I Sicex SP7652

‘Wide Input Voltage Range 6A,
600kHz, Buck Regulator  POWer !/ 1]

FEATURES SP7652
* 2.5V to 28V Dual Input Stepdown DFmeT{?%ﬁSE

»  Output Voltage down to 0.8V

*  6A Output Capability

» Built-in Low RDSpn Power FETs (15mQ typ.)

* Highly Integrated Design, Minimal Components
* 600kHz Fixed-frequency Operation

* UVLO Detects Both Vcc and VIN

* Over Temperature Protection

» Short Circuit Protection with Auto-Restart

»  Wide Bandwith Amp Allows Type Il or [l Compensation
* Programmable Soft Start

» Fast Transient Response
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« High Efficiency: Greater than 92% Possible Vin 1 Connect toVjy 5516 X
« Asynchronous Start-Up into a Pre-Charged Output N s
+  Small 7mm x 4mm DFN Package VNS X
+ U.S. Patent #6,922,041
DESCRIPTION

The SP7652 is a synchronous step-down switching regulator optimized for high efficiency. The part is designed to
be especially attractive for dual supply, 12V step down with 5V used to power the controller. This lower Vcc voltage
minimizes power dissipation in the part. The SP7652 is designed to provide a fully integrated buck regulator solu-
tion using a fixed 600kHz frequency, PWM voltage mode architecture. Protection features include UVLO, thermal
shutdown and output short circuit protection. The SP7652 is available in the space saving DFN package.

TYPICAL APPLICATION CIRCUIT
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ABSOLUTE MAXIMUM RATINGS

These are stress ratings only and functional operation of the device at these ratings or any other above those indicated in the operation sections of the
specifications below is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability.

____________________________ 7v Storage Temperature............cccccovvecireninns ....... -65°C to 150°C
.......................... 30V Power Dissipation...........ccccooeveivveiiccnnennns ... Internally Limited
,,,,,,,,,,,,,,,,,,,,,,,,,, 10A ESD Rating .. 2kV HBM
,,,,,,,,,,,,,,,,,,,,,,,,,, 35V Thermal Resistance @uc coue. B°CIW
............... -0.3Vto 7V
.................. -1V to 30V
................... -0.3V to Vcc+0.3V

ELECTRICAL SPECIFICATIONS
Unless otherwise specified: -40°C < Tame < 85°C, -40°C<Tj<125°C, 4.5V < Vcc < 5.5V, 3V<VIN<28Y, BST=LX + 5V, LX = GND =
0.0V, UVIN = 3.0V, CVcc = 1pF, Ccomp = 0.1pF, Css = 50nF, Typical measured at Vcc = 5V.

The * denotes the specifications which apply over the full temperature range, unless otherwise specified.

PARAMETER MmN, [ TYP. [MAX. [uNITs | | conDITIONS
QUIESCENT CURRENT

Vcc Supply Current (No switching) 1.5 3 mA VrB =0.9V
Vcc Supply Current (switching) 11 15 mA .

BST Supply Current (No switching) 0.2 0.4 mA Vre =0.9V
BST Supply Current (switching) 8 12 mA .
PROTECTION: UVLO

Vcc UVLO Start Threshold 4.00 | 425 | 45 \

Vcc UVLO Hysteresis 100 200 | 300 mV

UVIN Start Threshold 2.3 25 | 2.65 \ .

UVIN Hysteresis 200 300 | 400 mV

UVIN Input Current 1 MA UVIN= 3.0V

ERROR AMPLIFIER REFERENCE

2X Gain Config., Mea-
Error Amplifier Reference 0.792 1 0.800 | 0.808 V sure VrB; Vcc =5V,
T=25°C

Error Amplifier Reference

Over Line and Temperature 0.788 {0.800 [ 0.812 v :

Error Amplifier Transconductance 6 mA/V

Error Amplifier Gain 60 dB No Load

COMP Sink Current 150 7y VFs =0.9V, COMP=
0.9V

COMP Source Current 150 7y Vre =0.7V, COMP=
2.2V

VFe Input Bias Current 50 200 nA Vre = 0.8V

Internal Pole 4 MHz

COMP Clamp 25 \Y, Vre =0.7V, TA=25°C

COMP Clamp Temp. Coefficient -2 mV/°C
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ELECTRICAL SPECIFICATIONS
Unless otherwise specified: -40°C < Taws < 85°C, -40°C<Tj<125°C, 4.5V < Vcc < 5.5V, 3V<VIN<28V, BST=LX + 5V, LX=GND
=0.0V, UVIN = 3.0V, CVcc=1pF, Ccomp=0.1pF, Css=50nF, Typical measured at Vcc=5V.

The « denotes the specifications which apply over the full temperature range, unless otherwise specified.

PARAMETER [ MiN. [ TYP. [ MAX. | UNITs | | conpITIONS

CONTROL LOOP: PWM COMPARATOR, RAMP & LOOP DELAY PATH

Ramp Amplitude 092 | 1.1 1.28 Vv

RAMP Offset 1.1 \Y Ta = 25°C, RAMP
COMP

until GH starts Switching

RAMP Offset Temp. Coefficient -2 mV/°C

GH Minimum Pulsewidth 90 180 ns

Maximum Controllable Duty Ratio 92 97 % Maximum Duty Ratio
Measured just before
pulsing begins

Maximum Duty Ratio 100 % Valid for 20 cycles

Internal Oscillator Ratio 420 | 600 | 720 kHz

TIMERS: SOFT START

SS Charge Current: 10 MA

SS Discharge Current: 1 mA * | Fault Present, SS =
0.2V

PROTECTION: Short Circuit & Thermal

Short Circuit Threshold Voltage 02 [025] 0.3 \Y * | Measured VRrer (0.8V)
— VrB

Hiccup Timeout 200 ms VrB = 0.5V

Number of Allowable Clock Cycles 20 Cycles

at 100% Duty Cycle

Minimum GL Pulse After 20 Cycles 0.5 Cycles Vre = 0.7V

Thermal Shutdown Temperature 145 °C Vre = 0.7V

Thermal Recovery Temperature 135 °C

Thermal Hysteresis 10 °C

OUTPUT: POWER STAGE

High Side RDSon 15 mQ Vcc =5V ; lout= 6A
Tams = 25°C

Synchronous FET RDSon 15 mQ Vce =5V ; lout= 6A
Tame = 25°C

Maximum Output Current 6 A
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PIN DESCRIPTION

Pin # Pin Name | Description
1-3 Panp Ground connection for the synchronous rectifier.
4.8.19-21 GND Ground Pin. The control circuitry of the IC and lower power driver are referenced
o to this pin. Return separately from other ground traces to the (-) terminal of Cour.
Feedback Voltage and Short Circuit Detection pin. The inverting input of the Error
Amplifier and serves as the output voltage feedback point for the Buck Converter.
5 VFB The output voltage is sensed and can be adjusted through an external resistor
divider. Whenever VFB drops 0.25V below the positive reference, a short circuit
fault is detected and the IC enters hiccup mode.
Output of the Error Amplifier. Internally connected to the inverting input of the
6 COMP PWM comparator. An optimal filter combination is chosen and connected to this
pin and either ground or VFB to stabilize the voltage mode loop.
7 UVIN UVLO input for VIN voltage. Connect a resistor divider between Vin and UVIN to
set minimum operating voltage.
Soft Start. Connect an external capacitor between SS and GND to set the soft
9 SS start rate based on the 10pA source current. The SS pin is held low via a 1mA
(min.) current during all fault conditions.
10-13 ViN Input connection to the high-side N-channel MOSFET. Place a decoupling capaci-
tor between this pin and PGND.
14-16,23- LX Connect an inductor between this pin and Vour.
26
17 NC No Connect.
High-side driver supply pin. Connect BST to the external boost diode and capaci-
18 BST tor as shown in the Typical Application Circuit on page one. High-side driver is
connected between BST and SWN pin.
22 Vce Input for external 5V bias supply.

THEORY OF OPERATION

General Overview

The SP7652 is a fixed frequency, voltage
mode, synchronous PWM regulator opti-
mized for high efficiency. The part has been
designed to be especially attractive for split
plane applications utilizing 5V to power
the controller and 3V to 20V for step down
conversion.

The heartofthe SP7652 is a wide bandwidth
transconductance amplifier designed to ac-
commodate Type Il and Type Ill compensa-
tion schemes. A precision 0.8V reference,
present on the positive terminal of the error
amplifier, permits the programming of the
output voltage down to 0.8V via the VFs pin.
The output of the error amplifier, COMP,
which is compared to a 1.1V peak-to-peak
ramp, is responsible for trailing edge PWM
control. This voltage ramp and PWM control
logic are governed by the internal oscillator
that accurately sets the PWM frequency to
600kHz.

The SP7652 contains two unique control
features that are very powerful in distributed
applications. First, asynchronous driver con-
trol is enabled during start up, to prohibit the
low side NFET from pulling down the output
until the high side NFET has attempted to
turn on. Second, a 100% duty cycle timeout
ensuresthatthe low side NFET is periodically
enhanced during extended periods at 100%
duty cycle. This guarantees the synchronized
refreshing of the BST capacitor during very
large duty cycle ratios.

The SP7652 also contains a number of
valuable protection features. Programmable
UVLO allows the user to set the exact VIN
value at which the conversion voltage can
safely begin down conversion, and an inter-
nal Vcc UVLO ensures that the controller
itself has enough voltage to operate properly.
Other protection features include thermal
shutdown and short-circuit detection. In the
event that either a thermal, short-circuit, or
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THEORY OF OPERATION

UVLOfaultis detected, the SP7652is forced
into anidle state where the outputdrivers are
held off for a finite period before a re-start
is attempted.

Soft Start

Soft start is achieved when a power con-
verter ramps up the output voltage while
controlling the magnitude of the input sup-
ply source current. In a modern step down
converter, ramping up the positive terminal
of the error amplifier controls soft start.

As a result, excess source current can be
defined as the current required to charge
the output capacitor.

Ivin = Cout * (AVouTt / ATSOFT-START)

The SP7652 provides the user with the op-
tion to program the soft start rate by tying
a capacitor from the SS pin to GND. The
selection of this capacitor is based on the
10uA pull up current present at the SS pin
and the 0.8V reference voltage. Therefore,
the excess source can be redefined as:

IviN = Cout * (AVout *10uA / (Css * 0.8V)

Under Voltage Lock Out (UVLO)

The SP7652 contains two separate UVLO
comparators to monitor the internal bias
(Vcc) and conversion (VIN) voltages
independently. The Vcc UVLO threshold
is internally set to 4.25V, whereas the VIN
UVLO threshold is programmable through
the UVIN pin. When the UVIN pin is
greater than 2.5V, the SP7652 is permit-
ted to start up pending the removal of all
other faults. Both the Vcc and Vin UVLO
comparators have been designed with
hysteresis to prevent noise from resetting
a fault.

Thermal and Short-Circuit Protection

Because the SP7652 is designed to drive
large output current, there isachance thatthe
power converter will become too hot. There-
fore, an internal thermal shutdown (145°C)
has been included to prevent the IC from
malfunctioning at extreme temperatures.

A short-circuit detection comparator has
also been included in the SP7652 to protect
against an accidental short at the output
of the power converter. This comparator
constantly monitors the positive and nega-
tive terminals of the error amplifier, and if
the VFB pin falls more than 250mV (typical)
below the positive reference, a short-circuit
faultis set. Because the SS pin overrides the
internal 0.8V reference during soft start, the
SP7652 is capable of detecting short-circuit
faults throughout the duration of soft start as
well as in regular operation.

Handling of Faults

Upon the detection of power (UVLO), ther-
mal, or short-circuit faults, the SP7652 is
forced into an idle state where the SS and
COMP pins are pulled low and the NFETS
are held off. In the event of UVLO fault, the
SP7652 remains in this idle state until the
UVLO faultis removed. Upon the detection
of a thermal or short-circuit fault, an internal
200ms timer is activated. In the event of a
short-circuit fault, a re-start is attempted im-
mediately after the 200ms timeout expires.
Whereas, when a thermal fault is detected,
the 200ms delay continuously recyclesand a
re-start cannot be attempted until the thermal
fault is removed and the timer expires.

Error Amplifier and Voltage Loop

Since the heart of the SP7652 voltage error
loop is a high performance, wide bandwidth
transconductance amplifier, great care
should be taken to select the optimal compen-
sation network. Because of the amplifier’s
current limited (£150uA) transconductance,
there are many ways to compensate the
voltage loop or to control the COMP pin ex-
ternally. If a simple, single-pole, single-zero
response is desired, then compensation can
be as simple as an RC circuit to Ground. If
a more complex compensation is required,
then the amplifier has enough bandwidth
(45°C at 4 MHz) and enough gain (60dB)
to run Type Il compensation schemes with
adequate gain and phase margins at cross-
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THEORY OF OPERATION

over frequencies greater than 50kHz.

The common mode output of the error am-
plifier is 0.9V to 2.2V. Therefore, the PWM
voltage ramp has beensetbetween 1.1V and
2.2V toensure proper 0% to 100% duty cycle
capability. The voltage loop also includes
two other very important features. One is an
asynchronous startup mode. Basically, the
synchronous rectifier cannot turn on unless
the high-side NFET has attempted to turn
on or the SS pin has exceeded 1.7V. This
feature prevents the controllerfrom “dragging
down” the output voltage during startup orin
fault modes. The second feature is a 100%
duty cycle timeoutthatensures synchronized
refreshing of the BST capacitor at very high
duty ratios. In the event that the high-side
NFET is on for 20 continuous clock cycles,
a reset is given to the PWM flip-flop half
way through the 21st cycle. This forces GL
to rise for the cycle, in turn refreshing the
BST capacitor.

Power MOSFETs

The SP7652 contains a pair ofintegrated low
resistance N-MOSFETs designed to drive up
to 6A of output current. Maximum output cur-
rent could be limited by thermal limitations of
aparticularapplication. The SP7652 incorpo-
rates a built-in over-temperature protection
to prevent internal overheating.

VesT

GH
Voltage
Vswn
VIV ¢
GL
Voltage
ov
VIV N)

" i _J LI
-ov
Voiodev [ LT L

Voltage
VIV NV )
BST
Voltage

VWee) | =

TIME

Setting Output Voltages

The SP7652 can be set to different output
voltages. The relationship in the following
formula is based on a voltage divider from
the output to the feedback pin VFB, which is
settoaninternal reference voltage of 0.80V.
Standard 1% metal film resistors of surface
mount size 0603 are recommended.

Vour = 0.80V (R1/R2+1)

R1
{(Vout / 0.8V) -1}

=> R2=

Where R1 = 68.1kQ and for Vout = 0.80V
setting, simply remove R2 from the board.
Furthermore, one could select the value
of the R1 and R2 combination to meet the
exact output voltage setting by restricting
R1 resistance range such that 50kQ < R1
< 100kQ for overall system loop stability.

Rev F: 11/01/06

SP7652 Wide Input Voltage Range 6A, 600kHz, Buck Regulator

6

© Copyright 2006 Sipex Corporation




APPLICATIONS INFORMATION

Inductor Selection

There are many factors to consider in
selecting the inductor including core
material, inductance vs. frequency, cur-
rent handling capability, efficiency, size
and EMI. In a typical SP7652 circuit, the
inductor is chosen primarily by operat-
ing frequency, saturation current and DC
resistance. Increasing the inductor value
will decrease output voltage ripple, but
degrade transient response. Low induc-
tor values provide the smallest size, but
cause large ripple currents, poor efficiency
and require more output capacitance to
smooth out the larger ripple current. The
inductor must be able to handle the peak
current at the switching frequency without
saturating, and the copper resistance in
the winding should be kept as low as pos-
sible to minimize resistive power loss. A
good compromise between size, loss and
cost is to set the inductor ripple current

to be within 20% to 40% of the maximum
output current.

The switching frequency and the inductor
operating pointdetermine the inductor value
as follows:
VouTt(VIN(MAX) - VouT)
VIN(MAX)FseKReloUT(MAX)
where:

Fs = switching frequency

KR = ratio of the AC inductor ripple current
to the maximum output current

The peak to peak inductor ripple current
is:
Vout (VIN(MAX) - VourT)

VIN(MAX)-FseL

IpP=

Oncetherequiredinductorvalueis selected,
the proper selection of core materialis based
on peak inductor current and efficiency re-
quirements. The core must be large enough
not to saturate at the peak inductor current

IpP
IPEAK = loUT(MAX) + >
and provide low core loss at the high switch-
ing frequency. Low cost powdered-iron cores
are inappropriate for 900kHz operation.
Gapped ferriteinductors are widely available
for consideration. Select devices that have
operating data shown up to 1MHz. Ferrite
materials, on the other hand, are more
expensive and have an abrupt saturation
characteristic with the inductance dropping
sharply when the peak design current is
exceeded. Nevertheless, they are preferred
at high switching frequencies because they
present very low core loss and the design
only needs to prevent saturation. In general,
ferrite or molypermalloy materials are bet-
ter choice for all but the most cost sensitive
applications.

Optimizing Efficiency

The power dissipated in the inductoris equal
to the sum of the core and copper losses.
To minimize copper losses, the winding
resistance needs to be minimized, but this
usually comes at the expense of a larger
inductor. Core losses have a more significant
contribution at low output current where the
copper losses are at a minimum, and can
typically be neglected at higher output cur-
rents where the copper losses dominate.
Core loss information is usually available
from the magnetics vendor. Proper inductor
selection can affect the resulting power sup-
ply efficiency by more than 15-20%!

The copper loss in the inductor can be cal-
culated using the following equation:

PL(cu) = I’L(RMS) RWINDING

where Iy rus) is the RMS inductor current
that can be calculated as follows:

1 PP 2
IL(RMS) = lOUT(MAX) 1+T W
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APPLICATIONS INFORMATION

Output Capacitor Selection

The required ESR (Equivalent Series Re-
sistance) and capacitance drive the selec-
tion of the type and quantity of the output
capacitors. The ESR must be small enough
that both the resistive voltage deviation due
to a step change in the load current and
the output ripple voltage do not exceed
the tolerance limits expected on the output
voltage. During an output load transient,
the output capacitor must supply all the ad-
ditional current demanded by the load until
the SP7652 adjusts the inductor current to
the new value.

In order to maintain Vout, the capacitance
must be large enough so that the output
voltage is held up while the inductor current
ramps up or down to the value correspond-
ing to the new load current. Additionally, the
ESR in the output capacitor causes a step
in the output voltage equal to the current.
Because of the fast transient response and
inherent 100% to 0% duty cycle capability
provided by the SP7652 when exposed to
output load transient, the output capacitor
is typically chosen for ESR, not for capaci-
tance value.

The ESR of the output capacitor, combined
with the inductor ripple current, is typically
the main contributor to output voltage ripple.
The maximum allowable ESR required to
maintain a specified output voltage ripple
can be calculated by:

RESR < AVour
lpk-Pk

where:

AVout = Peak-to-Peak Output Voltage
Ripple

Irk-Pk = Peak-to-Peak Inductor Ripple Cur-
rent

The total output ripple is a combination of
the ESR and the output capacitance value
and can be calculated as follows:

AVout =\/ (M) ? + (IPPRESR)2

CoutFs

Fs = Switching Frequency
D = Duty Cycle
Cout = Output Capacitance Value

Input Capacitor Selection

The input capacitor should be selected for
ripple currentrating, capacitance and voltage
rating. The input capacitor must meet the
ripple current requirement imposed by the
switching current. In continuous conduction
mode, the source current of the high-side
MOSFET is approximately a square wave
of duty cycle Vout/VIN. Most of this current
is supplied by the input bypass capacitors.
The RMS value of input capacitor current is
determined at the maximum output current
and under the assumption that the peak

to peak inductor ripple current is low; it is
given by:

Icin(RMs)= louT(Max) VD(1-D)

The worse case occurs when the duty cycle
D is 50% and gives an RMS current value
equal to lout/2.

Selectinput capacitors with adequate ripple
current rating to ensure reliable operation.

The power dissipated in the input capaci-
toris:

Pcin=I2ciN(RMs) RESR(CIN)

This can become a significant part of power
losses in a converter and hurt the overall
energy transfer efficiency. The input volt-
age ripple primarily depends on the input
capacitor ESR and capacitance. Ignoring
the inductor ripple current, the input voltage
ripple can be determined by:
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APPLICATIONS INFORMATION

lout(max) VouT (VIN-VourT)

High crossover frequency is desirable for

AViN=louT(mAx) ReESR(CIN)+ FsCiNVIN2

The capacitor type suitable for the output ca-

pacitors can also be used for the input capaci-
tors. However, exercise additional caution

whentantalum capacitors are used. Tantalum
capacitors are known for catastrophic failure
when exposed to surge current, and input
capacitors are prone to such surge current
when power supplies are connected “live”
to low impedance power sources.

Loop Compensation Design

The open loop gain of the whole system can
be divided into the gain of the error ampli-
fier, PWM modulator, buck converter output
stage, and feedback resistor divider. In order
tocrossoveratthe selected frequency FCO,
the gain of the error amplifier compensates
for the attenuation caused by the rest of the
loop at this frequency.

The goal ofloop compensation is to manipu-
late loop frequency response such that its
gain crosses over 0db at a slope of -20db/
dec. The first step of compensation design
is to pick the loop crossover frequency.

fasttransientresponse, butoften jeopardizes
the system stability. Crossover frequency
should be higher than the ESR zero but
less than 1/5 of the switching frequency.
The ESR zero is contributed by the ESR
associated with the output capacitors and
can be determined by:

fZ(ESR) =1

21 Cout Resr

The next step is to calculate the complex
conjugate poles contributed by the LC
output filter,

frie) = 1
21 \] L COUT

When the output capacitors are of a Ceramic
Type, the SP7652 Evaluation Board requires
aTypelllcompensation circuitto give a phase
boostof 180° in orderto counteract the effects
of an underdamped resonance of the output
filter at the double pole frequency.

Type lllV oltage Loop
Compensation
G e () Gain Block

PWM Stage
Gy Gain
Block

Output Stage
G gyr (s) Gain
Block

Veer (SRz2Cz2+1)(SR1Cz3+1)

Vin (SR gsr Cour+1)

(Volts)

e

2 SR1Cz2(SRz3Cz3+1)(SRz2Cp1+1)

» Vour
(Volts)

VRAnP_pp [S72LC oy +5(R s +Rpd) Cour +11

Notes:R o, = Output Capacitor Equivalent Series Resistance.
Ry =Output Inductor DC Resistance.

RAMP_PP

Condition: Cz2 >> Cp1 &R1 >>Rz3

Output Load Resistance >>R . &R

oC

\ =SP6132Internal RA MP Amplitude Peak to Peak V oltage.

Voltage Feedback
G g Gain Block

Ra V Rer

or

Viek

R1+R2)

Vour

(Volts)

SP7652 Voltage Mode Control Loop with Loop
Definitions:

REesr = Output Capacitor Equivalent Series Resistance

Rp¢ = Output Inductor DC Resistance

RRAMp_pp = SP7652 internal RAMP Amplitude Peak to Peak Voltage

Conditions:
Cz2>>Cpland R1>>Rz3
Output Load Resistance >> Resg and Rpc
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APPLICATIONS INFORMATION

Gain
(dB)
Error Amplifier Gain
Bandwidth Product
Condition:
C22>>CP1,R1 >>RZ3
[
! 1
! 1
! 1
! 1
! 1
20 Log (RZ2/R1) T~ 1 1
(I | 1 |
RN 1 .
1 N 1 \
1 1D 1 1
N o« = o
N N N o N Freduency
e L9 o QL
N =< N2
I ¥ o N N
T kg £
B N N B B
§ == 9 d
~ Al ~
Bode Plot of Type Il Error Amplifier Compensation.
N
1l
|
RZ3 czZ3 RZ2
e L 22
Vour
’ R1 > )
6
68.1k, 1% VFB |,
R SET COMP
CF1 =+
+
_0.8Vv I
Roer  =5448/(V oyt 08) (kQ)
Type Il Error Amplifier Compensation Circuit
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APPLICATIONS INFORMATION

SP765X Thermal Resistance

The SP765X family has been tested with a
variety of footprint layouts along with differ-
ent copper area and thermal resistance has
been measured. The layouts were done on
4 layer FR4 PCB with the top and bottom
layers using 30z copper and the power and
ground layers using 10z copper.

For the Minimum footprint, only about 0.1
square inch (of 3 ounces of) Copper was
used on the top or footprint layer, and this
layer had no vias to connect to the 3 other
layers. For the Medium footprint, about 0.7
square inches (of 3 ounces of) Copper was
used on the top layer, but vias were used
to connect to the other 3 layers. For the
Maximum footprint, about 1.0 square inch
(of 3 ounces of) Copper was used on the top
layer and many vias were used to connect
to the 3 other layers.

The results show that only about 0.7 square
inches (of 3 ounces of) Copper on the top
layer and vias connecting to the 3 other
layers are needed to get the best thermal
resistance of 36°C/W. Adding area on the
top beyond the 0.7 square inches did not
reduce thermal resistance.

Using a minimum of 0.1 square inches of
(3 ounces of) Copper on the top layer with
no vias connecting to the 3 other layers
produced a thermal resistance of 44°C/W.
This thermal impedance is only 22% higher
than the medium and large footprint layouts,
indicating that space constrained designs
can still benefit thermally from the Powerblox
family of ICs. This indicates that a minimum
footprintof0.1squareinch, ifusedona4layer
board, can produce 44°C/W thermal resis-
tance. This approach is still very worthwhile
if used in a space constrained design.

The following page shows the footprint
layouts from an ORCAD file. The thermal
data was taken for still air, not with forced
air. If forced air is used, some improvement
in thermal resistance would be seen.

SP765X Thermal Resistance

4 Layer Board:

Top Layer 3ounces Copper
GND Layer 1ounce Copper
Power Layer 1ounce Copper
Bottom Layer 3ounces Copper

Minimum Footprint: 44°C/W
Top Layer: 0.1 square inch
No Vias to other 3 Layers

Medium Footprint: 36°C/W
Top Layer: 0.7 square inch
Vias to other 3 Layers

Maximum Footprint: 36°C/W
Top Layer: 1.0 square inch
Vias to other 3 Layers

Rev F: 11/01/06 SP7652 Wide Input Voltage Range 6A, 600kHz, Buck Regulator © Copyright 2006 Sipex Corporation
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TYPICAL PERFORMANCE CHARACTERISTICS
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* Refer to product datasheet for POD option being used
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MIN NOM | MAX MIN NOM MAX
A 0.80 | 0.0 | 1.00 | 0.031 0.035 | 0.039
At 0.00 — 0.05 | 0.000 _— 0.002
A3 0.18 | 0.20 | 0.23 0.007 | 0.008 | 0.009
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e 0.50 BSC 0.020 BSC
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ORDERING INFORMATION

Part Number

SP7652ER................
SP7652ER-L.............
SP7652ER/TR..........

SP7652ER-L/TR

Bulk Pack minimum quantity is 500.
/TR = Tape and Reel. Pack quantity is 3,000 DFN.

Temperature Package
............................... -40°C to +85°C....cccecvvvvvieiciieneenee. 26 Pin 7 X 4 DFN
............................... -40°C to +85°C...............(Lead Free) 26 Pin 7 X 4 DFN
............................... -40°C 10 +85°C....ceevvvvviiienieeiieeneee. 26 Pin 7 X 4 DFN
............................... -40°C to +85°C...............(Lead Free) 26 Pin 7 X 4 DFN

T
- e =54

VIMNCA

Sipex Corporation

Headquarters and
Sales Office

233 South Hillview Drive
Milpitas, CA 95035

TEL: (408) 934-7500
FAX: (408) 935-7600

Sipex Corporation reserves the right to make changes to any products described herein. Sipex does not assume any liability arising out of the applica-
tion or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.
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Appendix and Web Link Information

For further assistance:

Email: Sipexsupport@sipex.com

WWW Support page: http://www.sipex.com/content.aspx?p=support

Sipex Application Notes: http://www.sipex.com/applicationNotes.aspx

Product Change Notices: http://www.sipex.com/content.aspx?p=pcn
————soweaty Sipex Corporation

' Headquarters and
I Sales Office

233 South Hillview Drive

UI Milpitas, CA95035
” tel: (408) 934-7500

faX: (408) 935-7600

Sipex Corporation reserves the right to make changes to any products described herein. Sipex does not assume any liability arising out of the application or use of
any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.

The following sections contain information which is more
changeable in nature and is therefore generated as appendices.

1) Package Outline Drawings
2) Ordering Information

If Available:
3) Frequently Asked Questions
4) Evaluation Board Manuals
5) Reliability Reports
6) Product Characterization Reports
7) Application Notes for this product
8) Design Solutions for this product
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Introduction

The Sipex PowerBlox™ family of parts offers designers a very high power density solution for wide
input range buck requirements. As a result of down converting power that can be greater than 50W in
a 7 x 4 mm package, care is needed with the layout in order to manage the thermal requirements. In
addition, the 26 pin DFN package selected for its excellent thermal performance must be used in
conjunction with the correct CAD shape, to ensure good solder-ability during the manufacturing stage.
This application note will address these, along with more general layout issues.

General Layout Recommendations.

As with all dc to dc designs, good layout practice is essential to getting the correct operation and
expected performance from a solution. Below is a list of guidelines for the PowerBlox™ family:

1) A typical application circuit is shown in figure 1. All components in the power path should be
located on one side (which will be referred to as the topside) of the PCB, and as physically
close as possible to the PowerBlox™ device. For PowerBlox™ designs these components
are: Input Capacitors (connected between Vin and PGnd — C1 in Figure 1); Output
Capacitors (connected between Vout and PGnd — C3); Inductor (L1); PowerBlox™
(SP765x) device. Note: If an additional Schottky diode and/or snubber network is used
connected between LX and Pgnd, these should also be subject to the same constraints.

SPT65x

e gooa J oVOUT

ZRi

O b koL L
2

cFid

VIN°

= R3

Lc1 A |

GND—

S

Figure 1 Typical PowerBlox™ Circuit

2) All routing to and from the above components should be done on the topside of the PCB.
The routing should be done by making local split topside planes for Vin, Vout, Pgnd and
LX or copper fills between the components (see example in Figure 2). Note: The use of
vias in the power path is to be avoided.

11/27/06 Application Note: CAD Layout for PowerBlox ©2006 Sipex Corp.
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Figure 2 Example PowerBlox™ Layout (2 Sided Component Placement)

3) If components are to be placed on both sides of the PCB then all feedback,
compensation and bias supply passives should be on the bottom side of the PCB.
Routing to these parts should also be done on the side on which they are mounted (see
Figure 2). If an additional routing layer is available and required, then the layer closest to
the bottom one is preferred. The path from the feedback resistor chain (R1 and R2 in
Figure 1) should not be routed underneath the LX node or inductor.

4) Pgnd and Gnd should be kept as separate nets, with a single common connection (star),
made by a short track from Pgnd to Gnd power pad under the device (Figure 3).

11/27/06 Application Note: CAD Layout for PowerBlox ©2006 Sipex Corp.



Figure 3 Common Connection point for Pgnd and Gnd

Thermal Considerations

The 26 pin DFN package is thermally enhanced by providing 3 separate pads on its lower side.
These are electrically connected to the LX, Gnd and Vin pins. The shape and size of the pads
used on the CAD footprint, and the surrounding PCB layout thus determine the thermal
performance of the complete assembly. Two sizes of layout are recommended for the
PowerBlox™ parts, their performance is a trade off between space available and thermal
capacity.

Figure 4 shows the smaller layout. In this set up there are no vias required linking any planes to
the power pads beneath the device. It should be noted that although this layout has no vias on
the thermal pads, there is some thermal conductivity between the relatively small component
layer planes and the much larger inner layer planes and bottom planes, which helps reduce
thermal resistance. It has a 6;, of 44°C/W.

Ui

o

0.40

Figure 4 SP765x Minimum Footprint (0.1 in)

11/27/06 Application Note: CAD Layout for PowerBlox ©2006 Sipex Corp.



The larger layout shown in Figure 5 has an improved thermal resistance of 6,, = 36°C/W. This
layout also uses 6 vias per pad onto 3 other PCB planes. Since this layout has vias connecting to
much larger planes below, increasing the top area size beyond 0.7 in®> has little effect in
decreasing the thermal resistance.

1.00

Figure 5 SP765x Maximum Footprint (0.7 in®)

It should be noted that the above figures are based upon a 4 layer FR4 PCB, with 30z copper on
the top and bottom layers, 1 0z copper on inner layers. For lower densities of copper, since the
relationship between area and density with respect to thermal conductivity is linear, a lower
density can be compensated for by a proportional increase in area.

CAD Footprint Recommendations

The correct CAD footprint is not only important to effective thermal management of the solution, it
can also have a marked effect on the ease of manufacture. To evaluate the reliability of the CAD
footprint, a solder test was performed using 3 different footprint shapes. The first shape used a
footprint with signal pads 2x the length of PowerBlox™ pads, and the 3 power pads were about
the same size as the PowerBlox™ thermal pads. The second footprint also used signal pads 2x
the length of the PowerBlox™ signal pads, but the power pads width was reduced to about
15mils less than the PowerBlox™ power pads. The third shape used signal pads 1.5x the length
of the PowerBlox™ signal pads and the power pads width reduced about 15mils less than the
PowerBlox™ power pads.

The 3 footprints were all tested the way: we made 2 layer PCBs and had a contract manufacturer
using pick and place equipment and reflow soldering system to assemble 20 parts of each
footprint. The parts were burned in by thermal cycling from 0 to 100degC and -65 to 150degC.
All the assembled parts were visually inspected for defects and electrically tested for continuity at
read points of 0, 500, 1000 cycles. All passed visual and electrical tests and no there were no
solder joint cracks. Footprint number 3 was selected as the recommended footprint for two

11/27/06 Application Note: CAD Layout for PowerBlox ©2006 Sipex Corp.



reasons: preferences by some customers for the solder land = 1.5x the actual land on the
package, plus the thermal pad size was considered better by our packaging engineer to be

smaller than the size on the package.

The recommended footprint is reproduced in Figure 6.

DFN-26 FOOTPRINT
e

-B.Om—
LoJAT, p—
16.0m__
31.0m —
270m
142 .0m—
[y

Figure 6 Recommended SP765x CAD Footprint

A 4 mil stencil should be used during the manufacturing stage, with pads the same size as the
CAD footprint pads. If vias are determined to be necessary, these should be limited to a
maximum of 9 per pad. (Additional ones give very limited improvement to 6;,). The pads should
be joined to the corresponding electrically connected power pads by a short, direct track (see
Figure 7), not by filling the gap area with copper. Note that special plugging of the vias prior to

reflow is not required.

Figure 7 Correct Joining of Signal to Power Pads

11/27/06 Application Note: CAD Layout for PowerBlox ©2006 Sipex Corp.
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Thermal Resistance on SP765X Devices |
by Brian Kennedy

SP7650

e oo The SP765X series of devices is a family of synchronous
Panh hx step-down switching regulators optimized for high ef-
bl TOP VIEW = ficiency, with industry leading power density. The parts
Fals || Hesmipa | 1 are designed to be especially attractive for dual supply,
nestiole ) B 12V or 24V distributed power systems step down with
E E3lkx 5V used to power the controller. This lower V¢ voltage
SR B2]Voe minimizes power dissipation in the part and is used to
i | [U— drive the top switch. The SP765x family is designed to
UMINI7]|  Connectt GND | POYEND provide a fully integrated buck regulator solution using a
GND[E] ] el fixed frequency, PWM voltage mode architecture. Protec-
53[9] fEest tion features include UVLO, thermal shutdown and output
vin [10] e short circuit protection. The SP765X are available in the
vl | SRy ([ space saving and robust DFN package. This application
Yin[TZ] 16|Lx note explains the thermal resistance characteristics of the

i 14|Lx family of devices and the implications for usage.

Available in Lead Free Packaging

SP765X Thermal Resistance BINIRUN F'""PT * %10 B9 AN

o~

4 Layer Board: EN =
Top Layer 30z copper k0.0 ]
GND Layer 10z copper NEDIUN FOOTPRINT = 0.70 S IN.

Power Layer 10z copper
Bottom Layer 30z copper

Minimum Footprint: 44°C/W
Top Layer: 0.1 sq in.
No Vias to other 3 Layers

Medium Footprint: 36°C/W
Top Layer: 0.7 sq in.
Vias to other 3 Layers

Maximum Footprint: 36°C/W L
Top Layer: 1.0 sq in.
Vias to other 3 Layers

Date: 06/09/05 SP765X Application Note: Thermal Resistance © Copyright 2005 Sipex Corporation
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SP765X Thermal Resistance Application Note

The SP765X family has been tested
with a variety of footprint layouts
along with different copper area
and thermal resistance has been
measured. The layouts were done
on 4 layer FR4 PCB with the top and
bottom layers using 30z copper and
the power and ground layers using
10z copper.

Forthe Minimum footprint, only about
0.1 sqin. of 30z copper was used on
the top orfootprintlayer, and this layer
had no vias to connect to the 3 other
layers. For the Medium footprint,
about 0.7 sq in of 30z copper was
used on the top layer, but vias were
usedto connecttothe other 3 layers.
Forthe Maximum footprint, about 1.0
sqin. of 30z copper was used on the
top layer and many vias were used
to connect to the 3 other layers.

The results show thatonly about0.7sq
in. of 30z copper on the top layer and
vias connecting to the 3 other layers
are needed to get the best thermal
resistance of 36°C/W. Adding area
on the top beyond the 0.7 sq in. did
not reduce thermal resistance.

Using a minimum of 0.1 sq in. of
30z copper on the top layer with no
vias connecting to the 3 other layers
produced a thermal resistance of
44°C/W. This value of 44°C/W is
only 22% more than the best thermal
resistance of 36°C/W. This indicates
that a minimum footprint of 0.1sqin. if
used on a 4 layer board can produce
44°C/W thermal resistance, which
is still very good if used in a space
constrained design.

The following page shows the foot-
print layouts from an ORCAD file.
The thermal data was taken for still
air, not with forced air. If forced air is
used, some improvement in thermal
resistance would be seen.

ANALOG EXCELLENCE
e cl z
. | @’ -\"4

VIMNOA

Sipex Corporation
Headquarters and
Sales Office

233 South Hillview Drive
Milpitas, CA 95035

TEL: (408) 934-7500
FAX: (408) 935-7600

Sipex Corporation reserves the right to make changes to any products described herein. Sipex does not assume any liability arising out of the
application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.
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PowerBlox™ in Distributed Power Architectures

. 7

Introduction

The challenges in designing POL converters for distributed power architectures (see Figure 1) in
telecom systems are many. System boards are very space constrained and the power solution must
occupy minimal PCB real estate. Efficiency is of great importance to improve the throughput efficien-
cy of the system as well as to minimize temperature rise in components and ensure long life. Also,
the loads on the system board require complex and unique protocols that are provided in the ASIC or
NPU manufacturer specifications. This sequencing function is usually done using a proprietary IC and
high current MOSFETSs on the output of each rail. These MOSFETs are 100% duty cycle switches that
lower the efficiency of the system, generate heat and increase the cost of the system.

48V to 12V, 5V or 3.3V
Conversion and Isolation

Vo 1 3.3V
AC -Input
Sec.

GND

1 2.5V

1 1.8V

Figure 1. Distributed Power Architecture in a Telecommunications System

The PowerBlox™ Solution

Sipex has introduced a family of high current regulators called PowerBlox™ that address these sys-
tem level requirements. The PowerBlox™ family of products are available in a range of output current
levels from 3A to 8A and switching frequencies from 300kHz to 1.2MHz. An example of such a device
is the SP7652 available in a space saving 7mm x 4mm DFN package. It is capable of accepting a
wide input voltage and can provide up to 6A at output voltages as low as 0.8V. Since the switching
frequency of the SP7652 is 600kHz, output filter size is reduced, enabling a very small solution ideal
for applications where PCB real estate is at a premium. The built in low RDS(on) FETs enable high
efficiency. Figure 2 shows the SP7652 delivering over 92% efficiency over the entire load range.

11/27/06 PowerBlox™ in Distributed Power Architectures : ANP6 Copyright © 2006 Sipex Corporation
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Load Current (A)

Figure 2. Efficiency versus Load Current for SP7652 at 5Vinand 3.3Vout

The SP7652 includes protection features such as UVLO on both Vcc and VIN pins, programmable
soft start and thermal shutdown. The SP7652 also has short circuit protection with auto-restart.
This auto-restart feature is key in today’s end telecom or networking systems, many of which are
in remote locations. Auto-restart capabilities increase up-time and reduce maintenance costs

thereby improving QoS.

Implementing Power-Up Protocols

One of the most compelling reason for using this part in telecom systems is the ability to easily
implement power-up protocols.

There are essentially three types of power-up protocols used in distributed power architectures: Se-
quential, ratiometric, and simultaneous (or output tracking). These protocols are described below.

PowerBlox™ in Distributed Power Architectures : ANP6 Copyright © 2006 Sipex Corporation
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ViN=12V

Converter 1
3
VIN VouT1 = 2.5V @ 6A
UViN Lx
SP7652 R1 I
[=
I R2
Converter 2
3
R1 VIN Vout2=3.3V @ 3A
Lx
UViN
P7 R1 I
RZ% SP7650
l SS FB
I R2

Sequential Power-up

VIN
(volts)
12
time
0 4
Vour
(volts)
Vout2 = 3.3V
3.3
Vout1 = 2.5V
2.5
0 / time
—» ss  le— "

Figure 3. Sequential Power-up Implemented with PowerBlox™

1. Sequential Power-up
In sequential power-up, one voltage rail is turned on and, after a predetermined interval, the

second voltage is turned on. Sequential power-up is required in systems where the core voltage

rail must turn on before the 1/0O or chipset rails are turned on. This start up protocol can be easily
implemented using the PowerBlox™ chips, by connecting the UVIN of one converter to the soft start

of the other as shown in Figure 3.

11/27/06
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Converter 1 Converter 2
L L
I Vce I
R3 Vin Vout1 = 2.5V @ 6A | Vin Voutz = 3.3V @ 3A
UV Lx uvin L
R4 SP7652 N ; T SP7650 - v
1— SS FB |— SS FB
= >
I R2 ‘i R2
VIN
(volts)
12
Ratiometric Power-up .
0 time
L4
Vout
(volts)
33 Vour2 = 3.3V
Vout1 = 2.5V
25
0 time
— ss le— g

Figure 4. Ratiometric Power-up Using PowerBlox™

2. Ratiometric Power-Up

The second type of start-up is the ratiometric method: The two supplies are turned on simultaneously,
reaching regulation at their respective set-points at the same time. In this method, the two rails are
controlled with different slew rates, so that the two different voltages are realized at the same time.
Figure 4 shows how to implement ratiometric power up simply by tying the soft start pins together.

11/27/06 PowerBlox™ in Distributed Power Architectures : ANP6 Copyright © 2006 Sipex Corporation
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ViN=12V Converter 1 Simultaneous Power-up
| g B
Vee 3 rRs1=B1 4 rs2
|_ ViN VouT1 = 2.5V @ 6A R2
UVIN  Lx] Where R1 and R2 are the output voltage setpoint
resistors for the lower output voltage supply.
SP7652 RISV P 9e supply
1SS FB VIiN
(volts)
R2
12
AN\
£ RS2 RS1
| ¢—  Converter 2 . time
s v Vour2 = 3.3V|@ 3A 4
VIN Lx] -
UVIN
I Vout
R6 SP7650 R3 (volts)
VouT2 = 3.3V
FB 3.3
SS VouT1 = 2.5V
R e S
I 0 tlme;
—p SS 44—

Figure 5. Simultaneous Power-up Using PowerBlox™

3. Simultaneous (Output Tracking) Power-up

The simultaneous power-up sequence is the third approach to power sequencing. Both the rails start
up simultaneously and rise at the same slew rate. As a result, the lower voltage rail reaches regula-
tion first, and the higher rail reaches regulation later. In order to implement simultaneous power-up
using PowerBlox™, the output of the converter with the higher output voltage is tied through a resistor
divider to the soft start of the other converter. The formula for calculating the resistor divider values is
shown along with the application diagram in Figure 5. Note that RS2 should be set to 8kQ.

Thus, the soft start and UVIN pins can be used in various configurations to provide simultaneous,
sequential or ratiometric power up as required by the system. This eliminates the use of
sequencing control ICs and MOSFETSs on the output of each rail, simplifying system design and
reducing costs at the same time.

11/27/06 PowerBlox™ in Distributed Power Architectures : ANP6 Copyright © 2006 Sipex Corporation
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Application Note ANP 15

There are three main components in the control loop of a voltage mode DC to DC converter.
The three stages are the output stage consisting of the output filter, the modulator gain, and the
voltage loop compensation. The two topologies for generating a PWM signal are fixed ramp
voltage and feed forward voltage topology both of which will be discussed in this document. The
issue of how the modulator gain stage affects the stability of the voltage mode open loop system
and closed loop system in continuous current mode (CCM) will also be discussed.

1. Basics of operation and definitions

The actual PWM signal in a voltage mode regulator is generated by a comparator triggering on
a voltage ramp as shown in diagram 1. This ramp is generated from a clock signal and it can be
fixed to a particular peak voltage or it can be variable depending on Vi, as in the feed forward

topology.

From Error Amplifier (Camp) b

1

Comparator

Ramp

2

Camp 3

Clock Signal |:>_

/W

Ramp

Diagram 1

When the error amplifier input (Vcomp) is 0 V the duty cycle is 0% meaning the part is off. When
the error amplifier voltage (Vcomp) is equal to peak of the ramp voltage (Vamp) the driver circuitry

is at 100% duty cycle.

The duty cycle of the controller is defined as D=t,,/T where T is the Total time defined with

respect to the comp voltage and the ramp voltage.

ton tlme = Vcomp
torf time = Viamp-Veomp
T= ton+tor
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This results in equation 2 by substituting to, and T into the duty cycle equation 1

D Vecomp _ Vecomp

(@)

- Vecomp +Vramp —Vcomp  Vramp

It is important to note that these definitions could vary from controller to controller depending
on what the driver logic is but for the SP613X family and the PowerBlox family of products the
above definitions hold true.

The gain of the modulator is defined as

oV
Gain=——= (3
ain BT, (3)

comp

In the feed forward topology another definition is needed. In a feed forward topology the ramp
voltage is no longer fixed but varies depending on what the input voltage is. The Viamp signal can
go full input voltage range or in many instances it is clamped to a maximum voltage. For
example the SP612X family of products has a K (gain) of 5 with a maximum ramp voltage of 3V.
Thus up to 15V in the IC has feed forward above that voltage it becomes a fixed ramp voltage of
3V.

Vramp = I? (4)

Where K is a constant

The feed forward topology has advantages over a fixed ramp voltage topology which will be
further examined after the Modulator Gains are defined. The constant can be any number
chosen at the time of the initial IC definition.

2. The Buck regulator topology
The buck regulator is one of the most common topologies used. It is well known how the
output voltage is related to Input voltage in equation 5.
V()MT = ‘/in ’ D (5)
D is the Duty Cycle
Substituting Equation 2 into Equation 5

V,
V,, =V, -~ (6
out m V ( )

ramp
To get the gain we need to take the derivative of equation 6 with respect to Veomp.

Gain = Vi (7)

ramp
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For a modulator with feed forward another step is needed to get the proper gain, equation 4
needs to be substituted into equation 7. The result for feed forward modulator gain of the buck
converter is

Gain feedforward = = = K (8)

3. Boost Regulator

Another widely used topology is the Boost regulator. This topology will be investigated here in
some detail since it is a little more complicated than the buck regulator. Once the boost regulator
gain is solved, all of the other topologies can be derived in the same manner. The boost
regulator Vi, to Vo relationship is a follows:

Substituting equation 2 in for duty cycle in equation 9 we get

1 1 ‘/in ’ Vram
V()MT :‘/in ’ :‘/in : = r (10)
1-D Vs Voo =V, |

1 _ ramp comp

ramp

The next step is to take the derivative of equation 10 we get the following results:

. a VOMI ‘/in : Vramp
Gain = = 5
oVcomp [V 1% ]

ramp comp

(11)

Substitute equation 2 after solving for Vcomp into equation 11

V...V A
Gail’l — in ramp - — ‘/m 5 (1 2)
v. -pv. } v _.(1-D)

ramp ramp ramp

For a feed forward topology substitute equation 4 into 12.

. K
Galnfeedfbrward = m (1 3)
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4. The Topologies summarized

Table 1 shows more voltage mode modulator gain values for different topologies. These were
derived the same way as the steps outlined previously in this document. The modulator gains
are for continuous conduction current mode (CCM).

TABLE 1
Topology Duty Cycle Relationship Modulator Gain Modulator Gain
Fixed Ramp Feed forward
BUCk Vout = ‘/m : D ‘/in K
Vramp
Boost 1 v K
Vout = ‘/in ’ S W [1 _ D]Z
ramp
Negative Buck v .y D v, 1 K
Boost S ) v (1-D)’ [ D]
ramp
SEPIC* D Vi 1 K
Vout = Vin P s 2 —2
1-D Vramp (1_D) [1_D]
* V.
Cuk —— D Vw1 - Lz
1-D Viawp (1=D) [1-D]

5. Effects on the compensation for a Buck Regulator

To see what effect the modulator has on the output filter one has to look at the open loop Bode
plot for the topology. Diagram 2 is the typical open loop filter and modulator Bode plot for a buck
regulator. The modulator gain and the filter gain are added together to get the total open loop
gain for the filter. The important thing to note is that in a fixed ramp topology, as Vin increases so
does the total gain of the open loop filter. This in turn pushes out the crossover frequency of the
filter which in turn affects the positioning of the poles and zeros of the compensation network.
This problem does not exist when the gain of the modulator is fixed as it is in the feed forward

topology.

Gain DB 1 Filter double Pole F;

]

|

1

! Crossover Frequency
1
1

' /

20log Vip/Viamp y

A 4

ESR Zero Fe:

v

Frequency Hz

Diagram 2 Open Loop Filter Bode Plot
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In diagrams 4 5 and 6 we have Bode plots for phase and gain for a compensation network for
a fixed ramp voltage regulator. The compensation was not altered between different simulations
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Diagram 3 Schematic for AC Analysis Simulations

for the different input voltages. The compensation was designed for a 12V input.
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Diagram 6: V;, = 28V
Crossover frequency = 200 KHz

As can be clearly seen from diagrams 4, 5 and 6 as the input voltage increases so does the
gain of the modulator. This in turn increases the crossover frequency. There are two well
known effects on compensation when the crossover frequency increases but the compensation
network does not change.

1. The first is that the crossover frequency should be no more than 1/2 of the switching
frequency. This is dictated by the Sampling Theorem to try to avoid aliasing. Typically in a
design 1/5 or 1/10 of the switching frequency is used as a crossover frequency. In diagram 4 it
can be seen that the crossover frequency is 200KHz at 28V in.

2. The second one is that the phase margin will deteriorate as the crossover frequency
increases, which will affect the stability of the converter, as can be seen Diagram 4. This is
because the poles and zeros were set for a different crossover frequency to give phase boost in
a certain frequency range to have proper phase margin. As the crossover frequency increases
the phase will eventually decrease which will make the converter unstable.

This Vi, gain issue is negated in the feed forward topology since the Gain is a constant K.

6. How to compensate a buck with large input voltage swings without feed forward

In the feed forward topology this is not as much of a problem, but in a fixed ramp topology to
get good stable compensation with a large input voltage swing the designer needs to consider
how the modulator affects the overall gain of the system. In a buck regulator this means that the
compensation design needs to be done at the highest Vi, since this will give the designer the
highest gain. This gain should be the one used to set the crossover frequency. This approach
will guarantee that the regulator will be stable over the whole input range. The drawback of this
is that as Vi, decreases, so will the crossover frequency, thus degrading the transient response.
This will be most noticeable when the input voltage range is rather large.

7. Modulator Effects on the open loop Bode plot of a Boost Regulator
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The boost converter is a lot more complicated when it comes to compensation and the effects
of the modulator on the open loop gain. The problem is that the duty cycle has a big effect on
both the filter and the modulator. The effect on the modulator is the same as in the buck
regulator Bode plot, the modulator and output filter responses are added together. In Diagram
7a and 7b are graphs showing the modulator Gain with respect to the duty cycle for a boost
regulator for specific input voltages.

100 | | | |

80

60
Gain
(dB)

40

20

Diagram 7a Modulator gain for Vi, of 7V and Viamp 1V (From Table 1)

120 T T T T
100

80
Gain

(dB)
60

40

| | | |

0 0.2 0.4 0.6 0.8
D

Diagram 7b Modulator gain for Vi, of 12V and Viamp 1V (From Table 1)
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Diagram 8 Open Loop Transfer Function
of a boost converter in CCM mode
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Diagram 9 Phase of a boost regulator

As can be seen from diagrams 7 and 8 and 9, it is not that straightforward when it comes to
compensation of a boost. The generic Bode plot of a boost converter in Diagram 8 clearly states
that the duty cycle plays an important role in defining the open loop gain.

As to the gain of the modulator it can significantly differ depending on the duty cycle, for Vi, of
12V, at 25% duty cycle the gain of the modulator is about 25dB; at 75% percent duty cycle it is
about 45dB. Another major thing to consider is that the modulator will have a gain that is
approaching infinity as the duty cycle approaches 100%. The other complication is that the gain
curve exists for every input voltage of the boost regulator, thus complicating the design even
more. Usually as input voltage changes, so will the duty cycle of the design thus creating more
variables to deal with. One saving grace is that for a fixed output the duty cycle decreases as the
input voltage increases, which tends to help keep the modulator gain in check. This can be seen
clearly seen from equation 14 and diagrams 7a and b.

v
D=1-— (14
v (14)

out

When a feed forward topology is implemented, the design can be greatly simplified by having
one modulator gain curve for a specific voltage range and thus only having to deal with the
variations of the duty cycle on the analysis. (Table 1)

8. Compensating the Boost Converter

Unlike the buck converter it is much harder to compensate the boost converter for wide input
voltage swing when the output voltage is fixed, since changes in Vi, will affect the duty cycle of
the converter. This type of topology typically is better suited to running in narrower duty cycle
ranges with compensation that is not very aggressive. To properly compensate the regulator the
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designer needs to make sure that the crossover frequency for his system occurs before the
Right Half Plane Zero (RHP,) at a slope of -20dB. It is the right half plane zero that contributes
to a sharp decline in phase approaching -270 degrees as seen in diagram 9. The obvious
problem there is that the location of the RHP ¢, varies with duty cycle and load. Although this
can be discussed in more depth, the focus of this paper is on the modulator effects on the Bode
plots. Thus unlike the buck compensation, it needs to be considered earlier in the design since
the best results are when the duty cycle variation is limited to small changes around the 50%
duty cycle point. At this point is where the gain of the modulator is at its most linear with changes
in gain of 10 to 20db either way from 50% duty cycle point.

9. Summary

The modulator gain has a significant effect on the total open loop gain of the Bode plots. It is
also one of the least talked about topics in control loop theory. Hopefully this paper helped the
reader understand a small but crucial part of the compensation network.
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@v APPLICATION NOTE ANP25
Vi

PowerBlox™ Thermal Analysis

Introduction

The primary factor limiting how much current a PowerBlox™ device can deliver is heat. Heat
is generated by losses in the PowerBlox™ package and comes from four main sources:
conduction Losses in the FETs, switching losses in the FETs and FET drivers, losses in the
internal LDO, and losses in the controller required to run the power supply. Another loss that
can be significant is the power lost in the output inductor DCR. The ability of the
PowerBlox M devices to dissipate heat will be closely examined in this report.

Description of Testing Completed
Three PowerBlox™ configurations were tested:

A) SP7662 on a 4 layer PCB with a layout having components on one side

B) SP7662 on a 4 layer PCB with a layout having components on two sides

C) SP7655 on a 4 layer PCB with a layout having components on two sides and
an increased via count

Each power supply was configured for 12Vin and 3.3Vout. An airflow chamber that could
provide temperature regulated laminar airflow was used to create consistent test conditions.
Each unit was monitored using an Infrared Thermal camera to record temperature levels
and thermal images. The power input, output, and dissipation was measured for a variety of
conditions to create power derating curves for each device. While this is useful for the
particular input/output/inductor configuration, a more generic power dissipation derating
curve was created that will serve as a guideline to any PowerBlox™ application.

Comparison of PCBs Used

The construction of each PCB is the same, standard FR4 type
material. All traces on inner and outer layers are 2 ounce
copper. All the PCBs will be examined in greater detail within the
report.

-
=
=
(=]
o>
.

PCB A: Single Sided — No Vias. This 4 layer PCB is the SP766x
evaluation board for customers wanting a solution having
components only on one side. Adding no thermal vias also
means the PCB uses the minimum of board space on the back
side.

PCB B: Double Sided — Multiple Vias. This 4 layer board is the
SP7662 standard evaluation board. This PCB has a total of 28
vias under the part. It also has larger areas of copper for the
PowerBlox™ to sink heat into. The layout places components
on the top and bottom side.

PCB C: Double Sided — Maximum Vias. This 4 layer board is the
SP7655 standard evaluation board. It is similar to ‘B’ but has
numerous vias throughout all of the main copper areas of Vin,
Vout, Ground, and the inductor pads. This further increases the
heat sinking capability of the PCB. The layout places 2 YIN
components on the top and bottom side.

Figure 1
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Methodology

Data was collected using derating equipment and methods
common to the DC-DC converter module industry shown in
Figures 3 and 4. Each board was mounted in the airflow
chamber so that the airflow is across the PCB from Vin to
GND. In the case of the single layer board where the inductor
placement would interfere more with the airflow over the
device, both directions were compared.

Figure 2

Air temperature was regulated and airflow was laminar
across the PCB surface. The PCB was also in the physical

orientation shown here with air flowing from the floor to the Temperature
ceiling and airflow, hitting the edge of the PCB across the device. Controlled
Airflow

Temperatures were taken using a thermal imaging camera —

FLIR Model A20, from FLIR Systems. Component temperature was recorded using the
readout from the camera. Emmisivity was set for optimal temperature measurement of the
PowerBlox™ part. Due to the small thermal impedance between the device case and the
device junction, the temperature displayed by the camera was recorded as the device
junction temNPerature. Derating of the device was done by limiting the hottest spot on the
PowerBlox™ to 120°C. At output power levels beyond ~5 Watts, the device MOSFETs
would measure as the hottest areas — leaving the controller 10 or more degrees cooler than
the FET. This provides further margin in the derating of the part as the controller junction is
rated to 125°C and the MOSFETSs are junction-rated to 150°C.

Thermal Camera
Laminar Airflow Chamber
Airflow Meter

- Source and Loads
Device Under Test

moomw>»

>

Figure 3 — Chamber Set-up Figure 4
DUT and Infrared Camera — arrow
showing airflow direction.
Eval board is mounted to a larger test
fixture but is not soldered to the fixture.
No additional heat sinking was added
to the eval board.
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Understanding the Thermal Images
A description of the temperature measurements and plots are shown in Figure 5 and 6.

Camera Readings:
+1 - The temperature measured at the center of cursor
cross hair 1

+2 - The temperature measured at the center of cursor
cross hair 2 (Typically the low-side FET)

[J1A -The hottest temperature measured in BOX 1
(Typically the high-side FET)

[J2A - The hottest temperature measured in BOX 2
A cursor is not shown indicating the hottest spot as in
Box 1 (This is the inductor core material temperature)

Figure 5

Sample Image:

SFLIR™

[12A - Box 2

+2 - cursor crosshair 2

LI1A - cursor showing location
of hottest temperature in Box 1

+1 - cursor crosshair 1

12/5/06 2:11:36 PM e=0.96 -20- +250 FOV 45

Figure 6
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Results: PCB A - Single Sided Components — No Vias — Derating / SOA

spree2 Power Dissipation Derating
on Single Sided - No Vias Evaluation Board
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Results: PCB B - Double Sided Components — Multiple Vias PCB — Derating / SOA

766x Power Dissipation Derating

on Double Sided - Multiple Vias Evaluation Board
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Results: PCB C - Double Sided Components - Maximum Vias — Derating / SOA

765x Power Dissipation Derating

on Double Sided - Maximum Vias 7655 Evaluation Board
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Power Dissipation vs. Temperature Results Analysis

In general the achievable power dissipation for all PCBs, SP7662, and SP7655 devices was
similar. The highest achievable power dissipation was measured on the SP7655 PCB with
maximum vias and 400Ifm (linear feet per minute) of airflow at 25°C at approximately

5Watts. The following chart summarizes the results:

Power Dissipation (Watts) 0lfm 4001Ifm

25 Degrees

PCB A- Single Sided 766x — No Vias 3.3 4.5

PCB B- Double Side 7662 — Multiple Vias 3.7 4.3

PCB C— 7655 Eval Board — Maximum Vias 4.3 5.1
85 Degrees

PCB A- Single Sided 766x — No Vias 2.5 3.1

PCB B- Double Side 7662 — Multiple Vias 2.6 3

PCB C— 7655 Eval Board — Maximum Vias 2.4 3.2

* Ifm — linear feet per minute

All three boards at 0 Ifm and 85°C are generally similar, we can basically call them the
same. This was also true at 85°C and 400Ifm. A larger difference shows up at 25°C and 0
Ifm where there is a greater delta between the component surfaces and the air temperature.
Under this condition, any paths for heat transfer are fully utilized and the effects of more
copper attached to the device can be seen. When 400Ifm of airflow is added, the A and B
boards perform similarly, and again the board with more vias has the greater cooling ability.
Also in PCB A the PowerBlox'™ is in a rotated orientation and has a more open layout
compared to the other boards. Airflow across the device is less restricted and would account
for the slightly better performance at 400Ifm than PCB B.

The straight current derating of each supply is summarized below and can be used for the
individual supplies and as a guideline.

Maximum Output, 12Vin, 3.3Vout Olfm 4001fm

25 Degrees

PCB A- Single Sided 766x — No Vias 9 11

PCB B— Double Side 7662 — Multiple Vias 12 12

PCB C— 7655 Eval Board — Maximum Vias 8 (max limit) 8 (max limit)
85 Degrees

PCB A- Single Sided 766x — No Vias 7 8.5

PCB B— Double Side 7662 — Multiple Vias 8.5 10

PCB C— 7655 Eval Board — Maximum Vias 6.7 8

Note that each supply will have a different efficiency for a given output current, and hence a
difference power dissipation. Also, the SP7655 supply used a smaller 7x7mm inductor which
gives it a disadvantage compared to the other eval boards. The smaller package and higher
DCR caused the part to generate significantly more heat. As will be shown in the thermal
images of the SP7655 supply, the inductor runs very hot compared to the 13x13mm
inductors and makes the performance worse by heating the SP7655 part.

ANP25: PowerBlox ™ Thermal Analysis
Page 7 of 19
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Results Comparison

A ‘Power Dissipation Derating Curve’ was generated for each system to act as a guideline
for various PowerBlox™ solutions operating in various conditions. The versatility of the
PowerBlox™ parts in end applications makes a more general approach to its
characterization necessary. The following is an example comparing the tested results.

Using the SP7662 Standard Evaluation Board - PCB B — and the same derating fixture and
set-up - a 20Vin, 1.8Vout supply was tested. The power dissipation figures are checked
against our new data on a few points. The supply used a 13x13mm, 3.5mQ inductor, but of
a lower profile than the previous 3 test examples. The 9% duty ratio versus the previous
27.5% duty ratio, and the higher Vin which will demand more of the internal LDO, introduces
a very different operating condition for the supply.

* Note that in all calculations of PowerBlox™ power dissipation the power dissipation of the
inductor DCR is subtracted from the overall power dissipation of the converter to obtain the
power dissipation of the PowerBlox™.

Example:
Condition 1: 0 Ifm, 25 degrees, SP7662 on 7662 multiple vias eval board (PCB B)
Condition 2:  100Ifm, 85 degrees, SP7662 on 7662 multiple vias eval board (PCB B)

Vin Vout | Efficiency | Power Blox | Quoted Pdiss Peak Case
(volts) | (volts) Pdiss Limit for 120°C | Temperature
Case Max Measurement
Condition 1 20 1.8 83.44% | 2.82 Watts 3.7 Watts 86.5°C
Condition 2 20 1.8 82.89% | 2.00 Watts 2.68 Watts 100°C

When less than recommended power was dissipated in the device, we can see the
temperature of the device was lower than 120°C.

Unfortunately the requirements for this test were a maximum case temperature of 100°C so
we can not test the full 120°C limit of our results, however it still shows the figures are good.
In condition 2 the supply is dissipating 0.68Watts less power than the recommended
maximum and it is 20 degrees cooler.

Jan15-07 RevA ANP25: PowerBlox™ Thermal Analysis © 2007 Sipex Corp.
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Summary

The versatility of the PowerBlox™ family means that power supplies can be created with a
very large number of variations in Input Voltage, Output Voltage, Output Inductor value and
package size, as well as Layout. All of these factors influence the thermal performance of
the device. To use an Output-Current-only Derating curve and apply it to any PowerBlox™
solution would be entirely reckless. The Output Current derating curves should be used as a
performance guideline for the solutions presented. The Output Power Dissipation Derating is
a much better way to predict the thermal performance of any solution.

Derating of devices was done by limiting the hottest spot on the PowerBlox™ to 120°C. In
the case of the SP7662 devices, this spot was always associated with the high side FET. In
the case of the SP7655, this spot was always the low side FET. In both cases the controller
(the center of the device) was 10 or more degrees cooler then the FET. This provides further
margin in the derating of the part as the controller junction is rated to 125°C and the
MOSFETs are junction-rated to 150°C

Results: Power Dissipation (Watts) 0lfm 4001fm
25 Degrees
PCB A — Single Sided 7662 3.3 4.5
PCB B — Double Side 7662 3.7 4.3
PCB C — 7655 Eval Board w/multiple vias 4.3 5.1

This data can be used to predict a safe operating region for various PowerBlox™ power
supplies operating on a variety of PCBs under a variety of input, output, inductor choices,
and resulting efficiencies.

For more information on the thermal resistance of the PowerBlox™ you can refer to the
application note ANP5 ‘Thermal Resistance on 765x Devices ‘ from this link:
http://www.sipex.com/applicationNotes.aspx?p=appNotesPower . ANP5 characterizes the
PowerBlox™ device on various PCB layouts as a singular device. Keep in mind the results
in ANP5 do not include thermal effects of the presence of the output inductor.

Jan15-07 RevA ANP25: PowerBlox™ Thermal Analysis © 2007 Sipex Corp.
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APPENDIX

Thermal Scans

Layout Plots

Airflow is always from the bottom to top of the image
Note: The thermal camera automatically adjusts the scale, colors
and temperature minimums and maximums are not always the same.

Layout Design Tip: Copper areas under the Power Blox and Inductor
are important and help with device power dissipation even when not
electrically connected by vias.

Jan15-07 RevA
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Results: PCB A - Single Sided, No Vias, 4 Layer PCB

12/ 6/06 11:20:24 AM e=0.96 -20- +250 FOV 45

Image 1 —Vin: 12V lout: 0Amps Ambient Temp: 25°C Airflow: 0lfm Pdiss: Minimum

SFLIR™

: .. |
12/6/06 11:42:39 AM e=0.96 -20 - +250 FOV 45

Image 2 — Vin: 12V lout: 8.0Amps Ambient Temp: 25°C Airflow: 0Ifm Pdiss: 3.1W

Jan15-07 RevA ANP25: PowerBlox™ Thermal Analysis © 2007 Sipex Corp.
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12/ 6/06 2:22:09 PM e=0.96 -20- +250 FOV 45

Image 3 — Vin: 12V lout: 6.75Amps Ambient Temp: 85°C Airflow: 400Ifm Pdiss: 2.48W
Orientation #1

SFLIR™

12/6/06 2:14:52 PM e=0.96 -20- +250 FOV 45

Image 4 — Vin: 12V lout: 6.75Amps Ambient Temp: 85°C Airflow: 400Ifm Pdiss: 2.48W
Orientation #2

Almost no difference is seen in temperature for this example.

Jan15-07 RevA ANP25: PowerBlox™ Thermal Analysis © 2007 Sipex Corp.
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Results: PCB B — Double Sided, Multiple Vias, 4 Layer 7662 Evaluation PCB

SFLIR™

12/5/06 1:48:53 PM e=0.96 -20- +250 FOV 45
Image 5 — Vin: 12V lout: 122Amps Ambient Temp: 25°C Airflow: 0Ifm Pdiss: 3.65W

SFLIR™

1215106 2:22:18 PM e=0.96 -20- +250 FOV 45
Image 6 — Vin: 12V lout: 10Amps Ambient Temp: 25°C Airflow: 100lfm Pdiss: 2.84W

Jan15-07 RevA ANP25: PowerBlox™ Thermal Analysis © 2007 Sipex Corp.
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Results: PCB C — Double Sided, 4 Layer, Maximum vias 7655 Evaluation PCB

SFLIR™

12/ 6/06 4:18:43 PM =096 -20- +250 FOV 45
Image 7 — Vin: 12V lout: 8Amps Ambient Temp: 25°C Airflow: Olfm Pdiss: 3.73W

12/ 6/06 4:12:01 PM e=0.96 -20- +250 FOV 45
Image 8 — Vin: 12V lout: 8Amps Ambient Temp: 25°C Airflow: 100lfm Pdiss: 3.8W

Jan15-07 RevA ANP25: PowerBlox™ Thermal Analysis © 2007 Sipex Corp.
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PCB Plots

PCB Image Comparison
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PCB C - Double Sided Components PCB — 4 Layers w/ Multiple Vias — 7655 Evaluation Board

Inner Layer 2

Top Layer

Inner Layer 3

Bottom Layer

© 2007 Sipex Corp.
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Design Solution # 33
VINMWA
High Power LED Driver with Dimmer

Designed by: Matthew Szaniawski (mszaniawski@sipex.com)
Part Number: SP7652
Application Description: High Power LED driver with analog 0V-to-10Vdimmer

Electrical Requirements:

Input Voltage 5.5V to 28V
Output Voltage VF of LED
Output Current 0 to 6A

Circuit Description:

This circuit has been designed to provide a high output constant current source to
drive a single high power LED. Also included in this circuit is a Dimmer function.
The dimmer function is done by the use of an external operational amplifier; this
amplifier also serves to lower the feedback voltage to 50mV, thus reducing the
amount of power lost in the R resistor.

f==600Ehz

U1 3.3 uH
SP7652 ACT SPN306-3R3M
L1
— PonD L 28 e VOuUT
i PGHD L & I out
3 14 _
X PGHD X 2 FCECOCE C9 - 0-64
GHD L 22uf  CERAMIC ¥ D
A X v 2 1 1By 1210
_T_ £ comp shp 2L dowec SR
CF1 L ian oo 2 —"2-2“':
AuF é £ snn o 2 | GND2
i 5s psT (2 - ~
{ css —an ne (4 20 0hm | SD101ATS
T Ut an e HE \0BST RAD. 196K
%7 AuF 12 f L |12 — VADJ
CBST {
VIN e T o fmnak | 25E2
28V % 1 k13 T%
SPXI121-5v - —1 a1
c1,c4,cS i 3 2t
CERANIC :30% . \ ::D ol T e | TUF -
.3u set
1210 x7| 33 = | RF 15K 008 1%
GMND =
7 Vadj at 0V Full load current R
Vadj at 10V No load current 11K
~
Schematic for SP7652 LED Driver
Sept19-06 Design Solution 33 © Sipex Corporation
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The output current of the regulator is set by the following formulas

.8
Vset

RF = (————1)eRI 1)

Where

RF is the feedback resistor

R1 should be chosen between 1Q and 10KQ

Vset is the feedback voltage set point should be chosen between
50mV and 200mV

RFB (2)
Where Iout is the desired output current

Vset is the feedback voltage set point from Equation 1
RFB is the feedback resistor

The dimming function is done by injecting current into pin 3 of the operational
amplifier through resistor RADJ. For the 0V-to-10V dimming function, the resistor is
approximately 200KQ; for 0V-to-5V, adjust the resistor to be half that, about 100KQ.

This report includes application schematic, complete Bill of Materials and figures 1-
4 illustrating electrical performance of the design.

Sept19-06 Design Solution 33 © Sipex Corporation
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Output Current vs Dimmer Voltage
6
4
5 i
T
S 4
B2
3
1 i
0 T T T T T
»
Dimmer Voltage
Figure 1. Typical Dimmer Voltage vs. lout
Vi 12V
Efficiency 24Vin Vf 12V
100
95 & * < <
90 —
g 85 /
£ 00/
2 75 L
w
70 |
65 |
60 T T T T T T
0.13 043 103 223 339 451 547
Output Current
Figure 2. Efficiency at 24V in V; 12V
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Output Current vs Dimmer Voltage

6
4
T

Output Current
w

2
1
0 : : : : :
0 2 4 6 8 9 9.3
Dimmer Voltage
Figure 3. Output current vs. Dimmer Voltage
Vi 3.7V Vip 12V
Efficiency

94

86 -

Efficiency
oo
s

82
80 - ¢
78
76 A
74 T T T T T T
025 043 1.05 216 326 436 525
Output Current
Figure 4. Efficiency 12V, 3.7V
Sept19-06 Design Solution 33 © Sipex Corporation
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SP7652 Evaluation Board Rev. 02 List of

Materials 6/20/2006
Qty

Line Ref. . Manuf. Manuf. Layout Component Vendor

Phone

No. Des. Part Number Size Number
2 Ut 1 Sipex SP7652EU DFN-26 2-FETs Buck Ctrl 978-667-7800
3 u2 1 Sipex SPX1125M5-5.0 SOT-23-5 150mA LDO Voltage Reg 978-667-7800
4 DBST 1 Vishay Semi SD101AWS SOD-323 15mA Schottky Diode 800-344-4539

5 L1 1 Inter-Technical ACT1306-3R3M 6.8X6.8mm 3.3uH Coil 8A
C1C4
6 C5 1 TDK 1210 3.3uF Ceramic X5R 50V 978-779-3111
7 C8,C9 2 TDK C3225X5R1C226M 1210 22uF Ceramic X5R 16V 978-779-3111
8 CvcC 1 TDK C1608X5R1A225K 0603 2.2uF Ceramic X5R 10V 978-779-3111
9 CBST 1 TDK C1608X5R1C103K 0603 .01uF Ceramic X5R 10V 978-779-3111
11 CF1 CSS 1 TDK C1608X5R1C104K 0603 .1uF Ceramic X7R 50V 978-779-3111
196K Ohm Thick Film Res
15 RADJ 1 Panasonic ERJ-3EKF1963V 0603 1% 800-344-4539
16 RF 1 Panasonic ERJ-3EKF1502V 0603 15K Ohm Thick Film Res 1% | 800-344-4539
17 RIN R1 1 Panasonic ERJ-3EKF1001V 0603 1K Ohm Thick Film Res 1% 800-344-4539
.008 Ohm Thick Film Res
18 RFB 1 Panasonic 0603 1% 800-344-4539
20 RBST 1 Panasonic ERJ-3EKFO5R0V 0603 5.0 Ohm Thick Film Res 1% | 800-344-4539
Figure 5. BOM

Sept19-06 Design Solution 33 © Sipex Corporation
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@nv Design Solution # 39

ViINMGA
SP7652 Buck Converter for

12V to 8V conversion

Part Number: SP7652
Designed by: Tim Sullivan
Application Description: An SP7652 PowerBlox™ is used to create an 8volt output from a 12volt source.

Electrical Requirements:

Input Voltage: 12V +/-2volts
Output Voltage: 8Volts
Output Current: up to 6A capable

Circuit Description:

This circuit has been designed to provide up to 8volts from a 12volt nominal supply. It uses the
PowerBlox™ solution SP7652 and 24 other discrete parts (not including pcb and 1/O pins) and uses
approximately 2 square inches of board space. It is possible to maintain this small area usage by the
incorporation of the high and low side FETs and the PWM controller into one package.

The solution uses a Wurth 7mm X 7mm, low resistance inductor which is a good balance of size and
performance for this solution. An inexpensive Sipex SPX5205 LDO was used to provide the 5V Vcc for
the part. Ceramic capacitors were used on the converter input and output and a Type lll feedback
configuration was implemented to provide excellent transient response.

This report includes an application schematic complete with component values, a complete Bill of
Materials, and figures illustrating the electrical performance of the design.

L1 744311470
Ut DCR=20mOhm
SP7652 Vout
4.7uH, Irate=6A sV
I panD Lx 28 1228 ° 0-6A
cze RZ2 21 pGND X & L
3 24 <RZ3
220F  64.9K,1% FeND > c3| c4| cs | |Jaok1%
oP1 5 . ] | | 1 ’ R1
i N 5 oo -2 T T T |+cz 68.1k,1%
10pF 51 comp anD & lcvee 180pF
CFiL fs=600Khz 7| yuin anp |22 T2.2uF
100pF 8| oo ano 2 °>GND
< o] o o 5N %7 c3,c4,C5 A2
I 22u,10V,1210 756K 1%
CSs 101 vin N < RBSTO X5R ’
iZZnF REH x| $10.0,1% pBST Ceramic
121 vin x 2 L CBST ~SDRLO1AWS
VIN®© 18 1 vin Lx H4 1uF
12v
R3 U2
200k, 1% SPX5205
c1,c4 1 1 5 Notes:
ceraMrc T C1 . c4 VIN vout
22u 20UF 21 GND . .
ié;o 16V | Jev Y?S—EN ol All resistance values are in Ohms.
= C2
GND° 0.1uF
X7
Mar6-07 Design Solution 39 © 2007 Sipex Corporation
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Performance Measurements

7652 Efficiency 7652 Load Regulation
12Vin, 8Vout 12Vin, 0- 6Amps Out
96.000 8.200 T
/\ [
95.000 A I
v — 8.150 |
/ T ——— = :
- 94.000 ;&100
o @ L
S 93000 s
e = 8,050
E > ——
92.000 s [
/ 28000 1
91.000 / °
7950 1
90.000 — : i
0 05 1 15 2 25 3 35 4 45 5 55 6 7.900
Output Current (Amps) 0 1 2 3 4 5 6
Output Current (Amps)
Figure 1 — Efficiency vs Load Figure 2 — Load Regulation
Tek 500k5/s 105 Acqgs 0 Tek IR 500kS/s 13 Acqs
[ T I L 1
A 04my : 1A 235mY

@: 90mv k ; . . . . {@: 225my

lout 2A/div

lout 2A/div

4+ 4}
TERE T00mVAK cha 10.0myes T T0ORS CATZTAMY 19 May 2006 {Ch | Vi TICr— i To0Es R =TSRV 10 May 2006
: 14:02:05 ch4 10.0mveR EHCELET
Figure 2 — Load Step Response 2->4 Amps Figure 3 — Load Step Response 0->4 Amps

Tek Run: 25.0k5§4-’sr Hi Res Ejﬁﬁ . Tek f 25. UMS/S Acqs :
E T 4 4

.............................. o

{@: 6.4mV¥

lout 2A/div
ab Y
T SO0V S S 00 Vo M2 00s TR 7 %7V 10 May 2006 I | T W00 CHT 7337V 19 May 2006
Chd 10.0mvaE 14:10:40 14:04:03
Figure 4 — Start-Up Response: VIN to 4 Amps Figure 5 — Output Ripple, Output Current = 6Amps
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Circuit Schematic

L1 744311470
Ut DCR=20mOhm
SP7652
4.7uH, Irate=6A VouT
11 panD Lx |28 AN 8V
C2 RR 2 PGND 2 0-6A
i W 3 PGND = Wme voon
22nF  64.91% A N c3| o4 cs | [leskrns
CP1 GND LX 1 1 1 R1
I AV VFB voe 2 T T T |+cz 68.1k,1%
10pF 6 cowp anp 2 1CVCC 180pF
CF1L  fs=600Khz 21 uviN ano L2 T2.20F
100pF 3 . anp 1 °GND
\V4 v/ . o ig vV AW €3,C4,C5 w_”m
\_yomm 10 %N RBST 22u,10v,1210 7.56k, 1%
VIN NG X5R
22nF 11 16 10.0,1% _
VIN LX DBST Ceramic \V4
2N L 3 CBST" ' SD[LOLAWS
VIN® BN x4 T 1uF
12v
Www U2
c1.ca 200k, 1% SPX5205
omwwzHo TC1 LC4 LN vout |2 Notes:
1210 22UF | ooF 21 GND
18V | 4pv 4 ‘ | |
X5R R4 EN  BYPX All resistance values are in Ohms.
=C2
OZU W 100k,1% | 0.1uF
4 \V4

Design Solution 39 © 2007 Sipex Corporation
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Easy Evaluation for the
SP7652ER 0 to 28V Input, 0 to 6A

SP7652

Evaluation Board Manual

Output Synchronous Buck
Converter OGNDi i HGND2 e
Built in Low Rds(on) Power FETs srrsiiiiinyTT o oaniiiaaaiies .
SEEY c Pt paaiip e i
UVLO Detects Both VCC and VIN ‘ s 03 WGD)T D
.[ == LN
. . - 1
High Integrated Design, Minimal l.:::@ gg
esaint m
Components L N ] LI 2R K N N N ém
TR S8 T S Wl el ::::::::::::::% N
High Efficiency: 90% PIRIftiisiaatinatsartianitate
. OV IN:: i VOUTe
Feature Rich: UVIN, Programmable PRentesanaaner
Softstart, External VCC Supply and
Output Dead Short Circuit Shutdown
SP7652EB SCHEMATIC
N
SP7652 !
" rono (2 i 1 VOUT
sz RD z PGHO LK 2 15L|H BBDV
el Al L PGND b ol i Iy
1.000pF 1.8k ,1% : 4 T3 5231%
BND L 4UF R
Ch 57 1
I 2 \F wee (2 -| B3V C73 | BRIK1%
22pF £ cow onp L Levee TWDPF
CF1L  f3=600Khz T N anp 12 F.QUF -
1004F oo oot —GND2
5 . g a7 s NG §R2 .
Less 104y ne 100.1% Egiémc 215k 1%
22nF 1 16 DEST
WN
+ ISR
N 2w 15 _lr 1101473 i
13 14 CBST
\{'2':'!0 i 10
§R3 L2
200k 1% SFRE205
e L Ln wour 2
ceranzc Tol  =C4 :
e 20F | oF 5— GND Notes:
L3R R4 EN  BYF U1 Bottom-Side Layout should has
100K 1% T three Contacts which are isolated
GNDe A DuF from one of another, QT & QB Drain
Contact and Controller GHD Contact.
kv ~ A1l resistors and capacitors size
0603 unless other wise specify.
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USING THE EVALUATION BOARD

1) Powering Up the SP7652EB Circuit

Connect the SP7652 Evaluation Board with an external +12V power supply. Connect
with short leads and large diameter wire directly to the “VIN” and “GND” posts. Connect
a Load between the VOUT and GND2 posts, again using short leads with large
diameter wire to minimize inductance and voltage drops.

2) Measuring Output Load Characteristics

It's best to GND reference scope and digital meters using the Star GND post in the
center of the board. VOUT ripple can best be seen touching probe tip to the pad for C3
and scope GND collar touching Star GND post — avoid a GND lead on the scope which
will increase noise pickup.

3) Using the Evaluation Board with Different Output Voltages

While the SP7652 Evaluation Board has been tested and delivered with the output set
to 3.30V, by simply changing one resistor, R2, the SP7652 can be set to other output
voltages. The relationship in the following formula is based on a voltage divider from the
output to the feedback pin VFB, which is set to an internal reference voltage of 0.80V.
Standard 1% metal film resistors of surface mount size 0603 are recommended.

Vout=0.80V (R1/R2+1)=>R2=R1/[(Vout/0.80V)—1]

Where R1 = 68.1KQ and for Vout = 0.80V setting, simply remove R2 from the board.
Furthermore, one could select the value of R1 and R2 combination to meet the exact
output voltage setting by restricting R1 resistance range such that 50KQ < R1 < 100KQ
for overall system loop stability.

Note that since the SP7652 Evaluation Board design was optimized for 12V down
conversion to 3.30V, changes of output voltage and/or input voltage will alter
performance from the data given in the Power Supply Data section. In addition, the
SP7652ER provides short circuit protection by sensing Vout at GND.

POWER SUPPLY DATA

The SP7652ER is designed with a very accurate 1.0% reference over line, load and
temperature. Figure 1 data shows a typical SP7652 Evaluation Board Efficiency plot,
with efficiencies to 90% and output currents to 6A. SP7652ER Load Regulation is
shown in Figure 2 of only 0.3% change in output voltage from no load to 6A load.
Figures 3 and 4 illustrate a 3A to 6A and OA to 6A Load Step. Start-up Response in
Figures 5, 6 and 7 show a controlled start-up with different output load behavior when
power is applied where the input current rises smoothly as the Softstart ramp increases.
In Figure 8 the SP7652ER is configured for hiccup mode in response to an output dead
short circuit condition and will Softstart until the over-load is removed. Figure 9 and 10
show output voltage ripple less than 30mV at no load to 6A load.

While data on individual power supply boards may vary, the capability of the SP7652ER
of achieving high accuracy over a range of load conditions shown here is quite
impressive and desirable for accurate power supply design.
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+5V BIAS SUPPLY APPLICATION SCHEMATIC

In this application example, the SP7652ER is power by an external +5V bias supply

which current consumption of 20mA Maximum. If this supply is not available than it is
recommend Sipex SPX5205 Low-Noise LDO Voltage Regulator which is included on
the SP7652 Evaluation Board.
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DIFFERENT +5V BIAS SUPPLY SCHEMES APPLICATION SCHEMATIC

The SP7652ER VCC Bias Supply can be derived from Vin or external bias with several
biasing options. The transistor plus zener diode +5V bias supply could also be used as

shown in Figure 11.
U1
SP7652 f
L ponD L 8 Ay “VOUT
oz R72 L1 pino e 2 1.50H 3.30v
— A 3 o 24 1 Ri3 0-64
1000pF 11.8k,1% i i TC3 5.23k,1%§
P GHD L ITUF J R1
f AV 1 vt |2 B3V | qCB  ERIKI%
22pF B comp shp lovee | 100pF
Chf=. 1257500Khz T i GND —zq T22F
100pF Bl oo 1 —o GND2
S s BsT 1s<7 RS WV ocs §R2
Less 101y ne |7 100,1% CERANIC 21.5K,1%
ToonF 1 1 bBsT 1210
WN LK LR §
%7 il L L spiOiays SR b
VIN 1. g 14 T?EET
12v
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£ S =g Rb
CC A T §2_00k,1%
BY | 16 a
iR sh Lo % mvisTzza
100k 1%
GND ] 0.1uF & D
BITE2CEV15
v <~ Vz=5.1V
v
Figure 11. Transistor plus Zener Diode +5V Supply Application Schematic
Table 1: SP7652EB Suggested Components and Vendor Lists
'i INDUCTORS - SURFACE MOUNT
| it Inductor Specification
(H) Manufacturer/Part No. Seres R Isat Size Inductar Type Manufacturer
; midhms (A) LdAmm) [HE (rmm) Y\ebsite
15 Vighay IHLP-2525CZ-01-1RSMTR 14 18 6.86x647 | 30 |Shielded Ferrite Core s, vishay. com
15 Inter-Technical SC7232-1RAM BA 14 EHGE | 45 |Shielded Ferrte Care | wwwinter-technical com
15 Cailcraft DO3316P-152 el Bl 1295:840| 55 |Non-Bhielded Ferrte Corg wwecoilcraft com
CAPACITORS - SURFACE MOUNT
Cariiiaiies Capacitar Specification
’ p(uF) Manufacturer/Part No. ESR | Ripple Current Size Voltage|  Capacitor Manufacturer
mahms (max| (A@48C | LdN{mm) [Htimm)]l (V) Tyne Website
22 TDK C3225X5R1C226M 20 40 3.2x25 | 20 | 160 | X5R Ceramic i k. corm
4 TOK C3225XAR0J476M 20 40 3225 | 25 | 63 | XOR Ceramic wninw k. corm

iNute: Components highlighted in beld are those used on the SP7652 Evaluation Board.




TYPE 1l LOOP COMPENSATION DESIGN

The open loop gain of the SP7652EB can be divided into the gain of the error amplifier
Gamp(s), PWM modulator Gpwm, buck converter output stage Gout(s), and feedback
resistor divider Gfbk. In order to crossover at the selecting frequency fco, the gain of
the error amplifier has to compensate for the attenuation caused by the rest of the loop
at this frequency. The goal of loop compensation is to manipulate the open loop
frequency response such that its gain crosses over 0dB at a slope of —20dB/dec. The
open loop crossover frequency should be higher than the ESR zero of the output
capacitors but less than 1/5 to 1/10 of the switching frequency fs to insure proper
operation. Since the SP7652EB is designed with Ceramic Type output capacitors, a
Type Il compensation circuit is required to give a phase boost of 180° in order to
counteract the effects of the output LC under damped resonance double pole
frequency.

Gain Block Gain Block Gain Block

.|.

{SRz2Cz24+1) {SR1Cz3+1) Vin {SResrCout+1) \
vref 2 Vout
SR1Cz2(SRz3Cz3+1) (SRz2Cpl+1) Vramp pp [5"2LCout+8(Resr+Rde) Cout+1]
(Volts) (Volts)

Voltage Feedback

Gfbk

Gain Block

R2 Vref

R1+R2} 0 Vout

vebk |
(Volts)

Definitions:
Resr = Qutput Capacitor Equivalent Series Resitance
Rdc = Qutput Inductor DC Resistance
Vramp pp := SP7652 Internal RAMP Amplitude Peak to Peak Voltage
Conditions:

Cz2 >> Cpl and Rl >> Rz3
Qutput Load Resistance >> Resr and Rdc

Figure 12. Voltage Mode Control Loop with Loop Dynamic for Type lll Compensation



The simple guidelines for positioning the poles and zeros and for calculating the
component values for Type Ill compensation are as follows.

a. Choose fco =fs /10

b. Calculate fp_LC
fo_ LC=1/2r[(L) (C)*1/2

C. Calculate fz_ESR
fz_ ESR =1/ 2xn (Resr) (Cout)

d. Select R1 component value such that 50kQ < R1 < 100kQ

e. Calculate R2 base on the desired Vout
R2 =R1/[(Vout/0.80V) — 1]

f. Select the ratio of Rz2 / R1 gain for the desired gain bandwidth
Rz2 = R1 (Vramp_pp / Vin_max) (fco / fp_LC)

g. Calculate Cz2 by placing the zero at 'z of the output filter pole frequency
Cz2=1/=n (Rz2) (fp_LC)

h. Calculate Cp1 by placing the first pole at ESR zero frequency
Cp1=1/2rn (Rz2) (fz_ESR)

I. Calculate Rz3 by setting the second pole at % of the switching frequency and the
second zero at the output filter double pole frequency
Rz3 =2 (R1) (fp_LC) /fs

- Calculate Cz3 from Rz3 component value above
Cz3 =1/= (Rz3) (fs)

k. Choose 100pF < Cf1 < 220pF to stabilize the SP7652ER internal Error Amplify

As a particular example, consider for the following SP7652EB with a Type lll Voltage
Loop Compensation component selections:

Vin =5 to 15V

Vout = 3.30V @ 0 to 6A load

Select L = 1.5uH => yield ~ 48% of maximum 6A output current ripple.
Select Cout = 47uF Ceramic capacitor (Resr ~ 2mQ)

fs = 600khz SP7652 internal Oscillator Frequency

Vramp_pp = 1.0V SP7652 internal Ramp Peak to Peak Amplitude

Step by step design procedures:

a.  fco=600khz /10 = 60khz
b.  fp_LC =1/2r [(1.5uH)(47uF)]*/2 ~ 20khz

c.  fz_ESR=1/2r (2mQ)@A7uF)~ 1.7Mhz
7



d. R1=68.1kQ, 1%

R2 = 68.1kQ / [(3.30V / 0.80V) — 1] = 21.5kQ, 1%

f. Rz2 = 68.1kQ (1.0V / 15V) (60khz / 20khz) = 11.8kQ, 1%

9.  Cz2=1/n(11.8kQ) (20khz) ~ 1,000pF, X7R

h. Cp1=1/27(11.8kQ) (1.7Mhz) ~ 10pF => Select Cp1 = 22pF for noise filtering

i Rz3 = 2 (68.1kQ) (20khz) / 600khz ~ 5.23kQ, 1%

ji.  Cz3=1/n(5.23kQ) (600khz) = 100pF, COG

k. Cf1 = 100pF to stabilize SP7652ER internal Error Amplify

+5V INPUT WITH A TYPE Il COMPENSATION APPLICATION SCHEMATIC

Figure 13 shows another example of SP7652ER configures for +5V input by simply
changing a few external resistors and capacitors components value for delivering a O-
6A output with excellent line and load regulation.
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Figure 13. SP7652ER Configures for Vin = 5V, Vout = 3.3V at 0-6A Output Load Current



TYPE Il LOOP COMPENSATION DESIGN

Type Il compensation is specifically used when an Electrolytic or Tantalum output
capacitor is chosen at the converter output due to its low cost. In that case, the zero
caused by the output capacitor ESR is within a few khz and this is of course greatly
simplifying the voltage loop compensation design. By adding an additional zero in the
compensation loop before the first pole, the voltage loop bandwidth is extended with a

90° phase boost and hence the overall transient response time is improved. Most

previous guidelines for calculating the component values for Type [l compensation can
be carries over for Type Il except for the new Rz, Cz and Cp components. Note that

Rz2, Cz2, Cp1, Rz3, and Cz3 components are not required for the Type Il Loop

Compensation Design.

Type II Voltage Loop PWHM Stage Output Stage
Compensation Gamp($) G pwm Gout(s)
Gain Block Gain Block Gain Block
+ (SRzCz+1) Vin (SBesrCout+1) "
Yref ¥Yout
Vr 4
(Volts) ; SR1Cz(SRzCp+1) AP_PP | [s49LCout+S{Resr+Rdc) Cout+1] onite)

Yoltage Feedhack

Gibk
Gain Block
R? Yref
0
yiphk |(B1+R2) ~ Vout
(Volts)
Definitions:
Resr = Qutput Capacitor Equivalent Series Resitance
Rde = Qutput Inductor DC Resistance
Vramp pp := SP7652 Internal RAMP Amplitude Peak to Peak Voltage
Conditions:
Cz >» Cp

Output Load Resistance >> Resr and Rdec

Figure 14. Voltage Mode Control Loop with Loop Dynamic for Type Il Compensation



f. Select the ratio of Rz / R1 gain for the desired gain bandwidth
Rz = R1 (Vramp_pp / Vin_max) (fco) [fz_ESR / (fp_LC) * 2]

g. Calculate Cz by placing the zero at 1/10 of the output filter pole frequency
Cz=1/0.1(2n) (Rz) (fp_LC)

h. Calculate Cp by placing the second pole at V2 of the switching frequency
Cp=1/n(Rz)(fs)

As a particular example, consider for the following SP7652EB with a Type Il Voltage
Loop Compensation component selections:

Vin =5 to 15V

Vout = 3.30V @ 0 to 6A load

Select L = 1.5uH => yield ~ 48% of maximum 6A output current ripple.
Select Cout = 330uF Tantalum capacitor (Resr ~ 10mQ)

fs = 600khz SP7652 internal Oscillator Frequency

Vramp_pp = 1.0V SP7652 internal Ramp Peak to Peak Amplitude

Step by step design procedures:

a. fco = 600khz / 10 = 60khz

b. fp_LC =1/2xn [(1.5uH) (330uF)] * 1/2 = 7khz

C. fz ESR =1/2n (10mQ) (330uF) ~ 50khz

d. R1 =68.1kQ, 1%

e. R2 = 68.1kQ / [(3.30V / 0.80V) — 1] = 21.5kQ2, 1%

f. Rz = 68.1kQ (1.0V / 15V) (60khz) [50khz / (7khz) * 2] ~ 280k, 1%

g. Cz=1/0.1(2n) (280kQ) (7khz) ~ 820pF, COG

h. Cp =1/ = (280kQ) (600khz) ~ 2.2pF => Select Cp1 = 10pF for noise filtering

l. Cf1 = 100pF to stabilize SP7652ER internal Error Amplify

+5V OUTPUT WITH A TYPE Il COMPENSATION APPLICATION SCHEMATIC

SP7652ER with Tantalum output capacitor configures for Vin = 12V, Vout = +5V at 0-6A
output current. Figure 16 and 17 show output voltage ripple less than 60mV at no load
to 6A load. Figure 18 and 19 show typical 92% efficiency and 0.3% load regulation plots
with a Type |l compensation application circuits.
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Figure 15. SP7652ER with Tantalum Output Capacitor Configures for +5V Output
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+5V INPUT WITH A TYPE Il COMPENSATION APPLICATION SCHEMATIC

SP7652ER with Tantalum output capacitor configures for Vin = 5V, Vout = +3.3V at 0-
6A output current. Figure 21 and 22 show output voltage ripple less than 60mV at no
load to 6A load. Figure 23 and 24 show typical 94% efficiency and 0.3% load regulation
plots with a Type |l compensation application circuits.
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Figure 20. SP7652ER with Tantalum Output Capacitor Configures for +5V Input
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Figure 23. Efficiency vs Load
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Figure 25. SP7652EB Component Placement
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Figure 26. SP7652EB PC Layout Top Side

Figure 27. SP7652EB PC Layout 2" Layer Side
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Figure 28. SP7652EB PC Layout 3™ Layer Side

Figure 29. SP7652EB PC Layout Bottom Side
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Table 2: SP7652EB List of Materials

| §P7652 Evaluation Board Rev, 02 List of Materials

Sredz00y

\Line Ref (ty. tanuf, itanuf Layout Component Yendor
[N, Des, Fartlumber Bize Phone Murmber
|1 PGB 1 Sipex 146-640-02 | 2TEWLTE SPTHA2ER 978-667- 8700
| 2 1 [ Sipax SPT65IER OFh-26 2-FETs Buck Ct B78-667- 8700
| 3 U | Bipex EPYA20GME-60 | B0T-135 | 1A0mALDOYolkage Reg 878-667-7800
| 4 0BT 1 | DiodesInc 0101405 500-323 15mA Schottky Diode B05-446-4800
| 5 L1 1| Vishaydale [HLP-2525CZ-01-1REMTR|B.86KE.47Trm|  1.5uH Coil 184 14mohm 402-563-6866
B C3 1 0K CIZT0HER0MTEM [ 1210 47uF Ceramic X5R 6.3V B03-622-0003
| 7 (1,04 ] Tk, CIZIGHERICIZEN | 121D J2UF Ceramic ¥5R 16y B3-622-0003
B GVCC 1 TOK C1R(87001A226K | (603 2. 2UF Ceramic ¥5R 10V B03-622-0003
f (BET 1 A OB03Z0105KATZA | (B03 1.0UF Ceramic XaR 10Y B43-448-9411
D (1 | TOK, CIBORRTRIHID4K | DAD3 0.1UF Ceramic 7R A0V A03-622-0003
Kl (38 1 A 0B036C223KATZA | 0603 | 22.000pF Ceramic XTR A0V | B43-448-8411

| 12 CP1 1 A DG035AZI0JATIA 0803 2ApF Ceramic COG 50V B43-448-9411
|13 [ 1 A DG035ATD2JAT2A 0803 1,000pF Ceramic COG A0V | B43-448-0411
14 CF1, CZ3 J A DG035A101JAT2A 0803 100pF Ceramic COGADY | B43-448-8411
1 R 1 Dale CROADBO3-182FRT | 0B03 118K Ohm Thick Film Res 1% 402-563-GA66
|16 R 1 Dale CROADBO3-2152FRT | OBO3 215K Ohm Thick Film Res 1% 402-563-6866
17 RI3 [ Dale CROADBO3-SZHFRT | 0B03  [5.23K0hm Thick Film Res 1% 407-563-6A66
18 R1 | Dale CROADBO36R12FRT | 0B03  |6BAKOhm Thick Film Res 1% 402-563-6266
1y R3 1 Dale CROADBO3-2003FRTY | OBO3  [200KOhm ThickFilm Res 1%]  402-563-6866
20 RBAET 1 Dale CRCAWDBO3-10ROFRTY [ DB03 | 10.0 Ohm Thick Film Res 1% | 402-663-6366
| 2 Rd 1 Dale CROADBO3-1003FRT | OBO3  [100KOhm ThickFilm Res 1%|  402-563-6366
| 22 YN, YOUT, GND, GNDY 4 | Vector Electronic K24 D42 0ia | InputiOutput Terminal Posts | B00-344-4539

ORDERING INFORMATION
Model Temperature Range Package Type

SP7652EB......cccoiiiiiiee -40°C to +85°C................
SP7652ER.......covviiiiiiieiiiie -40°C to +85°C................
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C CInav SP7652: FAQ

VINMNGA

Part Number: SP7652
Date: Aug28-06

Question:

We are currently investigating EMI emissions from our SP7652 power circuit. In particular, are the Vin and LX
nodes the raw connections to the internal MOSFETSs, or are there inductive elements on these nodes that would
preclude the addition of EMI-suppression components across the MOSFET?

Answer:
Vin and LX nodes are directly connected to internal MOSFETs. Monitor the LX node. If there is excessive ringing
then it might be causing the problem. Try an RC snubber across the bottom FET, say 2.2nF in series with 2- to 3

Ohms.
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