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13-Channel Level Shifter With Op-Amp for LCD TVs and Monitors

Check for Samples: TPS65198

FEATURES

e Six CLK Outputs

e VST and RESET Outputs

e« ODD and EVEN Outputs

e VGH_F and VGH_R Outputs

¢ Panel DISCHARGE Output

e Supports Forward and Reverse Operation
e Abnormal Operation Detection

e Supports all Display Resolutions

» High-Speed Operational Amplifier

e 28-Pin 4x4 mm QFN Package

APPLICATIONS
 LCD TVs and Monitors Using GIP Technology

DESCRIPTION

The TPS65198 provides an integrated level shifter
solution, primarily intended for TV and monitor
applications using GIP technology. The device
features a built-in state machine that generates
twelve output signals from the five input signals
provided by the timing controller (T-CON). In addition,
the TPS65198 generates a signal to discharge the
display panel during power-down and a high-speed
operational amplifier for buffering the system's Vcoum
voltage.

Level shifter outputs are forced to a safe state (Vg)
during abnormal panel operation, which is indicated
by the T-CON using the EO and GST signals.
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ORDERING INFORMATION®
TA ORDERING PACKAGE PACKAGE MARKING
—40°C to 85°C TPS65198RUYR 28-Pin 4x4 QFN TPS65198

(1) The device is supplied taped and reeled, with 3000 devices per reel.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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ABSOLUTE MAXIMUM RATINGS®
over operating free-air temperature range (unless otherwise noted)

VALUE
MIN MAX UNIT
GCLK, MCLK, GST, EO, BI-SCAN, VSENSE 7
VGH1, VGH2, RE 40
VGL -25
Voltage ® VGH1 with respect to VGL, VGH2 with respect to VGL 60 \
POS, NEG, OUT, AVDD 20
CLK1, CLK2, CLK3, CLK4, CLK5, CLK6, VST, RESET, VGH-F, VGH_R, EVEN, ODD, o5 20
DISCHARGE
Human Body Model 2 kv
ESD Rating Machine Model 200 \%
Charged Device Model 700 \%
Ambient temperature, Tp -40 85 °C
Junction temperature, T; —40 150 °C
Storage temperature, Tgrg —65 150 °C

(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 reliability.

(2) With respect to the GND pin.

THERMAL INFORMATION

1 TPS65198
THERMAL METRIC® UNITS
QFN (28) PIN
03a Junction-to-ambient thermal resistance 33.8
83ctop Junction-to-case (top) thermal resistance 23.6
038 Junction-to-board thermal resistance 6.7
°C/W
Wit Junction-to-top characterization parameter 0.2
Wi Junction-to-board characterization parameter 6.7
03chot Junction-to-case (bottom) thermal resistance 2.1

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)

MIN TYP MAX UNIT
VGH1 ] - 15 38 \Y
Level shifter positive supply voltage range
VgHz 15 38 \Y
VoL ) ) -3 -23 \Y
Level shifter negative supply voltage range
Vghi-VaL 18 56 \Y
Veh2-VaL Level shifter differential supply voltage range 18 56 Y
AVpp Op-amp positive supply voltage range 8 20 Y
Ta Operating ambient temperature -40 25 85 °C
T, Operating junction temperature -40 85 125 °C

ELECTRICAL CHARACTERISTICS

Veni= 28V, Vguo= 28V, Vg = -10V, AVpp = 15V, T, = —40°C to 85°C; Typical values are at 25°C (unless otherwise noted)

PARAMETER l TEST CONDITIONS ‘ MIN TYP MAX | UNIT
LEVEL SHIFTER
POWER SUPPLY
lgh1 Positive supply current GST, GCLK, MCLK, EO, BI-SCAN =0V 0.4 mA
lgHz Positive supply current GST, GCLK, MCLK, EO, BI-SCAN =0 V 0.06 mA
loL Negative supply current GST, GCLK, MCLK, EO, BI-SCAN = 0V 0.13 mA
Vg1 rising 9.2
uvLO UVLO threshold o v
Vg falling 34
INPUT SIGNALS (GCLK, MCLK, GST, EO, BI-SCAN)
Vi High input voltage threshold Input rising 1.4 \
Vi Low input voltage threshold Input falling 0.8 \%
GST, GCLK, MCLK, EO =0V +100 nA
In Input current GST, GCLK, MCLK, EO=3.3V +100 nA
BI-SCAN =3.3V 24 33 44 HA
RpuLL-pown BI-SCAN pin internal pull-down resistor 100 kQ
LEVEL SHIFTERS (CLK1 to CLK8)
High side ON resistance lout = 10 mA, sourcing (high side) 12 0
{
psen Low side ON resistance lour = 10 MA, sinking (low side) 7
toLH GCLK rising edge propagation delay GCLK rising edge to CLK rising edge, Coyr = 150 pF 50 100 ns
toHL MCLK falling edge propagation delay MCLK falling edge to CLK falling edge, Coyr = 150 pF 50 100 ns
LEVEL SHIFTERS (VST, RESET, ODD, EVEN, VGH_F, VGH_R)
High side ON resistance lout = 10 mA, sourcing (high side) 35 a
l{
psion Low side ON resistance lout = 10 A, sinking (low side) 16
L . GST rising edge to VST rising edge, Coyr = 150 pF 50 100
toLn GCLK rising edge propagation delay ns
GST rising edge to RESET rising edge, Coyr = 150 pF 50 100
GST falling edge to VST falling edge, Coyr = 150 pF 50 100
toHL GCLK falling edge propagation delay - - ns
GST falling edge to RESET falling edge, Coyr = 150 pF 50 100
- . EO rising edge to ODD falling edge, Coyr = 150 pF 50 100
toLp EO rising edge propagation delay — - ns
EO rising edge to EVEN falling edge, Coyr = 150 pF 50 100
X . EO falling edge to ODD rising edge, Coyr = 150 pF 50 100
toHL EO falling edge propagation delay ns
EO falling edge to EVEN rising edge, Coyr = 150 pF 50 100
tsy EO set-up time during abnormal operation EO to GST rising edge 50 100 ns
. . BI-SCAN rising edge to VGH_R rising edge, Coyr = 150 pF 50 100
toLn BI-SCAN rising edge propagation delay ns
BI-SCAN rising edge of VGH_F falling edge, Coyr = 150 pF 50 100
BI-SCAN falling edge to VGH_F rising edge, Coyr = 150 pF 50 100
toHL BI-SCAN falling edge propagation delay - - ns
BI-SCAN falling edge of VGH_F falling edge, Coyr = 150 pF 50 100
to VGH_F falling edge to VGH_R rising edge, Coyr = 150 pF 20 500 1000
Bi-SCAN dead time - — ns
ti3 VGH_R falling edge to VGH_F rising edge, Coyr = 150 pF 20 500 1000
GATE SHAPING (RE)
Tos(on) Gate shaping resistance Measured between active CLK channel and RE at 10 mA 70 Q
toHL MCLK rising edge propagation delay MCLK rising edge to CLK falling edge, Coyr = 150 pF 65 100 ns
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ELECTRICAL CHARACTERISTICS (continued)
V1= 28V, Vo= 28V, Vg, = —10V, AVpp = 15V, T, = —40°C to 85°C; Typical values are at 25°C (unless otherwise noted)

Product Folder Links: TPS65198

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX | UNIT
PANEL DISCHARGE (DISCHG)
VsenseL Discharge threshold voltage Vsense falling 1.275 15 1.725 \%
Viys Discharge threshold voltage hysteresis Vsense rising 100 mVvV
lsense VSENSE input current Veense =2 V +1 HA
High side ON resistance lout = 10 mA, sourcing (high side) 35
oseen Low side ON resistance lour = 10 mA, sinking (low side) 16 ¢
OPERATIONAL AMPLIFIER
lavop Supply current Vem = 7.5V, unity gain, no load 4 6 mA
Vio Input offset voltage Vem =75V -25 25 mv
lis Input bias current Vem =75V -100 100 nA
BW Unity gain 3 dB bandwidth Vew = 7.5V, Viy = 63 mVpp, No load 70 MHz
AVoL Open loop gain Vem = 7.5V, no load 80 dB
CMRR Common-mode rejection ratio CMRR = AV¢y / AVps, Vey =55V 10 9.5V 90 dB
PSRR Power supply rejection ratio PSRR = AAVpp / AVgs, AVpp = 8V to 20 V 80 dB
High-side output resistance Vpos = 9.5V, Vyegg = 7.5V, loyr = 10 mA 15
fosom Low-side output resistance Vpos = 7.5V, Vygg = 9.5V, loyr = 10 mA 35 e
o Peak output current Unity gain, Vpos = 7.25V, Voyr = 7.5V 200 414 A
Unity gain, Vpos = 7.75V, Vour = 7.5V 200 344
4 Submit Documentation Feedback Copyright © 2011-2013, Texas Instruments Incorporated


http://www.ti.com/product/tps65198 ?qgpn=tps65198 
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSAT4B &partnum=TPS65198 
http://www.ti.com/product/tps65198 ?qgpn=tps65198 

13 TEXAS

INSTRUMENTS

www.ti.com

TPS65198

SLVSAT4B —JUNE 2011-REVISED JULY 2013

PIN ASSIGNMENT

TOP VIEW
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PIN FUNCTIONS
PIN
110 DESCRIPTION
NAME NO.
CLK1 1 O CLK1 output
CLK2 2 O CLK2 output
CLK3 3 O CLKS3 output
CLK4 4 O CLK4 output
CLK5 5 O CLKS5 output
CLK6 6 O CLKG6 output
RE 7 O Gate shaping resistor connection
VGH_R 8 O VGH_R output
VGH_F 9 O VGH_F output
OoDD 10 O ODD output
EVEN 11 (e} EVEN output
VST 12 (0] VST output
RESET 13 (0] RESET output
DISCHG 14 O DISCHG output
VGL 15 P Negative supply voltage
VGH1 16 P Positive supply voltage for all outputs except ODD and EVEN
VGH2 17 P Positive supply voltage for ODD and EVEN outputs
ouT 18 O Operational amplifier output
NEG 19 | Operational amplifier inverting input
POS 20 | Operational amplifier non-inverting input
AVDD 21 P Operational amplifier positive supply
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PIN FUNCTIONS (continued)

PIN

NAME NO. 110 DESCRIPTION
GND 22 P Ground

VSENSE 23 | Voltage sense input for discharge function

EO 24 | EO input

GST 25 [ GST input

MCLK 26 [ MCLK input

GCLK 27 [ GCLK input

BI-SCAN 28 [ BI-SCAN input

Exposed N/A P Connect to Vg

Thermal Die
6 Submit Documentation Feedback Copyright © 2011-2013, Texas Instruments Incorporated
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TYPICAL CHARACTERISTICS
TABLE OF GRAPHS

TITLE TEST CONDITIONS FIGURE

CLKXx Figure 1

Peak Output Current vs VST, RESET, ODD, EVEN, VGH_F, VGH_R 10nF load Figure 2
DISCHARGE Figure 3

CLKXx Figure 4

VST, RESET, ODD, EVEN, VGH_F, VGH_R 47Q + 10nF load Figure 5

Rise Time vs DISCHARGE ngure 6
CLKx Figure 7

VST, RESET, ODD, EVEN, VGH_F, VGH_R 150 pF load Figure 8

DISCHARGE Figure 8

CLKXx Figure 10

VST, RESET, ODD, EVEN, VGH_F, VGH_R 47Q + 10nF load Figure 11

Fall Time vs DISCHARGE F?gure 12
CLKx Figure 13

VST, RESET, ODD, EVEN, VGH_F, VGH_R 150 pF load Figure 14

DISCHARGE Figure 15

Vsense Threshold vs VSENSE, DISCH Figure 16
Power-Up Sequence vs CLKs, VGH, VGL Figure 17
Power-Down Sequence vs CLKs, VGH, VGL, DISCH Figure 18
Small-Signal 3dB Bandwidth GXiItDyDgz:airll.spr’E\E/gBTczK g V=63 mVep. No load Figure 19
Peak Output Current QXED =15V, VEM = 7.5V, Vin =2 Vep, OpeNn- |14 ok joad Figure 20
Slew Rate Vour falling Cout = 150pF, No Load Figure 21

[4.00us 250M5/5 o 100MS/s ®
@ 200mA i 10k points  204mA (@ 100mA Ji 10k points _ §4.0mA
@ Max 728mA @M 318mA
@Min -736mA @Min -354mA
Figure 1. Peak Output Current - CLKs Figure 2. Peak Output Current - VST, RESET, etc.
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T00MS/s [ AR
@ 100mA i 10k points  66.0mA
@ vax 310mA
@ Vvin -350mA

Figure 3. Peak Output Current - DISCHARGE

(018

(@ 10.0v Taoons 25065/ @ 7
10k points 0.00V

@Rise Time  380.0ns
Figure 4. Rise Time - CLKs

DivsT _‘nl, DISCH .
@ oov Tsoons FE (@ 100V Tsoons Lsess @ 7
10k points 000V 10k points 0.0V
(@ Rise Time__1.692ys ] (@Rise Time__1.704ps ]
Figure 5. Rise Time — VST, RESET, etc. Figure 6. Rise Time — DISCHARGE
Dick
(@ 100V T20.0ms 25065 @ 7 (@ 100V "~ T20.0ms 250685 @ 7
10K points 200mv 10K points 200my
(@ Rise Time__9.699ns ) (@Rise Time__ 25.17ns )
Figure 7. Rise Time - CLKs Figure 8. Rise Time - VST, RESET, etc.
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(@ 100V Toons 25065 @ 7
10k points 200mv

(@rise Time_ 25.60ns )
Figure 9. Rise Time - DISCHARGE

(@ 10.0v Teoons 125635 @ 1
10k points 0.00V

(@rallTime  915.7ns )

Figure 11. Fall Time — VST, RESET, etc.

@ 100V TT20.0n5 250655 @
10k points 200my

(@raiiTime  9.450ns

)

Figure 13. Fall Time — CLKs

DicLk g

(@ 100V Tatons  zs0css @
10k points 0.00V

(@ ranTime _ 138.2n5 )
Figure 10. Fall Time — CLKs

TH{DISCH

(@ 100V Ts00ns 125Gs/s @
10k points 0.00V

(@rFaiTime  942.2ns )
Figure 12. Fall Time — DISCHARGE

_[_mVST i ]: + i 4

(@ 0.0V — Taoons 2500/ @
10K points 200my

(@railTime _17.20ns )
Figure 14. Fall Time — VST, RESET, etc.
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O -l4ous @ 157V
O sies O 160V
A8174s A120mY

D{DIscH i o | _— i 4

iy{vswsﬂ
B :DISCH
(@ 10.0v J20.0ns 2.5065/5 [T (@ soomv 2 J100ps 10.0M5/5 2 7
10k points 200my 10k points 2.00V
(@railTime 175005
Figure 15. Fall Time — DISCHARGE Figure 16. Vgense Threshold — VSENSE, DISCHARGE

L
VGH

AR N
I

B vmmwmmmwﬁm%%

2

bt B e e

W“ﬂ#ﬁmwmmmwmw "

yDISCH

® oy 2 1.00ms 1.00MS/s 2\ 2 J{Z0.0ms 50.0kS75 Wi
® 1oy 10k points ~ -2.00V @ 1.0V @ oy 10k points  -2.00V
Figure 17. Power Up Sequence Figure 18. Power Down Sequence
R LOG MAG MKR 1: 68.487 643 EMHz
REF -18.888 db 5.888 db/f -3.813 dB
S e pa
3
1]
i
4.00ps 250M5/s [0
@ 200mA i 10k points  68.0mA
@ e 416mA J
START 1MHz [-28.8 dbn] STOP 18BHHZ @i —344mA
Figure 19. Small-Signal 3dB Bandwidth Figure 20. Peak Output Current
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(@ 1.00v 2 J100ns 250655 @ S
10k points 0.00V

Figure 21. Slew Rate

DETAILED DESCRIPTION

Level Shifter
An internal block diagram of the level shifter block is shown in Figure 22.

VGH1
Gate |6
—I} Shaping CLK1-CLKG6
A
VGL
RE
VGH1
s
GST L 5 State 4 RESET
Machine Y VGH_F
EO VGH R
BI-SCAN -
GL
VGHZ
2 g ©opD
T EVEN
VGL
VGH1
L 0 DISCHG
REF
vGL

Figure 22. Internal Block Diagram

State Machine

The state machine generates 12 output signals (all outputs except DISCHG) from the five input signals, as
described below.

Copyright © 2011-2013, Texas Instruments Incorporated Submit Documentation Feedback 11
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GCLK

The rising edge of GCLK defines the rising edge of the active CLK channel. The phase difference between
adjacent CLK signals is 60°, which means that the frequency of the output clocks is exactly one sixth the
frequency of the GCLK signal (see Figure 23 to Figure 26).

The falling edge of GCLK has no effect.

MCLK

The rising edge of MCLK defines the start of gate-shaping for the active CLK channel. The phase difference
between adjacent CLK signals is 60°, which means that the frequency of the output clocks is exactly one sixth
the frequency of the MCLK signal (see Figure 23 to Figure 26).

The falling edge of MCLK defines the falling edge of the active CLK channel (and, by definition, the end of gate-
shaping).
GST

The function of the GST signal depends on the state of GCLK when the GST pulse occurs. When GCLK is low
(see Figure 23 and Figure 29, and section describing VST behavior):

» the rising edge of GST defines the rising edge of VST
» the falling edge of GST defines the falling edge of VST
» the GST signal indicates the start of a new frame, and resets all internal counters in the state machine

When GCLK is high (see Figure 24 and Figure 26 and section describing RESET behavior):
» the rising edge of GST defines the rising edge of RESET
» the falling edge of GST defines the falling edge of RESET

EO

During normal operation a pulse applied to EO toggles the ODD and EVEN outputs (see section below
describing the ODD and EVEN outputs).

See also section describing Abnormal Operation.

BI-SCAN
The BI-SCAN signal is used to select forward or reverse operation.

During forward operation (BI-SCAN=low), VGH_F=high, VGH_R=low and the clock signals are output in the
following order:

(start of frame)4-5-6-1-2-3-4-5-6-1-2-3..... 4-5-6-1-2-3(end of frame)

During reverse operation (BI-SCAN=high), VGH_F=low, VGH_R=high and the clock signals are output in the
following order:

(start of frame)3-2-1-6-5-4-3-2-1-6-5-4..... 3-2-1-6-5-4(end of frame)
The BI-SCAN pin is internally pulled down by a 100kQ (typical) resistor.

12 Submit Documentation Feedback Copyright © 2011-2013, Texas Instruments Incorporated
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Figure 23. Timing Diagram: Normal Operation, Start of Frame
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GCLK _Ii I
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cki Y |
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I

CLK4 i
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Figure 24. Timing Diagram: Normal Operation, End of Frame
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Figure 25. Timing Diagram: Reverse Operation, Start of Frame
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Figure 26. Timing Diagram: Reverse Operation, End of Frame
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VGH_F and VGH_R
The VGH_F and VGH_R signals follow the BI-SCAN and GST inputs in accordance with Table 1.

Table 1. Truth Table

INPUTS OUTPUTS NORMAL OCCURRENCE
BI-SCAN GST Q VGH_F VGH_R

1 X X 0 1 Reverse, power-up

Forward to reverse

0 X 0 1 0 Forward, power-up

Normal 0 i 1 1 0 Reverse to forward
0 0 0 1 0 Forward, power-down
0 0 1 0 1 Reverse, power-down

Abnormal Same as Normal mode

The VGH_F and VGH_R outputs feature a dead time (t;, and t;3) such that when BI-SCAN changes state
VGH_F and VGH_R are temporarily both low before the active channel goes high (see Figure 27).

osT [ 1 [ 1 [
BI-SCAN —l

VGH_F

VGH_R

——
I |

Dead Timeﬂi l— t,, ty, %i l«—Dead Time

Figure 27. VGH_F and VGH_R Operation, Showing Dead Time

To ensure the VGH_F and VGH_R outputs remain valid during power-down (when the BI-SCAN signal may not
be valid), the BI-SCAN signal is latched on every rising edge of GST (see Figure 28).

BI-SCAN >1 Latched signal used by
I B rest of internal circuitry
D Q

GST

Figure 28. BI-SCAN Latching Scheme

The VGH_F and VGH_R channels follow a well defined characteristic during power-up and power-down (see
Power Supply Sequencing).

VST

The VST signal follows the GST and GCLK input signals in accordance with the truth table below (see also
Figure 23 to Figure 26).

INPUTS OUTPUT
OPERATION GST GCLK VST
Normal 1 0
1
0 X
Copyright © 2011-2013, Texas Instruments Incorporated Submit Documentation Feedback 17
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INPUTS OUTPUT
OPERATION GST GCLK VST
Abnormal X X 0
RESET

The RESET output is derived from the GST and GCLK signals in accordance with the truth table below (see also
Figure 23 to Figure 26).

INPUTS OUTPUT
OPERATION GST GCLK VST
Normal 0 X 0
1 0 0
1 1 1
Abnormal X X 0

ODD and EVEN

The ODD and EVEN outputs toggle on the rising edge of the EO input signal in accordance with the truth table
below. The pulse width of the EO signal defines a dead time during which both ODD and EVEN outputs are
temporarily low (see Figure 29).

INPUT OUTPUTS
OPERATION EO EVEN ODD
Power-Up X 1 0
Normal 1 toggle® | toggle®
Abnormal X 1 0

(1) With dead time

£ [ y [

44

i i
| |
| |
| |
oDbD | . !
i o4 o
| | I I
o 7 -
| [44 |
EVEN | |
R — —_—
| | I I
Dead Time—»| :ﬂf ﬂ: :.%Dead Time

Figure 29. ODD and EVEN Generation, Showing Dead Time

Abnormal Operation

The TPS65198 supports abnormal operation. Abnormal operation is detected when EO is high during the rising
edge of GST (see Figure 30), after which the level shifter outputs are forced to the following state:

1. CLK1-CLK6 low

2. VST, RESET low

3. ODD and EVEN in power-up state (EVEN high, ODD low) @

4. VGH_F and VGH_R not changed (outputs follow BI-SCAN input as in normal operation)

Normal operation is resumed the next time EO is low during the rising edge of GST. Upon exiting abnormal
operation the state machine adopts its normal start-of-frame initial state.

(2) Note that because of the dead time introduced by the EO signal during normal operation, a short low pulse may appear on the EVEN
output when abnormal operation is detected (see Figure 30).
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Abnormal operation Normal operation
indicated indicated

GST |

I " I

I I

| I

I

EO ., I
i

77

Yy
44

|
|
oDD :
i
|
|

/4
EVEN L "

Figure 30. EO During Abnormal Operation, EVEN Initially High

Abnormal operation Normal operation
indicated indicated

GST )
44
| |
' ‘_} |
EO ., i
7/ T
OoDD I
/L
L4
EVEN I

Figure 31. EO During Abnormal Operation, EVEN Initially Low

/L
L4

CLK1 to CLK6

The CLK outputs go high on the rising edge of GCLK and go low on the falling edge of MCLK. The CLK outputs'
frequency is exactly one sixth of the GCLK and MCLK frequencies and adjacent CLK channels are separated by
60° phase difference.

The CLK outputs are generated in a specific order that depends on whether the device is operating in forward or
reverse mode (see Figure 23 to Figure 26 and the section describing BI-SCAN operation).
Gate Voltage Shaping

The clock outputs CLK1 to CLK6 support gate voltage shaping, which can help reduce image flickering in certain
applications. A simplified block diagram of one of the clock channels is shown in Figure 32.
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VGH1

GCLK 3::
MCLK

|

Machine

B

Q
State ]JCLK
Q,
Q;

Figure 32. CLK Output Stage

J
Vv

GL

Re

» On the rising edge of the GCLK, the active channel's Q, is enabled and its Q, disabled; the output goes to

VeHi-

» Gate voltage shaping starts on the rising edge of MCLK, which disables Q; and enables Q5. The LCD panel's
pixel and storage capacitor now discharge through Q5 at a rate determined by the external resistor Rg (see

Figure 33).

* On the falling edge of MCLK, Q3 is disabled and Q, enabled; the output goes to Vg, .

GCLK+6 l

I \l
CLKOUTXx

Figure 33. Gate Shaping Timing Diagram

Panel Discharge

In addition to the 12 level shifter channels described above, the TPS65198 contains one output specifically
intended for discharging the LCD panel during power-down (see Figure 34). The discharge channel uses the
input signal connected to the VSENSE pin, which features a Schmitt trigger input stage. Figure 34 and Figure 35
show the discharge behavior during power-up and power-down.
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VGH1 Vrl‘"
VSENSE
J VREFf; arel [—1bscHe
V(|;L

Note: Comparator is NOT disabled by UVLO.

Figure 34. Discharge Internal Block Diagram

When the discharge function is active, the level shifter outputs enter Abnormal Mode, as defined below.

Power Supply Sequencing (CLK1-CLK®6, VST, RESET)

These outputs track Vg when Vgyi<Viyvio Or Vsense<Vreg and operate normally when Vgyi>Vyvio and
Vsense>Vger (see Figure 35 and Figure 36).

Power Supply Sequencing (ODD, EVEN)

EVEN tracks Vg when Vgyi<Vyvio and operates normally when Vg >Viyvio and Vsense>Veer (see Figure 35
and Figure 36). EVEN tracks Vgy when Vgense<Vree-

ODD tracks Vg when Vghi1<Vyyo and operates normally when Vgy>Vyyvio and Vgense>Veer (See Figure 35
and Figure 36). ODD tracks Vg when Vgense<Vger-
Power Supply Sequencing (VGH_F, VGH_R)

VGH_F and VGH_R track Vg when Vgy1<Vyyi o and operate normally when Vgy,>VUVLO (see Figure 35 and
Figure 36).

During power-down these outputs remain in the state they were when the last rising edge of GST occurred.

Power Supply Sequencing (Panel Discharge)

» During power-up, when Vgense<Vres, DSCHG tracks Vg, .

» During normal operation, when Vgense>Vrer, DSCHG tracks Vg, .
» During power-down, when Vgense<Vger, DSCHG tracks Vgy.
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VGH1 _: - VGH1>VUVL0
|
VGHZ A
|
|
" N\ Min. Ioperating voltage
|
| |
| |
BI-SCAN ! : |
| :
| |
.
|
VGH_R I

TTIT (Y oo

DISCHRG —k

Figure 35. Power Supply Sequencing During Forward Operation
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Figure 36. Power Supply Sequencing During Reverse Operation

Operational Amplifier

The operational amplifier included in the TPS65198 has been optimized for buffering the Vo voltage used in
LCD panels. Its high slew rate, high output current and wide bandwidth enable it to drive the dynamic loads
present on Vcop. Like most operational amplifiers, this amplifier may become unstable if a highly capacitive load
is connected to its output. It is therefore recommended not to connect additional capacitance between Vcoy and
GND in an attempt to decouple it. Not only could this create stability problems, the high performance of the
operational amplifier mean that such measures are unnecessary in typical applications.

AVpp
POS +
ouT
NEG -
GND

Figure 37. Operational Amplifier Block Diagram
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APPLICATION INFORMATION

VGH1 VGH2

10p|=-,—_< Tnm
T 16 17T

VGH1 VGH2
27 1
—» GCLK CLK1 2—>
26
——» MCLK CLK2 |—»
25 3
From T-CON —Z: GST CLK3 4—>
—2; EO CLK4 5—>
——»] BI-SCAN CLK5 [—»
6
CLK6 T»
Vioeic TPS65198 VST T»
RESET | —>
10 To LCD Panel
100 Q obDD |—»
23 1"
VSENSE EVEN 9—>
3kQ VGH_F —>8
VGH_R T
21 DISCHARGE |—
AV,, AVDD
10 kQ out I8
20 19
POS NEG
10 kQ
GND VGL RE
lzz 15 |7
10pF T
VGL
Figure 38. Typical Application Circuit
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REVISION HISTORY

Changes from Original (June 2011) to Revision A

« Changed Condition statement of the Electrical Characaterisics table from T;to T,
« Changed Condition statement of the Electrical Characaterisics table from T;to T,

e Added Ipk Spec to Elec CharaCteriStiCS tabI@. ..........o.eiiiiiiiie et e e e e e e e e e e enenee s 4
Changes from Revision A (November 2011) to Revision B Page
¢ Changed V|, spec from 2.0 MAX to 1.4 MAX in Typical CharaCteriStiCS ..........cocciiiiiiiiiiiiiiiie e e e 3
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
TPS65198RUYR ACTIVE WQFN RUY 28 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 85 TPS
& no Sb/Br) 65198
TPS65198RUYT ACTIVE WQFN RUY 28 250  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 85 TPS
& no Sb/Br) 65198
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS65198RUYR WQFN RUY 28 3000 330.0 12.4 425 | 425 | 115 | 8.0 12.0 Q2
TPS65198RUYT WQFN RUY 28 250 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
TPS65198RUYT WQFN RUY 28 250 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\ /)i\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS65198RUYR WQFN RUY 28 3000 367.0 367.0 35.0
TPS65198RUYT WQFN RUY 28 250 210.0 185.0 35.0
TPS65198RUYT WQFN RUY 28 250 210.0 185.0 35.0
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MECHANICAL DATA

RUY (S—PWQFN—N28)

PLASTIC QUAD FLATPACK NO—LEAD

4,15

47 =
3,85 A
21 | 15
\
|
‘ 14
22
|
415
_ + o] 415
\\zizg 3,85
28
8
Pin 1 Index Area 44//////'
Top and Bottom 1 .
v 0,20 Nomindl
0,80 f Lead Frame
0,70
L L L] Lﬁ:i Seating Plane
~Jo08[c] 4

: ’ 0,05 j ? ‘
Seating Height === .C
° ’ 0,00

W |
Juuuluuu_| $W£8
28 ‘ -] 8 y
> ! -
D -
> - + -— £ 6X IZ4O
- -
- ! -] i
2 ! A 14 )
ANANANONANANS 0,40
21 J Lﬁm
Exposed Thermal Pad 28X 81125?
oN & [010®[C AlB]
Bottom View 0,05®|C

4209428/B 06,08

NOTES:

B. This drawing is subject to change without notice.
C. QFN (Quad Flatpack No-Lead) package configuration.

A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

@ The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the Product Data Sheet for details regarding the exposed thermal pad dimensions.
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THERMAL PAD MECHANICAL DATA

RUY (S—PWQFN—N28) PLASTIC QUAD FLATPACK NO—-LEAD

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

1 7
- Juuyguuu
7Yy ) 8 Exposed Thermal Pad
= L —— LXp
D) A1
2,6040,10 = + =
D) (-
D) (am
v ) 114
22
ANRNANINANANA
21 15
4 2.60x0,10P

Bottom View

Exposed Thermal Pad Dimensions

4209490/D 02/14

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

RUY (S—PWQFN—N28) PLASTIC QUAD FLATPACK NO—LEAD

Example Board Layout 0.1 Thick Stencil
(Note E)
04— |=— 0,20—>| = —| =04
RN ' JODIol__
ROt |
— — O [ — (—
— |©O O O =/ — | 03 |
— (a— — { —
CDO (O O O C3263248 — C— 3,154,75
| —) — —> f4 | @—
— — Co | [0 | 1) | <=
O O O —/ — —
10000007 1000000
L N 315
. 4,75
AN
\\\ (59% Printed Solder Coverage by Area)
\\
AN
\\ Example Via Layout Design
‘~\ Via layout may vary depending
\\ on layout constraints
. (Note D, F)
Example

\

Example Stencil Design

Solder Mask Opening

(Note F) (_D\ O
80,3
Example O
Pad Geometry Bx1.0
O

0.05 /' (Note C)

4209822/C 02/14

NOTES:

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—7351 is recommended for alternate designs.

This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA27], and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.
Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for vias placed in the thermal pad.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

TPS65198RUYR Active Production WQFN (RUY) | 28 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
65198

TPS65198RUYR.B Active Production WQFN (RUY) | 28 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
65198

TPS65198RUYT Active Production WQFN (RUY) | 28 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
65198

TPS65198RUYT.B Active Production WQFN (RUY) | 28 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
65198

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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PACKAGE OUTLINE

RUY0028A WQFN - 0.8 mm max height
PLASTIC QUAD FLATPACK-NO LEAD
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NOTES:

1. Alllinear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

RUY0028A WQFN - 0.8 mm max height
PLASTIC QUAD FLATPACK-NO LEAD
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4219146/C 03/2021

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN

RUY0028A WQFN - 0.8 mm max height
PLASTIC QUAD FLATPACK-NO LEAD

2X (3.8)
4x

(R0.05) TYP

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD
78% PRINTED COVERAGE BY AREA
SCALE: 156X
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025
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