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LM2637 Motherboard Power Supply Solution with a 5-Bit Programmable Switching
Controller and Two Linear Regulator Controllers

Check for Samples: LM2637

FEATURES

Provides 3 Regulated Voltages

Power Good Flag and Output Enable
Under-Voltage Latch-Off

— Switching Section

Synchronous Rectification

5-bit DAC Programmable from 3.5V to 1.3V
Typical 1% DAC Tolerance

Switching Frequency: 50 kHz to 1 MHz
Two Levels of Over-Voltage Protection
Two Methods of Over-Current Protection
Adaptive Non-Overlapping FET Gate Drives
Soft Start Without External Capacitor

— Linear Section

N-FET and NPN Driving Capability

Ultra Fast Response Speed

Output Voltages Default to 1.5V and 2.5V Yet
Adjustable

APPLICATIONS

Embedded Power Supplies for PC
Motherboards

Triple DC/DC Power Supplies
Programmable High Current DC/DC Power
Supply

DESCRIPTION

The LM2637 provides a comprehensive embedded
power supply solution for motherboards hosting high
performance MPUs such as M II™, Pentium™ |I, K6-
2 and other similar high performance MPUs. The
LM2637 incorporates a 5-bit programmable,
synchronous buck switching controller and two high-
speed linear regulator controllers in a 24-pin SO
package.

Switching Section — The switching regulator
controller features a 5-bit programmable DAC, over-
current and over-voltage protection, under-voltage
latch-off, a power good signal, and output enable.
The 5-bit DAC has a typical tolerance of 1%. There
are two user-selectable over-current protection
methods. One provides accurate over-current
protection with the use of an external sense resistor.
The other saves cost by taking advantage of the
ros on Of the high-side FET. The over voltage
protection provides two levels of protection. The first
level keeps the high-side FET off and the low-side
FET on. The second provides a gate signal that can
be used to fire an external SCR.

Linear Section — The two linear regulator controllers
feature wide control bandwidth, N-FET and NPN
transistor driving capability, and an adjustable output
voltage. The wide control bandwidth makes meeting
fast load transient response requirement such as that
of the GTL+ bus an easy job. In minimum
configuration, the two controllers default to 1.5V and
2.5V respectively.

Both linear controllers have under voltage latch-off.

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.

M Il is a trademark of Cyrix Corporation.

Pentium is a trademark of Intel Corporation.

All other 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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Pin Configuration
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Figure 1. 24-Lead SOIC

Top View

Package Number DW

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.

Absolute Maximum Ratings Y@

Vee v
Vop 17v
Junction Temperature 150°C
Power Dissipation©) 1.6W
Storage Temperature —-65°C to +150°C
ESD Susceptibility 2.5kV
Soldering Time, Temperature (10 sec.) 300°C

(1) Absolute Maximum Ratings are limits beyond which damage to the device may occur. Operating ratings are conditions under which

the device operates correctly. Operating Ratings do not imply ensured performance limits.

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

specifications.

(3) Maximum allowable power dissipation is a function of the maximum junction temperature, Tjyax, the junction-to-ambient thermal
resistance, 035, and the ambient temperature, T. The maximum allowable power dissipation at any ambient temperature is calculated
using: Pymax = (Tamax — Ta)/63a. The junction-to-ambient thermal resistance, 635, for LM2637 is 78°C/W. For a Tjyax of 150°C and Tp of
25°C, the maximum allowable power dissipation is 1.6W.

Operating Ratings®

Vee

4.75V to 5.25V

Junction Temperature Range

0°C to +125°C

(1) Absolute Maximum Ratings are limits beyond which damage to the device may occur. Operating ratings are conditions under which

the device operates correctly. Operating Ratings do not imply ensured performance limits.
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Electrical Characteristics

Vee = 5V, Vpp = 12V unless otherwise specified. Typicals and limits appearing in plain type apply for T, = T; = +25°C. Limits

appearing in boldface type apply over the 0°C to +70°C range.

Symbol Parameter Conditions Min Typ Max Units
lENn EN Pin internal Pull-Up Current 60 20 140 A
lvip VID Pins internal Pull-Up Current 60 90 140 A
lcc Operating VccCurrent EN =5V, VID = 10111 6 7.5 mA
lg vee Ve Shutdown Current EN =0V, VID Pins Floating 15 3 mA
SWITCHING SECTION
VpAcouT 5-Bit DAC Output Voltage See® N-1.5% N N+1.5% \Y
lo vop Vpp Shutdown Current EN =0V, VID Pins Floating 4 A
fosc Oscillator Frequency RT = 100 kQ 204 245 286 KH

z
RT =25 kQ 1000
Dmax Maximum Duty Cycle 95 %
Duin Minimum Duty Cycle 0 %
Rsns1 SNS1 Pin Resistance to Ground 8.5 10 13 kQ
Rps src Gate Driver Resistance When
_ - 6 Q
Sourcing Current
Rps sink Gate Driver Resistance When
= R 1.5 Q
Sinking Current
Vee THL Rising Vcc Threshold for Power-On 4 43 vV
Reset
Vee T2 Falling V¢ Threshold for Power-On 3.0 36 v
Reset
Vpac_H DAC Input High Voltage 35 \%
Vpac_iL DAC Input Low Voltage 1.3 \%
tpweD PWGD Response Time SNS1 Rises from 0V to Rated
Output Voltage 2 8.4 15 HS
tpwBAD PWGD Response Time SNS1 Falls from Rated Output 2 34 10 us
Voltage to OV
VpweD HI PWGD High Trip Point % Above Rated Output Voltage
| 11.5 13
when output Voltage?t %
(1]
% Above Rated Output Voltage 5 7 9
when output Voltage| @
VpweD LO PWGD Low Trip Point % Below Rated Output Voltage
a 2.6 6
when output Voltage?t %
(1]
% Below Rated Output Voltage
when output Voltage| @ 6 9.5 13
Vove TrP QOVP Pin Trip Point % SNS1 Above Rated Output 15 18 21 %
les+ CS+ Pin Sink Current CS+=5V 126 185 244 HA
Vocp Qver-Current Trip Point (CS+ and CS+ =2V, CS- Drops from 2V
CS- Differential Voltage) 41 55 69 mv
lovp OVP Pin Source Current OVP =3V 10 mA
GA Error Amplifier DC Gain 76 dB
Bwea Error Amplifier Unity Gain
Bandwidth 5 MHz
VRawvp_L Ramp Signal Valley Voltage 1.25 \%
VRamp_H Ramp Signal Peak Voltage 3.25 \%
tss Soft Start Time Clock
4096 Cycles
Dstep_ss gtuat?; Cycle Step Change in Soft 125 %

(1) The letter N stands for the typical output voltages appearing in italic boldface type in Table 1.
(2) The output level of the PWGD pin is a logic AND of the power good function of the switching section, the 1.5V section and the 2.5V

section.
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Electrical Characteristics (continued)

Vee = 5V, Vpp = 12V unless otherwise specified. Typicals and limits appearing in plain type apply for T, = T; = +25°C. Limits
appearing in boldface type apply over the 0°C to +70°C range.

Symbol ‘ Parameter ‘ Conditions ‘ Min ‘ Typ Max Units

1.5V LDO CONTROLLER SECTION

Rout? Output Resistance 200 Q
Isns2 SNS2 Pin Bias Current When Regulating 21 MA
VpwaD_Hi PWGD High Trip Point See®@ 0.63 Y,
Vpwep L0 PWGD Low Trip Point See®@ 0.44 Y,
2.5V LDO CONTROLLER SECTION

RouTs Output Resistance 200 Q
Isns3 SNS3 Pin Bias Current When Regulating 21 MA
Vewep_Hi PWGD High Trip Point See® 0.63 \Y
Vewep_LO PWGD Low Trip Point See® 0.44 \Y

(3) The output level of the PWGD pin is a logic AND of the power good function of the switching section, the 1.5V section and the 2.5V
section.
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Table 1. 5-Bit DAC Output Voltage Table(V¢e =5V, Vpp = 12V 5%, T, = 25°C, Test Mode)

Symbol Parameter Conditions Typical Units
VpacouT 5-Bit DAC Output Voltages for Different VID Codes VID4:0 = 01111 1.30 \%
VID4:0 = 01110 1.35
VID4:0 = 01101 1.40
VID4:0 = 01100 1.45
VID4:0 = 01011 1.50
VID4:0 = 01010 1.55
VID4:0 = 01001 1.60
VID4:0 = 01000 1.65
VID4:0 = 00111 1.70
VID4:0 = 00110 1.75
VID4:0 = 00101 1.80
VID4:0 = 00100 1.85
VID4:0 = 00011 1.90
VID4:0 = 00010 1.95
VID4:0 = 00001 2.00
VID4:0 = 00000 2.05
VID4:0 = 11111 (shutdown)
VID4:0 = 11110 21
VID4:0 = 11101 2.2
VID4:0 = 11100 23
VID4:0 = 11011 2.4
VID4:0 = 11010 25
VID4:0 = 11001 2.6
VID4:0 = 11000 2.7
VID4:0 = 10111 2.8
VID4:0 = 10110 2.9
VID4:0 = 10101 3.0
VID4:0 = 10100 3.1
VID4:0 = 10011 3.2
VID4:0 = 10010 3.3
VID4:0 = 10001 3.4
VID4:0 = 10000 35
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Test Circuit

BLOCK DIAGRAM
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Figure 2. LDO Controller Test Circuit
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Typical Applications

10
8- AWA'
10 0.1 L P
@_‘WVT L PANASONIC 2.4 uH, 8A
1o EEU-FATA122
: ;I; X3
[ouTen> | Voo cs- |
— 3.5m
o> SNS2 cs+ | IRL3103 otoh 1.8-2.8V,
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b AAA - V1
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N
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r} » ? 3V
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D 5.1k 820p 200 | IRFZ24N X1
=5 _—Er0 62 A'_“L 1.5V, 4A
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15 [:>
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* R, is for raising the switcher output voltage slightly. Its value depends on the output voltage.

Figure 3. Motherboard Power Supply for Pentium Il Processor Core (1.3V - 2.8V, 14.2A), GTL+ Bus (1.5V,
4A), and Legacy I/O (2.5V, 0.3A). External sense resistor is used to provide both over-current limit and
dynamic voltage positioning.
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Figure 4. Motherboard Power Supply for Pentium Il Processor Core (1.8V - 2.8V, 14.2A), GTL+ Bus (1.5V,
4A), and Legacy /O (2.5V, 0.3A). High side FET is used to provide the current limit.
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PIN DESCRIPTION

Pin Pin Name Pin Function
1 LG Low side N-FET gate driver output.
2 PGND Ground for the two FET drivers of the switching section.
3 Vpp Supply for the FET gate drivers. Usually tied to +12V.
4 SNS2 Feedback pin for the 1.5V linear regulator.
5 G2 Gate drive output for the external N-MOS of the fast 1.5V linear regulator.
6 SGND Ground for internal signal circuitry and system ground reference.
7 Ve Supply voltage. Usually +5V.
8 SNS1 Output voltage monitor input for the switching regulator.
9 CS+ Switching regulator current sense input, positive node.
10 Cs- Switching regulator current sense input, negative node.
11 OVP Over-voltage protection output for the switching regulator. Can be used to fire an external SCR.
12 FREQ Switching frequency adjustment pin. An external resistor is needed to set the desired frequency.
13 EAO Output of the error amplifier. Used for compensating the switching regulator.
14 FB Inverting input of the error amplifier. Used for compensating the switching regulator.
15 PWGD Open collector Power Good signal.
16 VID4 5-Bit DAC input, MSB.
17 VID3 5-Bit DAC input.
18 VID2 5-Bit DAC input.
19 VID1 5-Bit DAC input.
20 VIDO 5-Bit DAC input, LSB.
21 G3 Gate drive pin for the external N-MOS of the 2.5V linear regulator.
22 SNS3 Feedback pin for the 2.5V linear regulator.
23 EN Output Enable. A logic low shuts the whole chip down.
24 HG High side N-FET gate driver output.

Preferred Startup Timing

A S
Vee / 12v 2
7 1.8V

b)Y

EN I C I

5V

JL

/ >0
>0
—
VDD
See Start Up section in Application Information.
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APPLICATIONS INFORMATION

OVERVIEW

The LM2637 provides control and protection for three voltage regulators. Namely, a synchronous buck switching
controller and two linear regulator controllers that drive an external N-FET or NPN transistor.

Switching Section—The switching controller features a VRM-compatible, 5-bit programmable output voltage,
over-current and over-voltage protection, under-voltage latch-off, a power good signal, and an output enable. The
5-bit DAC has a typical tolerance of 1%. There are two user-selectable over-current protection methods. One
provides accurate over-current protection with the use of an external sense resistor. The other saves cost by
taking advantage of the rpg oy Of the high-side FET. The over-voltage protection provides two levels of
protection. The first turns off the high-side FET and turns on the low-side. The second provides a gate signal that
can be used to fire an external SCR.

The PWM frequency is adjustable from 50 kHz to beyond 1 MHz through an external resistor.
Soft start is realized through an internal digital counter. No external soft start capacitor is necessary.

Dynamic positioning of the switcher output voltage reduces the number of output capacitors and can be easily
realized using the same sense resistor as the over-current protection.

Linear Section—The two linear regulator controllers feature wide control bandwidth, N-FET and NPN transistor
driving capability, an adjustable output voltage and a typical 2% tolerance. The wide control bandwidth makes
meeting the GTL+ bus transient response requirement an easy job. When no external resistor divider is used, the
two controllers default to 1.5V and 2.5V respectively.

Both linear sections have under-voltage latch-off. Should the output voltage drop below 0.63V, the corresponding
gate drive will be disabled and PWGD pin will be pulled low.

THEORY OF OPERATION

Start Up

Switching Section—The soft start circuitry starts to work when three conditions are met, i.e., EN pin is a logic
high, the VID code is valid and V¢ pin voltage exceeds 4.2V. The duration of the soft start is determined by an
internal digital counter and the switching frequency. During soft start, the output of the error amplifier is allowed
to increase gradually. When the counter has counted 4,096 clock cycles, soft start session ends and the output
level of the error amplifier is released and allowed to go to a value that is determined by the feedback loop.
PWRGD pin is always low during soft start and is turned over to output voltage monitoring circuitry after that.
Before V¢ reaches 4V, all internal logic is in a power-on-reset state and the two FET drivers are disabled.

The power supply designer is cautioned to avoid the situation when Vpp is higher than 1V while V¢ is less than
1.8V. When V¢ is less than 1.8V, the internal circuitry of the LM2637 may not be in a controlled state. If at this
time Vpp of greater than 1V is applied, the HG and LG may be pulled up simultaneously, causing a potential
shoot-through and thus possibly preventing Vqc to come up properly. See Preferred Startup Timing for the
recommended timing sequence.

During normal operation, if V¢ voltage drops below 3.6V, the internal circuitry will go into power-on-reset again.
The hysteresis helps decrease the noise sensitivity on the V¢ pin.

After soft start ends and during normal operation, if the converter output voltage exceeds 118% of DAC output
voltage, the LM2637 will lock into over-voltage protection mode. The high-side drive will be low, and the low-side
drive will be high. There are two ways to clear the mode. One is to cycle V¢ voltage once. The other is to toggle
the EN level. After the over-voltage protection mode is cleared, the LM2637 will enter the soft start session and
start over.

Linear Section—The linear section does not go through a soft start. Whenever the soft start of the switching
section begins, the linear section immediately applies the required gate voltages or base currents for external
power transistors. There is an under-voltage latch-off for the linear section. If after soft start ends, SNS2 or SNS3
is below 0.63V, the corresponding gate drive will be disabled and PWGD pin will be pulled low.
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Normal Operation

Switching Section—In the normal operation mode, the LM2637 regulates the converter output voltage by
adjusting the duty ratio. The output voltage is determined by the 5-bit VID code set by the user or MPU.

The PWM frequency is set by an external resistor between FREQ pin and ground. The resistance needed for a
desired PWM frequency can be determined by the following equation:
_ 25,000
f(kHz) 1)

For example, if the desired PWM frequency is 300 kHz, the resistance should be around 84 kQ.

The minimum allowable PWM frequency is 5 kHz.

Linear Section—Under steady state operation, the linear section supplies the appropriate gate voltage or base
current to correctly bias the external pass transistor so that the voltage drop across the transistor is the right
value.

Resetting the LM2637

When the LM2637 detects an abnormal condition such as switching regulator over voltage, it will latch itself off
partially or completely. To reset the LM2637, either EN or V¢ voltage has to be toggled. Another more subtle
way to recover is to float all the VID pins and reapply the correct code.

Gate Drives

Switching Section—The switching controller has two gate drives that are suitable for driving external power N-
FETs in a synchronous buck topology. The voltage for the two FET drivers is supplied by the Vpp pin. This Vpp
voltage should be at least one Vgg(th) higher than converter input voltage to be able to fully enhance the high-
side FET. In a typical PC motherboard application, it is recommended that 12V be applied to Vpp, and 5V be
used as the input voltage for the switcher. A charge pump is not recommended since the linear sections need a
stable Vpp voltage to minimize high frequency noise.

For a Vpp of 12V, the peak gate charging current is typically 2A, and the peak gate discharging current is
typically 6A, well suited for high speed switching.

The LM2637 gate drives are of BICMOS design. Unlike some bipolar control ICs, the gate drive has rail-to-rail
swing that ensures no spurious turn-on due to capacitive coupling.

Another feature of the FET gate drives is the adaptive non-overlapping mechanism. A gate drive is not turned on
until the other is fully off. The dead time in between is typically 20 ns. This avoids the potential shoot-through
problem and helps improve efficiency.

Linear Section—The gate drives of the linear section can put out a maximum continuous current of about 40 mA.
The typical low gate voltage is 1.2V.

Load Transient Response

Switching Section—In a typical modern MPU application such as the M II, Pentium Il and K6-2 core power
supply, load transient response is a critical issue. The LM2637 utilizes the conventional voltage feedback
technology as the primary feedback control method. When the load transient happens, the error in the output
voltage level is fed to the error amplifier. The output of the error amplifier is then compared with an internally
generated PWM ramp signal and the result of the comparison is a series of pulses with certain duty ratios. These
pulses are then used to control the on and off of the FET gate drives. In this way, the error in the output voltage
gets corrected by the change in the duty ratio of the FET switches. During a large load transient, depending on
the compensation design, the change in duty ratio usually begins within one switching cycle. Refer to the Design
Considerations section for more details.

Besides the voltage feedback control loop, the LM2637 also has a pair of fast comparators (the MIN and MAX
comparators) to help maintain the output voltage during a large and fast load transient. The trip points of the
comparators are set to +5% of the DAC output voltage. When the load transient is so large that the output
voltage goes outside the 5% window, the MIN or MAX comparator will bypass the primary voltage control loop
and immediately set the duty ratio to either 100% or 0%. This provides the fastest possible way to react to such a
large load transient in a conventional buck converter.
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Linear Section—The linear section has a high control bandwidth. Depending on external components selected,
the typical bandwidth can be as high as 1.2 MHz. The user may choose to lower this bandwidth and have a
better noise immunity by adding a small capacitor (1 nF to 10 nF) between the gate output and ground.

Power Good Signal

The power good signal is to indicate whether all three output voltages are within their corresponding range. The
range for the switching regulator is set to a typical £10% window of the DAC output voltage. The range for the
linear regulator is 0.63V to infinity. During soft start, the power good signal is kept low. At the completion of soft
start, all three output voltages are checked and the PWGD pin will be asserted if they are all within specified
range. During normal operation, whenever a voltage goes out of the specified range for more than about 3 ps,
PWGD pin will be pulled low.

Over-Voltage Protection

Switching Section—When the output voltage exceeds 118% of the DAC output voltage any time beyond the soft
start, the switching section will enter over-voltage protection mode and shuts itself down. The upper gate drive
will be held low while the lower gate drive will be held high. PWGD will be low. There will also be a logic high
signal at the OVP pin that can be used to fire an external SCR. To clear this mode, refer to the Resetting the
LM2637 section.

Linear Section—There is no over-voltage protection in the linear controllers.

Under-Voltage Latch-Off

At the completion of soft start, the controller starts to monitor all three output voltages. If any of the voltages goes
below about 0.63V, the controller will latch off its corresponding section, i.e., switching or linear. The mode can
be cleared by following the procedures described in the Resetting the LM2637 section.

Current Limit

Switching Section—Current limit can be realized by two methods. One method is through sensing the Vg of the
high-side FET. The other is through a separate sense resistor. The first method is cheaper and more power
efficient but less accurate. The second method is more accurate but dissipates additional power and is either
more expensive or requires special PCB layout consideration. A side benefit of the second method is it enables
implementation of a technique called dynamic voltage positioning, which helps save the number of output
capacitors.

The LM2637 tells in which current limit mode it is supposed to be by detecting the CS+ pin voltage. When CS+
voltage is 1.2V below V¢ voltage, sense resistor method is assumed. Otherwise the Vpg method is chosen. The
Vps method is based on typical rps oy Of the high-side FET and load current levels.

Method 1—High-Side FET Vpg Sensing

This method detects the high-side FET drain current by sensing its drain-source voltage when it is on. See
Figure 5. Since the rps oy Of @ FET is a known value, current through the FET can be known by measuring its
Vps. The relationship between the three parameters is:
Vbs
"DS_ON 2

To implement the current limit function, an external resistor Ryyax is needed. The resistor should be connected
between the drain of the high-side FET and IMAX pin. A constant current of around 180 pA is forced to flow into
the IMAX pin and causes a fixed voltage drop across the Ryax resistor. This voltage drop is then compared with
the Vpg of the high-side FET and if the latter is higher, over current is assumed. The appropriate value of R;yax
for a pre-determined current limit level I, can be determined by the following equation:

s_oN X I

vax (3

RiMax =

For example, suppose that the rps oy Of the FET is 20 mQ, and the desired current limit is 20A, then R;yax
should be 2.2 kQ.
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Figure 5. Current Limit via High-Side FET Vpg Sensing

Notice however, that the rps oy Of the FET has a positive temperature coefficient and it can increase by as much
as 50% when heated up. Also the distribution of the rps on Can be fairly wide, a 1.25 to 1.5 ratio is not
uncommon. Consult the MOSFET vendor for further information on the distribution of rps .

The designer should carefully choose the value of Ryyax so that even under the extreme case (largest rps oy and
highest temperature) the current limit will not trigger below the preset value.

To provide the greatest protection over the high-side FET, cycle-by-cycle protection is implemented. The
sampling of the Vpg starts as early as 250 ns after the FET is turned on. Whenever an over-current condition is
detected, the high-side FET is immediately turned off and the low-side FET turned on. This status remains for the
rest of the cycle. The same procedure applies to the next switching cycle. The blanking time of 250 ns is to avoid
the switching noise that occurs whenever the FET is turned on.

The resistor between CS- pin and the switching node (source of the high-side FET) is important for minimizing
the noise and negative voltage present at the CS- pin. A resistance of 100Q to 300Q is recommended.

Method 2—Current Sense Resistor

This method uses a sense resistor in series with the output inductor to detect the load current. See Figure 6. The
voltage across the sense resistor is proportional to load current. In the case that the sense resistor is of discrete
type (i.e., not a PCB etch resistor) or the sense resistor value is optimized for dynamic voltage positioning (see
the Dynamic Positioning of Load Voltage section), it may be necessary to use two signal level resistors, R; and
R, to appropriately set the desired current limit.

—
JI—{-M1
—

Veore

— Y Y Y AN
\AAd

— R, :: Cout
| e M, 7 R
— VW

777

55mV

-1+ CS+
COMP. I

b cs-

LM2637

Figure 6. Current Limit via Current Sense Resistor
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For a given current limit value, the minimum Rggnse IS determined by:
Voce

RSENSEmin = T
A Y (4)

where Vqcp is the over-current trip voltage and is typically 55 mV, see the Electrical Characteristic table. For
example, for a 20A current limit, the minimum Rgense 1S 2.75 mQ. If a 3 mQ sense resistor is used instead, use
appropriate values of R; and R, to make the voltage across R; to be Vqocp when the voltage across Rgense is 60
mV.

The discrete current sense resistor usually has a very good temperature coefficient and tolerance. A temperature
coefficient of £30 ppm/°C is typical. Tolerance is usually +1% or +5%. Vishay Dale and IRC offer a broad range
of discrete sense resistors.

A PCB etch resistor can also be used as the Rgense. The advantage of that approach is flexible resistance,
which will result in minimum power loss. R; and R, may also be eliminated. The drawback is too high a
temperature coefficient, typically +4000 ppm/°C, which will result in a much less accurate current limit than a
discrete sense resistor. The copper thickness of a PCB is usually of 5% tolerance.

Linear Section—There is no current limit function in the linear controllers. However, if there is ever a severe over-
load, the output voltage may drop below 0.63V, in which case the under-voltage latch-off will provide the
protection.

DESIGN CONSIDERATIONS

Control Loop Compensation

Switching Section—A switching regulator should be properly compensated to achieve a stable operation, tight
regulation and good dynamic performance. For a synchronous buck regulator that needs to meet stringent load
transient requirement such as that of processor core voltage supply, a 2-pole-1-zero compensation network
should suffice, such as the one shown in Figure 7 (C;, C,, Ry and R,). This is because the ESR zero of the
typical output capacitors is low enough to make the control-to-output transfer function a single-pole roll-off.

As an example, let us figure out the values of the compensation network components in Figure 7. Assume the
following parameters: R = 20Q, R, =20 mQ, Rc =9 mQ, L =2 pH, C = 7.5 mF, V|y =5V, V, = 2V and PWM
frequency = 300 kHz. Notice R is the sum of the inductor DC resistance and the on resistance of the FET's.

The control-to-output transfer function is:

Vout

~

V

TF1 =

control

R eV *(SCRe + 1) 1

S2LC(R+ Rg) + S[L+RC(R+Ry) +RRCI+ R+R. Vm (5)

The ESR zero frequency is:

1
f = —— = 2.36 kHz
ESR
27CR (6)

The double pole frequency is:

1 R+R
fpp = = | ————— = 1.3kHz
2n \[LC(R + R) 7

The corresponding Bode plots are shown in Figure 8.

Notice since the ESR zero frequency is so low that the phase doesn't even go beyond —90°. This makes the
compensation easier to do.

Since the DC gain and cutoff frequency (0 dB frequency) are too low, some compensation is needed. Otherwise
the low DC gain will cause a poor line regulation, and the low cutoff frequency may hurt transient response
performance.

The transfer function for the 2-pole-1-zero compensation network shown in Figure 7 is:
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SC (Ry + Ry) + 1 2nf,
e = SCoRy (SC R, + 1)
- + S
2R (56 %y 'A'S[Zf”]
p ®)
where
1 1
f,= —————,f, = ——,A=RC,
Z o 2mC (Ry+ Ry) " P 2aC R, 12 ©)

One of the poles is located at origin to help achieve the highest DC gain. So there are three parameters to
determine, the position of the zero, the position of the second pole, and the constant A. To determine the cutoff
frequency and phase margin, the loop bode plots need to be generated. The loop transfer function is:

TF = -TF1 x TF2 (10)

By choosing the zero close to the double pole position and the second pole to half of the switching frequency,
the closed loop transfer function turns out to be very good.

That is, if f, = 1.32 kHz, f, = 153 kHz, and A = 4.8 x 107® QF, then the cutoff frequency will be 50 kHz, the phase
margin will be 72°, and the DC gain will be that of the error amplifier. See Figure 9.

The compensation network component values can be determined by Equation 9, since the values of f,, f, and A
are now known. To more conveniently calculate the values, Equation 