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5 Pin Configuration and Functions
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& 5-1. 38-Pin DCP HTSSOP Pin Diagram
# 5-1. Pin Functions LM5177
Pin
Type( Description
Name No.
AGND 17 G Analog ground of the device
BIAS 1 | Optional input to the VCC bias regulator. Powering VCC from an external supply instead of VIN
can reduce power loss at high V.
Device configuration pin. Connect a resistor between the CFG pin to select the device operation
CFG 13 /0 for spread spectrum (DRSS), short circuit protection (hiccup mode), current limit, or current
monitor.
Output of the error amplifier. An external RC network connected between COMP and AGND
COMP 18 o}
compensates the regulator of the output voltage feedback loop.
CSA 37 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 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 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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# 5-1. Pin Functions LM5177 (continued)

Pin

Name No.

Type(" Description

Enable pin. The pin enables or disables the device. If the pin is less than 0.6 V, the device shuts
EN/UVLO 4 down. The pin must be raised 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.

Feedback pin for output voltage regulation. Connect a resistor divider network from the output of
FB 19 the converter to the FB pin. Connect the FB pin to VCC to operate at a fixed output voltage of 12
V.

Bootstrap supply pin for buck half-bridge. An external capacitor is required between the HB1 pin

HB1 35 P and the SW1 pin, respectively, to provide bias to the high-side MOSFET gate driver.
HO1 34 (0] High-side gate driver output for the buck half-bridge
Logic level output of the HO1 gate signal. Connect this ground reference PWM signal to an
HO1_LL 8 optional external gate-driver input. If the function is not used,make no external connection to this
pin.
HB2 26 = 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 (0] High-side gate driver output for the boost half-bridge
Logic level output of the HO2 gate signal. Connect this ground reference PWM signal to an
HO2_LL 9 optional external gate-driver input. If the function is not used ,make no external connection to this
pin.

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
IMONOUT 6 (0] 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.

Positive sense input of the output or input current sense amplifier. An optional current sense
ISNSN 22 resistor connected between ISNSN and ISNSP can be located either on the input side or on the
output side of the power stage.

Negative sense input of the output or input current sense amplifier. An optional current sense
ISNSP 23 resistor connected between ISNSN and ISNSP can be located either on the input side or on the
output side of the power stage.

LO1 32 (0] Low-side gate driver output for the buck half-bridge
LO2 29 (0] Low-side gate driver output for the boost half-bridge
Digital input to select device operation mode. If the pin is pulled low, power save mode (PSM) is
MODE 12 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. If this function is not
used, connect the pin to VCC or GND.
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
AFLT 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.
PowerPAD PAD G Connect t_he PowerPAD to t_he_ana_log ground. Use thermal vias to connect to a PCB ground
plane for improved power dissipation.
Power ground. This pin is the high current ground connection to the low-side gate drivers and for
PGND 30 G .
the internal VCC regulator.
Switching frequency programming pin. An external resistor is connected to the RT pin and AGND
RT 15 /0 P
to set the switching frequency.
A resistor connected between the SLOPE pin and AGND provides the slope compensation ramp
SLOPE 14 Co
for stable current mode operation in both buck and boost mode.
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# 5-1. Pin Functions LM5177 (continued)

Pin Tve() 5 -
pe escription

Name No. y
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

SS/ATRK 16 /0 ) " : Y

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 buck half-bridge
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

SYNC 11 ) R ) . : G .
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 | The input supply and sense input of the device. Connect VIN to the supply voltage of the power
stage.

VOUT 20 | 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

Product Preview Samples

#HIE
The sample material during product preview state (see [¥| 6-1 for the package top marking) shows the
following limitations which are identified during the silicon validation process:

1. Ifthe v Sleep mode is disabled, some devices can show an increased input quiescence current of
about 2.5 mA, which affects the light load efficiency in power save mode (burst operation). Tl
recommends activating © Sleep for best light load efficiency.

2. Under light load operation i.e. load currents in which the inductor current is very close the to the
power save mode entry threshold (typ. 15% of Ipeak) it has been observed that the switching
operation stops and the output voltage decays to zero volts. The converter will latch in this
operation condition. To avoid this behavior or operate at such output current condition it is
recommended to set the force PWM operation mode by pulling the MODE-pin high.

The previously mentioned limitations are intended to disappear in the final and qualified
material.

For further information and inquiries about the previously mentioned descriptions, contact Tl through
e-mail at Im5177-support@list.ti.com.

PLM5177
T  28KG4
. CT3R

Kl 6-1. Samples Top Marking
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6.1 Absolute Maximum Ratings
Over the recommended operating junction temperature range of - 40°C to 150°C (unless otherwise specified)(")

MIN MAX UNIT
BIAS to AGND -0.3 50
VIN to AGND -0.3 80
EN/UVLO to AGND -0.3 Vuiny +0.3
SS/ATRK, DTRK, RT, SYNC, MODE, SLOPE, CFG, to AGND®@ -0.3 5.8
FB to AGND -0.3 5.8
CSA, CSB to AGND (DC) -0.7 80
CSA, CSB to AGND (35-ns transient) -5 80
Input SW1, SW2 to AGND (DC) -0.7 80 \%
SW1, SW2 to AGND (35-ns transient) -5 80
HB1 to SW1, CSA, CSB 03 550
-0.3 7.8
HB2 to SW2, CSA, CSB ~03 550
-0.3 7.8
SW1 to CSA, CSB -0.3 0.3
PGND to AGND -0.3 0.3
VCC to AGND -0.3 5.5
VOUT to AGND -0.3 80
LO1, LO2, to AGND (DC) -5 Vveey + 0.3
Output \%
nFLT to AGND -0.3 5.8
HO1, HO2, ISNSP, ISNSN, HB1, HB2 to AGND (DC) -0.3 85
COMP, IMONOUT to AGND®) -0.3 5.8
Storage temperature, Tgtg -55 150 °C
Operating junction temperature, T; ) - 40 150 °C

M

(2
3)
4)
®)

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.

This pin is not specified to have an external voltage applied.

This pin has an internal maximum voltage clamp which can handle up to 1.6 mA.

High junction temperatures degrade operating lifetimes. Operating lifetime is de-rated for junction temperatures greater than 125°C.
Operating lifetime is de-rated for voltage bigger than the specified maximum.

6.2 ESD Ratings

V(esp)

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2000
E_Iectrostatlc Corner pins +750 \%
discharge Charged device model (CDM) per ANSI/ESDA/JEDEC JS-0022)
Other pins +500

M
@

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 may actually have higher performance.
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 may 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)(")

MIN NOM MAX| UNIT

V(vin) Input voltage sense 2.8 78 \%
V(vour) Output voltage sense 3.3 78 \%
V(imon) ISNSP, ISNSN 2.8 78 Vv
Vvee) VCC voltage 3.6 5.3 \%
Cco) VCC regulator output capacitance 10 uF
Ves FB input 0 Vveey +0.3 \Y
Vi Logic pin low level 0.4 \%
Viy Logic pin high level 1.3 \%
fsw Typical switching frequency 100 2000 kHz
fisyne) Synchronization switching frequency limits 100 2000 kHz

Synchronization frequency range relative to RT center frequency +50%
fioTRK) Tracking input frequency range TBD 500 TBD kHz

Tracking input minimum off time or on time 75 ns

Differential voltage for ISNSN to ISNSP 50 55 mV
T, Operating junction temperature(® - 40 125 °C

(1) Operating Ratings are conditions under the device is intended to be functional. For specifications and test conditions, see the 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(") HTSSOP UNIT
38 PINS

R ya Junction-to-ambient thermal resistance 33.6 °C/W
R0 yc(top) Junction-to-case (top) thermal resistance 18.4 °C/W
Roys Junction-to-board thermal resistance 15.2 °C/W
b7 Junction-to-top characterization parameter 0.5 °C/W
LT Junction-to-board characterization parameter 15 °C/W
R0 yc(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.
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6.5 Electrical Characteristics

Typical values correspond to T; = 25°C. Minimum and maximum limits apply over T; = - 40°C to 150°C. Unless otherwise

stated, V(BIAS) =12V

PARAMETER MIN TYP  MAX|UNIT
SUPPLY CURRENT
Shutdown current into VIN xﬂ('/’?;;) 1:20\/\'/\/(3'*\5) =0 2.8 A
Shutdown current into BIAS V=0V, Veny =0V 2.8 HA
Stand-by current into VIN z(\g"‘; ;18\)25;/)(23%);50\/ 45 pA
Quiescent current into BIAS ;/(ISEI’\‘e)esze.ga\t/)’I;/c;FBP T, 60 MA
I Low-level input current | EN/UVLO | VEenuvioy < 0.55V +0.01 MA
VCC REGULATOR
VCC regulation Veias 120V, lve) = 20 mA v
Vuin 12.0 V, lyce) = 20 mA \Y
E’I)/Zfai_icl?no load regulation in dropout Vs =35V, lyce) = 50 mA 200 mv
Viny=3.5V, Vigias) = +10
VCC line regulation lveey=1mA 67Vtodzv T
Vias)= 0V, Viviny = 6.7 +19%
Vio78V
BIAS LDO dropout load regulation gfg'(\/s> =6.7V, Vv = lvcey = 1 MA to 200 mA 7 mv
VIN LDO dropout load regulation yB'AS) =0V, Vi) =6.7 lvee) =1 MAto 175 mA 7 mv
VCC UVLO delay VCC rising 6 us
Vias) =0V, Viyiny =6.7 200 mA
VCC sourcing current limit X)C105(?°g.7 v.Ty=25C |V — —
?3/.(?,(‘/5) =6.7V,Viin) = 200 mA
Vrsvee) Positive-going threshold V(VCC) rising 3.45 \Y
Vr(vce) Negative-going threshold V(VCC) falling 3.25 \Y
V1 Po_sitive-going threshold for LDO 6.5 Vv
(VCC,SUP) switch-over
ENABLE
VT+EN) Enable positive-going threshold EN rising 0.63 \%
V1.(EN) Enable negative-going threshold EN falling 0.6 \Y
VhystEN) Enable threshold hysteresis EN falling 20 mV
taEen) Shutdown delay time 20 us
uvLO
V1+UvLO) UVLO positive-going threshold V(enuvLo, rising 1.28 \%
V1. (uvLo) UVLO negative-going threshold V(enuviLo, falling 1.23 \Y
Vhystuvro) | UVLO threshold hysteresis V(enuvLo, falling 50 mV
luvLo UVLO hystereses sinking current 0.7V < Venuvio) < 1.24 V 5 pA
Enable time to start switching VCC =5V, VryyvLo)> 1.3V 45 us
tauvLo) UVLO detection delay time V(enwvro) falling; V(ype) falling 30 us
SYNC
Vrisyne) | Sync input positive-going threshold 1.19| V
V1(sYne) Sync input negative-going threshold 0.41 \%
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Typical values correspond to T = 25°C. Minimum and maximum limits apply over T; = - 40°C to 150°C. Unless otherwise
stated, V(BIAS) =12V

PARAMETER MIN TYP  MAX|UNIT
. . cycle
tapetsync) | Sync activity detection delay Referred to fisync) 3 s
SOFT START
I(ss) Soft-start current 10 LA
S8 pulldown switch, Rps(on) Vis) =1V 23 Q
Time from internal SS
N . discharge until the soft-
td(DISCH;SS) SS pin discharge time start current can charge 500 us
the pin again
V(ss,damp) | Clamp voltage for the SS pin 41 Y
PULSE WIDTH MODULATION
Switching frequency Rrr=14.7kQ 1845 2050 2255| kHz
Switching frequency Rrr =316 kQ 90 100 110| kHz
Boost mode 58 ns
Minimum controllable on time
Buck mode 98 ns
FPWM, Rgr = 14.7 kQ
Boost mode 97 ns
Minimum controllable off time
Buck mode 92 ns
RT regulation voltage 0.75 \%
SPREAD SPECTRUM
Upper limit 7.8%
Switching frequency modulation range
Lower limit -7.8%
VOUT TRACKING
VT+DTRK) DTRK positive-going threshold V(pTRK) rising 1.19] V
V1.(DTRK) DTRK negative-going threshold V(TR falling 0.41 \%
DTRK activity detection frequency 135 kHz
typetpTRK) | DTRK activity detection delay Referred to fiptrk) 3 cy;:le
fc(LPF) Corner frequency of internal low pass 35 kHz
MODE SELECTION
VriMope) | Mode input positive-going threshold 1.19| V
V1 (MODE) Mode input negative-going threshold 0.41 \%
CURRENT SENSE
Positive peak current limit threshold 45 50 55| mV
Negative peak current limit threshold -55 -50 -45| mV
PSM_ENTRY_THRESH
PSM entry threshold OLD = 0b01 5 mV
CURRENT MONITOR AND LIMITER
Current sense amplifier IMON_LIMITER_EN = 0mV < AV(sns) < 50
1 mS
transconductance 0b0 mV
Offset voltage(!) IOI\SOON—LIMITER—EN = T,=25C +1 mv
Current sense amplifier bandwidth 2 MHz
IMON_LIMITER_EN =
- - AV, =45mV 45 HA
Output current IMONOUT 0b0 (IMON)
A V(IMON) =5mV 5 HA
Current sense amplifier IMON_LIMITER_EN =
200 uS
transconductance 0b1
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Typical values correspond to T = 25°C. Minimum and maximum limits apply over T; = - 40°C to 150°C. Unless otherwise
stated, V(BIAS) =12V

PARAMETER MIN TYP  MAX|UNIT
AVsns) Sct).:tr;zr;t sense offset and threshold L)I\t/I)?N_LIMITER_EN = T,=25C 50 mv
ISNS pin input bias currents ISNSP =ISNSN =12V 80 MA
VT4 Positive-going threshold to disable Referred to VCC 65%
@is,mon) | IMON
HICCUP MODE PROTECTION
Hiccup mode on time 1 ms
Hiccup mode off time 24 ms
ERROR AMPLIFIER
VRer FB reference voltage lr:e?erence 0.99 1 1.01| V
FB pin leakage current Vg =1V 60 nA
Internal FB divider ratio Vig) > 3.1V 20 VIV
Transconductance 600 uS
Output resistance 96 MQ
COMP sourcing current 100 uA
COMP sinking current 100 uA
COMP clamp voltage V(Fg) = 990 mV 1.25 \%
COMP clamp voltage VEgy=1.01V 0.24 \%
Unity gain bandwidth 4.5 MHz
VrASELFS) | iomal B operaton | Ve g 25 v
OVP
VT+(OVP) |Overvoltage rising threshold FB rising reference to Vrgr 110%
VT-(OVP) |Overvoltage falling threshold FB falling reference to Vggr 105%
Overvoltage de-glitch time 10 us
VT+(OVP2) | Overvoltage 2 rising threshold V(vour rising 83.5 \Y
nFLT
nFLT pulldown switch on resistance 1-mA sinking 90 Q
Power-good positive-going threshold | FB rising (reference to Vger) 95%
Power-good negative-going threshold |FB falling (reference to Vggg) 90%
nFLT off-state leakage VinrLT) =5V 100| nA
tymrLT-PINy - |NFLT pin reaction time (l\a/lve:;stuurgt(ijl fr:cl;TTag?:;tlow 37| us
MOSFET DRIVER
t, Rise time rg: F(?ZZ Cg=3.3nF 12 ns
t Fall time EC?: FGGZZ Cs=3.3nF 12 ns
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Typical values correspond to T = 25°C. Minimum and maximum limits apply over T; = - 40°C to 150°C. Unless otherwise
Stated, V(BIAS) =12V

PARAMETER MIN TYP  MAX|UNIT
HOx from
high to low
and LOx 17 ns
from low to
high R 14.7 k
= 14.7 kQ
HOXx from (RT)
low to high
and LOx 22 ns
from high to
low
t Transition (dead) time Cs=3.3nF
HOXx from
high to low
and LOx 55 ns
from low to
high R 316 k
= Q
HOx from RN
low to high
and LOx 60 ns
from high to
low
Gate driver low-side _
PMOS on-resistance LOT,LO2  |lest) = 200 mA 112 Q
Gate driver high-side _
PMOS on-resistance HOT, HO2 | lest) = 200 mA 1.16 Q
Gate driver low-side _
NMOS on-resistance LOT,L02 lgest) = 200 mA 0.5 Q
Gate driver low-side _
NMOS on-resistance HOT, HO2 | lest) = 200 mA 0.51 Q
V1. Negative-going bootstrap UVLO2 V(HBx) - V(SWx)
. 2.75 \Y
(BST_UV) threshold falling
VrH+ Positive-going bootstrap UVLO2 V(HBx) - V(SWx)
Iy 2.95 \Y
(BST_UV) threshold rising
VTH+ Positive-going bootstrap over-voltage |V(HBx) - V(SWx) 6 v
(BST_OV) threshold rising, I_HBx =10 mA
Referenced to VCC 37%
Vry Low-side and high-side gate driver
(GATEOUT) | output switching detection Referenced to V(HBx) - 37%
V(SWx)
THERMAL SHUTDOWN
T14y Thermal shutdown threshold T, rising 164 °C
Thermal shutdown hysteresis 15 °C
R2D INTERFACE
Internal reference resistor 33 kQ
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Typical values correspond to T = 25°C. Minimum and maximum limits apply over T; = - 40°C to 150°C. Unless otherwise
Stated, V(BIAS) =12V

PARAMETER MIN TYP  MAX|UNIT

R2D setting
#0 0 kQ
R2D setting 0.511 KO
#1
R2D setting
4 1.15 kQ
R2D setting
#3 1.87 kQ
R2D setting
24 2.74 kQ
R2D setting
45 3.83 kQ
R2D setting
4#6 511 kQ

. R2D setting 6.49 KQ

R External selection #7
CFG resistor resistance R2D setting 6o

48 .25 kQ
R2D setting
49 10.5 kQ
R2D setting
#10 13.3 kQ
R2D setting
#11 16.2 kQ
R2D setting
#12 20.5 kQ
R2D setting
#13 249 kQ
R2D setting
#14 30.1 kQ
R2D setting
#15 36.5 kQ

(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| UNIT
OVERALL DEVICE FEATURES
Minimum time low EN toggle time measured from EN toggle from H to L and from L to H ‘ TBD ‘ us
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6.7 Typical Characteristics

The following conditions apply (unless otherwise noted): T = 25°C; V(ycc)= 5V

2400

2000

1600

1200

800

Switching Frequency (kHz)

400

0 25 50 75 100 125 150 175 200
RT-pin Resistor(kQ)

&l 6-2. Switching Frequency Versus RT Resistance

Switching Frequency (kHz)

440
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424
416
408
400 ’_///
392
384
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368

360
40 20 O 20 40 60 80 100 120 140
Temperature (°C)

6-3. Switching Frequency Versus Temperature

40 20 O 20 40 60 80 100 120 140
Temperature (°C)

& 6-6. Shutdown Current in Shutdown Versus Temperature,
V(VIN) =12V

5.3 52
5.1 51.6
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S g
% : § 50.8
2 45 o 504
> 2
3 43 & 30
S 41 @ 496
§ 3.9 < 492
37 © 488
35 48.4
3.3 48
0 50 100 150 200 250 300 350 400 450 500 40 20 0 20 40 60 80 100 120 140
VCC output current (mA) Temperature (°C)
] i
6-4. Vivcc) Versus lycc Supplied Through BIAS A 6-5. Current Limit Threshold Versus Temperature
3.2 80
78
3.1 76
74
< 3 <72
=N =N
= = 70
@ 29 § 68
3 28 3 %6
g = 64
8 27 g 62
£ o 60
B 26 3 58
56
2.5 54
52
2.4 50

40 20 O 20 40 60 80 100 120 140
Temperature (°C)

A 6-7. Quiescent Current Versus Temperature
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6.7 Typical Characteristics (continued)

The following conditions apply (unless otherwise noted): T; = 25°C; V(ycc)=5V

1010 10
1008 9.9
1006 9.8
> <
E 1004 3 97
g =
© 1002 o 96
£ 1000 3 95
3 s 4
E 998 ‘7." 9.
2 996 5 93
2 »n
994 9.2
992 9.1
990 9
-40  -20 0 20 40 60 80 100 120 140 -40  -20 0 20 40 60 80 100 120 140
Temperature (°C) Temperature (°C)
&l 6-8. FB Pin Reference Voltage Versus Temperature & 6-9. Soft-Start Current Versus Temperature
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7 Parameter Measurement Information
7.1 Gate Driver Rise Time and Fall Time

)
|
|
|
|
SR P

& 7-1. Timing Diagram Gate Driver, t,, t;

7.2 Gate Driver Dead (Transition) Time

Viton 10%

10%

o %
Veos 10% \{ 10%

- -

K 7-2. Timing Diagram Gate Driver, t;
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8 Detailed Description
8.1 Overview

The LM5177 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 safe mode, the LM5177 supports superb efficiency over the full rage 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 can be 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 can help monitor and limit input and output current of the
LM5177. This feature also supports charging backup power elements, like batteries or capacitors, with constant
current (CC) and constant voltage (CV).

The output voltage of the LM5177 can be dynamically adjusted 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 it can be done directly with a PWM input signal on the DTRK pin.

The internal wide input LDOs ensure 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. The separate bias pin
can be connected to the input, output, or an external supply to further reduce power losses in the device. At all
times, the internal supply voltage is monitored to avoid undefined failure handling.

The LM5177 integrates a full bridge N-channel MOSFET driver. The gate driver circuit has a high driving
capability to ensure 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 can be 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 ensure a best-in-class output performance for the wide range of supported application cases.

The devices built-in protection features ensure a safe operation under different fault conditions. There is a V)y
undervoltage lockout protection to avoid brownout situations. Because the input UVLO threshold and hysteresis
can be configured 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

CSA cse LOT  HBT HO1 SWi LO2 HB2 HO2 SW2
ocP
| Gate
VOuT I OvP I driver
SLOPE
MODE Boot UV
comp EROR
UVP, OVP,
B AMP
SS/ATRK
SOFT
START
BB
DTRK & o
1 TRACK
TSD
cre |
1 R2D
VIN[]
IvP TR
BIAS []—@AX
DIGITAL
CONTROL
syne [} PLL T
MAIN REGISTER
RT T 0SsC FIELD
vce
vee [ 150
L_| VCC
UVvLO
VIO
LDO DVDD
EN/UVLO [ LDO nRST
INT
0sC
ISNSP
CURRENT
ISNSN MONITOR
IMONOUT
nFLT
J J
AGND PGND
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8.3 Feature Description
8.3.1 Buck-Boost Control Scheme

The LM5177 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 lll: Transistor Q2 and Q4 are conducting. Q1 and Q3 are not conducting (buck demagnetization state).

Switch State | State Il State Il
Q1 ON ON OFF
Q2 OFF OFF ON
Q3 ON OFF OFF
Q4 OFF ON ON

< : >
at Jipeann, Q4
V,0—¢ ANN—Y YN V
A 2 IK A\ o Vo
I B =N M
4 )Q2 g Q3
= =
v

N N

K 8-1. Buck-Boost Active Switching States

8.3.1.1 Boost Mode

In boost mode operation, the converter starts a boost magnetization cycle (switching state 1) with the internal
clock signal. After it samples the inductor current, the device transitions to switching state Il, 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.

ILpeary

- /\/\
Current ¢

Main i
Oscillator | | |_| | |

Clock i 1
Switching ; @ @ :
State i '

& 8-2. Inductor Current in Continuous Current Boost Operation

8.3.1.2 Buck Mode

In buck mode operation, the converter starts a buck magnetization cycle (state Il) with the internal clock signal.
When the inductor reaches its peak current, the converter proceeds to the buck demagnetization state Ill. With
the next clock signal, the converter changes back to a buck magnetization cycle and starts a new switching cycle
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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.

Ipeak) _

Inductor /\/\
Current

Main Oscillator ' |_| | |
Clock |
Switching | @ @

State

& 8-3. Inductor Current in Continuous Current Boost Operation

8.3.1.3 Buck-Boost Mode

As soon as the on time in buck mode operation exceeds the minimum on time or the off time in boost mode
exceeds the minimum off time, the control transits to the buck boost operation. In the continuous current buck-
boost mode, the control adds a boost magnetization (state |) switching cycle before the peak current is reached.
Therefore, buck-boost operation mode always consists of all three switching cycles state |, state Il, and state Il
The peak current detection in this mode happens during switching state I.

|L(peak)

Inductor ! /\
Current ;
Main Oscillator |_|_
Clock
RO ONO,

State

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

8.3.2 Power Save Mode

With the MODE pin low, power save mode 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 operates in
continuous conduction mode.

In boost or in buck mode, the converter is operating up to the duty cycles with the respective minimum off times
or on times. If the timing limits are reached, the output voltage increases. As soon as this happens, the voltage
regulation loop detects the increase and turns the device into a Tl proprietary sleep mode as the energy
consumed by the load is less than what the converter generates during switching. In this mode, both low sides
are turned on to ensure the high-side gate voltage supply voltage 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.

To avoid subharmonic frequencies due to repetitive entry and exit of the power save operation, the entry point is
randomized between the nominal voltage and the maximum entry detection threshold of 1% above the nominal
voltage.

In the buck-boost area where larger or smaller duty cycles is necessary, switching pulses are skipped. When
necessary, the control initiates switching activities with a minimum time of state | or state lll to maintain the
inductor current as required by the voltage regulation loop.
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Single Pulse Sleep

K 8-5. Timing Diagram for the Power Save Mode

8.3.3 Power-On Reset (POR System)

The integrated power-on reset system provides power to 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 ensure LM5177 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 the converter operation. To avoid any brownout, the
POR system contains a voltage detection (VDET) for the VIN pin. This function additionally supervises the input
voltage and ensures the power stage operation is blocked outside.

8.3.4 Supply Voltage Selection - VMAX Switch

There are two pins to supply the LM5177 internal voltage regulators. Due to the internal supply voltage selection
circuit, the device can reduce the power dissipation by ensuring 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
(V1(vce, 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 Vg 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 12-V 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 must be further minimized.

VIN Supply Voltage Selection

e | Requiatos
—o ——»

—o

BIAS

b <

K 8-6. VMAX Supply Scenario 1
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K 8-7. VMAX Supply Scenario 2
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K 8-8. VMAX Supply Scenario 3
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8.3.5 Enable and Undervoltage Lockout

The LM5177 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 Vr.gn) threshold. Once this condition is met, the
device is in standby mode. If the EN/UVLO pin voltage is below the V1 gn) threshold, the device is in shutdown
mode to save quiescent current. Find the device operation modes description in 77 8.4.

The UVLO function of the device can detect an 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 Vr.gn) threshold, the internal current source for the UVLO hysteresis is
active. If the EN/UVLO pin voltage is above the Vr.yLo) threshold, the internal current source for the UVLO
hysteresis is off.

The UVLO features an internal delay time (tyuvLo)) for the shutdown to avoid any undesired converter shutdown
due to input noise on the UVLO detection pin. The voltage on the EN/UVLO pin must be below the V1 yyLo)
threshold for the delay time, tyuviLo). 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 77 #23 1. The hysteresis between the UVLO turn-on threshold and turn-off threshold is set by
the upper resistor and the internal hysteresis current.

_ 1 RyvLO,top R I 1
Vwin,ir +,vvLo) = Vir + wveo) X\ 1+ =gyp 50t ) T RUVLOtop X I(WVLOhyst) (1)

where

* RuvLo,top) is the upper resistor.
* RuvLobot) is the lower resistor in the divider.

8.3.6 Oscillator Frequency Selection

The LM5177 has a low tolerance internal trimmed oscillator. With the RT pin left open, the oscillator frequency is
75 kHz. With the RT pin grounded, the switching frequency is at the maximum of 2.5 MHz. The oscillator
frequency can be programmed up or down by connecting a resistor from the RT pin to ground. To calculate the
RT resistor for a specific oscillator frequency, use 52 2.

R(RT) = (ﬁ - ZOns) x 30.3%2 )
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The RT pin is regulated to 0.75 V by an internal voltage source when the device is in active mode. Therefore, the
switching frequency can be dynamically changed during operation by changing the current flowing through the
resistor. ¥ 8-9 and K| 8-10 show two examples for changing the frequency by the switching the resistor value or
applying a external voltage source through a resistor. It is not recommended to connect any additional
capacitance directly to the RT pin.

RT . RT :
Increase f(sw) g g
A 4 v

K 8-9. Frequency Hopping Example & 8-10. Dynamic Frequency Changing Example

8.3.7 Voltage Regulation Loop

The LM5177 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 the internal feedback selection threshold (for example, V(ycc)), the
device latches this configuration during start-up and operates with a fixed output voltage.
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& 8-11. Functional Block Diagram of the Voltage and Peak Current Control Loop

Use the following equations to calculate the external components:

External Feedback:

R _ 2 Xfpw) _ R(FB,bot) * R(FB,top) » 10 X R(sns1) X Co 3)
(comp) = IM(ea) R(FB, bot) 1= dmax

Internal Feedback:

o = T xR o
Common for Internal and External Feedback:

Clcomp) = 77x f(CZ)lx R(comP) ®)

C(pcoMP) = 2rxT0x f(Blw) X R(COMP) (6)

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

The hard limit of the bandwidth (fgw)) is the right half plane zero of the boost operation:

24 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: LM5177


https://www.ti.com.cn/product/cn/lm5177?qgpn=lm5177
https://www.ti.com.cn/cn/lit/pdf/ZHCSQO1
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSQO1B&partnum=LM5177
https://www.ti.com.cn/product/cn/lm5177?qgpn=lm5177

13 TEXAS
INSTRUMENTS LM5177
www.ti.com.cn ZHCSQO1B - JUNE 2022 - REVISED DECEMBER 2022

2
_ 1 _Vwour)* (1 - dmax)
frRHPZ = 57 %

)

lo, max X L
The maximum recommended bandwidth must be within the following boundaries:
fBw) <3 % frupz (®)
1
f(BW) <1 X (1 - dmax) X f(SW) 9)

The compensation zero (fcz) must be places in relation to the dominating pole of the boost.

fcz=15X% fpole,boost (10)
1 2% 1o max
fpole, boost = 737 X Vwour) % Co (11)

Due to the precise implementation of the error amplifier, the voltage on the LM5177 COMP pin is accurately
reflecting the nominal peak current value of the inductor. 8-12 shows the control V/I-characteristics of error
amplifier in FPWM mode. Use this as a guidance for applicative designs where you need to manipulate the inner
current loop regulation.

Vicomr) A
V(comp,cL+)
V(comp,cLo)
V(comp,cL)
Negative omv Positive Vicsa)-Vicss)
Current Limit Current Limit

K 8-12. Control Function for the Peak Current Sense Voltage Versus Vcomp

8.3.8 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 recommend 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 V¢ of the feedback pin. Hence, the maximum voltage
for the output is determined by the resistor network on the FB pin.

Digital Voltage Tracking
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The DTRK input of the LM5177 directly modulates the internal reference voltage. This function activates if the
voltage on the DTRK pin is higher than the rising threshold of Vyptrk) @and a PWM signal in the recommended
frequency is applied to the pin.

The maximum output voltage during digital tracking cannot exceed the nominal reference voltage for 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 a output voltage of 30% of the selected voltage
by the FB divider resistors.

VT+(DTRK)
+ TRK
_ Control

Viger)
FB
- —]
-
|_
DTRK
r‘l Y _| omP
LPF -
L V(REF) + [j;
1L i
Error
E Amplifier
v
ATRK/S
DAC |

v

K 8-13. Output Voltage Tracking Functional Block Diagram

8.3.9 Slope Compensation

The LM5177 provides a slope compensation pin to ensure 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 J5 1%
7 12.

— L 6V

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

1. The quotient of peak current sense resistor, Rsns1), and the main inductor, L, need to be smaller than the
factor given by /723 13.

R(sns1) _ 1V X f(sw)
I < —7oxi0- (13)

where

* Vg is the maximum output voltage of a system with dynamic voltage changes.
2. The quotient is within the limits given by 5 14.

R(sns1)
- I

100 Hz < < 8000 Hz (14)
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8.3.10 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 LM5177 features an adjustable soft start that determines the charging time of the output or outputs. The
soft-start feature limits inrush current as a result of high output capacitance to avoid an overcurrent 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, Vrer, 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 VreF).

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

Iss X tss
Css = ~Vror (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.

8.3.11 Current Monitoring and Current Limit Control Loop

The LM5177 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 optional current sensing provides the capability to monitor or to limit either the input or the output current of
the DC/DC converter If the optional current sense amplifier is not used, the user can 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 is a linear
relation between the sense voltage between ISNSP and ISNSP pins and the IMON sense amplifier
transcendence and the resistor placed on the IMONOUT pin.

Vmonour) = (V(15N5P) - V(ISNSN)) X gm X R(iMoNoUT) (16)

The output voltage of the IMONOUT pin is clamped to the values given in 5 6.5.

If the user intends to reduce the bandwidth of the current monitor, the user can place an optional capacitor in
parallel to the IMONOUT pin like it is indicated in 5] 8-14.

Current Limit Operation:

In this configuration, the current sense gm 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 amplifier gradually reduces the peak current capability of the DC/DC converter until the
differential voltage is equal the reference voltage. This function of the LM5177 can be 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

* Regulated the current from the input supply to the power stage

* Regulated the current into the device input from the power stage
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To select a negative current limit direction, the SYNC pin needs to be pulled low for the time when EN/UVLO
goes above the EN rising threshold until the soft-start ramp starts the converter operation. The configuration gets
latched and the SYNC pin can be used for the synchronization afterward. If the synchronization function is not
used it can be pulled low continuously. For a positive current limit protection the SYNC pin can be pulled high or
connected to a valid synchronization signal during the time when EN/UVLO goes above the EN rising threshold
until the soft-start ramp starts the converter operation

Once the current limit operation mode is selected, a RC compensation network must be placed on the
IMONOUT pin. For most applications, a compensation bandwidth with a factor of 3x to 5x faster than the
compensation of the output voltage loop has given good results.

o —"\V\V\N—1 0
ISNSP’J_‘ ’J_‘ ISNSN

| 1!
1 1! :
1 1! |
1 1! |
1 1! |
1 | : |
| hi ! IMONOUT o
1 1! . o | _ T
: : : 1 | CONTROL Select monitor/imiter
1 1! :
1 1! |
! ! : ! Peak
: : | : Current Select pps!tive/negative
| | : | Limit current limit
1 | |
1 | : |
]
1 : | : From Peak
1 1! |
| 1! 1 Ve er Buck-Boost
! Current | | Cument | — B PWM
1 Monitor : 1 Limiter : FB . - Logic
b TR - |:—| -

S| Peak Current

Comparator

COMP

v

K 8-14. Current Monitor Functional Block Diagram

8.3.12 Device Configuration Pin

The resistor selection on the CFG pin is read and latched during the power-up sequence of the device. The
selection cannot be changed until the voltage on the EN or UVLO reaches the falling threshold or VCC voltage
drops below the Vccr (uvLo) threshold. # 8-1 shows the possible device configurations versus the different
resistor values on the CFG pin.

# 8-1. CFG Pin Configuration Overview

# R(crg) / k@ DRSS SCP - Hiccup Mode u SLEEP Current Limit
1 0 DISABLED DISABLED
2 0.511 ENABLED DISABLED
DISABLED DISABLED
3 1.3 DISABLED ENABLED
4 1.9 ENABLED ENABLED
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# 8-1. CFG Pin Configuration Overview (continued)

# R(crg) / kQ DRSS SCP - Hiccup Mode u SLEEP Current Limit
5 27 DISABLED DISABLED
6 3.8 ENABLED DISABLED

DISABLED ENABLED
7 5.1 DISABLED ENABLED
8 6.5 ENABLED ENABLED
9 8.3 DISABLED DISABLED
10 10.5 ENABLED DISABLED

ENABLED DISABLED
1 13.3 DISABLED ENABLED
12 16.2 ENABLED ENABLED
13 20.5 DISABLED DISABLED
14 24.9 ENABLED DISABLED

ENABLED ENABLED
15 30.1 DISABLED ENABLED
16 36.5 ENABLED ENABLED

8.3.13 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

fisw) Low + High Frequency
Random Modulation (DRSS)

—

Internal Low Frequency
Random Modulation
Tl e High Frequency

Random Modulation

fiw) X 0.922

< DRSS Disabled DRSS Enabled

& 8-15. Dual Random Spread Spectrum
8.3.14 Gate Driver

The LM5177 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. The internal gate drivers support this by sharing the
current from the other half bridge, which is switching. Therefore, a minimum of quiescent current can be assured
as no additional char pump is needed. Due to the high drive current, it can support a wide range of external
power FETs as well as a parallel operation of them.
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The LO and HO outputs are protected with a shoot-through protection, which ensures that both outputs are not
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 true:

1. A minimum internal transition time (tygeaq)) is reached.

2. The voltage on the LOx pin drops below the detection threshold VryateEOUT)-

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 a soft-start scheme.

Additionally, the LM5177 monitors to 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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K] 8-16. Functional Block Diagram Gate Driver

External Gate Driver Support

The LM5177 supports external gate driver by 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 can be controlled by the external gate driver. This feature for example is helpful in case no logic
level FET is available and the application need to drive gate voltages higher the one the integrated gate drive
supports.

The external bootstrap capacitors on HBx still needs to be placed in the schematic as the internal current sense
amplifier is still supplied trough this pins. The HOx pin can be left floating. Make sure the supply voltage V exicp)
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for each external gate driver maintains the necessary requirements for a 4-switch Buck-Boost such as 100%
duty cycle and the isolation between each side of the full-bridge. Below Simplified Schematic External Gate
Driver support show a functional block diagram of the

CSA CSB
[J ’J] vCC
i )
HBx
]
L]
- HOx
L] Current L] T
Sense
Amplifier
SWx
| []
V (extaD)
VCC
\_ HOx_LL | To high side FET
[ ] o
PWM | LI |
External
Gate
Vee Driver
LOx | Tolow side FET
] o
L] |
PGND
GND GND

K 8-17. Simplified Schematic External Gate Driver support

8.3.15 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 can change the switching frequency +50%. To ensure 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.

The fisw) synchronization stops if the device enters power save mode or u Sleep operation, if enabled. Once the
converter enters the PWM operation again, the device re-syncs to a pin signal. The synchronization timings are
given in [§] 8-19.
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K] 8-18. Main Oscillator Functional Block Diagram

Vrysyno)

V1sYnc)

V(syne)

A

tapet,sync)

\

- o
- |

PLL lock Cycles

td(D et,Sync)

P

< RT programed fgy,

X

fsw Synced

<RT programed fqy,

& 8-19. Timing Diagram SYNC Function

The sync pin has a dual function to configure the current limit direction.

8.4 Device Functional Modes

8-20 describes the functional behavior of the internal device logic.
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8-20. Functional State Diagram
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9 Application and Implementation

#1E
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9.1 Application Information

The LM5177 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 can be 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.
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Kl 9-1. Simplified Schematic of a Typical Application

9.2.1 Design Requirements
% 9-1 shows the intended input, output, and performance parameters for a typical design example.

# 9-1. Design Parameters

Parameter Value
V| minimum 4V
V) typical =V, start-up 135V
V| maximum 36V
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# 9-1. Design Parameters (continued)

Parameter Value
Vo nominal 16V
Po maximum 150 W

9.2.2 Detailed Design Procedure
9.2.2.1 Custom Design with WEBENCH Tools

Click here to create a custom design using the LM5177 device with the WEBENCH® Power Designer.

1. Start by entering your V|, Vout and lgyt requirements.

2. Optimize your design for key parameters like efficiency, footprint and cost using the optimizer dial and
compare this design with other possible solutions from Texas Instruments.

3. WEBENCH Power Designer provides you with a customized schematic along with a list of materials with real
time pricing and component availability.

4. In most cases, you will also be able to:
* Run electrical simulations to see important waveforms and circuit performance,
* Run thermal simulations to understand the thermal performance of your 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 LM5177 is set by an Ry resistor connected from the RT/SYNC pin to AGND. The Rt
resistor required to set the desired frequency is calculated using 77 £\ 17 or & 6-3. A 1% standard resistor of
78.7 kQ is selected for fgyy = 400 kHz.

1 GQ
R(RT) = (m - ZOHS) x 30.3 e (17)

9.2.2.3 Feedback Divider
The feedback voltage divider is found with 772z 18:

Reg,top = (V(vouT) — V(REF)) X REB pot (18)

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

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

& 9-2. FB Pin Resistor Divider Examples with Rgg pot = 5.62 kQ

Vo - Target Regop — Calculation Regtop ~ E48 Series Vo Nominal Error from FB Resistor
5V 22.5kQ 226 kQ 5.02V 0.4%
9V 45kQ 442KkQ 8.86 V -1.5%
12V 61.8kQ 61.9kQ 12.01V 0.1%
16V 84.3kQ 86.6 kQ 16.41V 2.5%
24v 129.3kQ 127 kQ 236V -1.7%
28V 151.7 kQ 154 kQ 284V 1.4%
36V 196.7 kQ 196 kQ 35.88V -0.3%
42V 230.4kQ 226 kQ 41.21V -1.9%
48V 264.1kQ 261kQ 47.44V -1.2%
60V 3316 kQ 332kQ 60.07 V 0.1%
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9.2.2.4 Inductor Selection

The inductor selection is based on consideration of both buck and boost modes of operation. For buck mode,
inductor selection is based on limiting the peak-to-peak current ripple, Al , to approximately 40% of the
maximum inductor current at the maximum input voltage. The target inductance for buck mode is:

(VIN(MAX) - VOUT) X VouT
0.4 X IoyT(MAX) X fsw X VIN(MAX)

LBUCK = =591 uH (19)

For boost mode, the inductor selection is based on limiting the peak-to-peak current ripple, A, to approximately
30% of the maximum inductor current at the minimum input voltage. The target inductance for boost mode is:

2
VIN(MIN) X (Vout - Vin(mIN))
2
0.3 x IouT(MAX) % fsw X Vour

Lpoost = = 0.665 pH (20)

For this application, an inductor with 3.3 1 H was selected.

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

_ VIN(MIN) X (VOUT - VIN(MIN)) _
IL(PEAK) = IL(MAX) + 2x Lx fsyw X VoUuT = 38.74 A (21)

To ensure sufficient output current, the current limit threshold must be set to allow the maximum load current in
boost operation. The inductor peak current during overload depends on the current limit resistor, Rsense (refer to
the subsection on selecting Rsensg). The peak inductor current in current limit when in boost mode is given by:

50mV
IL(PEAK, ILIMIT, BOOST) = RSEI;SE =37.6A (22)

The peak inductor current in current limit when in buck mode happens at high input voltage and is given by:

I _ somv__ VIN(MAX) ~Vour Vour
L(PEAK, ILIMIT, BUCK) = Rggsg Ix fow ViN(MAX)

= 44 33 A (23)

The peak inductor current in current limit is 37.6 A and 44.33 A in boost mode and buck mode, respectively. The
inductor must be selected to handle this current.

9.2.2.5 Output Capacitor

In boost mode, the output capacitor conducts high ripple current. The output capacitor RMS ripple current is
given by /7 #£3 24 where the minimum Vg corresponds to the maximum capacitor current.

Vour
Icout(rms) = lour X [ ~ 1 (24)

In this example, the maximum output ripple RMS current is Icoutrms) = 16.3 A. A 2-mQ output capacitor ESR
causes an output ripple voltage of 75 mV as given by:

Iout X VouTt

VINMIN) ESR (25)

AVRIPPLE(ESR) =

A 130-uF output capacitor causes a capacitive ripple voltage of 136 mV as given by:

VIN(MIN)
A louT X (1 ~ " Vour (26)
RIPPLE(COUT) = CoUT X fsw
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Typically, a combination of ceramic and bulk capacitors is needed to provide low ESR and high ripple current
capacity. & 9-1 shows a good starting point for Coy for typical applications.

9.2.2.6 Input Capacitor
In buck mode, the input capacitor supplies high ripple current. The RMS current in the input capacitor is given
by:

IcinrMms) = lour X vD x (1 —D) (27)

The maximum RMS current occurs at D = 0.5, which gives Icinrus) = lout / 2 = 4.7 A. A combination of ceramic
and bulk capacitors must be used to provide a short path for high di/dt current and to reduce the output voltage
ripple. ¥ 9-1 is a good starting point for Cy for typical applications.

9.2.2.7 Main Current Sensor

The current sense resistor between the CS and CSG pins must be selected to ensure that current limit is set
high enough for both buck and boost modes of operation. The current limit resistor is given by:

_ V(VOUT, max)

leL = Ve, mm <143 *lo %)
50 mv
Rons1 = ICT (29)

The closest standard value of Rgense = 1.33 mQ is selected based on the boost mode operation.

The maximum power dissipation in Rsense happens at Vinoiny:

_ (50 mV\2 _VIN(MIN))_
PRSENSE(MAX) = (RSENSE) X RseNse X (1 ~our )= 141W (30)

Therefore, a sense resistor with 2-W power rating is sufficient for this application.

For some application circuits, it can be required to add a filter network to attenuate noise in the CS and CSG
sense lines. The filter resistance must not exceed 100 Q.

9.2.2.8 Slope Compensation

For stable current loop operation and to avoid subharmonic oscillations, the slope resistor must be selected
based on /£ 31:

RsLopE = % x50 % (31)
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 77 #£3{ 31). A smaller slope capacitor results in larger slope
signal, which is better for noise immunity in the transition region (V,y is approximately equal to Voyr). A larger
slope signal, however, restricts the achievable input voltage range for a given output voltage, switching
frequency, and inductor. For this design, Rs ope = 137 kQ is selected for better transition region behavior while
still providing the required V|y range. This selection of slope capacitor, inductor, switching frequency, and
inductor satisfies the COMP range limitation.

9.2.2.9 UVLO Divider

The UVLO resistor divider must be designed for turn-on below 4.1 V. Selecting RyyLo,top = 75 kQ2 gives a UVLO
hysteresis of 0.375 V based on /5 £= 32. The lower UVLO resistor is selected using:
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RUvVLO,top
V(VIN,IT +,UVLO) = VIT + (UVLO) X (1 + Roviopor) T RUVLOtop X I(UVLOhyst) (32)

A standard value of 39.0 kQ is selected for RyyLo pot-

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 V.

9.2.2.10 Soft-Start Capacitor
The soft-start time is programmed using the soft-start capacitor. The relationship between Cgg and the soft-start
time is given by:

Iss X tsg
CSS = VRef = 18 nF (33)

Cgss = 18 nF gives a soft-start time of 1.8 ms.
9.2.2.11 MOSFETs QH1 and QL1

The input side MOSFETs QH1 and QL1 need to withstand the maximum input voltage of 36 V. In addition, they
must withstand the transient spikes at SW1 during switching. Therefore, QH1 and QL1 must be rated for 50 V or
higher. The gate plateau voltages of the MOSFETs must 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 QH1 in boost mode is approximated by:

V, 2
PcoND(QH1) = (IOUT X \(/)III{]T) X Rps, on(QH1) (34)

The power loss in QH1 in buck mode consists of both conduction and switching loss components given by J5 %
3 35 and 77125\ 36, respectively:

Vout )2
Pconp(QH1) = (IOUT X W) X Rps, on(QH1) (35)

1
Psw(qH1) = 7 X VIN X IouT X (t + tf) X fsw (36)

The rise (t;) and the fall () times are based on the MOSFET data sheet information or measured in the lab.
Typically, a MOSFET with smaller Rpson (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 52z 37:

Vout 2
Pconp(qL1) = (1 VN )X Iout™ X Rps, 0n(QL1) (37)

9.2.2.12 MOSFETs QH2 and QL2

The output side MOSFETs QH2 and QL2 see the output voltage of 16 V and additional transient spikes at SW2
during switching. Therefore, QH2 and QL2 must be rated for 25 V or more. The gate plateau voltages of the
MOSFETs must 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) = lout” X Rps, on(QH2) (38)

The power loss in QL2 in the boost mode of operation consists of both conduction and switching loss
components given by 523 39 and J7#£:X 40, respectively:
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VIN Vout?
Pconp(QL2) = (1 - VOUT) X (IOUT X VN ) X Rps, on(QL2) (39)
1 Vout
Psw(qL2) = 7 X Vour X (IOUT X VN ) X (tr +tp) X fsw (40)

The rise (t;) and the fall (t;) times can be based on the MOSFET data sheet information or measured in the lab.
Typically, a MOSFET with smaller Rpgon (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 J5 £z 41:

Vin Vour\?
Pconp(qu2) = 7o 7 % (IOUT Xy ) X Rps,on(enz) (41)

9.2.2.13 Frequency Compensation

This section presents the control loop compensation design procedure for the LM5177 buck-boost controller.
The LM5177 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:

-1 2 -
fpl(bOOSt) = E(m) = 1.44kHz (42)

where
* Rourt = 1.7 Q corresponds to the maximum load of 9.4 A.

The boost power stage ESR zero location is given by:

1

-1 —
le = ﬁ(m) = 265 KkHz (43)

The boost power stage RHP zero location is given by:

2
_ 1 [Rourx(1-Dmax)” ) _
fRup = ﬁ( o ) = 4.72KkHz (44)
where
* Dpmax is the maximum duty cycle at the minimum V.

The buck power stage output pole location is given by:

_ 1 1 _
fpl(bUCk) - ﬁ(ROUT X COUT) =720 Hz (45)

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

It is clear from J7 £\ 46 that RHP zero is the main factor limiting the achievable bandwidth. For a robust design,
the crossover frequency must 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 1 kHz:

fyw = 1kHz (46)
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For some power stages, the boost RHP zero may not be as restrictive, which happens when the boost maximum
duty cycle (Dyax) is small, or when a really small inductor is used. In those cases, compare the limits posed by
the RHP zero (fryp / 3) with 1/20 of the switching frequency and use the smaller of the two values as the
achievable bandwidth.

The compensation zero can be placed 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 = 2.16 kHz (47)

If the crossover frequency is well below the RHP zero and the compensation zero is placed well below the
crossover, the compensation gain resistor, R4, is calculated using the approximation:

2 X f R + R Acg X R X C
Rey = bw , ReB1 +Rrpp , Acs X RSENSE X CoUT 1 = 1.1kQ (48)
gmEA FB2 MAX ( fow )2
+ ————
fRHP

where

* Dwax is the maximum duty cycle at the minimum V| in boost mode.
* Acsis the current sense amplifier gain.

The compensation capacitor, C.4, is then calculated from:

_ 1 _
Car= 2n X fzec X Rep — 97nF (49)

The standard values of compensation components are selected to be R4 = 768 Q and C.4 = 100 nF.

A high frequency pole (f,c2) is placed using a capacitor (Ccp) in parallel with R¢q and C¢q. Set the frequency of
this pole at seven to ten times of fy,, to provide attenuation of switching ripple and noise on COMP while avoiding

excessive phase loss at the crossover frequency. For a target f,c; = 10 kHz, C; is calculated using J5 £\ 50:

Cro = 1
€2~ Zmx prZ X Re1

= 20.9nF (50)
Select a standard value of 22 nF for C,,. These values provide a good starting point for the compensation
design. Each design must be tuned in the lab to achieve the desired balance between stability margin across the
operating range and transient response time.
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9.2.3 Application Curves
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9.3 System Examples
9.3.1 Bi-Directional Power Backup

The precise reverse current limits 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 can be regulated by a simple hysteric
regulation approach or by using an 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 imitatively supplies the connected
system as the selected transition voltage threshold triggers. The seamless transition is maintained by the buck-
boost voltage control loop, which stays in regulation during charging and ensures a minimum of 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 solution
* Single inductor solution, that is one power stage for charging and backup operation

* Constant current constant voltage operation possible to realize with
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* Adjustable on-the-fly transition voltage using the output feedback divider
* Scalable solution for multiple systems. Power levels are adjusted with the BOM. Topologies and architecture
qualification maintains the same.

Main Power Supply
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K 9-6. Simplified Schematic of a Bi-Directional Operation

Hysteretic
CV Control

Below you find a overview for the control loop interacting together 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 V, or system voltage once the system supply voltage is not
there any more and V, 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 gets clamped and can not reach his full value which enables a lower charging current that the
forward discharging current as the forward direction don’ t get limited if the negative direction of the
constant current loop is selected.

4. The input voltage (Vgat) constant voltage regulation can be added externally with a linear regulator in the
COMP-pin. Once the battery voltage reaches the desired voltage target the regulator pull-sup the peak
current set-point that the charging operation stops.
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3) Internal constant currentloop
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] CONTROL
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l

Peak

current sense

Peak Current
Comparator

1
|

\ CSA/CSB Py Buck-Boost
: PWM

. - Logic

1

1

1

|

4) External Linear VIN (VBAT) CV Control ,
-
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\

N
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2) Internal VOUT (VSYS) control loop

\ 1) Internal peak current control loop /
N

Bl 9-7. Overview of the Control loops for DC/DC Backup application
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10 Power Supply Recommendations

The LM5177 is designed to operate over a wide input voltage range. The characteristics of the input supply must
be compatible with the Absolute Maximum Ratings and Recommended Operating Conditions. In addition, the
input supply must be capable of delivering the required input current to the fully loaded regulator. Use /52 51
to estimate the average input current.

Po
1= vy (61)

where
* 1 the efficiency.

One way to get a value for the efficiency is the data from the efficiency graphs in 15 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 can
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 can cause 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, it can lead to instability
as well as some of the previously mentioned affects.
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11 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, certain topics must be considered for the
design of the PCB layout for the LM5177.

11.1 Layout Guidelines
11.1.1 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 MOSFETSs, 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
MOSFETSs (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 recommendation, follow any layout considerations of the MOSFETs as recommended by
the MOSFET manufacturer, including pad geometry and solder paste stencil design.

11.1.2 Gate Driver Layout

The LM5177 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
can cause 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 HOZ2, to the respective gates of the high-side MOSFETs
must 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 must 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.

11.1.3 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:

- Swi1
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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.

11.2 Layout Example

|

A 11-1. LM5177 Top Layer Routing Example
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12 Device and Documentation Support

Tl 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.

12.1 Device Support

1211 =T A TTEY

Tl R AT S 58 =75 7 S BUIR S5 R IAE JE , ANRER RS B2 i BUIR 55 BRORIZ 8 FH A SR AT, ASRER It
Fe7= i IR ST B ER S AT A T 7 i IR 55— S R B AT

12.1.2 Development Support
12.1.2.1 Custom Design with WEBENCH Tools

Click here to create a custom design using the LM5177 device with the WEBENCH® Power Designer.

1. Start by entering your V |y, Vout and lgyt requirements.

2. Optimize your design for key parameters like efficiency, footprint and cost using the optimizer dial and
compare this design with other possible solutions from Texas Instruments.

3. WEBENCH Power Designer provides you with a customized schematic along with a list of materials with real
time pricing and component availability.

4. In most cases, you will also be able to:
* Run electrical simulations to see important waveforms and circuit performance,
* Run thermal simulations to understand the thermal performance of your 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.

12.2 BB ERE A

B EOFE A , T SR ti.com LRSI S OCIESE . w7 A 2T HATIENY , BIRT AR i A S
B AXRELNHEMGER , WEEEM OB SO P RS BT iR,

12.3 THEE

TIE2E™ HFitize TRMMNEESEEZR , THENEFRFENE., LLBIFMEESEM Y. SRIEM
ZrEi R EH O AT R AR 7 AR T S B

BERMI N A BN TIERE “HRIEEE” R4t XN EIAE TI FEARMIE , HFEA—E R TI &S iESH
TIHE (KD .

12.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.
WEBENCH® is a registered trademark of Texas Instruments.

FTA rAR 8 N & B TR E T .
12.5 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.
‘9 \ 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.
12.6 RiER
Tl Rif#& RARIERS IR T ARG 17 BEAERE 18 A€ o
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13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGE OUTLINE
PowerPAD" TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

DCP0038A

6.6

A [ ez TYP
PIN 1 INDEX
AREA 36X
38 f

L —
—

[
—
—
—
—
—
—
S —
- —
NOTE3 |
—
—
—
—
—
—
19 ]

0.27
B« 45 38X 0.17
43 (40088 [c[A]8]
SEE DETAIL A

=

2X 0.95 MAX
NOTE 5
19 — 20
—]
— 2X 0.95 MAX
— _ NOTE 5
=N
—]
— GAGE PLANE
470 — 39
3.94 — —| {
—] THERMAL ﬁ/
— PAD X/ J
-8
—] w DETAILA
— TYPICAL
—]
10— 38
. 290 _|
2.43
4218816/A 10/2018
NOTES: PowerPAD is a trademark of Texas Instruments.

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.
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EXAMPLE BOARD LAYOUT

DCPO0038A PowerPAD " TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
(3.4) —=
NOTE 9
—METAL COVERED
(2.9) BY SOLDER MASK
38X (1.5) ﬂ SEMM SEE DETAILS
38X (0.3)
1 S I B .
%:@ R (e =T
- N ——
(R0.05) Typ/% i [ i :‘:]
==l ==
36X (0.5) ; | |
- ==
; \ | 3X (1.2)
SYMM % o %9 @}*%—LJ
¢ — - ——- 71—7—+—~+%}—L @7n @7
1o ¢ ol (0.6) TYP NOTE 9
SOLDER MASK | ! | %
DEFINED PAD | (L !
| ol
| |
|

©@0.2) TYP g |
VIA |

+
4=

B

o =
|
|
i

(5.8)

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE: 8X

SOLDER MASK:
OPENING‘\ METAL
EXPOSED METAL
0.05 MAX
ALL AROUND

NON-SOLDER MASK
DEFINED

SOLDER MASK DETAILS

—

METAL UNDER SOLDER MASK
SOLDER MASK‘\ / OPENING
(e )
\ *——EXPOSED METAL
»j L 0.05 MIN
ALL AROUND

SOLDER MASK
DEFINED

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/sima002) and SLMAQ004 (www.ti.com/lit/sima004).

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.

i) TExXAs
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EXAMPLE STENCIL DESIGN

DCP0038A

PowerPAD " TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

38X (1.5) «‘———‘
38X (0.3)
]

(2.9)
BASED ON

0.125 THICK
STENCIL

METAL COVERED
BY SOLDER MASK

SEE TABLE FOR
DIFFERENT OPENINGS
FOR OTHER STENCIL

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

THICKNESSES

SCALE: 8X
STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 3.24 X5.25
0.125 2.90 X 4.70 (SHOWN)
0.15 2.65X4.29
0.175 2.45X3.97

4218816/A 10/2018

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.

{f
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
PLM5177DCPR ACTIVE HTSSOP DCP 38 2500 TBD Call Tl Call T -40 to 150

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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GENERIC PACKAGE VIEW
DCP 38 PowerPAD TSSOP - 1.2 mm max height

4.4 x 9.7, 0.5 mm pitch SMALL OUTLINE PACKAGE

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