
LM51770x 78V Wide VIN Bidirectional 4-Switch Buck-Boost Controller 

1 Features
• Wide input range from 3.5V to 78V (85V absolute 

maximum)
– Minimum 2.8V when V(BIAS) > 3.5V

• Output voltage from 3.3V to 78V
• Low shutdown IQ of 3μA
• Low operating IQ of 60μA
• 3% reverse current limit accuracy for precise 

charging currents
• Average input and output current monitor or limiter
• Dynamic output voltage tracking for PWM or 

analog input signals
• Power save mode (PSM) selectable for high light 

load efficiency
• Two integrated high-voltage supply LDOs with 

automatic selection
• Fixed frequency across all operating modes 

(boost, buck-boost, buck)
– Forced PWM mode selectable
– Switching up to 1.8MHz for small solution and 

component size
– External clock synchronization

• Spread spectrum operation selectable
• Adjustable undervoltage protection
• Hiccup overcurrent and short protection

2 Applications
• Non-isolated DC/DC supply (merchant DC/DC, 

remote radio unit, motor drive control)
• Backup power systems (battery backup, fire 

safety)

• Industrial PC (single board computer)
• Medical PSU (oxygen concentrator)
• Power over Ethernet (router)
• Solar power (solar charge controller)

3 Description
The LM51770x is a four switch buck-boost controller. 
The device provides a regulated output voltage if 
the input voltage is higher, equal, or lower than 
the adjusted output voltage. In power save mode, 
the device supports high efficiency with low output 
loads due to its low quiescence currents. In power 
save mode, the device supports high efficiency close 
to 99% efficiency over the full range of the output 
current. The LM51770x runs at a fixed switching 
frequency, which is set through the RT or SYNC pin. 
The switching frequency remains the same during 
buck, boost, and buck-boost operation. The integrated 
and optional average current monitor helps monitor 
and limit input and output current of the LM51770x. 
This feature also supports charging backup power 
elements, like batteries or capacitors, with constant 
current (CC) and constant voltage (CV).

Package Information
Part Number Package (1) Body Size (NOM)

LM51770 DCP038 9.7mm × 4.4mm

LM517701 DCP038 9.7mm × 4.4mm

(1) For all available packages, see the orderable addendum at 
the end of the data sheet.

Input Voltage (V)

E
ff
ic

ie
n
c
y
 (

%
)

12 17 22 27 32 37 42 47
92

92.5

93

93.5

94

94.5

95

95.5

96

96.5

97

97.5

98

98.5

99

Power Save Mode Disabled
Power Save Mode Enabled

LM51770 Efficiency vs Input Voltage (VO = 24V IO = 
5A)

nFLT

SYNC

MODE

CFG

SLOPE

DTRK

nFLT

SYNC

MODE

CFG

SLOPE

DTRK

HO1

LO1

VCC

LO2

HO2

HB2

SW2

PGND

HO1

LO1

VCC

LO2

HO2

HB2

SW2

PGND

IS
N

S
P

IS
N

S
N

F
B

C
O

M
P

A
G

N
D

S
S

/A
T

R
K

R
T

V
O

U
T

IS
N

S
P

IS
N

S
N

F
B

C
O

M
P

A
G

N
D

S
S

/A
T

R
K

R
T

V
O

U
T

IM
O

N
O

U
T

E
N

/U
V

L
O

B
IA

S

V
IN

C
S

A

S
W

1

H
B

1

C
S

A

S
W

1

H
B

1

C
S

B

nFLT

SYNC

MODE

CFG

SLOPE

DTRK

HO1

LO1

VCC

LO2

HO2

HB2

SW2

PGND

IS
N

S
P

IS
N

S
N

F
B

C
O

M
P

A
G

N
D

S
S

/A
T

R
K

R
T

V
O

U
T

IM
O

N
O

U
T

E
N

/U
V

L
O

B
IA

S

V
IN

C
S

A

S
W

1

H
B

1

C
S

B

HO2

HO2

LO2

VOUT

SW1

VCCVCC

VOUT

VINVIN

LO2

SW2

SW1

VBIASVBIAS VINVIN

SW2

Simplified Schematic

LM51770, LM517701
SNVSCL2A – DECEMBER 2024 – REVISED AUGUST 2025

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications, 
intellectual property matters and other important disclaimers. PRODUCTION DATA.

https://www.ti.com/solution/merchant-dc-dc?variantid=18264&subsystemid=30304
https://www.ti.com/solution/macro-remote-radio-unit-rru?variantid=25365&subsystemid=25393
https://www.ti.com/solution/linear-motor-power-supply
https://www.ti.com/solution/battery-backup-unit-bbu
https://www.ti.com/solution/fire-alarm-control-panel-facp?variantid=34402&subsystemid=28882
https://www.ti.com/solution/fire-alarm-control-panel-facp?variantid=34402&subsystemid=28882
https://www.ti.com/solution/single-board-computer?variantid=34245&subsystemid=21484
https://www.ti.com/solution/oxygen-concentrator?variantid=35175&subsystemid=27629
https://www.ti.com/solution/small-business-router?variantid=35138&subsystemid=32125
https://www.ti.com/solution/solar-charge-controller?variantid=34737&subsystemid=23362
https://www.ti.com/product/LM51770
https://www.ti.com/product/LM517701
https://www.ti.com/lit/pdf/SNVSCL2


Table of Contents
1 Features............................................................................1
2 Applications..................................................................... 1
3 Description.......................................................................1
4 Device Comparison......................................................... 3
5 Pin Configuration and Functions...................................4
6 Specifications.................................................................. 7

6.1 Absolute Maximum Ratings........................................ 7
6.2 Handling Ratings.........................................................7
6.3 Recommended Operating Conditions.........................8
6.4 Thermal Information....................................................8
6.5 Electrical Characteristics.............................................9
6.6 Timing Requirements................................................14
6.7 Typical Characteristics.............................................. 15

7 Parameter Measurement Information.......................... 19
7.1 Gate Driver Rise Time and Fall Time........................19
7.2 Gate Driver Dead (Transition) Time.......................... 19

8 Detailed Description......................................................20
8.1 Overview................................................................... 20
8.2 Functional Block Diagram......................................... 21

8.3 Feature Description...................................................22
8.4 Device Functional Modes..........................................42

9 Application and Implementation.................................. 44
9.1 Application Information............................................. 44
9.2 Typical Application.................................................... 44
9.3 System Examples..................................................... 54
9.4 Power Supply Recommendations.............................58
9.5 Layout....................................................................... 59

10 Device and Documentation Support..........................61
10.1 Device Support....................................................... 61
10.2 Receiving Notification of Documentation Updates..61
10.3 Support Resources................................................. 61
10.4 Trademarks.............................................................61
10.5 Electrostatic Discharge Caution..............................61
10.6 Glossary..................................................................61

11 Revision History.......................................................... 62
12 Mechanical, Packaging, and Orderable 

Information.................................................................... 62

LM51770, LM517701
SNVSCL2A – DECEMBER 2024 – REVISED AUGUST 2025 www.ti.com

2 Submit Document Feedback Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: LM51770 LM517701

https://www.ti.com/product/LM51770
https://www.ti.com/product/LM517701
https://www.ti.com/lit/pdf/SNVSCL2
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNVSCL2A&partnum=LM51770
https://www.ti.com/product/lm51770?qgpn=lm51770
https://www.ti.com/product/lm517701?qgpn=lm517701


4 Device Comparison
Table 4-1. Device Comparison

FUNCTION LM51770 LM517701 LM5177 LM251772 LM51772

Maximum 
Recommended Input 
Voltage

78V 78V 60V 36V 55V

Absolute Maximum 
Input Voltage

85V 85V 85V 48V 59V

Maximum 
Recommended 
Switching Frequency

1.8MHz 1.8MHz 600kHz 600kHz 2.2MHz

Peak current sense 
threshold

50mV 75mV 50mV 50mV 50mV

Default Output 
Voltage Value

n/a 24V n/a 5.1V 12V

Default Output 
Current Limit Value

n/a n/a n/a 900mA 5A

I2C interface no no no yes yes

Output Start-up State 
Without Programming

Enabled Enabled Enabled Disabled Enabled

PSM - Automatic 
Conduction Mode

yes no no yes yes

PSM - Programmable 
Conduction Mode

no no no no yes

Output Discharge no no no yes yes

Input voltage 
regulation

with external circuit with external circuit with external circuit yes yes

Logic output pins for 
external gate driver

yes yes yes no no

Analog Current Limit 
Setting Pin

no no no no yes

Tj Temperature 
Range

-40°C to 125°C -40°C to 125°C -40°C to 125°C 0°C to 70°C -40°C to 125°C
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5 Pin Configuration and Functions

1BIAS 38  CSB

2NC 37  CSA

3VIN 36  SW1

4EN/UVLO 35  HB1

5NC 34  HO1

6IMONOUT 33  NC

7nFLT 32  LO1

8HO1_LL 31  VCC

9HO2_LL 30  PGND

10DTRK 29  LO2

11SYNC 28  NC

12MODE 27  HO2

13CFG 26  HB2

14SLOPE 25  SW2

15RT 24  NC

16SS/ATRK 23  ISNSP

17AGND 22  ISNSN

18COMP 21  NC

19FB 20  VOUT

Not to scale

PowerPAD

Figure 5-1. 38-Pin DCP HTSSOP Pin Diagram

Table 5-1. Pin Functions LM51770x 
Pin

Type(1) Description
Name No.
AGND 17 G Analog ground of the device

BIAS 1 I
Optional input to the VCC bias regulator. Powering VCC from an external supply instead of VIN 
can reduce power loss at high VIN.
If the bias pin supply is not used in the application connect the pin GND

CFG 13 I/O
Device configuration pin. Connect a resistor between the CFG pin to select the device operation 
for spread spectrum (DRSS), short circuit protection (hiccup mode), current limit, or current 
monitor.

COMP 18 O Output of the error amplifier. An external RC network connected between COMP and AGND 
compensates the regulator of the output voltage feedback loop.

CSA 37 I Inductor peak current sensor positive input. Connect CSA to the positive side of the external 
current sense resistor using a low-current Kelvin connection.

CSB 38 I Inductor peak current sense negative input. Connect CSB to the negative side of the external 
current sense resistor using a low-current Kelvin connection.

DTRK 10 I Digital PWM input pin for the dynamical output voltage tracking. Do not leave this pin floating. If 
this function is not used, connect the pin to VCC or GND.
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Table 5-1. Pin Functions LM51770x (continued)
Pin

Type(1) Description
Name No.

EN/UVLO 4 I
Enable pin. The pin enables or disables the device. If the pin is less than 0.6 V, the device shuts 
down. Raise the pin above 0.65 V to enable the device. This pin is the enable pin for the device 
internal reference circuit and input voltage UVLO comparator input.

FB 19 I Feedback pin for output voltage regulation. Connect a resistor divider network from the output of 
the converter to the FB pin.

HB1 35 P Bootstrap supply pin for buck half-bridge. An external capacitor is required between the HB1 pin 
and the SW1 pin, respectively, to provide bias to the high-side MOSFET gate driver.

HO1 34 O High-side gate driver output for the buck half-bridge

HO1_LL 8 O
Logic level output of the HO1 gate signal. Connect this ground reference PWM signal to an 
optional external gate-driver input. If the function is not used, make no external connection to this 
pin.

HB2 26 P Bootstrap supply pin for boost half-bridge. An external capacitor is required between the HB2 pin 
and the SW2 pin, respectively, to provide bias to the high-side MOSFET gate driver.

HO2 27 O High-side gate driver output for the boost half-bridge

HO2_LL 9 O
Logic level output of the HO2 gate signal. Connect this ground reference PWM signal to an 
optional external gate-driver input. If the function is not used, make no external connection to this 
pin.

IMONOUT 6 O

Current monitor output pin. Output of the voltage-controlled current source of the optional current 
monitor. Connect the pin to a resistor to sense the voltage across. If the output or input current 
sense amplifier is configured as current limiter, an external RC network connected between 
IMONOUT and AGND compensates the regulator of the current feedback loop.
Connect the IMONOUT pin to VCC to disable the block and reduce the quiescent current

ISNSN 22 I

Negative sense input of the output or input current sense amplifier. An optional current sense 
resistor connected between ISNSN and ISNSP can be located either on the input side or on the 
output side of the power stage.
In case the current monitor is disabled connect ISNSN to ground

ISNSP 23 I

Positive sense input of the output or input current sense amplifier. An optional current sense 
resistor connected between ISNSN and ISNSP can be located either on the input side or on the 
output side of the power stage.
In case the current monitor is disabled connect ISNSN to ground

LO1 32 O Low-side gate driver output for the buck half-bridge

LO2 29 O Low-side gate driver output for the boost half-bridge

MODE 12 I
Digital input to select device operation mode. If the pin is pulled low, power save mode (PSM) is 
enabled. If the pin is pulled high, the forced PWM or CCM operation is enabled. The configuration 
can be changed dynamically during operation. Do not leave this pin floating.

NC 2 NC No internal connection

NC 5 NC No internal connection

NC 21 NC No internal connection

NC 24 NC No internal connection

NC 28 NC No internal connection

NC 33 NC No internal connection

nFLT 7 O
Open-drain output pin for fault indication or power good. This pin is pulled low when FB is outside 
a ±10% regulation window around the regulation window of the nominal output voltage.
If the nFLT pin function is not used the pin can be kept floating.

PowerPAD PAD G Connect the PowerPAD to the analog ground. Use thermal vias to connect to a PCB ground plane 
for improved power dissipation.

PGND 30 G Power ground. This pin is the high current ground connection to the low-side gate drivers and for 
the internal VCC regulator.

RT 15 I/O Switching frequency programming pin. An external resistor is connected to the RT pin and AGND 
to set the switching frequency.

SLOPE 14 I A resistor connected between the SLOPE pin and AGND provides the slope compensation ramp 
for stable current mode operation in both buck and boost mode.
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Table 5-1. Pin Functions LM51770x (continued)
Pin

Type(1) Description
Name No.

SS/ATRK 16 I/O

Soft-start programming pin. A capacitor between the SS pin and AGND pin programs soft-start 
time. Analog output voltage tracking pin. The VOUT regulation target can be programmed 
by connecting the pin to variable voltage reference (for example, through a digital to analog 
converter). The internal circuit selects the lowest voltage applied to the pin.

SW1 36 P Inductor switch node for the buck half-bridge

SW2 25 P Inductor switch node for the boost half-bridge

SYNC 11 I

Synchronization clock input. The internal oscillator can be synchronized to an external clock 
during operation. If the output or input current sense amplifier is configured as a current limiter 
pulling, this pin is low during start-up, device switches the current limit direction to a negative 
polarity. Do not leave this pin floating. If this function is not used, connect the pin to VCC.

VCC 31 P Internal linear bias regulator output. Connect a ceramic decoupling capacitor from VCC to PGND.

VIN 3 I The input supply and sense input of the device. Connect VIN to the supply voltage of the power 
stage.

VOUT 20 I VOUT sense input. Connect to the power stage output rail.

(1) I = Input, O = Output, I/O = Input or Output, G = Ground, P = Power, NC = No Connect
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6 Specifications
6.1 Absolute Maximum Ratings
Over the recommended operating junction temperature range of –40°C to 150°C (unless otherwise specified)(1)

MIN MAX UNIT
Input BIAS to AGND –0.3 50 V

Input VIN to AGND –0.3 85 V

Input UVLO/EN to AGND –0.3 V(VIN) + 0.3 V

Input ATRK/SS, DTRK, RT, SYNC, MODE, SLOPE, CFG, to AGND(2) –0.3 5.8 V

Input FB to AGND –0.3 5.8 V

Input CSA, CSB  to AGND(DC) –5 85 V

Input SW1, SW2  to AGND(DC) –5 85 V

Input
HB1 to SW1, CSA, CSB

–0.3 5.5(5) V

Input –0.3 6.4 V

Input
HB2 to SW2, CSA, CSB

–0.3 5.5(5) V

Input –0.3 6.4 V

Input SW1 to CSA, CSB –0.3 0.3 V

Input ISNSP to ISNSN –0.3 0.3 V

Input PGND to AGND –0.3 0.3 V

Output VCC to AGND –0.3 5.5 V

Output VOUT to AGND –0.3 85 V

Output LO1, LO2,  to AGND (DC) –5 V(VCC)+0.3 V

Output nFLT to AGND –0.3 5.8 V

Output HO1 to SW1 –0.3 V(HB1) + 0.3 V

Output HO2 to SW2 –0.3 V(HB2) + 0.3 V

Output HO1, HO2, ISNSP, ISNSN, HB1, HB2  to AGND (DC) –0.3 85 V

Output COMP, IMONOUT to AGND(3) –0.3 5.8 V

Storage temperature, TSTG –55 150 °C

Operating junction temperature, TJ (4) –40 150 °C

(1) Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply 
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. 
If used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully 
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) This pin is not specified to have an external voltage applied.
(3) This pin has an internal max voltage clamp which handles up to 1.6mA.
(4) High junction temperatures degrade operating lifetimes. Operating lifetime is de-rated for junction temperatures greater than 125°C.
(5) Operating lifetime is de-rated for voltage bigger than the specified maximum

6.2 Handling Ratings
VALUE UNIT

V(ESD) Electrostatic discharge

Human body model (HBM), per ANSI/ESDA/JEDEC JS-001(1) ±2000

VCharged device model (CDM) per 
ANSI/ESDA/JEDEC JS-002(2)

Corner pins ±750

Other pins ±500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Manufacturing 
with less than 500-V HBM is possible with the necessary precautions. Pins listed as ±2000 V in some cases actually have higher 
performance.
 

(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Manufacturing 
with less than 250-V CDM is possible with the necessary precautions. Pins listed as ±500 V in some cases actually have higher 
performance.
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6.3 Recommended Operating Conditions
Over the recommended operating junction temperature range of –40°C to 150°C (unless otherwise specified)(1)

MIN NOM MAX UNIT
V(VIN) Input Voltage Sense 2.9 78 V

V(VOUT) Output Voltage Sense 3.3 78 V

V(ISNSx) ISNSP;ISNSN 2.8 78 V

V(BIAS) Bias Input Voltage Supply 3.5 42 V

V(VCC) VCC Voltage 3.6 5.3 V

C(VCC) VCC regulator effective output capacitance 10 µF

VFB FB Input 0 V(VCC) +0.3 V

VIL Logic pin low-level 0.4 V

VIH Logic pin high-level 1.3 V

fSW Typical Switching Frequency 100 1800 kHz

f(SYNC) Synchronization switching frequency limits 100 1800 kHz

Maximum recommended gate charge per driver output. fsw  = 600kHz 
V(BIAS) = 12V 42 nC

Maximum recommended gate charge per driver output. fsw  = 1.8 MHz 
V(BIAS) = 12V 13 nC

Synchronization frequency range relative to RT center frequency ±45 %

Synchronization input minimum off- or ontime 120 ns

f(DTRK) Tracking input frequency range 150 500 kHz

Tracking input minimum off- or ontime 120 ns

Differential voltage for ISNSN to ISNSP 50 55 mV

TJ Operating Junction Temperature(2) –40 125 °C

(1) Operating Ratings are conditions under the device is intended to be functional. For specifications and test conditions, see Electrical 
Characteristics.

(2) High junction temperatures degrade operating lifetimes. Operating lifetime is de-rated for junction temperatures greater than 125°C.

6.4 Thermal Information

THERMAL METRIC(1)

LM51770X
UNITHTSSOP

38 PINS
RθJA Junction-to-ambient thermal resistance 33.6 °C/W

RθJC(top) Junction-to-case (top) thermal resistance 18.4 °C/W

RθJB Junction-to-board thermal resistance 15.2 °C/W

ψJT Junction-to-top characterization parameter 0.5 °C/W

ψJB Junction-to-board characterization parameter 15 °C/W

RθJC(bot) Junction-to-case (bottom) thermal resistance 1.2 °C/W

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

LM51770, LM517701
SNVSCL2A – DECEMBER 2024 – REVISED AUGUST 2025 www.ti.com

8 Submit Document Feedback Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: LM51770 LM517701

http://www.ti.com/lit/SPRA953
https://www.ti.com/product/LM51770
https://www.ti.com/product/LM517701
https://www.ti.com/lit/pdf/SNVSCL2
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNVSCL2A&partnum=LM51770
https://www.ti.com/product/lm51770?qgpn=lm51770
https://www.ti.com/product/lm517701?qgpn=lm517701


6.5 Electrical Characteristics
Typical values correspond to TJ=25°C. Minimum and maximum limits apply over TJ=-40°C to 125℃. Unless otherwise stated, 
V(BIAS) =12 V

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SUPPLY CURRENT

Shutdown current into VIN V(VIN) = 12 V,  V(BIAS) = 0 
V V(EN) = 0 V

TJ = 25°C 2.8 4 µA

TJ = –40°C to 125°C 2.8 5 µA

Shutdown current into VIN V(VIN) = 78 V,  V(BIAS) = 0 
V V(EN) = 0 V

TJ = 25°C 4 5.5 µA

TJ = –40°C to 125°C 4 8 µA

Stand-by  current into VIN V(VIN) = 78 V,  V(BIAS) = 0 
V; 0.7V > V(EN) ≤ 1.25 V

TJ = 25°C 60 80 µA

TJ = –40°C to 125°C 60 100 µA

Shutdown current into BIAS  V(VIN) = 0 V,  V(EN) = 0 V
TJ = 25°C 2.8 4 µA

TJ = –40°C to 125°C 2.8 5 µA

Shutdown current into BIAS V(BIAS) = 42 V, V(VIN) = 0 
V,  V(EN) = 0 V

TJ = 25°C 3.5 5.5 µA

TJ = –40°C to 125°C 3.5 7 µA

Quiescent current into BIAS  V(EN) = 3.3 V, V(FB) > 1 V, 
uSleep disabled

TJ = 25°C 1.8 2.5 mA

TJ = –40°C to 125°C 1.8 2.6 mA

Quiescent current into BIAS  V(EN) = 3.3 V, V(FB) > 1 V, 
uSleep enabled

TJ = 25°C 60 80 µA

TJ = –40°C to 125°C 60 90 µA

IIL Low-level input current (EN/UVLO) V(EN/UVLO) ≤ 0.55 V
 ±0.01 ±0.1 µA

VCC REGULATOR

VCC regulation
VBIAS 12.0 V ,I(VCC) = 20 mA 4.75 5 5.25 V

VVIN  12.0 V ,I(VCC) = 20 mA 4.75 5 5.25 V

VCC line regulation I(VCC) = 1 mA

V(VIN) =3.5V  V(BIAS) = 6.7 
V to 42 V ±1 %

V(BIAS) =0 V  V(VIN) = 6.7 
V to 78 V ±1 %

BIAS LDO dropout load regulation
V(BIAS)= 6.7V, V(VIN) = 3.5 
V, I(VCC) = 1 mA to 200 mA 65 120 mV

VBIAS = 3.5V, V(VIN) = 2.8 V, I(VCC) = 35 mA 200 mV

VIN LDO dropout load regulation
V(BIAS)= 0V, V(VIN) = 6.7V, I(VCC) = 1 mA to 175 mA 65 120 mV

V(BIAS)= 0V, V(VIN) = 3.5V, I(VCC) =  15 mA 100 200 mV

VCC UVLO delay VCC rising 6 us

VCC sourcing current limit VCC ≥ 4.5 V
V(BIAS)= 0V, V(VIN) = 12 V, 200 mA

V(VIN) = 3.5 V, 200 mA

VT+(VCC) Positive going threshold V(VCC) rising 3.4 3.45 3.5 V

VT-(VCC) Negative going threshold V(VCC) falling 3.2 3.25 3.3 V

VT+
(VCC,SUP)

Positive going threshold for LDO 
switch-over 6.35 6.5 6.7 V

Vhyst(VCC,SU
P)

LDO switch-over hysteresis  60 mV

ENABLE
VT+(EN) Enable positive-going threshold EN rising 0.47 0.63 0.8 V

VT-(EN) Enable negative-going threshold EN falling 0.45 0.6 0.75 V

Vhyst(EN) Enable threshold hysteresis EN falling 20 100 mV

td(EN) Shutdown delay time 14 20 us

UVLO
VDET positive-going threshold V(VIN) rising 3.3 3.4 3.55 V
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6.5 Electrical Characteristics (continued)
Typical values correspond to TJ=25°C. Minimum and maximum limits apply over TJ=-40°C to 125℃. Unless otherwise stated, 
V(BIAS) =12 V

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VDET negative-going threshold V(VIN) falling 2.6 2.7 2.85 V

VT+(UVLO) UVLO positive-going threshold V(EN/UVLO) rising 1.22 1.25 1.28 V

VT-(UVLO) UVLO negative-going threshold V(EN/UVLO) falling 1.17 1.2 1.23 V

IUVLO UVLO hysteresis sinking current 0.7 V ≤ V(EN/UVLO) < 1.22 V 4 5 6 µA

Enable time to start 
switching VCC = 5V, VT+(UVLO) > 1.3V 95 100 us

td(UVLO) UVLO and VDET detection delay time V(EN/UVLO) falling; V(VDET) falling 25.5 30 34.5 µs

SYNC
VT+(SYNC) Sync input positive going threshold 1.19 V

VT-(SYNC) Sync input negative going threshold 0.41 V

Sync activity detection frequency 99 kHz

td(Det,Sync) Sync activity detection delay referred to f(SYNC) 3 cycle
s

Sync PLL lock time referred to f(SYNC) 
until f(SYNC) - 5% < f(sw) 
< f(SYNC) + 5% 10 cycle

s

SOFT-START
I(SS) Soft-start current 8.9 10 11 uA

SS pull-down switch RDS(on)
 V(SS) = 1 V 23 40 Ω

td(DISCH;SS) SS Pin discharge time 

Time from internal SS 
discharge until the soft-
start current can charges 
the pin again

500 µs

V(SS,clamp) Clamp Voltage for SS pin 3 5 5.25 V

PULSE WIDTH MODULATION
Switching frequency RRT = 16.2 kΩ 1600 1800 2000 kHz

Switching frequency RRT = 316 kΩ 90 100 110 kHz

Minimum controllable on-time
fPWM, RRT = 16.2 kΩ, 
positive inductor current

Boost Mode 88 ns

Buck Mode 128 ns

Minimum controllable off-time  
Boost Mode 152 ns

Buck Mode 148 ns

RT regulation voltage 0.7 0.75 0.8 V

SPREAD SPECTRUM

Switching frequency modulation range 
upper limit 7.8 %

lower limit –7.8 %

VOUT TRACKING
VT+(DTRK) DTRK positive-going threshold V(DTRK) rising 1.19 V

VT-(DTRK) DTRK negative-going threshold V(DTRK) falling 0.41 V

td(Det,DTRK) DTRK activity detection delay referred to f(DTRK) 3 cycle
s

fc(LPF) Corner frequency of 
internal low pass 35 kHz

V(REF)voltage offset error f(DTRK) = 500kHz, duty = 
50% ±10 mV

MODE SELECTION
VT+(MODE) Mode input positive going threshold 1.19 V
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6.5 Electrical Characteristics (continued)
Typical values correspond to TJ=25°C. Minimum and maximum limits apply over TJ=-40°C to 125℃. Unless otherwise stated, 
V(BIAS) =12 V

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VT-(MODE) Mode input negative going threshold 0.41 V

CURRENT SENSE
Vth+(CSB-
CSA) Positive peak current  limit threshold

LM51770

42.5 50 57.5 mV

Vth+(CSB-
CSA)

TJ = 25°C to 85°C 43.9 50 54.1 mV

Vth-(CSB-CSA) Negative peak current limit threshold 
-57.5 -50 -42.5 mV

Vth-(CSB-CSA) TJ = 25°C to 85°C -56.3 -50 -42.9 mV

PSM entry threshold
PSM ENTRY = 10 % 1.2 5.0 9.2 mV

PSM ENTRY = 15 % 3.4 7.5 11.9 mV

Peak current limit threshold part to part 
matching

±10 %

TJ = 25°C to 85°C ±8.5 %

Positive peak current  limit threshold 

LM517701

65.625 75 84.375 mV

TJ = 25°C to 85°C 67.2 75 80.2 mV

Negative peak current limit threshold 
-84.375 -75 -65.625 mV

TJ = 25°C to 85°C -83.2 -75 -66.5 mV

PSM entry threshold
PSM ENTRY = 10 % 3.3 7.5 12.2 mV

PSM ENTRY = 15 % 6.4 11.25 16.2 mV

Peak current limit threshold part to part 
matching

±12.75 %

TJ = 25°C to 85°C ±10.5 %

CURRENT MONITOR/LIMITER

gm(IMON)
Current sense amplifier 
transconductance

IMON_LIMITER_EN = 
0b0 0 mV ≤ ΔV(ISNS) ≤ 50 mV 0.9 1 1.1 mS

Offset voltage (1) IMON_LIMITER_EN = 
0b0 TJ= 25℃ ±1 mV

Current sense amplifier bandwidth 1 2 MHz

Output current IMONOUT  IMON_LIMITER_EN = 
0b0, TJ=-40°C to 125°C

ΔV(ISNS) = 45 mV 39 45 49.5 µA

ΔV(ISNS) = 5 mV 1 5 8.1 µA

gm(ILIM)
Current sense amplifier 
transconductance

IMON_LIMITER_EN = 
0b1 170 200 220 µS

ΔV(ISNS)
Current sense offset and threshold 
voltage

IMON_LIMITER_EN = 
0b1 TJ= 25℃ 49 50 51.7 mV

ISNS pin input bias currents ISNSP = ISNSN = 12 V 80 115 µA

IMONOUT negative output headroom
V(BIAS) > 6.5V;  I(IMONOUT
 )  = I(IMONOUT  ) x 0.975 
at  V(IMONOUT) = 1V

ΔV = 50mV ,referred to 
VCC 300 500 mV

ΔV = –50mV, referred to 
GND 300 500 mV

VT+
(DIS,IMON)

Positive going threshold to disable 
IMON referred to VCC 55 65 75 %

HICCUP MODE PROTECTION 
Hiccup mode on time 1 ms

Hiccup mode off time 24 ms

ERROR AMPLIFIER

VREF FB reference Voltage FB 
reference 0.99 1 1.01 V

FB reference Voltage forced V(SS) = 0.95 V 0.92 0.95 0.98 V
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6.5 Electrical Characteristics (continued)
Typical values correspond to TJ=25°C. Minimum and maximum limits apply over TJ=-40°C to 125℃. Unless otherwise stated, 
V(BIAS) =12 V

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
FB pin leakage current V(FB) = 1 V 60 nA

Transconductance 600 µS

Output resistance 13 96 MΩ

COMP sourcing current 65 150 uA

COMP sinking current 65 150 uA

COMP clamp voltage V(FB) = 990 mV 1.2 1.25 1.3 V

COMP clamp voltage V(FB) = 1.01 V 0.225 0.240 0.255 V

Unity gain bandwidth 4.5 MHz

VT+(SEL,iFB)
Positive going threshold to select 
internal FB operation V(FB) rising 2.45 2.5 2.55 V

OVP
VT+(OVP) Overvoltage rising threshold FB rising reference to VREF 107 110 115 %

VT-(OVP) Overvoltage falling threshold FB falling  reference to VREF 101 105 109 %

Overvoltage de-glitch time 9 10 12.5 µs

VT+(OVP2) Overvoltage 2 rising threshold V(VOUT) rising 80.5 83.5 86 V

VT+(IVP) Overvoltage rising threshold V(VIN) rising 80.5 86 V

nFLT
nFLT pull-down switch on resistance 1mA sinking 100 Ω

Power good positive going threshold FB rising (reference to VREF) 95 %

Power good negative going threshold FB falling (reference to VREF) 90 %

nFLT off-state leakage V(nFLT)=5V 100 nA

td(nFLT-PIN) nFLT pin reaction time Measured from a fault 
event until nFLT goes low 37 µs

MOSFET DRIVER

tr Rise time HG1, HG2, 
LG1, LG2 CG = 3.3nF 12 ns

tf Fall time HG1, HG2, 
LG1, LG2 CG = 3.3nF 12 ns

tt Dead-time 

HOx from 
High to Low 
and LOx 
from Low to 
High

R(RT) =  16.2 kΩ  

19 ns

HOx from 
Low to High 
and LOx 
from High 
to Low

36 ns

HOx from 
High to Low 
and LOx 
from Low to 
High

R(RT) =  316 k Ω

26 ns

HOx from 
Low to High 
and LOx 
from High 
to Low

44 ns

Gate driver low side 
PMOS on-resistance LO1, LO2 I(test) = 200 mA 1.6 Ω
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6.5 Electrical Characteristics (continued)
Typical values correspond to TJ=25°C. Minimum and maximum limits apply over TJ=-40°C to 125℃. Unless otherwise stated, 
V(BIAS) =12 V

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Gate driver high side 
PMOS on-resistance HO1, HO2 I(test) = 200 mA 1.3 Ω

Gate driver low side 
NMOS on-resistance LO1, LO2 I(test) = 200 mA 0.6 Ω

Gate driver high side 
NMOS on-resistance HO1, HO2 I(test) = 200 mA 0.7 Ω

VTH- 
(BST_UV)

Negative going boot-strap V(HBx) - V(SWx)   falling 2.4 2.8 3.1 V

VTH+ 
(BST_UV)

Positive going boot-strap V(HBx) - V(SWx)  rising 2.6 3 3.35 V

VTH+ 
(BST_OV)

Positive going boot-strap 
overvoltage threshold

Positive 
going boot-
strap over-
voltage 
threshold

V(HBx) - V(SWx)  rising, 
I(HBx)=25uA 4.8 5.5 6.3 V

VTH 
(GATEOUT)

Low/High Side Gate driver output 
switching detection

referenced to VCC 37 %

referenced to V(HBx) - 
V(SWx) 37 %

THERMAL SHUTDOWN

TT+J
  Thermal shutdown 
threshold

  Thermal 
shutdown 
threshold

TJ rising 164 °C

Thermal shutdown 
hysteresis

Thermal 
shutdown 
hysteresis

15 °C

R2D INTERFACE
Internal reference resistor 31.77 33 34.23 kΩ
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6.5 Electrical Characteristics (continued)
Typical values correspond to TJ=25°C. Minimum and maximum limits apply over TJ=-40°C to 125℃. Unless otherwise stated, 
V(BIAS) =12 V

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

RCFG
External selection 
resistor resistance

R2D setting 
#0 0 0.1 kΩ

R2D setting 
#1

0.4956
7 0.511 0.5263

3 kΩ

R2D setting 
#2 1.1155 1.15 1.1845 kΩ

R2D setting 
#3 1.8139 1.87 1.9261 kΩ

R2D setting 
#4 2.6578 2.74 2.8222 kΩ

R2D setting 
#5 3.7151 3.83 3.9449 kΩ

R2D setting 
#6 4.9567 5.11 5.2633 kΩ

R2D setting 
#7 6.2953 6.49 6.6847 kΩ

R2D setting 
#8 8.0025 8.25 8.4975 kΩ

R2D setting 
#9 10.185 10.5 10.815 kΩ

R2D setting 
#10 12.901 13.3 13.699 kΩ

R2D setting 
#11 15.714 16.2 16.686 kΩ

R2D setting 
#12 19.885 20.5 21.115 kΩ

R2D setting 
#13 24.153 24.9 25.647 kΩ

R2D setting 
#14 29.197 30.1 31.003 kΩ

R2D setting 
#15 35.405 36.5 37.595 kΩ

(1) Zero Offset is determined by interpolation

6.6 Timing Requirements
Over operating junction temperature range and recommended supply voltage range (unless otherwise noted)

MIN NOM MAX UNI
T

OVERALL DEVICE FEATURES

Minimum time low EN toggle time measured from EN toggle from H to L and from L to H 22 µs

LM51770, LM517701
SNVSCL2A – DECEMBER 2024 – REVISED AUGUST 2025 www.ti.com

14 Submit Document Feedback Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: LM51770 LM517701

https://www.ti.com/product/LM51770
https://www.ti.com/product/LM517701
https://www.ti.com/lit/pdf/SNVSCL2
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNVSCL2A&partnum=LM51770
https://www.ti.com/product/lm51770?qgpn=lm51770
https://www.ti.com/product/lm517701?qgpn=lm517701


6.7 Typical Characteristics
The following conditions apply (unless otherwise noted): TJ = 25°C; V(VCC) = 5V
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Figure 6-1. Switching Frequency vs RT Resistance
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Figure 6-2. Switching Frequency vs Temperature R(RT) = 75kΩ
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Figure 6-3. VIN LDO - VCC Voltage vs VCC Load Current
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Figure 6-4. VIN LDO - VCC Voltage vs VIN Voltage
I(VCC) = 20mA
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Figure 6-5. BIAS LDO - VCC Voltage vs VCC Load Current

BIAS voltage (V)

V
C

C
 v

o
lt
a
g
e
 (

V
)

3.5 3.7 3.9 4.1 4.3 4.5 4.7 4.9 5.1 5.3 5.5
3.3

3.5

3.7

3.9

4.1

4.3

4.5

4.7

4.9

5.1

Figure 6-6. BIAS LDO - VCC Voltage vs BIAS Voltage
I(VCC) = 50mA
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6.7 Typical Characteristics (continued)
The following conditions apply (unless otherwise noted): TJ = 25°C; V(VCC) = 5V
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Figure 6-7. FB Pin Reference Voltage vs Temperature
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Figure 6-8. LM51770 Current Limit Threshold Voltage vs 
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Figure 6-9. LM517701 Current Limit Threshold Voltage vs 
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Figure 6-10. CSA Input Current vs Temperature 
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Figure 6-11. CSB Input Current vs Temperature 
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Figure 6-12. Minimum Controllable On-time vs Switching 
Frequency
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6.7 Typical Characteristics (continued)
The following conditions apply (unless otherwise noted): TJ = 25°C; V(VCC) = 5V
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Figure 6-13. Minimum Controllable Off-time vs Switching 
Frequency
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Figure 6-15. Shutdown Current into VIN vs Pin Voltage
VEN/UVLO = 0V ,V(VIN) = 12V, V(BIAS) = 0V
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Figure 6-16. Shutdown Current into VIN vs Temperature
VEN/UVLO = 0V ,V(VIN) = 12V, V(BIAS) = 0V
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Figure 6-17. Shutdown Current into BIAS vs Pin Voltage
VEN/UVLO = 0V ,V(BIAS) = 12V, V(VIN) = 3.5V
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Figure 6-18. Shutdown Current into BIAS vs Temperature
VEN/UVLO = 0V ,V(BIAS) = 12V, V(VIN) = 3.5V
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6.7 Typical Characteristics (continued)
The following conditions apply (unless otherwise noted): TJ = 25°C; V(VCC) = 5V
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Figure 6-19. Standby Current into VIN vs Temperature
VEN/UVLO = 0.8V, V(VIN) = 12V, V(BIAS) = 0V
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Figure 6-20. Quiescent Current into BIAS vs Pin Voltage
VEN/UVLO = 3.3V, V(BIAS) = 12V, V(VIN) = 3.5V
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Figure 6-21. Quiescent Current into BIAS vs Temperature
VEN/UVLO = 3.3V, V(BIAS) = 12V, V(VIN) = 3.5V
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Figure 6-22. Soft-Start current vs Temperature 
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Figure 6-23. Hysteresis Current on EN/UVLO vs Temperature 
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7 Parameter Measurement Information
7.1 Gate Driver Rise Time and Fall Time
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Figure 7-1. Timing Diagram Gate Driver, tr, tf 

7.2 Gate Driver Dead (Transition) Time
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Figure 7-2. Timing Diagram Gate Driver, tt 
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8 Detailed Description
8.1 Overview
The LM51770x is a four switch buck-boost controller. The device provides a regulated output voltage if the input 
voltage is higher, equal, or lower than the adjusted output voltage.

In power save mode, the LM51770x supports superb efficiency over the full range of the output current. The 
operation modes are on-the-fly pin-selectable during operation. The proprietary buck-boost modulation scheme 
also runs at a fixed switching frequency, which is set through the RT/SYNC pin. The switching frequency 
remains constant during buck, boost, and buck-boost operation. The device maintains small mode transition 
ripple over all operating modes. Through the activation of the dual random spread spectrum operation, EMI 
mitigation is achievable at any time of the design process.

The integrated and optional average current monitor helps monitor or limit input and output current of the 
LM51770x. This feature also supports charging backup power elements, like batteries with constant current (CC) 
and constant voltage (CV).

The output voltage of the LM51770x is dynamically adjustable during operation (dynamic voltage scaling and 
envelope tracking). The adjustment is either possible by changing the analog reference voltage of the SS/ATRK 
pin or directly with a PWM input signal on the DTRK pin.

The internal wide input LDOs enable a robust supply of the device functionality under different input and 
output voltage conditions. Due to the high drive capability and the automatic and headroom depended voltages 
selection, the power losses are kept at a minimum at high switching frequency operation. To further reduce 
power losses in the device, connect the separate bias pin to the input, output, or an external supply. At all times, 
the internal supply voltage is monitored to avoid undefined failure handling.

The LM51770x integrates a full bridge N-channel MOSFET driver. The gate driver circuit has a high driving 
capability to enable high efficiency targets over the wide range of the supported application. The gate driver 
features an integrated high voltage low dropout bootstrap diode. The internal bootstrap circuit has a protection 
against an overvoltage that is injected by negative spikes and an undervoltage lockout protection to avoid a 
linear operation of the external power FET. The bootstrap circuit ensures 100% duty cycle operation in pure 
boost or buck mode.

The resistor-to-digital (R2D) interface offers the user a simple and robust selection of all the device functionality 
where the analog settings of the soft start minimize the inrush current. Additionally, the control loop and slope 
compensation enables a best-in-class output performance for the wide range of supported application cases.

The devices built-in protection features enable a safe operation under different fault conditions. There is a VIN 
undervoltage lockout protection to avoid brownout situations. Because the input UVLO threshold and hysteresis 
is configurable through an external feedback divider, the brownout is avoided under the different designs. The 
device has an output overvoltage protection and an input overvoltage protection for negative current operation. 
The selectable hiccup overcurrent protection avoids excessive short circuit currents by using the internal cycle-
by-cycle peak current protection. Due to the integrated thermal shutdown, the device is protected against 
thermal damage caused by an overload condition of the internal VCC regulators. All output-related fault events 
are monitored and indicated at the open-drain nFLT pin of the device.
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8.2 Functional Block Diagram
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8.3 Feature Description
8.3.1 Power-On Reset (POR System)

The integrated power-on reset system supplies all internal functional circuits other than the gate drivers and 
handles the supervision for the internal logic. The low quiescent current design of this block enables an 
extremely low shutdown current of the whole system. There is a power ORing between the VIN and BIAS 
pin for the POR system to enable functionality even under extreme operation conditions, like an output or input 
short.

Once the voltage on VIN or BIAS rises above the POR threshold, the device logic starts the initialization process 
and is continuously monitoring the EN/UVLO pin to start or stop the converter operation at the selected UVLO 
thresholds. The POR-system contains an additional voltage detection for the VIN pin. This block supervises 
the input voltage and enables the power stage operation of the controller is blocked outside the minimum 
recommended operating input voltage.

8.3.2 Buck-Boost Control Scheme

The LM51770x buck-boost control algorithm makes sure there is a seamless transition between the different 
operation modes, the fixed frequency operation, and the power stage protection features. The internal state 
machines controls the flowing three active switching states:

State I: Transistor Q1 and Q3 are conducting. Q2 and Q4 are not conducting (boost mode magnetization state).

State II: Transistor Q1 and Q4 are conducting. Q2 and Q3 are not conducting (boost demagnetization or buck 
magnetization state).

State III: Transistor Q2 and Q4 are conducting. Q1 and Q3 are not conducting (buck demagnetization state).

Switch State I State II State III
Q1 ON ON OFF

Q2 OFF OFF ON

Q3 ON OFF OFF

Q4 OFF ON ON

VI VO

IL(peak) Q1

Q2 Q3

Q4

I

III

II

Figure 8-1. Buck-Boost Active Switching States

8.3.2.1 Boost Mode

In boost mode operation, the converter starts a boost magnetization cycle (switching state I) with the internal 
clock signal. After it samples the inductor current, the device transitions to switching state II, which is the boost 
demagnetization state. The maximum duty cycle in boost mode is limited by the minimum boost on time and the 
selected switching frequency.
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Figure 8-2. Inductor Current in Continuous Current Boost Operation

8.3.2.2 Buck Mode

In buck mode operation, the converter starts a buck magnetization cycle (state II) with the internal clock signal. 
When the inductor reaches its peak current, the converter proceeds to the buck demagnetization state III. With 
the next clock signal, the converter changes back to a buck magnetization cycle and starts a new switching 
cycle with sampling the peak current. As long as the duty cycle does not reach the minimum off time, the current 
control remains in buck operating mode.

IL(peak) 

II III

Main Oscil lator 

Clock 

Switching 

State 

Inductor 

Current

Figure 8-3. Inductor Current in Continuous Current Buck Operation

8.3.2.3 Buck-Boost Mode

As soon as the on time in boost mode operation is lower than the minimum on time or the off time in buck mode 
is lower than the minimum off time, the control transits into the buck-boost operation. In the continuous current 
buck-boost mode, the control adds a boost magnetization (state I) switching cycle before the peak current is 
reached. Therefore, buck-boost operation mode always consists of all three switching cycles state I, state II, and 
state III. The peak current detection in this mode happens at the end of switching state I.

IL(peak) 

II III

Main Oscil lator 

Clock 

Switching 

State 

Inductor 

Current

I

Figure 8-4. Inductor Current in Continuous Buck-Boost Operation

8.3.3 Power Save Mode

With the MODE pin low, power save mode (PSM) is active. In this operating mode, the switching activity is 
reduced and efficiency is maximized. If the mode pin is high, power save mode is disabled. The converter then 
operates in continuous conduction mode (CCM) or forced PWM mode (fPWM).

In PFM boost, buck or in buck-boost mode, the converter is operating down to the minimum defined peak 
current. If this minimum current (PSM entry threshold) is reached the PWM changes the operation to single 
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pulse. The single pulse operation consists all three states (I, II.III). The duty cycles in single pulse operation are 
timer based and adopt to the different VIN and VOUT sense voltages. To get a small output voltage ripple the 
converter modulation scheme uses one or multiply single pulses for the switching activity below the PSM entry 
threshold.

If the inductor current (load current) further decreases, the frequency of the single pulses are reduced to 
approximately one quarter of the selected switching frequency. With a further decrease of the inductor (load 
current) the output voltage increases, as the energy consumed by the load is less than what the converter 
generates during switching. If the VO increase the voltage regulation loop detects the increase and turns the 
device into the sleep mode (uSleep).

In uSleep mode, both low sides are turned on to provide the high-side gate supply for HB1 and HB2 are 
charged. Other internal circuits are partially turned off to reduce the current consumption of the converter to a 
minimum possible. In case the output voltage reaches the nominal output voltage set point, the switching activity 
starts again after a short wake-up time.

VT+(�Sleep)
 

Inductor Current

Output Voltage

Single Pulse uSleep

VO(nom)
 

td(uSleep)

Figure 8-5. Timing Diagram for the Power Save Mode (uSleep Enabled)

If a signal within the recommended range on the SYNC pin is applied, the device does not enter uSleep mode. 
This operation keeps the internal PLL in operation to react fast to load changes when a clock synchronization 
is used. The pauses between the single pulse remain the same but the quiescent current with a clock 
synchronization signal is higher than in the normal operation with uSleep.

The PSM - ACM (automatic conduction mode) is a high output current power save mode for the LM51770 4 
switch buck-boost operation. In the buck-boost operation area with loads higher than the PSM entry threshold, 
switching pulses are skipped and the control enters ACM. Here the device regulation maintains in State II and 
conducts the input to the output of the power stage. When necessary, the control initiates switching activities with 
a minimum time of state I or state III to maintain the inductor current as required by the voltage regulation loop. 
Hence the output voltage is still fully regulated and the device maintains all protection features like the OCP.
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Figure 8-6. Functional State Diagram for the PSM with default register settings
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8.3.4 Supply Voltage Selection – VMAX Switch

There are two pins to supply the internal voltage regulators. Due to the internal supply voltage selection circuit, 
the device reduces the power dissipation through a seamless operation at low input or output voltages as 
well as in transient operating conditions like an output short. The VMAX switch selects the pin with the lower 
voltage from the VIN or BIAS pin once the voltage on both is above the switch-over threshold (VT(VCC, SUP)). 
If one pin voltage is lower than the threshold, the other supply pin is selected. And if both pins are lower than 
the switch-over threshold, the higher voltage of VIN or BIAS is selected as supply. The following are common 
configurations for the supply pins:

• The VIN pin is connected to the supply voltage. The BIAS pin is connected to VO. During start-up, that is as 
long as the output voltage is not higher than the supply switch-over threshold, the VIN supplies the internal 
regulators. Once VO is high enough, the supply current comes from the BIAS pin.

• Both the VIN pin and the BIAS pin are connected together to the input supply voltage. This configuration is 
often used in applications where the input supply voltage is usually lower or equal than the output voltage. 
As the BIAS pin is connected to the input voltage, the device has the full current capability of the internal 
regulators at low input voltages for start-up.

• The VIN is connected to the input supply voltage and the BIAS pin is connected to an auxiliary supply 
(for example, an existing 12V DC/DC converter). This configuration is commonly used at high voltage 
applications on the input and output voltages where the power dissipation over the integrated linear 
regulators needs to be further minimized.

VIN

BIAS

VI

VO

Supply Voltage Selection 

to Internal

Regulators   

Figure 8-7. VMAX Supply Scenario 1

VIN

BIAS

VI

Supply Voltage Selection 

to Internal

Regulators   

Figure 8-8. VMAX Supply Scenario 2

VIN

BIAS

VI

V(AUX)

Supply Voltage Selection 

to Internal

Regulators   

Figure 8-9. VMAX Supply Scenario 3
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8.3.5 Enable and Undervoltage Lockout

The LM51770x has a dual function enable and undervoltage lockout (UVLO) pin. The internal device logic and 
reference system powers up once the pin voltage is above the VT+(EN) threshold. Once this condition is met, the 
device is in standby mode. If the EN/UVLO pin voltage is below the VT-(EN) threshold, the device is in shutdown 
mode to save quiescent current. Find the device operation modes description in Section 8.4.

The UVLO function of the device detects a low input voltage condition for the power stage to avoid a brownout 
condition. The detection threshold as well as the required hysteresis are adjustable with an external voltage 
divider on the EN/UVLO pin.

If the EN/UVLO pin voltage is above the VT+(EN) threshold, the internal current source for the UVLO hysteresis 
is active. If the EN/UVLO pin voltage is above the VT+(UVLO) threshold, the internal current source for the UVLO 
hysteresis is off.

The UVLO features an internal delay time (td(UVLO)) for the shutdown to avoid any undesired converter shutdown 
due to input noise on the UVLO detection pin. Enable the voltage on the EN/UVLO pin to be below the VT-(UVLO) 
threshold for the delay time, td(UVLO). Once these conditions are met, the device logic immediately stops the 
converter operation.

The UVLO threshold is typically set by a resistor divider from VIN to AGND. The effective turn-on threshold is 
calculated using Equation 1. The hysteresis between the UVLO turn-on threshold and turn-off threshold is set by 
the upper resistor and the internal hysteresis current.

V VIN, IT + , UVLO = VIT + UVLO × 1 + RUVLO,topRUVLO,bot +  RUVLO,top  × I(UVLO,ℎyst) (1)

where

• R(UVLO,top) is the upper resistor.
• R(UVLO,bot) is the lower resistor in the divider.

8.3.6 Oscillator Frequency Selection

The LM51770x has a low tolerance internal trimmed oscillator. With the RT pin left open, the oscillator frequency 
is 75kHz. With the RT pin grounded, the switching frequency is at the maximum of 2.5 MHz. Program the 
oscillator frequency up or down by connecting a resistor from the RT pin to ground. To calculate the RT resistor 
for a specific oscillator frequency, use Equation 2.

R RT = 1f sw − 20ns × 30.3GΩs (2)

The RT pin is regulated to 0.75V by an internal voltage source when the device is in active mode. Therefore, 
the switching frequency is dynamically changed during operation by changing the current flowing through the 
resistor. Figure 8-10 and Figure 8-11 show two examples for changing the frequency by the switching the 
resistor value or applying an external voltage source through a resistor. It is not recommended to connect any 
additional capacitance directly to the RT pin.
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RT

Increase f (sw)

Figure 8-10. Frequency Hopping Example

RT

+

±

+

±

+

±

Figure 8-11. Dynamic Frequency Changing 
Example

8.3.7 Frequency Synchronization

The device features an internal phase looked loop (PLL), which is designed to transition the switching frequency 
seamlessly between the frequency set by the RT pin and the external frequency synchronization signal. If no 
external frequency is provided, the RT pin sets the center frequency of the PLL. The external synchronization 
signal is able to change the switching frequency ±50%. To enable low quiescence current, the input buffer 
of the SYNC pin is disabled if no valid sync frequency, that is a frequency signal outside the recommended 
synchronization range is applied.

If a valid synchronization frequency is applied, the device does not enter uSleep during the PSM pause. The 
internal PLL is kept active to quickly re-syncs to the external synchronization signal in case of a increased load, 
for example, due to a load step on the output. This behavior improves the transient responds but causes higher 
quiescent currents for light load operation because the uSleep is disabled if a synchronization signal is provide to 
the SYNC pin.

The synchronization timings are given in Figure 8-13.

VT(SYNC)

RT

OSC

PLL

BB

CORE

LOGIC

+

±

SYNC

SYNC 

ACTIVITY

DETECTION
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Figure 8-12. Main Oscillator Functional Block Diagram
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V(SYNC)

VT+(SYNC) 

PLL lock Cycles 

VT-(SYNC) 

td(Det,Sync)

RT programed fsw

td(Det,Sync)

fsw Synced RT programed fsw

Figure 8-13. Timing Diagram SYNC Function

Note
The sync pin has a secondary function to configure the current limit direction during the initialization 
phase. If pulled to GND during this time the negative current limit is selected. If the pin is floating or 
pulled to VCC the positive current limit is selected. See: Current Limit Operation

8.3.8 Voltage Regulation Loop

The LM51770x features an internal error amplifier (EA) to regulate the output voltage. The output voltage gets 
sensed on the FB pin through external resistors, which determine the target or nominal output voltage. The 
reference for the EA builds the soft-start and analog output voltage tracking pin (SS/ATRK). The COMP pin is the 
output of the internal gm-stage and gets connected to the external compensation network. The voltage over the 
compensation network is the nominal value for the inner peak current control loop of the device.

By connecting the FB pin to a voltage higher as the internal feedback selection threshold (for example, V(VCC)), 
the device latches the internal voltage feedback divider configuration at start-up. The device operates with a 
fixed output voltage (typically 24V).
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Figure 8-14. Functional Block Diagram of the Voltage and Peak Current Control Loop

Use the following equations to calculate the external components:

External Feedback:

R COMP =  2π  × f BW  gm ea   × R FB, bot   + R FB, topR FB, bot × 10  × R CS × CO1 − Dmax (3)

Internal Feedback:

R COMP =  2π  × f BW  gm ea   × 20 × 10  × R SNS1 × CO1 − Dmax (4)

Common for Internal and External Feedback:

C COMP =   1 2π ×  f CZ × R COMP (5)

C PCOMP =   1 2π × 10 ×  f BW × R COMP (6)

For most applications, TI recommends the following guidelines for bandwidth selection of the compensation.

The hard limit of the bandwidth (f(BW)) is the right half plane zero of the boost operation:
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fRHPZ = 12π × V VOUT × 1 − Dmax 2Io,max × L (7)

The maximum recommended bandwidth needs to be within the following boundaries:

f BW < 13 × fRHPZ (8)

f BW < 110 × 1 − Dmax × f SW (9)

Place the compensation zero (fCZ) in relation to the dominating pole of the boost.fCZ = 1.5 × fpole,boost (10)

fpole, boost = 12π × 2 × Io,maxV VOUT × Co (11)

Due to the precise implementation of the error amplifier, the voltage on the LM51770x COMP pin is accurately 
reflecting the nominal peak current value of the inductor. Figure 8-15 shows the control V/I-characteristics of the 
error amplifier in FPWM mode. Use this as a guidance for applicative designs where you need to manipulate the 
inner current loop regulation.

Positive 

Current Limit

V(COMP) 

0mV 

V(CSA)-V(CSB) Negative

Current Limit

V(COMP,CL+) 

V(COMP,CL-) 

V(COMP,CL0) 

Figure 8-15. Control Function for the Peak Current Sense Voltage Versus VCOMP 

8.3.9 Output Voltage Tracking

There are two kinds of output voltage tracking features integrated in the device.

• Analog voltage tracking function through the SS/ATRK pin
• Digital voltage tracking function through the DTRK pin

Analog Voltage Tracking

For the analog output voltage tracking, an external applied voltage overwrites the reference voltage for the 
output regulation loop. Although it is possible, it is not recommended to apply this voltage before the soft start is 
finished because the soft-start ramp time and, therefore, the input current during the start-up is changed.

As the internal error amplifier is designed to use the lowest reference input voltage, the applied voltage on the 
SS/ATRK pin is only effective for voltages lower than the Vref of the feedback pin. Hence, the maximum voltage 
for the output is determined by the resistor network on the FB pin.

If the analog voltage tracking is used to start-up the converter voltage a change at the MODE pin from high to 
low or low to high indicates the logic that the soft-start is completed.
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Digital Voltage Tracking

The DTRK input of the LM51770x directly modulates the internal reference voltage. This function activates if the 
voltage on the DTRK pin is higher than the rising threshold of VT(DTRK) and a PWM signal in the recommended 
frequency is applied to the pin.

The device prevents, that the maximum output voltage during digital tracking exceeds the nominal reference 
voltage selected with the FB resistor divider. The applied PWM signal reduces the internal reference voltage in 
relation with the duty cycle on the DTRK pin. A small duty cycle means less output voltage and a high duty cycle 
of the PWM input represents a high output voltage. For example, a duty cycle of 30% causes an output voltage 
of 30% of the selected voltage by the FB divider resistors.
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±
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±
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Error 
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+

±

+
+

±

+
+

±

+

FB

COMP

Figure 8-16. Output Voltage Tracking Functional Block Diagram

8.3.10 Slope Compensation

The LM51770x provides a slope compensation pin to enable stable operation and the best transient 
performance over a wide operating range. According to peak current mode control theory, slope compensation is 
required at operation with duty cycle greater than 50%. The value for the resistor on the SLOPE pin is calculated 
with Equation 12.

R SLOPE =   LR CS × 50 × 106 VAs (12)

During the design process, consider the following guidelines for the slope compensation:

1. The quotient of peak current sense resistor, R(CS), and the main inductor, L, need to be smaller than the 
factor given by Equation 13.R CSL < 1V  × f swVo × 10 (13)

where

• VO is the maximum output voltage of a system with dynamic voltage changes.
2. The quotient is within the limits given by Equation 14.
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100 Hz  <  R CSL   <  8000 Hz (14)

8.3.11 Configurable Soft Start 

The soft-start feature allows the regulator to gradually reach the steady-state operating point, thus reducing 
start-up stresses and surges.

The LM51770x features an adjustable soft start that determines the charging time of the output. The soft-start 
feature limits inrush current as a result of high output capacitance to avoid an over-current condition.

At the beginning of the soft-start sequence, the SS voltage is 0 V. If the SS pin voltage is below the feedback 
reference voltage, VREF, the soft-start pin controls the regulated FB voltage and the internal soft-start current 
source gradually increases the voltage on an external soft-start capacitor connected to the SS pin, resulting in 
a gradual rise of the output voltage and FB pin. Once the voltage on the SS exceeds the internal reference 
voltage, the soft-start interval is complete and the error amplifier is referenced to V(REF).

The soft-start time (t(ss)) is given by:

CSS =   ISS × tSSVRef (15)

The soft-start capacitor is internally discharged when the converter is disabled because of the following:
• EN/UVLO falling below the operating threshold
• VCC falling below the VCC UV threshold
• The device is in hiccup mode current limiting.
• The device is in thermal shutdown.

8.3.12 Peak Current Sensor

The integrated peak current sensor enables a low inductive sensing. The sensor is located in series with the 
main inductor and also monitors the peak inductor current under all operation modes (boost, buck-boost and 
buck) as well as for both current directions, that is, the bi-directional operation.

As the integrated sensor supports high bandwidth signals a differential mode filter adopted to the selected 
operating point is recommended for best performance. For most applications we recommend a resistor value for 
R(DIFF1/2) of 10Ω. Use the equation below to determine the filter capacitor:

C DIFF =   ton,min2π ∙ R DIFF1 + R DIFF2   ∙ 10 (16)

Set the differential filter to a 10th of the minimum on-time of Buck or Boost mode.

Current sense resistors consist a parasitic inductance based on geometry and the selected component vendors 
design. If the desired application requires high currents, reduce the impact of the external component parasitic 
by placing multiple sense resistors in parallel.
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Figure 8-17. Simplified Schematic of the Peak Current Sensor

8.3.13 Current Monitoring and Current Limit Control Loop 

The LM51770x features two high voltage current sensors. The first one maintains the peak current sensing 
between the CSA and CSB pins. The second current sensor inputs are connected to the ISNSP and ISNSN 
pins.

This second and optional current sensing provides the capability to monitor or to limit either the average input 
or the output current of the DC/DC converter. If the current sense amplifier is not used, disable it to reduce the 
bias current consumption of the whole device by connecting the IMONOUT pin to VCC. Do not do this dynamical 
during the operation of the device because the configuration gets latched at start-up of the converter. Use the 
CFG pin to select one of the following desired operation modes.

Current Monitor Operation:

In case the current sense amplifier is configured as a monitor, the output voltage on the IMONOUT pin 
has a linear relation between the sense voltage between ISNSP and ISNSN pins of the current sense 
transconductance amplifier as well as the resistor placed on the IMONOUT pin:V IMONOUT = V ISNSP − V ISNSN × gm(IMON) × R IMONOUT (17)

The output voltage of the IMONOUT pin is clamped to the values given in specifications section.

To reduce the bandwidth of the current monitor, place an optional capacitor in parallel to the IMONOUT pin.

Current Limit Operation:

In this configuration, the current sense gm(ILIM) amplifier monitors the voltage across the sense resistor and 
compares it with an internal reference voltage. If the drop across the sense resistor is greater than the reference 
threshold the gm(ILIM) amplifier gradually reduces the peak current capability of the DC/DC converter until the 
differential voltage is equal to the reference voltage. This function of the LM51770x is used to do the following:
• Regulate the current into the load from the power stage
• Regulate the current from the output into the power stage
• Regulate the current from the input supply to the power stage
• Regulate the current from the power stage into the input supply

If the Hiccup protection of the device is enabled the device Hiccup operation is triggered by the current limit 
operation threshold.

To select a negative current limit direction, the SYNC pin needs to be pulled low when EN/UVLO rises above 
the EN rising threshold until the soft-start ramp starts the converter operation. The configuration gets latched and 
the SYNC pin is used for the synchronization afterward. If the synchronization function is not used it is pulled 
low continuously. For a positive current limit protection the SYNC pull the pin high or connect the pin to a valid 
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synchronization signal when EN/UVLO rises above the EN rising threshold until the soft-start ramp starts the 
converter operation

For the current limit operation mode, place an RC compensation network on the IMONOUT pin. For most 
applications, a compensation bandwidth with a factor of 3× to 5× faster than the compensation of the output 
voltage loop has shown good results.
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Logic
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I-Peak

Clamp

Figure 8-18. Current Monitor Functional Block Diagram

8.3.14 Short Circuit - Hiccup Protection

The LM51770x features a short circuit protection or over current protection. This protection uses cycle-by-cycle 
peak current sensor connected to the CSA and CSB-pin. There are two modes for this protection. In hiccup 
mode, the controller stops the converter operation after detecting cycle-by-cycle peak current longer as the 
hiccup mode on-time. The converter logic initiates a discharge of the soft-start capacitor and the output stays 
off until the hiccup mode off-time elapses. Then the logic exits the hiccup mode and re-start the output with a 
normal soft-start sequence were the soft-start capacitor is charged with the internal current source. If the short 
or overload persist the hiccup timer starts again after the soft-ramp finishes. If hiccup mode protection is not 
enabled, the device operates in cycle-by-cycle current limiting as long as the overload condition persists.

8.3.15 nFLT Pin and Protections

The open-drain nFLT output directly follows the input signals of monitoring features. For instance if the power 
good flag triggers because the output voltage is falling below the power good threshold the nFLT pins pulls low. 
After a power-cycle of the device or in case the internal failure signal disappears the nFLT pin goes back to 
HighZ. The input signals to the nFLT pin are digitally de-glitched. Due to this the maximum reaction time of the 
FLT pin is given by td(nFLT-PIN) 

www.ti.com
LM51770, LM517701

SNVSCL2A – DECEMBER 2024 – REVISED AUGUST 2025

Copyright © 2025 Texas Instruments Incorporated Submit Document Feedback 35

Product Folder Links: LM51770 LM517701

https://www.ti.com
https://www.ti.com/product/LM51770
https://www.ti.com/product/LM517701
https://www.ti.com/lit/pdf/SNVSCL2
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNVSCL2A&partnum=LM51770
https://www.ti.com/product/lm51770?qgpn=lm51770
https://www.ti.com/product/lm517701?qgpn=lm517701


nFLT

BUBO_EN

Logic 

And 

De-glitch

PG

__________

R2D_DONE

___________

BOOT_DONE

OVP1

OVP2

UVLO

CL_OCP

___

PG

TSD

BOOT_ERR

Figure 8-19. Functional Block Diagram nFLT-pin Logic 

Thermal Shutdown (TSD)

To avoid the case of a thermal damage of the device the die temperature of the die is monitored. The device 
stops operation once the sensed temperature rises over the thermal shutdown threshold. After the temperature 
drops below the thermal shutdown hysteresis the TSD signal goes back to normal and the converter returns to 
normal operation according to the main FSM definition.

Over Current or Short Circuit Protection

The device features a hiccup mode short circuit protection to avoid excessive power dissipation in the die or at 
the fault of the application in the System. The OCP triggers if the peak current sensing voltage between CSA-pin 
and CSB-pin is exceeded.

The protection feature stops and restarts the converter operation in case of a short is event is detected.

Output Overvoltage Protection 1 (OVP1)

This overvoltage protection monitors the voltage of the FB-pin.
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As this threshold is referenced to the V(REF) the OVP1 continues its operation even if of tracking features has 
changed the Vo target value.

The converter maintains in regulation even the OVP1 threshold triggers.

The OVP1 is disabled during PSM to avoid additional leakage current. The OVP signal gets masked to avoid 
that a fault is indicated from this signal during the PSM operation.

This protection is disabled during the soft-start procedure.

Output Overvoltage protection 2 (OVP2)

This feature avoids any damage to the device in case the external feedback pin is not working properly, that is, is 
shorted to GND

If the output voltage threshold VT+(OVP2) is reached on the VOUT-pin the buck-boost core logic disables the 
converter power stage and enters a high impedance state at the switch nodes. If the output voltage falls back 
under this threshold the convert operation is resumed.

Input Voltage Protection (IVP)

The input overvoltage protection is part of the converter core modulation scheme. The IVP avoids any damage 
to the device in case the current flows from the output to the input and the input source does not sink current, 
for example, there is a diode in the supply path. If the converter forced PWM mode is active the current 
goes negative until the sink current limit. Once the input voltage threshold VT+(IVP) is reach on the VIN-pin the 
protection disables the forced PWM mode and only allows current to flow from VIN to VOUT. After the input 
voltage drops under the input voltage protection threshold, the fPWM mode activates again.

Power Good

The device features a power good detection. The FB pin voltages gets contentiously monitors. If the sensed 
voltage drops below the PG falling threshold the signal is pulling low the nFLT pin.

This protection is disabled during the soft-start procedure.

Boot-strap Undervoltage Protection

The high side supply voltage for the gate driver are monitored by an UVLO comparator (BST_UV). This 
comparator monitors the differential voltage between SWx pin and HBx pin. If the measured voltage drops 
below VTH-(BST_UV) the converter stops operation

Boot-strap Overvoltage Clamp

To protect the internal gate driver circuit the external FET gates and the internal circuit features an over voltage 
clamp. If the voltage goes above VTH(BST_OV) the linear regulator sinks a current from HBx pin to SWx-pin as 
long as the voltage is above the threshold.

8.3.16 Device Configuration Pin 

The resistor selection on the CFG pin is read and latched during the power-up sequence of the device. Do not 
change the selection until the voltage on the EN or UVLO reaches the falling threshold or VCC voltage drops 
below the VT-(VCC) threshold. Table 8-1 shows the possible device configurations versus the different resistor 
values on the CFG pin.
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Table 8-1. CFG Pin Configuration Overview
# R(CFG) / kΩ DRSS SCP – Hiccup Mode PSM Entry Threshold Current Limit
1 0 DISABLED DISABLED

10% DISABLED
2 0.511 ENABLED DISABLED

3 1.15 DISABLED ENABLED

4 1.9 ENABLED ENABLED

5 2.7 DISABLED DISABLED

10% ENABLED
6 3.8 ENABLED DISABLED

7 5.1 DISABLED ENABLED

8 6.5 ENABLED ENABLED

9 8.3 DISABLED DISABLED

15% DISABLED
10 10.5 ENABLED DISABLED

11 13.3 DISABLED ENABLED

12 16.2 ENABLED ENABLED

13 20.5 DISABLED DISABLED

15% ENABLED
14 24.9 ENABLED DISABLED

15 30.1 DISABLED ENABLED

16 36.5 ENABLED ENABLED

8.3.17 Dual Random Spread Spectrum – DRSS 

The device provides a digital spread spectrum, which reduces the EMI of the power supply over a wide 
frequency range. This function is enabled by the CFG pin. When the spread spectrum is enabled, the internal 
modulator dithers the internal clock. When an external synchronization clock is applied to the SYNC pin, the 
internal spread spectrum is disabled. DRSS combines a low frequency triangular modulation profile with a 
high frequency cycle-by-cycle random modulation profile. The low frequency triangular modulation improves 
performance in lower radio frequency bands (for example, AM band), while the high frequency random 
modulation improves performance in higher radio frequency bands (for example, FM band). In addition, the 
frequency of the triangular modulation is further modulated randomly to reduce the likelihood of any audible 
tones. To minimize output voltage ripple caused by spread spectrum, duty cycle is modified on a cycle-by-cycle 
basis to maintain a nearly constant duty cycle when dithering is enabled.

f(SW) x 1.078  

f(SW)

Internal Low Frequency 

Random Modulation

High Frequency 

Random Modulation

f(SW) x 0.922  

DRSS Disabled DRSS Enabled

Low + High Frequency 

Random Modulation (DRSS)

���

Figure 8-20. Dual Random Spread Spectrum

LM51770, LM517701
SNVSCL2A – DECEMBER 2024 – REVISED AUGUST 2025 www.ti.com

38 Submit Document Feedback Copyright © 2025 Texas Instruments Incorporated

Product Folder Links: LM51770 LM517701

https://www.ti.com/product/LM51770
https://www.ti.com/product/LM517701
https://www.ti.com/lit/pdf/SNVSCL2
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNVSCL2A&partnum=LM51770
https://www.ti.com/product/lm51770?qgpn=lm51770
https://www.ti.com/product/lm517701?qgpn=lm517701


8.3.18 Gate Driver

The LM51770x features four internal logic-level nMOS gate drivers. The drivers maintain the high frequency 
switching of both half bridges needed for a buck-boost operation. If the device is in boost or buck mode, the 
other half bridge high-side switch needs to be permanent on. The internal gate drivers support this by sharing 
the current from the other half bridge, which is switching. Therefore, no additional internal charge pump is 
needed and the device has a low quiescent current rating. Due to the high drive current, it supports a wide range 
of external power FETs as well as a parallel operation of them.

The LO and HO outputs are protected with a shoot-through protection, which allows for both outputs to not be 
turned on at the same time. If the PWM modulation logic of the buck-boost turns the LOx pin off, the HOx pin is 
not turned on until the following are all true (AND not OR) true:
1. A minimum internal transition time (tt(dead)) is reached.
2. The voltage on the LOx pin drops below the detection threshold VTH(GATEOUT).

This behavior is maintained and vice versa if the HOx pin turns off first.

The high-side supply voltage for the gate driver are monitored by an additional bootstrap UVLO comparator. This 
comparator monitors the differential voltage between SWx and HBx. If the voltage drops below the threshold the 
buck-boost converter operation turns off. The device restarts automatically once the positive going threshold is 
reached with the soft-start scheme.

Additionally, the LM51770x monitors the upper voltage between SWx and HBx. If this voltage exceeds the 
threshold voltage of the clamping circuit, it activates a internal current source to pull the voltage down.
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Figure 8-21. Functional Block Diagram Gate Driver

External Gate Driver Support

The LM51770x supports operation with external gate driver using the HOx_LL pins. These pins provide the two 
high-side gate drive signals referenced to ground. By connecting the HOx_LL and LOx signals to a external gate 
driver, the external power FETs are controlled by the external gate driver. This feature is helpful in the case that 
no logic level FET is available, and the application needs to drive gate voltages higher as the integrated gate 
drive provides.

Continue to place the external bootstrap capacitors on HBx because the internal current sense amplifier is 
supplied through these pins. Leave the HOx pin floating. Make sure the supply voltage V(extGD) for each external 
gate driver maintains the necessary requirements for a 4-switch Buck-Boost. An example of this is the 100% 
duty cycle, and the isolation between each side of the full-bridge. See the Simplified Schematic External Gate 
Driver support for a functional block diagram illustrating a possible connection for an example gate driver.
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Figure 8-22. Simplified Schematic External Gate Driver support
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8.4 Device Functional Modes
Figure 8-23 describes the functional behavior of the internal device logic.
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Figure 8-23. Functional State Diagram

DEVICE_OFF

During the DEVICE_OFF state the LM51770x is in shutdown. All internal logic and the DC/DC converter as well 
as the gate driver are off. The internal POR- system monitors the EN threshold to start the initialization of the 
reference system an device logic. The device current consumption is given by the shutdown current.
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MAIN_LOGIC_ON

Once the LM51770x transits to the MAIN_LOGIC_ON state it will first stay in the POWER_STAGE_OFF state. 
Here the necessary checks and preparation for the start-up are taken. The current consumption is given by the 
standby current.

HOLD-R2D

In this state the CFG-pin settings are read and the logic is storing this settings until the next EN -pin cycle.

READ_R2D

During the READ-R2D state the LM51770x executives the reading of the CFG-pin to get the selected settings 
determined by placed resistor.

POWER_STAGE_ACTIVE

The device executes the soft-start ramp during each entry to this state to avoid excessive inrush currents. In this 
state the power stage is active and the converter in operation. The current consumption is given by the active 
quiescent current of the electrical specification table.

TSD

The device enters the TSD-state if the silicon junction temperature exceeds the thermal shutdown limit, 
automatically transiting back to the POWER_STAGE_ACTIVE -state once the hysteresis of the thermal 
shutdown triggers.
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9 Application and Implementation

Note

Information in the following applications sections is not part of the TI component specification, 
and TI does not warrant its accuracy or completeness. TI’s customers are responsible for 
determining suitability of components for their purposes, as well as validating and testing their design 
implementation to confirm system functionality.

9.1 Application Information
The LM51770x is a wide input voltage, synchronous, non-inverting buck-boost controller, suitable for applications 
that need a regulated output voltage from an input supply that is higher or lower than the output voltage. 
To expedite and streamline the process of designing the external circuits and select the components, a 
comprehensive quickstart calculator is available for download to assist the designer with component selection for 
a given application.

9.2 Typical Application
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Figure 9-1. Simplified Schematic of a Typical Application
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9.2.1 Design Requirements

Table 9-1 shows the intended input, output, and performance parameters for a typical design example.

Table 9-1. Design Parameters
Parameter Value
VI minimum 6V

VI typical = VI start-up 13.5V

VI maximum 36V

VO nominal 16V

PO maximum 128W

9.2.2 Detailed Design Procedure
9.2.2.1 Custom Design with WEBENCH Tools

Click here to create a custom design using the LM51770x device with the WEBENCH® Power Designer.

1. Start by entering the VIN, VOUT and IOUT requirements.
2. Optimize the design for key parameters like efficiency, footprint and cost using the optimizer dial and 

compare this design with other possible applications from Texas Instruments.
3. WEBENCH Power Designer provides a customized schematic along with a list of materials with real time 

pricing and component availability.
4. In most cases, the user can:

• Run electrical simulations to see important waveforms and circuit performance,
• Run thermal simulations to understand the thermal performance of the board,
• Export your customized schematic and layout into popular CAD formats,
• Print PDF reports for the design, and share your design with colleagues.

5. Get more information about WEBENCH tools at www.ti.com/webench.

9.2.2.2 Frequency

The switching frequency of LM51770x is set by an RT resistor connected from the RT pin to AGND. The RT 
resistor required to set the desired frequency is calculated using Equation 18. A 1% standard resistor of 78.7 kΩ 
is selected for fSW = 400 kHz.

R RT = 1fsw − 20ns × 30 .3 GΩs (18)

9.2.2.3 Feedback Divider 

The feedback voltage divider is found with Equation 19:

RFB,top = V VOUT − V REFV REF × RFB,bot (19)

For the 16V output, an upper resistor of 71.5kΩ and a lower resistor of 4.7kΩ have been selected.

Table 9-2 shows an overview of a possible selection for the feedback divider resistors over common output 
voltages.

Table 9-2. FB Pin Resistor Divider Examples with RFB,top = 71.5kΩ
VO – Target RFB,bot – Calculation RFB,bot – E48 Series VO Nominal Error from FB Resistor

5V 17.9kΩ 17.8kΩ 5.02V 0.3%

9V 8.94kΩ 9.09kΩ 8.87V –1.5%

12V 6.50kΩ 6.49kΩ 12.02V 0.1%

16V 4.77kΩ 4.87kΩ 15.68V –2.0%
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Table 9-2. FB Pin Resistor Divider Examples with RFB,top = 71.5kΩ (continued)
VO – Target RFB,bot – Calculation RFB,bot – E48 Series VO Nominal Error from FB Resistor

24V 3.11kΩ 3.16kΩ 23.63V –1.6%

28V 2.65kΩ 2.61kΩ 28.39V 1.4%

36V 2.04kΩ 2.05kΩ 35.88V –0.3%

42V 1.74kΩ 1.78kΩ 41.17V –2.0%

48V 1.5kΩ 1.5kΩ 47.43V –1.2%

60V 1.2kΩ 1.2kΩ 60.09V 0.2%

9.2.2.4 Inductor and Current Sense Resistor Selection

For boost mode, the inductor selection is based on limiting the peak-to-peak current ripple, ΔIL, to approximately 
20% of the maximum inductor current at the minimum input voltage. The target inductance for boost mode is:

LBOOST =   VIN MIN2 × VOUT − VIN MIN0 .2 ×  IOUT MAX ×  fSW ×  VOUT2 =  2 .21 μH (20)

For this application, an inductor with 1.8μH was selected.

Select the current sense resistor for the peak inductor current to not hit the over current limit at maximum output 
current. For that the peak inductor current needs to be calculated with the sum of the average and ripple current 
through the inductor.

The maximum peak to peak inductor current occurs at minimum input voltage and is given by:

IL PEAK, PEAK = 1 − VIN MINVOUT × VIN MINL × fSW = 5.23 A (21)

The average input current at the maximum output current with an estimated efficiency of 95% is calculated by:IIN, AVG MAX = VOUT × IOUT MAX95% × VIN MIN = 22.5 A (22)

For the current sense Resistor a margin of 20% is considered to have enough headroom for the dynamic 
responses, for example, load step regulation. To enable the maximum output current to be delivered, the 
minimum level of the peak current limit threshold is used.

Note
The equations for RCS an PRCS(MAX) are based on the full temp range values of the LM51770. Select the 
values from the Electrical Characteristics table for the used device variant and temperature range as 
required.

RCS = Vth+(CSB−CSA),minIIN, AVG MAX + 12IL PEAK, PEAK × 1.2 = 1.41 mΩ (23)

The standard value of RCS = 1mΩ with 3 times 3mΩ is selected. With the 3 resistors in parallel it also reduces 
the parasitic inductance.

The maximum power dissipation in RCS happens at VIN(MAX):

PRCS MAX =   Vth+(CSB−CSA),maxRCS 2 ×   RCS ×   1 − VOUTVIN MAX =  1 .84 W (24)

Therefore, for the 3 resistors in parallel a sense resistor with 1W power rating is sufficient for this application.
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Add a filter network to attenuate noise in the CSA and CSB sense lines. For most applications it is 
recommended to use a filter resistance RDIFF1 and RDIFF2 of 10Ω. Calculate the capacitance CDIFF for the filter 
with Equation 16. In this configuration 180pF is used.

9.2.2.5 Slope Compensation

For stable current loop operation and to avoid subharmonic oscillations, select the slope resistor based on 
Equation 25:

RSLOPE =   L1RCS × 50 MVAs (25)

This slope compensation results in “dead-beat” operation, in which the current loop disturbances die out in one 
switching cycle. Theoretically, a current mode loop is stable with half the “dead-beat” slope (considered already 
in the calculated slope resistor value in Equation 25). A smaller slope resistor results in larger slope signal, 
which is better for noise immunity in the transition region (VIN is approximately equal to VOUT). A larger slope 
signal, however, restricts the achievable input voltage range for a given output voltage, switching frequency, and 
inductor. For this design, RSLOPE = 69.8 kΩ is selected for better transition region behavior while still providing 
the required VIN range. This selection of slope resistor, inductor, switching frequency, and inductor satisfies 
guidelines given by Equation 13 and Equation 14.

9.2.2.6 Output Capacitor

In boost mode, the output capacitor conducts high ripple current. The output capacitor RMS ripple current is 
given by Equation 26 where the minimum VIN corresponds to the maximum capacitor current.

ICOUT RMS =  IOUT ×   VOUTVIN − 1 (26)

In this example, the maximum output ripple RMS current is ICOUT(RMS) = 10.3 A. A 2-mΩ output capacitor ESR 
causes an output ripple voltage of 42.6 mV as given by:

∆VRIPPLE ESR =   IOUT × VOUTVIN MIN × ESR (27)

A 130-µF output capacitor causes a capacitive ripple voltage of 96 mV as given by:

∆VRIPPLE COUT =   IOUT × 1 − VIN MINVOUTCOUT ×  fSW (28)

Typically, a combination of ceramic and bulk capacitors is needed to provide low ESR and high ripple current 
capacity. The complete schematic in Figure 9-1 shows a good starting point for COUT for typical applications.

9.2.2.7 Input Capacitor

In buck mode, the input capacitor supplies high ripple current. The RMS current in the input capacitor is given 
by: ICIN RMS =  IOUT ×   D × 1 − D (29)

The maximum RMS current occurs at D = 0.5, which gives ICIN(RMS) = IOUT / 2 = 4.0 A. Use a combination of 
ceramic and bulk capacitors to provide a short path for high di/dt current and to reduce the input voltage ripple. 
The complete schematic in Figure 9-1 shows a good starting point for CIN for typical applications.

9.2.2.8 UVLO Divider

Design the UVLO resistor divider for turn-on below 5.5V. Selecting RUVLO,top = 75kΩ gives a UVLO hysteresis of 
0.375V based on Equation 30. The lower UVLO resistor is selected using:
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V VIN, IT + , UVLO = VIT + UVLO × 1 + RUVLO,topRUVLO,bot +  RUVLO,top  × I(UVLO,hyst) (30)

A standard value of 20.5kΩ is selected for RUVLO,bot.

When programming the UVLO threshold for lower input voltage operation, it is important to choose MOSFETs 
with gate (Miller) plateau voltage lower than the minimum VIN.

9.2.2.9 Soft-Start Capacitor

The soft-start time is programmed using the soft-start capacitor. The relationship between CSS and the soft-start 
time is given by:

CSS =   ISS × tSSVRef =  18 nF (31)

CSS = 18 nF gives a soft-start time of 1.8 ms.

9.2.2.10 MOSFETs QH1 and QL1

The input side MOSFETs QH1 (Q1) and QL1 (Q2) need to withstand the maximum input voltage of 36V and 
withstand the transient spikes at SW1 during switching. Therefore, QH1 and QL1 need to be rated for 50V or 
higher. The gate plateau voltages of the MOSFETs need to be smaller than the minimum input voltage of the 
converter, otherwise, the MOSFETs have a possibility of fully enhancing during start-up or overload conditions.

The power loss in QH1 in boost mode is approximated by:

PCOND QH1 = IOUT × VOUTVIN 2 ×  RDS, On QH1 (32)

The power loss in QH1 in buck mode consists of both conduction and switching loss components given by 
Equation 33 and Equation 34, respectively:

PCOND QH1 = IOUT × VOUTVIN 2 × RDS, On QH1 (33)

PSW QH1 = 12 × VIN × IOUT × tr+ tf × fSW (34)

The rise (tr) and the fall (tf) times are based on the MOSFET data sheet information or measured in the 
lab. Typically, a MOSFET with smaller RDSON (smaller conduction loss) has longer rise and fall times (larger 
switching loss).

The power loss in QL1 in the buck mode of operation is shown in Equation 35:

PCOND QL1 = 1 − VOUTVIN × IOUT2 ×  RDS, On QL1 (35)

9.2.2.11 MOSFETs QH2 and QL2

The output side MOSFETs QH2 (Q3) and QL2 (Q4) see the output voltage of 16 V and additional transient 
spikes at SW2 during switching. Therefore, rate QH2 and QL2 for 25V or more. The gate plateau voltages of the 
MOSFETs need to be smaller than the minimum input voltage of the converter, otherwise, the MOSFETs may not 
fully enhance during start-up or overload conditions.

The power loss in QH2 in buck mode of operation is approximated by:

PCOND QH2 = IOUT2 ×  RDS, On QH2 (36)

The power loss in QL2 in the boost mode of operation consists of both conduction and switching loss 
components given by Equation 37 and Equation 38, respectively:
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PCOND QL2 = 1 − VINVOUT × IOUT × VOUTVIN 2 ×  RDS, On QL2 (37)

PSW QL2 = 12 × VOUT × IOUT × VOUTVIN × tr+ tf × fSW (38)

The rise (tr) and the fall (tf) times are based on the MOSFET data sheet information or measured in the lab. 
Typically, a MOSFET with smaller RDSON (lower conduction loss) has longer rise and fall times (larger switching 
loss).

The power loss in QH2 in the boost mode of operation is shown in Equation 39:

PCOND QH2 = VINVOUT × IOUT × VOUTVIN 2 × RDS, On QH2 (39)

9.2.2.12 Output Voltage Frequency Compensation

This section presents the control loop compensation design procedure for the LM51770x buck-boost controller. 
The LM51770x operates mainly in buck or boost modes, separated by a transition region, and therefore, the 
control loop design is done for both buck and boost operating modes. Then, a final selection of compensation 
is made based on the mode that is more restrictive from a loop stability point of view. Typically, for a converter 
designed to go deep into both buck and boost operating regions, the boost compensation design is more 
restrictive due to the presence of a right half plane zero (RHPZ) in boost mode.

The boost power stage output pole location is given by:

fp1 boost =   12π 2ROUT ×  COUT =  1 . 22 kHz (40)

where

• ROUT = 2.0 Ω corresponds to the maximum load of 8.0 A.

The boost power stage ESR zero location is given by:

fz1 =   12π 1RESR ×  COUT =  61.2 kHz (41)

The boost power stage RHP zero location is given by:

fRHP =   12π ROUT × 1 − DMAX 2L1 =  24 . 87 kHz (42)

where

• DMAX is the maximum duty cycle at the minimum VIN.

The buck power stage output pole location is given by:

fp1 buck =   12π 1ROUT ×  COUT = 612 Hz (43)

The buck power stage ESR zero location is the same as the boost power stage ESR zero.

Equation 44 shows that RHP zero is the main factor limiting the achievable bandwidth. For a robust design, the 
crossover frequency needs to be less than 1/3 of the RHP zero frequency. Given the position of the RHP zero, a 
reasonable target bandwidth in boost operation is around 5 kHz:fbw =  5 kHz (44)
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For some power stages, the boost RHP zero is not as restrictive, which happens when the boost maximum duty 
cycle (DMAX) is small, or when a really small inductor is used. In those cases, compare the limits posed by the 
RHP zero (fRHP / 3) with 1/20 of the switching frequency and use the smaller of the two values as the achievable 
bandwidth.

Place the compensation zero at 1.5 times the boost output pole frequency. Keep in mind that this locates the 
zero at three times the buck output pole frequency, which results in approximately 30 degrees of phase loss 
before crossover of the buck loop and 15 degrees of phase loss at intermediate frequencies for the boost loop:fZC =  1 . 8 kHz (45)

The compensation gain resistor, Rc1, is calculated with:

RC1 =  2π × fbwgmEA × RFB1 + RFB2RFB2 × ACS × RCS × COUT1 − DMAX × 11 + fbwfRHP 2 = 1.9 kΩ (46)

where

• DMAX is the maximum duty cycle at the minimum VIN in boost mode.
• ACS is the current sense amplifier gain.

The compensation capacitor, Cc1, is then calculated from:

CC1 =   12π × fZC ×  Rc1 =  45.8nF (47)

The standard values of compensation components are selected to be Rc1 = 1.91kΩ and Cc1 = 47nF.

A high frequency pole (fpc2) is placed using a capacitor (Cc2) in parallel with Rc1 and Cc1. Set the frequency of 
this pole at seven to ten times of fbw to provide attenuation of switching ripple and noise on COMP while avoiding 
excessive phase loss at the crossover frequency. For a target fpc2 = 6 kHz, Cc2 is calculated using Equation 48:

CC2 =   12π × fpc2 × Rc1 =  1 . 68 nF (48)

Select a standard value of 1.8nF for Cc2. These values provide a good starting point for the compensation 
design. Tune each design in the lab to achieve the desired balance between stability margin across the 
operating range and transient response time.
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9.2.2.13 External Component Selection

Table 9-3. Components Example for Typical Application 
Reference Description Part Number

RCOMP 1.91kΩ

CCOMP1 47nF, 50V Ceramic Capacitor

CCOMP2 1.8nF, 50V Ceramic Capacitor

CSS
18nF, 50V Ceramic Capacitor or 20nF, 80V Ceramic 

Capacitor
GCM21B5C1H183JA16 or 

GCM21B5C1K203JA16

RFB,top 71.5kΩ

RFB,bot 4.7kΩ

RnFLT 10kΩ

RIMONOUT 82kΩ

CIN1 2× 10µF, 50V Ceramic Capacitor GCM32EC71H106KA03

CIN2 1× 100μF, 63V Aluminum Capacitor PCR1J101MCL1GS

M1 N-Channel 40V MOSFET, RDS(on) = 4.3mΩ SQJ422EP

M2 N-Channel 40V MOSFET, RDS(on) = 4.3mΩ SQJ422EP

M3 N-Channel 40V MOSFET, RDS(on) = 4.3mΩ SQJ422EP

M4 N-Channel 40V MOSFET, RDS(on) = 4.3mΩ SQJ422EP

RCS 1.00mΩ 3xKRL2012E-C-R003-F

L1 1.8μH, DCR = 3.2mΩ IHLP-5050FD-A1

COUT1 5× 10µF, 50V Ceramic Capacitor GCM32EC71H106KA03

COUT2 1× 100μF, 63V Aluminum Capacitor PCR1J101MCL1GS

RISNS 4mΩ KRL2012E-C-R004-F

CBST1 0.1µF, 35V Ceramic Capacitor GRT033R6YA104KE01

CBST2 0.1µF, 35V Ceramic Capacitor GRT033R6YA104KE01

CVCC 47µF, 6.3V Ceramic Capacitor GRM188R60J476ME15D

RUVLO,top 75kΩ

RUVLO,bot 20.5kΩ

RSLOPE 69.8kΩ

RCFG 13.3kΩ

RRT 75kΩ
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9.2.3 Application Curves

Figure 9-2. Start-up waveform standby to active 
operation

(MODE = V(VCC), Vo = 12 V, Io = 0 A, V(VIN) = 12 V) 

Figure 9-3. Inductor current boost operation
(MODE = V(VCC), Vo = 12 V, Io = 0 A, V(VIN) = 6 V)

Figure 9-4. Inductor current buck-boost operation
(MODE = V(VCC), Vo = 12 V, Io = 0 A, V(VIN) = 12 V)

Figure 9-5. Inductor current buck operation
(MODE = V(VCC), Vo = 12 V, Io = 0 A, V(VIN) = 24 V)

Figure 9-6. Inductor current boost operation
(MODE = 0 V, Vo = 12 V, Io = 10 mA, V(VIN) = 6 V)

Figure 9-7. Inductor current buck-boost operation
(MODE = 0 V, Vo = 12 V, Io = 10 mA, V(VIN) = 12 V)
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Figure 9-8. Inductor current buck operation
(MODE = 0 V, Vo = 12 V, Io = 10 mA, V(VIN) = 24 V)

Figure 9-9. Input voltage ramp from 6V to 24V
(MODE = V(VCC), Vo = 12 V, Io = 6A 
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Figure 9-10. Efficiency Versus IO
(MODE = 0V Vo = 12 V)
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Figure 9-11. Efficiency Versus IO
(MODE = VCC Vo = 12 V)
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Figure 9-12. Efficiency Versus IO in Boost Mode
(VIN = 5 V, Vo = 12 V)
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Figure 9-13. Efficiency Versus IO in Buck-Boost 
Mode

VIN = 12 V, Vo = 12 V)
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Figure 9-14. Efficiency Versus IO in Buck Mode
VIN = 24 V, Vo = 12 V)
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Figure 9-15. Efficiency Versus VIN
(Vo = 24 V, IO = 5 A)

9.3 System Examples
9.3.1 Bi-Directional Power Backup

The precise reverse current limit of the device enables the LM5177 to charge a storage element on the input of 
the power stage. Once the integrated average current limitation circuit of the LM5177 is enabled on the input, 
the third regulation loop maintains a constant current operation to charge the storage on the input, for example, 
a battery or super-capacitor array. The end of charge voltage for the input is regulated by a simple hysteric 
regulation approach or by using a linear approach, with an external operational amplifier as well as an equivalent 
digital regulation scheme.

Once the system power supply is interrupted or has a malfunction the LM5177 immediately supplies the 
connected system load as soon the selected backup voltage threshold triggers. The seamless transition is 
maintained by the buck-boost voltage control loop, which stays in regulation during charging and allows for a 
minimum voltage drop for the connected system during backup.

Benefits:
• Seamless and automatic transition from main system supply to the power backup.
• Combination of energy storage charging control and backup regulator with a single chip application.
• Single inductor application, that is one power stage for charging and backup operation.
• Constant current and constant voltage operation is possible.
• Adjustable on-the-fly transition voltage using the output feedback divider.
• Scalable application for multiple systems. Power levels are adjusted with the BOM. Topologies and 

architecture qualification maintains the same.
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Figure 9-16. Simplified Schematic of a Bi-Directional Operation

Below details for the control loop interacting in the DC/DC backup application. The central point for the 
interaction is the COMP pin which defines the peak current target for the underlying bi-directional peak current 
control loop
1. Internal peak current loop - the control input signal from the COMP pin sets the bi-directional (positive and 

negative pack current) for the PWM logic.
2. The internal output voltage loop is controlling the Vo, when the system supply voltage drops below the 

selected voltage by the FB-PIN.
3. The internal constant current loop limits and regulates the peak current in the selected direction. For most 

power backup cases the negative (charging) current is selected. By activating the constant current limit, the 
peak current is clamped and does not reach the full value, enabling a lower charging current. The forward 
direction of the peak current is not limited if the negative direction of the constant current loop is selected.

4. The input voltage (VBAT) constant voltage regulation is added externally with a linear regulator in the COMP-
pin. Once the battery voltage reaches the desired target voltage, the regulator pulls up the peak current 
set-point and the charging operation stops.
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Figure 9-17. Overview of the Control loops for DC/DC Backup application
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9.3.2 Parallel (Multiphase) Operation

nFLT

SYNC

MODE

CFG

SLOPE

DTRK

HO1

LO1

VCC

LO2

HO2

HB2

SW2

PGND

IS
N
S
P

IS
N
S
N

F
B

C
O
M
P

A
G
N
D

S
S
/A
T
R
K

R
T

V
O
U
T

IM
O
N
O
U
T

E
N
/U
V
L
O

B
IA
S

V
IN

C
S
A

S
W
1

H
B
1

C
S
B

HO2a

HO2a

LO2a

SW1a

VCC

VOUT

VIN

LO2a

SW2a

SW1a

VBIAS VIN

SW2a

FB

VOUTVOUT
FB

COMP

SS

RCSa La

nFLT

SYNC

MODE

CFG

SLOPE

DTRK

HO1

LO1

VCC

LO2

HO2

HB2

SW2

PGND

IS
N
S
P

IS
N
S
N

F
B

C
O
M
P

A
G
N
D

S
S
/A
T
R
K

R
T

V
O
U
T

IM
O
N
O
U
T

E
N
/U
V
L
O

B
IA
S

V
IN

C
S
A

S
W
1

H
B
1

C
S
B

HO2b

HO2b

LO2b

SW1b

VCC

VOUT

VIN

LO2b

SW2b

SW1b

VBIAS VIN

SW2b

FB

COMP

SS

RCSb Lb

VCC

VCC

Clock

Figure 9-18. Simplified Schematic of a Parallel (Multiphase) Operation
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9.3.3 External Gate Driver with Logic Level High Side Gate Signals

R
T

R
C

O
M

P

RCS

CIN

COUT

CVCC

C
H

F

C
C

O
M

P

nFLT

HO1_LL

HO2_LL

SYNC

MODE

CFG

SLOPE

DTRK

HO1

LO1

VCC

LO2

HO2

HB2

SW2

PGND

IS
N

S
P

IS
N

S
N

F
B

C
O

M
P

A
G

N
D

S
S

/A
T

R
K

R
T

V
O

U
T

IM
O

N
O

U
T

E
N

/U
V

L
O

B
IA

S

V
IN

C
S

A

S
W

1

H
B

1

C
S

B LF

Q1
Q3

Q2 Q4

HO2g

LO2g

GND

VOUT

VIN

CBOOT2

CBOOT1

SW1

C
S

S

R
S

L
O

P
E

R
C

F
G

R
n
F

L
T

VCC

RFBT

VOUT

VIN

RUV2

R
U

V
1

LO2

SW2

R
F

B
B

SW1

SW2

CBIASCVIN

VBIAS

R
S

Y
N

C

SYNC

AGND

PGND

VIN

nFLT

VCC

LM51770

HO1g

LO1g
LO1

HO2_LL

HO1_LL

HO1_LL

LO1

HO1g

LO1g

RCSB

RCSACCS

External 

Gate 

Driver

PGND

V(extGD)

HO2_LL

LO2

HO2g

LO2g

External 

Gate 

Driver

PGND

V(extGD)

CBOOT,ext1 CBOOT,ext2

Figure 9-19. Simplified Schematic for using external gate driver with the logic level output HOx_LL 
signals of the high side gate signals

9.4 Power Supply Recommendations
The LM51770x is designed to operate over a wide input voltage range. Enable compatibility of the characteristics 
of the input supply with the Absolute Maximum Ratings and Recommended Operating Conditions. In addition, 
enable the input supply to be capable of delivering the required input current to the fully loaded regulator. Use 
Equation 49 to estimate the average input current.

II =   POVI η (49)

where

• η the efficiency.

One way to get a value for the efficiency is the data from the efficiency graphs in Section 9.2.3 in the worst case 
operation mode. For most applications, the boost operation is the region of highest input current.

If the device is connected to an input supply through long wires or PCB traces with a large impedance, take 
special care to achieve stable performance. The parasitic inductance and resistance of the input cables have an 
adverse effect on converter operation. The parasitic inductance in combination with the low-ESR ceramic input 
capacitors form an under-damped resonant circuit. This circuit causes overvoltage transients at VIN each time 
the input supply is cycled ON and OFF. The parasitic resistance causes the input voltage to dip during a load 
transient. One way to solve such issues is to reduce the distance from the input supply to the regulator and 
use an aluminum or tantalum input capacitor in parallel with the ceramics. The moderate ESR of the electrolytic 
capacitors helps to damp the input resonant circuit and reduce any voltage overshoots. An EMI input filter is 
often used in front of the controller power stage. Unless carefully designed, this leads to instability as well as 
some of the previously mentioned effects.
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9.5 Layout
A proper PCB design and layout is important in high-current, fast-switching circuits (with high current and voltage 
slew rates) to achieve a robust and reliable design. As expected, consider certain topics for the design of the 
PCB layout for the LM51770x.

9.5.1 Layout Guidelines
9.5.1.1 Power Stage Layout

Input capacitors, output capacitors, and MOSFETs are the constituent components of the power stage of the 
buck-boost regulator and are typically placed on the top side of the PCB. The benefits of convective heat transfer 
are maximized when leveraging any system-level airflow. In a two-sided PCB layout, small-signal components 
are typically placed on the bottom side. Insert at least one inner plane, connected to ground, to shield, and 
isolate the small-signal traces from noisy power traces.

The DC/DC regulator has several high-current loops. Minimize the area of these loops to suppress generated 
switching noise and optimize switching performance.
• The most important loop areas to minimize are the path from the input capacitors through the buck high-side 

and low-side MOSFETs, and back to the ground connection of the input capacitor and the path from the 
output capacitors through the boost high-side and low-side MOSFETs, and back to the ground connection 
of the output capacitor. Connect the negative terminal of the capacitor close to the source of the low-side 
MOSFETs (at ground). Similarly, connect the positive terminal of the capacitor or capacitors close to the drain 
of the high-side MOSFETs of both loops.

• In addition to these recommendations, follow any layout considerations of the MOSFETs as recommended by 
the MOSFET manufacturer, including pad geometry and solder paste stencil design.

9.5.1.2 Gate Driver Layout

The LM51770x high-side and low-side gate drivers incorporate short propagation delays, frequency depended 
dead-time control, and low-impedance output stages capable of delivering large peak currents with very fast 
rise and fall times to facilitate rapid turn-on and turn-off transitions of the external power MOSFETs. Very high 
di/dt causes unacceptable ringing if the trace lengths are not well controlled. Minimization of stray or parasitic 
gate loop inductance is key to optimizing gate drive switching performance, whether it be series gate inductance 
that resonates with MOSFET gate capacitance or common source inductance (common to gate and power 
loops) that provides a negative feedback component opposing the gate drive command, and thereby increasing 
MOSFET switching times.

Connections from the gate driver outputs, HO1 and HO2, to the respective gates of the high-side MOSFETs 
need to be as short as possible to reduce series parasitic inductance. Route HO1 and HO2 and SW1 and 
SW2 gate traces as a differential pair from the device pin to the high-side MOSFET, taking advantage of flux 
cancellation by reducing the loop area.

Connections from gate driver outputs, LO1 and LO2, to the respective gates of the low-side MOSFETs need 
to be as short as possible to reduce series parasitic inductance. Route LO1 and LO2, and PGND traces as a 
differential pair from the device pin to the low-side MOSFET, taking advantage of flux cancellation by reducing 
the loop area.

Minimize the current loop path from the VCC, HB1, and HB2 pins through their respective capacitors as these 
provide the high instantaneous current.

9.5.1.3 Controller Layout

With the provision to locate the controller as close as possible to the power MOSFETs to minimize gate driver 
trace runs, the components related to the analog and feedback signals as well as current sensing are considered 
in the following:

• Separate power and signal traces, and use a ground plane to provide noise shielding.
• Place all sensitive analog traces and components related to COMP, FB, SLOPE, SS/ATRK, and RT away 

from high-voltage switching nodes such as the following to avoid mutual coupling:
– SW1
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– SW2
– HO1
– HO2
– LO1
– LO2
– HB1
– HB2

• Use an internal layer or layers as ground plane or planes. Pay particular attention to shielding the feedback 
(FB) trace from power traces and components.

• Route the CSA and CSB and ISNSP and ISNSN traces as differential pairs to minimize noise pickup and use 
Kelvin connections to the applicable shunt resistor.

• Locate the upper and lower feedback resistors close to the FB pins, keeping the FB traces as short as 
possible. Route the trace from the upper feedback resistor or resistors to the output voltage sense point.

• Use a common ground node for power ground and a different one for analog ground to minimize the effects 
of ground noise. Connect these ground nodes at any place close to one of the ground pins of the IC.

• The HTSSOP package offers a means of removing heat from the semiconductor die through the exposed 
thermal pad at the base of the package. While the exposed pad of the package is not directly connected to 
any leads of the package, it is thermally connected to the substrate (ground) of the device. This connection 
allows a significant improvement in heat sinking, and it becomes imperative that the PCB is designed with 
thermal lands, thermal vias, and a ground plane to complete the heat removal subsystem.

9.5.2 Layout Example

CIN

Device

 Package

COUT

L1

Q1

Q2

Q3

Q4

RSNS

Figure 9-20. LM51770x Top Layer Routing Example 
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10 Device and Documentation Support
TI offers an extensive line of development tools. Tools and software to evaluate the performance of the device, 
generate code, and develop solutions are listed below.

10.1 Device Support

10.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT 
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES 
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER 
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

10.1.2 Development Support
10.1.2.1 Custom Design with WEBENCH Tools

Click here to create a custom design using the LM51770x device with the WEBENCH® Power Designer.

1. Start by entering the VIN, VOUT and IOUT requirements.
2. Optimize the design for key parameters like efficiency, footprint and cost using the optimizer dial and 

compare this design with other possible applications from Texas Instruments.
3. WEBENCH Power Designer provides a customized schematic along with a list of materials with real time 

pricing and component availability.
4. In most cases, the user can:

• Run electrical simulations to see important waveforms and circuit performance,
• Run thermal simulations to understand the thermal performance of the board,
• Export your customized schematic and layout into popular CAD formats,
• Print PDF reports for the design, and share your design with colleagues.

5. Get more information about WEBENCH tools at www.ti.com/webench.

10.2 Receiving Notification of Documentation Updates
To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on 
Notifications to register and receive a weekly digest of any product information that has changed. For change 
details, review the revision history included in any revised document.

10.3 Support Resources
TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight 
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute TI specifications and do 
not necessarily reflect TI's views; see TI's Terms of Use.

10.4 Trademarks
TI E2E™ is a trademark of Texas Instruments.
WEBENCH® is a registered trademark of Texas Instruments.
All trademarks are the property of their respective owners.
10.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled 
with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may 
be more susceptible to damage because very small parametric changes could cause the device not to meet its published 
specifications.

10.6 Glossary
TI Glossary This glossary lists and explains terms, acronyms, and definitions.
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11 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision * (December 2024) to Revision A (August 2025) Page
• Added LM517701 throughout the document...................................................................................................... 1
• Add LM517701 to device comparison table ...................................................................................................... 3
• Added differential rating for ISNSP/N................................................................................................................. 7
• Added Symbol Vth+(CSB-CSA)  ............................................................................................................................. 9
• Added Symbol Vth-(CSB-CSA)  .............................................................................................................................. 9
• Changed TBD to 22us for Minimum time low EN toggle.................................................................................. 14
• Added internal feedback divider description ....................................................................................................29
• Added details about Hiccup .............................................................................................................................34
• Added description for external gate driver outputs...........................................................................................39
• Added design requirements section................................................................................................................. 45
• Added missing denominator in Formula........................................................................................................... 45
• Updated formula with over current sense limits................................................................................................46
• Added system examples.................................................................................................................................. 54

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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PACKAGE OUTLINE
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PowerPAD   TSSOP - 1.2 mm max heightDCP0038A
SMALL OUTLINE PACKAGE

4218816/A 10/2018

1

19
20

38

0.08 C A B

PIN 1 INDEX
AREA

SEE DETAIL A

0.1 C

NOTES:

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

2. This drawing is subject to change without notice.
3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

exceed 0.15 mm per side.
4. Reference JEDEC registration MO-153.
5. Features may differ or may not be present.

TM

PowerPAD is a trademark of Texas Instruments.

TYPICAL

A 20

SCALE  2.000

DETAIL A
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EXAMPLE BOARD LAYOUT
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3X (1.2)

PowerPAD   TSSOP - 1.2 mm max heightDCP0038A
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4218816/A 10/2018

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

numbers SLMA002 (www.ti.com/lit/slma002) and SLMA004 (www.ti.com/lit/slma004).
9. Size of metal pad may vary due to creepage requirement.

10. Vias are optional depending on application, refer to device data sheet. It is recommended that vias under paste be filled, plugged
or tented.

TM

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE: 8X
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DEFINED PAD

SEE DETAILS
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EXAMPLE STENCIL DESIGN
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2.45 X 3.970.175

2.65 X 4.290.15

2.90 X 4.70 (SHOWN)0.125

3.24 X 5.250.1

SOLDER STENCIL
OPENING

STENCIL
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NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

12. Board assembly site may have different recommendations for stencil design.

TM

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

SCALE: 8X
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SEE TABLE FOR
DIFFERENT OPENINGS
FOR OTHER STENCIL
THICKNESSES
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PACKAGE OPTION ADDENDUM

www.ti.com 7-May-2026

PACKAGING INFORMATION

Orderable part number Status
(1)

Material type
(2)

Package | Pins Package qty | Carrier RoHS
(3)

Lead finish/
Ball material

(4)

MSL rating/
Peak reflow

(5)

Op temp (°C) Part marking
(6)

LM517701DCPR Active Production HTSSOP (DCP) | 38 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 LM517701

LM51770DCPR Active Production HTSSOP (DCP) | 38 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 LM51770

LM51770DCPR.A Active Production HTSSOP (DCP) | 38 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 LM51770
 
(1) Status:  For more details on status, see our product life cycle.

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

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

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

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

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

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

 
Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI 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. TI 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. TI 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 TI part(s) at issue in this document sold by TI to Customer on an annual basis.

 
 OTHER QUALIFIED VERSIONS OF LM51770 :

• Automotive : LM51770-Q1
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 NOTE: Qualified Version Definitions:

• Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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PACKAGE MATERIALS INFORMATION

  

www.ti.com 18-Sep-2025

TAPE AND REEL INFORMATION

Reel Width (W1)

REEL DIMENSIONS

A0
B0
K0
W

Dimension designed to accommodate the component length
Dimension designed to accommodate the component thickness
Overall width of the carrier tape
Pitch between successive cavity centers

Dimension designed to accommodate the component width

TAPE DIMENSIONS

K0  P1

B0 W

A0Cavity

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

Pocket Quadrants

Sprocket Holes

Q1 Q1Q2 Q2

Q3 Q3Q4 Q4 User Direction of Feed

P1

Reel
Diameter

 
*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

LM517701DCPR HTSSOP DCP 38 2500 330.0 16.4 6.75 10.1 1.8 12.0 16.0 Q1

LM51770DCPR HTSSOP DCP 38 2500 330.0 16.4 6.75 10.1 1.8 12.0 16.0 Q1
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PACKAGE MATERIALS INFORMATION

  

www.ti.com 18-Sep-2025

TAPE AND REEL BOX DIMENSIONS

Width (mm)

W L

H

 
*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

LM517701DCPR HTSSOP DCP 38 2500 353.0 353.0 32.0

LM51770DCPR HTSSOP DCP 38 2500 353.0 353.0 32.0
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TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE 
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