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PM6644

350 mA adjustable step-down regulator

Features

4.5V to 25 V input voltage range

Output voltage Voyt: fixed 3.47 V or adjustable
09Vto8V

350 mA valley current limit

Constant-on-time control

Programmable switching frequency

Pulse skipping mode (skip mode) at light loads
Independent EN signals

Latched OVP and UVP

Applications

Networking power supply

[

m Portable applications
m  Microcontroller supply
[

Industrial supply

Description

The PM6644 is a 350 mA valley current limit step-
down regulator capable of delivering an
adjustable output voltage in the range between
0.9 V and 8 V. A fixed value of output voltage is
also available (3.47 V), saving the external
resistor divider. It is housed in a small DFN10 3x3
package. The switching regulator is based on
COT (constant-on-time) architecture, that assures
fast load transient response; the embedded
voltage feed-forward provides nearly constant
switching frequency operation. The pulse skipping
technique increases efficiency at very light load.
The switching frequency can be adjusted from
200 kHz to 600 kHz through a simple resistor. The

Table 1. Device summary

Datasheet — production data

*Q

DFN10

switching regulator can be programmed to
regulate a fixed value of 3.47 V or it can deliver an
adjustable voltage, depending on the FB pin set-

up.

Part number Package Packing
PM6644 DFN10 Tube
PM6644TR DFN10 Tape and reel
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Simplified application schematic

PM6644

Simplified application schematic

|

Figure 1. Vgyt = 3.47 V fixed configuration
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PM6644 Simplified application schematic
Figure 3. Pinout
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1.1 Pin description
Table 2. Pin description
Pin Name Description
1 REF 1.216 V internal reference voltage. Do not connect this pin to any external component.
Feedback input for the switching section:
> FB If this pin is connected to VCC, OUT operates at 3.47 V (Fixed mode).
If this pin is connected to a resistive divider from OUT to GND, OUT can be adjusted
from0.9Vto8V.
3 T Switching frequency setting. Connect to VIN with a resistor to properly set the switching
ON  Ifrequency.
ENABLE (EN) pin. The EN pin is used to enable both the switching regulator and
4 EN internal reference. Tie to ground to shut down the device. Apply 2.1 V or more for normal
operation. If the EN pin is not used for power sequencing, tie this pin to the VIN pin.
5 GND Power and signal ground connection.
6 SW The SW pin is the switching node of the switching regulator with integrated power
MOSFETs. Connect this pin to the inductor.
Input voltage for the switching regulator. Bypass to GND with a 1-2.2 uF MLCC
7 VIN capacitor. The VIN pin supplies current to the internal switching regulator and to the
integrated voltage generator that supplies VCC if BYP < 2.4 V.
Output of a regulator that supplies the main switching controller. Bypass to GND with a 1
8 vee UF capacitor. An integrated voltage generator regulates at 3.8 V (when VIN> =6 V) if
BYP<2.4 V. When BYP > 3.2V, the integrated voltage generator shuts down and VCC is
connected to BYP through a MOSFET switch (see Figure 18).
9 BYP VCC BYPASS pin (BYP). If BYP > 3.2 V, VCC is supplied by BYP through a MOSFET
switch. Bypass to GND with a 10-100 nF capacitor.
10 REF3 Integrated 3.3 V high accuracy reference voltage. Bypass to GND with a 100 nF
capacitor. VREF3 is the voltage at REF3 pin.
EXP PAD | EXP PAD |Exposed pad. Connect to signal ground.

(574
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Simplified application schematic PM6644

1.2 Absolute maximum ratings

Table 3. Absolute maximum ratings

Parameter Value Unit
VIN to GND -0.3t0 35 \
EN, SW, TON to GND -0.3to VIN +0.3 \
VCC, BYP -0.3t0 6 \
REF, FB to GND -0.3to VCC +0.3 \Y
REF3 to GND -0.3to BYP +0.3 \
Power dissipation at Tamb = 25 °C 2.25 w
Maximum withstanding voltage range test condition: CDF-AECQ100- 1000 v
002- “human body model” acceptance criteria: “normal performance”. -
1.3 Thermal data
Table 4. Thermal data
Symbol Parameter Value Unit
Rihj-a Thermal resistance junction to ambient 45 °C/W
T Junction operating temperature range -40to 125 °C
1.4 Recommended operating conditions
Table 5. Recommended operating conditions
Value
Symbol Parameter Unit
Min. Typ. Max.
VIN Input voltage range 4.5 25 \
EN EN voltage range 0 25
BYP BYP operative voltage range 0 5 \
Switching regulator
embedded high-side 300 mA
MOSFET()
RMS current capability
Switching regulator
embedded low-side 300 mA
MOSFET

1. Refer to Section 3.1.4: Maximum RMS output current.

4
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PM6644 Simplified application schematic
1.5 Electrical characteristics
ViN=12 V, no load on REF3, EN=V|y, FB=VCC, R=1 MQbetween TON and VIN, Tj=25 °C
unless otherwise specified.
Table 6. Electrical characteristics
Symbol Parameter Test condition Min. Typ. Max. Unit
Switching controller output accuracy
gyp |Fixedoutoutvoltage valley | ep_yioc ng oad 340 | 347 | 354 | v
regulation
Adjustable output voltage | No load, BYP=3.47 V;
FB valley regulation (FB=ADJ) | Tj=0 °C - 70 oc 0.88 0.92 v
Current limit and zero crossing comparator
Valley current limit 350 380 mA
Zero crossing current SW voltage ramp slew rate = 40 14 29 30 mA
threshold V/ms
3.3 V voltage reference
REF3 output voltage BYP=3.47 V external voltage, no
(VREF3 voltage) load 32 3.3 3.4 v
REF3 Line regulation BYP=3.47 Vto 5V, no load 2.3 6.3 mV/V
. BYP=3.47 V external voltage, 0
Load regulation mA < lload < 2 mA 500 uv
VCC supply
VCC  |VCC voltage BYP< BYP falling threshold, 3.4 38 | 42 Vv
VIN> 6
BYP falling threshold/
REF3 turn-off threshold 2.4 27 v
BYP | BYP rising threshold (i.e.
VCC=BYP)/ REF3 turn-on 2.9 3.2 \
threshold
Regulator bias currents
VN shutdown current EN=0 V 13 21 UA
Vin Viy quiescent current with | gyp_g 47y (not switching)
BYP > BYP falling REF3@no load 26 35 UA
threshold
BYP quiescent current with _ o
BYP  |BYP>BYP falling BYP=3.47 V (not switching), 190 | 230 | MA
REF3@no load
threshold
Fault management
Rising edge of PVCC 2.7 3 \
VCC VCC UVLO threshold
Falling edge of PVCC 21 2.6 \Y
ﬁ Doc ID 023203 Rev 1 9/35




Simplified application schematic

PM6644

Table 6. Electrical characteristics (continued)
Symbol Parameter Test condition Min. Typ. Max. Unit
. Referred to FB nominal o
FB Overvoltage trip threshold regulation point, BYP= 3.47 V +14 +20 Yo
Referred to FB nominal o
FB Undervoltage threshold regulation point, BYP= 3.47 V 62 73 Yo
Inputs and outputs
FB FB logic level FB logic level to be in fixed VCC-0.8 v
mode
All circuitry OFF 1.3 \
EN EN level
All circuitry ON 24 \

1. Inthe range T;= 0 °C-70 °C limits are guaranteed by design and statistical analysis, not production tested. Production test
at T;=25 °C.
j

1.6

Figure 4.

Typical operating characteristics

FB = VCC, Ryon=1MQ Viy=12V, EN = VIN, BYP connected to the switching regulator
output, no load unless specified. Measurements performed on the evaluation kit

(PM6644_DFN).
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Simplified application schematic

Figure 6. Vgyr vs. load

Figure 7.

VREF3 vs. output load
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Figure 10. Power-up sequence, no load

Figure 11.

Power-up sequence, 69 Q load
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Simplified application schematic

PM6644

Figure 12. Soft-end, no load

Figure 13. Soft-end, 69 Q load
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Figure 15. VREF3 load regulation
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Figure 16. VREF3 line regulation

Figure 17. VREF3 line transient
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PM6644

Simplified application schematic

Figure 18. Simplified block diagram
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Device description

The PM6644 combines a 350 mA valley current limit step-down regulator with a high
accuracy 3.3 V voltage reference in a small DFN10 3x3 package.

The switching regulator is based on constant-on-time (COT) architecture. This type of
control offers a very fast load transient response with a minimum external component count.
The switching regulator can regulate 3.47 V in Fixed mode (the FB pin tied at VCC) or it can
deliver an adjustable voltage between 0.9 V and 8 V (the FB pin connected to the output
voltage rail through an external resistor divider).

The switching frequency can be adjusted from 200 kHz to 600 kHz by a resistor between
TON and the VIN pin.

The embedded input and output voltage feed-forward provides nearly constant switching
frequency operation.

A pulse skipping technique allows increasing efficiency at very light load.
The switching regulator has protection against overvoltage, undervoltage and overcurrent.

The power MOSFET and switching controller of the switching regulator are supplied by VCC
voltage. An integrated voltage generator from V| > 6 V provides 3.8 V at the VCC pin when
the BYP pin <2.4 V if BYP > 3.2V, the integrated voltage generator is turned off and VCC is
connected to BYP through a MOSFET switch (switch-over function).

An integrated 3.3 V linear regulator (supplied by VCC) provides an accurate 3.3 V output
(REF3).

The PM6644 also provides protection against overtemperature, turning off both switching
regulator and 3.3 V reference.

Switching regulator

Output voltage set-up

The switching sections can be configured in several ways.

Output voltage is configured with the FB pin. If the FB pin is tied to VCC, the PM6644
regulates 3.47 V. Using an external resistor divider the output can be adjusted following this
equation:

Equation 1
R1
V,, = 0.9V (@ ¥ 1)
where R1, R2 are the resistors of the FB pin divider. REF is a voltage reference used to

internally generate the 0.9 V threshold used to set the output voltage of the switching
regulator.

Constant-on-time control (COT)

The PM6644 implements a pseudo-fixed frequency algorithm using the COT architecture.
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Device description

The COT architecture bases its algorithm on the output ripple derived across the output
capacitor's ESR. The controller has an internal on-time (Tqy) generator triggered on the
output voltage valley: when Vg1 reaches the regulation value a new Ty starts. The Toy
duration is given by the following equation:

Equation 2
T 0.9V- Rion- C
ON= ——v
VIN

where Ty is the on-time duration, C is an integrated capacitance (9.3 pF typ.), Rton is the
resistor between the VIN and TON pins, VoyT is the sensed output voltage and V| is the
input voltage (sensed at the VIN pin). Figure 19 shows how the on-time is generated.

Figure 19. On-time generator

BYP O—0=0.263

L i >t

FB o———— >+
—TON A

Rron
O S : L
— t

A
c=9.3pF_ A_L‘“On time start

AM11779v1

The duty cycle in a buck converter is:

Equation 3:

Ton _ p = Vour
Tsw Vin

The switching frequency in continuous current mode (CCM) is:

Equation 4
fow = D _ Vour = Vout
Ton Vin 0.9V- Rron: C
0.9V- Rroy- C
Vin

In order to reduce noise in Ty generation, a further capacitance C4 may be added between
the TON pin and the GND pin. In this case the switching frequency is:
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Equation 5
fow = TL - V\(/)UT T 09V. RVOU~T
ON IN - Ton: (C+Cy)
09V- Rygy- (C+Cy)
Vin

The switching frequency is theoretically constant, but in a real application it depends on
parasitic voltage drops that occur during the charging path (high-side switch resistance,
inductor resistance (DCR)) and discharging path (low-side switch resistance, DCR). As a
result, the switching frequency increases as a function of the load current. The following
table shows some examples of switching frequencies that can be selected through the TON
pin (C4 not mounted):

Table 7. Frequency configurations
Ton resistor Vour = 3.47 V frequency VouTt=0.9V frequency
R_Ton load = 200 mA (PWM mode) load = 200 mA (PWM mode)
2M 245 kHz
1M 470 kHz
500 K 260 kHz
250 K 495 kHz
PWM control

Figure 20 shows the simplified schematic of the constant-on-time controller. The COT
architecture uses a minimum OFF-time (Torpmin = 500 ns typ.) to allow inductor valley
current sensing on the synchronous switch. A minimum on-time is also introduced to assure
the correct startup sequence.

An adaptive anti-cross conduction algorithm avoids current paths between VIN and GND
during switching transition.

4
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Figure 20. Constant-on-time controller architecture
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The PM6644 has a one-shot generator that turns on the high-side MOSFET when the
following conditions are satisfied simultaneously:

® The PWM comparator is high
® The inductor valley current is below the current limit threshold
® The minimum OFF-time has timed out

A slope proportional to the low-side MOSFET current (A * Rpgon) * ILs) is added at the input
of the PWM comparator in order to ensure stability. The slope determines a load line on the
output voltage of about 0.16 Q when the controller works in PWM mode.

21.4 Skip mode management

To improve efficiency at light load, the PM6644 implements pulse skip operation mode. The
inductor current is sensed and, if it is equal to zero, the synchronous MOSFET is turned off.
As a consequence, the output capacitor is left floating and the discharge depends only on
the current sourced by the load. The new Ty starts when the output reaches the voltage
regulation. As a consequence, at light load conditions the switching frequency decreases,
improving the total efficiency of the converter. Working in discontinuous current mode, the
switching and the conduction losses are reduced by skipping some cycles.

If the output load is high enough to make the system work in CCM (continuous conduction
mode), Skip mode is automatically changed into PWM mode.

KYI Doc ID 023203 Rev 1 17/35
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Figure 21. Inductor current in skip mode
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Current sensing and current limit

The PM6644 implements a positive valley current limit to protect the application from an
overcurrent fault. The inductor current is sensed during the OFF-time Torr by measuring
the voltage drop across the integrated low-side MOSFET using the MOSFET Rpg(on) as a
lossless sensing element. The voltage drop is then compared with a fixed voltage threshold
so that the inductor (or low-side MOSFET) trip current of the comparator is about 350 mA
(minimum value).

A new switching cycle cannot start until the inductor current goes lower than the 350 mA
current limit threshold. As a result, the device can work with a maximum inductor RMS
current I gps (max) equal to:
Equation 6
Al
I gms(max) = 350mA + >

where Al is the inductor current ripple.

Figure 22. Current waveforms in current limit conditions
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2.1.6

21.7

2.1.8

2.1.9

2.1.10

Soft-start and soft-end

The switching section has an EN pin. A non-programmable soft-start procedure takes place
when the EN pin rises above 2.1 V.

To prevent high input inrush currents, the current limit is increased from 25% to 100% of the
current limit threshold with steps of 25%.

The procedure is not programmable and ends typically in 2.8 ms. The overvoltage protection
is always active while the undervoltage protection is enabled at the end of the 2.8 ms.

Driving one EN pin below 1.8 V makes the section perform a soft-end: gate driving signals
are pulled low and the output is discharged through an internal MOSFET with Rpgon) of
50 Qtyp.

Monitoring

The PM6644 controls its switching output to prevent any damage or uncontrolled working
condition.

Overvoltage protection

The PM6644 provides a latched overvoltage protection (OVP). If the output voltage rises
above 120% of the nominal value, a latched OVP protection is activated. The controller turns
on the low-side MOSFET keeping the output voltage at 0 V.

The protection is latched and this fault is cleared by cycling VCC < 2.1 V and then > 3 V.

Undervoltage protection

If, during regulation, the output voltage drops under 62% of the nominal value, an
undervoltage latched fault is detected. The controller performs a soft-end procedure (see
Section 2.1.6)). The undervoltage fault is reset by toggling the EN pin or by cycling VCC <
2.1V and then >3 V.

VCC undervoltage

The device monitors the voltage at the VCC pin. The switching section can start operating
only if the voltage at the PVCC pin is above 3 V. If PVCC falls below 2.1 V, the switching
section is turned off until PVCC voltage goes over 3 V.

Table 8. Fault management summary
Fault Condition Device behavior
The low-side MOSFET is turned on keeping the
o output voltage at 0 V. Latched fault, cleared

Overvoltage Vour > +120% toggling EN or cycling VCC < 2.1 V and then > 3
V.
The controller performs a soft-end. Latched fault

Undervoltage VouT < 62% cleared toggling EN or cycling VCC < 2.1 V and
then >3 V.
The controller turns off the switching section until

VCC undervoltage Vec <21V PVCC voltage goes over 3 V. Not latched fault.
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2.1.11

2.1.12

2.1.13

20/35

VCC and BYP power management

VCC supplies both the controller and the drivers of the integrated high-side and low-side
MOSFETSs. An integrated 3.8 V generator from the VIN pin provides the voltage to the VCC

pin.
The PM6644 provides a switch-over function that allows the turning-off of the 3.8 V
generator when a voltage is applied at the BYP pin. If the voltage at the BYP pin is higher

than 3.2 V, the internal generator is turned off and the VCC pin is connected with an internal
switch (16 Qtyp.) to the BYP pin. This feature decreases the power dissipation of the device.

If BYP < 2.4V, the internal switch is turned off and the VCC output is supplied with the 3.8 V
generator.

Table 9. VCC and BYP management (EN pin > 2 V)

BYP VIN vce 5 V generator Sr‘;";z:‘az‘é:'
<24V <6V Vi1V Enabled
<24V 38V Enabled
>32V BYP Disabled 16 Q

3.3 V linear regulator section (REF3)

The PM6644 has an integrated linear regulator (REF3) that can provide a maximum RMS
current of 5 mA. The input of the linear regulator is the BYP pin. The linear regulator is
turned on when BYP > 3.2 V. Connect pin REF3 with a 100 nF ceramic capacitor to GND.

General fault management: thermal protection

If the internal temperature of the device exceeds typically +150 °C, the controller shuts down
immediately all the internal circuitry. The switching section performs the soft-end
management. Toggling EN or cycling VCC < 2.1 V and then VCC > 3V, resets the latched
fault.

4
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3

3.1

3.1.1

Application information

External component selection

Inductor selection

Once the switching frequency is defined, inductor selection depends on the desired inductor
ripple current and load transient performance.

Low inductance means greater ripple current and may generate greater output noise. On
the other hand, low inductor values involve fast load transient response.

A good compromise between the transient response time, the efficiency, the cost and the
size, is to choose the inductor value in order to maintain the inductor current ripple Al
between 20% and 50% of the maximum output current I oap(max.). The maximum Al
occurs at the maximum input voltage. With these considerations, the inductor value can be
calculated with the following relationship:

Equation 7

VIN _ VOUT VOUT

L= AL

sw

where fgyy is the switching frequency, V| is the input voltage, Vg is the output voltage and
Al is the selected inductor current ripple.

In order to prevent overtemperature working conditions, the inductor must be able to provide
an RMS current greater than the maximum RMS inductor current || gys:

Equation 8

Al (max 2
I Rms = J(lLOAD(maX))2+7( L(12 )

where Al | (max.) is the maximum current ripple:

Equation 9

Vinmax—Vour  Vour
fsw- L ViNmax

sw

Al (max) =

If hard saturation inductors are used, the inductor saturation current should be much greater
than the maximum inductor peak current Ipeak:

Equation 10
Al (max)
2

Using soft saturation inductors it is possible to choose inductors with a saturation current
limit at nearly Ipeak. In Table 10 there is a list of some inductor part numbers.

Ipeak = I gpp(Mmax) +
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3.1.2

3.1.3
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Table 10.  Inductor part number

Manufacturer Part number Indt(::La)nce DCR (Q) RMS( ASL('{)rent cﬁﬁt:r:tatf)?z)
Coilcraft EPL3015-333ML 33 0.989 0.59 0.32
Coilcraft LPS3314-333ML 33 0.92 0.58 0.38
Coilcraft MSS5121-333ML 33 0.48 0.76 0.64

1. 40 °C temperature rise.

2. 20% inductance drop.

Input capacitor selection

In a buck topology converter the current that flows into the input capacitor is a pulsed current
with zero average value. The input RMS current of the switching regulator can be roughly
estimated as follows:

Equation 11
Icinams = lLoap(max)- VD - (1-D)

where D is the duty cycles and I opp(max.) is the maximum load current of the switching
regulator. The input capacitor should be chosen with an RMS rated current higher than the
maximum RMS current given by the formula.

Tantalum capacitors are good in terms of low ESR and small size, but they can occasionally
burn out if subjected to very high current during the charge.

Ceramic capacitors usually have a higher RMS current rating with smaller size and they
remain the best choice. In battery-powered applications, a 1-2.2 uF input ceramic capacitor
can be enough.

Table 11 shows an example of ceramic capacitor part numbers.

Table 11.  Input capacitor part numbers

Manufacturer Part number Capacitor value (uF) Rated voltage

TAYIO YUDEN TMK212BJ225MG-T 2.2 25

Output capacitor selection

The controller can work with ceramic or tantalum output capacitors.

The selection of the output capacitor impacts on the stability of the controller:

Equation 12
Coos_ 18- @
OUT 2. 1 f,- k
Equation 13
0.9V
o =
Vourt

4
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K'is a constant (< 0.1) that defines the ratio between the controller bandwidth and the
switching frequency.

The output capacitor must store the inductor energy generating an output ripple within the
output voltage ripple requirements.
If an output tantalum capacitor is used, in CCM the voltage ripple Vg ippLEout IS given by:
Equation 14
VRippLEout = Rout AlL
A low ESR capacitor is required to reduce the output voltage ripple.
If an output ceramic capacitor is used, in CCM the voltage ripple Vg ppLgout IS given by:
Equation 15
Tew: Al
VRiPPLEOUt = 8- Cour
Finally the output capacitor choice heavily impacts the load transient response.
Table 12 shows a list of some capacitor part numbers.
Table 12.  Output capacitor part number
Manufacturer Part number Capac(lltlg;value Rated voltage (V) | ESR max. (MQ)
TAY10 YUDEN JMK212BJ226MG-T 22 6.3 70
SANYO POSCAP 6TPC33M 33 6.3 710 15
3.1.4 Maximum RMS output current

Both high-side and low-side embedded power MOSFETSs of the switching regulator can
withstand a maximum RMS current of 300 mA.

The maximum sustainable RMS output current I oaprus Of the switching regulator depends

on the application specifications of:

e input voltage V|y

e output voltage Vot

® inductor current ripple Al_ (that depends on the switching frequency Fgyy and on the
inductor value L, according to Equation 7).

The maximum RMS currents of high-side (Igys ns) and low-side (Iguys  s) MOSFETSs are

given by:
2
2 (AlL)
lams, Hs = D+ lLpms =D+ [(ILoap)” + —5—= 300mA

Equation 16
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Equation 17

2
2 (Al)
lrms, Ls = lLrms = (1-D) - /(I oaD) 5T 300mA

where I gap is the RMS output current.

The minimum I pap between equation 16 and equation 17, combined with RMS load current
limitation due to valley current limit (Equation 6 ), determines the maximum RMS output
current I_oaprms Sustained by the switching regulator:

Equation 18
J(soOmA)2_ (A2
D 12
ILoaprms = MIN (BOOmA)Z_(AIL)Z
1-D 12
Al
350mA + —
2
Example 1

Vin=5V, FB =VCC (Vout = 3.47 V), Al = 68.5 mA (L = 33 uH, Fsw = 470 kHz).
High-side can withstand a load current of I oaprms = 432 MA.

Low-side can withstand a load current of | gaprms = 977 MA.

ILoaDRMs due to valley current limit = 384 mA.

As a result, I_oaprms = 384 mA (limitation determined by the valley current limit).

The PM6644 switching regulator can source 384 mA RMS. 384 mA is also the peak load
current.

Example 2

Vin=25V, FB=VCC (Vout =3.47 V), Al_=192.5 mA (L = 33 uH, Fsw = 470 kHz).
High-side can withstand a load current of | opoprMs = 2164 mA.

Low-side can withstand a load current of | gaprus = 344 MA.

ILoaDRMs due to valley current limit = 446 mA.

As a result, I oaprms = 344 mA (limitation determined by the low-side RMS max. current).

The PM6644 switching regulator can source 344 mA RMS. The peak load current is 446
mA.

4
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4 Typical application configuration Vo1 =8 V

This section is intended as a guideline for all the measurements involving the PM6644
device with VIN =12V +5%, VOUT =8 V.

4.1 Test set configuration

The device-under-test (D.U.T.) has been mounted on the designed evaluation kit with the
following schematic and bill of materials.

Figure 23. Schematic and bill of materials

COMPONENT FOOTPRINTS
R1,R2,R3 0402

C3,C4 0402

C5 0805

C7 1206

L3mmx3 mm

PM6640 3 mm x 3 mm

ouT
~
16k c3 ST PM6640 }
R1 22p L = COILCRAFT LPS3314-333MLC
T 10 _
REF REF3 [SavF ca L C7=C1206C106J4RACTU

5 FB BYP [GvcC— 1 2 N 33u
g ER‘N o V\ﬁﬁ éVIN 1u |IIO 1 O|:I,\,\ﬁﬁ 20UT 1 =
ok GND W Sw L | D
R2 ;;M Ep 2 2 VOUT+
— —_— G5 1 c7 J4
: 1| 22u25v( ; 1| 100, 16V, |:|
Vin=t2 V5% VIN* 0? vouT-
Fsw=400 kHz |VIN 1 Vout=8 V
VIN = _|_—_1|:| Max load=300 mA
0
= VIN-
0 AM11782y1
4.2 Characterization report
Steady-state waveforms
Figure 24. No load Figure 25. Load =50 mA
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Figure 26. Load =100 mA. Switching frequency = Figure 27. Load =300 mA. Switching frequency =
370 kHz 410 kHz

AM11786v1

AM11787v1

4
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4.3 Efficiency vs. load (V|y=12V, Voyt=8 V)

The output voltage varies from 8.096 V at light load to 7.916 V at heavy load. Load
regulation = 180 mV.

Figure 29. Efficiency
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Figure 30. Load regulation
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Bias current

VIN =12.158 V VIN = 12.158 V
Vout = 8.150 V (externally forced) Vout=8.107 V
No switching No load, pulse skipping (820 Hz, double
pulses)
BYP = GND BYP = GND
IVIN = 126 pA IVIN = 444 yA
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5 Conclusion

The device regulates Vot = 8 V properly with the designed schematic and bill of material.
The 12 V input voltage range should have an accuracy of + 5%.

PCB design guidelines

The layout is very important in terms of efficiency, stability and system noise. It is possible to
refer to the PM6644 evaluation kit board for a complete layout example.

For good PC board layout, follow these guidelines:

® Place all the power components (inductors, input and output capacitors) on the top
side. Refer them to a ground plan, GND in an inner layer. Connect the exposed pad of
the PM6644 to the GND plan with vias (design a GND pad on the top side with the
same size as the exposed pad). On the top side connect the GND pin with a short trace
to the exposed pad.

® Place input capacitors close to the VIN pin, in order to minimize AC current drops
during high-side MOSFET turn-on. Add vias to the GND plan.

® Place the output capacitor close to the GND pin, in order to minimize AC current drops
during high-side and low-side MOSFET turn-on. Add vias to the GND plan.

® Place filtering capacitors close to pins REF3, BYP and VCC.

® Place the resistor near the TON pin in order to minimize parasitic capacitance on the
TON pin.

Figure 31. Recommended layout - top layer Figure 32. Recommended layout - inner layer

ST PM6640
B cnp
owl s “ove [STRR S ° 8’
Loy "o
~HeND & sw [ I
GND ° VIN

o I s
© out ©
Inner layer
Top layer

AM11792v AM11794v1

VOUT
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Figure 33. Recommended layout - bottom layer

Inner GND layer

AM11791v1
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6 Package mechanical data

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®
specifications, grade definitions and product status are available at: www.st.com.
ECOPACK® is an ST trademark.

Table 13. DFN10 (3x3 mm) mechanical data

mm
Dim.

Min. Typ. Max.
A 0.80 0.90 1.00
A1 0.02 0.05
A2 0.55 0.65 0.80

A3 0.20
0.18 0.25 0.30
D 2.85 3.00 3.15
D2 2.20 2.70
E 2.85 3.00 3.15
E2 1.40 1.75

e 0.50
L 0.30 0.40 0.50
ddd 0.08
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Figure 34. DFN10 (3x3 mm)
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Figure 35. DFN10 (3x3 mm) footprint
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Table 14. Document revision history

Date

Revision

Changes

19-Jun-2012

1

Initial release.

Doc ID 023203 Rev 1

4




PM6644

Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its subsidiaries (“ST”) reserve the
right to make changes, corrections, modifications or improvements, to this document, and the products and services described herein at any
time, without notice.

All ST products are sold pursuant to ST’s terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of the ST products and services described herein, and ST assumes no
liability whatsoever relating to the choice, selection or use of the ST products and services described herein.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted under this document. If any part of this
document refers to any third party products or services it shall not be deemed a license grant by ST for the use of such third party products
or services, or any intellectual property contained therein or considered as a warranty covering the use in any manner whatsoever of such
third party products or services or any intellectual property contained therein.

UNLESS OTHERWISE SET FORTH IN ST'S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY WITH RESPECT TO THE USE AND/OR SALE OF ST PRODUCTS INCLUDING WITHOUT LIMITATION IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS
OF ANY JURISDICTION), OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

UNLESS EXPRESSLY APPROVED IN WRITING BY TWO AUTHORIZED ST REPRESENTATIVES, ST PRODUCTS ARE NOT
RECOMMENDED, AUTHORIZED OR WARRANTED FOR USE IN MILITARY, AIR CRAFT, SPACE, LIFE SAVING, OR LIFE SUSTAINING
APPLICATIONS, NOR IN PRODUCTS OR SYSTEMS WHERE FAILURE OR MALFUNCTION MAY RESULT IN PERSONAL INJURY,
DEATH, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE. ST PRODUCTS WHICH ARE NOT SPECIFIED AS "AUTOMOTIVE
GRADE" MAY ONLY BE USED IN AUTOMOTIVE APPLICATIONS AT USER’S OWN RISK.

Resale of ST products with provisions different from the statements and/or technical features set forth in this document shall immediately void
any warranty granted by ST for the ST product or service described herein and shall not create or extend in any manner whatsoever, any
liability of ST.

ST and the ST logo are trademarks or registered trademarks of ST in various countries.

Information in this document supersedes and replaces all information previously supplied.

The ST logo is a registered trademark of STMicroelectronics. All other names are the property of their respective owners.
© 2012 STMicroelectronics - All rights reserved
STMicroelectronics group of companies

Australia - Belgium - Brazil - Canada - China - Czech Republic - Finland - France - Germany - Hong Kong - India - Israel - Italy - Japan -
Malaysia - Malta - Morocco - Philippines - Singapore - Spain - Sweden - Switzerland - United Kingdom - United States of America

www.st.com

KYI Doc ID 023203 Rev 1 35/35




	Table 1. Device summary
	1 Simplified application schematic
	Figure 1. VOUT = 3.47 V fixed configuration
	Figure 2. Adjustable VOUT configuration
	Figure 3. Pinout
	1.1 Pin description
	Table 2. Pin description

	1.2 Absolute maximum ratings
	Table 3. Absolute maximum ratings

	1.3 Thermal data
	Table 4. Thermal data

	1.4 Recommended operating conditions
	Table 5. Recommended operating conditions

	1.5 Electrical characteristics
	Table 6. Electrical characteristics

	1.6 Typical operating characteristics
	Figure 4. Efficiency vs. load
	Figure 5. Switching frequency vs. load
	Figure 6. VOUT vs. load
	Figure 7. VREF3 vs. output load
	Figure 8. Shutdown VIN current vs. VIN (EN=0 V)
	Figure 9. No load VIN current vs. VIN (EN=VIN)
	Figure 10. Power-up sequence, no load
	Figure 11. Power-up sequence, 69 W load
	Figure 12. Soft-end, no load
	Figure 13. Soft-end, 69 W load
	Figure 14. Load transient 0-200 mA
	Figure 15. VREF3 load regulation
	Figure 16. VREF3 line regulation
	Figure 17. VREF3 line transient
	Figure 18. Simplified block diagram


	2 Device description
	2.1 Switching regulator
	2.1.1 Output voltage set-up
	2.1.2 Constant-on-time control (COT)
	Figure 19. On-time generator
	Table 7. Frequency configurations

	2.1.3 PWM control
	Figure 20. Constant-on-time controller architecture

	2.1.4 Skip mode management
	Figure 21. Inductor current in skip mode

	2.1.5 Current sensing and current limit
	Figure 22. Current waveforms in current limit conditions

	2.1.6 Soft-start and soft-end
	2.1.7 Monitoring
	2.1.8 Overvoltage protection
	2.1.9 Undervoltage protection
	2.1.10 VCC undervoltage
	Table 8. Fault management summary

	2.1.11 VCC and BYP power management
	Table 9. VCC and BYP management (EN pin > 2 V)

	2.1.12 3.3 V linear regulator section (REF3)
	2.1.13 General fault management: thermal protection


	3 Application information
	3.1 External component selection
	3.1.1 Inductor selection
	Table 10. Inductor part number

	3.1.2 Input capacitor selection
	Table 11. Input capacitor part numbers

	3.1.3 Output capacitor selection
	Table 12. Output capacitor part number

	3.1.4 Maximum RMS output current


	4 Typical application configuration VOUT = 8 V
	4.1 Test set configuration
	Figure 23. Schematic and bill of materials

	4.2 Characterization report
	Figure 24. No load
	Figure 25. Load = 50 mA
	Figure 26. Load = 100 mA. Switching frequency = 370 kHz
	Figure 27. Load = 300 mA. Switching frequency = 410 kHz
	Figure 28. Load step = 0 to 300 mA

	4.3 Efficiency vs. load (VIN = 12 V, VOUT = 8 V)
	Figure 29. Efficiency
	Figure 30. Load regulation


	5 Conclusion
	Figure 31. Recommended layout - top layer
	Figure 32. Recommended layout - inner layer
	Figure 33. Recommended layout - bottom layer

	6 Package mechanical data
	Table 13. DFN10 (3x3 mm) mechanical data
	Figure 34. DFN10 (3x3 mm)
	Figure 35. DFN10 (3x3 mm) footprint

	7 Revision history
	Table 14. Document revision history


