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LM34917A Ultra Small 33V, 1.25A Constant On-Time Buck Switching Regulator with
Intelligent Current Limit

Check for Samples: LM34917A

FEATURES

Functional Input Voltage Range: 8V to 33V
DSBGA package

Input Over-Voltage Shutdown at =35V
Transient Capability to 50V

Integrated N-Channel buck switch

Valley current limit varies with Vy and Vg to
reduce excessive inductor current

On-time is reduced when in current limit
Integrated start-up regulator

No loop compensation required
Ultra-Fast transient response

Maximum switching frequency: 2 MHz

Operating frequency remains nearly constant
with load current and input voltage variations

Programmable soft-start
Precision internal reference
Adjustable output voltage
Thermal shutdown

TYPICAL APPLICATIONS

High Efficiency Point-Of-Load (POL) Regulator
Non-Isolated Buck Regulator

Secondary High Voltage Post Regulator

Basic Step Down Regulator
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PACKAGE
12-Bump DSBGA Package

DESCRIPTION

The LM34917A Step-Down Switching Regulator
features all the functions needed to implement a low
cost, efficient, buck bias regulator capable of
supplying at least 1.25A to the load. To reduce
excessive switch current due to the possibility of a
saturating inductor the valley current limit threshold
changes with input and output voltages, and the on-
time is reduced when current limit is detected. This
buck regulator contains an N-Channel Buck Switch,
and is available in the 12 pin DSBGA package. The

constant on-time feedback regulation scheme
requires no loop compensation, results in fast load
transient response, and simplifies circuit

implementation. The operating frequency remains
constant with line and load variations due to the
inverse relationship between the input voltage and
the on-time. The valley current limit results in a
smooth transition from constant voltage to constant
current mode when current limit is detected, reducing
the frequency and output voltage, without the use of
foldback. Additional features include: Ve under-
voltage lock-out, input over-voltage shutdown,
thermal shutdown, gate drive under-voltage lock-out,
and maximum duty cycle limit.

L1

ca Vourt

—

R2

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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Connection Diagram
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Figure 2. Top View
Package Number YZR0012UNA

PIN DESCRIPTIONS

Pin Number Name Description Application Information

Al SGND Sense Ground Re-circulating current flows into this pin to the current sense
resistor.

A2 RTN Circuit Ground Ground for all internal circuitry other than the current limit
detection.

A3 FB Feedback input from the regulated Internally connected to the regulation and over-voltage

output comparators. The regulation level is 2.5V.

B1 ISEN Current sense The re-circulating current flows out of this pin to the free-
wheeling diode.

B2 RON/SD On-time control and shutdown An external resistor from VIN to this pin sets the buck switch
on-time. Grounding this pin shuts down the regulator.

B3 SS Softstart An internal current source charges an external capacitor to
2.5V, providing the softstart function.

c1,c2 VIN Input supply voltage Operating input range is 8.0V to 33V, with over-voltage

shutdown internally set at =35V. Transient capability is 50V.

C3 VCC Output from the startup regulator Nominally regulated at 7.0V. Connect a 0.1 pF capacitor from
this pin to RTN. An external voltage (8V to 14V) can be
applied to this pin to reduce internal dissipation. An internal
diode connects VCC to VIN.

D1,D2 SW Switching Node Internally connected to the buck switch source. Connect to

the inductor, diode, and bootstrap capacitor.

D3 BST Boost pin for bootstrap capacitor Connect a 0.022 pF capacitor from SW to this pin. The
capacitor is charged each off-time via an internal diode.

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

2 Submit Documentation Feedback
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Absolute Maximum Ratings Y@

VIN to RTN 50V
BST to RTN 64V
SW to RTN (Steady State) -1.5vV
BST to VCC 50V
VIN to SW 50V
BST to SW 14v
VCC to RTN 14v
SGND to RTN -0.3V to +0.3V
Current out of ISEN See text
SSto RTN -0.3V to 4V
All Other Inputs to RTN -0.3to 7V
ESD Rating ©®

Human Body Model 2kv
Storage Temperature Range -65°C to +150°C
Junction Temperature 150°C

(1) Absolute Maximum Ratings are limits beyond which damage to the device may occur. Operating Ratings are conditions under which
operation of the device is intended to be functional. For specifications and test conditions, see the Electrical Characteristics.

(2) If Military/Aerospace specified devices are required, please contact the Tl Sales Office/Distributors for availability and specifications.

(3) The human body model is a 100pF capacitor discharged through a 1.5kQ resistor into each pin.

Operating Ratings @

V\n Voltage

8.0V to 33V

Junction Temperature

-40°C to + 125°C

(1) Absolute Maximum Ratings are limits beyond which damage to the device may occur. Operating Ratings are conditions under which
operation of the device is intended to be functional. For specifications and test conditions, see the Electrical Characteristics.

Electrical Characteristics

Limits in standard type are for T; = 25°C only; limits in boldface type apply over the junction temperature (T;) range of -40°C
to +125°C. Minimum and Maximum limits are specified through test, design, or statistical correlation. Typical values represent
the most likely parametric norm at T; = 25°C, and are provided for reference purposes only. Unless otherwise stated the
following conditions apply: Viy = 12V, Roy = 200kQ. See @ and @,

Symbol Parameter Conditions Min Typ Max ’ Units
Start-Up Regulator, Ve
VccReg Ve regulated output Vin > 9V 6.6 7.0 7.4 \%
V|N-Vec dropout voltage lcc = 0 mA, 1.3 \%
Ve = UVLOycc + 250 mV
V¢ output impedance VN =8V 150 Q
(O MA < Icc <5 mA) Vpy = 12V 0.75
Ve current limit &) Vee = OV 11 mA
UVLOycc Vcc under-voltage lockout Vcc increasing 5.45 \Y
threshold
UVLOycc hysteresis Vcc decreasing 145 mV
UVLOyc filter delay 100 mV overdrive 3 ps
Iy operating current Non-switching, FB = 3V 0.68 0.95 mA
Iy shutdown current RON/SD = oV 85 160 HA
Switch Characteristics
Rds(on) Buck Switch Rds(on) ltest = 200 mA 0.33 0.7 Q
UVLOgp Gate Drive UVLO Vst - Vsw Increasing 2.65 4 4.62 \%
(1) For detailed information on soldering DSBGA packages, refer to Application Note AN-1112 (SNVAO009).
(2) Typical specifications represent the most likely parametric norm at 25°C operation.
(3) Vcc provides self bias for the internal gate drive and control circuits. Device thermal limitations limit external loading
Copyright © 2007-2013, Texas Instruments Incorporated Submit Documentation Feedback 3
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Electrical Characteristics (continued)

Limits in standard type are for T; = 25°C only; limits in boldface type apply over the junction temperature (T;) range of -40°C
to +125°C. Minimum and Maximum limits are specified through test, design, or statistical correlation. Typical values represent

the most likely parametric norm at T; = 25°C, and are provided for reference purposes only. Unless otherwise stated the
following conditions apply: Viy = 12V, Ry = 200kQ. See @ and @.

0 LFPM Air Flow

Symbol Parameter Conditions Min Typ Max Units
UVLOgp hysteresis 450 mV
Softstart Pin
Vss Pull-up voltage 2.5 \%
Iss Internal current source 11.6 HA
VRes Restart threshold after OVP 0.18 \%
shutdown
Current Limit
ILim Threshold Viy = 8V, Vig = 2.4V 1.15 1.35 1.55 A
Vi = 30V, Vg = 2.4V 1.05 1.2 1.45
Viy = 30V, Vig = 1.0V 0.95 1.15 1.35
Response time 150 ns
On Timer
ton-1 On-time (normal operation) Vn = 10V, Roy = 200 kQ 2.1 2.8 35 us
ton - 2 On-time (normal operation) VN = 32V, Ron = 200 kQ 860 ns
ton -3 On-time (current limit) Vn = 10V, Ry = 200 kQ 1.13 us
Shutdown threshold at RON/SD | Voltage at RON/SD rising 0.3 0.65 1.0 \Y
Shutdown Threshold hysteresis | Voltage at RON/SD falling 40 mV
Off Timer
torr Minimum Off-time ‘ 90 ns
Regulation and Over-Voltage Comparators (FB Pin)
VRer FB regulation threshold SS pin = steady state 2.445 2.50 2.550 \Y
FB over-voltage threshold 2.9 \Y
FB bias current FB =3V 10 nA
Input Over-Voltage Shutdown
Vinov) Shutdown voltage threshold at | Vy increasing 33.0 34.8 36.9 \%
VIN
Thermal Shutdown
Tsp Thermal shutdown temperature | Junction temperature rising 175 °C
Thermal shutdown hysteresis 20 °C
Thermal Resistance
03a Junction to Ambient 58 °C/IW

Submit Documentation Feedback
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Typical Performance Characteristics
Unless otherwise specified the following conditions apply: T; = 25°C

Efficiency at 1.5 MHz

Efficiency at 2 MHz
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Typical Performance Characteristics (continued)
Unless otherwise specified the following conditions apply: T; = 25°C
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Typical Application Circuit and Block Diagram

7V START-UP LM34917A
Input REGULATOR
VIN |—“—| VCC
8V - 33V | C5 | J_ c3
oV SHUTDOWNé @
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Figure 12. Startup Sequence
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FUNCTIONAL DESCRIPTION

The LM34917A Step Down Switching Regulator features all the functions needed to implement a low cost,
efficient buck bias power converter capable of supplying at least 1.25A to the load. This high voltage regulator
contains an N-Channel buck switch, is easy to implement, and is available in the DSBGA package. The
regulator’s operation is based on a constant on-time control scheme where the on-time is inversely proportional
to the input voltage. This feature results in the operating frequency remaining relatively constant with load and
input voltage variations. The feedback control scheme requires no loop compensation resulting in very fast load
transient response. The valley current limit scheme protects against excessively high currents if the output is
short circuited when Vy is high. To aid in controlling excessive switch current due to a possible saturating
inductor the valley current limit threshold changes with input and output voltages, and the on-time is reduced by
approximately 50% when current limit is detected. An over-voltage detection at Vy stops the circuit's switching
when the input voltage exceeds 34.8V. The LM34917A can be applied in numerous applications to efficiently
regulate down higher voltages. Additional features include: Thermal shutdown, V¢ under-voltage lock-out, gate
drive under-voltage lock-out, and maximum duty cycle limit.

Control Circuit Overview

The LM34917A buck DC-DC regulator employs a control scheme based on a comparator and a one-shot on-
timer, with the output voltage feedback (FB) compared to an internal reference (2.5V). If the FB voltage is below
the reference the buck switch is switched on for a time period determined by the input voltage and a
programming resistor (Royn). Following the on-time the switch remains off until the FB voltage falls below the
reference, but for a time not less than the minimum off-time forced by the LM34917A. The buck switch is then
switched on for another on-time period.

When in regulation, the LM34917A operates in continuous conduction mode at heavy load currents and
discontinuous conduction mode at light load currents. In continuous conduction mode the inductor’'s current is
always greater than zero, and the operating frequency remains relatively constant with load and line variations.
The minimum load current for continuous conduction mode is one-half the inductor’s ripple current amplitude.
The approximate operating frequency is calculated as follows:

Vout X (V|N - 135V)
Vin X 1.16 x 10 x (Ro + 1.4K) (1)

fsw =

The buck switch duty cycle is equal to:

ton Vour
=ton X fsw = Ve

IN (2)

In discontinuous conduction mode, where the inductor’s current reaches zero during the off-time forcing a longer-
than-normal off-time, the operating frequency is lower than in continuous conduction mode, and varies with load
current. Conversion efficiency is maintained at light loads since the switching losses reduce with the reduction in
load and frequency. The approximate discontinuous operating frequency can be calculated as follows:

DC=———
ton + torr

Vour? X L1 x 1.48 x 10%°

R X RON2

fsw =
3
where R| = the load resistance, and L1 is the circuit’s inductor.

The output voltage is set by the two feedback resistors (R1, R2 in the Block Diagram). The regulated output
voltage is calculated as follows:

Vour = 2.5x (R1 + R2) / R2 (4)

Output voltage regulation is based on supplying ripple voltage to the feedback input (FB pin) in phase with the
SW pin. The LM34917A requires a minimum of 25 mVp-p of ripple voltage at the FB pin. The ripple is generated
as a triangle wavefrom at the junction of R3 and C8 as the SW pin switches high and low, and fed to the FB pin
by C7.

If the voltage at FB rises above 2.9V, due to a transient at Voyt or excessive inductor current which creates
higher than normal ripple at Vgyr, the internal over-voltage comparator immediately shuts off the internal buck
switch. The next on-time starts when the voltage at FB falls below 2.5V and the inductor current falls below the
current limits threshold.

Copyright © 2007-2013, Texas Instruments Incorporated Submit Documentation Feedback 9
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ON-Time Timer
The on-time for the LM34917A is determined by the Ry resistor and the input voltage (V,y), calculated from:

1.16 x 10" x (Roy + 1.4 kQ)
ton = +100 ns
Vi - 1.35V

(5)
The inverse relationship with V| results in a nearly constant frequency as Vy is varied. To set a specific
continuous conduction mode switching frequency (fsy), the Roy resistor is determined from the following:

Vour X -1.35v
Ron = out X (Vin ) _1.4KO
VN X 1.16 x 10-10 X fsw (6)

Equation 1, Equation 5 and Equation 6 are valid only during normal operation - i.e., the circuit is not in current
limit. When the LM34917A operates in current limit, the on-time is reduced by approximately 50%. This feature
reduces the peak inductor current which may be excessively high if the load current and the input voltage are
simultaneously high. This feature operates on a cycle-by-cycle basis until the load current is reduced and the
output voltage resumes its normal regulated value. Equation 1, Equation 5 and Equation 6 have a +25%
tolerance.

Remote Shutdown

The LM34917A can be remotely shut down by taking the RON/SD pin below 0.65V. See Figure 13. In this mode
the SS pin is internally grounded, the on-timer is disabled, and bias currents are reduced. Releasing the RON/SD
pin allows the circuit to resume operation after the SS pin voltage is below 0.18V. The voltage at the RON/SD pin
is normally between 1.4V and 3.5V, depending on V,y and the Rgy resistor.

VIN

Input
Voltage

LM34917A
Ron

RON/SD

Figure 13. Remote Shutdown

Input Over-Voltage Shutdown

If the input voltage at VIN increases above 34.8V an internal comparator disables the buck switch and the on-
timer, and grounds the soft-start pin. Normal operation resumes when the V voltage reduces below 34.8V, and
when the soft-start voltage (at the SS pin) has reduced below 0.18V.

Current Limit

Current limit detection occurs during the off-time by monitoring the recirculating current flowing out of the ISEN
pin. Referring to the Block Diagram, during the off-time the inductor current flows through the load, into SGND,
through the internal sense resistor, out of ISEN and through D1 to the inductor. If that current exceeds the
current limit threshold the current limit comparator output delays the start of the next on-time period. The next on-
time starts when the current out of ISEN is below the threshold and the voltage at FB falls below 2.5V. The
operating frequency is typically lower due to longer-than-normal off-times.

The valley current limit threshold is a function of the input voltage (V,y) and the output voltage sensed at FB, as
shown in the graph “Valley Current Limit Threshold vs. Vg and V|y". This feature reduces the inductor current’s
peak value at high line and load. To further reduce the inductor’s peak current, the next cycle’s on-time is
reduced by approximately 50% if the voltage at FB is below its threshold when the inductor current reduces to
the current limit threshold (Voyr is low due to current limiting).

10 Submit Documentation Feedback Copyright © 2007-2013, Texas Instruments Incorporated
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Figure 14 illustrates the inductor current waveform during normal operation and in current limit. During the first
“Normal Operation” the load current is Igy1, the average of the ripple waveform. As the load resistance is
reduced, the inductor current increases until it exceeds the current limit threshold. During the “Current Limited”
portion of Figure 14, the current limit threshold lowers since the high load current causes Vgt (and the voltage
at FB) to reduce. The on-time is reduced by approximately 50%, resulting in lower ripple amplitude for the
inductor’s current. During this time the LM34917A is in a constant current mode, with an average load current
equal to the current limit threshold + Al/2 (Ioyt2). Normal operation resumes when the load current is reduced to
louTs, allowing Vour, the current limit threshold, and the on-time to return to their normal values. Note that in the
second period of “Normal Operation”, even though the inductor’s peak current exceeds the current limit threshold
during part of each cycle, the circuit is not in current limit since the current falls below the threshold before the
feedback voltage reduces to its threshold to initiate the next on-time.

The peak current allowed through the buck switch, and the ISEN pin, is 2A, and the maximum allowed average
current is 1.5A.

Current Limit
Threshold

Inductor Current

louT1 -

2.5V

Feedback
Voltage
@ FB Pin

Normal | | Current | | Normal
D Operation '| Cb?;dm I Limited k| 2 [ Operation

Increases

Load Current
Decreases

Figure 14. Inductor Current - Normal and Current Limit Operation

N - Channel Buck Switch and Driver

The LM34917A integrates an N-Channel buck switch and associated floating high voltage gate driver. The gate
driver circuit works in conjunction with an external bootstrap capacitor and an internal high voltage diode. A 0.022
UF capacitor (C4) connected between BST and SW provides the voltage to the driver during the on-time. During
each off-time, the SW pin is at approximately -1V, and C4 is recharged for the next on-time from V¢ through the
internal diode. The minimum off-time ensures a minimum time each cycle to recharge the bootstrap capacitor.

Softstart

The softstart feature allows the converter to gradually reach a steady state operating point, thereby reducing
start-up stresses and current surges. Upon turn-on, after V¢ reaches the under-voltage threshold, an internal
11.6 pA current source charges up the external capacitor at the SS pin to 2.5V (t, in Figure 12). The ramping
voltage at SS (and the non-inverting input of the regulation comparator) ramps up the output voltage in a
controlled manner.

An internal switch grounds the SS pin if V¢ is below the under-voltage lockout threshold, if the RON/SD pin is
grounded, or if V|y exceeds the overvoltage threshold.

Copyright © 2007-2013, Texas Instruments Incorporated Submit Documentation Feedback 11
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Thermal Shutdown

The LM34917A should be operated so the junction temperature does not exceed 125°C. If the junction
temperature increases above that, an internal Thermal Shutdown circuit activates (typically) at 175°C, taking the
controller to a low power reset state by disabling the buck switch. This feature helps prevent catastrophic failures
from accidental device overheating. When the junction temperature reduces below 155°C (typical hysteresis =
20°C), normal operation resumes.

Applications Information

EXTERNAL COMPONENTS

The procedure for calculating the external components is illustrated with the following design example. Referring
to the Block Diagram, the circuit is to be configured for the following specifications:

* Vour =5V

* V=8Vto33V

e Minimum load current = 200 mA

* Maximum load current = 1000 mA

» Switching Frequency = 1.5 MHz

* Soft-start time = 5 ms

» Output voltage ripple level: Minimum

R1 and R2: These resistors set the output voltage. The ratio of the feedback resistors is calculated from:
R1/R2 = (Voui/2.5V) - 1 7

For this example, R1/R2 = 1. R1 and R2 should be chosen from standard value resistors in the range of 1.0 kQ —
10 kQ which satisfy the above ratio. For this example, 2.49 kQ is chosen for R1 and R2.

Ron: This resistor sets the on-time, and (by default) the switching frequency. Since the maximum frequency is
limited by the minimum off-time forced by the LM34917A, first check that the desired frequency is less than:

f Y- Your 3.57 MHz at Vi = 8V
< oarE o oS zal =
SW™ Vi x 105 ns b o
The Roy resistor is calculated from Equation 6 using the minimum input voltage:
Vour X (Vingminy - 1.35V/
Roy= X Wnon 13V 62 90 49k0
VIN(min) x 1.16 x 10 X fsw (9)

Equation 5 is used to verify that this value resistor does not set an on-time less than 120 ns at maximum input
voltage. A standard value 22.1 kQ resistor is used, resulting in a nominal frequency of 1.49 MHz. The minimum
on-time is 188 ns at Vin = 33V, and the maximum on-time is 510 ns at Vin = 8V.

L1: The main parameter affected by the inductor is the inductor current ripple amplitude (Iog). The minimum load
current is used to determine the maximum allowable ripple in order to maintain continuous conduction mode,
where the lower peak does not reach 0 mA. This is not a requirement of the LM34917A, but serves as a
guideline for selecting L1. For this example, the maximum ripple current should be less than:

lormax) = 2 X lout(min) = 400 MAp-p (10)

For other applications, if the minimum load current is zero, use 20% of loyr(max) for loutminy IN Equation 10. The
ripple amplitude calculated in Equation 10 is then used in the following equation:

ton(min) X (VIN(max) - VOUT)

Ll(min) = =13.2 }J,H

IOR(max) (11)

A standard value 15 pH inductor is selected. The maximum ripple amplitude, which occurs at maximum V,
calculates to 351 mA p-p, and the peak current is 1175 mA at maximum load current. Ensure the selected
inductor is rated for this peak current.

C2: C2 should typically be no smaller than 3.3 pF, although that is dependent on the frequency and the desired
output characteristics. C2 should be a low ESR good quality ceramic capacitor. Experimentation is usually
necessary to determine the minimum value for C2, as the nature of the load may require a larger value. A load
which creates significant transients requires a larger value for C2 than a non-varying load.
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C1 and C5: C1's purpose is to supply most of the switch current during the on-time, and limit the voltage ripple
at V|, since it is assumed the voltage source feeding VIN has some amount of source impedance.

At maximum load current, when the buck switch turns on, the current into V|5 suddenly increases to the lower
peak of the inductor’s ripple current, ramps up to the upper peak, then drops to zero at turn-off. The average
current during the on-time is the load current. For a worst case calculation, C1 must supply this average load
current during the maximum on-time, without letting the voltage at V,y drop below =7.5V. The minimum value for
Clis calculated from:
louT (max) X ton
Cl= ———=1024F
(12)
where tgy is the maximum on-time, and AV is the allowable ripple voltage at V |y (0.5V at V,y = 8V). C5’s purpose
is to minimize transients and ringing due to long lead inductance leading the VIN pin. A low ESR 0.1 pF ceramic
chip capacitor must be located close to the VIN and RTN pins.

C3: The capacitor at the VCC pin provides noise filtering and stability for the VCC regulator. C3 should be no
smaller than 0.1 puF, and should be a good quality, low ESR ceramic capacitor. C3's value, and the VCC current
limit, determine a portion of the turn-on-time (t1 in Figure 12).

C4: The recommended value for C4 is 0.022 pF. A high quality ceramic capacitor with low ESR is recommended
as C4 supplies a surge current to charge the buck switch gate at each turn-on. A low ESR also helps ensure a
complete recharge during each off-time.

C6: The capacitor at the SS pin determines the soft-start time, i.e. the time for the output voltage to reach its final
value (t, in Figure 12). The capacitor value is determined from:

_tpx11.6 pA

C6= =0.023 uF

2.5V (13)

R3, C7, C8: The ripple amplitude at Vqyt is determined by C2's characteristics and the inductor’s ripple current
amplitude, and typically ranges from 5 mV to 30 mV over the Vin range. Since the LM34917A’s regulation
comparator requires a minimum of 25 mVp-p ripple at the FB pin, these three components are added to generate
and provide the necessary ripple to FB in phase with the waveform at SW. R3 and C8 are chosen to generate a
sawtooth waveform at their junction, and that voltage is AC coupled to the FB pin via C7. To determine the
values for R3, C7 and C8, the following procedure is used:

Calculate V = Vour — (Vsw X (1 = (Vout/Vingminy) (14)

where Vg is the absolute value of the voltage at the SW pin during the off-time (typically 1V). V,, the DC
voltage at the R3/C8 junction, calculates to 4.63V, and is used in the next equation.
(VIN (min) - VA) X ton
R3xC8= —— =175 X 10®
AV (15)

where toy is the maximum on-time (at minimum input voltage), and AV is the desired ripple amplitude at the
R3/C8 junction, typically 100 mV. R3 and C8 are chosen from standard value components to satisfy the above
product. For this example, 3300 pF is chosen for C8, and 5.23 kQ is chosen for R3. C7 is chosen large
compared to C8, typically 0.1 pF.

D1: A Schottky diode is recommended. Ultra-fast recovery diodes are not recommended as the high speed
transitions at the SW pin may inadvertently affect the IC’'s operation through external or internal EMI. The diode
must be rated for the maximum input voltage, the maximum load current, and the peak current which occurs
when the current limit and maximum ripple current are reached simultaneously. The diode’s average power
dissipation is calculated from:

Pp1 = Ve X loyr X (1-D) (16)

where V¢ is the diode’s forward voltage drop, and D is the on-time duty cycle.

FINAL CIRCUIT

The final circuit is shown in Figure 15, and its performance is shown in Figure 16 and Figure 17. Current limit
measured approximately 1.34A at Vin = 8V, and 1.27A at Vin = 33V. The output ripple amplitude measured 4
mVp-p at Vin = 8V, and 14 mVp-p at Vin = 33V.
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Figure 15. Example Circuit
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Figure 16. Efficiency vs. Load Current and V,y (Circuit of Figure 15)
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Figure 17. Frequency vs. V|y (Circuit of Figure 15)

ALTERNATE OUTPUT RIPPLE CONFIGURATIONS

For applications which can accept higher levels of ripple at Voyr, the following configurations are simpler and a
bit more economical.

a) Alternate #1: In Figure 18, R3, C7 and C8 are removed, and Cff and R4 are installed, resulting in a higher
ripple level than the circuit of Figure 15. Ripple is created at Vo1 by the inductor’s ripple current passing through
R4. That ripple voltage is AC coupled to the FB pin through Cff, allowing the minimum ripple at Vqyt to be set at
25 mVp-p. The minimum ripple current amplitude (Iorminy) is calculated by re-arranging Equation 11 using tonmax)
and Viymin)- The minimum value for R4 is calculated from:

25 mVv
R4 =
IoR (min) (17)
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The next larger standard value resistor should be selected for R4 to allow for tolerances. The minimum value for
Cff is determined from:

_ ton(max)
(RL/IR2)

(18)
The next larger standard value capacitor should be used for Cff.

sw
Vout
LM34917A Cff R1 R4
; ]l
é R2 AT~ C2

Figure 18. Reduced Ripple Configuration

b) Alternate #2: In Figure 19, R3, C7 and C8 are removed, and R4 is installed, resulting in a higher ripple level
than the circuits of Figure 15 and Figure 18. Ripple is created at Vout by the inductor’s ripple current passing
through R4. That ripple voltage is coupled to the FB pin through the feedback resistors (R1, R2). Since the
LM34917A requires a minimum of 25 mVp-p ripple at the FB pin, the ripple required at Vqyt is higher than 25
mVp-p by the gain of the feedback resistors. The minimum ripple current (lorimin)) iS calculated by re-arranging
Equation 11 using tonmax) and Viymin)- The minimum value for R4 is calculated from:

25 mV x (R1 + R2)

Ré(min) =
(min) RZ X IOR (min) (19)

The next larger standard value resistor should be used for R4.

L1
%VOUT
LM34917A R1 R4
FB
T % R2 o C2

Figure 19. Maximum Ripple Configuration

c) Alternate minimum ripple configuration: The circuit in Figure 20 is the same as that in Figure 19, except
the output voltage is taken from the junction of R4 and C2. The ripple at Voyt is determined by the inductor’s
ripple current and C2’s characteristics. However, R4 slightly degrades the load regulation. This circuit may be
suitable if the load current is fairly constant. R4 is calculated as described in Alternate #2 above.
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Figure 20. Alternate Minimum Output Ripple Configuration

Minimum Load Current

The LM34917A requires a minimum load current of 1 mA. If the load current falls below that level, the bootstrap
capacitor (C4) may discharge during the long off-time, and the circuit will either shutdown, or cycle on and off at
a low frequency. If the load current is expected to drop below 1 mA in the application, R1 and R2 should be
chosen low enough in value so they provide the minimum required current at nominal Vgyr.

PC BOARD LAYOUT
Refer to application note AN-1112 for PC board guidelines for the DSBGA package.

The LM34917A regulation, over-voltage, and current limit comparators are very fast, and respond to short
duration noise pulses. Layout considerations are therefore critical for optimum performance. The layout must be
as neat and compact as possible, and all of the components must be as close as possible to their associated
pins. The two major current loops have currents which switch very fast, and so the loops should be as small as
possible to minimize conducted and radiated EMI. The first loop is that formed by C1, through the VIN to SW
pins, L1, C2, and back to C1.The second current loop is formed by D1, L1, C2 and the SGND and ISEN pins.

The power dissipation within the LM34917A can be approximated by determining the total conversion loss (P -
Pout), and then subtracting the power losses in the free-wheeling diode and the inductor. The power loss in the
diode is approximately:

Pp: = lout x Vg x (1-D) (20)

where lout is the load current, V¢ is the diode’s forward voltage drop, and D is the on-time duty cycle. The power
loss in the inductor is approximately:
P =lout? x R x 1.1 (21)

where R, is the inductor's DC resistance, and the 1.1 factor is an approximation for the AC losses. If it is
expected that the internal dissipation of the LM34917A will produce excessive junction temperatures during
normal operation, good use of the PC board’'s ground plane can help to dissipate heat. Additionally the use of
wide PC board traces, where possible, can help conduct heat away from the IC. Judicious positioning of the PC
board within the end product, along with the use of any available air flow (forced or natural convection) can help
reduce the junction temperatures.
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® 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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ Multiple Top-Side Markings will be inside parentheses. Only one Top-Side 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 Top-Side Marking for that device.

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

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

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish ~ MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
@ Drawing Qty @ €} @
LM34917ATL/NOPB ACTIVE DSBGA YZR 12 250 Green (RoHS SNAGCU Level-1-260C-UNLIM -40 to 125 SRHA
& no Sh/Br)
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REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LM34917ATL/NOPB DSBGA YZR 12 250 178.0 8.4 201 | 257 | 0.76 4.0 8.0 Q1
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Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM34917ATL/NOPB DSBGA YZR 12 250 210.0 185.0 35.0
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semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
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TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.
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accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
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used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.
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