MICROCHIP

MCP1650/51/52/53

750 kHz Boost Controller

Features

» Output Power Capability Over 5 Watts

» Output Voltage Capability From 3.3V to Over
100V

e 750 kHz Gated Oscillator Switching Frequency

» Adaptable Duty Cycle for Battery or Wide-Input,
Voltage-Range Applications

* Input Voltage Range: 2.0V to 5.5V
» Capable of SEPIC and Flyback Topologies
* Shutdown Control with 15 < 0.1 pA (Typical)
* Low Operating Quiescent Current: I = 120 pA
» Voltage Feedback Tolerance (0.6%, Typical)
» Popular MSOP-8 Package
» Peak Current Limit Feature
» Two Undervoltage Lockout (UVLO) Options:
- 2.0V or 2.55V
» Operating Temperature Range: -40°C to +125°C

Applications

» High-Power Boost Applications

» High-Voltage Bias Supplies

« White LED Drivers and Flashlights
 Local 3.3V to 5.0V Supplies
 Local 3.3V to 12V Supplies

» Local 5.0V to 12V Supplies

» LCD Bias Supply

Package Types

Description

The MCP1650/51/52/53 is a 750 kHz gated oscillator
boost controller packaged in an 8 or 10-pin MSOP
package. Developed for high-power, portable applica-
tions, the gated oscillator controller can deliver 5 watts
of power to the load while consuming only 120 pA of
quiescent current at no load. The MCP1650/51/52/53
can operate over a wide input voltage range (2.0V to
5.5V) to accommodate multiple primary-cell and single-
cell Li-lon battery-powered applications, in addition to
2.8V, 3.3V and 5.0V regulated input voltages.

An internal 750 kHz gated oscillator makes the
MCP1650/51/52/53 ideal for space-limited designs.
The high switching frequency minimizes the size of the
external inductor and capacitor, saving board space
and cost. The internal oscillator operates at two differ-
ent duty cycles depending on the level of the input volt-
age. By changing duty cycle in this fashion, the peak
input current is reduced at high input voltages, reducing
output ripple voltage and electrical stress on power
train components. When the input voltage is low, the
duty cycle changes to a larger value in order to provide
full-power capability at a wide input voltage range
typical of battery-powered, portable applications.

The MCP1650/51/52/53 was designed to drive external
switches directly using internal low-resistance
MOSFETSs.

Additional features integrated on the MCP1650/51/52/
53 family include peak input current limit, adjustable
output voltage/current, low battery detection and
power-good indication.
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MCP1650/51/52/53

MCP1650 Block Diagram
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MCP1650/51/52/53

MCP1651/2/3 Block Diagram
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MCP1650/51/52/53

Timing Diagram
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MCP1650/51/52/53

1.0 ELECTRICAL

CHARACTERISTICS

Absolute Maximum Ratings 1

V|N TO GND ot 6.0V
CS,FB,LBI,LBO,SHDN,PG,EXT............ GND-0.3Vto
Vin + 0.3V
Current at EXT Pin ..oooviiiiieeeee e +1A
Storage temperature ...........cccceeeeennne -65°C to +150°C
Operating Junction Temperature........ -40°C to +125°C
ESD protection on all pins ...........ccccoeveneee. >4 kV HBM

DC CHARACTERISTICS

t Notice: Stresses above those listed under “Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only and functional operation of the device at
those or any other conditions above those indicated in the
operational listings of this specification is not implied. Expo-
sure to maximum rating conditions for extended periods may
affect device reliability.

Electrical Specifications: Unless otherwise noted, all parameters apply at Vy = +2.7V to +5.5V, SHDN = High,
T;=-40°C to +125°C. Typical values apply for V|y = 3.3V, Ty +25°C.
Parameters Sym ‘ Min ‘ Typ | Max ‘ Units | Conditions
Input Characteristics
Supply Voltage VN 2.7 — 55 \Y
Undervoltage Lockout UVLO 2.4 2.55 2.7 \Y, V| rising edge
(S Option)
Under Voltage Lockout UVLO 1.85 2.0 2.15 \ V| rising edge
(R Option)
Undervoltage Hysteresis UVLOyyst | — 117 — mV
Shutdown Supply Current Ishp — 0.001 1 HA SHDN = GND
Quiescent Supply Current lo — 120 220 A EXT = Open
Soft Start Time Tss — 500 — ps
Feedback Characteristics
Feedback Voltage Vep 1.18 1.22 1.26 \Y, All conditions
Feedback Comparator Viys — 12 23 mV
Hysteresis
Feedback Input Bias Current IEBIK -50 — 50 nA  |Vgg <13V
Current Sense Input
Current Sense Threshold ISNS-TH 75 114 155 mvV
Delay from Current Sense to Tdly ISNs — 80 — ns
Output
Ext Drive
EXT Driver ON Resistance RuiGH — 8 18 Q
(High Side)
EXT Driver ON Resistance Riow — 4 12 Q
(Low Side)
Oscillator Characteristics
Switching Frequency Fosc 650 750 850 kHz
Low Duty Cycle Switch-Over Vi owbDuty — 3.8 — \ V| rising edge
Voltage
Duty Cycle Switch Voltage DChyst — 92 — mV
Hysteresis
Low Duty Cycle DCow 50 56 62 %
High Duty Cycle DCHlGH 72 80 88 %
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MCP1650/51/52/53

DC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise noted, all parameters apply at V,y = +2.7V to +5.5V, SHDN = High,
T;=-40°C to +125°C. Typical values apply for V|5 = 3.3V, Tp +25°C.

Parameters ‘ Sym ‘ Min ‘ Typ | Max ‘ Units | Conditions
Shutdown Input
Logic High Input VIN-HIGH 50 — — % of VN
Logic Low Input VN-Low — — 15 |%of Vg
Input Leakage Current ISHDN — 5 100 nA SHDN=V|
Low Battery Detect (MCP1651/MCP1653 Only)
Low Battery Threshold LBlty 1.18 1.22 1.26 \ LBI Input falling (All Conditions)
Low Battery Threshold LBlrynys 95 123 145 mvV
Hysteresis
Low Battery Input Leakage I g — 10 — nA Vi g =2.5V
Current
Low Battery Output Voltage Vieo — 53 200 mV |l g SINK=3.2mA, V g =0V
Low Battery Output Leakage ITYe) — 0.01 1 MA |V g =5.5V, Vigg =5.5V
Current
Time Delay from LBI to LBO Tpb 1BO — 70 — ps Lg, Transitions from

LBlTH + 0.1V to LBlTH -0.1v

Power Good Output (MCP1652/MCP1653 Only)
Power Good Threshold Low VpGTH-L -20 -15 -10 % Referenced to Feedback Voltage
Power Good Threshold High VpGTH-H +10 +15 +20 % Referenced to Feedback Voltage
Power Good Threshold VpGTH-HYS — 5 — % Referenced to Feedback Voltage
Hysteresis (Both Low and High Thresholds)
Power Good Output Voltage VeGouT — 53 200 mV | lpg SINK=3.2 mA, Vg = 0V
Time Delay from Vg out of Tb pc — 85 — ps Vgg Transitions from
regulation to Power Good VegTH + 0.1V t0 Vgt -0.1V
Output transition

TEMPERATURE SPECIFICATIONS

Electrical Specifications: Unless otherwise noted, all parameters apply at V|y = +2.7V to +5.5V, SHDN = High,
Tp =-40°C to +125°C. Typical values apply for V,y = 3.3V, Tp = +25°C.

Parameters ‘ Sym ‘ Min | Typ ‘ Max | Units ‘ Conditions

Temperature Ranges

Storage Temperature Range Ta -40 — +125 °C

Operating Junction Temperature T; -40 — +125 °C | Continuous

Range

Thermal Package Resistances

Thermal Resistance, MSOP-8 03a — 208 — °C/W | Single-Layer SEMI G42-88
Board, Natural Convection

Thermal Resistance, MSOP-10 03a — 113 — °C/W |4-Layer JC51-7 Standard Board,
Natural Convection
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MCP1650/51/52/53

2.0 TYPICAL PERFORMANCE CURVES

Note:  The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.

Note: Unless otherwise indicated, V| = 3.3V, Vgoyurt = 12V, C;y = 10 puF (X5R or X7R Ceramic), Coyt = 10 uF (X5R or X7R),

lout = 10 MA, L = 3.3 pH, SHDN >V, Ty = +25°C.
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MCP1650/51/52/53

Note: Unless otherwise indicated, V,y = 3.3V, VOUT = 12V, Cy = 10 uF (x5R or X7R Ceramic), Coyr = 10 uF (X5R or X7R),

lout = 10 MA, L = 3.3 uH, SHDN > V}y, Ta = +25°C.
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MCP1650/51/52/53

Note: Unless otherwise indicated, V,y = 3.3V, VOUT = 12V, Cjy = 10 uF (X5R or X7R Ceramic), Cout = 10 UF (X5R or X7R),

lou = 10 MA, L = 3.3 uH, SHDN > V), Tp = +25°C.
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MCP1650/51/52/53

Note: Unless otherwise indicated, V,y = 3.3V, VOUT = 12V, Cy = 10 uF (x5R or X7R Ceramic), Coyr = 10 uF (X5R or X7R),
lout = 10 MA, L = 3.3 uH, SHDN > V}y, Ta = +25°C.
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MCP1650/51/52/53

Note: Unless otherwise indicated, V,y = 3.3V, VOUT = 12V, Cjy = 10 uF (X5R or X7R Ceramic), Cout = 10 UF (X5R or X7R),

lout = 10 MA, L = 3.3 uH, SHDN > V., T = +25°C.
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MCP1650/51/52/53

3.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN FUNCTION TABLE
Pin No. Pin No. Pin No. Pin No. Symbol Function
MCP1650 | MCP1651 | MCP1652 | MCP1653
1 1 1 1 EXT External Gate Drive
2 2 2 2 GND Ground
3 3 3 3 CS Current Sense
4 4 4 4 FB Feedback Input
5 5 5 6 SHDN | Shutdown
— 6 — 7 LBI Low Battery Input
— 7 — 8 LBO Low Battery Output
— — 9 PG Power Good Output
8 8 10 ViN Input Voltage

3.1 External Gate Drive (EXT)

EXT is the output pin that drives the external N-channel
MOSFET on and off during boost operation. EXT is
equal to GND for SHDN or UVLO conditions.

3.2 Circuit Ground (GND)

Connect the GND pin to circuit ground. See layout
guidelines for suggested grounding physical layout.

3.3 Current Sense (CS)

Input peak current is sensed on CS through the exter-
nal current sense resistor. When the sensed current is
converted to a voltage, the current sense threshold is
122 mV below Vy typical. If that threshold is exceeded,
the pulse is terminated asynchronously.

3.4 Feedback Input (FB)

Connect output voltage of boost converter through
external resistor divider to the FB pin for voltage
regulation. The nominal voltage that is compared to this
input for pulse termination is 1.22V.

35 Shutdown Input (SHDN)

The SHDN input is used to turn the boost converter on
and off. For normal operation, tie this pin high or to V.
To turn off the device, tie this pin to low or ground.

3.6 Low Battery Input (LBI)

LBI is the input pin for the low battery comparator.
When the voltage on this pin falls below the nominal
1.22V threshold setting, the LBO (Low Battery Output)
open-drain is active-low.

3.7 Low Battery Output (LBO)

LBO is an active-low, open-drain output capable of
sinking 10 mA when the LBI pin is below the threshold
voltage. LBO is high-impedance during SHDN or UVLO
conditions.

3.8 Power Good (PG)

PG is an active-high, open-drain output capable of
sinking 10 mA when the FB input pin is 15% below its
typical value or more than 15% above its typical value,
indicating that the output voltage is out of regulation.
PG is high impedance during SHDN or UVLO
condition.

3.9 Input Voltage (V|n)

V) is an input supply pin. Tie 2.7V to 5.5V input power
source.

DS21876B-page 12
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MCP1650/51/52/53

4.0 DETAILED DESCRIPTION

4.1 Device Overview

The MCP1650/51/52/53 is a gated oscillator boost
controller. By adding an external N-channel MOSFET,
schottky diode and boost inductor, high-output power
applications can be achieved. The 750 kHz hysteretic
gated oscillator architecture enables the use of small,
low-cost external components. By using a hysteretic
approach, no compensation components are
necessary for the stability of the regulator output.

Output voltage regulation is accomplished by
comparing the output voltage (sensed through an
external resistor divider) to a reference internal to the
MCP1650/51/52/53. When the sensed output voltage
is below the reference, the EXT pin pulses the external
N-channel MOSFET on and off at the 750 kHz gated
oscillator frequency. Energy is stored in the boost
inductor when the external N-channel MOSFET is on
and is delivered to the load through the external
Schottky diode when the MOSFET is turned off.
Several pulses may be required to deliver enough
energy to pump the output voltage above the upper
hysteretic limit. Once above the hysteretic limit, the
internal oscillator is no longer gated to the EXT pin and
no energy is transferred from input to output.

The peak current in the MOSFET is sensed to limit its
maximum value. As with all boost topology converters,
even though the MOSFET is turned off, there is still a
DC path through the boost inductor and diode to the
load. Additional protection circuity, such as fuses, are
recommended for short circuit protection.

4.2 Input Voltage

The range of input voltage for the MCP1650/51/52/53
family of devices is specified from 2.7V to 5.5V. For the
S-option devices, the undervoltage lockout (UVLO)
feature will turn the boost controller off once the input
voltage falls below 2.55V, typical. For the R-option
devices, the UVLO is set to 2.0V. The R-option devices
are recommended for use when “bootstrapping” the
output voltage back to the input. The input of the
MCP1650/51/52/53 device is supplied by the output
voltage during boost operation. This can be used to
derive output voltages from input voltages that start up
at approximately 2V (2-cell alkaline batteries).

4.3 Fixed Duty Cycle

The MCP1650/51/52/53 family utilizes a unique two-
step maximum duty cycle architecture to minimize input
peak current and improve output ripple voltage for wide
input voltage operating ranges. When the input voltage
is below 3.8V, the duty cycle is typically 80%. For input
voltages above 3.8V, the duty cycle is typically 56%. By
decreasing the duty cycle at higher input voltages, the
input peak current is reduced. For low input voltages, a
longer duty cycle stores more energy during the on-
time of the boost MOSFET. For applications that span
the 3.8V input range, the inductor value should be
selected to meet not only the minimum input voltage at
80% duty cycle, but 3.8V at 56% duty cycle as well.
Refer to Section 5.0 “Application Circuits/Issues”
for more information about selecting inductor values.

4.4 Shutdown Input Operation

The SHDN pin is used to turn the MCP1650/51/52/53
on and off. When the SHDN pin is tied low, the
MCP1650/51/52/53 is off. When tied high, the
MCP1650/51/52/53 will be enabled and begin boost
operation as long as the input voltage is not below the
UVLO threshold.

4.5 Soft-Start Operation

When power is first applied to the MCP1650/51/52/53,
the internal reference initialization is controlled to slow
down the start-up of the boost output voltage.This is
done to reduce high inrush current required from the
source. High inrush currents can cause the source
voltage to drop suddenly and trip the UVLO threshold,
shutting down the converter prior to it reaching steady-
state operation.

4.6 Gated Oscillator Architecture

A 750 kHz internal oscillator is used as the base
frequency of the MCP1650/51/52/53. The oscillator
duty cycle is typically 80% when the input voltage is
below a nominal value of 3.8V, and 56% when the
input voltage is above a nominal value of 3.8V. Two
duty cycles are provided to reduce the peak inductor
current in applications where the input voltage varies
over a wide range. High-peak inductor current results
in undesirable high-output ripple voltages. For
applications that have input voltage that cross this
3.8V boundary, both duty cycle conditions need to be
examined to determine which one has the least
amount of energy storage. Refer to Section 5.0
“Application Circuits/Issues” for more information
about design considerations.
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4.7 FB Pin

The output voltage is fed back through a resistor divider
to the FB pin. It is then compared to an internal 1.22V
reference. When the divided-down output is below the
internal reference, the internal oscillator is gated on
and the EXT pin pulses the external N-channel
MOSFET on and off to transfer energy from the source
to the load at 750 kHz. This will cause the output volt-
age to rise until it is above the 1.22V threshold, thereby
gating the internal oscillator off. Hysteresis is provided
within the comparator and is typically 12 mV. The rate
at which the oscillator is gated on and off is determined
by the input voltage, load current, hysteresis voltage
and inductance. The output ripple voltage will vary
depending on the input voltage, load current,
hysteresis voltage and inductance.

4.8 PWM Latch

The gated oscillator is self-latched to prevent double
and sporadic pulsing. The reset into the latch is asyn-
chronous and can terminate the pulse during the on-
time of the duty cycle. The reset can be accomplished
by the feedback voltage comparator or the current limit
comparator.

4.9 Peak Inductor Current

The external switch peak current is sensed on the CS
pin across an optional external current sense resistor.
If the CS pin falls more than 122 mV (typical) below
VN, the current limit comparator is set and the pulse is
terminated. This prevents the current from getting too
high and damaging the N-channel MOSFET. In the
event of a short circuit, the switch current will be low
due to the current limit. However, there is a DC path
from the input through the inductor and external diode.
This is true for all boost-derived topologies and addi-
tional protection circuitry is necessary to prevent
catastrophic damage.

4,10 EXT Output Driver

The EXT output pin is designed to directly drive
external N-channel MOSFETs and is capable of
sourcing 400 mA (typical) and sinking 800 mA (typical)
for fast on and off transitions. The top side of the EXT
driver is connected directly to V,y, while the low side of
the driver is tied to GND, providing rail-to-rail drive
capability. Design flexibility is added by connecting an
external resistor in series with the N-channel MOSFET
to control the speed of the turn on and off. By slowing
the transition speed down, there will be less high-
frequency noise. Speeding the transition up produces
higher efficiency.

4.11 Low Battery Detect

The Low-Battery Detect (MCP1651 and MCP1653
only) feature can be used to determine when the LBI
input voltage has fallen below a predetermined
threshold. The low-battery detect comparator
continuously monitors the voltage on the LBI pin. When
the voltage on the LBI pin is above the 1.22V + 123 mV
hysteresis, the LBO pin will be high-impedance (open-
drain). When in the high-impedance state, the leakage
current into the LBO pin is typically less than 0.1 pA. As
the voltage on the LBI pin decreases and is lower than
the 1.22V typical threshold, the LBO pin will transition
to a low state and is capable of sinking up to 10 mA.
123 mV of hysteresis is provided to prevent chattering
of the LBO pin as a result of battery input impedance
and boost input current.

4.12 Power Good Output

The Power Good Output feature (MCP1652 and
MCP1653 only) monitors the divided-down voltage
feedback into the FB pin. When the output voltage falls
more than 15% (typical) below the regulated set point,
the power good (PG) output pin will transition from a
high-impedance state (open-drain) to a low state
capable of sinking 10 mA. If the output voltage rises
more than 15% (typical) above the regulated set point,
the PG output pin will transition from high to low.

4.13 Device Protection

4131 OVERCURRENT LIMIT

The Current Sense (CS) input pin is used to sense the
peak input current of the boost converter. This can be
used to limit how high the peak inductor current can
reach. The current sense feature is optional and can be
bypassed by connecting the V,y input pin to the CS
input pin. Because of the path from input through the
boost inductor and boost diode to output, the boost
topology cannot support a short circuit without
additional circuitry. This is typical of all boost regulators.

DS21876B-page 14
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5.0 APPLICATION CIRCUITS/
ISSUES

51 Typical Applications

The MCP1650/51/52/53 boost controller can be used in
several different configurations and in many different
applications. For applications that require minimum
space, low cost and high efficiency, the MCP1650/51/
52/53 product family is a good choice. It can be used in
boost, buck-boost, Single-Ended Primary Inductive
Converters (SEPIC), as well as in flyback converter
topologies.

511 NON-BOOTSTRAP BOOST
APPLICATIONS

Non-bootstrap applications are typically used when the
output voltage is boosted to a voltage that is higher
than the rated voltage of the MCP1650/51/52/53. For
non-bootstrap applications, the input voltage is
connected to the boost inductor through the optional
current sense resistor and the V,\ pin of the MCP1650/
51/52/53. For this type of application, the S-option
devices (UVLO at 2.55V, typical) should be used. The
gated oscillator duty cycle will be dependant on the
value of the voltage on V). If V| > 3.8V, the duty cycle
will be 56%. If V| < 3.8V, the duty cycle will be 80%.

In non-bootstrap applications, output voltages of over
100V can be generated. Even though the MCP1650/
51/52/53 device is not connected to the high boost
output voltage, the drain of the external MOSFET and
reverse voltage of the external Schottky diode are
connected. The output voltage capacitor must also be
rated for the output voltage.

3.3V to 12V 100 mA Boost Converter

Boost MOSFET/Schottky
Comblnatlon Device
Inductor — — —q Vour = 12V
33 uH lour = 0 to 100 mA

290.9kQ | Cour

Rsense
VWA
0.05Q
Vin cs
8]|® 3]
GND 2 McP1650 [T1EXT
Input é 1 FB
Voltage — 10 uF 5 141
3.3V £10%
T Ul e
(o™ >

A |

I |

i | 10 uF
ECeramic

L — — — 1

ilo kQ

FIGURE 5-1:

Typical Non-Bootstrap Application Circuit (MCP1650/51/52/53).
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51.2 BOOTSTRAP BOOST
APPLICATIONS

For bootstrap configurations, the higher-regulated
boost output voltage is used to power the MCP1650/
51/52/53. This provides a constant higher voltage used
to drive the external MOSFET. The R-option devices
(UVLO < 2.0V) can be used for applications that need

to start up with the input voltage below 2.7V. For this
type of application, the MCP1650/51/52/53 will start off
of the lower 2.0V input and begin to boost the output up
to its regulated value. As the output rises, so does the
input voltage of the MCP1650/51/52/53. This provides
a solution for 2-cell alkaline inputs for output voltages
that are less than 6V.

Li-lon Input to 5.0V 1A Regulated Output (Bootstrap) with MCP1652 Power Good Output

Schottky Diode

Vout = 5V

m ) N lout = 1A

% 100 v
g ]|e 3
MCP1652 EXT | N-Channel
[1] MOSFET
—0-1 uF — 3.00kQS c
Input—— ¢, | SHDN 5 7 1FB > out
Voltage —7 | ¢ 4] 4TyF
2.8Vto 4. 2V NC Ceramic
0.1Q
Shutdown
Power Good Output tkag
A4
FIGURE 5-2: Bootstrap Application Circuit MCP1650/51/52/53.

513 SEPIC CONVERTER
APPLICATIONS

In many applications, the input voltage can vary above
and below the regulated output voltage. A standard
boost converter cannot be used when the output volt-
age is below the input voltage. In this case, the
MCP1650/51/52/53 can be used as a SEPIC controller.
A SEPIC requires 2 inductors or a single coupled
inductor, in addition to an AC coupling capacitor. As

with the previous boost-converter applications, the
SEPIC converter can be used in either a bootstrap or
non-bootstrap configuration. The SEPIC converter can
be a very popular topology for driving high-power
LEDs. For many LEDs, the forward voltage drop is
approximately 3.6V, which is between the maximum
and minimum voltage range of a single-cell Li-lon
battery, as well as 3 alkaline or nickel metal batteries.

Li-lon Input to 3.6V 3W LED Driver (SEPIC Converter)

4.7 pF Schottky Diode

Inputi C

33 pH louT = 1A
YN . Il . N
11 V1
V'NI? ° 315
1© ] N-Channel Cour
o " NDr>1 [ mcp1651 [71EXT MOSFET 4 = 47uF
SHDN o FB 33uHY 249k Ceramic
Voltage — 4 HIE_ l 2 4 G
28Vt042V T c[®] 71P J
J o™ ~z# io-m
Dimming Capability E\IQID
1kQ 3
Power Good Output r

iO.ZQ

FIGURE 5-3: SEPIC Converter Application Circuit MCP1650/51/52/53.
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5.2 Design Considerations

When developing switching power converter circuits,
there are numerous things to consider and the
MCP1650/51/52/53 family is no exception. The gated
oscillator architecture does provide a simple control
approach so that stabilizing the regulator output is an
easier task than that of a fixed-frequency regulator.

The MCP1650/51/52/53 controller utilizes an external
switch and diode allowing for a very wide range of
conversion (high voltage gain and/or high current gain).

There are practical, as well as power-conversion,
topology limitations. The MCP1650/51/52/53 gated
oscillator hysteretic mode converte