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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 V|y and Vgyt to
reduce excessive inductor current

e On-time is reduced when in current limit
e 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

e 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

8V - 33V
Input
VIN vee
c1 LM34917A
Ron
BST
X L RON/SD
SHUT SW
DOWN
I
C6 @ ISEN
FB
r RTN SGND

T
1

PACKAGE
e 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: V¢ under-
voltage lock-out, input over-voltage shutdown,
thermal shutdown, gate drive under-voltage lock-out,
and maximum duty cycle limit.

C3

ca4 Vout

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.

Copyright © 2007-2013, Texas Instruments Incorporated
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Connection Diagram

SW
“ @O0 |-

VIN

RON

RTN

Figure 1. Bump Side
Package Number YZR0012UNA

b3} (D2} | D1
Sew | P Se-
Ve P 275N
[c3y [c2t {c1)
S LY - ~_ v
JrnS PRI
!'B3) | B21 | B1)
Se- o, ~-

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.

Ci1,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 puF 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.

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

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 -0.3t0 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: V,y = 12V, Rgy = 200kQ. See ® and @.

Symbol Parameter Conditions Min Typ ‘ Max ‘ Units
Start-Up Regulator, Vcc
VccReg Vcc regulated output Vin > 9V 6.6 7.0 7.4 \%
V\n-Vec dropout voltage lcc =0 mMA, 1.3 \%
Vee = UVLOycc + 250 mV
V¢ output impedance VN =8V 150 Q
(0O MA < Icc <5mA) Vpy = 12V 0.75
Ve current limit @) Vce = OV 11 mA
UVLOycc Vcc under-voltage lockout Vcc increasing 5.45 \%
threshold
UVLOyc hysteresis V¢ decreasing 145 mV
UVLOyc filter delay 100 mV overdrive 3 us
Iy operating current Non-switching, FB = 3V 0.68 0.95 mA
Iy shutdown current RON/SD = 0V 85 160 HA
Switch Characteristics
Rds(on) Buck Switch Rds(on) ltesT = 200 MmA 0.33 0.7 Q
UVLOgp Gate Drive UVLO Vgst - Vsw Increasing 2.65 4 4.62 \%
(1) For detailed information on soldering DSBGA packages, refer to Application Note AN-1112 (SNVA009).
(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: V,y = 12V, Roy = 200kQ. See ® and @,

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 Vin = 8V, Vg = 2.4V 1.15 1.35 1.55 A
Vin =30V, Vgg = 2.4V 1.05 1.2 1.45
Vin = 30V, Vgg = 1.0V 0.95 1.15 1.35
Response time 150 ns
On Timer
ton-1 On-time (normal operation) VN = 10V, Ron = 200 kQ 2.1 2.8 3.5 us
ton - 2 On-time (normal operation) V)N = 32V, Ry = 200 kQ 860 ns
ton - 3 On-time (current limit) VN = 10V, Ron = 200 kQ 1.13 us
Shutdown threshold at RON/SD | Voltage at RON/SD rising 0.3 0.65 1.0 \%
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 \%
FB over-voltage threshold 2.9 \%
FB bias current FB =3V 10 nA
Input Over-Voltage Shutdown
Vinov) \S;Ih’\llJtdown voltage threshold at | V,y increasing 33.0 34.8 36.9 \%
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
0 LFPM Air Flow

4 Submit Documentation Feedback Copyright © 2007-2013, Texas Instruments Incorporated
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Vee (V)

VALLEY CURRENT
LIMIT THRESHOLD (A)

EFFICIENCY (%)

Typical Performance Characteristics
Unless otherwise specified the following conditions apply: T, = 25°C

Efficiency at 1.5 MHz
100

Vin = 8V
90 —

" / 12V

. // ) 7@
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I Vout = 5V
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|
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LOAD CURRENT (mA)
Figure 3.

VCC VS. V|N
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Typical Performance Characteristics (continued)
Unless otherwise specified the following conditions apply: T, = 25°C

Vee Vs, Ice lcc vs Externally Applied Ve
8 T T 10
ViN 2 10V
7 —
-\
6 — — ﬁs\\‘ 8
ViN =8V \ﬁL\\
5 = — 6 700 kHz
< <
S
G 4 VIN = 9V % -~ 350 kHz
S 9o 4, ——
3 /,
2 —
2 fm—)
Vcc Externally Loaded I
! ks = 350 k2 Fsl' 94 leZ—
oL 1 | 0
0 2 4 6 8 10 12 7 8 9 10 11 12 13 14
Icc (mA) APPLIED Vcc (V)
Figure 9. Figure 10.
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Typical Application Circuit and Block Diagram

7V START-UP LM34917A
Input REGULATOR
) ,—n—.lu vce
8V - 33v | c5 | ] J_ c3
NGOV SHUTDOWNé @
34.8v ON TIMER
RON MINIMUM
RON/SD START OFF TIMER
A Ton FINISH } START FINISH
T BST
A 4 I-

13

THERMAL | | Gate Drive SD

SHUTDOWN UvLO i
2.5V TN C4
11.6 pA
s LOGIC
T - LEVEL L
cs p i )- Driver SHIFT m_
e . * R3 c8
7 3
FB| SW I—o
v
REGULATION
COMPARATOR C7 V
o =
sty %VOEI\'/?II;\//\CI;LATI'AO%E CURRENT LIMIT
. COMPARATOR _4 o R1
RTN

7
M ISEN
; ! RSENSE

< —~C2
Vin—] CL 41 mo
Threshold R2
FB — Adjust SGND
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VIN

: 7.0V
UVLO

Vce

Inductor
Current

SS Pin

Vour /‘
t2 >
!

e— t1

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 V,y 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 V,y 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 (Roy). 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 107 x (Roy + 1.4K) (1)

fsw =

The buck switch duty cycle is equal to:

ton Vout
DC=——"FT—=tonXfsw=—"—"
ton * torr Vin @)

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:

Vour? x L1 x 1.48 x 10%°

RL 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 = 2.5 x (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 Vot or excessive inductor current which creates
higher than normal ripple at Vg, 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 Rqy resistor and the input voltage (Vy), calculated from:

1.16 x 10" °x (Ro + 1.4 kQ2)
ton = + 100 ns
Vin - 1.35V

®)

The inverse relationship with V,y results in a nearly constant frequency as V)y is varied. To set a specific
continuous conduction mode switching frequency (fsy), the Rgy resistor is determined from the following:
RON: VOUTX(V|N-1.35V) 1.4kO
Vin x 1.16 x 107 x foyy (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 Vy 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/y 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 Vy". 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).
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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 Ioyt1, 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 Voyut, 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

louTt -

2.5V

Feedback
Voltage
@ FB Pin

‘ Normal | Load | Current J | Normal

Operation 'l Current |‘ Limited | f | 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

e V,y=8Vto 33V

¢ Minimum load current = 200 mA

¢ Maximum load current = 1000 mA

e Switching Frequency = 1.5 MHz

¢ Soft-start time =5 ms

e 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 = (Vour/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 Vin - Vour 3.57 MHz at Viy = 8V
< —— = 3. Z al =
SW™ Vin x 105 ns N

8
The Ry resistor is calculated from Equation 6 using the minimum input voltage:

Vour X (Vixgmin - 1.35V
Row = X Wt — ) laka=2249k0
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 loyt(miny = 400 mAp-p (10)

For other applications, if the minimum load current is zero, use 20% of loytmax) for lourminy iN Equation 10. The
ripple amplitude calculated in Equation 10 is then used in the following equation:

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

Ll(min) = =13.2 HH

lor(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 Vi, 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,y 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
C1 is calculated from:
louT (max) X ton
Cl= —— & =102yF
(12)
where tgy is the maximum on-time, and AV is the allowable ripple voltage at Vy (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 pF, 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:

_tpx 116 pA

C6 = =0.023 uF

2.5V (13)

R3, C7, C8: The ripple amplitude at Vout 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 Va = Vour = (Vsw X (1 = (Vout/Vingmin) (14)

where Vg is the absolute value of the voltage at the SW pin during the off-time (typically 1V). V4, the DC
voltage at the R3/C8 junction, calculates to 4.63V, and is used in the next equation.
(VIN (min) - V) X ton
R3xC8= ————— =17.5X 10°
AV (15)

where tgy 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 1C’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 = Vi 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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8V to 33V

VIN VCC

LM34917A
BST
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ISEN
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0022 ,F G

RTN SGND

v v
Figure 15. Example Circuit
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Figure 16. Efficiency vs. Load Current and Vy (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 Vgyr, 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 Vot 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 Vot to be set at
25 mVp-p. The minimum ripple current amplitude (logmin)) iS calculated by re-arranging Equation 11 using tonmax)
and Vyminy)- The minimum value for R4 is calculated from:

25 mv

" loR (min)

a7
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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:

_ Tton(max)
" (RL/R2)

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

L1

LM34917A

v

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 Vqyt 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 Vgt is higher than 25
mVp-p by the gain of the feedback resistors. The minimum ripple current (Iormin)) iS calculated by re-arranging
Equation 11 using tonmax) @nd Vinmin)- The minimum value for R4 is calculated from:
R4 = 25mV x (R1 + R2)

(min) = R2 X lor (min) (19)
The next larger standard value resistor should be used for R4.

L1

swW
Vout

LM34917A

é R2 ;\ 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 Vqut 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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L1
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LM34917A R Ra
i o—» Vour
é R2 ;: c2

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 Voyr.

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? xR, 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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REVISION HISTORY

Changes from Revision C (March 2013) to Revision D

Changed layout of National Data Sheet to Tl format
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PACKAGING INFORMATION

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 @ [©) C)
LM34917ATL/NOPB ACTIVE DSBGA YZR 12 250 Green (RoHS SNAGCU Level-1-260C-UNLIM -40 to 125 SRHA o i
& no Sh/Br)

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

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

REEL DIMENSIONS TAPE DIMENSIONS

7 +‘ [+ KO |<—P1—>1

R R R T

Reel k |
Diameter
Cavity —>I A0 I<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

t Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

I 1 I
Q3 1 Q4 Q3 1 Q4 User Direction of Feed
| % A | v
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel A0 BO KO P1 W Pinl
Type |Drawing Diameter| Width | (mm) | (mm) [ (mm) | (mm) | (mm) [Quadrant
(mm) |W1(mm)
LM34917ATL/NOPB DSBGA YZR 12 250 178.0 8.4 2.01 | 257 0.76 4.0 8.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm)
LM34917ATL/NOPB DSBGA YZR 12 250

Height (mm)
210.0 185.0 35.0
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NOTES: A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TlI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information 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.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.
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