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High-Brightness LED Matrix Manager for Automotive Headlight Systems

1 Features

e 12 Series LED Bypass Switches
*  Multi-Drop UART Communication Interface
» Programmable 10-bit PWM Dimming

— Individual Turn-on and Turn-off Times

— Inherent Phase Shift Capability

— Device-to-Device Synchronization

« LED Open/Short Detection and Protection
— Fault Reporting

 AEC-Q100 Grade 1

» Thermally Enhanced Package
— 48-pin, TQFP, Exposed Pad Package

2 Applications

* Automotive headlight systems
» High-Brightness LED Matrix Systems

3 Description

The TPS92661 device is a compact, highly-integrated
solution for shunt FET dimming for large arrays of

high-brightness

LEDs

automotive headlights.

in applications such as

The TPS92661 device includes a 12-switch series
array for bypassing individual LEDs in the string and
a serial communication interface for control and
management by a master microcontroller.

An on-board charge pump rail that can float up to
67 V above GND provides the LED bypass switch
gate drive.The low on-resistance (Rpspn) Of the
bypass switch minimizes conduction loss and power
dissipation.

The TPS92661 device contains a multi-drop universal
asynchronous receiver transmitter (UART) for serial
communication. The turn-on and turn-off times are
programmable for each individual LED in the string.
The PWM frequency is adjustable via an internal
register and multiple devices can be synchronized to
the same frequency and phase.

The TPS92661 device features open LED protection
as well as open and short LED fault reporting via the
serial interface.

The TQFP package features a feed-through topology
to enable easy routing of signals on single-layer
metal core LED load boards.

Device Information®
PACKAGE BODY SIZE (NOM)
PHP (48) 7.00 mm x 7.00 mm

PART NUMBER
TPS92661-Q1

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

PHP Package

48-Pin TQFP
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N «+ O
d4 4 9 o © N~ © 1w S O N o
O 00000000 Q0 Q0 QA
[T T T T T R T R T [ T R TT R TV TT R T
- d 4 4 dJ4 d 4Jd - dJ4 d d 4
/ 48 47 46 45 44 43 42 41 40 39 38 37 N
CpP [T 1O ___________ ] 36| _1T 1 LEDO
Ne T2 | | [T Ne
GND [T 3 : | 34T 1 GND
EN [T 14 | | 33 [ T 1 EN
GND [T 15 | | 32T 1 GND
SYNC [T 6 | 31T 1 SYNC
| Thermal Pad
GND [T 17 | | 3011 GND
Clk T8 | | 20T cCLK
GND [T ]9 | | 2811 GND
T™X T 10 | (- s s I P
GND T {11 | | 26 =T oD
___________ i
RX [T 12 25T 1 RX
§ 13 14 15 16 17 18 19 20 21 22 23 24 J/
O Z2 Jd 4 O 0O 0O 0 o0 e Z2 o
osxox zzzzzkszs =z
> o Qo [a) O
< < <
Pin Functions
PIN
I/O DESCRIPTION
NAME NO.
ADRO 22 | Least significant bit (LSB) of device address. Connect to VIN or GND.
ADR1 15 | Second bit of device address. Connect to VIN or GND.
ADR2 16 | Most significant bit (MSB) of device address. Connect to VIN or GND.
CLK 8 | System clock. This clock is provided externally (by the microcontroller unit or an external
29 oscillator) and is the primary clock for the device.
Charge pump output. Bypass with a ceramic capacitor with a minimum value of 0.1 pF to
CPP 1 | LED12
EN 4 | Enable pins. The device is active when EN is high or in reset when EN is low. Connect to
33 microcontroller unit output or tie to VCC or VIN for enable at power-up.
3,5,7,9, 11,
GND 24, 26, 28, — Device system ground. All pins MUST be connected for proper operation.
30, 32, 34
LEDO 36 (0] Connect to cathode of LED1.
LED1 37 (0] Connect to anode of LED1 and cathode of LED2.
LED2 38 (0] Connect to anode of LED2 and cathode of LED3.

Copyright © 2014-2016, Texas Instruments Incorporated
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Pin Functions (continued)

PIN
110 DESCRIPTION
NAME NO.
LEDS3 39 (0] Connect to anode of LED3 and cathode of LEDA4.
LED4 40 (0] Connect to anode of LED4 and cathode of LEDS.
LED5 41 (0] Connect to anode of LED5 and cathode of LEDG6.
LED6 42 (0] Connect to anode of LED6 and cathode of LED7.
LED7 43 (0] Connect to anode of LED7 and cathode of LEDS8.
LEDS 44 (0] Connect to anode of LED8 and cathode of LED9.
LED9 45 (0] Connect to anode of LED9 and cathode of LED10.
LED10 46 (0] Connect to anode of LED10 and cathode of LED11.
LED11 47 (0] Connect to anode of LED11 and cathode of LED12.
LED12 48 (0] Connect to anode of LED12.
2,17, 18, 19, .
NC 20, 21, 35 — No connection.
12 Received data pins. Connect one RX pin of first device to microcontroller unit TX output and
RX I/0 use second pin to connect to a RX pin of the second device. All other devices use both pins
25 to route the RX line through each device.
6 Synchronization pins. Allows synchronization of multiple TPS92661 devices on the same
SYNC /o network. May be driven by the microcontroller unit, or one TPS92661 device may be
31 programmed via the serial interface to provide this pulse. Only one device should drive this
signal. May be left unconnected if not used.
10 Transmitted data pins. Connect one TX pin of first device to microcontroller unit RX input and
TX I/0 use second pin to connect to a TX pin of the second device. All other devices use both pins
27 to route the TX line through each device. This pin requires a 100kQ pull-up resistor.
vCe 13 o Output of the on-board 3.3-V LDO. This pin requires a ceramic output capacitor with a value
of 0.1 pF or greater. Tie to the VIN pin for 5-V microcontroller unit systems.
VIN 14 | 5-V power supply input for device. Bypass with a ceramic capacitor with a minimum value of
23 0.1 pF.
Thermal Pad - Connect to system GND.

6 Specifications

6.1 Absolute Maximum Ratings®®
Over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
VIN, VCC to GND -0.3 7
CPP to GND -0.3 67
Input voltage CPP to LED12 -0.3 7 Vv
LEDx to GND -0.3 60
LEDx to LED(x-1) -0.3 7
SYNC, EN, CLK, TX, RX, ADRO0-2 to GND -0.3 7
Storage temperature range, Ty -40 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) If Military/Aerospace specified devices are required, contact the Texas Instruments Sales/Office/Distributors for availability and

specifications.
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6.2 ESD Ratings

MIN MAX UNIT
Human body model (HBM), per AEC Q100-002 () —2000 2000
V(esp) Electrostatic discharge c():{1larged device model (CDM), per AEC Q100- Al Pins _750 750 \
(1) AEC Q100-002 indicates HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
VN Supply input voltage range 4.5 55 \%
V| Input voltage range per channel | LEDx to LED(x-1) 5.0 \%
LEDx to LED(x-1), continuous 2.0
lo Output current range LEDX to LED(x-1), pulsed, 1-ms 40 A
duration
fork CLK frequency® 0.1 16| MHz
Dcik CLK duty cycle 40% 60%
tew EN input pulse width low 50 ns
tess EN setup to serial start 24/fcik s
tsw SYNC input pulse width 1foik s
Viy High-level input voltage 1.9 Vyece + 0.3V \%
Vi Low-level input voltage GND-0.3V 0.8 \%
Ta Ambient temperature -40 125 °C
T, Junction temperature -40 150 °C
(1) Minimum fg is applicable only when CKWEN bit is set. f as low as 0 Hz is possible when bit is not set.
6.4 Thermal Information
TPS92661-Q1
THERMAL METRIC® TQFP (PHP) UNITS
48 Pins
Rgia Junction-to-ambient thermal resistance 25.7
RaJc(top) Junction-to-case (top) thermal resistance 10.5
Reis Junction-to-board thermal resistance 6.1 .
Wit Junction-to-top characterization parameter 0.2 cw
Wis Junction-to-board characterization parameter 6.0
Raic(bot) Junction-to-case (bottom) thermal resistance 0.3

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

Limits apply over operating junction temperature range —40°C < T, < +150°C. Typical values represent the most likely
parametric norm at T; = 25°C. Unless otherwise noted, V,y =5 V. For digital outputs, C oap = 20 pF.

PARAMETER CONDITIONS MIN TYP MAX UNIT
GENERAL
lin-oP Input operating bias current No switching 1 mA
VN-UVT VIN internal POR threshold VIN rising 4.5 \%
Vce-REG Regulated VCC voltage OmA<Ilycc <5 mA 3.1 3.3 3.5 \%
lvee-Lm VCC current limit 10 mA
Vepp Charge pump operating voltage |Vyn=5V,0V <Vgy<-60V 6.2 \%
fopp g:(?l;%(ra]gyump oscillator 13 23 33 MHz
LED MATRIX SWITCHES
Robs(on) LED switch on-resistance () 225 mQ
RALL(on) All switches on-resistance Measured LED12 - LEDO 1800 3400 mQ
Ips(ofr) OFF state switch leakage current 50 HA
VTH-s LED short threshold voltage 0V<Vgys-60V 0.52 1.4 V
VTHo0 LED OPEN threshold voltage 0V<Vgys-60V 5 6 6.9 V
150 O deteton and o a0 s
trep LED fault reporting delay 5 us
tRISE(LEDX) LEDx drain voltage rise time® | I gp = 800 mA 2 us
tFALL(LEDX) LEDx drain voltage fall time @ ILep = 800 MA 2 us
DIGITAL SPECIFICATIONS
V\H-TH High-level input voltage threshold 1.9 \%
VIL-TH Low-level input voltage threshold 0.8 \%
VoH High-level output voltage Isource =2 MA, Vycc =4.0V 4.27 \%
VoL Low-level output voltage Isink =2 MA, Vycc =45V 0.23 \%
los (C;ztji’%tesg;);ncli;cuit current Vyee = 4.5V 12 mA
Rsp Internal SYNC pull-down 100 kQ
twp-To CLK watchdog timeout 32/fcpp us
tro CLK rise to TX output valid @ 80 ns
trz CLK rise to TX output tri-state® 80 ns

(1) Single channel on-resitance (Rpg(on)) Mmeasurement includes internal bond wires. All switches on-resistance (Ra(on)) Should be used for
all power calculations. See Internal Switch Resistance for details.
(2) Specified by design. Not production tested.
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6.6 Typical Characteristics
Ta = 25°C free air unless otherwise specified
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Typical Characteristics (continued)
Ta = 25°C free air unless otherwise specified
23 1.4 6.8
N —— V1n.s (Short)
z TH-S
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Figure 7. Charge Pump Oscillator Frequency vs Figure 8. Channel Open and Short Protection
Junction Temperature Thresholds vs Junction Temperature
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7 Detailed Description

7.1 Overview

The TPS92661 lighting matrix manager (LMM) device, in conjunction with a buck switching current regulator,
enables a fully dynamic matrix beam solution where each LED can be individually controlled. This type of control
of an LED array is ideally suited for dynamic headlight applications where adaptive beam forming requires pixel
level control of the array.

The TPS92661 device configures 12 series connected low voltage switches (MOSFETS) that can float up to 67 V
above ground potential. Each switch connects in parallel to one LED, thereby creating individual shunt paths
across each LED of a series string of 12 LEDs. LED strings with fewer LEDs can be used, however the unused
channels should be physically shorted externally to reduce unnecessary internal power consumption.

Each switch has an individual driver, overvoltage protection circuit and diagnostics circuit referenced to the
source of that switch. This configuration allows for fully dynamic operation with the switches above it and below
it. The device monitors overvoltage conditions on each switch and automatically protects them in the event of an
open LED connection. The device detects open LED conditions as well as shorted LED conditions and reports
them through the fault reporting network.

All twelve internal bypass switches can be individually pulse width modulated (PWM) at a programmed frequency
and duty cycle. This PWM dimming topology provides Inherent phase shifting capability. In addition, the switch
transitions during PWM dimming are slew rate limited to mitigate any EMI concerns due to the di/dt and dv/dt of
the switching action.

The TPS92661 device also provides multi-drop UART communications capability between a host MCU and up to
8 slave TPS92661 devices. The UART receives data corresponding to the desired PWM information for all 12
internal switches. In addition, it can send back fault and other diagnostic data to the host MCU. Hardware
connections on the three address pins allows addressing of the eight devices.

An internal regulator accepts the 5-V power supply input for the TPS92661 device and generates a 3.3-V
regulated output for the 1/O buffers used in the internal UART. The internal regulator can be bypassed by
shorting VIN to VCC if 5-V communication is desired.

The combination of features in the TPS92661 device provides the ideal interface for individual control of high
current LED arrays. The Figure 27 shows a dynamic headlight application using multiple TPS92661 devices. The
electronic control unit (ECU), usually attached to the outside of the headlight, contains the master MCU, a boost
pre-regulator stage that takes the variable battery voltage and steps it up to a stable DC voltage rail. The
application includes multiple channels of buck current regulators to provide a stable current through each series
string of 12 high brightness LEDs. The TPS92661 device should reside on the LED load board where it is as
close as possible to the LEDs to which it directly connects.

This location has two major benefits.

e The close proximity minimizes distributed inductance and parasitic capacitance associated with the cable
connection between ECU board and LED load board. When PWM dimming with a parallel shunt FET, locating
the switch close to the LED prevents large ringing during each transition.

* The close proximity offers better thermal connection

Ultimately, the TPS92661 device enables an optimal partition for a flexible, high performing dynamic headlight
system.
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7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 Controlling the Internal LED Bypass Switches

The TPS92661 device (LED Matrix Manager) consists of 12 series connected bypass switches between
terminals LED12 and LEDO. Each bypass switch, when driven to an off state, allows the string current to flow
through the corresponding parallel-connected LED, turning the LED on. Conversely, driving the bypass switch to
an on state shunts the current through the bypass switch and turns the LED off.
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Feature Description (continued)
7.3.2 Internal Switch Resistance

Each single switch (connected between LED, and LED, ;) has a measurable typical Rpgn value of 225 mQ.
This measurement includes the actual on-resistance (Rpsen)) Of the switch and the resistance of the two
internally connected bond wires. When multiple series switches are on, the effective resistance is not simply the
number of channels multiplied by 225 mQ because there are not two conducting bond wires for every series-
connected switch. For this reason the all-switches on-resistance (Raiion) IS specified in the Electrical
Characteristics table. This value includes the twelve Rpgn) On-resistances and the resistance of the bond wires
at each end of the series connected switches.

The dominant power loss mechanism In the TPS92661 device, is I°R loss through the switches. Other power
loss sources are always less than 50 mW. When calculating the power dissipation of the TPS92661 device
switches, use Equation 1 for the best estimation of this power loss.

n
RDS(on)(x_channeIs) = RALL(on)(max) X (Ej =238 mQxn

e where n is the number of channels Q)

See the 6 LED, 1.5-A Application section for a sample calculation.

7.3.3 PWM Dimming

The TPS92661 device provides 10-bit PWM dimming of each individual LED. The LED turn-on and turn-off times
are separately programmed for each LED. The LEDXON registers and LEDXOFF registers (where x = 1 to 12)
determine the LED turn-on and turn-off times, respectively, within the PWM dimming period. Phase shifting can
be accomplished by staggering the LEDXON times or LEDXOFF times. The 10-bit internal PWM Period Counter
(TCNT) is compared against the LEDxON and LEDxOFF values.

When TCNT reaches the programmed LEDxON value for a given LED, the corresponding bypass switch is
turned off to force current through the LED. Similarly, when TCNT reaches the programmed LEDxOFF value, the
bypass switch is turned on to turn off the LED. TCNT counts continuously from 0 to 1023 and returns to 0 again.
The LED PWM dimming period equals 1024 times the internally divided, programmable PWM clock period.
Figure 9 shows an example of LED PWM using values of LEDxON = 250 and LEDxOFF = 800.

1023 r o

LEDXOFF —+
800

Voltage

250

|

|

|

TCNT i
T

0 |
|

|

| |
| |
| |
| |
| |
| |
| |
LEDXON | |
| |
| |
| |
| |
T T
| |
| |
| |

|
|
|
|
T
|
|
|

Current

LEDx
current |

Time

Figure 9. LED PWM Example

Because the LEDxXON and LEDxOFF times are completely programmable, this allows the system flexibility to
phase shift the leading edge (LED On), the trailing edge (LED Off), or double-edge PWM.

The comparison circuitry consists of a digital comparator, along with an AND gate to allow that particular
comparison to propagate to the LED switch. The TCNT counter value is continuously compared against the value
programmed into the LED On/Off registers. The ENON bit that corresponds to that particular LED determines
whether or not that comparison has any effect at the LED. The logic is represented in Figure 10.
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Feature Description (continued)

TCNT[9:0] A==B LEDx Turn Off
LEDXOFF[9:0] :)—
ENOFF[x] —— s Q \

TCNTIS:0] . LEDX-1 Pin
LEDXON[9:0] D—

LEDx Turn On

LEDX Pin

Py}
Ql

ENONI[x]

Figure 10. PWM Dimming Control Logic

7.3.4 PWM Clock

The PWM clock that drives TCNT is a divided-down version of the CLK input. The divider is programmed by
writing to the PWM clock divider register (PCKDIV). The divider comprises two dividers in series: a power-of-2
clock divider followed by a decimal count divider (see Figure 11 and PWM Clock Divider Register (PCKDIV) for
PCKDIV bitmap). Upon power-up, the PWM clock divider is programmed to a divisor value of 16.

LMM
| PCKDIV |
Power-of-Two Decimal TCNT
CLK I::l—> - - P 10-bit
Divider Divider
Counter

Figure 11. PWM Clock Divider

7.3.5 PWM Synchronization

Upon power-up, the TCNT counter is reset to 0. The TCNT counter is clocked by the internal PWM clock. In
order to correctly synchronize multiple TPS92661 devices on the same network, two conditions must be met:

» Al TPS92661 devices must be clocked by the same clock on the CLK terminal.
* Al TPS92661 devices must be programmed with the same PWM clock dividers (PCKDIV).

Assuming that these conditions are met, the TPS92661 devices may be synchronized by either of two methods:

1. As shown in Figure 12, the TPS92661 device includes a synchronization input/output (SYNC) and a
synchronization master bit (SCMAST) in the system configuration register (SYSCFG). If SCMAST is set to 1,
the TPS92661 device drives the SYNC terminal. The TPS92661 device generates a high pulse that is one-
half of a PWM period on SYNC when TCNT and the PWM clock divider are about to roll over to 0. This
SYNC signal can be fed to other TPS92661 devices. In other words, either the MCU can drive SYNC, or only
one TPS92661 device should have SCMAST set to 1. The rest of the TPS92661 devices on the network
must have SCMAST set to 0. If SCMAST is set to 0 (the default value), a low-to-high transition on SYNC at
least one CLK cycle resets both TCNT and the PWM clock divider to 0 after internally synchronizing to the
rising edge of CLK. SYNC is a feed-through signal that may be tied to the next TPS92661 device in order to
synchronize multiple TPS92661 devices with respect to each other.

NOTE
In order to prevent bus contention, ensure that the network design includes only one
synchronization master.
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Feature Description (continued)

2. The TCNT counter and PWM clock divider can both be reset to 0 at any time by issuing a broadcast write
synchronization command. Due to UART bit sampling variability, the synchronization is guaranteed to be
within only 16 CLK cycles between TPS92661 devices.

SYSCFG
| | scmasT | |

SYNC |: :| SYNC

L
>
[ ]

Rising Edge
Detector

SYNC CMD Pulse

CLR
PWM Clock Divider and TCNT

CLK |:|] [l:l CLK

Figure 12. PWM Synchronization

A 4

Figure 13 and Figure 14 show an example of two non-synchronized TPS92661 devices and two synchronized
devices respectively. In this example all twelve channels on each device are programmed with LEDgy = 0 and
LEDgrr = 128. In the non-synchronized example TCNT = 0 occurs at two different places in time. By using the
SYNC function, TCNT = 0 occurs simultaneously for both devices.

Tek stop | i - .. i i Tek stop | T ..
: AR A AR AR : = =
- o] L L]
Ch1 Freq Ch1 Freq
368.0 Hz 368.0 Hz
ST ST TIPS RIS DA 5 T T LA e bl ers s b ots phosssbassthabad  Ch2 Freq
368.0 Hz 368.0 Hz
M L Ch1+DUlY | Tohrnen £ chi +puty
(D foiass it it kit S S 7 SN SN S A U I N T 12.43 %
: e Bl
.............. T l... 1. 0.0 Ch2+Duty i Do T Do, Ch2+Duty
12.42 % : : : 7 : : : : 12.43 %
chi| 10.0V BwChE2\ o M|1.050ms EA| chi 7 T 2E0 chi| 10.0V BwChE2\ o M|1.050ms EA| chi 7 T 2E0
.00V & .00V &
1[10.00 % 1[10.00 %
CH1: (Dark Blue) Device 1 LED string voltage CH1: (Dark Blue) Device 1 LED string voltage
CH2: (Light Blue) Device 2 LED string voltage CH2: (Light Blue) Device 2 LED string voltage
CH3: (Pink) SYNC signal as generated by 1 device CH3: (Pink) SYNC signal as generated by 1 device
Figure 13. Non-Synchronized TPS92661 Devices Figure 14. Actively Synchronized TPS92661 Devices
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Feature Description (continued)

7.3.6 Switch Slew Control

The gate drive control of each series switch slows the rate of change of current through the device. This control
eases EMI requirements and aids in the system operation. The switching transition controls the current through
the switch at each edge to approximately 800 mA/2 ps. The internal circuitry of the device controls the slew rate.
The user cannot change the slew rate. The rise and fall slew rates are matched to ensure accurate
representation of the PWM duty cycle. These slew rates assume no LED string capacitance.

LED_n Ton

] ]
lLep_n \ /
| |
Slope: 800mA/2usec

Typical

Figure 15. TPS92661 Slew Rate Control

7.3.7 Effect of Phase Shifting LED Duty Cycles

Figure 16 and Figure 17 show the effective system input current (CH4, green trace) and V gpi2-1epo) String
voltage (CH1, blue trace) for various phase shift settings. The results illustrate the advantages of adjusting the
phase shift value to minimize the variation in input current. Figure 16 illustrates a zero phase shift condition by
setting all twelve LEDXON values to zero and all twelve LEDxOFF values to 128. Figure 17 illustrates optimal
phase shifting where all twelve LEDXON values are spaced by a count of 85 (0, 85, 170, 235, ...). The input
current variation is greatly reduced with optimal phase shifting as all twelve channels do not draw current from
the input simultaneously. This reduces demands on the energy storage capacitance at the system input.

Tek Stop | H—] i Tek Stop | H—] i
Ch1 Freq - - - - - - - Chi Freq
368.0 Hz i ool o000 4.436kHz
Low signal
. . amplitude
Ch1 ampl S TR . T T o Ch1 ampl
34.0V . : : : : : ; 2.80V
o SOOI U U g S S,
+ N PRV S AL " P O iy PR I N B W ) S S A AR e M
v ; - ; : Ch1 +Duty (178 1 Ch1 +Duty
X . i X X . 12,43 % X X : X X X ; 44.90 %
[t - : : : ; [ : - : : : . Low signal
amplitude
S 100V & M|40=0}.ls =A| Chi 7 360V Chij 0.0V A M|40=0}.ls =A| Chi 7 360V
Ch4| 50.0mAQH 27 Jan 2014 Ch4| 50.0mAQS| 27 Jan 2014
10.00 % 12:10:50 10.00 % 12:14:46
No Phase Shift Duty Cycle = 128/1024 Phase Shift = 85 Duty Cycle = 128/1024
Figure 16. Single Channel, Figure 17. Single Channel

7.3.8 LED Fault Detection and Protection

Each individual bypass switch is driven by a floating driver which is powered by the charge pump (see Functional
Block Diagram). The steady floating driver supply also enables continuous protection and monitoring of LED
open and short events.
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Feature Description (continued)

In the event of an OPEN LED failure, an internal comparator monitors the drain-to-source voltage of the internal
switch. If the voltage exceeds V.o (typical 6 V) the device overrides the switch-off signal and turns on the
switch. This action maintains current flow in the rest of the LED string in the presence of a faulty or damaged
LED and protects the internal switch. The internal latch holds this state until a subsequent on and off cycle at
which time the switch attempts to turn off again, and the condition is re-evaluated. The protection circuit also sets
the corresponding bit in the FAULT register described in the Diagnostic Registers section . The controller can poll
this register to determine whether a fault has occurred.

The microcontroller can clear the fault bit in the register by writing it to zero. If the fault is still present the
hardware will set the bit back to one at the next sample point. This feature allows the microcontroller to perform
multiple checks of the LED fault so that false LED faults can be filtered via software.

Similar to LED open detection, an LED short is detected via monitoring the drain-to-source voltage of the internal
switch. If the voltage does not exceed the V.5 threshold by the end of the PWM cycle, the same fault register
bit is set. Both short and open cases are handled by the same register as each case has the equivalent
outcome, which is that the channel is bypassed. (see Figure 18)

Floating L]

Gate Driver LED_n+1
Supply
s
— +
>R Q —
_|I - Ris ||'|:
dominant
Ref OV
e S ]
[ e
—
_b_ Gate
_| li + Driver
Ref Short
[ ]
L
LED_n
Sync and
Level Shift
Into Fault —G_
Register
Gate Driver
—> Level Shift
Circuitry
Figure 18. Fault Detection Block
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Feature Description (continued)
7.3.8.1 Fault Reporting and Timing

Fault detection and protection occur immediately and are independent of any internal clock. The device detects
an overvoltage condition when the channel voltage rises to the OVP (overvoltage protection) comparator
threshold. The channel switch is then latched ON with a delay of approximately 50 ns (typical). This detection
generates a fault signal that is sent to the internal fault register when TCNT = LEDxOFF where it can be polled
by the user. Similarly, the short detection fault signal is sent with the same timing. The Diagnostic Registers are
updated in a maximum time of one full PWM period (a PWM count of 1024). Due to internal propagation delays
the LED On-time count must conform to Equation 2 for accurate fault reporting. For typical applications this may
require fault reporting to be ignored at duty cycles less than 1%.

(trise +trep )
LEDn >| ~T2= =TI +4
ON_TIME _COUNT PCKDIV *IcLk o

A

[ tonmin) 4’(

A/ Switch
Closed

LEDn On-Time

V0 EDn+1 0 VLEDN

3

ty t2 ! >
|<— tRISE(LEDX) —>|<— trep —Plﬂ— //—PI

1 PWM period
maximum

t; LEDXON = TCNT
t, Open detected
t3 FAULT register updated

Figure 19. LED Open Fault Detect Timing

7.3.8.1.1 LED Open Fault Detect Timing Example

In an LED open event, 12 LEDs are being turned on sequentially, creating the staircase waveform as shown in
Figure 20. At approximately time = 280 ps, LED6 is commanded to turn on but it is open. The TPS92661 device
fault circuit immediately clamps the node by turning the channel switch ON. As the LEDs in the string are turned
off, the previously open LED remains shorted for that cycle as the system has detected the fault and forced the
switch to stay on. Other channels continue to operate normally.
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Feature Description (continued)
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Figure 20. LED Open Detection and Protection

7.3.9 Glitch-Free Operation

To help eliminate glitches in the LED current during register updates, the TPS92661 device implements the
atomic multi-byte writes function and the synchronous updates function.

7.3.9.1 Atomic Multi-Byte Writes

Because the LEDxON and LEDXOFF registers are 10-bits wide and span across multiple bytes, there is a
chance that during the time between the serial transmission of the lower eight bits and the upper two bits the
resulting register value is wrong. To overcome this problem, the communications protocol provides for atomic
multi-byte writes. This function updates all of the desired registers at one time, only after receiving an entire
transaction frame. For example, only after the entire nine-byte transaction frame has been successfully received,
does the device issue a write command to registers 00H-04H (which represent the LED1ON, LED20ON, LED3ON
and LED4ON registers) and transfers it to the final registers. This transfer has the additional benefit of updating
the final registers only if the cyclical redundancy check (CRC) for the transaction frame is correct.

7.3.9.2 Synchronous Updates

Serial communications are asynchronous to the TCNT period. The device can write LEDXxON and LEDxOFF with
any value from 0x000 to Ox3FF at any time within the TCNT period. Consider a situation where there are no
timing restrictions on updating the final registers. When the device receives a new LEDxOFF value while the
corresponding LED is on and TCNT is already greater than the new LEDxOFF value, the LED remains on until it
reaches the LEDxOFF value in the next TCNT period. This can appear as a glitch in LED light output.

To overcome this issue, the device writes a new value LEDxOFF and stores it in a temporary register. The
device updates the final register only after TCNT reaches the next LEDxON register value. The converse is true
for write commands to a particular LEDXON. In that case, the device updates the final register only after TCNT
reaches the next LEDXOFF value. This sequence allows the device to update the LEDXOFF registers at the
corresponding LED turn-on time and update the LEDXON registers at the corresponding LED turn-off time.

When LEDxON and LEDxOFF are both set to the same value, the device interprets the setting as an LED off
condition. This is equivalent to clearing the ENON bit for that particular LED. The next time TCNT reaches the
common LEDxON and LEDxOFF value, the device ignores LEDXON and the LED turns off (if it was on) and
remains off until the device writes LEDXON and/or LEDXOFF and updates each with a different value. More
specifically, the LEDOFF comparison takes precedence over the LEDON comparison. Figure 21 illustrates an
update example. Case (1) shows the resulting single PWM cycle on time that would occur if the writing of the
registers were not handled through a temporary register. Case (2) shows the functionality of the TPS92661,
where the register update is controlled, eliminating a false conduction cycle.
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Feature Description (continued)
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Figure 21. Glitch-Free LED Dimming Operation

7.3.9.2.1 LEDxON = LEDxOFF Boundary Condition

The synchronous update method removes a large majority of glitches that could be caused in the light output, but
one case should be considered. The reason is based on the synchronous update technique and can occur when
reducing the PWM duty cycle to zero. If the duty cycle is controlled by the LEDxOFF time, the LEDXON count is
fixed each cycle. To dim, the LEDxXOFF count gradually reduces. Because of the way the LEDx ON/OFF updates
occur, a glitch can occur at the point when LEDXON = LEDxXOFF causing the LED to remain on for a single cycle.
The recommended method to turn a channel fully off is to avoid the implementation of LEDXON = LEDxOFF and
use the corresponding ENON bit in the Enable Register for that channel. For example, to dim a given channel to
zero duty cycle: LEDXOFF reduces to LEDxON+1, then sets that channel's ENON bit to O.

7.3.10 Internal Oscillator and Watchdog Timers

The TPS92661 device includes two watchdog timers: a Clock Watchdog Timer and a Communications Watchdog
Timer. The clock watchdog timer operates using a free-running internal oscillator. The communications watchdog
timer operates using the incoming CLK signal. Both watchdog timers only operate when enabled after power-up
by writing their respective enable bits to a 1 in the SYSCFG register (CKWEN for the clock watchdog timer and
CMWEN for the communications watchdog timer). The Default LED State Register (DEFLED) determines which
state the LEDs are placed in during a watchdog timeout period. (see the Default LED State Register (DEFLED) )
section for details.

The Figure 22 shows the subsequent state flow after a watchdog timer limit is reached.
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Feature Description (continued)
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Figure 22. Watchdog Timer Overflow Flow Chart
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Is Clock
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7.3.10.1 Clock Watchdog Timer

If the external CLK input stops toggling for 32 internal oscillator cycles ( approximately 14 ps, typical) the clock
watchdog timer times out and all of the LEDs are turned on or off according to the programmed values in the
DEFLED register. They remain in that state until CLK begins toggling again. During this time, the device does not
receive or transmit UART communications. The device does not reset the internal registers in the event of clock
loss, and the LEDs begin turning on and off according to their LEDxON/LEDXOFF register settings only when the
clock returns. If the clock watchdog timer is not enabled the TPS92661 is capable of operating at frequencies
down to 0 Hz.

~2.3MHz

Count 2° WD Ticks Go to state
Interqal WD N Q5 defined by
Oscillator
Bt Count DEFLED
-BitLounter Registers
TPS92661 CLOCK Pin ——»| CLR 0xC2-0xC3

Clear on rise or fall

Register 0xC1

Bit D3
CKWEN

Figure 23. Clock Watchdog Timer Logic

7.3.10.2 Communications Watchdog Timer

Similarly, if the CLK remains running but the device receives no transaction with a correct CRC for a period of
222 CLK cycles, the communications watchdog timer times out and the device sets the LEDs to the state defined
in the DEFLED register. Only after a valid UART command has been received with a correct CRC do normal
PWM duty cycles resume on the LED outputs.
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Feature Description (continued)
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Figure 24. Communications Watchdog Timer Logic

7.4 Device Functional Modes

The TPS92661 device may be configured and controlled using a MCU connected via a standard serial UART. Up
to eight devices may be connected to the same UART to form a network.

7.4.1 Digital Interface Connections

7.4.1.1 Address (ADRO, ADR1, and ADR2 Pins)

The address pins should be tied to VIN or GND to set the address of the TPS92661. Up to eight TPS92661s
can exist on the same network. See Table 2 for a summary of device address configurations. The address is
actively decoded and is never latched.

7.4.1.2 Clock (CLK Pin)

The CLK pin is the input for the primary system clock. It serves as the time basis for both the UART, as well as
the LED PWM hardware. The device functions with a clock input as high as 16 MHz. The clock rate should be
selected based on the desired UART bit rate. CLOCK can be provided by the PWM peripheral of the master
microcontroller, or by a local oscillator. All TPS92661s on the same network should share the same clock.

7.4.1.3 Internal Charge Pump (CPP Pin)

The CPP pin functions as the output of the internal charge pump. The device uses the charge pump voltage as
the gate drive voltage for the internal floating switches. Bypass the CPP pin to the LED12 pin with a capacitor
with a value of at least 0.1 pF.

7.4.1.4 Enable (EN Pin)

The ENABLE pin is an active-high enable signal for the TPS92661 device. When driven low, it resets all internal
switches, state machines, and registers to their default states. The reset state of the switches is closed, and
registers are reset (see Table 7). The managing microcontroller can actively drive this pin. Alternatively tie this
pin to VCC or VIN to enable the device at power-up. The EN pin input has internal protections against charge
injection and requires no series resistor when tied to one of the local power rails.

7.4.1.5 GND Pin
Proper operation of the TPS92661 device requires that all GND pins MUST be tied to system ground.

7.4.1.6 Receive (RX Pin)

The RX pin is the TPS92661 UART input. It should be connected to the UART Tx pin of the MCU, as well as the
other TPS92661 RX pins on the network. The bit rate of data transmitted on this pin should be at CLOCK / 16,
and is fixed at that bit rate.
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Device Functional Modes (continued)
7.4.1.7 Synchronization (SYNC Pin)

The SYNC pin synchronizes the internal PWM counter of the TPS92661 device. At reset, the SYNC pin acts as
an input, and a low-to-high pulse on this pin resets the TCNT register to 0x000. When an external microcontroller
drives this pin, the pulse should be generated at the LED PWM frequency. To calculate this frequency, use
Equation 3.

fowm = CLOCK / Programmed Divisor / 1024 3)

Writing a ‘1’ to the SCMAST bit in the SYSCFG register programs the SYNC pin to function as an output.
Establish only one TPS92261 device as the master if the application requires this output configuration. To
prevent contention on the SYNC line configure only one SYNC master (driver) in the system at a time. The
SYNC pin is internally pulled down and can remain unconnected if it is not used.

7.4.1.8 Transmit (TX Pin)

The TX pin is the UART output of the TPS92661 device. Connected the TX pin to the microcontroller UART RX
pin. The bit rate of data transmitted on this pin is f; /16, and is fixed at that bit rate. Connect all TX pins on each
TPS92661 device that are on the same network. Connect a single, 100-kQ pull-up resistor from TX to VCC.
Because the TX pin is a tri-state output, an external pull-up resistor is required to avoid triggering false start
conditions at the microcontroller UART.

7.4.1.9 Primary Power Supply (VIN Pin)

The VIN pin is the primary power supply input for the TPS92661 device. Connect the VIN pin to a nominally 5-V
supply, and include a bypass capacitor nearby with a value of at least 0.1-pF.

7.4.1.10 On-Board 3.3-V Supply (VCC Pin)

The VCC pin is the input for the positive rail of the internal digital I/Os. See the Internal Regulator section for
configuration guidelines.

7.4.2 Internal Pin-to-Pin Resistance

There are pin pairs for each digital I/O on the TPS92661 device. This allows for easy routing between multiple
devices on a single sided PCB. To help estimate the voltage drop across the pin-to-pin connection, see

Figure 26.
25
’J—‘ VIN ’J—‘ r~ | — Enable
14 AN 23 225 ——
CLK l\:I:‘ Rx
'Eé:‘ AN 29 20 — — e
SYNC l,:l:: _ 175 — Cloc
I':fls:', AWV a1 g — — V(n
!\:E{ X g 1212 " —
12 AN 25 g 12 ]
/
2N = L
}ZJ_I():“ AVAVAY, 27 14 75 | — | —r
e o = ——
14] WV 33 5 ] —
25
0
-40 -20 0 20 40 60 80 100 120 140
Ambitent Temperature (T)
Figure 25. Pin-to-Pin Internal Resistance Figure 26. Pin-to-Pin Cross-Device Resistance

7.4.3 UART Physical Layer

The microcontroller unit UART communicates with the TPS92661 device using serial TTL signaling. The TX and
RX lines are connected to the TPS92661 device as shown in Figure 27. The pairs of TX and RX pins on the
TPS92661 device are feed-through pins, and either pin may be used to connect the TPS92661 device to the
network.
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Device Functional Modes (continued)

A tri-state buffer drives the TX output. In order to prevent false START bit detection by the microcontroller unit
when a TPS92661 device releases the bus, place an external, 100-kQ pull-up resistor on the RX input return line
of the microcontroller unit.

TPS92661 TPS92661
MCcu > RX U1 RX RX U2 RX
I:_I ] —1 | ] . F:I
| L] L] L] L
UART UART
|
RX > > X X

Figure 27. Communications Connections

7.4.4 UART Clock and Baudrate

The UART operates with eight data bits, one stop bit and no parity (8 — 1). Figure 28 shows the waveform for an
individual byte transfer on the TTL UART.

STHSBT/< Bit O X Bit 1 X Bit 2 X Bit 3 X Bit 4 X Bit 5 X Bit 6 X Bit 7 >/ST$P

Figure 28. UART 8 — 1 Signaling

VCC

Logic 1

GND

Logic 0

A logic “1” state occurs when the device drives the line to the VCC voltage. A logic “0” state occurs when the
device drives the line to system ground. The line remains in the high/logic “1” state when idle. Figure 29 and
Figure 30 illustrate sending actual data bytes and are intended to represent what an actual UART waveform
displays on an oscilloscope or logic analyzer.

< 5h >l Ch >
VCC '! Logic 1
START | Bito | Bit1 | Bit2 | Bit3 | Bit4  Bit5 | Bit6  Bit7 | STOP
“0” “17 “0” “1? o 1o “0” “1? “qn 1
GND : : Logic 0
Figure 29. UART Sending 0xC5 Byte (1100 0101)
le 6h »le 2h >
VvCC ! ! Logic 1
START | Bit0 | Bit1  Bit2 | Bit3 |, Bit4 | Bits | Bité  Bit7 | STOP
‘oo “17 “17 ‘oo “17 “0” “0” “17
GND i i Logic 0

Figure 30. UART Sending 0x26 Byte (0010 0110)

The baud rate is based on the CLOCK input and is one-sixteenth of the CLOCK input frequency (see Table 1 for
some examples). The UART uses 16x oversampling on the incoming asynchronous RX signal.
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Table 1. UART Baud Rate Examples

CLK FREQUENCY (MHz) BAUD RATE (kbps)
6.4 400
8.0 500
12.8 800
16.0 1000

Set the master microcontroller unit to support the same baud rate as is defined by the input CLOCK frequency.

7.45 UART Communications Reset

The microcontroller unit can reset the device UART and protocol state machine by holding the RX input low for a
period of at least 12 bit times (16 x 12 CLK periods). This period signifies a break in communications and causes
the TPS92661 devices on the network to reset to a known-good state for receiving the next command frame. A
communications reset should never be issued while the device is transmitting data.

NOTE
A communications reset does not reset the registers and does not halt normal LED PWM
operation.

7.4.6 UART Device Addressing

Connecting terminals ADR2, ADR1, and ADRO to GND or VCC sets the device address for each TPS92661
device. This allows up to eight different devices (addressable (Oh to 7h)) for a total of 8 x 12 = 96 LEDs per
array. See Table 2 for device address configuration.

Table 2. Device Address Configurations

ADR2 ADR1 ADRO DEVICE ADDRESS
0 0 0

Rlkr|lkr|k,r|lOo|O|O
Rlkr|lo|lOo|kR |k |O|O
Rlo|lRr|O|k|O|K
Njola|h|lw [Nk

7.4.7 UART Communications Protocol

The UART communication process uses a command/response protocol mastered by the MCU to write and read
the registers on each TPS92661 device. This means that the TPS92661 device never initiates traffic onto the
network. The protocol maps the registers into an address space on each device. All of the registers are read-
write (R/W). See the Registers section for a register list.

The MCU uses the protocol to initiate a communication transaction by sending a command frame. This command
frame addresses either one TPS92661 device directly or broadcasts to all TPS92661 devices on the network.
This addressing may cause a response frame to be sent back from the slave TPS92661 device depending on
the command type of the command frame. There are three types of command frames:

e Single Device Write from MCU to a specific TPS92661 device (1, 2, 5, 10 or 15 bytes of data)

e Single Device Read from MCU to a specific TPS92661 device (1, 2, 5, 10 or 15 bytes of data)

e Broadcast Write from the MCU to all TPS92661 devices (0, 1, 2, 5, 10 or 15 bytes of data)

There is only one response frame type. An addressed slave following a ‘Single Device Read’ command from the
master MCU sends his frame type.

All command and response frames are multi-byte and the total number of transmitted bytes depends on the
specific command type being communicated.
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7.4.7.1 Example 1:

Command frame with CMD_TYPE = “2” (Single Device Write of 5 Bytes):

7.4.7.2 Example 2:

DESCRIPTION NUMBER OF BYTES
Command Frame Init 1
Starting Register Address 1
Data 5
CRC 2
Total 9

Response frame with RESP_BYTES = "2":

7.4.7.3 Example 3:

Broadcast Write Synchronization Command frame (Init = B8h):

DESCRIPTION NUMBER OF BYTES
Response Frame Init 1
Data 2
CRC 2
Total 5

DESCRIPTION NUMBER OF BYTES
Command Frame Init 1
CRC 2
Total 3

The Transaction Frame Description section describes the construction of these frames and the various byte

types transmitted.

7.4.8 Transaction Frame Description

There are four byte-types used within a transaction frame. These include the following:

» Frame Initialization (1 byte)
* Register Address (1 byte)
* N Data Bytes (N=0, 1, 2, 5, 10 or 15)

* Cyclic Redundancy Code (CRC) error checking (2 bytes)

Write & Read Command Frame Structure:

’ Cmd Frame Init

‘ Register Address

N Bytes of Data

CRC checksum

Response Frame Structure:

‘ Rsp Frame Init

N Bytes of Data

CRC checksum

Synchronization Command Frame Structure:

Cmd Frame Init

CRC checksum
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7.4.9 Frame Initialization Byte

The frame initialization byte identifies the frame as being either a command frame or response frame. The
command frame byte includes fields specifying the request type (which details the number of bytes to be sent)
and the slave device ID. The response frame includes the number of bytes to be received by the microcontroller.

7 6 | 5 | a4 | 3 2 | 1 ] 0
Command Frame Init FRM_TYPE =1 CMD_TYPE DEVID_DATACNT
Response Frame Init FRM_TYPE =0 RESERVED RESP_BYTES

The fields shown in the frame initialization byte above are described in the table below.

Value

# of Bytes

(Binary) in Frame Description
FRM TYPE 0 Response Frame
Bit 7 1 Command Frame
0000 5 Single Device Write (1 byte of data)
0001 Single Device Write (2 bytes of data)
0010 9 Single Device Write (5 bytes of data)
0011 14 Single Device Write (10 bytes of data)
0100 19 Single Device Write (15 bytes of data)
0101 Reserved
0110 Reserved
CMD_TYPE 0111 4+n Broadcast Write (see DEVID_DATACNT for number of bytes of data)
Bits 6:3 1000 4 Single Device Read (1 byte of data)
1001 4 Single Device Read (2 bytes of data)
1010 4 Single Device Read (5 bytes of data)
1011 4 Single Device Read (10 bytes of data)
1100 4 Single Device Read (15 bytes of data)
1101 Reserved
1110 Reserved
1111 Reserved

For Single Device Write or Read:

bbb

3-bit device ID (defined by the terminals ADR2...ADRO)

For Broadcast Write:

000 Synchronization Command (no data)
DEVID_DATACNT 001 1 byte of data
Bits 2:0 010 2 bytes of data
011 5 bytes of data
100 10 bytes of data
101 15 bytes of data
110-111 Reserved. These values are reserved for future use and must not be written.
000 1 data byte to follow (plus two bytes for CRC)
001 2 data bytes to follow (plus two bytes for CRC)
RESP_BYTES 010 5 data bytes to follow (plus two bytes for CRC)
Bits 2:0 011 10 data bytes to follow (plus two bytes for CRC)
100 15 data bytes to follow (plus two bytes for CRC)
101-111 Reserved
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7.4.10 Register Address

The protocol allows 1, 2, 5, 10 or 15 successive register locations from the addressed register to be written by a
single command frame. The register address byte identifies the first TPS92661 device register being written or
read, as described in the Register Map section.

7.4.11 Data Bytes
The frame initialization byte specifies the number of data bytes to be included in the frame.

7.4.12 CRC Bytes

CRC-16-IBM calculates the CRC bytes. The CRC bytes allow detection of errors within the transaction frame.
The device increments the CRC Error Count Register (CERRCNT) each time a CRC error occurs (see Register
Map for details).

7.4.13 Registers

The registers in the TPS92661 device contain programmed information and operating status. During the power-
up period, the TPS92661 device resets the registers to the default values as listed below. Register addresses
marked RESERVED or not shown in the register map may be written with any value but always returns a 0.

7.4.13.1 LED ON Registers

The device stores the LED ON registers (LEDxON) for each individual LED with 10-bit resolution and organizes
them as groups of five bytes for every four LEDs. This organization creates a total of 15 LED ON registers for the
string of 12 LEDs. The address range used for these registers is 00h to OEh. Refer to Table 7 for complete list of
LED ON registers.

ADDR | REGISTER D7 | b6 | ps | ba | p3 | b2 | b1 | DO DEFAULT
00h LEDIONL LED1ON[7:0] 00000000
01h LED20ONL LED2ON[7:0] 00000000
02h LED3ONL LED3ON[7:0] 00000000
03h LED4ONL LED4ON[7:0] 00000000
04h | LED1 40ONH LED4ON[9:8] | LED3ON[9:8] | LED2ON[9:8] | LEDION[9:8] 00000000

LEDxON][9:0] defines the count value within the 10-bit TCNT period when bypass switch x should be
opened to turn LEDx on (x = 1 to 12).

7.4.13.2 LED OFF Registers

The device stores the LED OFF registers (LEDxOFF) for each individual LED with 10-bit resolution and
organizes them as groups of five bytes for every four LEDs. This organization creates a total of 15 LED OFF
registers for the string of 12 LEDs. The address range used for these registers is 20h to 2Eh. Refer to Table 7 for
complete list of LED OFF registers.

ADDR | REGISTER D7 | b6 | bs | pa | b3 | b2 | b1 | Do DEFAULT
20h LED1OFFL LED1OFF[7:0] 00000000
21h LED20FFL LED20FF[7:0] 00000000
22h LED3OFFL LED3OFF[7:0] 00000000
23h LED4OFFL LED4OFF[7:0] 00000000
24h | LED1_4OFFH LED4OFF[9:8] | LED3OFF[9:8] | LED20OFF[9:8] | LEDIOFF[9:8] 00000000
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LEDxOFF[9:0] defines the count value within the 10-bit TCNT period when bypass switch x should be
closed to turn LEDx off (x = 1 to 12).

7.4.13.3 Alternate LED On/Off Registers

In the low address space starting at 00h that is defined above, all of the LEDxOFF registers follow all of the
LEDXON registers. The higher address space starting at 40h maps the LEDXON and LEDxOFF pairs together so
that the device requires a write of only 10 data bytes to update both the on and the off times for a given set of
four LEDs. The registers that exist at addresses {40h-5Dh} are an alias for the registers that exist at addresses
{Oh-OEh, 20h-2Eh}. In other words, a write to the register at address 00h affects the register contents at address
40h, and vice versa.

7.4.13.4 Enable Registers

The ENABLE registers (ENON and ENOFF) determine whether a particular LEDXON or LEDxOFF value is
enabled. In other words, an LED turns on only when TCNT reaches LEDXON if the corresponding ENON bit is
set. Conversely, an LED turns off only when TCNT reaches LEDXOFF if the corresponding ENOFF bit is set. In
this way, LEDs may be turned on fully, turned off fully, or modulated at a given duty cycle by programming the
appropriate ENON and ENOFF register bits.

ADDR | REGISTER D7 | b6 | bs | ba | b3 | b2 | b1 | DO DEFAULT
BOh ENONL ENONI[8:1] 00000000
Blh ENONH RESERVED | ENON[12:9] 00000000
B2h ENOFFL ENOFF(8:1] 00000000
B3h ENOFFH RESERVED | ENOFF[12:9] 00000000

ENONJ[12:1] determine whether the device uses the corresponding LEDxON to turn on the LED.

0 = Do nothing when TCNT = LEDxON
1 = Turn LED on when TCNT = LEDxON

ENOFF[12:1] determine whether the device uses the corresponding LEDXOFF to turn off the LED.

0 = Do nothing when TCNT = LEDxOFF
1 = Turn LED off when TCNT = LEDxOFF
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7.4.13.5 Control Registers

The control registers allow control and monitoring of several functions. The control registers occupy addresses
COh through C5h.

7.4.13.5.1 PWM Clock Divider Register (PCKDIV)

ADDR | REGISTER D7 D6 D5 | D4 D3 p2 | b1 | Do DEFAULT
Coh PCKDIV RSVD RSVD DDEC[L:0] RSVD DPWR2[2:0] 00000011

DPWR2[2:0]: This 3-bit value sets the power-of-2 divider for the incoming CLK signal before sending it to
the decimal divider. Power-of-2 divider mapping:

DPWR2[2:0]  Divide by:

0 2

4

8

16

32

64
reserved®

N o ok WIN P

reserved®

The default value of DPWR?2 is 3. This sets the initial power-of-2 divider to divide-by-16 at reset.

DDEC[1:0]: This 2-bit value sets the decimal divider for the internal signal coming from the power-of-2
divider. Decimal divider mapping:

DDEC1:0] Divide by:

0 1
1 3
2 5
3 reserved®

The default value of DDEC is 0. This sets the initial decimal divider to divide-by-1 at reset. Using the two serially
connected dividers in combination, clock dividers of various values are possible.

(1) If any of the reserved values are written to DPWR2[2:0] or DDEC][1:0], the PWM clock divider is set to
divide-by-16, regardless of any other settings.

PWM Clock Divider
Examples:
DPWR2[2:0]=0
DDEC[1:0]=0

— PWM Clock = CLK /2

DPWR2[2:0] = 1
DDEC[1:0] = 2
— PWM Clock = CLK / 20
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7.4.13.5.2 System Configuration Register (SYSCFG)

ADDR | REGISTER D7 | b6 | b5 | D4 D3 D2 D1 DO DEFAULT
Cih SYSCFG RESERVED CKWEN | CMWEN | scMAST| PWR | 00000000

PWR: This bit is reset to 0 upon power-up or EN low. It may be written to a 1 by the micro-controller
(MCU). Reading this bit allows the MCU to detect when there has been a power cycle.

0 = A power cycle or EN low has occurred since last write to a ‘1’

1= No power cycle or EN low has occurred since the last write to a ‘1’
SCMAST: The Synchronization Master bit determines whether the TPS92661 device is a synchronization
master or not. There should be only ONE Sync Master in the system.

0 = Slave. A high input value on SYNC resets TCNT to 0.

1= Master. The TPS92661 device generates a high pulse one CLK cycle
long on SYNC when TCNT = 1023 and the PWM clock divider is about to
roll over. SYNC may be connected to the next TPS92661 device in order
to synchronize multiple TPS92661 devices with respect to each other.
CMWEN: Communications Watchdog Timer Enable.
0 = Communications watchdog timer disabled

1= Communications watchdog timer enabled

CKWEN: Clock Watchdog Timer Enable
0 = Clock watchdog timer disabled
1= Clock watchdog timer enabled

7.4.13.6 Default LED State Register (DEFLED)

ADDR | REGISTER D7 | o6 | bs | ba | b3 | b2 | b1 | DO DEFAULT
czh DEFLEDL DEFLED[8:1] 00000000
c3h DEFLEDH RESERVED | DEFLED[12:9] 00000000

DEFLED[12:1]: Default LED State register. This register determines which state to place the LED in
when one of the watchdog timers times out.

0= LED off
1= LEDon

7.4.13.7 PWM Period Counter Register (TCNT)

ADDR | REGISTER D7 | b6 | ps | ba | b3 | b2 | b1 | DO DEFAULT
Cah TCNTL TCNT[7:0] 00000000
Csh TCNTH RESERVED [ TcnT:g) 00000000

TCNTI[9:0]: This is the PWM period count value. The TCNT register automatically counts from 0 to 1023
and wraps. It is provided here with read/write access for diagnostic purposes. Writes to the TCNT register
are loaded upon the next rising edge of CLK when there is a SYNC pulse present.

Copyright © 2014-2016, Texas Instruments Incorporated Submit Documentation Feedback 29
Product Folder Links: TPS92661-Q1

Downloaded from AFFOW.Com.


http://www.ti.com/product/tps92661-q1?qgpn=tps92661-q1
http://www.ti.com
http://www.ti.com/product/tps92661-q1?qgpn=tps92661-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSBU2A&partnum=TPS92661-Q1
http://www.arrow.com

TPS92661-Q1
SLUSBU2A —SEPTEMBER 2014—REVISED FEBRUARY 2016

13 TEXAS
INSTRUMENTS

www.ti.com

7.4.13.8 Diagnostic Registers

The diagnostic registers hold the results of various faults and status flags for the system. The diagnostic registers

exist in the address range EOh to E2h.

ADDR | REGISTER D7 | b6 | bs | ba | b3 | b2 | b1 | DO DEFAULT
Eoh FAULTL FAULT[8:1] 00000000
E1h FAULTH RESERVED FAULT[12:9] 00000000
E2h CERRCNT CERRCNT[7:0] 00000000

FAULT[12:1]: Fault Register

0= an LED fault has not occurred

1= an LED fault has occurred

The LED open and short fault detection circuitry is sampled just before the corresponding bypass switch
is closed. If a fault exists at this time instant, a 1 is latched into the associated FAULT register bit. The
FAULT register bits must be cleared manually by writing them back to 0. If an LED fault condition still
exists at the next PWM period, the device immediately resets the corresponding FAULT register bit to a
1. Writing the FAULT register bits to 1 has no effect.

CERRCNT]J[7:0]: CRC Error Count Register

This register value is incremented each time a CRC error is received. This register may be read by the
MCU and then written back to 0 to clear the count. The CERRCNT value saturates at FFh; it does not
wrap back to 0 when it reaches FFh. The CERRCNT register is not automatically cleared when a
communications reset is received. It must be cleared manually by writing it back to 0. Note that the
CERRCNT register can be written to any 8-bit value. This is intended for diagnostic purposes.
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7.5 Programming

7.5.1 Read / Write Register Flow Chart

7.5.1.1 Register Write Flow Chart

Build Write Transaction
Frame

\ 4
Build Frame Initialization
1t Byte
Bvie Bit7=1
y Bit 6:3 = 4'b0000
Bit 2:0 = TPS92661 Address
\ 4
2 TPS92661 register address
Byte to write Append Least Significant 4t
Byte (LSB) of CRC-16 to Bvte
Write Transaction Buffer Y
\ 4
Srd v
Byte Data byte
Append Most Significant 5
Byte (MSB) of CRC-16 to Bvte
v Write Transaction Buffer y
Calculate CRC-16 of
Bytes 1-3
\ 4
Send 5 bytes via UART to
| TPS92661
Figure 31. Register Write Example
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Programming (continued)
7.5.1.2 Register Read Flow Chart

Build Read Transaction
Frame (4 Bytes)

Build Frame Initialization
18t Command Byte
Bvte Bit7=1
Y Bit 6:3 = 451000
Bit 2:0 = TPS92661 Address
2" TPS92661 register address
Byte to read
Calculate CRC-16 of
Bytes 1-2
3 Append Least Significant
Byte Byte (LSB) of CRC-16 to
Y Write Transaction Buffer
4 Append Most Significant
Byte Byte (MSB) of CRC-16 to
Y Write Transaction Buffer

Send 4 bytes via UART to
TPS92661

v

Receive 4 bytes via
UART from TPS92661

A 4

1% Byte: Frame
Initialization Response
Byte
Bit7=0
Bit 6:3 = 4'b0000
Bit 2:0 = 3'b000

2" Byte: Read Data

3 Byte: CRC-16 LSB
(Bit Reversed [7:0])

4™ Byte: CRC-16 MSB
(Bit Reversed [15:8])

v

Calculate CRC-16 of

Reverse the bit order of
the CRC-16 bytes
[0:7]

Bit 7 <-> Bit 0
Bit 6 <-> Bit 1
Bit 5 <-> Bit 2
Bit 4 <-> Bit 3

received Bytes 1-2

\ 4

[8:15]
Bit 15 <-> Bit 8
Bit 14 <-> Bit 9
Bit 13 <-> Bit 10
Bit 12 <-> Bit 11

CRC-16 match?

Compare calculated and reversed
LSB with received LSB 2" Byte = Read Data

ompare calculated and reversed
MSB with received MSB

Data is invalid.
Discard read byte.
Accumulate error?

Figure 32. Register Read Example

7.5.2 Complete Transaction Example

The pseudo-code below shows a pair of transactions: a write of the LEDOFF times for LEDs 1-4 followed by a
read of the same registers (LED1OFF = 200, LED20OFF = 410, LED3OFF = 620, LED4OFF = 830).

Table 3. Write Command (MCU-to-TPS92661 Device)

tx_init (0x90)

Single device write of 5 bytes (Device ID = 0)

tx_addr (0x20)

Register address = 0x20 (LED1OFFL)

tx_data (0xc8)

LED1OFFL = Low_Byte (200)

tx_data (Ox9a)

LED20OFFL = Low_Byte (410)

tx_data (Ox6c)

LED3OFFL = Low_Byte (620)

tx_data (0Ox3e)

LED4OFFL = Low_Byte (830)

tx_data (Oxe4)

LED1_40FFH = High_Byte (830) << 6

High_Byte (620) << 4

High_Byte (410) << 2

High_Byte (200)

tx_crcl (0x88)

CRC1 = Low_Byte (CRC-16-I1BM)

tx_crc2 (0x57)

CRC2 = High_Byte (CRC-16-IBM)
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Table 4. Read Command (MCU-to-TPS92661 Device)

tx_init (0xd0) Single device read of 5 bytes (Device ID = 0)

tx_addr (0x20) Register address = 0x20 (LED1OFFL)

tx_crcl (0x5c) CRC1 = Low_Byte (CRC-16-1BM)

tx_crc2 (0x18) CRC2 = High_Byte (CRC-16-1BM)

Table 5. Read Response (MCU-to-TPS92661 Device)

rx_init (0x02) Read Response, 5 data bytes to follow

rx_data (0xc8) LED1OFFL = Low_Byte (200)

rx_data (0x9a) LED20OFFL = Low_Byte (410)

rx_data (0Ox6c) LED3OFFL = Low_Byte (620)

rx_data (0x3e) LED4OFFL = Low_Byte (830)

rx_data (Oxe4) LED1_40FFH = High_Byte (830) << 6

High_Byte (620) << 4

High_Byte (410) << 2

High_Byte (200)

rx_crcl (0x78) | CRC1 = Low_Byte (CRC-16-IBM) Must be reversed when read. See CRC Calculation
rx_crc2 (0x3b) | CRC2 = High_Byte (CRC-16-1BM) Programming Examples section.

As an additional example, the following pseudo-code shows a 2-byte write to TPS92661 Address 5, Register
0xBO (ENON) with data of 0x55 to register 0xBO and Ox05 to register OxB1. Data sent (hex): 8D BO 55 05 D5 D8

Table 6. Write Command (MCU-to-TPS92661 Device)

tx_init (0x8D) Single device write of 2 bytes (Device ID = 5)
tx_addr (0xBO0) Register address = 0xBO (ENON)

tx_data (0x55) ENONL = 0101 0101b

tx_data (0x05) ENONH = 0000 0101b

tx_crcl (0xD5) CRC1 = Low Byte(CRC-16-IBM)

tx_crc2 (0xD8) CRC2 = High Byte(CRC-16-1BM)

The UART waveform associated with the example in Table 6 is shown in Figure 33.
|<_Dh_>|<_sh_>| |<—0h—>|<—Bh—>| |<—5h—>|<—5h—>| |<—5h—>|<—0h—>| |<—5h—>|<—Dh—>| |<_sh—>|<—Dh_>|

SthllOOOlﬁStOOOOllOl

|<—Cmd: Ox8D—>| |<— Data: OxBO—bI |<—OxBO=Ox55—>| |<—0><Bl=0x05—>| |<—CRC LSB—>| |<—CRC MSB—>|

(1000_1 101) (ENONL) (1% Reg Data) (2" Reg Data) 0xD5 0xD8

pStOOOllOll

T w0

Figure 33. 2-Byte Write Example Waveform

After this write had completed, the device enables all of the odd numbered LEDs (LED1, LEDS3, ..., LED11) to
turn on when TCNT = LEDXON register, while all of the even humbered LEDs remain off.
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7.5.3 CRC Calculation Programming Examples

The C function below shows an example of how to generate the CRC bytes correctly for a transmission to the

TPS92661 devices:
Uintl6é crc_16_ibm(Uint8 *buf, Uint8 len)

{
uintl6 crc = 0;
uintlé 1;
while (len--){
crc = *buf++;
for (1 =0; 1 < 8; 1++){
crc = (crc >> 1) ~ ((crc & 1) ? 0xa001 : 0);
}
¥
return crc;
¥

The CRC is transmitted LSByte first to/from the TPS92661 device.

Upon reading data from the TPS92661 device, the MCU should calculate and compare the CRC to determine
whether valid data was received.

NOTE
The calculated CRC bytes must be bit-reversed before comparison to the received CRC
bytes

bool is_crc_valid(Uint8 *rx_buf, Uint8 crc_start)
{
Uintl6 crc_calc; // Calculated CRC
Uint8 crc_msb, crc_Isb; // Individual bytes of calculated CRC
// Calculate the CRC based on bytes received
crc_calc = crc_16_ibm(rx_buf, crc_start);
crc_Isb = (crc_calc & Ox00FF);
crc_msb = ((crc_calc >> 8) & OxOO0FF);
// Perform the bit reversal within each byte
crc_msb = reverse_byte(crc_msb);
crc_Isb = reverse_byte(crc_Isb);
// Do they match?
iIT((*(rx_buf + crc_start) == crc_Isb) && (*(rx_buf + crc_start + 1) == crc_msb)){
return TRUE;

else{
return FALSE;
}

}

One way to perform the bit reversal is shown in the following C code:
Uint8 reverse_byte(Uint8 byte)

// First, swap the nibbles

byte = (((byte & O0xF0) >> 4)] | ((byte & OxO0F) << 4));

// Then, swap bit pairs

byte = (((byte & OxCC) >> 2) | ((byte & 0x33) << 2));

// Finally, swap adjacent bits

byte = (((byte & 0xAA) >> 1) | ((byte & 0x55) << 1));

// We should now be reversed (bit 0 <--> bit 7, bit 1 <--> bit 6, etc.)
return byte;

7.5.4 Code Examples to Implement Register Reads/Writes

The C functions below show examples of how to code a single register write and single register read. It is
recommended that the user get this code running first and then expand to some of the other commands and
multi-byte reads and writes.

Write Example:
void Imm_wr_1_reg(Uint8 Imm, Uint8 regaddr, Uint8 data)

uint8 TxBuf[5];
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uintl6é 1I;

// We must first assemble the bytes and CRC them
TxBUf[0] = (Ox80 | Imm);

TxBuf[1] = regaddr;

TxBuf[2] = data;

// Get the CRC back

1 = crc_16_ibm(TxBuf, 3);

// Process and store bytes

TxBuf[3] (1 & OxO0FF); // LSByte

TxBuf[4] ((1 >> 8 & OxO00FF); // MSByte

/* INSERT MCU-SPECIFIC UART CODE HERE */

// Now we can send it to the matrix network

for(l = 0; I <5; I++){
Imm_uart_xmit(TxBuf[i]);

}

}

Read Example:
uint8 Imm_rd_1_regUint8 Imm, Uint8 regaddr)
{
/* DATA WILL BE AVAILABLE IN RxBuf ON RETURN */
uint8 TxBuf[4];
uintlé 1I;

// We must first assemble the request and CRC it
TxBuf[0] = (OxCO | Imm);

TxBuf[1] = regaddr;

// Get the CRC back

1 = crc_16_ibm(TxBuf, 2);

// Process and store bytes

TxBuf[2] = (I & OxO0FF); // LSByte

TXBUf[3] = ((I >> 8) & OxO0FF); // MSByte

// Also make sure we are prepared to receive the data from the LMM
ReturnBytes = 1+1+2; // This is the number of bytes we expect to get back
/* 1 Response Frame Init + 1 Data + 2 CRC */

GatheredBytes = 0;

/* INSERT MCU-SPECIFIC UART CODE HERE */

// Now we can send it to the matrix network

Ffor(l = 0; I < 4; I++){
Imm_uvart_xmit(TxBuf[i]);

}

/* INSERT MCU-SPECIFIC UART CODE HERE */

// Now we can send the request to the matrix network

// This is basically pseudo-code for however your MCU receive works
while(GatheredBytes = 4);

// Check the CRC (should be in RxBuf[2] and [3])
if(is_crc_valid(RxBuf, 2)){

return TRUE;
else{

return FALSE;}
¥

7.6 Register Map

Table 7. Register Map

ADDR | REGISTER | D7 p6 | bs | ba | b3 | o2 D1 DO DEFAULT
LED ON REGISTERS
00h LED1ONL LED1ON[7:0] 00000000
01h LED20ONL LED20N[7:0] 00000000
02h LED3ONL LED3ON[7:0] 00000000
03h LED4ONL LED4ON[7:0] 00000000
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Register Map (continued)

Table 7. Register Map (continued)

ADDR REGISTER pr | Ds Ds | D4 D3 | D2 p1 | Do DEFAULT
04h LED1_40NH LED4ON[9:8] LED30ON[9:8] LED20ON[9:8] LED1ON[9:8] 00000000
05h LED50ONL LED5ON[7:0] 00000000
06h LED60ONL LED6ON[7:0] 00000000
07h LED7ONL LED7ON[7:0] 00000000
08h LEDSONL LED8ON[7:0] 00000000
09h LED5_80ONH LEDSON[9:8] | LED70ON[9:8] | LED60ON[9:8] \ LED50N[9:8] 00000000
0Ah LED9ONL LED9ON[7:0] 00000000
0Bh LED10ONL LED10ON[7:0] 00000000
0Ch LED11ONL LED110ON[7:0] 00000000
ODh LED120NL LED120N[7:0] 00000000
OEh LED9_120NH LED120N[9:8] | LED110ONI[9:8] | LED10ONI[9:8] \ LED9ON[9:8] 00000000

LED OFF REGISTERS
20h LED1OFFL LED1OFF[7:0] 00000000
21h LED20FFL LED20OFF[7:0] 00000000
22h LED3OFFL LED3OFF[7:0] 00000000
23h LED4OFFL LED4OFF[7:0] 00000000
24h LED1_4OFFH LED4OFF[9:8] | LED3OFF[9:8] | LED20OFF[9:8] \ LED1OFF[9:8] 00000000
25h LED50OFFL LED5OFF[7:0] 00000000
26h LED6OFFL LED60OFF[7:0] 00000000
27h LED7OFFL LED7OFF[7:0] 00000000
28h LED8OFFL LED8OFF[7:0] 00000000
29h LED5_8OFFH LEDSOFF[9:8] | LED70FF[9:8] | LED60OFF[9:8] \ LED5OFF[9:8] 00000000
2Ah LED9OFFL LED9OFF[7:0] 00000000
2Bh LED10OFFL LED10OFF[7:0] 00000000
2Ch LED110OFFL LED110OFF[7:0] 00000000
2Dh LED120FFL LED120FF[7:0] 00000000
2Eh LED9_120FFH LED120FF[9:8] | LED110OFF[9:8] | LED10OFF[9:8] \ LED9OFFI[9:8] 00000000
LED ONOFF REGISTERS (Remapped LED ON and LED OFF Registers)
40h LED1ONL LED1ON[7:0] 00000000
41h LED20ONL LED20ON[7:0] 00000000
42h LED3ONL LED3ON[7:0] 00000000
43h LED4ONL LED4ON[7:0] 00000000
44h LED1_40NH LED4ON[9:8] | LED30ON[9:8] | LED20ON[9:8] \ LED1ON[9:8] 00000000
45h LED1OFFL LED1OFF[7:0] 00000000
46h LED20FFL LED20OFF[7:0] 00000000
47h LED3OFFL LED3OFF[7:0] 00000000
48h LED4OFFL LED4OFF[7:0] 00000000
49h LED1_4OFFH LED4OFF[9:8] | LED3OFF[9:8] | LED20OFF[9:8] \ LED1OFF[9:8] 00000000
4Ah LED50ONL LED5ON[7:0] 00000000
4Bh LED60ONL LED60ON[7:0] 00000000
4Ch LED7ONL LED7ON[7:0] 00000000
4Dh LEDSONL LED8ON[7:0] 00000000
4Eh LED5_80ONH LEDSON[9:8] | LED70ON[9:8] | LED60ON[9:8] \ LED50N[9:8] 00000000
4Fh LED50OFFL LED5OFF[7:0] 00000000
50h LED6OFFL LED60OFF[7:0] 00000000
51h LED7OFFL LED7OFF[7:0] 00000000
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Register Map (continued)

Table 7. Register Map (continued)

ADDR REGISTER pv | b6 | o5 | pa | b3 | b2 | b1 | Do DEFAULT
52h LED8OFFL LED8OFF[7:0] 00000000
53h LED5_8OFFH LEDBOFF[9:8] | LED7OFF[9:8] | LED6OFF[9:8] | LED5OFF[9:8] 00000000
54h LED9ONL LED9ON[7:0] 00000000
55h LED10ONL LED10ON[7:0] 00000000
56h LED110ONL LED11ON[7:0] 00000000
57h LED120ONL LED120N[7:0] 00000000
58h LED9_120NH LEDI2ON[9:8] | LEDI1ON[9:8] | LED10ON[9:8] |  LED9ON[9:8] 00000000
59h LED9OFFL LED9OFF[7:0] 00000000
5Ah LED10OFFL LED100OFF[7:0] 00000000
5Bh LED110OFFL LED110FF[7:0] 00000000
5Ch LED120FFL LED120FF[7:0] 00000000
5Dh LED9_120FFH LEDI2OFF[9:8] | LED11OFF[9:8] | LED10OFF[9:8] | LED9OFF[9:8] 00000000

ENABLE REGISTERS
BOh ENONL ENONI[8:1] 00000000
B1h ENONH RESERVED | ENON[12:9] 00000000
B2h ENOFFL ENOFF[8:1] 00000000
B3h ENOFFH RESERVED | ENOFF[12:9] 00000000
CONTROL REGISTERS
Coh PCKDIV RSVD RSVD DDEC[1:0] RSVD DPWR2[2:0] 00000011
Cih SYSCFG RESERVED CKWEN | CMWEN | SCMAST | PWR | 00000000
C2h DEFLEDL DEFLED[8:1] 00000000
C3h DEFLEDH RESERVED | DEFLED[12:9] 00000000
Céh TCNTL TCNT[7:0] 00000000
C5h TCNTH RESERVED | TCNT[9:8] 00000000
DIAGNOSTIC REGISTERS
EOh FAULTL FAULT[8:1] 00000000
Elh FAULTH RESERVED | FAULT[12:9] 00000000
E2h CERRCNT CERRCNT[7:0] 00000000
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8 Application and Implementation

8.1 Applications Information

The TPS92661 is capable of shunting any combination of 12 series LEDs at high frequency and at variable duty
cycles. This type of application requires a high bandwidth current source. The TPS92661 was developed using a
high-side sensing hysteretic buck current source and it is this type that is recommended to power the LED
channels. boost and/or buck-boost inputs may also be used, but makes the implementation more complicated
and lower performance.

8.1.1 Guidelines For Current Source

» Operate at a switching frequency at least 250 times the TPS92661 PWM frequency. A switching frequency
between 500 times the PWM frequency and 2000 times the PWM frequency is recommended.

» Operate current source in CCM (continuous conduction mode).

* Minimize capacitance on each LED channel (capacitance between LEDO and LED12) to avoid excessive over
and undershoot when dimming.

* Monitor the current source output current during dimming to ensure the source is staying close to its DC set-
point level.

e Follow the Layout Guidelines.

8.2 Design Examples

This section offers two design examples. Each helps illustrate how the thermal limitations of a design can vary
depending on overall operating conditions and how the overall system temperature limitations directly affect the
device current rating for a given design. These temperature limitations must be considered on a case-by-case
basis.

8.2.1 12 LED, 1.1-A Application

Step 1. LED Board Requirements

Examine the requirements of the LED load board, assuming the worst case condition: LEDs on continuously.
This example assumes a worst case metal core PCB temperature of 125°C to adequately protect the LEDs.
Calculate the power required to be dissipated by the LED load board alone using Equation 4.

Pleo tonp = liep X Vigp X N = 1.1 Ax 333V x 12 = 43.956 W = 44 W

where
* nis the number of LEDs 4)

Step 2. Estimate Device Power Dissipation

Use Figure 1 to estimate the power dissipation in the TPS92661 device. Assuming a 6-MHz clock and a 146-Hz
PWM frequency at 125°C, 4.2 mA at a 5.5-V VCC. The power dissipation calculation is shown in Equation 5.

Prpseze61_controL = 4.2 MA X 5.5V =23 mW. )
This value is very small compared to the net power required to be dissipated by the LED load and can be
neglected.
Step 3. Estimate Switch Power Dissipation

Calculate the worst case power dissipated in the TPS92661 switches. Using the worst case Raon) 0f 3400 mQ
for Equation 6.

Prpsazest_switcres = (1.12 A)? x 3400 mQ = 4.114 W (6)

38 Submit Documentation Feedback Copyright © 2014-2016, Texas Instruments Incorporated
Product Folder Links: TPS92661-Q1

Downloaded from AFFOW.Com.


http://www.ti.com/product/tps92661-q1?qgpn=tps92661-q1
http://www.ti.com
http://www.ti.com/product/tps92661-q1?qgpn=tps92661-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSBU2A&partnum=TPS92661-Q1
http://www.arrow.com

13 TEXAS
INSTRUMENTS
TPS92661-Q1

www.ti.com SLUSBU2A —SEPTEMBER 2014—REVISED FEBRUARY 2016

Design Examples (continued)

Step 4. Calculate the Temperature Rise

The LED load board controls temperature to a maximum of 125°C. Solder the TPS92661 device to the LED
board to create a very good thermal connection. Using the TPS92661 8;; measurement of 6.1 °C/W, can
calculate the temperature rise between the TPS92661 thermal pad and the junction temperature using
Equation 7.

TJ = TBOARD(max) + TR|SE =125°C + (4114 X 61) = 150°C. (7)

This is the maximum allowable junction temperature. Any time a TPS92661 internal switch is active, the net
power dissipated by the LED load board is reduced.

A properly designed LED load board inherently supports the additional power dissipation of the TPS92661
device. In this example, if all of the TPS92661 internal switches are on, the LED load board thermal loading
reduces from 44 W to 4.114 W.

8.2.2 6 LED, 1.5-A Application

The TPS92661 can be used for LED loads from 1 to 12 LEDs. When configuring for connections having fewer
than 12 LEDs, the LEDs should be connected as shown in Figure 34.

Unused Inputs Shorted

i Rl SR RN R SR = s heo

Return
N — (@] (e} o0} N~ O N I M N < O
o = = [a) ) ) O 00 Qo000
a) [m) o i w L W oW oW W w w w
L L L - - - - - - - - - -
- - —
TPS92661

Figure 34. TPS92661 Connection with 6 LEDs

Step 1. Calculate the LED Load Power

As described in the 12 LED, 1.1-A Application section example, the LED load itself drives the heat sink design.
Assume the LED load board does not reach a temperature beyond what has been considered for the LEDs. In
this case assume the design ensures a maximum heat sink temperature of 90°C for the LED load power
calculated in Equation 8.

PLep Loap = lLepX Viep X N = 1.5 A x 3.33 V x 6 = 30 W (max)

where
e nis the number of LEDs (8)

Step 2. Estimate the Power Dissipation

Using Figure 3 estimate the power dissipation of the TPS92661 device. Assuming a 8.57-MHz clock and a 523-
Hz PWM frequency at 125°C read 3 mA at a 5.5-V VCC. This amount of power is so low that it can be
disregarded.

Step 3. Calculate the Worst Case Switches Power Dissipation

Calculate the maximum all switches on-resistance (Rai(on)max)) Value for each of the 6 switches that are in use.
Assume the other 6 switches are shorted externally.

Prpsezes1_swirches = (1.5 A)? x RaLLemmax) X (0/12) = (1.5 A)? x 3400 mQ x (6/12) = 3.825 W

where
e nis the number of LEDs 9)
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Design Examples (continued)

Step 4. Calculate the Temperature Rise

The LED load board controls temperature to a maximum of 90°C. Solder the TPS92661 device to the LED board
to create a very good thermal connection. Using the TPS92661 6,5 measurement of 6.1 °C/W, can calculate the
temperature rise between the TPS92661 thermal pad and the junction temperature using

TJ = TBOARD(max) + TR|SE =90°C + (3825 X 61) ~ 113°C (10)

This temperature is well within the TPS92661 operating junction temperature range to provide exceptional
performance.

9 Power Supply Recommendations

9.1 General Recommendations

The TPS92661 requires a 5-V supply to power the charge pump, internal logic and references. This rail
generates a 3.3-V supply which can be used for the digital communications as outlined in the Internal Regulator
section. The TPS92661 device is not compatible with logic levels lower then 3.3 V or greater than 5 V. A
separate, high-power supply drives the LED string, as discussed in the LED Fault Detection and Protection
section.

9.2 Internal Regulator

The VCC pin is the output node of the on-board 3.3-V LDO. The VCC pin also acts as the positive voltage rail for
the device digital I/Os. If the TPS92661 device is used with a microcontroller with 3.3-V I/Os, then place an
output capacitor with a value of at least 0.1 pF at the pin for the internal LDO. Due to the internal linear regulator,
an external 3.3-V supply is not required.

If the TPS92661 device is used with 5-V microcontrollers, then the VCC pin MUST be tied to the 5-V VIN pin.
This connection overrides the internal LDO and allows the digital 1/Os to signal at 5 V rather than 3.3 V.

In the rare case that the digital signaling exists at a voltage greater than 3.6 V, but less than 4.5 V, then the VCC
pin should be connected to the same voltage as the MCU I/O voltage.

Internal Internal
RX 1 Linear RX Linear <
Regulator Regulator
VCC VIN Vin VCC VIN VIN
5V =1 Pl 5V
13 14 13 Llil
0.1 uF |
0.1 puF
0.1 pF
Figure 35. Power Connections for 3.3-V MCU Figure 36. Power Connections for 5-V MCU
Systems Systems
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Internal Regulator (continued)

Internal
RX Linear
Regulator

MCU I/0 vce VIN ViN

Figure 37. Power Connections for 3.6-V to 4.5-V MCU Systems

9.3 Power Up and Reset

When V| is greater than Vy.yyt , all bypass switches are initially on (LEDs off) and the LEDs remain off until the
device is programmed with the corresponding LED and ENABLE registers. After the registers are programmed,
the TPS92661 device modulates the LEDs using the divided-down CLK input as the PWM clock. V,y must be
greater than V .yt prior to sourcing current through the LED string in order to ensure a controlled start-up.

The EN input acts as an active-low reset signal for the TPS92661 device. If EN = 0, the TPS92661 device resets
to the same state as if a power cycle had occurred. All registers are reset to default values and all of the bypass
switches are turned on (LEDs off). Once the device emerges from the reset state by setting EN high, the
registers must be programmed in order for the device to begin normal operation.

9.4 VIN Power Consumption

Power consumption increases with increased clock frequency, with VIN voltage and with temperature. It is
always best to select the lowest VIN and clock frequency the system can tolerate. Guidelines for power drawn by
the device from VIN are provided in the Typical Characteristics section.

9.5 |Initialization Set-Up

Figure 38 outlines the steps required to begin communication with a TPS92661 and enable the LEDs. Register
Read and Write code examples are shown in the Programming section.
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Initialization Set-Up (continued)

ECU is “Off". All Program 1

Yes TPS92661 to drive
e ot SYNC, start MCU
regulators are
disabled in HW.

Sync, or write
SYNC command.

No

System is powered Program desired
up. 5V applied to

phase shift into
TPS92661 VIN. LEDON registers.

} l

MCU Program default
Configuration duty cycles into
Occurs.

LEDOFF registers.

TPS92661
ENABLE Used?

Program DEFLED
as desired, and set
CKWEN and/or
CMWEN bits.

MCU drives

Watchdogs
ENABLE High.

desired?

6 Pulses on
TPS92661
CLOCK?

Send UART Er}\qablelcturrem
Communications egulators.
Reset.

| !

Write ENON and
Write a “1” to PWR bENOfEF[;";S\A‘/‘;A
bit in TPS92661. egin :

|

LEDs now on,

Read back MCU writes
i LEDOFF to modify
SYSCEFG register. individual LED

brightness.
l Yes-Next
Address
ERROR:
Unable to
communicate
to address.
Additional
TPS92661s in
he system?
Broadcast write of
PCKDIV to set
PWM frequency.
Figure 38. Power Up Sequence
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10 Layout

10.1 Layout Guidelines

The final configuration of the LED matrix varies between applications and balances heat dissipation with light
output performance. Layout considerations for passive components are simple; place the VCC and VIN
decoupling capacitors close to the device and short the traces to the CPP pin capacitor. The bigger challenge is
to develop a careful layout plan that efficiently routes the current source for the LED strings.

The communication connections have been designed for ease of routing on a single-sided, metal core board.
Each connection has a parallel connection on the opposite side of the device, allowing multiple devices to use a
daisy chain configuration, easing routing requirements.

10.2 Layout Example
Figure 39 shows a TPS92661 layout example.

LED RETURN
LED INPUT

A
4
A
B2

e

CAPBAYC?SE D‘| I_D

e ~ ©
o o o
INPUT R
CONNECTOR
GND GND
TPS92661
EN EN
GND GND
SYNC SYNC
GND GND
CLK No thermal vias if CLK
using an aluminum
GND clad PCB GND
X X
GND GND
RX RX
GND E E GND
BYPASS
CAPACITORS E E
o v
ADRO — ADR2 ADDRESS LINES
ARE TIED HIGH OR LOW
DEPENDING ON THE ADDRESS
Figure 39. TPS92661 Board Layout
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11 Device and Documentation Support

11.1 Trademarks
All trademarks are the property of their respective owners.

11.2 Electrostatic Discharge Caution

‘ 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.

11.3 Export Control Notice

Recipient agrees to not knowingly export or re-export, directly or indirectly, any product or technical data (as
defined by the U.S., EU, and other Export Administration Regulations) including software, or any controlled
product restricted by other applicable national regulations, received from disclosing party under nondisclosure
obligations (if any), or any direct product of such technology, to any destination to which such export or re-export
is restricted or prohibited by U.S. or other applicable laws, without obtaining prior authorization from U.S.
Department of Commerce and other competent Government authorities to the extent required by those laws.

11.4 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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12 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 Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
TPS92661QPHPRQ1 ACTIVE HTQFP PHP 48 1000 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 TPS92661Q

@ 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.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® 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.

® | ead finish/Ball material - Orderable Devices 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.

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 TI 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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo 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 Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
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)

TPS92661QPHPRQL | HTQFP [ PHP

48

1000 330.0 16.4 9.6 9.6 15 12.0 | 16.0

Q2
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TAPE AND REEL BOX DIMENSIONS
At
4
7
// S
/\g\‘ /}#\
. 7
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS92661QPHPRQ1 HTQFP PHP 48 1000 336.6 336.6 31.8
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GENERIC PACKAGE VIEW
PHP 48 TQFP - 1.2 mm max height

7 x 7, 0.5 mm pitch QUAD FLATPACK

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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MECHANICAL DATA

PHP (S—PQFP-G48) PowerPAD™ PLASTIC QUAD FLATPACK
0,50 i 08 @
N
HHHHHHHH il
37 % I_ _I % 24
P— — Thermal Pad
— | | — (See Note D)
48 i l_ - = _I % 13
AL LEEEE
o g
%3 SQ $ ¥ || Gage Planef
- Z—gg Q ——» o
1,05 8%
0%
Ly uuuuuuuuuuﬁm 4 Seating Plone 0%
— 1,20 MAX 'N]0,08
4146927 /B 08/03

NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion

D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMA0O2 for information regarding
recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.

E. Falls within JEDEC MS-026

PowerPAD is a trademark of Texas Instruments.
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THERMAL PAD MECHANICAL DATA

PHP (S—PQFP-G48) PowerPAD™ PLASTIC QUAD FLATPACK
THERMAL INFORMATION

This PowerPAD ™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the 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 additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature
No. SIMAQQ2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAQQ4.
Both documents are available at www.ti.com.

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

36 ‘ 25
@o,zo—» —
37 1T ~ : VT4
== T ==
0,20
—— | | | - "
posed Thermal Pad
—— | | ———
s B - —
490 —— . L ———
3,87 ,—,——| {—_l_
—— | | ———
- — | | | T
, — 5 5
48 T & T I — T 13
1 12
4.90
< 3,87 >
Top View

Exposed Thermal Pad Dimensions

4206329-4/P 03/15

NOTE: A. All linear dimensions are in millimeters

@ Tie strap features may not be present.

PowerPAD is a trademark of Texas Instruments
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LAND PATTERN DATA

PHP (S—PQFP—G48) PowerPAD™ PLASTIC QUAD FLATPACK

_— —

Note D

25¢90,33 —| | |:|

Example Board Layout 0,127mm Thick Stencil Design Example
Via pattern and copper pad size Reference table below for other
may vary depending on layout constraints solder stencil thicknesses
(Note E)
_>| 44X0,5 48X1,55 _>| |<_ 44X0,5
— [~—20x1,0 — il:l —
— — — —
— 6 6 o ofo — 48x0,25—f — —
— +90 — — —
— o O O 04 90O — —— 490y —
— ) — —— J ——
— |90 O 00| — 82 — — B8
—— O—{ o o olo —— — —
20x1,0 — 4,90
— y —— —— ——
— [®]° O oy0| /= — X —
— I — —— ——
A 8,2 8,2
/
/Non Solder Mask Defined Pad
/ //—_-—\'\
™~ Example Solder Mask Opening
(Note F) Center Power Pad Solder Stencil Opening
| |=—03 Stencil Thickness X Y
' 0.1mm 5.20 5.20
0.127mm 4.90 4.90
0.152mm 4.50 4.50
L | 0.178mm 4.25 4.25
Pad Geometry
16— —>I<— 0,05 / (Note C)
All Around
~~
I 4207626-4/1 10/15

NOTES:

o ow>

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 Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literature No. SLMAQQO2, SLMAQQ4, and dlso 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 dlso 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

options for vias placed in the thermal pad.

PowerPAD is a trademark of Texas Instruments
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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, 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 will 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 (https:www.ti.com/legal/termsofsale.html) 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.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2021, Texas Instruments Incorporated
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