mA 90 120 150 mQ
o ILIM DATA = “3”, *see OCP table 3.75 4.5 A
LX Current Limit
ILIm DATA = “5”, *see OCP table 5 6 A
LSW Leakage Current ILsw LS_IN-LS_OUT = 20V -- -- 5 A
Load Switch Soft Start
Period tss 1s Internal mode 2.4 3 3.6 ms
Load Regulation LRAVDD 0 <lLoaD < 2A -1 -- 1 %
. . ViN =9.51t0 14.7V
Line Regulation d -1 - 1 %
g VAVDD_R (ILoap = 0.3A) 0
Over-Voltage Protection Vovp AVDD rising 20 21 22 \%
Over-Voltage Protection
Hysteresis VHYAVDD_OVP 0.6 1.1 1.6 Vv
GD Voltage Veb VIN - VGD 5 6 7 \%
GD Sink Current leD 8 10 12 A
GD Pull-up Resistance Rep 5.5 11 16.5 kQ
Output Resolution Res -- 0.1 -- \
Integral Non-Linearity INL -1 -- 1 LSB
Differential Non-Linearity DNL -1 -- 1 LSB
AVDD Calibrator Resolution | Cal_Res 7hit resolution -- Ag[i([;ox -- -
AVDD to PGND
Discharging Resistance RAVDD_DCHG 0.7 1.4 2.1 kQ
Soft Start Period tss_avDD 4 5 6 ms
Synchronous BUCK Converter (HAVDD)
Output Voltage Range HAVDD 6.75 -- 9.7 \%
HAVDD Voltage VHADD No load, +1.0% Error 8.663 8.75 8.837 \%
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Parameter Symbol Test Conditions Min Typ Max | Unit
HAVD
HAVDD Fault Trip Level Vv _ HAVDD | HAVDD D Vv
Falling HAVDD falling x0.816 | x0.85 | x
0.884
LXH ON-Resistance H/L RDsSoNH ILxn = 200mA, Min/Max -- 1 -- Q
[LIM_UGATE_LX 1.2 - -
LXH Current Limit H A
ILIM_LGATE_LXH - - -1.2
ILKH_H LxH = 0V -- -- 5 LA
LXH Leakage Current
ILKH_L Lxn = 12V -- -- 5 LA
HAVDD = 8.75V,
! — _— 0,
_ LRHAVDDsk _0.5A< lour < OA 1 1 %
Load Regulation HAVDD = 8,75V
=8.75V, - i .
LRHAVDDsr 0A < lout < 0.5A 1 1 %
Line Regulation XILI\CI):DQ;SOt.ii?jV -1 -- 1 %
Output Resolution Res -- 0.05 -- \%
Over-Voltage Protection 1 | VovpPH1 9.9 -- 10.5 \%
. AVDD AVDD
Over-Voltage Protection 2 | VovpH2 ~ 105 -- _99 \%
Integral Non-Linearity INL -1 -- 1 LSB
Differential Non-Linearity DNL -1 -- 1 LSB
HAVDD to PGND
Discharging Resistance RHAvDD_DCHG 35 ! 14 ka2
HAVDD Operational Amplifier
IHAVDDsr SH@:,ZdD_(gESrg;—HAVDD are 500 650 - mA
Current LIMIT HAVDD-OPOUT_HAVDD are
IHAVDDsk shorted (Sink) - - —-650 | -500 | mA
Continuous Current ICNT_HAVDD -- 300 -- mA
VCOM Operational Amplifier
Buffer configuration, no load,
Supply Current lAvDD VCOM1-3 active -- 3 -- mA
Output Voltage Swing High _ VINO VINO | VINO
(VCOMX) VoH lcom = —20mA ~08 | —04 | 02| V
Output Voltage Swing Low _
(VCOMX) VoL Ilcom = 20mA 0.2 0.4 0.8 \Y/
lSRC AMP Buffer_conflguratlon, 500 650 B mA
= Vpos = VINO/2
Short Current (VCOMX) - : i
uffer configuration, B i i
ISNK_AMP Vpos = VINO/2 650 500 mA
Continuous Current IcNT_veom -- 250 -- mA
Load Regulation LRAMP —50mA< louT < 50mA -3 - 3 %
Eg‘t’;’gr Supply Rejection | popp f = 10kHz, Load Rc = 10Q10nF| 75 - - dB
Copyright © 2015 Richtek Technology Corporation. All rights reserved. RICHTEMWK is a registered trademark of Richtek Technology Corporation.
www.richtek.com DS6929-00_SAMS  April 2015

22




RICHTEK

RT6929

Parameter Symbol Test Conditions Min Typ Max | Unit
Common Mode Rejection CMRR f=10kHz, Load Rc = 10Q2 60 B B 4B
Ratio 10nF
Zero cross Frequency UGCF Load Rc = 10Q2 10nF 5 -- -- MHz
Phase Margin PM Load Rc = 10Q 10nF 45 -- -- Deg.
Open Loop Gain OLG Load Rc = 10Q2 10nF 100 -- -- dB
VCOM Slew Rate SR Negative Swing 50 -- -- Vius
VCOM Propagation Delay | TD_AMP Negative Input -- -- 100 ns
NEGxX Input Bias Current INEGx, VNEGx = VINO/2 -0.5 0 0.5 HA
POS3 Input Current IPOS3 -0.5 0 0.5 LA
VCOMZ2,3 Voltage .
Resolution Vcomz,3vR 6 Bit
Output Error (VCOM1) OE1 Please referto VR |,

Special spec.
Output Error (VCOM2,3) | OE2 Please referto VCOM |/
Special spec.
Offset Error DVR data “63” -20 - 20 mV
Integral Non-Linearity INL -1 -- 1 LSB
Differential Non-linearity DNL -1 -- 1 LSB
DVR Calibrator
VCOML1 Voltage Resolution | VCOM1VR -- 8 -- Bit
DVR_REF Input Current IDVR_REF -0.5 0.5 A
DVR_REF Input Range VDVR_REF 2 VINO \%
DVR Voltage Resolution SETVR -- -- BIT
DVR Integral Non-linearity | VseT INL -1 -- 1 LSB
DVR Differential
Non-linearity VSET_DNL -1 -- 1 LSB
Maximum Adjustment width | ADW Setting by 0.5Vstep 0.5 -- 4 \
DVR Writing Cycle time tw -- 10 20 ms
DVR_OUT Setting Time to seT 95% of final value -- 20 -- us
Sync. Buck Converter (DVDD1)
Output Voltage Rangel DVDD1 2.6 - 4 \%
0,
DVDD1 Output Voltage | DVDD10 Elj’tlﬁ‘d' 2% Error, Default | 355, | 33 | 3366 | vV
Maximum Duty Cycle Dmax_pvDD1 81 90 99 %
Minimum On Time toN_MIN_DVDD1 - 100 - ns
DVvDD
DVDD1 Fault Trip Level . DVDD1 | DvDD1 1
Falling Vovopi otp | DVDDI falling x0.816 | x0.85 | x v
0.884
DVDD1 Input Bias Current | Ipvbb1 -- 450 -- pA
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Parameter Symbol Test Conditions Min Typ Max | Unit
LXB1 ON-Resistance High | RonB1H LXB1= 200mA 75 150 300 mQ
LXB1 ON-Resistance Low | RonBiL LXB1= 200mA 75 150 300 mQ
LXB1 Current Limitl ILiMB11 Frequency select = *2,*3 15 2.2 29 A
LXB1 Current Limit2 ILimMB12 Initial Frequency 35 5 6.5 A
LXB1 to PGNDB1
Discharging Resistance RixB1_DCHG 03 0.6 1.2 k2
LXB1 Leakage Current ILkB1 -- -- 5 JIVAN
Load Regulation LrvDD1 DVDD1 = 3.3V, 0A< louT < 2A -1 -- 1 %
Line Regulation dvvbbp1 R ViN=91t014.7V (ILoap = 0.2A) -1 -- 1 %
Output Resolution Res -- 0.05 -- \%
Over Voltage Protection OVP 4.75 5 5.25 \%
Over Voltage Protection
Hysteresisg VHYDVDD1_OVP - 0.2 - \
Soft Start Periodz tss pvbb1 2.4 3 3.6 ms
Sync. Buck Converter (DVDD2)
2.6
Output Voltage Range2 VbvDD2 0.8 -- (Pl/ SD \%
0.8)
0,
DVDD2 Output Voltage | Vovopzo E&’t"ﬁd’ +2% Error, Default 1176 | 124 | 1224 | v
DVDD?2 uses external resistor
. and T_SENSE connects to
FBB2 Regulation Voltagel |VreB21 temperature compensated 588 600 612 mV
resistor.
DVDD?2 uses external resistor
FBB2 Regulation Voltage2 | VreB22 and T_SENSE connects to VL 882 900 918 mV
pin.
Maximum Duty Cyclez Dmax_DVDD2 81 90 99 %
Minimum On Time ton_MIN_DVDD2 -- 120 -- ns
VFBB
FBB2 Fault Trip Level Vv fallin VFBB2 | VFBB2 2 Vv
Falling FBB2 9 x0.816 | x0.85 X
0.884
LXB2 ON-Resistance High | Rong2H LXB2 = 200mA 50 150 270 mQ
LXB2 ON-Resistance Low | RongaL LXB2 = 200mA 50 150 270 mQ
LXB2 Current Limit ILiMB21 Frequency select = *2,*3 15 2.2 2.9 A
LXB2 Current Limit ILIMB22 Initial Frequency 3.5 5.0 6.5 A
LXB2 to PGNDB2 03 | 06 | 12 | ko
Discharging Resistance
LXB2 Leakage Current ILkB2 - - 5 A
Load Regulation LRDVDD2 DVDD2 = 1.2V, OA< louT < 2A -1 - 1 %
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Parameter Symbol Test Conditions Min Typ Max | Unit

Line Regulation dVDVDD2 R PDVDD1 = 2.5t0 4.5V (ILoaDp = 1 _ 1 %
- 0.2A)
Output Resolution Res -- 0.02 -- \%
Soft Start Period tss_pvbb2 2.4 3 3.6 ms
Linear Regulator (DVDD3)
Output Voltage Range3 VbvDD3 0.8 -- 2.6 \%
0,
DVDD3 Voltage VDVDD3 No load, £2.0% Error, Default | 4 76, | 15 | 1836 | v
output
DVDD
DVDD3 Fault Trip Level . DVvDD3 | DVDD3 3
Falling DVDD3 falling x0.816 | x0.85 | x v
0.884
DVDD3 = DVDD1-0.2,
Dropout Voltage VDROP Iob3 = 200MA -- 200 500 mV
. DvDD3 = 1.8V,
! — - 0
Load Regulation LRDVDD3 1MA < ILoAD <250mA 1 1 %
Line Regulation dvbvbb3_R DVDD_l =25V10 4.5V, -1 - 1 %
- ILoap = 0.2A

Output Resolution -- 0.02 -- %
Soft Start Period tss pvpD3 1.2 1.5 1.8 ms
Reset
CDLY Source Current IpLy 4.25 5 5.75 A
CDLY Threshold Voltage
(VCDLY rising) VbLy 1.215 1.35 1.485 Y,
CDLY Threshold Voltage
(HYS) VDLY_HYS 0.3 0.4 0.5 V
RESET Logic Output High B B
Voltage VRESET_H VvCC \
RESET Logic Output Low
Voltage VRESET L - GND - \
Reset Threshold (VCC
falling) VRST 1.6 1.75 1.9 \
Reset Threshold (HYS) VRST_HYS 0.2 0.3 0.4 \
Analog Switch
Switch OFF Leakage
Current lleak_asw - - 1 pA
Switch On-Resistance Rbs(on) ILoaD = 10mA 5 10 15 Q
Propagation Delay B
Bus-to-Bus tPHL, tPLH 5 20 ns
Output Enable Time tpzL, tPzH - 3 200 ns
Output Disable Time tpLz, tPHZ - 3 200 ns
Inverter

. _ VCC - | VCC - |VCC -
Output High Voltage VouT_H lout = 2mA 0.2 01 0.01
Output Low Voltage VouT L louT = 2mA 0.01 0.1 0.2
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Parameter Symbol Test Conditions Min Typ Max | Unit
Propagation Delay Tdelay - - 100 ns
Monitoring Function
AVDD Voltage Resolution Res_ V -- 4 -- Bit
Voltage Monitoring TL V 3 B 3 %
tolerance -

LX Current Resolution RES_I -- 4 -- Bit
Current Monitoring TL | 20 _ 20 %
tolerance -

Die Temperature Resolution | RES_DT - 4 - Bit
Die Temperature Monitoring IL DT _7 _ 7 %
tolerance -

PBA Temperature RES PT _ > _ Bit
Resolution -

PBA Temperature

Monitoring VT0_Sense -5% 0.401 5% \Y,
0°C Sensing Voltage

PBA Temperature

Monitoring VT25 Sense -5% 1.115 5% Vv
25°C Sensing Voltage

PBA Temperature

Monitoring VT50_Sense -5% 1.999 5% \Y,
50°C Sensing Voltage

Sequence Control Pins SEQ_IN,FAULT

Pull Up Resistance (FAULT) | RFLT 100 -- -- kQ
Pull Down Resistance

(SEQ_IN) RseqQ 100 - - kQ
High-level Input Voltage

(SEQ_IN, FAULT) ViH 2 v
Low-level Input Voltage

(SEQ_IN, FAULT) Vi ” ” 1 v
Pull low Voltage (FAULT) VoN N = 3mA -- -- 0.4 \
Fault Trigger Duration TEAULT 2.5 3 3.5 ms
Logic Signal EN

High-level Input Voltage VIH_EN 1.6 -- -- \
Low-level Input Voltage VIL_EN - - 0.75 \%
Logic Signals SDA_OUT, SCL_ OUT, EN_ASW/WPN, TRDY, BANK_SEL, EN, A0, SEQ_IN

High-level Input Voltage VIH 2 - - \%
Low-level Input Voltage ViL - - 1 \%
A0 Pull-Up Resistance Rao VL Pull Up 100 - - kQ
TRDY Pull-down

Resistance RTRDY 100 B B kQ
BANK_SEL Input current IBANK VBANK_SEL = 2V 9.3 13.3 17.3 pA
EN Input Current lEN IEN = 0V, 100k Pull Up (VL) —65 -50 -35 A
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Parameter Symbol Test Conditions Min Typ Max | Unit
(E:EIr_r,:\:tW/\NPN Input lin EI;VASW/\NPN = BANK_SEL 93 13.3 17.3 uA
STV Pull Down Resistance | Rstv 100 -- -- kQ
iﬁ?&lw?’ SCL_IN Input fin L 0 ) WA
SDA_ACK ON Voltage VAack Ispa = 3mA -- -- 0.4 \%
SCL Frequency FcLk -- -- 1 MHz
SCL High Period tHIGH 0.3 -- -- us
SCL Low Period tLow 0.4 -- -- us
SCL Rise Time tr -- -- 0.12 us
SCL Fall Time tr -- -- 0.12 us
Start Condition Hold Time | tHD_sTA 0.25 - - us
Start Condition Setup Time | tsu_sTa 0.25 -- -- us
SDA Hold Time tHD_DAT 50 - - ns
SDA Setup Time tsu_DAT 50 - - ns
ACK Delay Time trD -- -- 0.35 us
ACK Hold Time tHD - 0.1 - us
Stop Condition Setup Time |tsu_sTo 0.25 - -- us
Bus Free Time tBUF 0.5 - - us
Bus Capacitance Cb -- -- 400 pF
Spike Rejection Pulse " B 0.05 B us

Width

Note 1. Stresses beyond those listed “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 may affect

device reliability.

Note 2. 634 is measured at Ta = 25°C on a high effective thermal conductivity four-layer test board per JEDEC 51-7. 0;c is
measured at the exposed pad of the package.

Note 3. Devices are ESD sensitive. Handling precaution recommended.

Note 4. The device is not guaranteed to function outside its operating conditions.
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Typical Operating Characteristics
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Buck Output Voltage vs. Load Current Buck Output Voltage vs. Load Current
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INL Error (LSB)

INL Error (LSB)
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Integral Non-Linearity Error vs. ’Cc Step
1.0
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0.6
0.4
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INL Error (LSB)
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Power-Off Sequence |

AR R R R LN R R RN L T

VIN | T~ 1 o

(10V/Div) o A:_,;_Lm‘:__,_" .. oI e e — _

DvDD1 | S o
(2VvIDiv)> ‘ 5 5 5 AR

DVDD2 | S _"\'a_: S ]

(ZV/D'V)ﬁDVDDl 3.3V, DVDD2 = 1.2V, DVDD3 = 1.8V

Time (25ms/D|v)

Power-Off Sequence Il

T T IR N RN SR AR AR R

?ffffﬂ“fyrx;_____5__5_____;_5

GD NN - O

(BVDpE o E .

AVDD S T

(OV/DV)>f- I B 3

: T : : : ]

T U & 3
HAVDD : N

(5V/Div)
........ oo Vavop = 175V, Viavop =875V ]

Time (50ms/Div)

VIN
(10V/Div)

DVDD1
(2VIDiv)

DvDD2

(1V/Div)

DVDD3
(2VIDiv)

GD

(5V/Div):

AVDD
(10V/Div)

HAVDD
(5V/Div)

DVDD1
(2V/Div)>

RESET
(2VIDiv)>

CDLY
(2V/Div)

Power-On Sequence |
"""" RS RS IR SIS RIS RS LS LR
)n__.\.r.__x__.,_,__r.__.,___+-’f_‘ : 1 1
.-".
2 A E
LS :

> i i I } I } }
: o
>3 — o __
T vy =12v]

DVDDl 3 3V, DVDD2 1 2V, DVDD3 l 8V

Time (2.5ms/Div)

Power-On Sequence Il
AL B I I I R IBERAE RN RS RERRS
e . . . . E
, H“-\H‘_‘ﬁt‘:, -
X X Tt s ettt arsssr]
= €1 |
. . rf .
REUTE P TE ' wwws s/ TS PR T
> J 7
3 ____5__5...ffﬁff_5__5_____;__5
Hﬁ : Viavop = 17:5V, Viyaypp = 8.75V |
........ | PPN U s, TP PN B R
Time (5ms/Div)

RESET Function

}},N = 12V, DVDD1 = 3.3V

Time (250ms/Div)
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I2C Command

Single 12C Register Write Protocol

’ S 0 1 0 0 0 0 AO 0 A Rt'egister'Addrelss A D7 | D6 | D5 | D4 | D3 | b2 | D1 | DO P ‘
(Slave Address)
Single 12C Register Read Protocol
’ S 0 1 0 0 0 0 AO 0 A ' Regi'ster Ad'dress' A S 0 1 0 0 0 0 A0 A ‘
(Slave Address) (Slave Address)
D7 | D6 | D5 | D4 | D3 | b2 | D1 | DO P ‘
Multiple 12C Register Write Protocol
S 0 1 0 0 0 0 AO 0 A R;gister'Addre'ss A D7 | D6 | D5 | D4 | D3 | b2 | D1 | DO A ‘
(Slave Address)
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO A ‘ 77777 D7 | D6 | D5 | D4 | D3 | b2 | D1 | DO A P ‘
Multiple 12C Register Read Protocol
S 0 1 0 0 0 0 AO 0 A 'Regi'ster Ac;dress' A S 0 1 0 0 0 0 A0 A ‘
(Slave Address) (Slave Address)
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO A ‘ ————— D7 | D6 | D5 | D4 | D3 | b2 | D1 | DO A P ‘
RT6929 12C register data address is 0x40h(A0=0) or 0x42h(A0 = 1).
RT6929 Fault address is 0x50h(A0 = 0) or 0x52h(A0 = 1).
RT6929 DVR 12C register/EEPROM address is 0x9Eh only when AO = 1.
RT6929 AVDD Trimming 12C register/EEPROM address is 0x4Ah(AO0 = 0) or OX6Ah(AO0 = 1).
Copyright © 2015 Richtek Technology Corporation. All rights reserved. RICHTEMWK is a registered trademark of Richtek Technology Corporation.
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Register Map
Slave Address: 40h(AO = 0) or 42h(A0 = 1)

Egg Bits | Register Description | Resolution
0x00 | 8 (1) AVDD 0.1V(13.5V~19.4V) (86h~C1h)
0x01 | 8 (1) HAVDD 0.05V(6.75V~9.7V) (86h~C1h)
0x02 | 8 | (1) DVR (Max), VCOM1 ﬁ;}g‘]‘gg Bxgzgggm (DVR_REF/256  ~
0x03 | 6 (1) vCOM2 [5:0] \S/ZI»[JE[?,?; POS2/64 (POS2/64 ~ POS2)
0x04 | 6 (1) VCOMS [5:0] POS3/64 (POS3/64 ~ POS3)
Ox05 | 7 (1) DVR Tuning Data [7:1] [DVR Code
0x06 | 8 (1) AVDD 0.1V(13.5V~19.4V) (86h~C1h)
0x07 | 8 (1) HAVDD 0.05V(6.75V~9.7V) (86h~C1h)
0x08 | 8 | (1) DVR (Max), VCOM1 i;}gﬁ‘gg gggzgggzse (DVR_REF/256 ~
Voltage
0x09 | 6 (1) vCOM2 [5:0] Setting POS2/64 (POS2/64 ~ POS2)
Ox0A | 6 (1) VCOM3 [5:0] POS3/64 (POS3/64 ~ POS3)
oxoB | 7 (1) DVR Tuning Data [7:1] DVR Code
0x0C | 8 (1) DVDD1 (FB Internal) _ 0.05V (2.6V~4.0V) (33h~4Fh)
Ox0OD | 8 (1) DVDD2 (FB Internal, External) I\_/g%[;:ge 0.02v (0.8V ~2.6V) (27h~81h)
OxOE | 8 (1) DVDD3 (FB Internal) Seting 0.02v (0.8V ~2.6V) (27h~81h)
(1) Transient Time : AVDD, HAVDD [7:4] 0: disable, 1.0ms ~ 15s)
OXOF | 8 g]) \T/r(fi‘gf\iﬂesr‘;s}?p“"” + DVR [1], VCOM2 [1][2] [3] 0 : disable, 1 : Enable
(3) HAVDD Option [0] 0: DC/DC, 1: OPAMP
(1) DVR Selectable Option [7] 0: EEPROM, 1:12C
0x10 | 8 (2) DVR Variable Range [6:4] 0.5V (0.5V ~ 4V)
(3) AVDD Delay 1 time [3:0] 20ms (Oms ~ 300ms)
(1) DVDD1 Frequency Select [7:6] 82 ;?gyialloFf?éJ,elnlCYigefaun)’
(2) DVDD2 Frequency Select [5:4] 82::>|(giytii:)|::r§g?;e'};ﬁlt), 11 x3
O0x11 8 EMI Tuning

(3) AVDD switching slew-rate [3:2]

(4) DVDD2 switching slew-rate [1:0]

00 : 100%(default) 01 : 80%
10:65% 11 :55%

00 : 100%(default) 01 : 75%
10:50% 11 :25%
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" ) 00 : 450kHz, 01 : 600kHz,
(1) Initial Frequency [5:4] 10 : 750kHz (default), 11: 900kHz
00 : POS2 Floating,
) 01:POS1=P0OS2, 10:
0x12 | 8 (2) VCOM Reference Select [3:2] POS2 = POS3, 11 : POS1 = POS2 =
POS3
o . ] 00 : 8Frame, 01:32Frame,
(3) Monitoring Frame setting [1:0] 10: 128Frame, 11 : 512 Frame
(1) TSD option [5] 0:0N, 1:OFF
(2) AVvDD OCP Select [4:2] 0.5A (1.5A~ 5.0A)
0x13 | 8
(3) DVDD1 OCP Select [1] 0 : 3.5A(default), 1 : 1.5A
(4) DVDD2 OCP Select [0] 0 : 3.5A(default), 1 : 1.5A
(1) DvVDD1 SBD Option [4] 0 : Internal(Default), 1 : External
(2) DvDD2 SBD Option [3] 0 : Internal(Default), 1 : External
0x14 | 8 (3) Load Switch Option [2] 0 : Internal, 1 : External
(4) AVDD Diode Option [1] 0:Internal, 1 External
(5) MAIN PMIC Start-up [0] 0 : Disable, 1 : Enable
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RICHTEK RT6929

Transient Time : OFh [7:4]

Step 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Time Disable Ims 2.5ms 4ms 5.5ms Tms 8.5ms 10ms 1s 3s Ss 7s 9s 11s 13s 15s

DVR Variable Range : 10h [6:4]

Step 0 1 2 3 4 5 6 7

AV 0.5 1 L5 2 25 3 35 4

AVDD Delayl Time : 10h [3:0]

Step 0 1 2 3 4 = 6 7 8 9 10 11 12 13 14 15

Time(ms) 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

DVDD1 Frequency Select : 11h [7:6]

| Step 0 1 2 3 |

‘ Freq.(KHz) Initial Freq.(default) X2 X3 X3 ’

DVDD2 Frequency Select : 11h [5:4]

| Step 0 1 2 3 |

| Freq.(KHz) Initial Freq. X2 X3 (default) X3 I

AVDD Switching Slew-Rate : 11h [3:2]

| Step 0 1 2 3 |

‘ Slew-rate 100% 80% 65% 55% ’

DVDD2 Switching Slew-Rate : 11h [1:0]

| Step 0 1 2 3 |

| Slew-rate 100% 80% 65% 55% I

Monitor Frame Setting : 12h [1:0]

| Step 0 1 2 3 |

‘ Frame 8 32 128 512 ’

Initial Frequency : 12h [5:4]

| Step 0 1 2 3 |

| Freq.(KHz) 450 500 750 (default) 900 |

VCOM Reference Select: 12h [3:2]

Step 0 1 2 3

Number Floating POS1=POS2 POS2=POS3 POS1=POS2=POS3

AVDD OCP Level Setting: 13h [4:2]

SW Current 0 1 2 3 4 5 6 7

Min [A] i® 20 25 3.0 35 4.0 45 5.0
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Slave address : 50h(AO = 0) or 52h(A0 = 1)
Reg. Add.| Bits Register Description Resolution
. i (1) 5°C (75°C ~ 150°C)
(1) Die Temperature [5:2] N N N R
0x00 8 (2) PBA Temperature [1:0] 2 250C (~0°C, 0~25°C, 25~50°C,
50°C ~)
0x01. 8 (1) AVDD Voltage [7:4] (1) 0.5V (13V ~ 20.5V)
(2) AVDD Current [3:0] (2) 0.3A (0.3A~ 4.8A)
1) - 1) -
(2) Logic EN [6] (2) 0: Normal 1 : Error
(3) Analog EN [5] (3) 0: Normal 1 : Error
0X02 8 (4) 12C [4] (4) 0: Normal 1 : Error
(5) Wrong Data [3] (5) 0: Normal 1 : Error
(6) Seq. IN [2] (6) 0 : Normal 1 : Error
(7) DvDD1 OVP [1] (7) 0: Normal 1 : Error
(8) DVDD1 OLP [0] (8) 0: Normal 1 :Error
(1) DvDD2 OLP [7] () 0: Normal 1 : Error
(2) DVDD3 OLP [6] (2) 0: Normal 1 : Error
(3) AVvDD OVP [5] (3) 0: Normal 1 : Error
0x03 8 (4) AVDD OLP [4] (4) 0: Normal 1 : Error
(5) HAVDD OVP [3] (5) 0: Normal 1 : Error
(6) HAVDD OLP [2] (6) 0: Normal 1 : Error
(7) AvDD-HAVDD [1] (7) 0: Normal 1 : Error
(8) TSD [0] (8) 0: Normal 1 : Error

Detail Monitoring

Code Die Temp. (°C) PBA Temp. (°C) AVDD Voltage (V) AVDD Current (A)
0000 70 ~ 75 ~0 0.0 ~ 130 00 ~ 03
0001 75 ~ 80 0~25 13.0 ~ 135 03 ~ 06
0010 80 ~ 85 25~50 135 ~ 14.0 06 ~ 09
0011 85 ~ 90 50 ~ 140 ~ 145 09 ~ 12
0100 90 ~ 95 145 ~ 150 12 ~ 15
0101 95 ~ 100 150 ~ 155 15 ~ 18
0110 100 ~ 105 155 ~ 16.0 18 ~ 21
0111 105 ~ 110 16.0 ~ 165 21 ~ 24
1000 110 ~ 115 165 ~ 17.0 24 ~ 27
1001 115 ~ 120 170 ~ 175 27 ~ 30
1010 120 ~ 125 175 ~ 18.0 30 ~ 33
1011 125 ~ 130 18.0 ~ 185 33 ~ 36
1100 130 ~ 135 185 ~ 19.0 36 ~ 39
1101 135 ~ 140 19.0 ~ 195 39 ~ 42
1110 140 ~ 145 195 ~ 20.0 42 ~ 45
1111 145 ~ 150 20.0 ~ 205 45 ~ 438

Copyright © 2015 Richtek Technology Corporation. All rights reserved. RICHTEMWK is a registered trademark of Richtek Technology Corporation.

www.richtek.com
36

DS6929-00_SAMS  April

2015




RICHTEK

RT6929

Fault Analysis

Fault Type

Fault Judgment

Logic EN
(Masking “Low” during the operation)

When the EN from SET is not detected in 10 seconds(typ.) after releasing
VIN UVLO

When the 12C enable signal is not detected in 10 seconds(typ.) after

12C Error releasing VIN UVLO

Analog EN When the TRDY signal from T-con is not detected in 10 seconds(typ.)
(Masking “Low” during the operation) | after completion of I2C communication.

SEQ_IN When the SEQ_IN signal from RT6930 is not detected in 10

(Masking “Low” during the operation)

seconds(typ.) after input of Analog EN signal.

Wrong DATA

When any register data is out of range

OvP

When any output voltage is over the OVP detect level 10 times (When
STV signal starts , the OVP function resets the OVP level count)

HAVDD OVP (OP-AMP)

When the HAVDD voltage is over the OVP detect level for 20us (When
STV signal starts , the OVP function resets the OVP level count)

OLP When the IC is latched in shut-down condition due to the SCP

TSD When the IC falls to TSD condition irrespective of TSD on/off option.
When the difference of AVDD and HAVDD becomes higher than 10.5V

AVDD-HAVDD during the transient period 10 times

(When STV signal starts, the subtract function resets the count)
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Application Information
The RT6929 is a multi-functional power solution for

LCD panel. The RT6929 contains a Boost converter
for main power, three synchronous Buck converters
and LDO regulator to provide the logic voltage and the
source driver for the system, and three VCOM drivers.
The AVDD Boost and HAVDD Buck are operation
switching frequency of 900kHz / 750kHz / 600kHz /
450kHz which can be controlled by setting 12C
Register 12h[5:4]. The DVDD1 Buck converter and
DVDD2 Buck converter are operation switching
frequency of 2.7MHz / 2.25MHz / 1.8MHz / 1.5MHz /
1.35MHz / 1.2MHz / 900KHz / 750KHz / 600KHz /
450KHz which can be controlled by setting 12C
Register 11h[7:6] and Register 11h[5:4].

Under Voltage Lockout
To prevent abnormal operation of the IC in low voltage

condition, an under voltage lockout is included which
shut down the device at voltages lower than 8.15V

(Typ.). All functions will be turned off in this state.

Over-Temperature-Protection
The RT6929 equips an Over Temperature Protection

(OTP) to prevent the excessive power dissipation from
overheating. The OTP will shut down switching
operation while junction temperature exceeds 160°C.
Main converter starts switching while junction
temperature is cooled by approximately 30°C. Prevent
the maximum junction temperature over around 160°C

to maintain the continuous operation.

AVDD Boost Converter
The Boost converter is high efficiency PWM

architecture. It performs fast transient responses to
generate source driver supplies for TFT LCD display.
The high operation frequency allows use of smaller
components to minimize the thickness of the LCD
panel. The output voltage can be achieved by setting
the 12C data.

Boost Soft-Start
The main boost converter has an internal soft-start to

prevent high inrush current during start-up. The device
incorporates a digital soft-start increasing the current
limit in digital current limit steps. AVDD soft-start time

is 5ms (Typical).

Gate Drive Pin (GD) and Isolation Switch Selection
The external isolation switch disconnects the boost

converter once the device is turned off. If the boost
converter is enabled and the delay time DLY1 by 12C
setting pass by, the gate pin GD is pulled low by an
internal 10pA current sink to minimize inrush current
until the Gate-Source voltage is clamped at about
VLSIN -6 V. An internal 10kQ pull up resistor to VIN is
connected to GD to open the isolation switch if the
Gate Drive is disabled. Using a gate drain capacitor of
typically 22nF allows to increase the turn on time of
the MOSFET for further inrush current minimization. If
the boost sense voltage falls below VAVDD x 0.85 for
more than 3ms, GD is pulled high and the boost
converter shut down. The device does not recover
automatically from shut down but under-voltage
lockout must be toggled. Using this configuration
allows to optimize the solution to specific application
requirement and different MOSFETs can be used. A
standard P-Channel MOSFET with a current rating
close to the maximal used switch current of the boost

converter is sufficient.

Boost Output Voltage Setting
The output voltage can be achieved by setting the 12C

Register 00h (Bank1l) / 06h(Bank2). The AVDD setting
is from 13.5V to 19.4V when Register 00h data from
86h to Clh. Refer to Register Map and Output Code
Table. The AVDD output voltage can be disabled by
setting 12C Register 00h / 06h data 00h. If AVDD

setting is over C1h or under 86h, IC will shut down.
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Boost Inductor Selection
The inductor value depends on the maximum input

current. As a general rule the inductor ripple current is
20% to 40% of maximum input current. If 40% is
selected as an example, the inductor ripple current

can be calculated according to the following equation :

Vour*loutmax)

Iingmax)= XV

IRIPPLE=O-4XIIN(MAX)

where 7 is the efficiency of the Boost converter,
liIn(vaX) iS the maximum input current and IRiPPLE iS
the inductor ripple current. The input peak current can
be obtained by adding the maximum input current with
half of the inductor ripple current as shown in the
following equation :

L= nx(Vin)?*x(Vout-Vin)
0.4x(Vour)**loutwax) Xfosc

where fosc is the switching frequency. For better
system performance, a shielded inductor is preferred

to avoid EMI problems.

Boost Diode Selection
Schottky diode is a good choice for an asynchronous

Boost converter due to its small forward voltage.
However, when selecting Schottky diodes, important
parameters such as power dissipation, reverse
voltage rating and pulsating peak current should all be
taken into consideration. For better performance, it is
recommended to choose a suitable diode with reverse
voltage rating greater than the maximum output
voltage and its average current rating must exceed the

average output current.

Boost Input Capacitor Selection
Low ESR ceramic capacitors are recommended for

input capacitor applications. Low ESR will effectively
reduce the input ripple voltage caused by the
switching operation. 10uF x 2 low ESR ceramic
capacitors are sufficient for most applications.

Nevertheless, this value can be decreased for

applications with lower output current requirement.
Another consideration is the voltage rating of the input
capacitor, which must be greater than the maximum

input voltage.

Boost Output Capacitor Selection
Output ripple voltage is an important index for

estimating the performance. This portion consists of
two parts, one is the product of IIN and ESR of output
capacitor, another part is formed by charging and
discharging process of output capacitor. As shown in
Figure 22, AVouT1 can be evaluated based on the
ideal energy equalization. According to the definition
of Q, the Q value can be calculated as the following
equation :
Q=1x [(IIN+1AIL'IOUT> + <|IN'1AIL'IOUT>] x In XL
2 2 2 Vour fosc
=Cour
where fosc is the switching frequency and the Al is
the inductor ripple current. Move Cour to the left side
to estimate the value of AVourti as the following
equation :
Dxloyr
NxCout*fosc

Finally, the output ripple voltage can be determined as

AVoyri=

the following equation :

Dxloyr

AVor=ly*ESR+ ———MMM—
OUTTIN N*Cour*fosc
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Figure 22. The Output Ripple Voltage without the
Contribution of ESR

Boost Loop Compensation
The voltage feedback loop can be compensated with

an external compensation network consisting of R6
and C19. Choose R6 to set high frequency integrator
gain for fast transient response and C19 to set the

integrator zero to maintain stability.

Boost Over-Voltage Protection
The main Boost converter has an over voltage

protection to protect the main switch pin (LX) in case
the COMP pin is shorted to abnormal voltage. In such
an event, the output voltage rises and is monitored
with the over voltage protection comparator at the
AVDD pin. In case AVDD pin is above 21V (typ.), the
converter turns the N-MOSFET switch off. As soon as
the output voltage falls below the over voltage

threshold, the converter resumes operation.

Boost Over-Current Protection
The RT6929 can limit the peak inductor current to

achieve over current protection. The IC senses the
inductor current of on period that is flowing into LX pin.
The minimize value of the current limit is 5A. The
internal N-MOSFET will be turned off if the peak

inductor current reaches 5A. So that, the output

current at current limit boundary is denoted as louT(cL)
and can be calculated as the following equation :

Vin 1 VinxVour-Vin) _ts
|OUT(CL)=rl"V x <|CL'§XV—XI
out out

Where n is the efficiency of the Boost converter,
louT(cL) is the value of the current limit and TS is the
switching period. The minimize value of current limit
can be achieved from 0.5A to 5A by setting the 12C
Register 13h [4:2].

Boost Fault Protection
The Boost function has a fault protection feature to

protect the IC when the output becomes shorted to
GND. This is achieved by using the comparator to
monitor the AVDD voltage. If AVDD remains below
AVDD x 0.85 for 3ms, the boost converter will be
disabled. Once shut down, the Boost converter can

only be enabled until the chip is power on again.

Buck Converter
The synchronous Buck converter is high efficiency

PWM architecture with fast transient response. The
converter drives an internal N-MOSFET which is
connected among the VINB pin and LXB1, PDVDD1
pin and LXB2 respectively.

Buck Soft-Start
The two step-down converters have an internal

soft-start to reduce the input inrush current. When the
Buck converter is enabled, the reference voltage rises
slowly from zero to 3.3V and 1.2V respectively. The

typical soft-start time is around 3ms.

Buck Output Voltage Setting
The output voltage of DVDD1 can be achieved by

setting 12C data.
Due to FB detect function, the output voltage of
DVDD2 can be achieved by not only setting 12C data,

but also setting as following equation :

R
Vovop2=Vree2* (1 + R_)
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Where Vrgg2 are the reference voltage and the typical
value is 0.6V. The Vpvpp1 and Vpvbp2 must be below

Vpvpp1 = VIN X Dmax and Vpvpbp2 = Vppvbbp1 X DMax

Buck Inductor Selection
The inductor value and operating frequency determine

the ripple current according to a specific input and
output voltage. The ripple current Al will increase with
higher Vin and decrease with higher inductance, as

shown in below equation :
_(Vour VOUT)
A'L'( fxL )x(1’ Vin

Having a lower ripple current reduces not only the

ESR losses in the output capacitors but also the
output voltage ripple. High frequency with small ripple
current can achieve the highest efficiency operation.
However, it requires a large inductor to achieve this
goal. For the ripple current selection, the value of
IL(max) = 0.4 is a reasonable starting point. The largest
ripple current occurs at the highest VIN. To guarantee
that the ripple current stays below the specified
maximum, the inductor value should be chosen

according to the following equation :
Vv Y
|_=( out >x(1_ ouT )
XAl vax) ViNnax)

Buck Input Capacitor Selection

The input capacitance, Cin, is needed to filter the
trapezoidal current at the source of the high side
MOSFET. To prevent large ripple current, a low ESR
input capacitor sized for the maximum RMS current

should be used. The RMS current is given by :

VOUT x VIN _

lrms =louTvwax) * V] 1
IN

VOUT

This formula has a maximum at Vin = 2VouT, where
Irms = lout / 2. This simple worst-case condition is
commonly used for design because even significant
deviations do not offer much relief. Choose a capacitor

rated at a higher temperature than required. Several

capacitors may also be paralleled to meet size or
height requirements in the design. For the input
capacitor, a 22uF low ESR ceramic capacitor is

recommended.

Buck Output Capacitor Selection

The selection of Cour is determined by the required
ESR to minimize voltage ripple. Moreover, the amount
of bulk capacitance is also a key for Cout selection to
ensure that the control loop is stable. Loop stability
can be checked by viewing the load transient
response as described in a later section. The output

ripple, Vour, is determined by :

1
AVOUT=AI|_>< <ESR+ 8Xfx—COUT>

The output ripple will be highest at the maximum input
voltage since IL increases with input voltage. Multiple
capacitors placed in parallel may be needed to meet
the ESR and RMS current handling requirement.
Suitable candidates such as dry tantalum, special
polymer, aluminum electrolytic and ceramic capacitors
are all available in surface mount packages. Special
polymer capacitors offer very low ESR value. However,
it provides lower capacitance density than other types.
Although tantalum capacitors have the highest
capacitance density, it is important to only use types
that pass the surge test for use in switching power
supplies. Aluminum electrolytic capacitors have
significantly higher ESR. However, it can be used in
cost-sensitive applications requiring high ripple current
rating and long term reliability. Ceramic capacitors
have excellent low ESR characteristics but can have a
high voltage coefficient and audible piezoelectric
effects. The high Q of ceramic capacitors with trace
inductance can also lead to significant ringing.
Nevertheless, higher value, lower cost ceramic
capacitors are now becoming available in smaller case
sizes. Their high ripple current, high voltage rating and

low ESR make them ideal for switching regulator
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applications. However, care must be taken when
these capacitors are used at the input and output.
When a ceramic capacitor is used at the input, VIN,
and the power is supplied by a wall adapter through
long wires, a load step at the output can induce ringing
at the input. At best, this ringing can be coupled to the
output and be mistaken as loop instability. At worst, a
sudden inrush of current through the long wires can
potentially cause a voltage spike at VIN large enough

to damage the part.

Buck Over-Current Protection
The RT6929 can limit the peak current to achieve over

current protection. The IC senses the inductor current
of on period that is flowing out of the LXB1 and LXB2
pin. The internal N-MOSFET will be turned off if the
peak inductor current reaches 5A/2.2A (typ.). The
DVDD1 and DVDD2 minimum value of current limit
can be achieved from 3.5A/1.5A by setting the 12C
Register 13h [1] and 13h [0], respectively.

Buck Fault Protection
To avoid the output is shorted to GND and the

switching frequency is reduced from normal operating
frequency, the converter uses the comparator to
monitor the DVDD1 or FBB2 voltage. The Buck
converter switching frequency reduces to 1/2 of the
original switching frequency when the DVDD1 or
FBB2 is below DVDD1*0.85 or FBB2 *0.85 . The fault
function can disable the Buck converter if DVDD1 or
FBB2 falls below DVDD1*0.85 or FBB2 *0.85 and
keeps 3ms. The Buck converter will turn on until power

on again.

HAVDD Buck Output Voltage Setting
The output voltage can be achieved by setting the 12C

Register 01h (BANKZ1)/Register 07h (BANK2). The
HAVDD setting is from 6.75V to 9.7V when Register
01h/07h data from 86h to C1h. Refer to Register Map
and Output Code Table. The output voltage can be

disabled by 12C Register 01h/07h data setting 00h. If
HAVDD setting is over Clh or under 86h or
(AVDD-HAVDD) >10.5V, IC will shut down.

HAVDD Buck Over-Current Protection
The RT6929 can limit the peak current to achieve over

current protection. The IC senses the inductor current
that is flowing out or flowing in of the LXH pin. The
internal P-MOSFET or N-MOSFET will be turned off if

the peak inductor current reaches 1.2A (min.).

HAVDD Buck Short Circuit and Over Voltage
Protection and Fault Protection
To avoid the output is shorted to GND and the

switching frequency is reduced from normal operating
frequency, the converter uses the comparator to
monitor the HAVDD voltage. The Buck converter
switching frequency reduces to 1/2 of the original
switching frequency when the HAVDD is below
HAVDD x 0.85V. The fault function can disable the
synchronous Buck converter if HAVDD falls below
HAVDD x 0.85 or above 10.5V and keeps 3ms. The
synchronous Buck converter will turn on until power on

again.

HAVDD Operational Amplifier
The RT6929 has OP_HAVDD operational amplifier

where the output voltage acts as VOP_HAVDD for the
LCD panel. The OP_HAVDD can be achieved by
setting the 12C Register OFh [0] = 1 and the typical

values of short circuit current is 250mA.

LDO Regulator
The low-dropout linear regulator (LDO) can supply up

to 600mA current with an input voltage of 1.8V. It uses
an internal P-MOSFET as the pass device. It is
suitable as the supply voltage for the T-CON ASIC.
The output voltage of DVDD3 can be achieved by
setting 12C data.
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Digital VCOM1 provided under digital control. The DVR setting is
The RT6929 provides the ability to reduce the flicker of composed of two max voltage and one variable range
an LCD Panel by adjusting the VCOML1 voltage during voltage as shown in Table 4.

production test and alignment. A 128-step resolution is

8bit DAC
. (0~255) ——{1 DVR_REF

—» _ _ _ _ _ ________

DVRRange | | —————————————

o _________C ] vcoml
Yy | -~ - - - -"=="=7"7"7""""—
DVR max -0.5 x DVR Range(63) L] NEG1
PMIC DVR (7hbit:0~127)
EEPROM DVR (7bit:0~127)
DVR Range (3bit:0~7)
DVR max (8bit:0~255)
Figure 23. DVR Function Block
Table 4. DVR Setting Function
items bits Resolution
Max Voltage (2D) 8bit [DVR_REF/256 ~DVR_REF]
SET Max Voltage (3D) 3bit [DVR_REF/256 ~DVR_REF]
Variable Range Voltage (AV) | 3bit 0.5V (0.5V~4V)
EEPROM DVR (2D) 7bit AV/128 (AV/128 ~ AV)
EEPROM DVR (3D) 7bit AV/128 (AV/128 ~ AV)
Data

PMIC DVR (2D) 7bit AV/128 (AV/128 ~ AV)
PMIC DVR (3D) 7bit AV/128 (AV/128 ~ AV)

The VCOML voltage setting can be calculated according to the following equation :
BANK_SEL = 0: BANK 1 Data Writing & Reading (Line DVR Tuning).

DVR_max Code(bank1)+1
256

DVR—t“”'”glzc;de(ba”kl)ﬂ} xDVR_Range(bank1)

VCOM1 Code (BANK1) = [ :|x DVR_REF-[

BANK_SEL = 1: BANK 2 Data Writing & Reading (Line DVR Tuning).

DVR_max Code(bank2)+1
256

DVR_tuning Code(bank2)+1
128

VCOM1Code (BANK2) = { } x DVR_REF{ } ®DVR_Range(bank?2)
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AVDD Detail Trimming Function
AVDD detail trimming function is detail trimming about

AVDD level of BANK1/BANK2. AVDD setting value
should be detail trimming 0.1% as show in Table 5.
When LSB = 0, data writes to Memory and Register.

But LSB = 1, data is only write to Register. A 128-step
resolution is provided under digital control and AVDD
trimming slave address is 0100101xb when A0 =

0(0110101xb when AO = 1).
Table5. AVDD Output by Code Setting.

Code Setting AVDD
127 +6.3%
126 +6.2%
125 +6.1%
66 +0.2%
65 +0.1%
64 (default) AVDD Setting
63 -0.1%
62 -0.2%
2 -6.2%
1 -6.3%
0 -6.4%

Analog Switch
The RT6929 has a high speed dual analog switch for

SDA and SCL. The device is organized as a dual
switch with independent CMOS compatible switch
control (EN_ASW/WPN). When EN_ASW/MWPN is
high, the switch is turn on and SDA_OUT (SCL_OUT)
is connected to SDA_IN (SCL_IN). And Allow I12C data
writes to internal AVDD Trimming & DVR Register and
EEPROM. When EN_ASW/WPN is low, the switch is
turn off and a high impedance state exists between the
input and output. And prevent 12C data writes to
internal AVDD Trimming & DVR Register and
EEPROM. The analog switch must have very short

propagation delay, typically <5ns (50% to 50%) as
show in Figure 24 and Figure 25. The Test circuit is as

show in Figure 26.

EN_ASW/WPN TPLH

Figure 24. Analog Switch Propagation Delay

EN_ASW/WPN

3.3V

ASW_INX ov

ASW_OUTx

« B B e OV il

TPZH TPHZ TPZL TPLZ

N

Figure 25. Analog Switch Output Enable/Disable time

Vi
Ru
500Q
From Output
Under Test
CL RD

SOpFI 500Q

Figure 26. Analog Switch Test Circuit

RESET Function

When VCC falls below a set threshold level (VRESET),
the RESET output goes low, signaling the T-CON to
terminate digital operation. When VCC recovers, the
RESET signal goes high after a delay time. The
amount of delay is determined by the external
capacitance on the CDLY pin. The function block and

waveforms as show in Figure 27 and Figure 28.
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VCC VDD

Voltage
Detector

RESET
Comparator
Hystersis
Typical=400mV

<

I_T_, CDLY
-

Figure 27. RESET Function Block

Repeat
Powi_on tpLy Defined :
Voltage
t | L wee toLy (MS) = CoLy *(1.35V/5uA)

|
N; L75v : CDLY Voltage Threshold (Falling) = 1.75V(typ) £10%
|
1 »
|

. (Hysteresis = 300mV (typ) +33%)
toLy CDLY Voltage DLY Threshold (Rising) = 1.35V(typ) *
10% (Reset comparator Hysteresis = 400mV(typ) *

P
| 25%)

% CDLY Current = 5uA(typ) +15%
|

» Time
Temperature Detect Function
Figure 28. RESET Function Waveforms The RT6929 detects the voltage of NTC and update its

A 4

data at register for PBA temperature monitoring

function.

1= V1 = VT50_Sense = (1.999V)«

[v]

VT Sense

|= V2 =VT25_Sense = (1.115V)

V3 = VTO_Sense = (0.401V)e

+ . -
' T
-10 0 10 20 30 40 a0 O

Tal] [Distibution : +/- 5%]-
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3.3V

RNTC1 T_SENSE

IC Fault Function
During normal operating, each Fault Pin becomes

High-state. If the one chip becomes the fault-state, the
fault pin becomes low-state. Thus, the fault pin of the
other chip becomes also low-state and shut-down. If
the RT6929 becomes the fault-state, the RT6930

becomes shut down. If the RT6930 becomes the

Data |00 01 10 11 fault-state, the RT6929 becomes shut down except for
Und logic power. If the resister R removes, the fault pin of
nder
Range |5oc 0~25 °C 25~50 °C |Over 50 °C the other chip becomes high-state and normal
operation. As show in Figure 29.
VL VL
Min. 100k Min. 100k
S FAULT FAULT _
Main_Chip ] NN Sub_Chip
(RT6929) (From RT6930)

Figure 29. Fault Function Block

Thermal Considerations

For continuous operation, do not exceed absolute
maximum junction temperature. The maximum power
dissipation depends on the thermal resistance of the IC
package, PCB layout, rate of surrounding airflow, and
difference between junction and ambient temperature.
The maximum power dissipation can be calculated by
the following formula :

Pomax) = (Tagmax) — Ta) / 0aa

where Tymax) is the maximum junction temperature,
Tais the ambient temperature, and 6sais the junction to
ambient thermal resistance.

For recommended operating condition specifications,
the maximum junction temperature is 125°C. The
junction to ambient thermal resistance, 634, is layout

dependent. For WQFN-48L 6x6 package, the thermal
resistance, 0ja, is 26.8°C/W on a standard JEDEC
51-7 four-layer thermal test board. The maximum
power dissipation at Ta = 25°C can be calculated by
the following formula :

Ppmax) = (125°C — 25°C) / (26.8°C/W) = 3.73W for
WQFN-48L 6x6 package

The maximum power dissipation depends on the
operating ambient temperature for fixed Tywmax) and
thermal resistance, 63a. The derating curve in Figure
30 allows the designer to see the effect of rising
ambient temperature on the maximum power
dissipation.
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Figure 30. Derating Curve of Maximum Power
Dissipation

Layout Consideration

PCB layout is very important for designing power
switching converter circuits. For best performance of
the RT6929, the following layout guidelines must be
followed:

» For good regulation, place the power components as
close as possible. The traces should be wider and
shorter especially for the high current output loop.

» The feedback voltage divider resistors and output
sense voltage pin must be near the feedback pin.
The divider's center trace and output sense voltage
pin must be short and avoid the trace near any

switching nodes.

» The compensation circuit should be kept away
from the power loops and be shielded with a
ground trace to prevent any noise coupling.

» The sense voltage must be near the sense pin.
The sense voltage pin trace must be short and
avoid the trace near any switching nodes.

» Minimize the size of the LXB1, LXB2, LX and LXH
node and keep it wide and shorter. Keep the LXB1,
LXB2, LX and LXH node away from the feedback
pin and analog ground.

» The power ground (PGND) consists of input and
output capacitor grounds.

» Separate power ground (PGND) and analog
ground (AGND). Connect the AGND and the
PGND islands at a single end. Make sure that
there are no other connections between these
separate ground planes. Connect the exposed pad
to a strong ground plane for maximum thermal

dissipation.
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Separate power ground (PGND) ground.
and analog ground (AGND). 8 O
Connect the AGND and the Z 0
PGND islands at a single end. =
Make sure that there are no O DvDD1 ple} c22 O
other connections between Z0
these separate ground planes. c26 =
I L3
O
PGND O|o PGNDB
ODVDD2 ._NHV\_." LxB2 [
R23 Cc34 o PDVDD1
C37 DVDD1 DVDD1
FBB20O I ._I DVDD3
O O
R24 PGND FBB2 O FBBZ|
._| |_I%VDD1VCC
O 00 O
0000 C25 Ol RESET |
AGND o |® coLy[

The compensation circuit

should be kept away from the

power loops and be shielded
with a ground trace to
prevent any noise coupling.

Minimize the size of the
LXB1 and LXB2, node and
keep it wide and shorter.
Keep the LXB1 and LXB2
node away from the analog

C41

The feedback voltage-divider
resistors must be near the
feedback pin. The divider's center
trace must be short and avoid the
trace near any switching nodes.

The power ground (PGND) consist input and output capacitor grounds.

For good regulation, place
the power components as

<4— close as possible. The
traces should be wider
and shorter especially for
the high-current output
loop.

VIN O

Minimize the size of the LX
and LXH, node and keep it

wide and shorter. Keep the

A

PGND OO
LSOUT/GD
LSIN O VIN
LXH
HAVDD

8| PGNDH OO

N
N,

EN|[%
STV
TRDY
BANK_SEL

SCL_IN
INV_OUT
FAULT [§

SDA_OUT
SCL_OUT
SDA_IN
EN_ASW/WPN
SEQ_IN

Figure 31. PCB Layout Guide

51 NEG3
5] veoms
71 C_GND
6] AD

| T_SENSE

LX and LXH node away from
the analog ground.

Place the capacitors as close to VINO as
possible for better performance.

51 VINO

| DVR_REF
il POS3

1 NEG1

1 veoM1

NEG2
VCOM

2 io AVDD
C24
%00

Connect the exposed
pad to a strong ground
plane for maximum
thermal dissipation.
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Outline Dimension

Fin #1 1D and Tie Bar Mark Options

- O - - 0z -
rL
j NI RNRRRSRRRRRRRN] Y
) — ]
— ]
— ]
= ]
E 2 B =
— ]
— ]
= ]
| - ]
[ ]
1 MMONOnOnnnnmn
EJ — - Lb
. i [T HjN
REE 7] 7]
DETAIL A
Mote : The configuration of the Fin #1 identifier is optional,
but must be located within the zone indicated.
Dimensions In Millimeters Dimensions In Inches
Symbol - -
Min. Max. Min. Max.
A 0.700 0.800 0.028 0.031
Al 0.000 0.050 0.000 0.002
A3 0.175 0.250 0.007 0.010
b 0.150 0.250 0.006 0.010
D 5.950 6.050 0.234 0.238
D2 Option 1 4.250 4.350 0.167 0.171
Option 2 4.350 4.450 0.171 0.175
E 5.950 6.050 0.234 0.238
Eo Option 1 4.250 4.350 0.167 0.171
Option 2 4.350 4.450 0.171 0.175
e 0.400 0.016
L 0.350 0.450 0.014 0.018

W-Type 48L QFN 6x6 Package

Copyright © 2015 Richtek Technology Corporation. All rights reserved. RICHTEMWK is a registered trademark of Richtek Technology Corporation.

DS6929-00_SAMS  April 2015

www.richtek.com
49



RT6929 RICHTEK

Richtek Technology Corporation
14F, No. 8, Tai Yuen 1% Street, Chupei City
Hsinchu, Taiwan, R.O.C.

Tel: (8863)5526789

Richtek products are sold by description only. Richtek reserves the right to change the circuitry and/or specifications without notice at any time. Customers should
obtain the latest relevant information and data sheets before placing orders and should verify that such information is current and complete. Richtek cannot assume
responsibility for use of any circuitry other than circuitry entirely embodied in a Richtek product. Information furnished by Richtek is believed to be accurate and
reliable. However, no responsibility is assumed by Richtek or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may
result from its use. No license is granted by implication or otherwise under any patent or patent rights of Richtek or its subsidiaries.

Copyright © 2015 Richtek Technology Corporation. All rights reserved. RICHTEMWK is a registered trademark of Richtek Technology Corporation.

www.richtek.com DS6929-00_SAMS  April 2015
50




