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LM2642 Two-Phase Synchronous Step-Down Switching Controller

Check for Samples: LM2642

FEATURES

« Two Synchronous Buck Regulators

e 180° Out of Phase Operation

« 4.5V to 30V Input Range

» Power Good Function Monitors Ch.1

e 37pA Shutdown Current

e 0.04% (typical) Line and Load Regulation Error

e Current Mode Control With or Without a Sense
Resistor

* Independent Enable/Soft-start Pins Allow
Simple Sequential Startup Configuration.

e Configurable for Single Output Parallel
Operation. (See Figure 3).

e Adjustable Cycle-by-Cycle Current Limit

e Input Under-voltage Lockout

e Output Over-voltage Latch Protection

e Output Under-voltage Protection with Delay
e Thermal Shutdown

» Self Discharge of Output Capacitors When the
Regulator is OFF

e TSSOP package

APPLICATIONS

« Embedded Computer Systems
» High End Gaming Systems

e Set-top Boxes

+ WebPAD

BLOCK DIAGRAM

DESCRIPTION

The LM2642 consists of two current mode
synchronous buck regulator controllers with a
switching frequency of 300kHz.

The two switching regulator controllers operate 180°
out of phase. This feature reduces the input ripple
RMS current, thereby significantly reducing the
required input capacitance. The two switching
regulator outputs can also be paralleled to operate as
a dual-phase single output regulator.

The output of each channel can be independently
adjusted from 1.3 to Vy* maximum duty cycle. An
internal 5V rail is also available externally for driving
bootstrap circuitry.

Current-mode feedback control assures excellent line
and load regulation and a wide loop bandwidth for
excellent response to fast load transients. Current is
sensed across either the Vds of the top FET or
across an external current-sense resistor connected
in series with the drain of the top FET. Current limit is
independently adjustable for each channel.

The LM2642 features analog soft-start circuitry that is
independent of the output load and output
capacitance. This makes the soft-start behavior more
predictable and controllable than traditional soft-start
circuits.

A PGOODL1 pin is provided to monitor the dc output
of channel 1. Over-voltage protection is available for
both outputs. A UV-Delay pin is also available to
allow delayed shut off time for the IC during an output
under-voltage event.
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Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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‘ 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.

CONNECTION DIAGRAM

TOP VIEW
2lks1 RsNs1 |28
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Figure 1. 28-Lead TSSOP

PIN DESCRIPTIONS

KS1 (Pin 1) The positive (+) Kelvin sense for the internal current sense amplifier of Channel 1. Use a separate
trace to connect this pin to the current sense point. It should be connected to VIN as close as possible to
the node of the current sense resistor. When no current-sense resistor is used, connect as close as
possible to the drain node of the upper MOSFET.

ILIM1 (Pin 2) Current limit threshold setting for Channel 1. It sinks a constant current of 10 pA, which is
converted to a voltage across a resistor connected from this pin to VIN. The voltage across the resistor is
compared with either the VDS of the top MOSFET or the voltage across the external current sense
resistor to determine if an over-current condition has occurred in Channel 1.

COMP1 (Pin 3) Compensation pin for Channel 1. This is the output of the internal transconductance amplifier.
The compensation network should be connected between this pin and the signal ground, SGND (Pin 8).

FB1 (Pin 4) Feedback input for channel 1. Connect to VOUT through a voltage divider to set the channel 1
output voltage.

PGOOD1 (Pin 5) An open-drain power-good output for Channel 1. It is 'LOW' (low impedance to ground)
whenever the output voltage of Channel 1 falls outside of a +15% to -9% window. PGOOD1 stays latched
in a 'LOW" state during OVP or UVP on either channel. It will recover to a 'HIGH' state (high impedance to
ground) after a Channel 1 output under-voltage event (<91%) when the output returns to within 6% of its
nominal value. See Operation Descriptions for details.

UV_DELAY (Pin 6) A capacitor from this pin to ground sets the delay time for UVP. The capacitor is charged
from a 5pA current source. When UV_DELAY charges to 2.3V (typical), the system immediately latches
off. Connecting this pin to ground will disable the output under-voltage protection.

VLINS (Pin 7) The output of an internal 5V LDO regulator derived from VIN. It supplies the internal bias for the
chip and supplies the bootstrap circuitry for gate drive. Bypass this pin to signal ground with a minimum of
4.7uF capacitor.

SGND (Pin 8) The ground connection for the signal-level circuitry. It should be connected to the ground rail of the
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system.

ON/SS1 (Pin 9) Channel 1 enable pin. This pin is internally pulled up to one diode drop above VLIN5. Pulling
this pin below 1.2V (open-collector type) turns off Channel 1. If both ON/SS1 and ON/SS2 pins are pulled
below 1.2V, the whole chip goes into shut down mode. Adding a capacitor to this pin provides a soft-start
feature that minimizes inrush current and output voltage overshoot.

ON/SS2 (Pin 10) Channel 2 enable pin. See the description for Pin 9, ON/SS1. May be connected to ON/SS1 for
simultaneous startup or for parallel operation.

FB2 (Pin 11) Feedback input for channel 2. Connect to VOUT through a voltage divider to set the Channel 2
output voltage.

COMP2 (Pin 12) Compensation pin for Channel 2. This is the output of the internal transconductance amplifier.
The compensation network should be connected between this pin and the signal ground SGND (Pin 8).

ILIM2 (Pin 13) Current limit threshold setting for Channel 2. See ILIM1 (Pin 2).
KS2 (Pin 14) The positive (+) Kelvin sense for the internal current sense amplifier of Channel 2. See KS1 (Pin 1).

RSNS2 (Pin 15) The negative (-) Kelvin sense for the internal current sense amplifier of Channel 2. Connect this
pin to the low side of the current sense resistor that is placed between VIN and the drain of the top
MOSFET. When the Rds of the top MOSFET is used for current sensing, connect this pin to the source of
the top MOSFET. Always use a separate trace to form a Kelvin connection to this pin.

SW2 (Pin 16) Switch-node connection for Channel 2, which is connected to the source of the top MOSFET of
Channel 2. It serves as the negative supply rail for the top-side gate driver, HDRV2.

HDRV2 (Pin 17) Top-side gate-drive output for Channel 2. HDRYV is a floating drive output that rides on the
corresponding switching-node voltage.

CBOOT2 (Pin 18) Bootstrap capacitor connection. It serves as the positive supply rail for the Channel 2 top-side
gate drive. Connect this pin to VDD2 (Pin 19) through a diode, and connect the low side of the bootstrap
capacitor to SW2 (Pin16).

VDD2 (Pin 19) The supply rail for the Channel 2 low-side gate drive. Connected to VLIN5 (Pin 7) through a 4.7Q
resistor and bypassed to power ground with a ceramic capacitor of at least 1uF. Tie this pin to VDD1 (Pin
24).

LDRV2 (Pin 20) Low-side gate-drive output for Channel 2.
PGND (Pin 21) The power ground connection for both channels. Connect to the ground rail of the system.

VIN (Pin 22) The power input pin for the chip. Connect to the positive (+) input rail of the system. This pin must
be connected to the same voltage rail as the top FET drain (or the current sense resistor when used).

LDRV1 (Pin 23) Low-side gate-drive output for Channel 1.
VDD1 (Pin 24) The supply rail for Channel 1 low-side gate drive. Tie this pin to VDD2 (Pin 19).

CBOOT1 (Pin 25)Bootstrap capacitor connection. It serves as the positive supply rail for Channel 1 top-side gate
drive. See CBOOT?2 (Pin 18).

HDRV1 (Pin 26) Top-side gate-drive output for Channel 1. See HDRV2 (Pin 17).
SW1 (Pin 27) Switch-node connection for Channel 1. See SW2 (Pin16).

RSNS1 (Pin 28) The negative (-) Kelvin sense for the internal current sense amplifier of Channel 1. See RSNS2
(Pin 15).
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ABSOLUTE MAXIMUM RATINGS @

Voltages from the indicated pins to SGND/PGND:

VIN, ILIM1, ILIM2, KS1, KS2 -0.3V to 32V
SW1, SW2, RSNS1, RSNS2 -0.3 10 (Vi + 0.3)V
FB1, FB2, VDD1, VDD2 -0.3V to 6V

PGOOD, COMP1, COMP2, UV Delay

-0.3V to (VLIN5 +0.3)V

ON/SS1, ON/SS2 @

-0.3V to (VLIN5 +0.6)V

CBOOT1 to SW1, CBOOT2 to SW2 -0.3Vto 7V
LDRV1, LDRV2 -0.3V to (VDD+0.3)V
HDRV1 to SW1, HDRV2 to SW2 -0.3V
HDRV1 to CBOOT1, HDRV2 to CBOOT2 +0.3V
Power Dissipation (T = 25°C),

® 11w

Ambient Storage Temperature Range

-65°C to +150°C

Soldering Dwell Time, Temperature ®)

Wave 4 sec, 260°C
Infrared 10sec, 240°C
Vapor Phase 75sec, 219°C
ESD Rating ® 2kv

(1) Absolute maximum ratings indicate limits beyond which damage to the device may occur. Operating Range indicates conditions for
which the device is intended to be functional, but does not ensure specific performance limits. For ensured specifications and test
conditions, see the Electrical Characteristics. The specifications apply only for the test conditions. Some performance characteristics
may degrade when the device is not operated under the listed test conditions.

(2) ON/SS1 and ON/SS2 are internally pulled up to one diode drop above VLIN5. Do not apply an external pull-up voltage to these pins. It

may cause damage to the IC.

(3) The maximum allowable power dissipation is calculated by using Ppmax = (Timax - Ta)/03a, Where Tiyax is the maximum junction
temperature, T, is the ambient temperature and 63, is the junction-to-ambient thermal resistance of the specified package. The 1.1W
rating results from using 125°C, 25°C, and 90.6°C/W for Tyuyax, Ta, and 83, respectively. A 8,5 of 90.6°C/W represents the worst-case
condition of no heat sinking of the 28-pin TSSOP. A thermal shutdown will occur if the temperature exceeds the maximum junction

temperature of the device.

(4) For detailed information on soldering plastic small-outline packages, see the Tl website at www.ti.com/packaging.
(5) For testing purposes, ESD was applied using the human-body model, a 100pF capacitor discharged through a 1.5kQ resistor.

OPERATING RATINGS @

VIN (VLIN5 tied to VIN)

4.5V to 5.5V

VIN (VIN and VLIN5 separate)

5.5V to 30V

Junction Temperature

-40°C to +125°C

(1) Absolute maximum ratings indicate limits beyond which damage to the device may occur. Operating Range indicates conditions for
which the device is intended to be functional, but does not ensure specific performance limits. For ensured specifications and test
conditions, see the Electrical Characteristics. The specifications apply only for the test conditions. Some performance characteristics
may degrade when the device is not operated under the listed test conditions.
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ELECTRICAL CHARACTERISTICS

Unless otherwise specified, V,y = 15V, GND = PGND = 0V, VLIN5 = VDD1 = VDD?2. Limits appearing in boldface type apply
over the specified operating junction temperature range, (-20°C to +125°C, if not otherwise specified). Specifications
appearing in plain type are measured using low duty cycle pulse testing with T, = 25°C @, @, Min/Max limits are specified by
design, test, or statistical analysis.

Symbol Parameter Conditions Min | Typ ‘ Max Units
System
AVout/Vout | Load Regulation VIN = 15V, Vcompx = 0.5V to 1.5V 0.04 %
AVourNour | Line Regulation 5.5V < VIN < 30V, Vompy =1.25V 0.04 %
VEsi Fi2 Feedback Voltage 5.5V < VIN < 30V 1.215 1.238 1.260
0°C to 125°C 1.217 1.259 \%
-40°C to 125°C 1.212 1.261
vin Input Supply Current Von_ssx > 2V 1.0 mA
5.5V < VIN = 30V 2.0
Shutdown ©)
37 A
Von_ss1 = Von_ss2= OV 110 H
VLINS VLINS Output Voltage ¢ IVLINS = 0 to 25mA,
5.5V < VIN = 30V 4.70 5 530 \V;
-40°C to 125°C 4.68 5.30
VeLos Current Limit Comparator
Offset (VILIMX ~VRSNSX) 2 7.0 mv
lcL Current Limit Sink Current 9 10 11 A
-40°C to 125°C 8.67 11 H
lss_sc1, Soft-Start Source Current Von_sst = Von_ss2 = 1.5V (on) 05 2 50 LA
|ssﬁSC2
|557$K1, Soft-Start Sink Current VON7551 = VON7552 =2V 2 5.2 10 A
Iss_SKZ
Von_sst Soft-Start On Threshold 0.7 112 14 vV
Von_ss2
VssTo Soft-Start Timeout ®) 3.3 v
Threshold '
Isc_uvdelay UV_DELAY Source Current | UV-DELAY = 2V 2 5 9 HA
lsk_uvdelay UV_DELAY Sink Current | UV-DELAY = 0.4V 0.2 0.48 1.2 mA
Vuvpelay UV_DELAY Threshold 23 v
Voltage
Vuvp FB1, FB2, Under Voltage As a percentage of nominal output voltage 75 80 86 %
Protection Latch Threshold | (falling edge) °
Hysteresis 4 %
Vovp Vout Overvoltage As a percentage measured at Veg1, Vig2 o
Shutdown Latch Threshold 107 s 122 %
Vowrbad Regulator Window Detector | As a percentage of output voltage
Thresholds (PGOOD1 from 86.5 90.3 94.5 %
High to Low)
Vowrgd Regulator Window Detector
Thresholds (PGOOD1 from 91.5 94 97.0 %
Low to High)
SWX,R SW1, SW2 ON-Resistance Vswi = Vswz = 2V 420 480 535 Q
Gate Drive
lcBooT CBOOTX Leakage Current VeeooT1 = Vegoorz = 7V | 10 ‘ nA

(1) A typical is the center of characterization data measured with low duty cycle pulse tsting at Ty = 25°C. Typicals are not ensured.

(2) All limits are specified. All electrical characteristics having room-temperature limits are tested during production with To = T; = 25°C. All
hot and cold limits are specified by correlating the electrical characteristics to process and temperature variations and applying statistical
process control.

(3) Both switching controllers are off. The linear regulator VLIN5S remains on.

(4) The output voltage at the VLIN5 pin may be as high as 5.9V in shutdown mode (ON/SS1 = ON/SS2 = 0V).

(5) When SS1 and SS2 pins are charged above this voltage and either of the output voltages at Voutl or Vout2 is still below the regulation
limit, the under voltage protection feature is initialized.
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ELECTRICAL CHARACTERISTICS (continued)
Unless otherwise specified, V,y = 15V, GND = PGND = 0V, VLIN5 = VDD1 = VDD?2. Limits appearing in boldface type apply

over the specified operating junction temperature range, (-20°C to +125°C, if not otherwise specified). Specifications

appearing in plain type are measured using low duty cycle pulse testing with T, = 25°C @, @, Min/Max limits are specified by
design, test, or statistical analysis.

Symbol Parameter Conditions Min Typ Max Units
Isc_prv HDRVx and LDRVx Source | VcgooTt1 = VesooT2 = 5V, VSWx=0V, 05 A
Current HDRVx=LDRVx=2.5V '
lsk HDRV HDRVXx Sink Current Veeootx = VDDX = 5V, Vawy = 0V, HDRVX
— Y 0.8 A
lsk LDRV LDRVx Sink Current VepooTx = VDDX = 5V, Vg, = 0V, LDRVX
— _ 1.1 A
=25V
RHDRV HDRV1 & 2 Source On- VeeooTt1 = VegooT? = 5V, 31 Q
Resistance Vswi = Vewz = OV '
HDRVl & 2 Sink On- 15 o)
Resistance
RLprv LDRV1 & 2 Source On- VeeooTt1 = VegsooT? = 5V, 31 Q
Resistance Vswi = Vewz = OV '
LDRV1 & 2 Sink On- Vop1 = Vop1 = 5V
. 1.1 Q
Resistance
Oscillator
Fosc Oscillator Frequency 260 300 340 H
z
-40°C to 125°C 257.5 340
Don_max Maximum On-Duty Cycle Veg1 = Vego = 1V, Measured at pins 9% 08
HDRV1 and HDRV2 %
-40°C to 125°C 95.64
Ton_min Minimum On-Time 166 ns
SSoT detta HDRV1 and HDRV2 Delta | ON/SS1 = ON/SS2 = 2V 20 150 ns
On Time
Error Amplifier
g1, IEB2 Feedback Input Bias Vg1 Fix = 1.5V, Vgg2 pix = 1.5V
Current — — 65 +200 nA
Icompl_SCv COMP Output Source VFBl_FlX = VFBZ_FlX =1V, 18 113
lcompz_sc Current Vcowmp1 = Veowmpz = 1V
0°C to 125°C 32 WA
-40°C to 125°C 6
lcompl SK» COMP OUtpUt Sink Current VEB1 Fix = VEB2 Fix = 1.5V and
pl_ _FIX ~ _FIX 18 108
lcomp2_sk Vcowmp1 = Veowmp2 = 0.5V
0°C to 125°C 32 WA
-40°C to 125°C 6
gml, gm2 Transconductance 650 pmho
Glgnsi, Current Sense Amplifier Vcowmpx = 1.25V
GISNSZ (1&2) Gain 4.2 5.2 75
Voltage References and Linear Voltage Regulators
UVLO VLIN5 Under-voltage ON/SS1, ON/SS2 transition
Lockout from low to high 3.6 4.0 4.4 \%
Threshold Rising
Logic Outputs
loL PGOOD Low Sink Current | Vpgoop = 0.4V 0.60 0.95 mA
loH PGOOD ngh Leakage Vpcoop = 5V
Current 5 200 nA
6 Submit Documentation Feedback Copyright © 2002-2013, Texas Instruments Incorporated
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Figure 2. Typical 2 Channel Application Circuit
Copyright © 2002-2013, Texas Instruments Incorporated Submit Documentation Feedback 7

Product Folder Links: LM2642



LM2642 1§ TEXAS

INSTRUMENTS
SNVS203I-MAY 2002—-REVISED APRIL 2013 www.ti.com
VIN+ 4.5V-20V O e
Lo
L ar C2 10nF C3 100pF
GND - >
Rl | R2
L VIN .y ma 3
11k cs Lce
KS1 R7 10uF | 22uF
12m
RSNS1 =
| uv-bERAY HDRV1 Q1
C34 Vout
VLIN5 I 0.1uF R32 L1 1.8V/14A
St Wty
4R7 u c8 == C9
R28 CBOOT1 VDD 220uF| 220uF
220K p J
= R10
PGOOD1 O—@ PGOOD1 Q2 —e ShY = 6N
LDRV1 0.1uF  D3A
> R11
ON1/2 0—¢ i ON/SS1 PGND D4 > S0k
} ci1 ndl
22nF =
S1 ON/SS2
FB1
IC1 C13 10nF C14 100pF
LM2642 = I VIN
R13 | R14
ILIM2 S
11K | 100R C17-= C16
SR15 | 10uF| 22uF
KS2 SRS
ci5 R16
. COMPL RSNS2 1—%——0 =
100R
;|’100pF
COMP2
c19 HDRV2 —|E s,
2.2nF R33 ~n
cis - VLIN5S Sw2 v
470pF r23 4R7 3u6H N .
20k VDD1 CBOOT2 'I:CZZ 1023
VDD 220uF 220uF
VDD2 C25 L
| ¢ =
c26 1 co7 LDRV2 — |4 Q4 D50A1UF D3B
4.7uFI ‘[ 1uF h
oo . SGND FB2
v L
Figure 3. Typical Single Channel Application Circuit
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BLOCK DIAGRAM
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TYPICAL PERFORMANCE CHARACTERISTICS
Softstart Waveforms Power On and PGOOD1 Waveforms
(ILoap1 = lLoap2 = 0A) (lLoap1 = lLoap2 = 0A)
T
VOUTl
2V/div PGOOD1
/ 5V/div
VIN Vourz I
i 2V/di
22V/div |1 VOUT.l !
- | v 2V/div / - L]
L1 ouTL >
ON/SS1=0N/sS2T2V/div—] #,
2V/div V ,.--"'"'p
Z
VIN >/""r Voura__| ..-""/ON/SSI=ON/SSZ
: 2V/div 1v/div
7V/div
v "] L vIN g
T 10V/div
——
] ull
2ms/div 2ms/div
Figure 4. Figure 5.
Over-Current and UVP Shutdown
UVP Startup Waveforms (lLoapz = 0A)
[T
ILoap
[ 10A/div
ILOAD
10A/div
Vout1
Vour — —T2V/div
1V/div
///_\ Vourz_ |
1Vv/div
ON/sS ydl \ e et
2v/div ' [UV_DELAY
/ 2v/div UV_DELAY
10ms/div 10ms/div
Figure 6. Figure 7.
Shutdown Waveforms Ch.1 Load Transient Response
: (ILoap1 = lLoap2 = 0A) I5VCIOUT1 12V
Vout1 \
[ vy 100 mv/DIv g
m
\ At M; ool — Mo
\\
|
| Vour2 WMWM L L1
vidiv | N Wh 5A/DIV
\\‘\-
N/SS1=0N/S52
5V/div lLoaD
5A/DIV
[ |
100ms/div 20 us/DIV
Figure 8. Figure 9.
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Ch.2 Load Transient Response
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|

N

Vout2

00 mV/DIV

L2
I“"“““"“”§ 5A/DIV

\I“hhmw
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I
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Figure 10.
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Parallel Operation 1.8V
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Figure 11.
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APPLICATION INFORMATION

OPERATION DESCRIPTIONS

SOFT START

The ON/SS1 pin has dual functionality as both channel enable and soft start control. The soft start block diagram
is shown in Figure 22.

The LM2642 will remain in shutdown mode while both soft start pins are grounded.In a normal application (with a
soft start capacitor connected between the ON/SS1 pin and SGND) soft start functions as follows. As the input
voltage rises (note: Iss starts to flow when VIN = 2.2V), the internal 5V LDO starts up, and an internal 2uA
current charges the soft start capacitor. During soft start phase, the error amplifier output voltage at the COMPXx
pin is clamped at 0.55V and the duty cycle is controlled only by the soft start voltage. As the SSx pin voltage
ramps up, the duty cycle increases proportional to the soft start ramp, causing the output voltage to ramp up. The
rate at which the duty cycle increases depends on the capacitance of the soft start capacitor. The higher the
capacitance, the slower the output voltage ramps up. When the corresponding output voltage exceeds 98%
(typical) of the set target voltage, the regulator switches from soft start to normal operating mode. At this time,
the 0.55V clamp at the output of the error amplifier releases and peak current feedback control takes over. Once
in peak current feedback control mode, the output of the error amplifier will travel within the 0.5V and 2V window
to achieve PWM control. See Figure 23.

During soft start, over-voltage protection and current limit remain in effect. The under voltage protection feature is
activated when the ON/SS pin exceeds the timeout threshold (3.3V typical). If the ON/SSx capacitor is too small,
the duty cycle may increase too rapidly, causing the device to latch off due to output voltage overshoot above the
OVP threshold. This becomes more likely in applications requiring low output voltage, high input voltage and light
load. A capacitance of 10nF is recommended at each soft start pin to provide a smooth monotonic output ramp.

-
1+
S>R.
Q-—‘

2uA disable |— S

fault

ONX
on/ssx = - i
1.2v/ ON/OFF
ON: 2uA source ZUA 1.05Vv comparator
Fault: 5uA sink .
| p———— S/S level
S/S buffer
Figure 22. Soft Start and ON/OFF
low clamp
E«ﬂ 0.45v
covpx [J} L| v
. SS:0.55Vv
high clamp oP-2v
Figure 23. Voltage Clamp at COMPx Pin
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SEQUENTIAL STARTUP

Sequential startup can be implemented by simply connecting PGOOD1 to SS/ON2. Once channel 1 has reached
94% of nominal, PGOOD1 will go high, thus enabling SS/ON2. In this mode of operation, channel 2 will be
controlled by the state of channel 1. If channel 1 falls out of the PGOOD1 window, channel 2 will be switched off
immediately.

PGOOD1
OFF 1 Q'
AN '
UVP % (latched) '_j !
FBx OVP %2 (Iatched)ﬁ hutd
shutdown
from other CH. latch OVP
HDRYV: off
LDRV: on OVP 1/2

OVP & PG
1.13BG —.:D OVPx >
+
NVPe UVPGXx
in: 0.94BG +4
out: 0.91BG
5 pA

UV_DELAY
in: 0.84BG >_UVP —— >_ ]
in: 0. —_

: ONx |
out: 0.80BG SS Timeout ) ' ;

PGOOD Protection from other CH. j

Comparators

sp —l> -L
power on —————]
reset shutdown

latch UVP
HDRV: off

LDRV: off fault
TsD —)
uvLo—1

Figure 24. PGOOD, OVP and UVP

OVER VOLTAGE PROTECTION (OVP)

If the output voltage on either channel rises above 113% of nominal, over voltage protection activates. Both
channels will latch off, and the PGOOD1 pin will go low. When the OVP latch is set, the high side FET driver,
HDRVY, is immediately turned off and the low side FET driver, LDRVX, is turned on to discharge the output
capacitor through the inductor. To reset the OVP latch, either the input voltage must be cycled, or both channels
must be switched off.

UNDER VOLTAGE PROTECTION (UVP) AND UV DELAY

If the output voltage on either channel falls below 80% of nominal, under voltage protection activates. As shown
in Figure 24, an under-voltage event will shut off the UV_DELAY MOSFET, which will allow the UV_DELAY
capacitor to charge at SuA (typical). At the UV_DELAY threshold (2.3V typical) both channels will latch off. Also,
UV_DELAY will be disabled and the UV_DELAY pin will return to OV. During UVP, both the high side and low
side FET drivers will be turned off. If no capacitor is connected to the UV_DELAY pin, the UVP latch will be
activated immediately. To reset the UVP latch, either the input voltage must be cycled, or both ON/SS pins must
be pulled low. The UVP function can be disabled by connecting the UV_DELAY pin to ground.
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POWER GOOD

A power good pin (PGOOD1) is available to monitor the output status of Channel 1. As shown in Figure 24, the
pin connects to the output of an open drain MOSFET, which will remain open while Channel 1 is within operating
range. PGOOD1 will go low (low impedance to ground) under the following four conditions:

1. Channel 1 is turned off
2. Channel 1 output falls below 90.3% of nominal (UVPG1)
3. OVP on either channel
4. UVP on either channel

When on, the PGOOD1 pin is capable of sinking 0.95mA (typical). If an OVP or UVP condition occurs, both
channels will latch off, and the PGOOD1 pin will be latched low. During a UVPG1 condition, however, PGOOD1
will not latch off. The pin will stay low until Channel 1 output voltage returns to 94% (typical) of nominal. See
Vpwrgd in the Electrical Characteristics table.

OUTPUT CAPACITOR DISCHARGE

Each channel has an embedded 480QQ MOSFET with the drain connected to the SWx pin. This MOSFET will
discharge the output capacitor of its channel if its channel is off, or the IC enters a fault state caused by one of
the following conditions:

1. UVP
2. UVLO
3. Thermal shut-down (TSD)

If an output over voltage event occurs, the HDRVx will be turned off and LDRVx will be turned on immediately to
discharge the output capacitor of both channels through the inductor.

BOOTSTRAP DIODE SELECTION

The bootstrap diode and capacitor form a supply that floats above the switch node voltage. VLINS powers this
supply, creating approximately 5V (minus the diode drop) which is used to power the high side FET drivers and
driver logic. When selecting a bootstrap diode, Schottky diodes are preferred due to their low forward voltage
drop, but care must be taken for circuits that operate at high ambient temperature. The reverse leakage of some
Schottky diodes can increase by more than 1000x at high temperature, and this leakage path can deplete the
charge on the bootstrap capacitor, starving the driver and logic. Standard PN junction diodes and fast rectifier
diodes can also be used, and these types maintain tighter control over reverse leakage current across
temperature.

SWITCHING NOISE REDUCTION

Power MOSFETSs are very fast switching devices. In synchronous rectifier converters, the rapid increase of drain
current in the top FET coupled with parasitic inductance will generate unwanted Ldi/dt noise spikes at the source
node of the FET (SWx node) and also at the VIN node. The magnitude of this noise will 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, it must be suppressed using one of the following methods.

It is strongly recommended to add R-C filters to the current sense amplifier inputs as shown in Figure 26. This
will reduce the susceptibility to switching noise, especially during heavy load transients and short on time
conditions. The filter components should be connected as close as possible to the IC. Note that these filters
should be used when a current sense resistor is used.

As shown in Figure 25, adding a resistor in series with the SWx pin will slow down the gate drive (HDRVX), thus
slowing the rise and fall time of the top FET, yielding a longer drain current transition time.

Usually a 3.3Q to 4.7Q resistor is sufficient to suppress the noise. Top FET switching losses will increase with
higher resistance values.

Small resistors (1-5 ohms) can also be placed in series with the HDRVXx pin or the CBOOTX pin to effectively
reduce switch node ringing. A CBOOT resistor will slow the rise time of the FET, whereas a resistor at HDRV will
reduce both rise and fall times.
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1<

Rsw

Figure 25. SW Series Resistor

CURRENT SENSING AND LIMITING

As shown in Figure 26, the KSx and RSNSx pins are the inputs of the current sense amplifier. Current sensing is
accomplished either by sensing the Vds of the top FET or by sensing the voltage across a current sense resistor
connected from VIN to the drain of the top FET. The advantage of sensing current across the top FET are
reduced parts count, cost and power loss, whereas using a current sense resistor improves the current sense
accuracy. Keeping the differential current-sense voltage below 200mV ensures linear operation of the current
sense amplifier. Therefore, the Rdson of the top FET or the current sense resistor must be small enough so that
the current sense voltage does not exceed 200mV when the top FET is on. There is a leading edge blanking
circuit that forces the top FET on for at least 166ns. Beyond this minimum on time, the output of the PWM
comparator is used to turn off the top FET. Additionally, a minimum voltage of at least 50mV across Rsns is
recommended to ensure a high SNR at the current sense amplifier.

Assuming a maximum of 200mV across Rsns, the current sense resistor can be calculated as follows:
. _200mV
SNs max | + l | .
max 2 rip (1)
where Imax is the maximum expected load current, including overload multiplier (ie:120%), and Irip is the
inductor ripple current (See equation 7). The above equation gives the maximum allowable value for Rsns.
Switching losses will increase with Rsns, thus lowering efficiency.

The peak current limit is set by an external resistor connected between the ILIMx pin and the KSx pin. An
internal 10pA current sink on the ILIMx pin produces a voltage across the resistor to set the current limit
threshold which is compared to the current sense voltage. A 10nF capacitor across this resistor is required to
filter unwanted noise that could improperly trip the current limit comparator.

10uA

LIMx
comp LiIMx 13k

POWER
I—u SUPPLY
KSx  10nF
]
<H

RSNSx 100
ISENSE

amp

4
100pF I == 100pF
A

Figure 26. Current Sense and Current Limit

Current limit is activated when the inductor current is high enough to cause the voltage at the RSNSx pin to be
lower than that of the ILIMx pin. This toggles the comparator, thus turning off the top FET immediately. The
comparator is disabled either when the top FET is turned off or during the leading edge blanking time. The
equation for current limit resistor, R, is as follows:
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1
_ (llim 2 Irip)Rsns
lim = 10 pA (2
Where llim is the load current at which the current limit comparator will be tripped.

When sensing current across the top FET, replace Rsns with the Rdson of the FET. This calculated Rlim value
specifies that the minimum current limit will not be less than Imax. It is recommended that a 1% tolerance resistor
be used.

When sensing across the top FET, Rdson will show more variation than a current sense resistor, largely due to
temperature. Rdson will increase proportional to temperature according to a specific temperature coefficient.
Refer to the manufacturer's datasheet to determine the range of Rdson values over operating temperature or see
the Component Selection section (equation 12) for a calculation of maximum Rdson. This will prevent Rdson
variations from prematurely setting off the current limit comparator as the operating temperature increases.

To ensure accurate current sensing, special attention in board layout is required. The KSx and RSNSx pins
require separate traces to form a Kelvin connection to the corresponding current sense nodes.

INPUT UNDER VOLTAGE LOCKOUT (UVLO)

The input under-voltage lock out threshold, which is sensed via the VLIN5 internal LDO output, is 4.0V (typical).
Below this threshold, both HDRVx and LDRVx will be turned off and the internal 480Q MOSFETs will be turned
on to discharge the output capacitors through the SWx pins. During UVLO, the ON/SS pins will sink 5mA to
discharge the soft start capacitors and turn off both channels. As the input voltage increases again above 4.0V,
UVLO will be de-activated, and the device will restart again from soft start phase. If the voltage at VLIN5 remains
below 4.5V, but above the 4.0V UVLO threshold, the device cannot be ensured to operate within specification.

If the input voltage is between 4.0V and 5.2V, the VLIN5S pin will not regulate, but will follow approximately
200mV below the input voltage.

DUAL-PHASE PARALLEL OPERATION

In applications with high output current demand, the two switching channels can be configured to operate as a
two-180° out of phase converter to provide a single output voltage with current sharing between the two
switching channels. This approach greatly reduces the stress and heat on the output stage components while
lowering input ripple current. The sum of inductor ripple current is also reduced which results in lowering output
ripple voltage. Figure 3 shows an example of a typical two-phase circuit. Because precision current sense is the
primary design criteria to ensure accurate current sharing between the two channels, both channels must use
external sense resistors for current sensing. To minimize the error between the error amplifiers of the two
channels, tie the feedback pins FB1 and FB2 together and connect to a single voltage divider for output voltage
sensing. Also, tie the COMP1 and COMP2 together and connect to the compensation network. ON/SS1 and
ON/SS2 must be tied together to enable and disable both channels simultaneously.

COMPONENT SELECTION

OUTPUT VOLTAGE SETTING

The output voltage for each channel is set by the ratio of a voltage divider as shown in Figure 27. The resistor
values can be determined by the following equation:

R

2

\
(=
fb 3)

Where Vfb=1.238V. Although increasing the value of R1 and R2 will increase efficiency, this will also decrease
accuracy. Therefore, a maximum value is recommended for R2 in order to keep the output within .3% of Vhom.
This maximum R2 value should be calculated first with the following equation:
3%V
nom

R -
2 max 200 nA (4)

Ry =

Where 200nA is the maximum current drawn by FBXx pin.
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Vout

R2

FBx
GND R1
= =

Figure 27. Output Voltage Setting

Example: Vnom=5V, Vfb=1.238V, Ifbmax=200nA.

.003+ 5V
R = —— = 75kQ
2 max 200 nA (5)
Choose 60K
60k

= — = 19.75kQ = 20kQ

1 (5\/ _1)
1.238V ©)

The output voltage is limited by the maximum duty cycle as well as the minimum on time. Figure 28 shows the
limits for input and output voltages. The recommended maximum output voltage is approximately 1V less than
the nominal input voltage. At 30V input, the minimum output is approximately 2.3V and the maximum is
approximately 27V.

For input voltages below 5.5V, VLIN5 must be connected to Vin through a small resistor (approximately 4.7
ohm). This will ensure that VLIN5 does not fall below the UVLO threshold.

30 )_‘
25 /
//
20 7
N /
3
L 15
)%
5
0 T TTTTTTTI]]
02 4 6 8101214 16 18 2022 24 26 28 30
Vin

Figure 28. Available Output Voltage Range

OUTPUT CAPACITOR SELECTION

In applications that exhibit large and fast load current swings, the slew rate of such a load current transient may
be beyond the response speed of the regulator. Therefore, to meet voltage transient requirements during worst-
case load transients, special consideration should be given to output capacitor selection. The total combined
ESR of the output capacitors must be lower than a certain value, while the total capacitance must be greater
than a certain value. Also, in applications where the specification of output voltage regulation is tight and ripple
voltage must be low, starting from the required output voltage ripple will often result in fewer design iterations.

ALLOWED TRANSIENT VOLTAGE EXCURSION

The allowed output voltage excursion during a load transient (AVc_s) is:

= 1
AV o = (8% = %) *Vogm = 7 Vrip- @
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Where 8% is the output voltage regulation window and €% is the output voltage initial accuracy.
Example: Vnom = 5V, 8% = 7%, €% = 3.4%, Vrip = 40mV peak to peak.
40 mV
2
= 160 mV. (8)
Since the ripple voltage is included in the calculation of AVc_s, the inductor ripple current should not be included

in the worst-case load current excursion. That is, the worst-case load current excursion should be simply
maximum load current change specification, Alc_s.

AV, o = (7% - 3.4%) x 5V -

MAXIMUM ESR CALCULATION

Unless the rise and fall times of a load transient are slower than the response speed of the control loop, if the
total combined ESR (Re) is too high, the load transient requirement will not be met, no matter how large the
capacitance.

The maximum allowed total combined ESR is:
AV,
R = —

e_max Al

S

c_s 9)
Example: AVc_s = 160mV, Alc_s = 3A. Then Re_max = 53.3mQ.

Maximum ESR criterion can be used when the associated capacitance is high enough, otherwise more
capacitors than the number determined by this criterion should be used in parallel.

MINIMUM CAPACITANCE CALCULATION

In a switch mode power supply, the minimum output capacitance is typically dictated by the load transient
requirement. If there is not enough capacitance, the output voltage excursion will exceed the maximum allowed
value even if the maximum ESR requirement is met. The worst-case load transient is an unloading transient that
happens when the input voltage is the highest and when the present switching cycle has just finished. The
corresponding minimum capacitance is calculated as follows:

L. [Avc,s - \/(Avc,s)2 - (Alc,s : Re)2 ]

2
Vnom * Re (10)

Notice it is already assumed the total ESR, Re, is no greater than Re_max, otherwise the term under the square
root will be a negative value. Also, it is assumed that L has already been selected, therefore the minimum L
value should be calculated before Cmin and after Re (see Inductor Selection below). Example: Re = 20mQ,
Vhom =5V, AVc_s =160mV, Alc_s = 3A, L = 8uH

VLR [160mv - J(mo mV)2 - (3A x 20mQ)? |

Coin =

min

min

5 x (20ma)?
= 47 uf. (12)

Generally speaking, Cmin decreases with decreasing Re, Alc_s, and L, but with increasing Vhom and AVc_s.

INDUCTOR SELECTION

The size of the output inductor can be determined from the desired output ripple voltage, Vrip, and the
impedance of the output capacitors at the switching frequency. The equation to determine the minimum
inductance value is as follows:

L _ Vin = Vhom . Viom * Re

min YV .
£+ Vin Vr|p (12)

In the above equation, Re is used in place of the impedance of the output capacitors. This is because in most
cases, the impedance of the output capacitors at the switching frequency is very close to Re. In the case of
ceramic capacitors, replace Re with the true impedance.

Example: Vin (max)= 30V, Vhom = 5.0V, Vrip = 40mV, Re =20mQ, f = 300kHz
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L. = 30V - 5.0V 5.0V-20mQ
min- 300 kHz * 30V 40 mV
Lpin = 7 1H (13)
Lmin = 7pH

The actual selection process usually involves several iterations of all of the above steps, from ripple voltage
selection, to capacitor selection, to inductance calculations. Both the highest and the lowest input and output
voltages and load transient requirements should be considered. If an inductance value larger than Lmin is
selected, make sure that the Cmin requirement is not violated.

Priority should be given to parameters that are not flexible or more costly. For example, if there are very few
types of capacitors to choose from, it may be a good idea to adjust the inductance value so that a requirement of
3.2 capacitors can be reduced to 3 capacitors.

Since inductor ripple current is often the criterion for selecting an output inductor, it is a good idea to double-
check this value. The equation is:

_ (Vin - vnom) .
rip fel (14)
Where D is the duty cycle, defined by V,om/Vin-

Also important is the ripple content, which is defined by Irip /Inom. Generally speaking, a ripple content of less
than 50% is ok. Larger ripple content will cause too much loss in the inductor.

Example: Vin = 12V, Vnom = 5.0V, f = 300kHz, L = 8uH
12V - 5.0V 5.0V
— . = 1.22A
rp 300 kHz 8 uH 12V (15)

Given a maximum load current of 3A, the ripple content is 1.2A / 3A = 40%.

When choosing the inductor, the saturation current should be higher than the maximum peak inductor current
and the RMS current rating should be higher than the maximum load current.

INPUT CAPACITOR SELECTION

The fact that the two switching channels of the LM2642 are 180° out of phase will reduce the RMS value of the
ripple current seen by the input capacitors. This will help extend input capacitor life span and result in a more
efficient system. Input capacitors must be selected that can handle both the maximum ripple RMS current at
highest ambient temperature as well as the maximum input voltage. In applications in which output voltages are
less than half of the input voltage, the corresponding duty cycles will be less than 50%. This means there will be
no overlap between the two channels' input current pulses. The equation for calculating the maximum total input
ripple RMS current for duty cycles under 50% is:

brrm = \/'12D1 (1= 0) + 130,(1 = D,) = 21,0, D, (16)
where 11 is maximum load current of Channel 1, 12 is the maximum load current of Channel 2, D1 is the duty
cycle of Channel 1, and D2 is the duty cycle of Channel 2.

Example: Imax_1 = 3.6A, Imax_2 = 3.6A, D1 = 0.42, and D2 = 0.275

o = [(3.6M)2 0,42+ (1 - 0.42) +

(3.60)2 - 0.275+ (1 - 0.275) - |°
2-3.6A+3.6A+0.42+0.275
= 1.66A. 17

Choose input capacitors that can handle 1.66A ripple RMS current at highest ambient temperature. In
applications where output voltages are greater than half the input voltage, the corresponding duty cycles will be
greater than 50%, and there will be overlapping input current pulses. Input ripple current will be highest under
these circumstances. The input RMS current in this case is given by:
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[, (1 -D)+1,(1-D)]% (0 +D, - 1)
hrem = |+ [4 (1= D) = 12(0)] % (1= Dy) +

2
[1,(1 = Dy) =4y (®)] % (1 - D) (18)
Where, again, 11 and I2 are the maximum load currents of channel 1 and 2, and D1 and D2 are the duty cycles.
This equation should be used when both duty cycles are expected to be higher than 50%.

Input capacitors must meet the minimum requirements of voltage and ripple current capacity. The size of the
capacitor should then be selected based on hold up time requirements. Bench testing for individual applications
is still the best way to determine a reliable input capacitor value. The input capacitor should always be placed as
close as possible to the current sense resistor or the drain of the top FET.

MOSFET SELECTION

BOTTOM FET SELECTION

During normal operation, the bottom FET is switching on and off at almost zero voltage. Therefore, only
conduction losses are present in the bottom FET. The most important parameter when selecting the bottom FET
is the on resistance (Rdson). The lower the on resistance, the lower the power loss. The bottom FET power loss
peaks at maximum input voltage and load current. The equation for the maximum allowed on resistance at room
temperature for a given FET package, is:

1
= X

Rdson,max v
|2 |- nom
max Vin,max

T

j_max ~ ‘'a_max

- 25°C/W) ] Ry,

T

[1+ TC (T} _ax

(19)

where Tj_max is the maximum allowed junction temperature in the FET, Ta_max is the maximum ambient
temperature, Ry, is the junction-to-ambient thermal resistance of the FET, and TC is the temperature coefficient
of the on resistance which is typically in the range of 10,000ppm/°C.

If the calculated Rdson_max is smaller than the lowest value available, multiple FETs can be used in parallel.
This effectively reduces the Imax term in the above equation, thus reducing Rdson. When using two FETs in
parallel, multiply the calculated Rdson_max by 4 to obtain the Rdson_max for each FET. In the case of three
FETs, multiply by 9.

1

Rds,max = 5V X
2 -2
(3.6A) (1 30\/)
100°C - 60°C
[1 + 0.01/°C-(100°C - 25°C)]+ 60°C/W
= 35.3mQ (20)

If the selected FET has an Rds value higher than 35.3Q, then two FETs with an Rdson less than 141mQ (4 x
35.3mQ) can be used in parallel. In this case, the temperature rise on each FET will not go to Tj_max because
each FET is now dissipating only half of the total power.

TOP FET SELECTION

The top FET has two types of losses: switching loss and conduction loss. The switching losses mainly consist of
crossover loss and bottom diode reverse recovery loss. Since it is rather difficult to estimate the switching loss, a
general starting point is to allot 60% of the top FET thermal capacity to switching losses. The best way to
precisely determine switching losses is through bench testing. The equation for calculating the on resistance of
the top FET is thus:
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Vin_min ‘.4
Rd = X
S_max 2 .
lmax Vnom
Tj_max = Ta_max
[1+7C(Tj_pnay = 25°C/W)]* Ry, 21)
Example: Tj_max = 100°C, Ta_max = 60°C, Rgja = 60°C/W, Vin_min = 5.5V, Vnom = 5V, and lload_max = 3.6A.
5.5V x .4
Ris_max = 2 X
B (3.6A)% x 5V
100°C - 60°C
[1 +0.01/°C-(100°C - 25°C)]- 60°C/W
=13mQ (22)

When using FETs in parallel, the same guidelines apply to the top FET as apply to the bottom FET.

LOOP COMPENSATION

The general purpose of loop compensation is to meet static and dynamic performance requirements while
maintaining stability. Loop gain is what is usually checked to determine small-signal performance. Loop gain is
equal to the product of control-output transfer function and the output-control transfer function (the compensation
network transfer function). Generally speaking it is a good idea to have a loop gain slope that is -20dB /decade
from a very low frequency to well beyond the crossover frequency. The crossover frequency should not exceed
one-fifth of the switching frequency, i.e. 60kHz in the case of LM2642. The higher the bandwidth is, the faster the
load transient response speed will potentially be. However, if the duty cycle saturates during a load transient,
further increasing the small signal bandwidth will not help. Since the control-output transfer function usually has
very limited low frequency gain, it is a good idea to place a pole in the compensation at zero frequency, so that
the low frequency gain will be relatively large. A large DC gain means high DC regulation accuracy (i.e. DC
voltage changes little with load or line variations). The rest of the compensation scheme depends highly on the
shape of the control-output plot.

20
e '\\ /__Aslymrjtotil

GAIN
(dB)
R
o
PHASE (°)

-40

-60 -180
10 100 i 1k0 100 4y
FREQUERNCY
(H7)

Figure 29. Control-Output Transfer Function

As shown in Figure 29, the control-output transfer function consists of one pole (fp), one zero (fz), and a double
pole at fn (half the switching frequency). The following can be done to create a -20dB /decade roll-off of the loop
gain: Place the first pole at OHz, the first zero at fp, the second pole at fz, and the second zero at fn. The
resulting output-control transfer function is shown in Figure 30.
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Figure 30. Output-Control Transfer Function

The control-output corner frequencies, and thus the desired compensation corner frequencies, can be
determined approximately by the following equations:

(= 1

z ZJ'CReCO (23)
1 .5

f = +

P 2nR,C,  2aLfC, (24)

Since fp is determined by the output network, it will shift with loading (Ro) and duty cycle. First determine the
range of frequencies (fpmin/max) of the pole across the expected load range, then place the first compensation
zero within that range.

Example: R, = 20mQ, C, = 100uF, Romax = 5V/100mMA = 50Q, Rymin = 5V/3A = 1.7Q:
1

f, = = 80kH
2 2x-20m0 - 100 uf ‘ 25)

1
f . = +
p min 2m+ 500 <100 puF

5
= 363H
27300k -84 - 100 uF z (26)
fpmax= ———t———
P MaX= o « 1.7Q « 100uF
e =1.27kHz
2+ 300K + 8yt » 10OF @7

Once the fp range is determined, R.; should be calculated using:

B (R *+Ry
Ret = gm R
1 (28)

Where B is the desired gain in V/V at fp (fz1), gm is the transconductance of the error amplifier, and R1 and R2
are the feedback resistors. A gain value around 10dB (3.3v/v) is generally a good starting point.

Example: B = 3.3 v/v, gm=650 m, R1 = 20 KQ, R2 = 60.4 KQ:
3.3 (20k + 60.4k

Ret = 5505 ok ): 20.4k0 = 20kQ

(29)
Bandwidth will vary proportional to the value of Rcl. Next, Ccl can be determined with the following equation:

Cc1 = 2me+f ¢ R
p ci (30)
Example: fpmin = 363 Hz, Rc1=20 KQ:
C 1= 1 =~ 22nF
¢ 2363 Hz 20 k) (31)
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The value of C.; should be within the range determined by Fpmin/max. A higher value will generally provide a
more stable loop, but too high a value will slow the transient response time.

The compensation network (Figure 31) will also introduce a low frequency pole which will be close to OHz.

A second pole should also be placed at fz. This pole can be created with a single capacitor Cc2 and a shorted
Rc2 (see Figure 31). The minimum value for this capacitor can be calculated by:
1
C R —
2 o .

ec mn 2z fz Rc1 (32)
Cc2 may not be necessary, however it does create a more stable control loop. This is especially important with
high load currents and in current sharing mode.

Example: fz = 80 kHz, Rcl = 20 KQ:

1
.= 100 pF
Ce2 min = 27 80KHz - 20 k0 P (33)
A second zero can also be added with a resistor in series with Cc2. If used, this zero should be placed at fn,
where the control to output gain rolls off at -40dB/dec. Generally, fn will be well below the 0dB level and thus will
have little effect on stability. Rc2 can be calculated with the following equation:
1

R, = —
2 o f o
¢ 2m ety Cop (34)

I

' compensation R
network

Figure 31. Compensation Network
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

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

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

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
LM2642MTC/NOPB ACTIVE TSSOP PW 28 48 Green (RoHS CU SN Level-3-260C-168 HR ~ -40 to 125 LM2642MTC
& no Sh/Br)
LM2642MTCX/NOPB ACTIVE TSSOP PW 28 2500 Gg[eens('s/([)aH)S CU SN Level-3-260C-168 HR ~ -40 to 125 LM2642MTC
no r
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LM2642MTCX/NOPB | TSSOP PW 28 2500 330.0 16.4 6.8 | 102 | 1.6 8.0 | 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
///
// S
/\g\‘ /}#\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM2642MTCX/NOPB TSSOP PW 28 2500 367.0 367.0 38.0
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MECHANICAL DATA
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NOTES:

E.

A. Al linear dimensions are in millimeters.
B.

Dimensioning and tolerancing per ASME Y14.5M—-1994.
This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0,15 each side.

Body width does not include interlead flash.
Falls within JEDEC MQO-153

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0,25 each side.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves 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 JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl 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 reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

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

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

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

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

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

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

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

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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