ANALOG High Efficiency Step-Down
DEVICES Switching Regulator Controller

ADP1147
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GENERAL DESCRIPTION

The ADP1147 is part of a family of step-down swit £
tors featuring automatic sleep mode to maintain high efficiency at
low output currents. These regulators drive an external P-chan-
nel MOSFET at frequencies up to 250 kHz using constant off-
time current mode architecture.

Input supply voltages vary from 3.5 V to 20 V maximum. The
constant off-time architecture maintains constant ripple current
in the inductor easing the design of wide input range regulators.
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Figure 1. High Efficiency Step-Down Converter (Typical

Application) Figure 2. ADP1147-5 Typical Efficiency
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ADP1147-SPECIFICATIONS

ELECTR | CAL CH ARACTER | STI CS (0°C T, < +70°C, (Note 1) Viy =10V, Vspyroown = O V unless otherwise noted.) (See Figure 17.)

ADP1147
Parameter Conditions Vs Min Typ Max | Units
REGULATED OUTPUT VOLTAGE Vin=9V Vout
ADP1147-3-3 lLoap = 700 mA 3.23 333 343 |V
ADP1147-5 ILoap = 700 mA 490 505 520 |V
OUTPUT VOLTAGE LINE REGULATION | Tp=+25°C AVoyt
Vin=7Vtol2V,
ILoap = 50 mA -40 O +40 | mV
OUTPUT VOLTAGE LOAD REGULATION
ADP1147-3.3 5mMA<Ilonp<2A AVoyt 40 65 mV
ADP1147-5 5mMA<Ilonp<2A 60 100 11\
Skeep MausQutput Ripple Ta=+25°C, | .oap=0A 50 mV p-p
Ta=+25°C
4V<Vy<18V lo 16 23 mA

V<Vpn<18V

160 250

ep Mo \ V < Vv 160 250
0 Vs fpom =2\, 4V < Vin< 18V 10 22
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Ta=+25°C
VSENSE(_) = Vout 100 mV (Forced)
SHUTDOWN PIN THRESHOLD Ta=+25°C Vs 0.6 UO.B ZL L
SHUTDOWN PIN INPUT CURRENT 0V <Vsyurpown<8V,Vin=18V | I 12 5
Ta=+25°C
C+ PIN DISCHARGE CURRENT Ta=+25°C, Vour in Regulation, 50 70 90
Vsense(-) = Vout, Vour =0V I, 2 10
OFF-TIME® Ct =390 pF, I, 0ap = 700 mA torr 4 5 6
DRIVER OUTPUT TRANSITION TIMES Ta=+25°C
C. = 2200 pF (Pin8) Vi =6V tr, tf 100 200 | ns
NOTES
1Al limits at temperature extremes are guaranteed via correlation using standard Statistical Quality Control (SQC) methods.
2Dynamic supply current is higher due to the gate charge being delivered at the switching frequency.
%In applications where Rsenge is placed at ground potential, the off-time increases approximately 40%.
Specifications subject to change without notice.
ABSOLUTE MAXIMUM RATINGS ORDERING GUIDE
Input Supply Voltage (Pin1) .............. 20Vt0o-0.3V
Continuous Output Current (Pin8) .............. 50 mA Output Packa_ge_ Pacl_<age
Sense Voltages (Pins4,5) ................ 10Vto-03yv  Model Voltage | Description | Option
Operating Ambient Temperature Range ...... 0°C to +70°C ADP1147AN-3.3 33V Plastic DIP N-8
Extended Commercial Temperature Range .. -40°C to +85°C ADP1147AR-3.3 33V solC SO-8
Junction Temperature* ............. ... .. ..... +150°C ADP1147AN-5 5V Plastic DIP N-8
Storage Temperature Range ............ —65°C to +150°C ADP1147AR-5 5V solIC SO-8
Lead Temperature (Soldering, 10sec) ............ +300°C

*T, is calculated from the ambient temperature, T, and power dissipation, Pp,
according to the following formulas: ADP1147AN-3.3, ADP1147AN-5: T; = T+
(Pp x 110°C/W). ADP1147AR-3.3, ADP1147AR-5: T; = Ta+(Pp x 150°C/W).
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ADP1147
ELECTR'CAL CHARACTER'ST' CS (-40°C < T ,< 85°C (Note 1), Viy = 10V, unless otherwise noted.) (See Figure 17).

ADP1147
Parameter Conditions Vs Min Typ Max | Units
REGULATED OUTPUT VOLTAGE Vin=9V
ADP1147-3.3 Il oap = 700 mA Vour 3.17 333 34 \%
ADP1147-5 ILoan = 700 MA 485 505 52 |V
INPUT DC SUPPLY CURRENT
Normal Mode 4V<Vy<18V lo 16 26 mA
Sleep Mode (ADP1147-3.3) 4V<Vy<18V 160 280 HA
Sleep Mode (ADP1147-5) 5V<Vn<18V 160 280 HA
Shutdown Vshutoown = 2.1V, 4V <Vy<18V 10 28 A
CURRENT SENSE THRESHOLD VOLTAGE
ADP1147-3.3 VSENSE(_)= VOUT+ 100 mV (Forced) Vs-V,
Ta=+25C 25 mV
VSENSE(_) = Vout 100 mV (Forced) 125 150 175 mV
ADP1147 Vsense(-)= Vour™ 100 mV (Forced)
Ta=+25C 25 mV
Vsense(0)= Vour™ 100 mV (Forced) 125 150 175 | mV
MVN/P/N\H‘FE@HOLI&\ LN Vs 055 08 2 Vv
oFftivez [ L ) ) NN\ /& =390 pX, YL oa/=T700 mA tore 38 5 6 s

NOTES
LAl limits at temperature extremes are gOranteed vig/Loprelation using standard Statistfcaf Quality Control (S ef
2In applications where Rsgnse is placed at grt al, t -time i i .

Specifications subject to change without notice.

Mnemonic Function / / K
Vin Input Voltage.
Cr External Capacitor Connection. This capacitor sets the operating frequency of the deV| . The flequency is also
dependent on the input voltage level.
Ith Error Amplifier Decoupling Pin. Pin 3 voltage level causes the comparator current threshold to increase.
SENSE(-) This connects to internal resistive divider which senses the output voltage. Pin 4 is also the (=) input for the
current comparator.
SENSE(+) This provides the + input to the current comparator. The offset between Pins 4 and 5 together with Rsense
establish the current trip threshold.
Shutdown When this pin is pulled high, it keeps the MOSFET turned off. When the pin is pulled to ground, theADP1147
functions normally. This pin cannot be left floating.
GND Independent ground lines must be connected separately to (a) the negative pin of Coyt and (b) the cathode of the
Schottky diode and the negative terminal of Cy.
P-Drive Provides high current drive for the MOSFET. Voltage swing is from Vy to ground at this pin.
PIN CONFIGURATIONS
N Package R Package
8-Lead Plastic DIP 8-Lead Plastic SOIC
Vin [ 8] P-DRIVE vin[L] ® [8]P-DRIVE
c;[2] ADP1147 [7]eNnD cr[2] ADP1147 [7]eND
TOP VIEW TOP VIEW
It [3] (Not to Scale) [ 6] SHUTDOWN Ir1[3] (Not to Scale) | 6] SHUTDOWN
SENSE(-) [4] [ 5] SENSE(+) SENSE(-)[4] [ 5] SENSE(+)
Timax = 125°C, 03 = 110°C/W Tmax = 125°C, 03, = 150°C/W
CAUTION
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection. WARNING! @
Although the ADP1147 features proprietary ESD protection circuitry, permanent damage may
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD W

ESD SENSITIVE DEVICE

precautions are recommended to avoid performance degradation or loss of functionality.
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ADP1147
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ADP1147

APPLICATIONS

Description OF ADP1147 Operation*

(See Functional Diagram)

The ADP1147 uses a current mode, constant off time structure
to switch an external P-channel MOSFET. The operating fre-

quency of the device is determined by the value of the external

capacitor connected to the Cy pin.

The output voltage is sensed by an internal voltage divider
which is connected to the Sense(-) pin. A voltage comparator
V, and a gain block G compare the values of the divided output
voltage with a reference voltage of 1.25 V.

To maximize the efficiency, the ADP1147 automatically
switches between two operational modes, power saving and
contlnuous The comparator is the main control element When

level on the timing capacitor has discharged to the threshold
voltage level V4., comparator T switches setting the flip flop.
This forces the P drive output low and subsequently turns the
P-channel MOSFET on. The sequence is then repeated.

As load current increases, the output voltage starts to reduce. This
results in the output of the gain circuit increasing the level of
the current comparator threshold, thus tracking the load current.

The power saving sequence is very similar to the continuous
operation mode with the cycle being interrupted by the voltage
comparator. When the output voltage is equal to or above the
required regulated value, the P-Channel MOSFET is kept off by
comparator V, and the timing capacitor discharges below V3.
At the point at which the timing capacitor discharges below
V1hH2, comparator S trips causing the internal sleep bar to go
low. The circuit is now in sleep mode and the power MOSFET
is turned off. While the circuit remains in this mode, a signifi-
cant amount of the circuit is turned off dropping the ground
current from approximately 1.6 mA to a level of 160 pA. In this
state the load current is supplied by the output capacitor. At
the point at which the output voltage has been reduced by the
level of hysteresis in comparator V, the power MOSFET is
turned on once again and the procedure is repeated.

To prevent the current loop operation interfering with the
power saving sequence, a built in offset (Vos) is integrated into
the gain stage. This prohibits the current comparator threshold
from rising until the output voltage level has reduced below the
minimum threshold. By utilizing a constant off time structure,
the device operating frequency is a function of the input volt-
age. To reduce the effect of frequency variation as the device
approaches dropout, the controller starts to increase the timing
capacitor’s discharge current as V,y drops below Vour-1.5 V.
While the device is in dropout, the MOSFET is on constantly.

*Component, voltage, current, etc., values are in Sl-units (international stan-
dard) unless otherwise noted.

The typical application circuit for the ADP1147 is described in
Figure 1. The selection of the appropriate external components
is controlled by the load current and the selection begins with
Rsense. Once Rsense value is determined, capacitor C+ and
inductor L can be selected. The Power MOSFET and D, are
then selected and finally capacitors C,y and Coyt are chosen
and the feedback loop is compensated.

The circuit as described in Figure 1 can be structured so that in-
put voltages up to 20 V can be accommodated. If the applica-
tion requires a higher input voltage capability, then the
ADP1149 should be considered.

Rsense Value for Output Current

The choice of Rsense is based on the required output current.
The ADP1147 current comparator has a threshold range that
extends from a minimum of 25 mV/Rggnse to @ maximum of
150 mV/Rsense. The current comparator threshold sets the peak
of the inductor current, yielding a maximum output current,
Imax equal to the peak value less half the peak-to-peak ripple
current. For proper Power Saving Operation Mode, IrippLe(p-p)
must be less than or equal to the minimum current comparator
tNreshgtchof 25 mV.

current,

saving and Iscpky can be predicted from the following equations

Ipower saving ~ 15 MV/Rgense
Iscrky = 150 MV/Rsense

The ADP1147 automatically extends torr during a short circuit
to allow sufficient time for the inductor current to decay between
switch cycles. The resulting ripple current causes the average short
circuit current lscave) to be reduced to approximately Iyax.

L and C+ Value Selection for Operating Frequency

The ADP1147 uses a constant off-time architecture with toge
determined by an external timing capacitor C+. Each time the
P-channel MOSFET switch turns on, the voltage on Cy is reset
to approximately 3.3 V. During the off-time, C+ is discharged
by a current which is proportional to Voyt. The voltage on C+
is analogous to the current in inductor L, which likewise decays
at a rate proportional to Voyt. Therefore the inductor value
must track the timing capacitor value.

The value of Ctis calculated from the desired continuous mode
Vour +Vp U

operating frequency:
%_ Vin +Vp H

Cr = 3x10e % 1

where Vp is the drop across the Schottky diode.

A graph for selecting C+ versus frequency including the effects
of input voltage is given in Figure 4. As the operating frequency
is increased, the gate charge losses will reduce efficiency (see

REV. 0



ADP1147

Efficiency section). The full formula for operating frequency is
given by:

E_VOUT +Vp U
f = Vin +Vp H

torF

where topr = 1.3 X 10* x Crx VREG/VOUT-

Ve is the desired output voltage (i.e., 5 V or 3.3 V); Vour is the
measured output voltage. Thus Vrec/Vout = 1 in regulation.

Note that as V,y decreases, the frequency also decreases. When
the input to output voltage differential drops below 1.5 V, the
ADP1147 reduces torr by increasing the discharge current in
is prevents audible operation before the device goes into

set by Cq, the inductor L must be
NSE of peak -to-peak

Substituting for torr above gives the minimum required Thduc-
tor value of:

Lmin = 5.1 % 10° x Rgense X Cr X Veeg

As the inductor value is increased from the minimum value, the
ESR requirements for the output capacitor are relaxed at the ex-
pense of efficiency. If too small of an inductor is used, the peak
inductor current will be discontinuous before ADP1147 com-
mences Power Saving Mode operation. A consequence of this is
that the Power Saving Mode threshold will be lower and effi-
ciency will be severely degraded at low currents.

Inductor Core

Once the minimum value for L is known, the selection of the in-
ductor can be made. High efficiency converters generally cannot
afford the core loss found in low cost powdered iron cores, forc-
ing the use of more expensive ferrite, molypermalloy, or “Kool
Mu*cores. Typical efficiency in Figure 2 reflects molypermalloy
core. (Using Kool My core, type CTX 50-4 by Coiltronix, re-
duces cost by half but the efficiency will be 1-2% less.) Actual
core loss is independent of core size for a fixed inductor value,
but it is very dependent on inductance selected. As inductance
increases, core losses go down. Unfortunately, increased induc-
tance requires more turns of wire and therefore copper losses
will increase.

Ferrite designs have very low core loss, so design goals can con-
centrate on copper loss and preventing saturation. Ferrite core
material saturates “hard,” which causes the inductance to col-
lapse abruptly when the peak design current is exceeded. This
results in a sharp increase in inductor ripple current and the
output voltage ripple which can cause the Power Saving Mode
operation to be falsely triggered in the ADP1147. To prevent
this action from occurring, do not allow the core to saturate.

*Kool My is a registered trademark of Magnetics, Inc.

REV. 0

Molypermalloy (from Magnetics, Inc.) is a very good, low loss
core material for toroids, but it is more expensive than ferrite. A
reasonable compromise from the same manufacturer is “Kool
Mu.” Toroids are very space efficient, especially when you can
use several layers of wire. Because they generally lack a bobbin,
mounting is more difficult. Many new designs for surface mount
are also available from, e.g., Coiltronics, which do not increase
the component height significantly.

Power MOSFET
An external P-channel power MOSFET must be selected for use
with the ADP1147. The main selection criteria for the power
MOSFET is the threshold voltage Vgs(riy and on resistance
Rpson).
The minimum input voltage determines whether a standard
threshold or logic-level threshold MOSFET must be used. For
Vin> 8V, astandard threshold MOSFET (Vgs(th) < 4 V) may
be used. If Vy is expected to drop below 8 V, a logic level
threshold MOSFET (Vgs(th) < 2.5 V) is strongly recommended.
When a logic level MOSFET is used, the ADP1147 supply volt-
age must be less than the absolute maximum Vg ratings for the
SFET (e.g., <8V of IRF7304).

urrent, Iyax, determines the RDS(ON)

VIN _VD

Schottky Diode Duty Cycle = Vi FVo

From the duty cycle, the required Rpgon) for the MOSFET can
be derived:

P-Chrosiony = (Vin +Vp) X Pp/ (Vour + Vp) X Puax % (1+3;)

where P, is the allowable power dissipation and &, is the tem-
perature dependency of Rpgion). Pp Will be determined by effi-
ciency and/or thermal requirements (see Efficiency section).
(1+9) is generally given for a MOSFET in the form of a normal-
ized Rps(on) Vs. temperature curve, but 6 = 0.007/°C can be used
as an approximation for low voltage MOSFETS.

Output Diode

The Schottky diode D1 shown in Figure 1 will conduct during
the off-time. It is important to adequately specify the diode peak
current and average power dissipation so as not to exceed the di-
ode ratings.

The most stressful condition for the output diode is under short
circuit (Vout = 0). Under this condition, the diode must safely
handle Iscek) at close to 100% duty cycle. Under normal load
conditions, the average current conducted by the diode is:

— VIN _VOUT

lpi = Vin Vo X(ILOAD)

Remember to keep lead lengths short and observe proper
grounding (see Board Layout Suggestions) to avoid ringing and
increased dissipation.

—7-



ADP1147

The forward voltage drop allowable in the diode is calculated
from the maximum short circuit current as:

Ve~ Pp [ lscpk)
where Py is the allowable power dissipation and will be deter-

mined by efficiency and/or thermal requirements (see Efficiency
section).

Cin and Cour

In continuous mode, the source current of the P-channel
MOSFET is a square wave of duty cycle Vout/V)n . TO prevent
large voltage transients, a low ESR input capacitor sized for the
maximum rms current must be used. The maximum rms ca-
pacitor current is given by:

Cin required Irms ~ [Vour(Vin —VOUT)]O'5 X Ipax ! Vin

tion. In addition to Cj\, a 0.1 pF to 1
required on V.

The selection of Coy is driven by the required effective series
resistance (ESR). The ESR of Coyt must be less than twice the
value of Rsense for proper operation of the ADP1147:

Cout required ESR < 2 Rggnse

Optimum efficiency is obtained by making the ESR equal to
Rsense. As the ESR is increased up to 2Rsensk, the efficiency
degrades by less than 1%. If the ESR is greater than 2 Rgense,
the voltage ripple on the output capacitor will prematurely trig-
ger Power Saving Mode operation, resulting in disruption of
continuous mode and an efficiency hit which can be several per-
cent.

Manufacturers such as Nichicon and Sprague should be con-
sidered for high performance capacitors. The OS-CON semi-
conductor dielectric capacitor from Sprague has the lowest ESR
for its size, at a somewhat higher price . Once the ESR require-
ment for Coyt has been met, the rms current rating generally
far exceeds the IgippLe(p-py requirement.

In surface-mount applications, multiple capacitors may have to
be paralleled to meet the capacitance, ESR, or rms current han-
dling requirements of the application. Aluminum electrolytic
and dry tantalum capacitors are both available in surface-mount
configurations. In the case of tantalum, it is critical that the ca-
pacitors are surge tested for use in switching power supplies. An
excellent choice is the AVX TPS series of surface-mount tanta-
lum, available in case heights ranging from 2 mm to 4 mm. For
example, if 200 uF/10 V is called for in an application requiring
3 mm height, two AVX 100 uF/10 V could be used. Consult the
manufacturer for other specific recommendations.

At low supply voltages, a minimum capacitance at Coyr is
needed to prevent an undesirable low frequency operating
mode, (see Figure 5). If CoyT is made too small, the output
ripple at low frequencies will be large enough to trip the voltage
comparator. This causes the ADP1147 to operate in Power
Saving Mode instead of continuous mode. The output remains
in regulation at all times, however.

This effect becomes prevalent at lower values of Rsgnsg and can
be improved by higher frequency operation.

Transient Response
The regulator loop response can be checked by looking at the
load transient response. Switching regulators take several cycles
to respond to a step in dc (resistive) load current. When a load
step occurs, Vour shifts by an amount equal to Al oap X (ESR),
where ESR is the effective series resistance of Coyt. Al oap also
begins to charge or discharge Coy until the regulator loop
adapts to the current change and returns Voyr to its steady-
state value. During this recovery time Voyt can be monitored
for overshoot or ringing which would indicate a stability prob-
em. The external components shown in the Figure 1 circuit

{Il prgvg adequate compensation for most applications.

limit the inrush ¢
limit of your design.
Efficiency

output power divided by the input power times 100%. It is of-

ten useful to analyze individual losses to determine what is lim-
iting the efficiency and which change would produce the most

improvement. Percent efficiency can be expressed as:

% Efficiency = 100% - (L1 + L2 + L3 +.. ),

where L1, L2, etc., are the individual losses as a percentage of
input power (For high efficiency circuits only small errors are
incurred by expressing losses as a percentage of output power.)

Although all dissipative elements in the circuit produce losses,
four main sources usually account for most of the losses in
ADP1147 circuits: (1) ADP1147 DC bias current, (2) MOSFET
gate charge current, (3) 1% x R losses, and 4. Voltage drop of
the Schottky diode:

1. The dc supply current is the current which flows into V,y,
Pin 1, less the gate charge current. For V,y = 10 V the
ADP1147 dc supply current is 160 pA for no load, and in-
creases proportionally with load up to a constant 1.6 mA af-
ter the ADP1147 has entered continuous mode. Because the
dc bias current is drawn from V,y, the resulting loss in-
creases with input voltage. For V,y = 10 V the dc bias losses
are generally less than 1% for load currents over 30 mA.
However, at very low load currents the dc bias current ac-
counts for nearly all of the loss.
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2. MOSFET gate charge current results from switching the
gate capacitance of the power MOSFET. Each time a
MOSFET gate is switched from low to high to low again, a
packet of charge dQ moves from V,y to ground. The result-
ing dQ/dt is a current out of Vy which is typically much
larger than the dc supply current. In continuous mode,
lgaTtecHe = f (Qp). The typical gate charge for a 135 mQ
P-channel power MOSFET is 40 nC. This results in
lgaTecHe = 4 mA in 100 kHz continuous operation for a 2%
to 3% typical midcurrent loss with Vi = 10 V

Note that the gate charge loss increases directly with both
input voltage and operating frequency. This is the principal
reason why the highest efficiency circuits operate at moder-
ate frequencies. Furthermore, it argues against using a larger
ET than necessary to control 12 x R losses.

Rpsony = 100 mQ, R = 15Q
then the total re3|stance is 300

increases from 0.5A to 2A. 12 x R losses cause the eTficte
to roll-off at high output currents.

4. The Schottky diode is a major source of power loss at high
currents and gets worse at high input voltages. The diode
loss is calculated by multiplying the forward voltage drop
times the Schottky diode duty cycle multiplied by the load
current.

Figure 6 shows how the efficiency losses add up in a typical
ADP1147 regulator. The gate charge loss is responsible for the
majority of the efficiency lost in the midcurrent region. If
Power Saving Mode operation was not employed at low cur-
rents, the gate charge loss alone would cause the efficiency to
drop to unacceptable levels. With Power Saving Mode opera-
tion, the dc supply current represents the lone (and unavoid-
able) loss component which continues to become a higher per-
centage as output current is reduced. As expected, the I> xR
losses and Schottky diode loss dominate at high load currents.

Other losses including C,y and Coyt ESR dissipative losses,
MOSFET switching losses, and inductor core losses, generally
account for less than 2% total additional loss.

REV. 0

Development Example

As a design example, assume Viy =5 V (nominal), Vout = 3.3V,
VD =0.4, IMAX =1Aand f=100 kHZ, RSENSE' CT, and L can
immediately be calculated:

Rsense =100 mVv /1 =100 mQ
torr = (1/100 kHz) x [1 - (3.7/5.4)] = 3.15 s
Cr=3.15ps/ (1.3 x 10%) = 242 pF
L =5.1x10°x0.1Q x242 pF x3.3V =41 pH

Assume that the MOSFET dissipation is to be limited to Pp =
250 mW.

If To = 50°C and the thermal resistance of the MOSFET is

50°C/W, then the junction temperatures will be 63°C and & =
0.007 x (63-25) = 0.27. The required Rpsony for the MOSFET
can now be calculated:

P-Ch Rps(ony = 5(0.25) / 3.3(1)? (1.27) = 300 mQ
The P-channel requirement can be met by a IRF7204 or

Si9430DY. Note that the most stringent requirement for the
Schottky diode is with Vot = 0 (i.e., short circuit). During a

perature, and‘Sg
efficiency.

will be conducting most of the time causing the power dissipa-
tion to increase. At Viyouiny = 4.5V, the frequency will de-
crease and the P-channel power dissipation increases.

1 3.70
At =4.5V: = 3R 29F
Vin (MIN)=4.5V: fyn 31550 2.91 78kHz
2
p, = 330125 iz)ém) @27) 116w

This last step is necessary to assure that the power dissipation
and junction temperature of the P-channel are not exceeded.
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Troubleshooting Hints

Since efficiency is critical to ADP1147 applications, it is very
important to verify that the circuit is functioning correctly in
both continuous and Power Saving Mode operation. The wave-
form to monitor is the voltage on the timing capacitor, Pin 2,
(see Figure 7).

In continuous mode (I oap > lrower saving) the voltage on the
C+ pin should be a sawtooth with a 0.9 V p-p swing as shown in
Figure 7a. This voltage should never dip below 2 V.

When load currents are low (I oap < lpower saving), Power

Saving Mode operation occurs. The voltage on the Cy pin now
falls to ground for periods of time as shown in Figure 7b. Dur-
ing this time, the ADP1147 is in sleep mode with the quiescent
edyced to 160 pA.

These items are also illustrated graphica
of Figure 18. Check the following in your Iayout

1. Are the signal and power grounds segregated? The ADP1
ground (Pin 7) must return separately to (a) the power and
(b) signal grounds. The power ground (a) returns to the
source anode of the Schottky diode, and () plate of Cyy,
which should have as short lead lengths as possible. The sig-
nal ground (b) connects to the (-) plate of Coyr.

2. Does the ADP1147 Sense (-) (Pin 4) connect to a point
close to Rgense and the (+) plate of Coyt?

3. Are the Sense (=) and Sense (+) leads routed together with
minimum PC trace spacing? The 1000 pF capacitor between
Pins 4 and 5 should be as close as possible to the ADP1147.

-10-

4. Does the (+) plate of C;y connect to the source of the

P-channel MOSFET as closely as possible? This capacitor
provides the ac current to the P-channel MOSFET.

5. Is the input decoupling capacitor (0.1 uF/1 pF) connected

closely between V, (Pin 1) and ground (Pin 7)? This capaci-
tor carries the MOSFET driver peak currents.

6. Is the Shutdown (Pin 6) actively pulled to ground during

normal operation? The shutdown pin is high impedance and
must not be allowed to float.

P-CHANNEL L Rsense
Y —g

Hffﬂ_ +
Cin tlr T % D1 COUT+ Vour
1pF
1

ADP1147
P-DRIVE (8

— GROUND 7

SHUTDOWN (6 SHUTDOWN

SENSE(+) (5

I\
dicatiligfthe Rec
Layouy,

lOOOpF

Figure 18. Circui
Grounding Scheme for P

—— P IRF7204 + Cm
- 15KF
0.1uF D1 25V
Il 30BQ040 | X3
3
ADP1147 3.3 L*
50uH €
Cr (D) iy P-DRIVE (8) S
620pF
@cr GND (7 1
o SHUTDOWN (6 )— SHUTDOWN
= Rc Cour
1kQ SENSE(-) SENSE(+) (5 = 220uF
O, +] 6.3v
R 1= 1= <> Xz
1000pF 50m0
|1
1T
. Vout
3.3v/2V

*L;COILTRONICS  **KRL SL1-C1-OR050J
CTX50-4

Figure 19. 3.3 V/2A Regulator
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

8-Lead Plastic DIP
(N-8)

0.430 (10.92)

0.348 (8.84)
=N =N - -

|¢
: ] T

0.280 (7.11)
0.240 (6.10)
ol A 4 0.325 (8.25)
Ty Y
RPN 0.060 (1.52) 0300 (7.62)
0.015 (0.38 r—’l
0.210 (5.33) (0.38) 1‘0.195 (4.95)
MAX 0.130 0.115 (2.93)
0.160 (4.06) J KT (330
0.115 (2.93) — XX MIN
0115299 plie |anf > I SEATING 0.015 (0.381)
0.022 (0.558) 0.100 0.070 (1.77) Syt .08 (0.204)

(2.54)
0.014 (0.356) (25%) 0.045 (1.15)

8-Leal astic

1968 (5.00)
03890 (4.80
A 8 5
0.1574 (4.00) 0.2440 (&
0.1497 +(3.80) 1 41| 02284 (5.80)
I
PIN 1 0.0688 (L.75) 0.0196 (0.50) .
0.0098 (0.25) 0.0532 (L.35) "I |"o.0099 029" *
0.0040 (0.10)
LI ¥
LY e Nl & Llle

0.0500 0.0192 (0.49)

o
SEATING =222 5.0098 (0.25) 0.0500 (1.27)
(1.27) 50138 (0.35
PLANE 5o 00138039 5ooeo19) 0.0160 (0.41)
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