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TPS65197x: 8-Channel Level-Shifter Supporting No, 2-Channel and 3-Channel
Charge-Sharing with Panel Discharge to VGH during Shut-Down

1 Features
e 8-Channel Level-Shifter (STV, RESET, 6 x CLK)
» High Output-Voltage Level 16.5V to 45 V (VGH)
* Low Output-Voltage Level Down to =20 V (VGL)
» Selectable Charge-Sharing
— No Charge-Sharing
— 2-Channel Charge-Sharing
— 3-Channel Charge-Sharing
e 2-Channel Panel Discharge
* T-CON Failure Detection
— TPS65197: Logic Resets by STV Pulse
— TPS65197B: No Reset of the Logic
e Latched Shut-Down Detection (Clocks to VGH)
» Supports 100-kHz Clock Operating Frequency
e 28-Pin 4-mm x 4-mm QFN Package

2 Applications

* Gate-in-Panel (GIP) LCD
— Notebook
— Monitor
- TV

4 Simplified Schematic

3 Description

The TPS65197/B is an 8-channel level-shifter with
discharge function intended for use in LCD display
applications such as Notebooks, Monitors and TVs.

The device converts the timing-controller (T-CON)
logic-level signals to the high-level signals needed by
the gate-in-panel (GIP) display.

The clock outputs, CLKOUTX, support normal level
shifting operation and 2-channel or 3-channel charge-
sharing, which can be used to improve picture quality
and power consumption. At power down, all outputs
follow their input signals as long as possible; when
the discharge function is used, the outputs are pulled

high (Van).

The TPS65197 implements a logic reset to ignore
wrong T-CON signals after the rising STV edge which
forces all 6 output clocks to VGL1. The next CLKIN1
rising edge unlocks the logic and enables normal
operation. The TPS65197B does not have the logic
reset and always follows its input signals.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
TPS65197 WQFN (28) 4.00 mm x 4.00 mm
TPS65197B WQFN (28) 4.00 mm x 4.00 mm

(1) For all available packages, see the orderable addendum at
the end of the datasheet.
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6 Pin Configuration and Functions

RUY Package

28-Pin WQFN With Thermal Pad
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Pin Functions
PIN
I/0/P DESCRIPTION
NAME NUMBER
CLKIN1 20 | Clock 1 input
CLKIN2 19 | Clock 2 input
CLKIN3 18 | Clock 3 input
CLKIN4 17 | Clock 4 input
CLKIN5S 16 | Clock 5 input
CLKING6 15 | Clock 6 input
CLKOUT1 22 110 Clock 1 output
CLKOUT2 24 110 Clock 2 output
CLKOUT3 26 110 Clock 3 output
CLKOUT4 28 110 Clock 4 output
CLKOUT5 2 110 Clock 5 output
CLKOUT®6 3 110 Clock 6 output
CS 1 23 110 Clock 1 charge-sharing input
CS 2 25 110 Clock 2 charge-sharing input
CS 3 27 110 Clock 3 charge-sharing input
CS 4 1 110 Clock 4 charge-sharing input
DISCH1 7 110 Discharge 1 output. Internally connected to VGL1 and VGH
DISCH2 6 110 Discharge 2 output. Internally connected to VGL2 and VGH
DIS_SENSE 13 | Discharge sense terminal
GND 9 - Ground
RESETIN 14 | RESET input
RESETOUT 5 110 RESET output

Copyright © 2012-2018, Texas Instruments Incorporated
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Pin Functions (continued)

PIN
I/10/P DESCRIPTION
NAME NUMBER
SEL CS 12 | Charge-sharing method-selection terminal. When left floating or pulled to GND,
- charge-sharing is disabled.
STVIN 21 | STV input
STVOUT lfe} STV output
VGH 8 P Positive supply voltage. Place a buffer capacitor close to this terminal.
Negative supply voltage for all outputs except discharge 2. Place a buffer capacitor
VGL1 10 P . .
close to this terminal.
VGL2 11 P Negative supply voltage for discharge 2
Thermal pad - - The thermal pad is connected to VGLL1.

7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
SEL_CS, DIS_SENSE, CLKIN1, CLKIN2,
CLKIN3, CLKIN4, CLKIN5, CLKING, STVIN, -0.3 7
RESETIN
VGH -0.3 50
VGL1, VGL2 -25 0.3
Terminal voltage ™ CLKOUT1, CLKOUT2, CLKOUTS, v
CLKOUT4, CLKOUT5, CLKOUTS6, CS_1, _o5 50
CS_2,CS_3, CS_4, STVOUT, RESETOUT,
DISCH1, DISCH2
VGH - VGLx 62
VoL — VL2 -20 0
Operating junction temperature, T, -40 150 oc
Storage temperature, Tgy -65 150
(1) With respect to the GND terminal
7.2 ESD Ratings
VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +2000
Vesp)y Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- 1700 \
c101® &

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT

V(GH) Voltage range of positive supply 16.5 45

ViGL x) Voltage range of negative supply -20 -3

VieH) — VieL x) Voltage difference between V() and Vg x 0 60 v

_ Voltage difference between V(GLl) and V(GLZ) (V(GLl) _

Ve~ Vel must be more negative than V(g 2) 20 0

Ta Operating free-air temperature -40 85 oc

T, Operating junction temperature -40 125
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7.4 Thermal Information

TPS65197/B
THERMAL METRIC® RUY UNIT
28 PINS

Rgia Junction-to-ambient thermal resistance 345
Rojctop Junction-to-case (top) thermal resistance 25.5
Rgis Junction-to-board thermal resistance 7.5 CIW
WIT Junction-to-top characterization parameter 0.2
viB Junction-to-board characterization parameter 7.5
Rgichot Junction-to-case (bottom) thermal resistance 2.5

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

7.5 Electrical Characteristics
Vi =30V, Vi) =-10V, Vg = -8V, T, = —-40°C to 85°C, typical values are at T, = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
V(GH) Input voltage range V() 16.5 45
VieLy Input voltage range V(L1 -20 -3 \%
VieLy) Input voltage range V(g2 -20 -3
lGH) Positive supply current 0.3 1
- CLKINx = STVIN = RESETIN =
lGLy Negative supply current SEL_CS =0V, DIS_SENSE = 5 V -0.5 -0.05 mA
lGL2) Negative supply current -0.5 -0.05
V(GH) rising, T; = —40°C to 85°C 135 15 16.5
V(uvLo) Undervoltage lockout threshold - \%
V(ch) falling, T; = -40°C to 85°C 2 3.5 5
T(sp) Thermal shutdown temperature T, rising 130 150 170 °C
INPUT SIGNALS (CLKINx, STVIN, RESETIN, SEL_CS, DIS_SENSE)
High-level input voltage CLKINX, -
ViH STVIN, RESETIN Input rising 1.65
Low-level input voltage CLKINX, .
Vi STVIN, RESETIN Input falling 0.8
Charge-sharing-disabled voltage 0.5 \V;
V(seL_cs) | 3-Channel Charge-Sharing voltage 1 2
2-Channel Charge-Sharing voltage 2.8 6.5
V)(D'S—SENS Discharge detection threshold V(pis_sensg) falling, T; = 0°C to 85°C 1.17 1.26 1.36
£ _
Input current CLKINX, STVIN, CLKINX = STVIN = RESETIN = 5 100 nA
i RESETIN, DIS_SENSE DIS_SENSE =5V
Input current SEL_CS SEL_CS=5V 50 100 HA
SEL_CS pin, internal pulldown
R(seL_cs) resistance 50 100 150 kQ
LEVEL SHIFTERS (CLKOUT1 to CLKOUT6)
High-side on-resistance, CLKOUTx | lioyt) = 10 mA, sourcing (high side) 11 25
r
DS(en) Low-side on-resistance, CLKOUTX | liout) = 10 mA, sinking (low side) 7 15 Q
R(cs) Internal charge-sharing resistance lics) = 10 mA, T; = -40°C to 85°C 30 60 100
LEVEL SHIFTERS (STVOUT, RESETOUT)
High-side on-resistance STVOUT, _ . . )
RESETOUT louT) = 10 mA, sourcing (high side) 30 60
foscon Low-side on-resistance STVOUT °
RESETOUT lour) = 10 mA, sinking (low side) 15 30
Copyright © 2012-2018, Texas Instruments Incorporated Submit Documentation Feedback 5
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Electrical Characteristics (continued)

Vieh) =30 V, Vg1 =10V, V(g = -8V, Tp = —40°C to 85°C, typical values are at T, = 25°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS | MIN TYP MAX| UNIT
DISCHARGE OUTPUTS (DISCH1, DISCH2)
High-side on-resistance, DISCH1 louT) = 10 mA, sourcing (high side) 14 60
Low-side on-resistance DISCH1 louT) = 10 mA, sinking (low side) 3 10
fDS(on) High-side on-resistance, DISCH2 louT) = 10 mA, sourcing (high side) 14 60 @
Low-side on-resistance DISCH2 louT) = 10 mA, sinking (low side) 10 20

7.6 Switching Characteristics
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
LEVEL SHIFTERS (CLKOUTL1 to CLKOUT®6)
Slew+ Slew rate, rising c 4T NE.V 20% to 80% 50 140 Vi
=4.7 nF, = b to o s
Slew— Slew rate, falling ©un (©un 50 150 H
tar V(OUT) I'iSiI’\gY C(OUT) =150 pF 40 100
tyr V(OUT) faIIing, C(OUT) =150 pF 50 100
tarics) Propagation delay \5/(()05T) rising, Ciour) = 150 pF, Rcs) = 50 150 ns
V falling, C =150 pF, R =
tarcs) : (()og) 9, Cour) p (CS) 70 150
LEVEL SHIFTERS (STVOUT, RESETOUT)
Slew+ Slew rate, rising c 47 nE 20% to 80% 20 50 Vi
=4.7 nF, = b to ) s
Slew— Slew rate, falling ©oun (©oun 30 60 "
tar . V(OUT) I'iSiI’\gY C(OUT) =150 pF 40 100
Propagation delay - - ns
tyr V(OUT) falllng, C(OUT) =150 pF 50 100

STVOUT VGH 33V
RESETOUT
CLKOUTx VGL1 CLKIN1 GND
Slew+ —» &= Pl 14— gloy-
33V
CLKIN4 GND
STVIN 33V 90% — -1  —— VGH
RESETIN 10% — 1
CLKINX GND CLKOUT1 CTTAT VGLI
Taies) —™ N_IT :_N = Tycs)
STVOUT VGH 90% ——— —+] - VGH
RESETOUT
10% ——Z+b———dd—\o—————-
CLKOUTx VGLL CLKOUT4 >~ L 1l VGLI
Tacs) —™ = —P 14— Tycq)
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7.7 Typical Characteristics

- ¢
1+ 1+ o M "
- - CLKINA . . : b
2+ 2 iCLKlN“ e S ’ /"M\Mm
: : CLKGUT1 : CLKOUT4 )
CLKOUTY |
Chi 500V & Ch2 5.00V & M50.0ns Chi # 1.3V Th1 5.00V & Ch2 5.00V & M50.0ns Chi 7 1.0V
Wi 25.0v & Chd 25.0V & A0 ch3 25.0v & (@ 250V & A012
Figure 1. Propagation Delay, Charge Sharing Disabled Figure 2. Propagation Delay, Charge Sharing Enabled
STVIN : : : ] : +
[ CLKINX : :
2 .............. |
3[4
Chi 500V & ChZ 5.00V & W 500Rs CR1 F# 1.2V
ch3 25.0v % [@F 25.0V & A013
Figure 3. Slew Rate
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8 Detailed Description

8.1 Overview

The TPS65197/B is a 8-channel level-shifter with optional discharge function during shut-down. It supports no
charge-sharing as well as 2-channel and 3-channel charge-sharing. Two channels are used to generate the STV
and RESET signal, the remaining 6 channels generate the clocks. The two discharge outputs (DISCH1 and
DISCH2) are connected to VGL1 and VGL2 during operation, at shutdown both discharge outputs are connected
to VGH.

8.2 Functional Block Diagram

SEL_CS H]

VGH
CLKINL [} ’\‘\ CLKOUT1
Ven
cs 1
VGLl ’\‘\
CLKIN2 [} CLKOUT2
\V \/‘/
cs. 2
’\‘\ VGLl
CLKIN3 [} CLKOUT3
I/‘/ Ve
Charge-Sharing Cs_3
Va1 ’\‘\ |ogic
CLKIN4 [} CLKOUT4
VGH I/‘/ CS_4
’\‘\ V(.‘7L1
CLKINS [} —— ] CLKOUT5
I/‘/ Ve
Vei1 ’\‘\
CLKIN6 [} ——1{ ] CLKOUT6
Ven \/‘/
’\‘\ VGLl
STVIN [} [] sTvouT
\/‘/ Ve
Vo1 ’\‘\
RESETIN [} [] RESETOUT
I/‘/ Ven
Veu
DIS_SENSE [
/T {] DISCH1
VRer I/l/ Ven
VGH
VGLl
VGL1 ] DISCH2
VGL2
Logic all outputs = Vgy VoLz
GND when DIS_SENSE < Vger
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8.3 Feature Description

8.3.1 Sequencing

UVLO typ. 15V
Vew | Sy T TTTTTmmTmmmoomooen K-
UVLO typ. 3.5V
\ —
Vo1 /
—
Verz /
STVIN
resETN I LML L
CLKINXx
Outputs Outputs
STVOUT | o1 P Veus follow Ve
RESETOUT |4 > +«—>
CLKOUTx Outputs
—\ follow Vg P
DIS_SENSE J typ. L2ViIN_
Outputs
follow
VGLly VGLZ
\ V.
DISCH1 GL1 Outputs
v, follow Vg
DISCH2 GL2 < >

8.3.2 Power Up

At power up Vg1 and Vg o, must be present before Vgy is rising. Vg 1 must be always more negative or equal to
Vg2, Ve should not rise faster than in 100 us. All clock output channels and DISCH1 follow Vg 4, DISCH2
follows Vg, until Vg rises above its rising UVLO threshold voltage of 15 V, then all clock output channels of the
TPS65197B follow their input signals. The TPS65197 has a different startup behavior as CLKOUT1 to CLKOUT6
are forced to Vg ; until the 1% rising edge of CLKIN1 releases all clocks. The discharge-sense (DIS_SENSE)
voltage must be higher than its maximum threshold voltage of 1.36 V before Vg4 reaches the rising UVLO
threshold of 15 V, otherwise all outputs are forced to Vg and the state is latched. The selected Charge-Sharing
method is latched when Vg reaches the rising UVLO according to the SEL_CS voltage, it is reset with the falling
UVLO.

8.3.3 Power Down

When the discharge-sense (DIS_SENSE) voltage falls below its typical threshold voltage of 1.26 V, all clock
output channels follow Vg until Vgy falls below its typical falling UVLO threshold voltage of 3.5 V; then all clock
output channels and DISCH1 follow Vg, 1, DISCH2 follows Vg . Once discharge-sense is triggered the state is
latched, to reset and continue normal operation Vgy has to fall below the falling UVLO threshold of 3.5 V.

In case the discharge-sense (DIS_SENSE) voltage stays high during power down, all clock output channels
follow their input signals until Vg falls below its typical falling UVLO threshold voltage of 3.5 V; then all clock
output channels follow Vg 1. The discharge channels follow Vg ; and Vg, all the time.

8.3.4 Disabling the Discharge Function

When the discharge function is not used, the DIS_SENSE pin must be pulled above its maximum threshold
voltage of 1.36 V all the time (for example to 3.3 V).

Copyright © 2012-2018, Texas Instruments Incorporated Submit Documentation Feedback 9
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Feature Description (continued)
8.3.5 Undervoltage Lockout

To avoid improper operation of the device at low input voltages, an undervoltage lockout function is implemented.
When Vgy is below the UVLO threshold each output channel is clamped to its respective negative supply, Vg1
or Vgio.

8.3.6 Thermal Shutdown

A thermal shutdown is implemented to prevent damage because of excessive heat or power dissipation. Once
the junction temperature exceeds a typical value of 150 °C, all outputs are set to high-impedance. This state is
latched. Vg must fall below the falling UVLO (3.5 V) to reset the thermal shutdown.

8.4 Device Functional Modes

8.4.1 Output Clock Behavior

The STV and RESET channels always follow their inputs while the clocks 1 to 6 behave different for TPS65197
and TPS65197B.

TPS65197:

At startup the output signals CLKOUT1 to CLKOUT®6 are forced low (Vg 1) until the first rising edge of CLKOUT1
releases all clocks. Every rising edge of STVIN stops the Charge-Sharing and resets the output signals
CLKOUT1 to CLKOUTE® (that is, forced low) until the next rising edge of CLKIN1 after which the clock outputs
follow their inputs again. The rising edge of CLKIN1 should occur not sooner than 50 ns after the rising edge of
STVIN. This logic ensures a proper reset and a clean start every frame.

TPS65197B:

The TPS65197B does not have the reset logic as TPS65197 and all outputs always follow their input signals
(also at startup). If Charge-Sharing is activated every rising edge of STVIN stops the Charge-Sharing and the
output signals CLKOUT1 to CLKOUT®6 follow their input signals. The next Charge-Sharing event should not
occur sooner than 50 ns after the rising edge of STVIN.
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Device Functional Modes (continued)
8.4.2 Charge-Sharing Methods TPS65197

STVIN rising forces
STVIN CLKOUT1 to 610 VGL1 ¥

A STVIN rising forces
CLKOUT1 to 6 to VGL1

A CLKINT rising releases the
CLKIN1 clocks CLKOUT1 to 6

CLKIN2

+7‘

CLKIN3 : T

CLKIN1 rising releases the
clocks CLKOUT1 to 6

CLKIN4 T ¢

CLKINS

CLKING 3 i 3 P P 3 f

CLkouTt/cikouT2
CLKOUT3/ CLKOUT4

/ CLKOUT6

Figure 4. TPS65197: Charge-Sharing Disabled (CS_SEL <0.5V)
STVIN rising forces A STVIN rising forces
STVIN CLKOUT1 10 6 to VGLL Y CLKOUT1 10 6 to VGL1 Y
CLKIN1 rising releases the CLKIN1 rising releases the
CLKIN1 clocks CLKOUT1 to 6 \ clocks CLKOUT1 to 6
CLKIN2
A
CLKIN3 v
A

CLKIN4 v
CLKINS
CLKING
CLKOUT1/CLKOUT3/ k /

/ CLKOUT4 / CLKOUT6 /

Charge-sharing of CLKOUT1 « CLKOUT3 between CLKIN1| CLKIN371.
Charge-sharing of CLKOUT3 < CLKOUT5 between CLKIN3| CLKIN571.
Charge-sharing of CLKOUT5 < CLKOUT1 between CLKIN5| CLKIN11.
Charge-sharing of CLKOUT2 < CLKOUT4 between CLKIN2| CLKIN41.
Charge-sharing of CLKOUT4 « CLKOUT6 between CLKIN4 | CLKING7.
Charge-sharing of CLKOUT6 < CLKOUT2 between CLKING6| CLKIN27.

Figure 5. TPS65197: 3-Channel Charge-Sharing (CS_SEL =1V...2V)
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Device Functional Modes (continued)

STVIN rising forces STVIN rising forces
STVIN CLKOUT1t0 6o VGLL ¥ CLKOUT1 0 6to VGLL ¥
A& CLKINT rising releases the A CLKIN1 rising releases the
CLKIN1 clocks CLKOUT1 to 6 \ 3 clocks CLKOUT1 to 6

CLKIN2

CLKIN3 v

CLKIN4

CLKINS

CLKING Y

CLKOUT1/CLKOUT4 \

CLKOUT3/ CLKOUT6 \

Charge-sharing of CLKOUT1 <« CLKOUT4 between CLKIN1| CLKIN41 and CLKIN4| CLKIN1t.
Charge-Sharing of CLKOUT2 < CLKOUTS5 between CLKIN2| CLKIN5t and CLKIN5| CLKIN21.
Charge-Sharing of CLKOUT3 < CLKOUT®6 between CLKIN3| CLKIN61 and CLKIN6| CLKIN31.

Figure 6. TPS65197: 2-Channel Charge-Sharing (CS_SEL =2.8V...6.5V)
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Device Functional Modes (continued)

8.4.3 Charge-Sharing Methods TPS65197B
TPS65197B:

STVIN T v

CLKIN1 Y T

CLKIN2

CLKIN4 i 3 3 T 3 ¥

CLKINS

CLKING6

CLKOUT1/

CLKOUT3/ CLKOUT4

/ CLKOUT6

Figure 7. TPS65197B: Charge-Sharing Disabled (CS_SEL <0.5V)

Rising edge of STVIN stops Charge-Sharing &
STVIN ¥ = Outputs follow their Inputs. Y
CLKIN1 L
CLKIN2

'y
CLKIN3 A\
'y
CLKIN4 A\
CLKINS
[
CLKING ¥
CLKOUT1/ CLKOUT3/ k /
/ CLKOUT4 / CLKOUT6 / k

Charge-sharing of CLKOUT1 < CLKOUT3 between CLKIN1| CLKIN31.
Charge-sharing of CLKOUT3 « CLKOUTS5 between CLKIN3| CLKIN57?.
Charge-sharing of CLKOUT5 «» CLKOUT1 between CLKIN5| CLKIN11.
Charge-sharing of CLKOUT2 « CLKOUT4 between CLKIN2| CLKIN41.
Charge-sharing of CLKOUT4 < CLKOUT®6 between CLKIN4| CLKING67.
Charge-sharing of CLKOUT6 « CLKOUT2 between CLKIN6| CLKIN27.

Figure 8. TPS65197B: 3-Channel Charge-Sharing (CS_SEL =1V...2V)
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Device Functional Modes (continued)

Rising edge of STVIN stops Charge-Sharing A
STVIN Y = Outputs follow their Inputs. Y

i
CLKINL ¥ ¥

CLKIN2

CLKIN3 v

CLKIN4 v

CLKIN5S

CLKING v

~

CLKOUT1/CLKOUT4

CLKOUT3/ CLKOUT6

L

Charge-sharing of CLKOUT1 <« CLKOUT4 between CLKIN1| CLKIN41 and CLKIN4| CLKIN1t.
Charge-Sharing of CLKOUT2 < CLKOUTS5 between CLKIN2| CLKIN5t and CLKIN5| CLKIN21.
Charge-Sharing of CLKOUT3 « CLKOUT®6 between CLKIN3| CLKIN61 and CLKIN6| CLKIN31.

Figure 9. TPS65197B: 2-Channel Charge-Sharing (CS_SEL =2.8V...6.5V)
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9 Application and Implementation

NOTE

Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

The TPS65197/B is a 8-channel level-shifter with discharge function. It supports no charge-sharing as well as 2-
channel and 3-channel charge-sharing.

9.2 Typical Application

Charge-Sharing resistors can be left open when CS is disabled

O——CLKOUT5

O——CLKOUT6

O— ] RESETOUT

O——DISCH2

O——DISCH1

|
YL

STVINF—————O

CLKINL[———O

CLKIN2f|————O

CLKINSf|—————O

CLKINA———O0

CLKINS f|—————O

CLKIN6f|————O

< ™ o™ N N - —
5 o 5 o 5 0 5
o O] o O] o (®] @]
~ ~ ~ ~
— - - -
(@) (@) (@) (@)
28 27 26 25 24 23 22
1 21
2 20
3 19
Exposed
Thermal
STVOUT 4 Pad 18
Connected to VGL1
5 17
6 16
7 15
8 9 10 11 12 13 14
)
» z Z
O w =
— o~ | %] L
I [a) — — _ | 0
V] Z U] U] w 2] |
> O > > % [a) 14
}_i_{ 100 Q
a
= 5 0402
2x 1 uF A 5]
50 V /0603 4 _
8 >
> 5]
£ 3 ) S 0
S o S > >
> > > @)

Figure 10. Typical Application Schematic
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Typical Application (continued)

9.2.1 Design Requirements

For this design example, use the input parameters shown in Table 1.

Table 1. Design Parameters

DESIGN PARAMETER EXAMPLE
16.5Vto45V
Input voltage range
-20Vto-3V
Input signals 83 kHz
. low level < 0.8 V
Logic levels -
high level > 2 vV
Output load 150 pF and 50 Q in series with 4.7 nF
Charge-sharing resistance 100 Q

9.2.2 Detailed Design Procedure

Level Shifters for LCD panels generate fast signals, therefore special care must be taken to the input and output
trace length and layout symmetry. Signal delays can be caused by unsymmetric trace length. Placing the
components around the device is not critical, as mostly resistors are used. Care must be taken for the supply
capacitors which should be close to the device and have a good connection to ensure clean output signals.

9.2.3 Application Curves

VGL1 : |

CLKOUTx
Raw S

DISSENSE . [|. ... 0. 0 .. 0. i

N L

DISCHT M—\“m\____
Doafemm L

DISCHZ . _“\\L_
Fopfmm, . . . . .

EF 550
Cch3 50.0v
5

Ref4

— 500V & W10.0ms Chd 7 T.00V

10.0ms A001

Figure 11. Power Up, Power Down

R

R2y

R3

-

*mswm
RESETN . m
Lt E N -

1

} CLKIN2

]

w

r,....l
T’"’l 1
-

h 5.00 V B M5.00Ms Ch]'\. 2.0V
Z 5.00¥ &
Ref4 00 5.00us A002

Figure 12. No Charge Sharing Input Signals
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R]»I RESETDUTE . : : m

R2f [cLikgUT1 J : \ : :
CLKOUT2 m m

R4> CLKOUTS m X X r.‘j n

24 CLKOUT4 F_ m

3+ CLKOUTS : r'.

CLKOUTS [ 3

T T
L

C

R3

s g

Ch1 50.0V &% Ch2 50.0 V T M 5.00[s Ch1 '\. 2V
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Figure 13. No Charge Sharing Outputs
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Figure 14. No Charge Sharing Outputs
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Figure 15. 2-Channel Charge Sharing Input Signals
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R# STVOUT RESETOUT \ )
CLKOUT1 . CLKOUT4 . CLKOUT1 CLKOUT4
F . . [ . ! . \ . [‘
CLKOUT2- CLKOUTS "CLKOUT2 - "

CLKOUT3 - CLKOUT6 - CLKOUT3

SRR O

Ch 50.0V & CTh3 25.0V & MS5.00hs CAT v 15V
ch3 250V % @ 25.0V %

Ref1 500V 5.00us Q09
Load: 150 pF Rcs =100 Q

Figure 16. 2-Channel Charge Sharing Outputs
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Figure 17. 2-Channel Charge Sharing Outputs
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Figure 18. 3-Channel Charge Sharing Input Signals
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Load: 150 pF Rcs =100 Q

Figure 19. 3-Channel Charge Sharing Outputs

1+ k STVOUT

Ry - RESETOUT - - : \

CLKOUT1 CLKOUT3 -CLKOUT5 CLKOUTt CLKOUT3 -

V& ChZ 250V & M5.000s Chi v 15V
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Figure 20. 3-Channel Charge Sharing Outputs

10 Power Supply Recommendations

The TPS65197/B is designed to operate from an input voltage supply range between 16.5 V and 45 V on the
positive supply rail (VGH) and between —20 V and -3 V on the negative supply rails (VGL1, VGL2). A 1-uF
capacitor on VGH and VGL1 should be used to ensure clean output signals.
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11 Layout

11.1 Layout Guidelines

Proper PCB layout is essential for achieving the expected performance and a low device temperature. The

following points should be considered.

» Place the supply decoupling capacitors as close as possible to device terminals VGH and VGLL1.

» Use wide traces to route power from the bias IC to the device to avoid voltage drops. The device is able to
sink and source high peak currents up to 1 A. If wide traces are not possible, place additional 1-uF capacitors
of at least 0805 size close to the supply decoupling capacitors.

» The output channel traces should be kept as short as possible to reduce EMI emissions, and not too thin to
minimize stray inductances producing voltage overshoots at the panel, because high peak currents up to 1 A
can flow.

» The thermal pad must be connected by many vias to a large copper area on a VGL1 potential, to be used as
a heat sink. Use a copper area of at least 10 cm? The bigger the copper area, the cooler the device
temperature. On a multilayer board, use the copper areas of as many layers as possible to maximize the heat
sink.

» Output resistors for clock channels 1 to 6 can be used to reduce EMI emissions and device temperature if
necessary. They generate heat and should therefore not be placed close to the device.

11.2 Layout Example
O VIAto VGL1 Plane

= [ [ =

2 2 2 2
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12 Device and Documentation Support

12.1 Documentation Support

12.1.1 Related Documentation

PowerPAD™ Thermally Enhanced Package application report (SLMA002)
PowerPAD™ Made Easy application report (SLMAQ004)

QFN Layout Guidelines application report (SLOA122)

QFN/SON PCB Attachment application report (SLUA271)

12.2 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to order now.

Table 2. Related Links

TECHNICAL TOOLS & SUPPORT &

PARTS FROPUET el pIE CRIDIER R DOCUMENTS SOFTWARE COMMUNITY
TPS65197 Click here Click here Click here Click here Click here
TPS65197B Click here Click here Click here Click here Click here

12.3 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see Tl's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.4 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.5 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

12.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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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 ©)
@ ©)

TPS65197BRUYR Active Production WQFN (RUY) | 28 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
65197B

TPS65197BRUYR.B Active Production WQFN (RUY) | 28 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
65197B

TPS65197BRUYT Active Production WQFN (RUY) | 28 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40to 85 TPS
65197B

TPS65197BRUYT.B Active Production WQFN (RUY) | 28 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40to 85 TPS
65197B

TPS65197RUYR Active Production WQFN (RUY) | 28 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
65197A

TPS65197RUYR.B Active Production WQFN (RUY) | 28 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS
65197A

@ 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 Tl RoHS Statement for additional information and value definition.

@ Lead 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.
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https://www.ti.com/product/TPS65197/part-details/TPS65197BRUYR
https://www.ti.com/product/TPS65197/part-details/TPS65197BRUYT
https://www.ti.com/product/TPS65197/part-details/TPS65197RUYR
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088
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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 MATERIALS INFORMATION
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www.ti.com 18-Jul-2025
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS65197BRUYR WQFN RUY 28 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
TPS65197BRUYT WQFN RUY 28 250 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
TPS65197RUYR WQFN RUY 28 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS65197BRUYR WQFN RUY 28 3000 346.0 346.0 33.0
TPS65197BRUYT WQFN RUY 28 250 182.0 182.0 20.0
TPS65197RUYR WQFN RUY 28 3000 346.0 346.0 33.0
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PACKAGE OUTLINE

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

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

o 2X(38) ——]
SQ (2.6)

| |
i o 2X(24) — o ‘
| |

28X (0.6)
28X (0.2)

8)

(R0.05) TYP

(20.2) VIA / —————————— :

SYMM

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 15X

0.05 MAX 0.05 MIN
ALL AROUND ﬂ‘* ALL AROUND ﬂt METAL UNDER
METAL SOLDER MASK
" EXPOSED [ /
METAL g ||
(
EXPOSED METAL — AN gg'é%'fﬁGMASK \ SOLDER MASK

OPENING

NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS
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.

i3 Texas
INSTRUMENTS

www.ti.com



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

4219146/C 03/2021

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


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com/lit/pdf/SZZQ076
https://www.ti.com
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