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‘ 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.

ORDERING INFORMATION® @)

ORDERABLE MINIMUM ORDER
T; PACKAGE DEVICE NUMBER PINS OUTPUT SUPPLY QUANTITY
TPS92660PWP Tube 73
—40°C to 125°C TSSOP exposed pad 20
TPS92660PWPR Tape and Reel 2500

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or visit the Tl
website at www.ti.com.

(2) Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at
www.ti.com/sc/package.

ABSOLUTE MAXIMUM RATINGS®
over operating free-air temperature range (unless otherwise noted)

VALUE
UNIT
MIN MAX
Supply voltage VCC -0.3 14
VIN, UVLO/EN -0.3 80
BOOT to SW -0.3 14
2 SADJ, LADJ, RON, VO, COMP, CS, LNCS -0.3 6 \%
Input voltage range®
SwW -2.0 80
BOOT -0.3 90
SVDD, SCL, SDA -0.3 5.5
o Human body model (HBM) QSS 009-105 (JESD22-A114A) 2000 \Y;
Electrostatic discharge -
Charged device model (CDM) QSS 009-147 (JESD22-C101B.01) 750
Junction temperature range, T; © 165 °C
Storage temperature range, Tgyg -55 150
Lead temperature range, soldering, 10 s 260

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

(2) All voltage values are with respect to the network ground terminal unless otherwise noted.

(3) Maximum junction temperature is internally limited

2 Copyright © 2013, Texas Instruments Incorporated
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THERMAL INFORMATION

TPS92660
THERMAL METRIC® TSISJSC'; (f;’\(lsg)se‘j UNITS
20 PINS

8a Junction-to-ambient thermal resistance @ 36.9
B3ctop Junction-to-case (top) thermal resistance ® 22.7
B35 Junction-to-board thermal resistance 18.6 s
Wit Junction-to-top characterization parameter®) 0.6 cw
Wig Junction-to-board characterization parameter® 18.4
83chot Junction-to-case (bottom) thermal resistance (") 1.9
(1) BXEZNHFOARA BEENEZSELR , BSRIC HRAEENARE , SPRASS,

@
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1288 JESD51-8 RRVILET |, @) A A TES PCB EENRERARRENREFRRHITHE , SUREBERMMA,
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¥R G30-88 HEEREINBIZIEA A,

RECOMMENDED OPERATING CONDITIONS

over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT

Vvin Input Voltage 8.6 80 \%
Vsvbb I°C VDD 2.7 5.5 \Y;
Vvo Output voltage sense for control and protection 0 25 \%
Vuvioen  Enable/Under Voltage lock-out 0 55 \%
Vsapyg Switching regulator analog or PWM LED current adjust 0 55 \%
Vi ADJ Linear regulator analog or PWM LED current adjust 0 55 \%
VRonN Resistor and capacitor sets switching frequency of device 0 55 \%
T; Operating junction temperature -40 125 °C

Copyright © 2013, Texas Instruments Incorporated 3
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ELECTRICAL CHARACTERISTICS
Unless otherwise specified V| = 48 V, —40°C <T, = T;< 125°C .

PARAMETER | CONDITIONS MIN TYP MAX| UNITS

Ve REGULATOR (VCC)
Ve Vcc Voltage 7.75 8.2 8.55 Y
lvee Vcc current limit Ve =0 14 20 27 mA
Veeunio Rising threshold 6.4 v

Falling threshold 6.1
lo Quiescent current Vin=80V 2.2 mA
UVLO/DEVICE ENABLE (EN/UV)
VEN Device enable voltage threshold Vgy increasing 1.14 1.2 1.26 \%
VEN_HYS Enable input hysteresis 20 mV
lEn Enable source current Ven=0 10 pA
ON/OFF TIMER/OVER VOLTAGE PROTECTION (RON, VO)
Rpp_RON RON pull-down resistance 60 83 Q
Vov VO pin overvoltage threshold 2.4 25 2.6 Y
Vov Hvs VO pin overvoltage hysteresis 0.1 Y
ton_pLy RON pin to GATE delay 58 ns
torF(min) Minimum off-time Ves=0V 200 255 340 ns
ton(min) Minimum on-time 80 120 180 ns
I2C LOGIC INTERFACE (SCL, SDA) (2.7V £ Vsypp £ 5.5V)
VL Low-level input voltage 0.2 x Vsypp \%
Viy High-level input voltage 0.8 x Vsypp \Y
I Logic input current -1 0 1 pA
fscL SCL input frequency 100 200 kHz
VoL Low-level output voltage Ispa = 3 MA 0.2 0.38 Y
I Output leakage current Vgpa =5V 1 pA
SWITCHER LED CURRENT SENSE (CS, COMP)
Vsw_REF \?(;I\Ilti;(;heel’ LED current reference Non-programmed 196 202 209 mV
AVew Rer Switcher L‘ED current reference +40 mv

— voltage adjust range -40

Ics CS bias current 1 pA
am CS amplifier transconductance 600 ANV
Ves_comp CS to COMP offset voltage 1.8 Y

COMP source current 75 HA
lcomp -

COMP sink current 75 pA
HIGH SIDE SWITCH CURRENT LIMIT (VIN, SW)
Vawun igh sde swich catent it e o ) my
tum_oFrF Current limit OFF time 280 uS
fLes a\g/:fﬁr;ircnuerrent sense leading edge 200 ns

4 Copyright © 2013, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS (continued)
Unless otherwise specified V| = 48 V, —40°C <T, = T;< 125°C .

PARAMETER ‘ CONDITIONS MIN TYP MAX | UNITS
LINEAR LED CURRENT SENSE (LNCS)
VN REF Linear LED current reference voltage | Non-programmed 190 200 209 mV
LinearLED current reference voltage +44
AVin_Rer adjust range -50 mv
ILnes LNCS Input bias current 1 HA
SWITCHING GATE DRIVER (GATE, BOOT, SW)
Rsrc gate  Gate sourcing resistance GATE = High 2 Q
Rsnk_cate  Gate sinking resistance GATE = Low 2 Q
VgooT BOOT UVLO threshold BOOT-SW rising 4.2 5.6 7.0 \Y
Voot Hys BOOT UVLO threshold 750 mV
Isw_pp SW node pull down current 60 mA
LINEAR GATE DRIVER (LNG)
VNG MAX LNG Maximum output voltage 6.3 \%
VING_MIN LNG Minimum output voltage 14 \%
lLnG_MAX LNG Maximum output current 5.5 mA
ANALOG/PWM DIMMING (SADJ, LADJ)
foim Internal PWM dimming frequency 500 Hz
. . High 25
SADJ triangle voltage for analog input Y
Low 0.1
Vtri .
, . High 25
LADJ triangle voltage for analog input Y
Low 0.1
SADJ Pulse detect timer 10
triver - ms
LADJ Pulse detect timer 10
SADJ PWM input threshold 2.7
Vaps - \4
LADJ PWM input threshold 2.7
SADJ PWM input hysteresis 500
Vapa Hys ) X mV
LADJ PWM input hysteresis 500
| SADJ Pull up current 5 A
ADJPU LADJ Pull up current 5 H
Rising 1.2
tsaDJ SADJ to GATE delay - us
Falling 1.2
Rising 1.2
tLADJ LADJ to LNG delay - us
Falling 1.2
REFERENCE VOLTAGE (REF)
VRer Voltage reference 2.92 3 3.08 \%
IRer VREF maximum source current 1.6 mA
THERMAL SHUTDOWN
- Thermal shutdown temperature 165 °C
sb Thermal shutdown hysteresis 25 °C

Copyright © 2013, Texas Instruments Incorporated 5
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DEVICE INFORMATION

TSSOP PACKAGE

20-PINS
(TOP VIEW)

SVvDD [CI]10 20 [-T1 EN/UVLO
SCLI]2 19T VIN
SDAT]3 18 -1 vCC
REF (1|4 17 [E12 BOOT

SADJ 15 16 [T GATE

LADJ I ]s6 Exposed |15 L1 SW
RONCI]7 | Thermal |14 T3LNG
vor1]s | Pad 13T LNCS

COMP I ]9 a 12[F13CS

NC 1] 10 11T GND

NC — No internal connection

PIN FUNCTIONS®

NAME NO. lfe} DESCRIPTION
SVDD 1 P I°C VDD input.
SCL 2 I 12C clock input.
SDA 3 I/O | I1°C data input/output.
REF 4 (0] 3.0V output reference.
SADJ 5 | Switching regulator dimming input.
LADJ 6 | Linear regulator dimming input.
RON 7 | Connect to resistor and capacitor which sets the switching frequency of the switching regulator.
VO 8 | Output voltage sense for control and protection.
COMP 9 (0] Switching regulator error amplifier (EA) compensation connection.
NC 10 - No internal connection.
GND 11 G System ground connection.
CS 12 | Switching regulator LED Current sense input.
LNCS 13 | Linear regulator current sense input.
LNG 14 (0] Linear FET gate driver output.
SW 15 | Connect to the switch node of the switching regulator.
GATE 16 (0] Switching controller high-side N-channel FET driver output.
BOOT 17 | MOSFET drive bootstrap pin.
VCC 18 (0] Output of internal regulator. Bypass it with IuFminimum ceramic capacitor to GND.
VIN 19 P Input voltage supply for device. Maximum of 80V operating voltage.
EN/UVLO 20 | This pin is a multi function input. Enable of device, Under-voltage lock-out (UVLO).
DAP - - Exposed thermal pad. Connected to the system ground. Place vias on DAP.

(1) I=Input, O=Output, P=Power, G=Ground

Copyright © 2013, Texas Instruments Incorporated
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FUNCTIONAL BLOCK DIAGRAM

H‘\ . Supply o
VIN 19J Regulator |_18 vee
Voltage —
Reference I
VCC -
17:| BOOT
On-Ti Thermal UVLO L
n-limer Shutdown
RON 7:'— RON Complete
Start
7'y X Lovel } ——{16] eaTE
vo [ 8 |—  — Shift
10 P Current Limit - EEZI SwW
Logic VIN - 275 mV —
¢ 7 ’ 9 | comp
- +
EN/UVLO EO] +
- 12| CS
> 1.8V
ol 4 | REF
1.2V
3.0V
—— LNG
N Control
SADJ 5:'— SW Dim Control —
z Ee] LNCS
ANV .
LADJ LDO Dim Control
V
1AZ| LNG
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I’c I’c L
I/O OTP ROM
SDA
11:| GND
LDO Vger
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EN Threshold Voltage (V)
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TYPICAL CHARACTERISTICS
Unless otherwise stated, —40°C < T, = T; £+125°C, V|y =48 V, Ry= 51.1 kQ, C; = 1000 pF, Cycc =1 yF, Ccomp = 1 UF

= \/CC UVLO Rising
e \/CC UVLO Falling

Temperature (°C)

Figure 1. Supply Voltage (VCC) UVLO Threshold
vs Junction Temperature

G000

Temperature (°C)

Figure 3. Enable Threshold Voltage
vs Junction Temperature

G000

Temperature (°C)

Figure 5. Supply Voltage (VCC)
vs Junction Temperature

G000

BOOT Pin UVLO Voltage (V) Quiescent Current (mA)

Reference Voltage (V)
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25
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2.1
2.0

2.0
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6.0
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5.5
5.4
5.3
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5.1

5.0
-40 -25

3.25
3.20
3.15
3.10
3.05
3.00
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2.80
2.75

Vin=80V

Temperature (°C) 000

Figure 2. Quiescent Current

vs Junction Temperature

Fig

-10 5 20 35 50 65 80 95 110 125

Temperature (°C)

ure 4. Boot UVLO Threshold
vs Junction Temperature
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-40 -25 -10
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Figure 6. Voltage Reference

vs Junction Temperature
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TYPICAL CHARACTERISTICS
Unless otherwise stated, —40°C < T, = T; £+125°C, V|y =48 V, Ry= 51.1 kQ, C; = 1000 pF, Cycc =1 yF, Ccomp = 1 UF
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Figure 7. Linear Current Voltage Regulation
vs Junction Temperature
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Figure 9. Switching Regulator LED Current
vs Input Voltage
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Figure 11. Switching Regulator LED Current
vs I2C Trim Step
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Figure 8. Switching Current Voltage Regulation
vs Junction Temperature
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Figure 10. Linear Regulator LED Current
vs Input Voltage
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Figure 12. Linear Regulator LED Current
vs I2C Trim Step
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TYPICAL CHARACTERISTICS (continued)
Unless otherwise stated, —40°C < T, = T; £+125°C, V\y =48 V, Ry= 51.1 kQ, C; = 1000 pF, Cycc =1 yF, Ceomp = 1 UF

fsw = 200 kHz

ILep = 800 MA
Load = 12 LEDs
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Figure 13. Switching Re
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Figure 14. VCC vs Input Voltage
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APPLICATION INFORMATION

Theory of Operation

The TPS92660 is a dual-channel LED current controller. It has a high-voltage, non-synchronous buck controller
capable of driving an N-channel high-side MOSFET and a linear controller capable of driving an N-channel low-
side MOSFET. The buck controller uses a controlled on-time (COT) control scheme to regulate the LED current.
The controlled on-time varies with input and output voltage to produce pseudo-fixed frequency operation.

The TPS92660 buck controller also employs a transconductance error amplifier that regulates average the LED
current. When the buck converter operates in continuous conduction mode (CCM) the controlled on-time
maintains a relatively constant switching frequency over the change of input and output voltages. The linear
controller regulates the LED current by controlling the gate voltage of the N-channel low side MOSFET. This
MOSFET is connected in series with the LED string and operates in the linear region when LED current is in
regulation. The linear controller senses the LED current and compares it with the internal reference voltage
(default 200 mV without OTP trim) to generate the MOSFET gate-drive voltage.

Figure 15 shows a simplified version of the feedback system used to control the current through the LED string
connected to the buck converter. The LED current flows through the current sense resistor Rgyg and generates
the current sense voltage. This voltage is fed to the CS pin. Inside the IC, the current sense voltage is internally
integrated and compared to a reference voltage. The error amplifier is a transconductance (gy) amplifier which
sorces/sinks current to/from the comp pin and effectively maintains the voltage at the CS pin to be equal to the
voltage Vsw rer ( default 202 mV without OTP trim). The comparator turns on the high-side MOSFET of the buck
converter when the CS voltage falls below the COMP pin voltage minus 1.8V level shift.

Vour

2

4

Gate ON (N8
. N
cs

(G DN

1

TCOMP
1

Rsns

UDG-12206

Figure 15. Current Control Circuitry

Figure 16 shows how the MOSFET conducts for a controlled on-time (toy), set by the external resistor Ry, the
external capacitor Cq, the input voltage and the output voltage. At the conclusion of the controlled on-time period,
the MOSFET turns off and must remain off for a minimum of 255 ns. Once the minimum off-time period is
complete, the comparator compares the CS voltage with the COMP pin voltage again to start the next cycle.

A capacitor with a value of 0.1 pF or higher is recommended between the COMP pin and GND. This
compensation capacitor provides a dominant pole in the feedback loop and makes the control loop stable.

Copyright © 2013, Texas Instruments Incorporated 11
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ViN Vout

+ Gate OFF

I
fL Reset S Ruos

UDG-12207

Figure 16. On-Time Circuitry

Switching Frequency

The TPS92660 does not contain a clock, however the on-time is modulated in proportion to both the input
voltage and the output voltage in order to maintain a relatively constant switching frequency.

The on-time circuitry is shown in Figure 16. Estimate the switching frequency based on timing resistor Ry, timing
capacitor C; and the resistor divider of Ryp; and Ryg,. Equation 1 and Equation 2 show how to derive the
switching frequency estimation.

D
ON 1)

D - Yout
VIN @)

The on-time period ends when the voltage at the capacitor Ct is charged to the voltage on the VO pin. The
charging current ratio is shown in Equation 3.

Vi

lchre = o
Rr
where
* Vi >>Vyo @)
R+ xC R
ton = TV T - voRz Vout
IN (Rvo1 +Rvo2) (4)

Use Equation 3 and Equation 4 to derive Equation 5.
_ (Rvo1+Rvo2)

fsw
RV02 X RT X CT (5)

LED Current Setting

The current sense resistor (Rgys), Which is connected between the CS pin and GND, sets the LED current of the
switching regulator. The current sense resistor (Rsysin), Which is connected between the LNCS pin and GND,
sets the LED current of the linear regulator. The average LED current is calculated using Equation 6 and
Equation 7.

Equation 6 shows the calculation for the switching regulator current.

12 Copyright © 2013, Texas Instruments Incorporated



. F{II\EJ)S(”?fS{UMENTS TPS92660

www.ti.com.cn ZHCSB27 —APRIL 2013
I _ Vsw_RerF
LED_SW = g ——
SNS
where
*  Vsw rer is the switching regulator reference voltage which is default 202 mV without OTP trim (6)

Equation 7 shows the linear regulator current calculation.

| ~ VIN_REF
LED_LN =g ——
SNS_LN
where
*  Vin_rer is the linear regulator reference voltage which is default 200mV without OTP trim )

High Voltage Bias Regulator (VCC)

The TPS92660 contains an internal low dropout linear regulator (LDO), with an 8.2V output, connected between
the VIN and the VCC pins. Bypass the VCC pin to the GND pin with a 1pF ceramic capacitor connected close to
the pins of the device. VCC tracks VIN until VIN reaches 8.2 V and then regulates at 8.2V as VIN increases. The
TPS92660 comes out of UVLO and begins operating when VCC rises above 6.4V. The TPS92660 shuts down
when VCC falls below 6.1V. The VCC regulator current limit is 20mA.

Peak Switching Current Limit

The TPS92660 contains a current limit comparator to limit the peak current of the high-side switching MOSFET.
When the high-side switching MOSFET turns on, there is a 200ns leading edge blank time. After that if the
voltage difference between the VIN pin and the SW pin exceeds 275 mV, the switching MOSFET is turned off for
a cool down period of approximately 280ps. In the meanwhile, the COMP pin is pulled low. If the current limit
condition persists, this cycle of cool down period and restarting continues, creating a low-power hiccup mode,
and minimizes the thermal stress on the switching MOSFET. Equation 8 shows the peak current limit calculation.

275mV
PEAK =12
DS(on)
where
*  Rpsn) is the on resistance of the switching MOSFET (8)

Output Open Circuit Protection

The most common failure mode for power LEDs is a broken bond wire, and the result is an open circuit. When
this happens the feedback path is disconnected, and the output voltage of the switching regulator begins to rise.
The VO pin voltage (which senses the output voltage of the switching regulator through a resistor divider) rises
with it. When the VO pin voltage reaches 2.5V, it triggers the output OV protection and the high-side gate driver
turns off. During this time, the COMP pin is also pulled low. There is 0.1 V hysteresis on the OVP. The converter
does not resume switching until the voltage on the OV pin falls below 2.4 V.

BOOT Under Voltage Lockout (UVLO)

The TPS92660 has a BOOT UVLO circuit. The switching regulator starts switching once the BOOT-SW voltage
rises to 5.6 V. There is 750 mV of hysteresis on the BOOT UVLO. It stops switching when the BOOT-SW voltage
falls to 4.85V. Once the BOOT UVLO is triggered, the SW pin is pulled down by an internal MOSFET, such that
the boot capacitor can be recharged. The maximum pull-down current is 60mA. When the BOOT-SW voltage is
charged above 5.6 V, the pull-down circuit is disabled.

Linear Regulator LED Current Control Overview

Figure 17 shows the TPS92660 linear regulator control circuit. The voltage drop across the current sense resistor
Rsnsin 1S applied on the LNCS pin. An internal operational amplifier compares this voltage with the linear
regulator reference voltage. The output of the operational amplifier drives the gate of an external N-channel
MOSFET. This MOSFET operates in the linear region when the LED current is in regulation.

Copyright © 2013, Texas Instruments Incorporated 13
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The gate-drive voltage controls the drain-to-source voltage of the MOSFET by changing the MOSFET on-
resistance. Applications must minimize the voltage difference between the linear regulator input voltage and the
LED string forward voltage in order to limit the power dissipation on the MOSFET.

Vout
N
.
L]
Ny
LNG |
4{ [
LNG
Control LNCS
- ]
L

EA
< Ve |

RsNsLN

MW\

UDG-12208

Figure 17. Linear Regulator Control

SADJ and LADJ Pins for Dimming

The SADJ pin controls the switching regulator dimming and the LADJ pin controls the linear regulator dimming.
There are two different types of dimming that can be performed on those two pins.

Analog to PWM Dimming

When a DC voltage is applied on the SADJ pin, the switching regulator LED current is PWM dimmed at a fixed
frequency of approximately 500 Hz. As shown in Figure 18, the PWM dimming duty cycle is linearly dependent
on the input voltage level, from 0% duty cycle at 0.1 V to 100% duty cycle at 2.5 V. Similarly when a DC voltage
is applied on the LADJ pin, the linear regulator LED current is PWM dimmed in the same way.

A

SADJ/LADJ
25V | Input Voltage

VANEVANEVAN
TV VR VRN

! i

Ideal LED Current

»
»

UDG-12209

Figure 18. SADJ/LADJ Input to PWM Dimming
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PWM Dimming

During PWM dimming, the signal applied on the pin is a PWM signal instead of a DC voltage. The LED current is
PWM dimmed at the same frequency and duty cycle as the input PWM signal. To implement PWM dimming, the
rising edges of two consecutive pulses of the input PWM signal must be less than 10ms. Once the device
detects two consecutive rising edges, the regulator goes into PWM dimming mode. It turns on when the input
PWM signal rises above the 2.7-V threshold and turns off when the PWM signal falls below the 2.2V threshold.
For the switching regulator, when the input PWM signal is low, the regulator turns off the gate of the MOSFET
and the COMP pin capacitor is disconnected. When the input PWM signal is high, the regulator starts again and
the COMP pin capacitor is reconnected.

A low gate charge MOSFET is recommended for the linear regulator to prevent LED current overshoot during
PWM dimming.
Input Undervoltage Lockout (UVLO)

The TPS92660 enable pin (EN/UVLO) can also be used to implement input undervoltage lockout. The input
UVLO voltage is set by a resistor divider from V,y to ground and is compared against a 1.2 V threshold shown in
Figure 19. As soon as the input voltage is above the preset UVLO rising threshold, the internal circuitry becomes
active and a 1-pA current source at the UVLO pin is turned on. This extra current provides hysteresis to create a

lower input UVLO falling threshold.
@ Vin
Ruv1

10 pA
::1 [
L
1.2V

ON/OFF
1
H<P

EN/UVLO

L
|

Ruva

UDG-12210

Figure 19. Input UVLO Circuit

The Vy turn-on threshold is defined by Equation 9.

Ruv2 ©)

VIN_oN =
Vhys =Ryy1x100A (10)
[2C OTP ROM LED Current Trim

I>’C Compatible Interface

Interface Bus Overview

The 1°C compatible synchronous serial interface provides access to the programmable functions and registers on
the device. This protocol uses a two-wire interface for bi-directional communications between the devices
connected to the bus. The two interface lines are the serial data line (SDA), and the serial clock line (SCL).
These lines should be connected to a positive supply, via a pull-up resistor, and remain HIGH even when the bus
is idle. Every device on the bus is assigned a unique address and acts as either a master or a slave depending
on whether it generates or receives the serial clock (SCL).

Copyright © 2013, Texas Instruments Incorporated 15
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Data Transactions

One data bit is transferred during each clock pulse. Data is sampled during the high state of the serial clock
(SCL). Consequently, throughout the high period, the data should remain stable. Any changes on the SDA line
during the high state of SCL and in the middle of a transaction aborts the current transaction. New data should
be sent during the low SCL state. This protocol permits a single data line to transfer both command/control
information and data using the synchronous serial clock.

I°C Data Validity

The data on SDA line must be stable during the HIGH period of the clock signal (SCL). In other words, the state
of the data line can only be changed when SCL is LOW.

S0 G D

Dat Dat D
’I chaange I{—Data—bl chaange !d—Dang—bl ch;rfge |<'

valid !
allowed I allowed ! I allowed

UDG-12224

Figure 20. 1°C Signals: Data Validity

I°C Start and Stop Conditions

START and STOP bits classify the beginning and the end of the I1>C session. START condition is defined as SDA
transitioning from HIGH to LOW while SCL is HIGH. STOP condition is defined as SDA transitioning from LOW
to HIGH while SCL is HIGH. The 1°C master always generates START and STOP bits. Consider the 1°C bus as
busy after a START condition and free after a STOP condition. During data transmission, the 1°C master can
generate repeated START conditions. First START and repeated START conditions are functionally equivalent.

el
YU

START condition STOP condition

UDG-12222

Figure 21. 1°C Start and Stop Conditions
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I°C Addresses and Transferring Data

Every data value put on the SDA line must be eight bits long with the most significant bit (MSB) being transferred
first. Each byte of data has to be followed by an acknowledge bit. The master generates the clock pulse for the
acknowledge bit. The transmitter releases the SDA line (HIGH) during the acknowledge clock pulse. The receiver
must pull down the SDA line during the 9" clock pulse, signifying an acknowledgement. A receiver which has
been addressed must generate an acknowledge bit after each byte has been received. After the START
condition, the I°C master sends a slave address. This address is seven bits long followed by an eighth bit which
is a data direction bit (R/W). The I°C slave address (7 bits) for TPS92660 is 28H. For the eighth bit, a “0”
indicates a WRITE and a “1” indicates a READ. The second byte selects the register to which the data is written.
The third byte contains data to write to the selected register.

MSB LSB

ADRG | ADR5 | ADR4 | ADR3 | ADR2 | ADR1 | ADRO | R/W
bit7 bit6 bitd bit4 bit3 bit2 bit1 bit0

«—— I°C Slave Address (Chip Address)————

UDG-12215

Figure 22. 1°C Chip Address

Register changes take effect at the SCL rising edge during the last ACK from the slave as shown in Figure 23.

ack from slave ack from slave ack from slave

' ' '

id = 28h addr = 02h ack stop

UDG-12223
w = write (SDA = “0")
r =read (SDA =“1")
ack = acknowledge (SDA pulled down by either master or slave)
rs = repeated start
id = 7-bit chip address, 28H for TPS92660.

Figure 23. 1°C Write Cycle

A WRITE function must precede the READ function, as shown in the read cycle waveform in Figure 24.
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ack from slave ack from slave  repeated start ack from slave  data from slave  nack from master

' R R i

S e
UL LU

ack} Address 00h data nacki stop

addr = 00h

UDG-12214

Figure 24. 1°C Read Cycle

I2C Timing Parameters (Vsypp = 5 V)

o\

/T\_
8 —»(7
[—— 2 —
SCL \
_> 1
UDG-12221
Figure 25. 1°C Timing Diagram
TIME a LIMIT
PERIOD PARAMETER MIN MAX UNITS

1 Hold time (repeated) START condition 0.6 us
2 Clock low time 1.3 ps
3 Clock high time 600 ns
4 Setup time for a repeated START condition 600 ns
5 Data hold time (output direction) 300 ns
5 Data hold time (input direction) 0 ns
6 Data setup time 100 ns
7 Rise time of SDA and SCL 20+0.1Cb 300 ns
8 Fall time of SDA and SCL 15+0.1Cb 300 ns
9 Set-up time for STOP condition 600 ns
10 Bus free time between a STOP and a START condition 1.3 us
Cb Capacitive load for each bus line 10 200 pF

(1) Data specified by design. Not production tested.

I°C Register Details

The I°C bus interacts with the TPS92660 to realize the features of LED current trim. The operation of these
functions requires the writing and reading of the internal registers of the TPS92660. Table 1 is the master
register map of the device.
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Table 1. Master Register Map

ADDR | REGISTER | D7 D6 ps | b4 | b3 | D2 DI | DO | DEFAULT
01h STRIM RSV RSV STRIM[5:0] 0001 1111
02h LTRIM RSV RSV RSV RSV LTRIM[3:0] 0000 0111
FFh OTP ROM RSV RSV RSV BURNED RSV | WRITE RSV | READ | 00001000

Register Definitions
STRIM Register Definition

ADDR REG D7 D6 D5 D4 D3 | D2 D1 DO DEFAULT

01h STRIM RSV RSV STRIM[5:0] 0001_1111
Bits Description
5:0 The STRIM register is meant to be programmed with possible trim values. When the best values

have been found, the contents of this register may then be made permanent by burning them to OTP
ROM using the OTP ROM write cycle (described below).

Upon power-up, the values in OTP ROM are loaded into this register.

Switching Regulator LED Current Trim Table

sTRIM[5:0] | Gl STRIM5:0] | Gianer | STRIMIS:0] RRENT | strims:o) | QRRENT
XX11 1111 —20.0% XX10 1111 -10.0% XX01 1111 0% XX00 1111 10.0%
XX11 1110 -19.4% XX10 1110 -9.38% XX01 1110 0.625% XX00 1110 10.6%
XX11 1101 -18.8% XX10 1101 -8.75% XX01 1101 1.25% XX00 1101 11.3%
XX11 1100 -18.1% XX10 1100 -8.13% XX01 1100 1.88% XX00 1100 11.9%
XX11 1011 -17.5% XX10 1011 —7.50% XX01 1011 2.50% XX00 1011 12.5%
XX11 1010 -16.9% XX10 1010 —6.88% XX01 1010 3.13% XX00 1010 13.1%
XX11 1001 -16.3% XX10 1001 —6.25% XX01 1001 3.75% XX00 1001 13.8%
XX11 1000 -15.6% XX10 1000 -5.63% XX01 1000 4.38% XX00 1000 14.4%
XX11 0111 -15.0% XX10 0111 -5.00% XX01 0111 5.00% XX00 0111 15.0%
XX11 0110 -14.4% XX10 0110 -4.38% XX01 0110 5.63% XX00 0110 15.6%
XX11 0101 -13.8% XX10 0101 -3.75% XX01 0101 6.25% XX00 0101 16.3%
XX11 0100 -13.1% XX10 0100 -3.13% XX01 0100 6.88% XX00 0100 16.9%
XX11 0011 -12.5% XX10 0011 —2.50% XX01 0011 7.50% XX00 0011 17.5%
XX11 0010 -11.9% XX10 0010 -1.88% XX01 0010 8.13% XX00 0010 18.1%
XX11 0001 -11.3% XX10 0001 -1.25% XX01 0001 8.75% XX00 0001 18.8%
XX11 0000 -10.6% XX10 0000 —0.625% XX01 0000 9.38% XX00 0000 19.4%
LTRIM Register Definition
ADDR REG D7 D6 D5 D4 D3 p2 | b1 | Dpo DEFAULT
02h LTRIM RSV RSV RSV RSV LTRIM[3:0] 0000_0111
Bits Description
3.0 The LTRIM register is meant to be programmed with possible trim values. When the best values have

been found, the contents of this register may then be made permanent by burning them to OTP ROM
using the OTP ROM write cycle (described below).

Upon power-up, the values in OTP ROM are loaded into this register.

Copyright © 2013, Texas Instruments Incorporated
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Linear Regulator LED Current Trim Table

LTRIM[3:0] P LTRIM[3:0] P LTRIM[3:0] P LTRIM[3:0] P
XXXX 1111 -25.0% XXXX 1011 _12.5% XXXX 0111 0% XXXX 0011 12.5%
XXXX 1110 -21.9% XXXX 1010 ~9.38% XXXX 0110 3.13% XXXX 0010 15.6%
XXXX 1101 -18.8% XXXX 1001 —6.25% XXXX 0101 6.25% XXXX 0001 18.8%
XXXX 1100 -15.6% XXXX 1000 —3.13% XXXX 0100 9.38% XXXX 0000 21.9%

OTP ROM Register Definition

ADDR REG D7 D6 D5 D4 D3 D2 D1 DO DEFAULT
FFh OTP ROM RSV RSV RSV BURNED RSV WRITE RSV READ | 0000_1000
Bits Description
75 Reserved. These bits are reserved for future use. When writing to the OTP ROM register, always
write ‘0’s to these bits.
4 BURNED - This bit indicates that OTP ROM has been burned (when “BURNED” = 1). After burning
OTP ROM, an OTP ROM read cycle must take place in order for the BURNED bit to be updated.
This happens automatically upon power-up, or it can be accomplished manually by issuing an OTP
ROM read command (see bit 0).
3 RSV
2 WRITE — Burning the LTRIM and STRIM register values to OTP ROM is accomplished by writing this
bit to a ‘1", waiting at least 25ms, and then writing this bit back to ‘0’.
1 RSV
0 READ — To reload the STRIM and LTRIM registers from OTP ROM, write this bit to a ‘1'. This bit

always reads back as a ‘0’. Writing this bit to a ‘1’ temporarily enables the 500 kHz oscillator to
perform the OTP ROM read. When the OTP ROM read is finished, the oscillator is disabled.

OTP ROM Programming
The programming of both the STRIM and the LTRIM registers to OTP ROM is performed in a single sequence as

follows

1. Write the STRIM and LTRIM registers with the desired values.

2. Write a ‘1’ to the WRITE bit of the OTP ROM register (this switches the internal EVDD from 5V to 8V).
3. Wait at least 25 ms.

4. Write a ‘0’ to the WRITE bit (this returns EVDD to 5 V).

20
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STRIM[5: O]m must be valid m
LTRIM[3.0]m must be valid m

oTP 00h X 04h 00h

ROM[7:0] |<7 5 ms—b’

[ ! UDG-12213

Figure 26. OTP ROM Programming Sequence

OTP ROM Reading

The EPROM is read under either of the following conditions:

« Power-on reset. Note that power-on reset starts when both EN pin and VCC voltages cross the UVLO
threshold. It takes apprimately 50us to read the OTP ROM contents into the TRIM registers.

* Writing a ‘1’ to the READ bit of the OTP ROM register. It is not necessary to clear the READ bit after writing it
toa ‘1.

The device temporarily enables the 500-kHz oscillator during the OTP ROM read cycle. This operation is

necessary because the digital counters generate the timing for the OTP ROM read cycle. After the OTP ROM
read cycle is finished, the oscillator is disabled.

Figure 27 shows a power-on OTP ROM read cycle. The device reads all OTP ROM registers simultaneously. All
timing values are approximate and based on a 500-kHz internal oscillator.

/
POR /

[¢—50 p54>'

STRIM[5:0] valid
|

UDG-12212

Figure 27. Power-ON OTP ROM Read Timing

Reference Voltage

The TPS92660 provides a 3.0V reference voltage which can be used in the AC/DC main power supply
secondary-side control circuit.

Thermal Shutdown

Internal thermal shutdown circuitry protects the device in the event that the maximum junction temperature is
exceeded. The threshold for thermal shutdown is 165°C with a 25°C hysteresis. Thermal shutdown protection
disables the MOSFET drivers.
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DESIGN EXAMPLE

Specifications

Switching Regulator

» Switching Regulator: (fsy): 200 kHz

* Input voltage (V|y): 60 V

e Output voltage (Vour): 48 V

e Charge current (I gp): 500 mA

» Output overvoltage protection threshold (Voyp): 60 V

Linear Regulator

* Input voltage (Viy): 30 V

e Output voltage (Vour): 24 V
e Charge current (I gp): 20 mA

Design Procedure

Step 1: Select Overvoltage and Timing Components Rpy1, Rove, Ry and Cq
R
Voyp x ——02_____ 25V
(Ryo1+Rvo2) (11)
b VOVP =60V
» Choose Ryg, = 1.00 kQ
» The calculated Ryp; = 23 kQ, the standard resistor with the closest value (= 1%) is 23.2 kQ

_ (Ryo1 +Ryo2)
fsw =o— 55—~
RV02 X RT X CT (12)

o fSW =200 KHz
¢ Ry xCy=121x107%, choose C; = 1000 pF
e the calculated Ry = 121 kQ
Step 2: Select Current Sense Resistors Rgys and Rgys (v
The current sense resistor of the switching regulator Rgyg = 202 mV/500 mA = 0.404 Q.

The current sense resistor of the linear regulator Rgys |y = 200 mV/20 mA = 10 Q.

Step 3: Select Inductor
Choose inductor current ripple Al pp = 0.15 A (1 30% of I gp)

ton = VVOUT _ 48V s
N xfoyy 60V x 200kHz 13
AN _A\I/OUT)XtON _(eov ;‘:i\;)x‘ms _ 320,H
L(P-P) ' (14)

The closest standard inductor value is 330 pH.
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Figure 28. Design Example Application Schematic
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

@ 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. Tl 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 aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead 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 Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

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

Addendum-Page 1

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 ©) (415)
(6)
TPS92660PWP/NOPB ACTIVE HTSSOP PWP 20 73 ROHS & Green SN Level-1-260C-UNLIM -40to 125 TP92660
PWP
TPS92660PWPR/NOPB ACTIVE HTSSOP PWP 20 2500 RoHS & Green SN Level-1-260C-UNLIM -40to 125 lTD\F/’\?SGGO Samples
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MECHANICAL DATA

PWP (R—PDSO—GQO) PowerPAD™ PLASTIC SMALL OUTLINE
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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 protrusions. Mold flash and protrusion shall not exceed 0.15 per side.
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. SLMAQOZ for information regarding
recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
E. Falls within JEDEC MO-153

NOTES:

PowerPAD is a trademark of Texas Instruments.
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