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LM3488/-Q1 High-Efficiency, Low-Side, N-Channel Controller for Switching Regulators

1 Features

e LM3488-Q1 is AEC-Q100 Qualified and
Manufactured on an Automotive-Grade Flow

e 8-Lead VSSOP Package

¢ Internal Push-Pull Driver With 1-A Peak Current
Capability

¢ Current Limit and Thermal Shutdown

¢ Frequency Compensation Optimized With a
Capacitor and a Resistor

* Internal Soft-Start
e Current Mode Operation
¢ Undervoltage Lockout With Hysteresis
« Key Specifications:
— Wide Supply Voltage Range of 2.97 V to 40 V

— 100-kHz to 1-MHz Adjustable and
Synchronizable Clock Frequency

— *1.5% (Overtemperature) Internal Reference
— 5-pA Shutdown Current (Overtemperature)

2 Applications

¢ Distributed Power Systems

* Notebook, PDA, Digital Camera, and other
Portable Applications

« Offline Power Supplies
e Set-Top Boxes

3 Description

The LM3488 is a versatile low-side N-FET high-
performance controller for switching regulators. This
device is suitable for use in topologies requiring low-
side FET, such as boost, flyback, or SEPIC.
Moreover, the LM3488 can be operated at extremely
high switching frequency to reduce the overall
solution size. The switching frequency of LM3488 can
be adjusted to any value from 100 kHz to 1 MHz by
using a single external resistor or by synchronizing it
to an external clock. Current mode control provides
superior bandwidth and transient response, besides
cycle-by-cycle current limiting. Output current can be
programmed with a single external resistor.

The LM3488 has built-in features such as thermal
shutdown, short-circuit protection, and overvoltage
protection. Power-saving shutdown mode reduces the
total supply current to 5 HA and allows power supply
sequencing. Internal soft-start limits the inrush current
at start-up.

Device Information®

PART NUMBER | PACKAGE BODY SIZE (NOM)
LM3488

VSSOP (8) 3.00 mm x 3.00 mm
LM3488-Q1

(1) For all available packages, see the orderable addendum at
the end of the datasheet.
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

8-Pin DGK
VSSOP Package
Top View
lsgn =1 @ 81 Viy
COMP — 2 7 | FA/SYNC/SD
LM3488
B—3 6 |- DR
AGND — 4 5 = PGND

Pin Functions

PIN
TYPE DESCRIPTION
NAME NO.
Isen 1 | Current sense input pin. Voltage generated across an external sense resistor is fed into this pin.
COMP 2 A Compensation pin. A resistor, capacitor combination connected to this pin provides compensation for the
control loop.
FB 3 | Feedback pin. The output voltage should be adjusted using a resistor divider to provide 1.26 V at this pin.
AGND 4 P Analog ground pin.
PGND 5 P Power ground pin.
DR 6 O Drive pin of the IC. The gate of the external MOSFET should be connected to this pin.
FA/SYNC/S 7 A Frequency adjust, synchronization, and Shutdown pin. A resistor connected to this pin sets the oscillator
D frequency. An external clock signal at this pin will synchronize the controller to the frequency of the clock.
A high level on this pin for = 30 ps will turn the device off. The device will then draw less than 10pA from
the supply.
VN 8 P Power supply input pin.

6 Specifications

6.1 Absolute Maximum Ratings @

MIN MAX UNIT
Input voltage 45 \%
FB pin voltage -0.4 < Vg Vg <7 \%
FA/SYNC/SD pin voltage —0.4 < VEasyNC/SD Vepasyncisp < 7 \%
Peak driver output current (< 10 us) 1 A
Power dissipation Internally Limited
Junction temperature 150 °C
Lead temperature Vapor Phase (60 s) 215 °C

Infared (15 s) 260 °C
DR pin voltage -0.4 < VDR VDR <8 \%
ILim pin voltage 600 mV

(1) Absolute Maximum Ratings are limits beyond which damage to the device may occur. Recommended Operating Conditions are

conditions under which operation of the device is intended to be functional. For specifications and test conditions, see the Electrical
Characteristics.
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6.2 Handling Ratings : LM3488
MIN MAX UNIT
Tstg Storage temperature range -65 150 °C
;trj]?(%n body model (HBM), per ANSI/ESDA/JEDEC JS-001, all —2000 2000
Vesp) | Electrostatic discharge - . v
Charged device moz_iel gCDM), per JEDEC specification —750 750
JESD22-C101, all pins®@
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Handling Ratings: LM3488-Q1
MIN MAX UNIT
Tstg Storage temperature range -65 150 °C
Human body model (HBM), per AEC Q100-002(®) —2000 2000
Viesp) | Electrostatic discharge Charged device model (CDM), per gﬁé”g pins (1, 4. 5. ~7%0 720 v
AEC Q100-011 -
Other pins —750 750
(1) AEC Q100-002 indicates HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
6.4 Recommended Operating Conditions
MIN MAX | UNIT
Supply Voltage 297 <V V) <40 \%
Junction Temperature Range 40T, T;<125 °C
Switching Frequency 100 < Fgy Fsw <1 | kHz/MH
z
6.5 Thermal Information
LM3488,
THERMAL METRIC® HMASe-R UNIT
DGK
8 PINS
Rgia Junction-to-ambient thermal resistance 160
Reac(top) Junction-to-case (top) thermal resistance 50
Reis Junction-to-board thermal resistance 77 °C/W
Wit Junction-to-top characterization parameter 4.7
Wi Junction-to-board characterization parameter 76

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

6.6 Electrical Characteristics

Unless otherwise specified, Viy = 12 V, Rga = 40 kQ, T; = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Ves Feedback Voltage Veomp =14V, 297 <V)y<40V 1.2507 1.26 1.2753 \%
Veomp =14V, 2.97 <V <40V, 1.24 1.28
-40°C < T; < 125°C
AV Ne Feedback Voltage Line Regulation 297<Vys40V 0.001 %IV
AV, oap | Output Voltage Load Regulation leao Source/Sink +0.5 %IV
(max)
Vuvio Input Undervoltage Lock-out 2.85 \%
-40°C £ Ty <125°C 2.97
Vuvys) | Input Undervoltage Lock-out Hysteresis 170 mV
-40°C £ Ty £ 125°C 130 210
4 Submit Documentation Feedback
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Electrical Characteristics (continued)

Unless otherwise specified, Vi = 12 V, Rga = 40 kQ, T; = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
From Nominal Switching Frequency Rea = 40 KQ 400 kHz
Rpa =40 KQ, -40°C £ T; < 125°C 360 430
Rps1 (ony | Driver Switch On Resistance (top) Ipr = 0.2A, V=5V 16 Q
Rps2 (on) | Driver Switch On Resistance (bottom) Ipr = 0.2A 45 Q
VbR (max) | Maximum Drive Voltage Swing® ViN<7.2V Vin \Y
V272V 7.2
Dmax Maximum Duty Cycle® 100%
Tmin (0N) | Minimum On Time 325 nsec
-40°C £ T; £125°C 230 550
IsuppLy | Supply Current (switching) See @ 2.7 mA
See ©®) -40°C < T; £ 125°C 3.0
lo Quiescent Current in Shutdown Mode Veasyneisp =5 VA, Viy =5V 5 PA
Veasyneisp =5 VW, Viy =5V, 7
-40°C £ Ty £ 125°C
VsensE Current Sense Threshold Voltage ViNn=5V 135 156 180 mV
Viy =5V, -40°C £ T, £ 125°C 125 190
Vsc Short-Circuit Current Limit Sense Voltage |ViNn=5V 343 mV
Viy =5V, -40°C £ T, £ 125°C 250 415
Vs Internal Compensation Ramp Voltage ViN=5V 92 mVvV
Viy =5V, -40°C £ T, £ 125°C 52 132
VSL ratio VSLNSENSE 0.30 0.49 0.70
Vove Output Overvoltage Protectio?s)(with Vecowp = 1.4V 32 50 78 mV
respect to feedback voltage) Veowp = 1.4V, 40°C < Ty < o5 85
125°C
VoveHys) | Output Over-Voltage Protection Vecowp = 1.4V 60 mV
Hysteresis® _ 0o
Veowp = 1.4V, —40°C < T < 20 110
125°C
Gm Error Ampifier Transconductance Vcomp = 1.4V, Igao = 100 pA 600 800 1000| pmho
(Source/Sink)
Veowmp = 1.4V, lgao = 100 pA 365 1265
(Source/Sink), -40°C < T; < 125°C
AvoL Error Amplifier Voltage Gain Vcomp = 1.4V, Igao = 100 pA 38 VIV
(Source/Sink)
VCOMP =14V, IEAO =100 ]JA 26 44
(Source/Sink), -40°C < T; < 125°C
leao Error Amplifier Output Current (Source/ Source, Vecoup = 1.4V, VeEg =0V 80 110 140 UA
Sink) Source, Veoup = 1.4 V, Veg =0 V, 50 180
-40°C £ Ty £ 125°C
Sink, Veomp = 1.4 V, Vegg = 1.4V -100 -140 -180 PA
Sink, VCOMP =14V, VFB =14V, -85 -185
-40°C < T; < 125°C

(1) The voltage on the drive pin, Vpg is equal to the input voltage when input voltage is less than 7.2 V. Vpg is equal to 7.2 VV when the
input voltage is greater than or equal to 7.2 V.

(2) The limits for the maximum duty cycle can not be specified since the part does not permit less than 100% maximum duty cycle

operation.
(3) For this test, the FA/SYNC/SD Pin is pulled to ground using a 40K resistor .
(4) For this test, the FA/SYNC/SD Pin is pulled to 5 V using a 40K resistor.
(5) The over-voltage protection is specified with respect to the feedback voltage. This is because the over-voltage protection tracks the
feedback voltage. The over-voltage thresold can be calculated by adding the feedback voltage, Vg to the over-voltage protection

specification.
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Electrical Characteristics (continued)
Unless otherwise specified, Vi = 12 V, Rga = 40 kQ, T; = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VEao Error Amplifier Output Voltage Swing Upper Limit: Veg = 0 V, COMP Pin 2.2 \%
= Floating
Upper Limit: Veg = 0 V, COMP Pin 1.8 24
= Floating, -40°C < T; £ 125°C
Lower Limit: Veg = 1.4V 0.56 \%
Lower Limit: Vgg = 1.4 V, =40°C < 0.2 1.0
T;<125°C
Tss Internal Soft-Start Delay Veg = 1.2 V, Vcomp = Floating 4 ms
T, Drive Pin Rise Time Cgs = 3000 pf, Vpg=0to 3V 25 ns
T¢ Drive Pin Fall Time Cgs = 3000 pf, Vpr =0to 3V 25 ns
VSD Shutdown and Synchronization signal Output = High 1.27 \%
threshold © i amo o
Output = High, -40°C < T; £ 125°C 1.4
Output = Low 0.65 \%
Output = Low, -40°C < T; < 125°C 0.3
Isp Shutdown Pin Current Vgp=5V -1 HA
Vgp =0V +1
1= Feedback Pin Current 15 nA
TSD Thermal Shutdown 165 °C
Tsh Thermal Shutdown Hysteresis 10 °C

(6) The FA/ISYNC/SD pin should be pulled to V| through a resistor to turn the regulator off.
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6.7 Typical Characteristics
Unless otherwise specified, V,y = 12V, T; = 25°C.
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Typical Characteristics (continued)

Unless otherwise specified, V,y = 12V, T, = 25°C.
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Figure 7. Current Sense Threshold vs Input Voltage
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Typical Characteristics (continued)

Unless otherwise specified, V,y = 12V, T, = 25°C.

40 S —— 200 T
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1 10 100 1k 10k 100k 1M 10M 1 10 100 1k 10k 100k 1M 10M
Frequency (kHz) Frequency (kHz)
Figure 13. Error Amplifier Gain Figure 14. Error Amplifier Phase
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Figure 15. COMP Pin Source Current vs Temperature Figure 16. Short Circuit Protection vs Input Voltage
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Figure 17. Compensation Ramp vs Compensation Resistor Figure 18. Shutdown Threshold Hysteresis vs Temperature
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Typical Characteristics (continued)
Unless otherwise specified, V,y = 12V, T, = 25°C.
120
100
= 80
2 60
(&)
z \ Fg = 500 kHz
E ‘ -
20 Fg = \tl
250kHz | |
O 1 1
0.000 0.100 0.200 0.300 0.400 0.500
Current Sense Voltage (V)
Figure 19. Current Sense Voltage vs Duty Cycle
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7 Detailed Description

7.1 Overview

The LM3488 uses a fixed frequency, Pulse Width Modulated (PWM), current mode control architecture. In a
typical application circuit, the peak current through the external MOSFET is sensed through an external sense
resistor. The voltage across this resistor is fed into the Isgy pin. This voltage is then level shifted and fed into the
positive input of the PWM comparator. The output voltage is also sensed through an external feedback resistor
divider network and fed into the error amplifier negative input (feedback pin, FB). The output of the error amplifier
(COMP pin) is added to the slope compensation ramp and fed into the negative input of the PWM comparator.

At the start of any switching cycle, the oscillator sets the RS latch using the SET/Blank-out and switch logic
blocks. This forces a high signal on the DR pin (gate of the external MOSFET) and the external MOSFET turns
on. When the voltage on the positive input of the PWM comparator exceeds the negative input, the RS latch is
reset and the external MOSFET turns off.

The voltage sensed across the sense resistor generally contains spurious noise spikes, as shown in Figure 20.
These spikes can force the PWM comparator to reset the RS latch prematurely. To prevent these spikes from
resetting the latch, a blank-out circuit inside the IC prevents the PWM comparator from resetting the latch for a
short duration after the latch is set. This duration is about 150ns and is called the blank-out time.

Under extremely light load or no-load conditions, the energy delivered to the output capacitor when the external
MOSFET is on during the blank-out time is more than what is delivered to the load. An over-voltage comparator
inside the LM3488 prevents the output voltage from rising under these conditions. The over-voltage comparator
senses the feedback (FB pin) voltage and resets the RS latch under these conditions. The latch remains in reset
state till the output decays to the nominal value.

Blank-Out prevents false

| reset PWM Comparator resets
the RS latch
\“ \

4 PWM
Comparator
/ ' B
Oscillator Sets > I ¢
the RS Latch |

150ns Blank-out time

Figure 20. Basic Operation of the PWM Comparator
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7.2 Functional Block Diagram

P>| Shutdown Detect Viy
__| Under-voltage
lockout
FA/ I:I SYNC / Fixed oscil
SYNC/ Frequency detect scillator |
SD
S Set / Blankout [7]
ope
Compensation .”- 7.2V
| Soft-start . Bias
Voltages
* Thermal ***
Shutdown +
1.26V 'v
Ralmp Reference — -V
Adjust Converter
COMP -I . Switch
Logic
.—\ V-l
EA Converter PWM A
FB | / Comparator
R S
—\ Q
Overvoltage
Comparator / +

350mV '

Switch
Short-circuit One Driver DR
Shot

Comparator

lsen [

Level
Shifter

q? PGND
AGND I:I]@ EI]

7.3 Feature Description

7.3.1 Slope Compensation Ramp

The LM3488 uses a current mode control scheme. The main advantages of current mode control are inherent
cycle-by-cycle current limit for the switch, and simpler control loop characteristics. It is also easy to parallel power
stages using current mode control since as current sharing is automatic.

Current mode control has an inherent instability for duty cycles greater than 50%, as shown in Figure 21. In

Figure 21, a small increase in the load current causes the switch current to increase by Alg. The effect of this
load change, Alq, is :

Al = - (%) Al = - (%)AIO
@

From the above equation, when D > 0.5, Al; will be greater than Alg. In other words, the disturbance is divergent.
So a very small perturbation in the load will cause the disturbance to increase.

To prevent the sub-harmonic oscillations, a compensation ramp is added to the control signal, as shown in
Figure 22.
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Feature Description (continued)

With the compensation ramp,

M, - M.
= - Al
Al (M1+ Mc) o

@)

Control Signal

Al —
4
. AL — L
Switch Waveform —pm» i -
PWM
Comparator
DT, (1-D)T
Figure 21. Sub-Harmonic Oscillation for D>0.5
_MC
Compensation
ramp
N
N
\ M
2
Al N\ -
o
Al
1 —
Switch Waveform ——— v
| PWM
Comparator

DTg (1-D)Tg
Figure 22. Compensation Ramp Avoids Sub-Harmonic Oscillation

The compensation ramp has been added internally in LM3488. The slope of this compensation ramp has been

selected to satisfy most of the applications. The slope of the internal compensation ramp depends on the
frequency. This slope can be calculated using the formula:

Mc = Vs, .Fs Volts/second (3)

In the above equation, Vg, is the amplitude of the internal compensation ramp. Limits for Vg_have been specified
in the electrical characteristics.

In order to provide the user additional flexibility, a patented scheme has been implemented inside the IC to
increase the slope of the compensation ramp externally, if the need arises. Adding a single external resistor,
Rg.(as shown in Figure 23) increases the slope of the compensation ramp, M¢ by :

40X:|.0_6 "RsL " Fs Amps

AMc = Rsen second

4
In this equation, AVg, is equal to 40.10°Rg, . Hence,

AVg .Fs Amps

AM,. =
¢ Rgen  second

(5)
AVg, versus Rg, has been plotted in Figure 24 for different frequencies.
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Feature Description (continued)

-
LM3488 DR ——‘ |<_ Q o
I_

Isen

Figure 23. Increasing the Slope of the Compensation Ramp

250

T
f, = 100 kHz
200 /
fy = 500 kHz —A/
= 150 > /4
€ /g
= f, = 1 MHz
— S
= 100 A
y
50
0
0 1k 2k 3k 4k 5k
RgL (Q)

Figure 24. AVg vs Rg_

7.3.2 Frequency Adjust/Synchronization/Shutdown

The switching frequency of LM3488 can be adjusted between 100kHz and 1MHz using a single external resistor.
This resistor must be connected between FA/SYNC/SD pin and ground, as shown in Figure 25. See Typical
Characteristics to determine the value of the resistor required for a desired switching frequency.

The LM3488 can be synchronized to an external clock. The external clock must be connected to the
FA/SYNC/SD pin through a resistor, Rgync @s shown in Figure 26. The value of this resistor is dependent on the

off time of the synchronization pulse, Torrsyne). Table 1 shows the range of resistors to be used for a given
TOFF(SYNC)-

Table 1. Recommended Series Resistance for
Synchronization

Torrsync) (US) Rsync range (kQ)
1 5t0 13
2 20 to 40
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Table 1. Recommended Series Resistance for
Synchronization (continued)

Torrsyne) (Bs) Rsync range (kQ)
3 40 to 65
55 to 90
70 to 110
85 to 140
100 to 160
120 to 190
135to 215
10 150 to 240

© |0 (N[O | 0D

It is also necessary to have the width of the synchronization pulse wider than the duty cycle of the converter

(when DR pin is high and the switching point is low). It is also necessary to have the synchronization pulse width
= 300nsecs.

The FA/SYNC/SD pin also functions as a shutdown pin. If a high signal (see Electrical Characteristics for
definition of high signal) appears on the FA/SYNC/SD pin, the LM3488 stops switching and goes into a low
current mode. The total supply current of the IC reduces to less than 10pA under these conditions.

Figure 27 and Figure 28 show implementation of shutdown function when operating in Frequency adjust mode
and synchronization mode respectively. In frequency adjust mode, connecting the FA/SYNC/SD pin to ground
forces the clock to run at a certain frequency. Pulling this pin high shuts down the IC. In frequency adjust or
synchronization mode, a high signal for more than 30us shuts down the IC.

Figure 29 shows implementation of both frequency adjust with Rg, resistor and frequency synchronization with

Rsync. The switching frequency is defined by Rga when a synchronization signal is not applied. When sync is
applied it overrides the Rg, setting.

RFA

FA/SYNC/SD 4\/\/\/7

LM3488

Figure 25. Frequency Adjust

RSVNC
FA/SYNC/SD AN
LM3488
Fclock
100kHz to 1MHz
Figure 26. Frequency Synchronization
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Rea 10K

FA/SYNC/SD AN r AN : >1.3V

I— MOSFET State
———3p» On-Normal Operation

LM3488

OFF- Shutdown

Figure 27. Shutdown Operation in Frequency Adjust Mode

30us
40K |‘—’|
NE— pr— N
FA/SYNC/SD AN R
LM3488 l
> 4\0 T1 T

Figure 28. Shutdown Operation in Synchronization Mode

Rsync Csyne
FAISYNC/SD * * AMN | | o

LM3488 270 pF

Figure 29. Frequency Adjust or Frequency Synchronization

7.3.3 Short-Circuit Protection
When the voltage across the sense resistor (measured on Iggy Pin) exceeds 350mV, short-circuit current limit

gets activated. A comparator inside LM3488 reduces the switching frequency by a factor of 5 and maintains this
condition till the short is removed.

7.4 Device Functional Modes

The device is set to run as soon as the input voltage crosses above the UVLO set point and at a frequency set
according to the FA/SYNC/SD pin pull-down resistor or to run at a frequency set by the waveform applied to the
FA/SYNC/SD pin.

If the FA/ISYNC/SD pin is pulled high, the LM3488 enters shut-down mode.

If the voltage at the Isgy pin exceeds Vg, the device enters short-circuit protection mode.
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the Tl component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The LM3488 may be operated in either continuous or discontinuous conduction mode. The following applications
are designed for continuous conduction operation. This mode of operation has higher efficiency and lower EMI
characteristics than the discontinuous mode.

8.2 Typical Applications

8.2.1 Boost Converter

VN = 3.3V (210%)

CiN

1
: | 100 yF, 6.3V

L
10 pH
ISEN VIN[
- Ren D MBRD340 VouT = 5V, 2A
” COMP FA/SD/ISYNC %1 A: Cout
RC 20k LM3488 40k — | o1 100 pF, 10V
4.7k \ FB DR | IRF7807 | x2
—— RR1 _
= - AGND PGND < ook ¢ -
L 1 e
— — Csn_] Rsn

Figure 30. Typical High Efficiency Step-Up (Boost) Converter

The most common topology for LM3488 is the boost or step-up topology. The boost converter converts a low
input voltage into a higher output voltage. The basic configuration for a boost regulator is shown in Figure 31. In
continuous conduction mode (when the inductor current never reaches zero at steady state), the boost regulator
operates in two cycles. In the first cycle of operation, MOSFET Q is turned on and energy is stored in the
inductor. During this cycle, diode D is reverse biased and load current is supplied by the output capacitor, Coyr.
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Typical Applications (continued)

L
I &1 1

ouT 7]

z
O
7
AAA
Yvy
< =
o
&
<
=z
O
S
y

Cycle 1

Cycle 2
(a)

(b)

Figure 31. Simplified Boost Converter Diagram
(a) First cycle of operation
(b) Second cycle of operation

In the second cycle, MOSFET Q is off and the diode is forward biased. The energy stored in the inductor is

transferred to the load and output capacitor. The ratio of these two cycles determines the output voltage. The
output voltage is defined as:

ouT = ——

1-

(6)
(ignoring the drop across the MOSFET and the diode), or
Vour +V,

VIN - VQ
ouT D= T

where

D is the duty cycle of the switch
V), is the forward voltage drop of the diode
Vq is the drop across the MOSFET when it is on

(7
8.2.1.1 Design Requirements

To calculate component values for a Boost converter, the power supply parameters shown in Table 2 should be
known. The design shown in Figure 30 is the result of starting with example values shown in Table 2

Table 2. Boost Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Input voltage range 3V to 3.6V
Output voltage 5v
Maximum current 2A
Operating frequency 350kHz
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8.2.1.2 Detailed Design Procedure
8.2.1.2.1 Power Inductor Selection

The inductor is one of the two energy storage elements in a boost converter. Figure 32 shows how the inductor
current varies during a switching cycle. The current through an inductor is quantified as:

di ()

V)= L

(©)

(a)

lo_ave

=lout_ave

()

Isw (A) “

Iswave p— — _

| 1 )
©

Figure 32. A. Inductor Current B. Diode Current C. Switch Current

If V_(t) is constant, di(t)/dt must be constant. Hence, for a given input voltage and output voltage, the current in
the inductor changes at a constant rate.

The important quantities in determining a proper inductance value are I, (the average inductor current) and Ai_
(the inductor current ripple). If Ai, is larger than I, the inductor current will drop to zero for a portion of the cycle
and the converter will operate in discontinuous conduction mode. If Ai, is smaller than I, the inductor current will
stay above zero and the converter will operate in continuous conduction mode. All the analysis in this datasheet

assumes operation in continuous conduction mode. To operate in continuous conduction mode, the following
conditions must be met:

1. > Aig 9)
lout DV,
—_—>
1D 7 oflL
(10)
D(1-D)V,
L>
2|OUTfS
(11)
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Choose the minimum oyt to determine the minimum L. A common choice is to set Ai, to 30% of I,. Choosing an
appropriate core size for the inductor involves calculating the average and peak currents expected through the
inductor. In a boost converter,

ouT

1-D

I =

(12)
and I|_peax = IL(max) + Ai, (max),
where
A = IM
2fsL (13)

A core size with ratings higher than these values should be chosen. If the core is not properly rated, saturation
will dramatically reduce overall efficiency.

The LM3488 can be set to switch at very high frequencies. When the switching frequency is high, the converter
can be operated with very small inductor values. With a small inductor value, the peak inductor current can be
extremely higher than the output currents, especially under light load conditions.

The LM3488 senses the peak current through the switch. The peak current through the switch is the same as the
peak current calculated above.

8.2.1.2.2 Programming the Output Voltage

The output voltage can be programmed using a resistor divider between the output and the feedback pins, as
shown in Figure 33. The resistors are selected such that the voltage at the feedback pin is 1.26V. Rg; and Rg,
can be selected using the equation,

R
VOUT =1.26 (1+R—F1)
F2 (14)
A 100-pF capacitor may be connected between the feedback and ground pins to reduce noise.
VIN
L
D
I\r\ Vour
COUT
DR 4‘ |4— Q
LM3488 I_
ISEN
Rfp1
i Rsen
Rib2
Figure 33. Adjusting the Output Voltage
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8.2.1.2.3 Setting the Current Limit

The maximum amount of current that can be delivered to the load is set by the sense resistor, Rggy. Current limit
occurs when the voltage that is generated across the sense resistor equals the current sense threshold voltage,
Vsense- When this threshold is reached, the switch will be turned off until the next cycle. Limits for Vgense are
specified in Electrical Characteristics. Vggnse represents the maximum value of the internal control signal Vcs.
This control signal, however, is not a constant value and changes over the course of a period as a result of the
internal compensation ramp (see Figure 20). Therefore the current limit threshold will also change. The actual
current limit threshold is a function of the sense voltage (Vsense) and the internal compensation ramp:

Rsen X ISWi it = VCSyax = Vsense - (D X Vg)

where

o ISWy it is the peak switch current limit, defined by the equation below. As duty cycle increases, the control
voltage is reduced as Vg ramps up. Since current limit threshold varies with duty cycle, the following equation

should be used to select Rggy and set the desired current limit threshold: (15)

Vsense - (D X Vsy)

Rsen = —ISW
LIMIT (16)

The numerator of the above equation is Vs, and ISW 7 is calculated as:

_|Jom , DXV
ISWumm =1 775y * 2 x fs x 1)

17
To avoid false triggering, the current limit value should have some margin above the maximum operating value,
typically 120%. Values for both Vggnse and Vg are specified in Electrical Characteristics. However, calculating
with the limits of these two specs could result in an unrealistically wide current limit or Rggy range. Therefore, the
following equation is recommended, using the Vg, ratio value given in Electrical Characteristics:

Vsense - (D X Vsense X Vs ratio)
ISWymir

SEN =
(18)

Rsen is part of the current mode control loop and has some influence on control loop stability. Therefore, once
the current limit threshold is set, loop stability must be verified. To verify stability, use the following equation:

2XVS|_stXL

R <
SEN Vo - (2 X V|N)

(19)

If the selected Rggy is greater than this value, additional slope compensation must be added to ensure stability,
as described in Current Limit with External Slope Compensation.

8.2.1.2.4 Current Limit with External Slope Compensation
Rs_ is used to add additional slope compensation when required. It is not necessary in most designs and Rg_
should be no larger than necessary. Select Rg according to the following equation:
RSEN X (VO - 2V|N)
2xfsxL
40 pA

- VsL

RSL >

where

* Rgen is the selected value based on current limit. With Rg, installed, the control signal includes additional
external slope to stabilize the loop, which will also have an effect on the current limit threshold. Therefore, the

current limit threshold must be re-verified, as illustrated in the equations below : (20)
Ves = Vsense — (D X (VgL + AVg)))
where
» AVg is the additional slope compensation generated and calculated as: (21)
AV, =40 pA X Rg, (22)
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This changes the equation for current limit (or Rggy) to:
Vsense - (D X(VsL + AVsgL))
ISWymir =
RSEN (23)

The Rgey and Rg; values may have to be calculated iteratively in order to achieve both the desired current limit
and stable operation. In some designs Rg, can also help to filter noise on the ISEN pin.

If the inductor is selected such that ripple current is the recommended 30% value, and the current limit threshold
is 120% of the maximum peak, a simpler method can be used to determine Rggy. The equation below will
provide optimum stability without RSL, provided that the above 2 conditions are met:

Vsense

ISWomir +<VO - VI) xD
L X fs

Rsen =

(24)

8.2.1.2.5 Power Diode Selection

Observation of the boost converter circuit shows that the average current through the diode is the average load
current, and the peak current through the diode is the peak current through the inductor. The diode should be
rated to handle more than its peak current. The peak diode current can be calculated using the formula:

Ippeak) = lout/ (1-D) + Al (25)
In the above equation, oyt is the output current and Al has been defined in Figure 32.

The peak reverse voltage for boost converter is equal to the regulator output voltage. The diode must be capable
of handling this voltage. To improve efficiency, a low forward drop schottky diode is recommended.

8.2.1.2.6 Power MOSFET Selection

The drive pin of LM3488 must be connected to the gate of an external MOSFET. In a boost topology, the drain of
the external N-Channel MOSFET is connected to the inductor and the source is connected to the ground. The
drive pin (DR) voltage depends on the input voltage (see the Typical Characteristics section). In most
applications, a logic level MOSFET can be used. For very low input voltages, a sub-logic level MOSFET should
be used.

The selected MOSFET directly controls the efficiency. The critical parameters for selection of a MOSFET are:
Minimum threshold voltage, V4(MIN)

On-resistance, Rps(ON)

Total gate charge, Qg

Reverse transfer capacitance, Crss

Maximum drain to source voltage, Vpsgmax)

ok wnNeE

The off-state voltage of the MOSFET is approximately equal to the output voltage. Vpggmax) of the MOSFET must
be greater than the output voltage. The power losses in the MOSFET can be categorized into conduction losses
and ac SW|tch|ng or transition losses. Rps(on) is needed to estimate the conduction losses. The conduction loss,
Pconps is the I°R loss across the MOSFET. The maximum conduction loss is given by:

P lour AI
conomAx) = k97 DuaxR DS(ON)

where
*  Dpax is the maximum duty cycle.

(26)

N (1 ) VIN(MIN))
MAX Vout 27

The turn-on and turn-off transitions of a MOSFET require times of tens of nano-seconds. Crss and Qg are
needed to estimate the large instantaneous power loss that occurs during these transitions.

The amount of gate current required to turn the MOSFET on can be calculated using the formula:
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le = Qq.Fs (28)

The required gate drive power to turn the MOSFET on is equal to the switching frequency times the energy
required to deliver the charge to bring the gate charge voltage to Vpr (see the Electrical Characteristics table and
the Typical Characteristics section for the drive voltage specification).

PDrive = FS-Qg-VDR (29)
8.2.1.2.7 Input Capacitor Selection

Due to the presence of an inductor at the input of a boost converter, the input current waveform is continuous
and triangular, as shown in Figure 32. The inductor ensures that the input capacitor sees fairly low ripple
currents. However, as the input capacitor gets smaller, the input ripple goes up. The rms current in the input
capacitor is given by:

lCIN(RMS): A V3 = g Vour - VlN)
23\ Vourlfs

(30)
The input capacitor should be capable of handling the rms current. Although the input capacitor is not as critical
in a boost application, low values can cause impedance interactions. Therefore a good quality capacitor should
be chosen in the range of 10 pF to 20 pF. If a value lower than 10uF is used, then problems with impedance
interactions or switching noise can affect the LM3488. To improve performance, especially with V| below 8 volts,
it is recommended to use a 20Q resistor at the input to provide a RC filter. The resistor is placed in series with
the V)\ pin with only a bypass capacitor attached to the V,y pin directly (see Figure 34). A 0.1-pF or 1-uF ceramic
capacitor is necessary in this configuration. The bulk input capacitor and inductor will connect on the other side
of the resistor with the input power supply.

RiN ViN
N A
LM3488 l CgypPASS lCIN

Figure 34. Reducing IC Input Noise

8.2.1.2.8 Output Capacitor Selection

The output capacitor in a boost converter provides all the output current when the inductor is charging. As a
result it sees very large ripple currents. The output capacitor should be capable of handling the maximum rms
current. The rms current in the output capacitor is:

ICOUT(RMS) = \/ [ 2 D AiLz ]
= 1-D) |! —_— + —
(1-D) Hour (1-D)2 3

@1

Where

DV,

BT

(32)
and D, the duty cycle is equal to (Vout = Vin)/Vout-

The ESR and ESL of the output capacitor directly control the output ripple. Use capacitors with low ESR and ESL
at the output for high efficiency and low ripple voltage. Surface Mount tantalums, surface mount polymer

electrolytic and polymer tantalum, Sanyo- OSCON, or multi-layer ceramic capacitors are recommended at the
output.
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8.2.1.3 Application Curve

2V/Div

Vout
5V/Div

ittt

lo
500 mA/Div

i

/
/

Figure 35. Typical Startup Waveform (horizontal scale: 10ms/DIV)

8.2.2 Designing SEPIC Using LM3488

Since the LM3488 controls a low-side N-Channel MOSFET, it can also be used in SEPIC (Single Ended Primary
Inductance Converter) applications. An example of SEPIC using LM3488 is shown in Figure 36. As shown in
Figure 36, the output voltage can be higher or lower than the input voltage. The SEPIC uses two inductors to
step-up or step-down the input voltage. The inductors L1 and L2 can be two discrete inductors or two windings of
a coupled transformer since equal voltages are applied across the inductor throughout the switching cycle. Using
two discrete inductors allows use of catalog magnetics, as opposed to a custom transformer. The input ripple can
be reduced along with size by using the coupled windings of transformer for L1 and L2.

Viy = 3.0V to 24V

R
AERS
15 uF, 35V
10 pH :l:_ x2
coy IsEN ViN 1 uF, ceramic D Vour = 5V, 1A
1nF I L
Cc = A c MBRS130LT3 LB Cour
1 X CONP FA/SYNG/SD [—MA—] s I 100 4F, 10V
Re 2 LM3488 40k

4.7k F2 —

IRF7807

J:Wy FB DR
20k
AGND PGND
L L

= 2 R
3 sFo1k

RsN
0.050

Figure 36. Typical SEPIC Converter

Due to the presence of the inductor L1 at the input, the SEPIC inherits all the benefits of a boost converter. One
main advantage of SEPIC over boost converter is the inherent input to output isolation. The capacitor CS isolates
the input from the output and provides protection against shorted or malfunctioning load. Hence, the A SEPIC is
useful for replacing boost circuits when true shutdown is required. This means that the output voltage falls to OV

when the switch is turned off. In a boost converter, the output can only fall to the input voltage minus a diode
drop.
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The duty cycle of a SEPIC is given by:

Vour +V,

ouT DIODE

VOUT * VIN - Vo+ v

D=

DIODE

(33)

In the above equation, Vg is the on-state voltage of the MOSFET, Q, and Vpope is the forward voltage drop of
the diode.

8.2.2.1 Design Requirements

To calculate component values for a SEPIC converter, the power supply parameters shown in Table 3 should be
known. The design shown in Figure 36 is the result of starting with example values shown in Table 3

Table 3. SEPIC Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Input voltage range 3Vto24V
Output voltage 5V
Maximum current 1A
Operating frequency 350 kHz
Max peak to peak output ripple 200 mV

8.2.2.2 Detailed Design Procedure

8.2.2.2.1 Power MOSFET Selection

As in boost converter, the parameters governing the selection of the MOSFET are the minimum threshold
voltage, Vrywiny the on-resistance, Rpgony, the total gate charge, Qg, the reverse transfer capacitance, Cgss,
and the maximum drain to source voltage, Vpsuax). The peak switch voltage in a SEPIC is given by:

Vswpeak) = Vin + Vour + Voiope (34)
The selected MOSFET should satisfy the condition:
Vbsmax) > Vswipeak) (35)

The peak switch current is given by:

Al + Al
|SW(PEAK) = IL1(AVG) + IOUT + - 2 =
(36)
The rms current through the switch is given by:
Al + Al )2
lswrms =\/ ESWPEAKZ - Isweeak (Al + Al "‘(—U +3 12) ]D
37

8.2.2.2.2 Power Diode Selection

The Power diode must be selected to handle the peak current and the peak reverse voltage. In a SEPIC, the
diode peak current is the same as the switch peak current. The off-state voltage or peak reverse voltage of the
diode is V|y + Vour. Similar to the boost converter, the average diode current is equal to the output current.
Schottky diodes are recommended.

8.2.2.2.3 Selection Of Inductors L1 and L2

Proper selection of the inductors L1 and L2 to maintain constant current mode requires calculations of the
following parameters.

Average current in the inductors:

| - DIOUT

LAVE ™ T4 p
(38)
Ii2ave = lour (39)
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Peak to peak ripple current, to calculate core loss if necessary:

_(Vyy-Vo)D
H (L)
(40)
V. -V, D
A|,_2 - ( IN Q)
(L2)f (@41)
maintains the condition I, > Ai,/2 to ensure constant current mode.
(Vin - Vo)(1-D)
2|OUTfS (42)
(Vin - Vg)D
2lourfs (43)
Peak current in the inductor, to ensure the inductor does not saturate:
- Dloyr , Al
L1PK 1_D 2 (44)
Al
lopk = lour 2|.2
(45)

I.1pk Must be lower than the maximum current rating set by the current sense resistor.

The value of L1 can be increased above the minimum recommended to reduce input ripple and output ripple.
However, once D is less than 20% of I 1ave, the benefit to output ripple is minimal.

By increasing the value of L2 above the minimum recommended, A, can be reduced, which in turn will reduce
the output ripple voltage:

lour Al
war= (F5475) o=

where
* ESRis the effective series resistance of the output capacitor. (46)

If L1 and L2 are wound on the same core, then L1 = L2 = L. All the equations above will hold true if the
inductance is replaced by 2L. A good choice for transformer with equal turns is Coiltronics CTX series Octopack.

8.2.2.2.4 Sense Resistor Selection

The peak current through the switch, Isweeak) Can be adjusted using the current sense resistor, Rggy, to provide
a certain output current. Resistor Rggy can be selected using the formula:

Vsense - D(VsL + AVg)

R =
SEN ISWPEAK (47)

8.2.2.2.5 SEPIC Capacitor Selection

The selection of SEPIC capacitor, CS, depends on the rms current. The rms current of the SEPIC capacitor is
given by:

oors =, lsnws+ ( )(1-0)
CSRMS = + 2 2
SWRMS |L1PK - |L1PKAIL1 + Alu 1-D

(48)

26 Submit Documentation Feedback Copyright © 2000-2014, Texas Instruments Incorporated

Product Folder Links: LM3488 LM3488-Q1



= Distributor of Texas Instruments: Excellent Integrated System Limited
Datasheet of LM3488MM/NOPB - IC REG CTRL BST FLYBK PWM 8VSSOP
oy Contact us: sales@integrated-circuit.com Website: www.integrated-circuit.com

punnnm|

13 TEXAS
INSTRUMENTS
LM3488, LM3488-Q1
www.ti.com SNVS089N —JULY 2000—REVISED DECEMBER 2014

The SEPIC capacitor must be rated for a large ACrms current relative to the output power. This property makes
the SEPIC much better suited to lower power applications where the rms current through the capacitor is
relatively small (relative to capacitor technology). The voltage rating of the SEPIC capacitor must be greater than
the maximum input voltage. Tantalum capacitors are the best choice for SMT, having high rms current ratings
relative to size. Ceramic capacitors could be used, but the low C values will tend to cause larger changes in
voltage across the capacitor due to the large currents. High C value ceramics are expensive. Electrolytics work
well for through hole applications where the size required to meet the rms current rating can be accommodated.
There is an energy balance between CS and L1, which can be used to determine the value of the capacitor. The
basic energy balance equation is:

1 1
ECSAVS2 = E |_.1A||_12

(49)
Where
AV = ( Vour ) lour
VOUT + VIN - VQ * VDIODE fSCS
(50)
is the ripple voltage across the SEPIC capacitor, and
V- Vo) D
Al = %
18
(51)

is the ripple current through the inductor L1. The energy balance equation can be solved to provide a minimum
value for Cg;
| 2
Co> L, —2T

s= Vi 'VQ)2 (52)

8.2.2.2.6 Input Capacitor Selection

Similar to a boost converter, the SEPIC has an inductor at the input. Hence, the input current waveform is
continuous and triangular. The inductor ensures that the input capacitor sees fairly low ripple currents. However,
as the input capacitor gets smaller, the input ripple goes up. The rms current in the input capacitor is given by:
! = Al =D (_Vw - Vo)
CIN(RMS) L1/\A_2 2‘/§ L1fs
(53)

The input capacitor should be capable of handling the rms current. Although the input capacitor is not as critical
in a boost application, low values can cause impedance interactions. Therefore a good quality capacitor should
be chosen in the range of 10uF to 20uF. If a value lower than 10uF is used, then problems with impedance
interactions or switching noise can affect the LM3488. To improve performance, especially with V,y below 8 volts,
it is recommended to use a 20Q resistor at the input to provide a RC filter. The resistor is placed in series with
the V|y pin with only a bypass capacitor attached to the V|y pin directly (see Figure 34). A 0.1uF or 1uF ceramic
capacitor is necessary in this configuration. The bulk input capacitor and inductor will connect on the other side
of the resistor with the input power supply.

8.2.2.2.7 Output Capacitor Selection

The ESR and ESL of the output capacitor directly control the output ripple. Use low capacitors with low ESR and
ESL at the output for high efficiency and low ripple voltage. Surface mount tantalums, surface mount polymer
electrolytic and polymer tantalum, Sanyo- OSCON, or multi-layer ceramic capacitors are recommended at the
output.

The output capacitor of the SEPIC sees very large ripple currents (similar to the output capacitor of a boost
converter. The rms current through the output capacitor is given by:

Irws =\/|:|SWPK2 - Iswek (Alug + Al)+ (Al + A|L2)2:| (1-D) - lour®
3 (4)
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The ESR and ESL of the output capacitor directly control the output ripple. Use low capacitors with low ESR and
ESL at the output for high efficiency and low ripple voltage. Surface mount tantalums, surface mount polymer
electrolytic and polymer tantalum, Sanyo- OSCON, or multi-layer ceramic capacitors are recommended at the
output for low ripple.

9 Power Supply Recommendations

The LM3488 is designed to operate from various DC power supply including a car battery. If so, VIN input should
be protected from reversal voltage and voltage dump over 48 Volts. The impedance of the input supply rail
should be low enough that the input current transient does not cause drop below VIN UVLO level. If the input
supply is connected by using long wires, additional bulk capacitance may be required in addition to normal input
capacitor.

10 Layout

10.1 Layout Guidelines

Good board layout is critical for switching controllers such as the LM3488. First the ground plane area must be
sufficient for thermal dissipation purposes and second, appropriate guidelines must be followed to reduce the
effects of switching noise. Switch mode converters are very fast switching devices. In such devices, the rapid
increase of input current combined with the parasitic trace inductance generates unwanted Ldi/dt noise spikes.
The magnitude of this noise tends to increase as the output current increases. This parasitic spike noise may
turn into electromagnetic interference (EMI), and can also cause problems in device performance. Therefore,
care must be taken in layout to minimize the effect of this switching noise. The current sensing circuit in current
mode devices can be easily effected by switching noise. This noise can cause duty cycle jitter which leads to
increased spectral noise. The most important layout rule is to keep the AC current loops as small as possible.
Figure 37 shows the current flow of a boost converter. The top schematic shows a dotted line which represents
the current flow during onstate and the middle schematic shows the current flow during off-state. The bottom
schematic shows the currents we refer to as AC currents. They are the most critical ones since current is
changing in very short time periods. The dotted lined traces of the bottom schematic are the once to make as

short as possible.
fm >t
| T Y | P

\
/X

Figure 37. Current Flow in a Boost Application
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Layout Guidelines (continued)

The PGND and AGND pins have to be connected to the same ground very close to the IC. To avoid ground loop
currents attach all the grounds of the system only at one point. A ceramic input capacitor should be connected as
close as possible to the Vin pin and grounded close to the GND pin. For a layout example please see AN-1204
LM378/LM3488 Evaluation Board (SNVA656A). For more information about layout in switch mode power
supplies please refer to AN-1229 SIMPLE SWITCHER® PCB Layout Guidelines (SNVAQ054c).

10.2 Layout Example

Output

Capacitors

T Input
/ \
/ —H— \ Capg_t_:itors

Output Diode

“

Power FET

Sense Resistor
Resistor Ty [~

Current sense
trace changes
layers to allow
continuous
ground plane

)
\\_”_//

S~ -~

// \\
==
|

Vi
\ /

Output Inductor  \ /

S~~~
Current | Y Y Y
Sense Filter ! Gate Resistor
I W To DR Pin
Compensation _ ) _
AR (T "
/ $ \L N\ To Input
v T \\ s=Z X W A
\ Isen e Vi — — Chip Power Filter
< A\~ COI\ég: :IEQISYNC/SD
\/———- QGND:: FapGND Set Frequency Shutdown

Set Qutput / WA= RREges

Voltage \ WA~ _

4

Tune Performance To Output

Figure 38. Example Layout of a Boost Application using LM3488

11 Device and Documentation Support

11.1 Related Links

The table below lists quick access links. Categories include technical documents, support

and community
resources, tools and software, and quick access to sample or buy.

Table 4. Related Links

TECHNICAL TOOLS & SUPPORT &
PARTS PRODUCT FOLDER SAMPLE & BUY DOCUMENTS SOFTWARE COMMUNITY
LM3488 Click here Click here Click here Click here Click here
LM3488-Q1 Click here Click here Click here Click here Click here
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11.2 Trademarks
All trademarks are the property of their respective owners.
11.3 Electrostatic Discharge Caution

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

11.4 CGlossary

SLYZ022 — Tl Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information
The following pages include mechanical, packaging, and orderable information. This information is the most

current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
® Drawing Qty @ ® ® (@5)
LM3488MM ACTIVE VSSOP DGK 8 1000 TBD Call Tl Call TI S21B
LM3488MM/NOPB ACTIVE VSSOP DGK 8 1000 Green (RoHS CU NIPDAUAG | CU SN Level-1-260C-UNLIM -40 to 125 S21B
& no Sh/Br)
LM3488MMX NRND VSSOP DGK 8 TBD Call Tl Call TI -40 to 125 S21B
LM3488MMX/NOPB ACTIVE VSSOP DGK 8 3500 Green (RoHS CU NIPDAUAG | CU SN Level-1-260C-UNLIM -40 to 125 S21B -
& no Sh/Br) L
LM3488QMM/NOPB ACTIVE VSSOP DGK 8 1000 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 SSKB Samples
& no Sb/Br) =
LM3488QMMX/NOPB ACTIVE VSSOP DGK 8 3500  Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 SSKB Samples
& 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): TI'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.
® 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.
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© Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

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

LM3488MM VSSOP DGK 8 1000 178.0 12.4 5.3 3.4 14 8.0 12.0 Q1
LM3488MM/NOPB VSSOP DGK 8 1000 178.0 12.4 5.3 3.4 14 8.0 12.0 Q1
LM3488MMX/NOPB VSSOP DGK 8 3500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
LM3488QMM/NOPB VSSOP DGK 8 1000 178.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LM3488QMMX/NOPB | VSSOP DGK 8 3500 330.0 12.4 5.3 3.4 14 8.0 12.0 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) | Height (mm)
LM3488MM VSSOP DGK 8 1000 210.0 185.0 35.0
LM3488MM/NOPB VSSOP DGK 8 1000 210.0 185.0 35.0
LM3488MMX/NOPB VSSOP DGK 8 3500 367.0 367.0 35.0
LM3488QMM/NOPB VSSOP DGK 8 1000 210.0 185.0 35.0
LM3488QMMX/NOPB VSSOP DGK 8 3500 367.0 367.0 35.0
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MECHANICAL DATA

DGK (S—PDS0O-G8) PLASTIC SMALL—-OUTLINE PACKAGE
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Gauge Plane

[
v L EUZUZUZU:IJ Seating Plane v JU
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4073329/E 05,/06

NOTES: A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions
not exceed 0.15 per end.

b Body width does not include interlead flash. Interlead flash shall not exceed 0.50 per side.
E.  Falls within JEDEC MO-187 variation AA, except interlead flash.

, or gate burrs shall
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LAND PATTERN DATA

DGK (S—PDS0O—G8)

PLASTIC SMALL OUTLINE PACKAGE

Example Board Layout
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(See Note D)
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NOTES:

All linear dimensions are in millimeters.
This drawing is subject to change without notice.
Publication IPC-7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should

contact their board assembly site for stencil design recommendations.

Refer to IPC-7525 for other stencil recommendations.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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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.

Products Applications
Audio www.ti.com/audio Automotive and Transportation  www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

TI E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

e2e.ti.com
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