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XTRM Series
XTR30010

HIGH-TEMPERATURE PWM CONTROLLERS FAMILY

FEATURES

A Supply voltage up to 50V.

A Operational beyond the -60°C to +230°C temperature
range.

A Monolithic PWM controller.

A Internal linear regulator with under voltage lockout (ULVO).

A Input voltage feed-forward.

A Selectable asynchronous and pulse-skip modes.

A Selectable output signal polarity: active HIGH or LOW.

A Resistor programmable maximum duty cycle.

A Programmable integrated oscillator with synchronizing ca-
pability.

A Resistor-programmable soft-start period.

A Power-good (PGood) flag.

A Programmable over-current protection level.

A Programmable polarity of over-current protection.

A Programmable minimum duty-ratio in pulse-skip mode.

A Voltage tracking capabilities.

A Shut-down mode.

A Interleaved mode for push-pull architectures.

A Forced bootstrap capacitor pre-charge mode.

A Latch-up free.

A Ruggedized SMT and thru-hole packages.

A Also available as bare die.

APPLICATIONS

A Reliability-critical, Automotive, Aeronautics & Aerospace,
Down-hole.

A DC/DC converters, point-of-load power converters, switch-
ing power supplies, PWM control.

PRODUCT HIGHLIGHT

DESCRIPTION

XTR30010 is a family of small footprint PWM controllers de-
signed for extreme reliability and high temperature applications
such as DC/DC converters and PWM control. Being able to op-
erate from input voltages as high as 50V, XTR30010 PWM con-
trollers can run at frequencies as high as 800kHz, allowing the
use of small footprint and low-cost external passive components.
Functionality features include internal oscillator and voltage ref-
erence, programmable soft-start, voltage tracking, synchroniza-
tion capability, over-current protection and power-good flag.
Special design techniques were used to allow the XTR30010
parts to offer a precise, robust and reliable operation in critical
applications. Full functionality is guaranteed from -60°C to
+230°C, though operation well below and above this temperature
range is achieved.

Parts from the XTR30010 family have all functional features to
operate in buck, boost, buck-boost, flyback and push-pull modes.
Standard packaging options range from full-featured 24-lead
packages to small footprint 8-lead packages.

XTR30010 family parts have been designed to reduce system
cost and ease adoption by reducing the learning curve and
providing smart and easy to use features.

Parts from the XTR30010 family are available in ruggedized SMT
and thru-hole packages. Parts are also available as bare dies.
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ORDERING INFORMATION
X TR 30 010
\ \ N \
Source: Process: Part family Part number
X = X-REL Semi TR = HiTemp, HiRel
Product Reference Temperature Range Package Pin Count Marking
XTR30010-BD -60°C to +230°C Bare die XTR30010
XTR30010-TD -60°C to +230°C Tested bare die XTR30010
XTR30011-S -60°C to +230°C Ceramic SOIC 24 XTR30011
XTR30011-D -60°C to +230°C Ceramic side braze DIP 24 XTR30011
XTR30012-F -60°C to +230°C Ceramic flat pack 16 XTR30012
XTR30012-D -60°C to +230°C Ceramic side braze DIP 16 XTR30012
XTR30014-S -60°C to +230°C Ceramic SOIC 24 XTR30014
XTR30014-D -60°C to +230°C Ceramic side braze DIP 24 XTR30014
XTR30015-D -60°C to +230°C Ceramic side braze DIP 8 XTR30015
XTR30016-D -60°C to +230°C Ceramic side braze DIP 8 XTR30016
XTR30017-FE -60°C to +230°C Gull-wing flat pack with ePad 10 XTR30017

Other packages and packaging configurations possible upon request. For some packages or packaging configurations, MOQ

may apply.
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. SEMICONDUCTOR

ABSOLUTE MAXIMUM RATINGS

Voltage on VIN, SWT, OCS, SW or ENABLE to ground -0.5 to 60V

Voltage on any pin to ground -0.5t0 6.0V

Storage temperature range -70°C to +230°C
Operating junction temperature range -70°C to +300°C

ESD classification 1kV HBM MIL-STD-883

Caution: Stresses beyond those listed in “ABSOLUTE MAXIMUM RATINGS” may cause permanent damage to the device. These
are stress ratings only and functionality of the device at these or any other condition beyond those indicated in the operational sec-
tions of the specifications is not implied. Exposure to “ABSOLUTE MAXIMUM RATINGS” conditions for extended periods may
permanently affect device reliability.
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Die-level block diagram showing all available functionalities and bond-pads. Arrows aside pad names indicate whether the
input is internally pulled up or down by default. Different functionalities are available depending upon packaging configura-
tion. Carefully read sections “Available Functionalities for Each Packaging Family” and “Theory of Operation” in order to se-
lect the packaging option that best fits your needs.
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SEMICONDUCTOR
PIN DESCRIPTION
Name Description Pin Number
XTR30011 XTR30012 XTR30014 XTR30015 XTR30016 XTR30017
/LPMode Operation in low-power mode when driven LOW. 1 [ 2 — ) 1 [2 — ) — ) — )
IntrlvMode Operation in interleaved mode when driven HIGH. — [2 16 [2 2 [ — [ — [ — [2
GND Ground. 2 1 — — — —
ENABLE Enables PWM cor]trol_ler operation when driven HIGH. When driven 3 2 3 1 1 1
low, the part remains in shutdown mode.
Saw-tooth slope programming terminal. Connect to a positive
SWT supply directly or through an external resistor. Connection to VIN 4 3 4 2 2 2

provides supply feed forward compensation. To connect SWT to
VIN, use a minimum 100Q resistor.

Direct access to the saw-tooth slope programming capacitor allow-
SWT_bis ing current mode control. Connect to a positive supply through a — — — — — 2
current generator or an external resistor.

Supply voltage. A minimum capacitor of 0.1uF must be connected
VIN from this node to ground. This pin supplies the internal voltage 5 3 5 2 2 3
reference and linear regulator.

Power good flag. Pulled-down when FB is outside a given range or
in an overcurrent event and pulled-up to VDD (internal 600k
PGood resistor) after soft-start sequence has successfully finished. Pull-up 6 ) 4 )] 6 N — [\ — ] — [ )]
can be reinforced by connecting an external resistor between
PGood and VDD.

FB Feedback pin of the control loop. Inverting input of error amplifier. 7 5 7 3 3 4

Soft-start and track input. An external resistor from this node to
SSITR ground can be used to increase the soft-start period. When driven 8
by an external analog voltage lower than Vref, voltage tracking
mode can be used.

Pulse-skipping threshold. Sets the minimum error amplifier output
PSkipTh that makes the controller enter in pulse-skipping mode 9 — 9 — — —
(PSkipEnbl=1).

COMP Output_ of error amplifier. This node should not see any resistive 10 6 10 4 4 5
load with a DC path.

PSkipEnbl Enables operation in pulse-skipping mode when driven HIGH. 1 () 7 () 11 N — [ — [2 — ()

CKOUT Output of internal oscillator. It can be used to synchronize cascaded 12 _ 12 _ _ _
controllers.

Sets the switching frequency. When driven by an external square
signal, synchronizes the internal oscillator to this signal. Any exter-

RT/SYNC nal parasitic capacitance on this node decreases the nominal 13 8 13

frequency.

Sets the operating polarity of the output drivers. When driven HIGH,
HDrv is HIGH when active. When driven LOW, HDrv is LOW when _ _ _ _ _ _
DrvPOL active. Only available at bare die level or in packaging upon re- * * * A o A
quest.

PWM duty-cycle limiting function. It fixes the upper limit of the error
amplifier output “COMP”. If COMP exceeds this limit, the input of
the error amplifier will be internally clamped to the voltage present
DCLimit on DCLIM. Clamping level can be adjusted with an external resistor 14 — 14 — — —
to GND. Internally set to 2/5 of VDD across a 100k resistor. Leave it
floating for default mode or connect to VDD to disable its function-
ality.

Sets the polarity of the over-current protection threshold. Negative
OCPMode when driven HIGH (buck) and positive when driven LOW (boost, 15 ) 9 ) — (7 — "N (7 [ ]
flyback, push-pull).

Sets the operating frequency range of the internal oscillator.

FREQ FREQ=0 => lower range; FREQ=1 => upper range. Only available | — ) — ) — [ — ) — [ — v
at bare die level or in packaging upon request.

GND Ground. — — 15 5 5

PGND Power ground used by the output drivers. Set to same potential 16 10 16 5 5

than GND through a star-like connection of the respective planes.

When OCPMode=1, AsyncEnbl allows operation in asynchronous
mode when driven HIGH. When driven LOW, the controller oper-
ates only in synchronous mode except if pulse-skipping mode is
AsyncEnbl active. AsyncEnbl also interacts with OCPMode in order to control 17 p — L) 17 L) — 07 — v — L)
activity of LDrv. Read a more detailed description of the functionali-
ty of this pin in the “Internal Blocks and Functional Features” section
of this datasheet.

Sensing input of the over-current protection, referred to PGND.
Parasitic capacitance between this node and noisy nodes must be
minimized at PCB level.

ocs In buck (step-down) mode (OCPMode=1), connect OCS to VDD if 18 1 18 2 6 7
not used.

In boost, flyback, push-pull modes (OCPMode=0), connect OCS to
GND if not used.

Output for the synchronous rectifier transistor driver. In interleaved _
LDrv/ ADrv mode, ADrv is the output having the first activity. 19 12 19 6 8

Feedback from switching node for operation in asynchronous mode,
if enabled. It is also used for current sense sampling in buck mode
sw (OCPMode=1). Connect to VIN or VDD if not used. Read a more 20 13 20 — " — L) — L)
detailed description of the functionality of this pin in the “Internal
Blocks and Functional Features” section of this datasheet.

Output for the main switch transistor driver. In interleaved mode,

HDrv/BDrv BDrv is the output having the second activity.

21 14 21 7 7 9

PVDD Power supply of the output buffers. A minimum capacitor of 0.1uF 22
must be connected from this node to ground.

Output of the internal linear regulator. This pin supplies the internal
VDD circuitry and can supply PVDD if externally connected. A minimum 23 15 23 8 8 10
capacitor of 0.1puF must be connected from this node to ground.

Auxiliary input to bypass the internal linear regulator in low-power
vouT mode whenever an external 5V supply exists. Connect to VDD or 24 - 24 —_ - —
leave floating if not used.

! Arrows aside pin numbers indicate if the pin is internally pulled up or down for the given packaging option.
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SEMICONDUCTOR
RECOMMENDED OPERATING CONDITIONS
Parameter Min Typ Max Units
\Slupply voltage 6 50 v
IN
Voltage on SWT, ENABLE, 0 v
SW?, OCS? ™ %
Voltage on digital inputs to
GND.
/LPMode, PSkipEnbl, 0 Voo v
AsyncEnbl, IntriMode,
OCPMode, DrvPOL, FREQ
Voltage on VOUT input to
GND. 4.5 5 5.5 \
3
Voltage on DCLimit 0.5 2 v

(internally set)
DCLimit-0.3 | V

0.2

. 4
Voltage on PSkipTh (internally set)

Operating Frequency

Fo
| m | o
6
_Clgase Temperature 60 230 °C
C

! Operation with input voltage 5V possible with bypassing of the internal linear regulator (VIN shorted to VDD).
During transient operation, SW and OCS can reach values under 0V and above VIN. Extreme values are limited by internal clamping
diodes to GND and to VIN.

8 Theoretically, DCLimit can be set to any voltage from 0.5V (internal threshold) to VDD. DCLimit above 2V has no effect on the maxi-
mum duty cycle limitation. The default threshold if DCLimit leave floating is 2/5VDD. DClimit can be connected to VDD to deactivate its
functionality (deactivation of the volt-second clamp).

PSkipTh must be at least 300mV below DCLimit. PSkipTh has an internally set value of 200mV.
The frequency of the internal clock generator can be changed by the external addition of a capacitors or a resistor.

Operation beyond the specified temperature range is achieved. The -60°C to +230°C range for the case temperature is considered for
the case where no current is externally drawn from pin VDD, other than to supply the XTR30010 part.

ELECTRICAL SPECIFICATIONS

Unless otherwise stated, specification applies for Vin=6V to 50V, Vpp=5V, -60°C<T.<230°C.
Parameter | Condition | Min | Typ | Max | Units
Reference Voltage
Internal Feedback

Reference Voltage Vin=10V, T,=85°C. 1.186 1.210 1.234 \
Vrel
Drift with Temperature Vin=10V, AT from -60°C to +230°C
(AVRee/Vrer)/AT AVrer=Vrer Max(AT)-Vrer min(AT) 20 60 100 ppm/°C
V|N sweep (AV|N) from 6V to 50V
Line regulation AVRer=VRer_Max(AVIN)-VRer_min(AViN)
AVger T.=85°C 6.7 13 mv
T,=230°C 10.7 17
Supply Current
i ENABLE=0V. VIN=50V (worst case)
;Stand by Supply Current T,-85°C o5 40 A
ViNsB T.=230°C 52 70 H
. Fo=520kHz. Ci0a¢=50pF on HDrv and LDrv,
::)ynam|c Supply Current synchronous mode. T,=230°C and VIN=50V (worst 2.7 3.2 mA
VIND case)
Supply Current Low-Power | Vpp=4V (/LPMode=0), Fo=520kHz. Cias=50pF on
Mode HDrv and LDrv, synchronous mode, VIN=50V (worst 2.3 2.8 mA
IVINLP case).
Supply Current Low-Power | 5V supplied by external source through pin Voyr and
Mode with External Supply /LPMode=0, Fo=520kHz. Ci0sq=50pF on HDrv and 0.58 0.75 mA
lvines LDrv, synchronous mode, VIN=50V (worst case).
DS-00001-10 rev6B 2015-02-13 4 of 22
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ELECTRICAL SPECIFICATIONS (CONTINUED)

Unless otherwise stated, specification applies for Vin=6V to 50V, Vpp=5V, -60°C<T,<230°C.

Parameter | Condition | Min | Typ | Max | Units
Voltage Regulator
V|N=1 OV, ILOAD=1 mA, Tc=85°C
Sutput Voltage /LPMode=0 (default)° 3.9 4 41 |y
po /LPMode=1 4.875 5 5.125
Drift with Temperature Vin=10V, l.oap=1mA
(AVoo/Voo)/AT AVo=Vo yiex(AT) Vo min(AT) 20 60 100 | ppm/C
Line regulation Vi sweep (AV) from 6V to 50V, Vpp=4V or 5V, 0.73 1.30 o
AVpp/Vop l.oap=1mA, T,=230°C (worst case). : . ©
Load regulation V|N=1 OV, ILOAD=1 mA to 20mA
AVpolAl Te=60°C 18 13 mV/mA
poliveo T=230°C -3.5 2.6
Vin=10V, Vpp=5V (/LPMode=1). See Figure 7.
T.=85°C 35 45 mA
Maximum Output Current T.=230°C 20 25
lvbomax Vin=10V, Vpp=4V (/LPMode=0). See Figure 8.
T.=85°C 40 55 mA
T.=230°C 25 35
5\::2: Enable Voltage ENABLE going up. Worst case at Tc=-60°C 1.8 2.2 \
\F;\:::chlsable Voltage ENABLE going down. Worst case at Te=230°C 0.6 0.9 v
2
5::":8"'5 Hysteresis ENABLE going up then down 0.2 0.4 v
ENABLE Current Ven=0V -6 0 A
le Ven=5V -5 1 H
. 2.3
Ic_:oad Capacitance Allowed value. 0.3 1 10 uF
VDD
Under Voltage Lockout
Voo Start Voltage .
Vovion VIN going up. 3.8 4 4.2 Vv
xDD Stop Voltage VIN going down. 3.4 3.7 39 |V
UVLOF -
xz\'jf:a”'swp Hysteresis™ | \/N going up then down. 0.25 0.40 055 |V
Soft Start / Tracking
. . 2 Tc=-60°C 145
Equwalent Resistance T.-85°C 113 KQ
ss T.=230°C 96
. 4
Kes‘fr';'”g Voltage Range Vssr must remain below the internal Vref (1.2V). 0.25 1.0 |V
. 2 VSS/TR=0-5V
yaCk”lngﬁie\t/ on FB T.--60°C -20 .30 .40 .
FB-ss = Tk = TSSTR T=230°C -60 -75 -90
Oscillator
T.=85°C. No capacitor connected to RT/SYNC.
XTR30011, XTR30012 (FREQ=1) 450 510 570 KHz
Free Running Frequency XTR30014 (FREQ=0) 140 175 210
Fo T.=85°C. RT/SYNC not available on package.
XTR30015 (FREQ=1) 460 520 580 KHz
XTR30016, XTR30017 (FREQ=0) 150 185 220
Oscillator accuracy Oscillator running from internal components. +6 %
Adjustable Range® With external components. 50 1000 kHz
Recommended Duty Cycles - o
of External Clock F=520kHz 15 85 o
Vpp=5V (/LPMode=1).
Minimum Achievable To=-60°C 220 ns
Off-time? T.=230°C 160
tor o Vpp=4V (/LPMode=0).
Off_Min T.=-60°C 240 ns
T.=230°C 180
2
PROUT Qutput Streng!h™ | yp-5\ (1LPMode=1), T.=230°C 4 mA

! XTR30010 parts start-up with Vpp=5V even if low-power mode is enabled (/LPMode=0 or floating). Transition from Vpp=5V to Vpp=4V
occurs when PGood is asserted.

2 Guaranteed by design and characterization data only. Not tested in production.

% vbD must be externally connected to PVDD. The actual load capacitance is the total capacitance connected to VDD and PVDD.

*In tracking mode the PWM controller operates in asynchronous mode, except if interleaved mode is active (IntrlvMode=1).
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SEMICONDUCTOR

ELECTRICAL SPECIFICATIONS (CONTINUED)

Unless otherwise stated, specification applies for Vin=6V to 50V, Vpp=5V, -60°C<T,<230°C.

Parameter | Condition | Min | Typ | Max | Units
Saw-tooth Slope Generator
Internal Saw-tooth Resistor*
RSWT
Internal Saw-tooth
Capacitor* 80 pF
Cswr
Allowed saw-tooth voltages
vSWT
Allowed current through
SWT_bis terminal’
Pulse-skipping
PSkipTh Pull-up Current® T.=-60°C 11.5
lpsth T.=230°C 13.1
PSkipTh Internal
Resistance to GND? 17 20 23 kQ
RPSTh
Recommended Range on
PSkipTh Terminal® 0.2 1 v
VPSTh
Internal PSkipTh Offset™®
Vpsort
Minimum Recommended
On-time PSkipEnbl=1. 50 ns
tonps
Duty-cycle limit (DCLimit)
Internal DCLImit
Resistance to VDD*
RDCLimit

150 kQ

4V Vin

200 A

uA

50 160 250 mV

T=-60°C 130 145 160
T.=230°C 81 90 99

Default value when left floating. -2% 0.4VDD +2%

kQ

Internal DCLimit Threshold

VocLimit Recommended operational range using an external 0.5° 0.4voD” | v
resistor to ground.
Overcurrent Protection
Vpp=5V (/LPMode=1).
T.=-60°C 37
OCS Current T,=230°C 56
Iocs Vpp=4V (/LPMOde=O)
Tc='60°C 30
T.=85°C 39 A
T.=230°C 45
Vpp=5V (/LPMode=1).
OCPMode = HIGH (Buck) 15 mv
OCS Threshold Voltage OCPMode = LOW (Boost, Flyback, Push-pull) 370
V1hocs Vpp=4V (/LPMode=0).
OCPMode = HIGH (Buck) 15 mV
OCPMode = LOW (Boost. Flyback, Push-pull) 290

! The reason for this current limit is to guarantee that the SWT_bis node is completely discharged at the end of the saw-tooth signal.
2in production, only the voltage on PSkipTh (product Resth X lpsth) is verified.

It shall always be lower than the voltage on DCLimit by at least 300mV. Note that internally, Vesorr (150mV approx.) is removed from
this voltage before comparison with the saw-tooth. The crossing defines the minimum t.n in pulse skipping mode.

Guaranteed by design and characterization data only. Not tested in production.
° The internal effective voltage for pulse skipping operation is the voltage on the PSkipTh terminal minus Vesos.
6 It shall always be higher than the voltage on PSkipTh pin by at least 300mV.

! DCLimit can be connected to VDD in order to inhibit this functionality.
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XTR30010

ELECTRICAL SPECIFICATIONS (CONTINUED)

Unless otherwise stated, specification applies for Vin=6V to 50V, Vpp=5V, -60°C<T,<230°C.

Parameter | Condition | Min | Typ | Max | Units
Error Amplifier
f 2
::put Bias Current T.=230°C, Vin=50V (worst case). 50 150 | nA
. 2 T.=-60°C 65
i’Smkmg Output Current T.=85°C 115 WA
osnk T.=230°C 170
Vin=6V (worst case)
Sourcing Output Current® Tc=-60°C 25 mA
IOSrc Tc=85°C 19
T,=230°C 14
DC Gain'"? -
Ao Ry = 105 dB
Gain Bandwidth Product®
GBW CL=90pF 1.1 2 MHz
Digital Inputs (/LPMode, PSkipEnbl, AsyncEnbl, DrvPOL, IntriMode, OCPMode)
HIGH Level Input Voltage Vpp=5V (/LPMode=1). 2.6 3.1 3.6 v
Vi, Vop=4V (/LPMode=0). 2.1 25 3.0
LOW Level Input Voltage Vpp=5V (/LPMode=1). 1.3 1.9 2.5
\Y
Vi Vpp=4V (/LPMode=0). 0.9 1.4 1.9
R'}’St_f/re;'zs Voltage Voo=5V (/LPMode=1). 07 y 5 v
VHT+ - Vop=4V (/LPMode=0). ’ ’ :
lys
) 2 Pulled-down inputs forced to VDD. Vpp=5V.
:Z:II down Strength T.--60°C 60 90 A
T.=230°C 23 45
) 2 Pulled-up inputs forced to GND. Vpp=5V.
::;EII up Strength T,=-60°C 75 100 A
T.=230°C -36 -55
Output Drivers
Output sourcing 10mA. Worst case for V=50V and
Pull-up Outout T.=230°C. See Figure 16. 78 95 Q
ResistF; nceE Vpp=5V (/LPMode=1).
R Output sourcing 10mA. Worst case for V=50V and
o T.=230°C. See Figure 15. 83 100 Q
Vop=4V (/LPMode=0).
Output sinking 10mA. V=6V to 50V, T.=230°C
(worst case). See Figure 18. 29 45 Q
Eiﬂ}ﬁ&ﬁﬂ?”tpm Voo=5V (/LPMode=1).
R Output sinking 10mA. V=6V to 50V, T.=230°C
ONL (worst case). See Figure 17. 33 50 Q
Vpp=5V (/LPMode=1).
Peak Sinking Output \S"’D:,E.V ¢ LZ'\g°de=1 )- Te=230°C (worst case). 35 45 mA
Current? ee Figure 20.
Loy <in Vpp=4V (/LPMode=0). T,=230°C (worst case). o5 35 mA
porv_sin See Figure 19.
. Vpp=5V (/LPMode=1). Worst case for V=50V and
gﬁil;?tgurcmg Output T.=230°C. See Figure 22. 35 45 mA
) Vpp=4V (/LPMode=0). Worst case for V=50V and o5 35 mA
pOV_source T.=230°C. See Figure 21.
Time from HDrv / LDrv going down to LDrv / Hdrv
going up.
Vpp=5V (/LPMode=1).
T.=-60°C 30 40 60
Non-overlap Time?® T.=230°C 45 60 90 ns
tho Time from HDrv / LDrv going down to LDrv / Hdrv
going up.
Vop=4V (/LPMode=0).
T=-60°C 35 50 75 ns
T.=230°C 55 75 110

' The error amplifier is of type Miller OTA. Avoid connecting any resistive load with a DC path.
2 Guaranteed by design and characterization data only. Not tested in production.
8 External drivers must have on-off and off-on delays mismatch lower than t,, to avoid any shoot-through on the output transistors.

DS-00001-10 rev6B 2015-02-13
© 2015 X-REL Semiconductor

7 of 22

www.x-relsemi.com



'JREL

SEMICONDUCTOR

XTR30010

TYPICAL PERFORMANCE

1.220

1.215 .

1.210 /("*\K a—c
% 1.208 / / L= ~ o
¥ ze5zc | =

,// 30
== 40

1.190

1.200 ;/
1.195 ,?/A
“Z
-60 0 60 120 180 240
Temperature (°C)

1.220

1.215 —— ——— ~

1.210 .\ \ & 60
s \ —=25
& 1.205
g \ —h—385
> oV 4. h

1.200 T~ 150

’ 9 ==200

118 ﬂ—T\T\T\- "

1.190

0 10 20 30 40 50
Vin (V)

Figure 1. Reference voltage vs temperature for different input
voltages (Vin)-

Figure 2. Reference voltage vs input voltage (Vi) for different
temperatures.
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Figure 3. Current through VIN vs input voltage (V) for differ-
ent case temperatures.

Synchronous mode (PSkipEnbl=AsyncEnbl=0), Vpp=5V
(/LPMode=1), Freq=520kHz, load capacitance on HDrv and
LDrv 200pF.

Figure 4. Current through VIN vs input voltage (Vi) for differ-
ent case temperatures.

Asynchronous mode (AsyncEnbl=1) without pulse slipping
(PSkipEnbl=0), Vpp=5V (/LPMode=1), Freq=520kHz, load ca-
pacitance on HDrv and LDrv 200pF.
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Figure 5. Current through VIN vs input voltage (Vi) for differ-
ent case temperatures.

Synchronous mode (PSkipEnbl=AsyncEnbl=0), Vpp=4V
(/LPMode=0), Freq=510kHz, load capacitance on HDrv and
LDrv 200pF.

Figure 6. Current through VIN vs input voltage (V) for differ-
ent case temperatures with Vpp=5V supplied by external
source through pin VOUT.

Synchronous mode (PSkipEnbl=AsyncEnbl=0), /LPMode=0,
Freq=520kHz, load capacitance on HDrv and LDrv 200pF.
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Figure 7. Maximum available output current from VDD vs
input voltage (Vi) for several temperatures. Vpp=5V
(/LPMode=1).

Figure 8. Maximum available output current from VDD vs in-
put voltage (Vin) for several temperatures. Vpp=4V
(/LPMode=0).
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Figure 9. Free running frequency of parts XTR30011,
XTR30012 and XTR30015 vs input voltage (Vi) for different
case temperatures. Vpp=5V (/LPMode=1).

Figure 10. Free running frequency of parts XTR30011,
XTR30012 and XTR30015 vs input voltage (Vi) for different
case temperatures. Vpp=4V (/LPMode=0).
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Figure 11. Free running frequency of parts XTR30014 and
XTR30016 vs vs input voltage (V) for different case tempera-
tures. Vpp=5V (/LPMode=1).

Figure 12. Free running frequency of parts XTR30014 and
XTR30016 vs vs input voltage (Vi) for different case tempera-
tures. Vpp=4V (/LPMode=0).
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Figure 13. Pull strength of pulled-down digital inputs when
pulled to VDD vs temperature. Viy=6V and 50V, Vpp=5V.

Figure 14. Pull strength of pulled-up digital inputs when
pulled to GND vs temperature. V=6V and 50V, Vpp=5V.
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Figure 15. High-state on-resistance of output drivers vs input
voltage (Vi) for different case temperatures. Device sourcing
10mA, Vpp=4V (/LPMode=0).

Figure 16. High-state on-resistance of output drivers vs input
voltage (Vin) for different case temperatures. Device sourcing
10mA, Vpp=5V (/LPMode=1).
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Figure 17. Low-state on-resistance of output drivers vs input
voltage (Viy) for different case temperatures. Device sinking
10mA, Vpp=4V (/LPMode=0).

Figure 18. Low-state on-resistance of output drivers vs input
voltage (Vi) for different case temperatures. Device sinking
10mA, Vpp=5V (/LPMode=1).
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Figure 19. Peak sinking current capability of output drivers

Figure 20. Peak sinking current capability of output drivers vs
vs input voltage (Viy) for different case temperatures. Vpp=4V

(/LPMode=0).

input voltage (V\y) for different case temperatures. Vpp=5V

(/LPMode=1).

0.25 0.25
0.2 0.2
< - 60 < - 60
g0.15 30.15
5 ——125 5 —=25
§ —h—85 § —h—85
> 0.1 > 0.1
z 150 Z 150
- —=200 - —=200
0.05 —230 0.05 —230
0 0
0 10 20 30 40 50 0 10 20 30 40 50
Vin (V) Vin (V)

Figure 21. Peak sourcing current capability of output drivers

vs input voltage (Viy) for different case temperatures. Vpp=4V
(/LPMode=0).

Figure 22. Peak sourcing current capability of output drivers
vs input voltage (Viy) for different case temperatures. Vpp=5V

(/LPMode=1).
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Figure 23. Buck (step-down) test configuration: demo board XTDB30001-2DR.

DS-00001-10 rev6B 2015-02-13
© 2015 X-REL Semiconductor

11 of 22 :
www.x-relsemi.com



'JREL

SEMICONDUCTOR

XTR30010

TYPICAL PERFORMANCE (CONTINUED)

100.00%

90.00%

80.00%

70.00% -

60.00%

50.00%

with asynchronous mode
and pulse-skipping mode —
enabled

Efficiency (%)

40.00%

== Temp=-60°C
= #l= Temp=85°C
=<A= Temp=230°C

30.00% & ‘ =4&— Temp =-60°C
20.00% —#—Temp=85°C |
P == Temp =230°C
10.00% i"! Np "
ullsyncronous operation
0.00% }
0.001 0.010 0.100

Load Current (A)

1.000

90.00% ‘
Ovtimized confi . VIN=30V
80.00% - PtImIZe configuration
with asynchronous mode
70.00% --and pulse-skippingmode __ [ 111 sAmBEEEN
enabled ‘
60.00% ¢
= ¢
2 »
< 50.00% )
3 ¢
S
S 40.00% ’——— = @<= Temp=-60°C
£ o — @~ Temp=85°C
30.00% y ] - A= Temp=230°C |
Q == Temp =-60°C
20.00% | & —B— Temp=85°C
10005 » \ ‘ —l—Temp=230°7C777
i - Fullsyncronous operation
0.00% E=% |
0.001 0.010 0.100
Load Current (A)

Figure 24. Comparison of full synchronous (dashed lines)
and optimized mode with asynchronous mode and pulse-
skipping mode enabled (plain lines) for several ambient tem-

peratures. Vin=7V. See Figure 23.

Figure 25. Comparison of full synchronous (dashed lines) and
optimized mode with asynchronous mode and pulse-skipping
mode enabled (plain lines) for several ambient temperatures.

Vin=30V. See Figure 23.
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Figure 26. Efficiency vs load current for input voltages for

Tamb=-60°C. Buck (step-down) configuration with operation in

asynchronous mode and pulse-skipping mode enabled. See

Figure 23.

Figure 27. Efficiency vs load current for input voltages for

Figure 23.

Tamb=230°C. Buck (step-down) configuration with operation in
asynchronous mode and pulse-skipping mode enabled. See
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AVAILABLE FUNCTIONALITIES FOR EACH PACKAGING FAMILY

Supported converter architectures for given packaging option

Pin Count Buck Boost Buck-boost Flyback Push-pull
XTR30010 (bare die) — v i v 4 v 4 v v 4
XTR30011 2 v 4 v 4
XTR30012 16 v v v v v
XTR30014 24 v v 4 v 4 v
XTR30015 8 v
XTR30016 8 v v 4 v 4
XTR30017 10 v v v v
Packaging Configurations with OCPMode=1

Functionality Packaging Option
XTR30011 | XTR30012 | XTR30015
Tunable clock with external R or C or possible synchronization on an external clock Yes Yes No
Adjustable saw-tooth slope Yes' No® No®
Available PGood output flag Yes Yes No
Possible automatic synchronous/asynchronous mode transition (with or without pulse skipping) Yes Yes No
Possible “synchronous only” mode (except during startup) Yes Yes Yes
Possible pulse skipping in steady state (i.e. after startup period) Yes Yes No
Adjustable pulse skipping threshold Yes No No
Low power mode (VDD=4V) availability with possible bypass of the internal LDO by an external 5V Yes No No
Chip enable/disable Yes Yes Yes
Adjustable soft-start slope or possible tracking Yes No No
Possible over current protection using the OCS pin® Yes Yes No
Possible adjustable limitation of the max duty cycle*® Yes No No
Separate GND and PGND pins Yes Yes No
Separate VDD and PVDD pins Yes No No
Compact packaging (number of pins) 24 16 8
Packaging Configurations with OCPMode=0
Functionality Packaging Option
XTR30011 | XTR30012 | XTR30014 | XTR30016 | XTR30017

Tunable clock with external R or C or possible sync on an external clock Yes Yes Yes No No
Adjustable saw-tooth slope Yes® No® Yes® No® Yes™®
Available PGood output flag Yes Yes Yes No No
Possible turn off of the LDrv(ADrv) output pad if not used for power saving’ Yes No Yes Yes No
Possible pulse skipping in steady state (i.e. after startup period) Yes Yes Yes No Yes
Adjustable pulse skipping threshold Yes No Yes No No

Low power mode (VDD=4V) availability with possible bypass of the internal

LDO by an external 5V Yes No Yes No No
Chip enable/disable Yes Yes Yes Yes Yes
Adjustable soft start slope or possible tracking Yes No Yes No No
Possible over current protection using the OCS pin* Yes Yes Yes Yes Yes®
Possible adjustable limitation of the max duty cycle*® Yes No Yes No No
Possible interleave mode No Yes Yes No No
Separate GND and PGND pins Yes Yes Yes No No
Separate VDD and PVDD pins Yes No Yes No No
Compact packaging (number of pins) 24 16 24 8 10

! See “Saw-tooth signal generation” and “PWM signal generation” in section “Theory of Operation”.

8 This is the main overcurrent protection, based on a sense resistor from the low-side switch (or asynchronous rectifier) to PGND. A
second short circuit protection which is also present based in detecting if the error amplifier is always working on its linear regime. This
second protection is only efficient for strong short-circuit conditions. For just weak overcurrent, it will not trig or very lately, so that the
power part could be damaged if the main short circuit protection is not active.

Internally, DCLimit is set to 2/5VDD. Depending on the clock period and the saw-tooth slope, the maximum duty cycle can be limited
intrinsically. The range is however quite limited. Also, the saw-tooth slope and frequency are usually set by loop gain and stability con-
straints. Therefore, we consider here only the possibility of an independent control of the maximum duty-cycle, based on the availability
of the DCLimit pin.
® DCLimit functionality is also used as a short-circuit protection. See “Over-current protection” in the “Theory of Operation” section.

6 In this packaging configuration current mode control can be achieved by the addition of few external components.
7 LDrv is OFF when OCPMode and AsyncEnbl are both low.

8 Not possible for buck configuration. DCLimit functionality is also used as a short-circuit protection. See “Over-current protection” in
the “Theory of Operation” section.
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THEORY OF OPERATION

Introduction

The XTR30010 is a family of voltage-mode PWM controllers
able to operate from -60°C to +230°C, with supply voltages
from 6V to 50V.

Integrated features include internal voltage reference and line-
ar regulator, under-voltage lockout, synchronizing and exter-
nally tunable on-chip oscillator, programmable soft-start period
with tracking capabilities, level and polarity programmable
hiccup-mode over-current protection, anti shoot-through, selec-
tion of the operating polarity of output drivers, programmable
duty cycle limitation, possible interleave mode, low-power
mode, asynchronous mode and pulse skipping mode with
adjustable threshold.

Operation Modes

Low-power mode

Low-power mode operation (/LPMode=0) allows a 5V output
voltage from the DC-DC converter to be supplied to the PWM
controller through the VOUT terminal. This voltage bypasses
the internal linear regulator greatly reducing the current drawn
from VIN and hence improving efficiency. Even without an
external 5V, the low power mode can be forced. In this case,
the PWM will operate under a 4V supply voltage generated by
the internal LDO after the startup period. During the startup
period, the internal LDO provides a 5V supply to the PWM.
Once the PGood flag of the circuit is asserted, the LDO pro-
vides a 4V level.

Automatic transition to asynchronous mode

This mode is only available for Buck like converters. This mode
is defined when OCPMode=1 (default mode thanks to the
internal pull-up). For buck-like converters, automatic transition
to asynchronous mode is allowed by setting AsyncEnbl=1 (or
floating) or PSkipEnbl=1. In such a case, inversion of the in-
ductor current in buck mode is detected by sensing the voltage
on the switching node SW.

When the inductor current inverts during one cycle, conduction
of the synchronous rectifier is disabled on the next cycle.
When it is detected that the rectifier current does not inverts
during one cycle, conduction of the synchronous rectifier is
allowed in the next cycle. The controller toggles then automati-
cally between synchronous and asynchronous modes depend-
ing on output current. This feature allows improving the DCDC
efficiency at moderate and low current load.

CkPWM—I_l I_l I_l I.l I-l I-l I-l I',_

sw

HDrv

T B N i A\

When OCPMode=0 (i.e. not a Buck-like converter), the
AsyncEnbl input, when grounded, turns-off the LDrv output,
except in the interleaved mode (IntrlvMode=1) where
AsyncEnbl has no effect on the ADrv output.

L

Pulse-skipping mode (case OCPMode=1)

When pulse-skipping mode is enabled (PSkipEnbl=1), auto-
matic transition from synchronous to asynchronous modes is
also forced, even if AsyncEnbl=0. Once the PWM duty-cycle
becomes too low (threshold defined by the voltage on
PSkipTh), the PWM controller will skip some clock periods.
This occurs only at light load currents, where the load capaci-
tance is able to supply the load during several clock periods
without receiving energy. As long as the load current is low
enough, the PWM will only provide some pulses with a fixed
on-time as to keep the average output current. Output pulses
are anyway synchronous with the internal clock. Once the load
current starts increasing again, the system will skip less and
less pulses before going back to asynchronous mode. If the
load current further increases, the system will automatically
switch to synchronous mode, depending on the voltage polarity
on the SW node at the end of each clock period.

With OCPMode=1, the controller is always forced to go in
asynchronous mode (i.e. LDrv output off) before entering into

pulse skipping mode (i.e. LDrv still off and HDrv off for some
clock periods).

In all cases, as long as the FB voltage is below 90% of the
internal 1.2V reference, the LDrv output is off and the pulse
skipping mode is authorized, whatever the PSkipEnbl level.

Pulse-skipping mode (case OCPMode=0)

With OCPMode=0, there is no asynchronous mode detector.
The SW input is no longer monitored. If SW is available at the
package level, it is recommended to fix SW to VDD or VIN. In
this mode HDrv and LDrv outputs work in complementary way
(unless interleave mode is enabled) and the pulse skipping
functionality still exists. As long as FB is below 90% of the
internal 1.2V reference, the pulse skipping mode is forced,
whatever the state of PSkipEnbl. Above this threshold, if
PSkipEnbl=1, the LDrv is always the complementary of the
HDrv as there is no asynchronous detector for this mode of
operation. When OCPMode=0, it is possible to block the LDrv
output by setting the AsyncEnbl input to ground. This reduces
the dynamic consumption of the controller if the LDrv output is
not required.

HDrv and LDrv operating mode

Outputs HDrv and LDrv behave differently depending on the
programmable features used. In all cases, both outputs are
never ON at the same time.

When in interleaved mode, the internal PWM signal is dis-
patched alternatively through the ADrv (Ldrv) and BDrv (HDrv)
outputs at every clock period'. This feature can be used in
push-pull converters. In this case, OCPMode should be LOW.
When not in interleaved mode:

o Whenever ENABLE goes low or an under voltage occurs
on VDD, both HDrv and LDrv outputs are OFF.

e During start-up or under any loss of regulation, the activity
of HDrv and LDrv depends upon the status of control sig-
nals.

¢ In synchronous mode, both HDrv and LDrv are comple-
mentary (non-overlapped outputs).

¢ In asynchronous mode, LDrv is allowed to be OFF de-
pending on the switching span of SW terminal, while only
the HDrv is a copy of the internal PWM?.

e |t is also possible in some cases to turn off permanently
the LDrv output in order to reduce the dynamic power con-
sumption if LDrv not needed.®

Condition HDrv/BDrv | LDrv/ ADrv
ENABLE=0 Off Off
FB < 90% of Vger (start-up, loss of regulation)
IntrlvMode=0 . Off
IntrivMode=1 Active Active
FB > 120% of Vger (loss of regulation)
IntrlvMode=0 off Active
IntrivMode=1 Off
Synchronous mode (AsyncEnbl=0, PSkipEnbl=0) Active Active
OCPMode=0 and AsyncEnbl=0 Active Off
(IntrlvMode=LOW)
1 1/Freq | | |
T, 1 1 1
2! | |
HDrv
1 1 1
1
o [
1 \/Freq (IntrlvMode=HIGH)
! tcg I ! tcg |
| |
HDrv | l
—I t T +
LDrv ! :
| [l '

! At turn on, once VDD goes above the UVLO threshold, the
first active output of the interleave mode is ADrv (LDrv).

2 Depending on the DrvPOL pad status, HDrv can be active by
HIGH state (default) or by a LOW state.

% OCPMode=0, AsyncEnbl=0
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Input DrvPOL changes the polarity of HDrv and LDrv. DrvPOL
HIGH means that HDrv and LDrv are active when in HIGH
state. Conversely, DrvPOL LOW makes HDrv and LDrv to be
active when LOW. This feature allows parts of the XTR30010
family to be used with non-inverting or inverting drivers as well
as N-type or P-type transistors. This feature is only available at
die level or in a custom packaging configuration.

DrvPOL=HIGH
. 1/Freq | 1 |
[ S— I I I
25! | | | |
o 1ML LTl L
Lorv |, : A A I A I [
DrvPOL=LOW
. 1/Freq
[ S—
2% |
“D"'—I_I A N N I N R O
tov _Ji o1 LI LI [

Internal Blocks and Functional Features

Supply voltage generation

The power supply block is composed by a voltage reference, a
linear voltage regulator and a supply monitoring block.

An auxiliary input VOUT is used in case where the user de-
sires to feed back the DC-DC output voltage to supply the
controller. In such a case the DC-DC output voltage must be
set to 5V (+10%)* only. This operating mode must be enabled
by setting /LPMode=0.

The low-power mode can also be used without feeding back a
voltage on VOUT. Indeed, in this case when /PGood is assert-
ed, the internal regulator supplies all blocks (including external
power drivers if desired) with a lower voltage (4V).

Voltage reference

The voltage reference is of type band-gap and has a fixed
output of 1.2V. This reference is used within the internal linear
regulator as well as in the control loop as input of the error
amplifier.

Linear voltage regulator

The linear voltage regulator supplies the internal circuitry as
well as any external block connected to node VDD. The nomi-
nal output voltage is 5V, but it provides 4V when in low-power
mode (/LPMode=0) after PGood flag is asserted. The internal
regulator is able to source up to 25mA for both output voltages.
When ENABLE is pulled LOW, the internal LDO shuts down its
output to GND.

The linear regulator output VDD must be externally connected
to PVDD (eventually through some low-pass filtering) in order
to supply the controller output buffers of HDrv & LDrv. A total
load capacitance (on VDD & PVDD) between 300nF and 10uF
is recommended for stability reasons. For proper operation, an
input capacitor on VIN is also required (100nF or more).

Enable

When the ENABLE input goes under Venorr threshold,
XTR30010 parts enter into shutdown mode, with the internal
linear regulator and drivers outputs turned off. Output VDD is
internally pulled down with an strength of about 1mA to prevent
any unwanted behavior. The VDD terminal of the XTR30010
cannot be forced to any voltage while ENABLE is LOW, other-
wise malfunction or damage may occur. In case one of the
outputs of the DC-DC converter (5V only) is connected to the
VOUT terminal, this output voltage will discharge with a current
of 1 mA. Additionally PGood terminal is pulled down. When
ENABLE is pulled above Venon, the PWM controller initiates a
soft-start cycle.

4 WARNING: if the voltage applied on VOUT is higher than
5.5V, the part may be permanently damaged. See
“Recommended Operating Conditions” section.

ENABLE must not be connected to VDD (or PVDD) as this
would prevent the internal regulator to start up. If not used,
connect ENABLE to VIN.

Under-voltage lockout (UVLO)

The UVLO block monitors the supply voltage on VDD, ensur-
ing that the internal oscillator and output drivers remain in the
off state and by resetting the internal voltage of the SS/TR
input to GND whenever VDD is below an internally set thresh-
old. Notice that SS/TR can still be forced to a positive voltage,
in case a voltage source is connected to implement the track-
ing functionality. Normal operation is achieved whenever VDD
voltage goes above 4V. The UVLO block activates again
whenever VDD drops below 3.5V. When VDD goes above 4V,
the XTR30010 initiates a soft-start sequence.

Oscillator

The internal oscillator generates a square clock signal (duty-
cycle=50%) CkRC based on internal R, and Cg. External
resistor (decrease) and capacitor (increase) can be used in
parallel with the internal ones through node RT/SYNC and
CKOUT in order to change the oscillating frequency.

The oscillation frequency is given by the following relation (not
taken into account the 1.5kQ ESD resistor):

1 1
Freq = — =
" = T T 045 Ryyy - Coyy + 350ns

Rei=Rex//Re and CEff=CExt+Cpar+Cck-

cpar VLO
é I RC Chowg
Osc.

Ckgc

Cext
(optional)
Rext
(optional)

CKOUT &=ReQ-1 =>Rck=28ka
FREQ=0 =>Rck=97kQ

The following figure shows the evolution of signals on
RT/SYNC, CKOUT, the internal PWM clock Ckewnm and HDrv.

| X} 1l
RT/SYNC J N e N e N 4=Vl 2

ckout| | . . | | ~50% Duty ratio
| []] ]|
Ckewm | >90% Duty ratio

HDrv_!’ L”’ L”’ |

The signal on RT/SYNC is the charge and discharge of series
resistor and capacitor between two thresholds equally spaced
from Vpp/2. This leads to a CKOUT signal with a duty ratio
close to 50%. When CKOUT goes up, an internal monostable
is triggered ensuring a minimum off-time of the signal on HDrv.
This minimum off-time of about 100ns sets the limit of the max-
imum possible output duty ratio. The internal PWM (HDrv)
signal is triggered ON at the rising edge of the internal CKpwm
signal.

Synchronization of a PWM controller to an external clock, pro-
vided by another PWM controller or independent clock, is pos-
sible by directly driving the RT/SYNC terminal of the slave
controller by the desired clock signal. The source providing the
synchronizing clock must have an output impedance smaller
than 6kQ.

The following figure shows a CLK signal fed to the RT/SYNC
terminal of a slave controller. Notice that there is a phase in-
version between the voltage on RT/SYNC and CKOUT of the
slave device.
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Saw-tooth signal generation

The saw-tooth signal is generated by the charge of an internal
capacitor Cgwr (80pF) through an internal resistor Rswr
(150kQ2). Packaging versions XTR30011 and XTR30014 allow
the addition of an optional external resistor in series with the
internal Rswr (150kQ), placed between node SWT and a posi-
tive supply voltage. The parasitic capacitance on pin SWT
must be minimized (10pF or lower if possible).

In Buck-like converters, using VIN as positive supply for the
external saw-tooth resistor allows implementing the voltage
feed-forward in order to have a loop gain independent of the
supply voltage.

In packaging options where SWT is not available (XTR30012,
XTR30015, XTR30016), SWT is internally connected to VIN,
which fixes the range of reachable duty-cycles depending on
the value of VIN. The corresponding RC time constant should
preferably be much larger than the maximum expected ON
time of the PWM in order to have a quasi linear saw-tooth (i.e.
approximately constant PWM loop gain).

In a more general case, an external resistor Rswr exx can be
added to the internal Rswr and a voltage different from Vi can
be used for saw-tooth signal generation. In such a case the
total effective resistance Rswr to= Rswr+ Rswr ex must be
considered.

Vswi
;’_‘ b _. Co T T
9 SWT bis
- Internal saw- 1/L
xS

tooth signal

MV
SWT Rswt 1

Cpar 150kcg

|l - - - - _ _ _

The slope of the internal saw-tooth signal used for PWM gen-
eration is given by

SWT Reset

Slopegyy = — T
swr RSWT_Tnt * Cowr

The minimum allowed Vswr voltage is 4V.

If Viv and only the internal R-C components are used for saw-
tooth generation, the slope value is

Vin _ Vin _ Vin
Rewr * Cowr  150kQ - 80pF  12psec

Slopegsyr =

For loop gain determination, what matters is the “theoretical”
peak saw-tooth voltage obtained from the following equation

VS wWT VS wWT

Vpear = “Tex

Rswr 1ot * Cswr * Freq - Rswr 10t * Cswr
Freq=1/Tcx is the oscillation frequency of the PWM clock.

Note that Veea is the theoretical value that the internal saw-
tooth signal would reach at the end of the clock period._Even if
the theoretical Vpea can be of several volts, what is really rele-
vant is that the intersection between the saw-tooth signal and
COMP happens under 2V. Otherwise said, the value of COMP
in steady state should be 2V _maximum. The intersection be-

tween the saw-tooth signal and COMP determines the maxi-
mum duty cycle that the PWM controller can reach in the target
application.

In part XTR30017 and at die level, terminal SWT_bis is availa-
ble connected to SWT, which shorts the internal Rswr resistor.
This node allows bypassing the internal saw-tooth generation
resistor, directly accessing to the internal capacitor terminal.
The SWT_bis terminal can be used to implement current-mode
control by adding some external components. To ensure a
correct reset of the saw-tooth signal, the injected current
through SWT_bis should not be higher than 200pA.

Current
information from
power stage.

Current| = —  _ _ __ __ __ __ ___ ___
control SWT_bis Internal
block nternal saw-
1 | i tooth signal 1/‘/
‘ MN . >
| SWTRswt _ SWT Reset

150kcg —
| 80p |

Soft-start and tracking functionality

The soft-start feature of the XTR30010 controls the output
voltage rise speed, limiting the inrush current during start-up.
External resistor and capacitor can be added from the SS/TR
node to GND in order to increase the soft-start period. The
soft-start period is determined by the equation (Freq is the
clock frequency):

_1z2v- 2% Rggpee + 127k
Freq-Vpp Rgspxt

tes with Rssex > 40kQ

If no external resistor is used:

foo = 1.2V - 214
s Freq-Vpp

When the SS/TR input is driven by an external source below
Vref, the output voltage tracks the voltage applied on SS/TR.
Notice that there is a systematic offset between SS/TR and FB
during operation (see Electrical Specifications section). For
any mode other than the Interleaves mode of operation, output
LDrv/ADrv is inactive whenever the voltage on SS/TR is below
90% of Vref.

Power-good flag

PGood is an active-HIGH output flag indicating that the DC-DC
output is within a given range of values and that no overcurrent
event is present.

Output voltage sensing is performed on node FB. Whenever
FB goes outside the range 90-120% of Vref (1.2V), PGood is
immediately pulled down. In case of an overvoltage on FB
(>120%Vref), the high-side output driver (HDrv) is turned off
until FB reaches 90% of Vref, in which case the controller en-
ters again into normal operation. Once that FB goes back
above 90% of Vref, the PGood flag remains low for a period of
about 256 clock cycles. When the HDrv driver is active again
the output of the error amplifier COMP may be at an elevated
value, depending on the loop filter speed. If COMP remains
below DCLimit, the value of COMP will determine the output
duty-cycle. If COMP is slightly above DCLimit, the output duty-
cycle is determined by DCLimit. If COMP goes above DCLimit
+ 1.5V, the controller understands this situation as a critical
error and self resets, giving rise to a full soft-start cycle. If
DCLimit is externally forced above 2V, when the HDrv starts
operating again, as COMP could be quite high, the output
duty-cycle could be close to 100%. Depending on components
used for the output LC filter and loop filter, this operation at
high duty-cycle may give rise to an output overshoot, setting
FB again above 120% and starting over a new recovery cycle.
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For this reason it is strongly recommended to limit the duty-
cycle by setting DCLimit to an adequate value.

In an overcurrent (or short-circuit) event, PGood is immediately
set LOW and an overcurrent recovery cycle starts followed by
a soft-start cycle.

PGood is also pulled down in case of UVLO conditions and
whenever ENABLE is LOW.

PGood output is softly pulled up to VDD through an internal
600kQ resistor. Pull-up strength can be reinforced by connect-
ing an external resistor between PGood and VDD. It is not
allowed to pull PGood higher than VDD.

Overvoltage Overcurrent
Soft-start event event Soft-start
1.20xVref
Vref—»-
0.9xVref ¥ Y \ ¥
|
FB |
|
PGood |
|
4
256 clock 256 clock Overcurrent 256 clock
cycles cycles recovery cycle cycles
; ) ; ;
HDrv Activel Active [ Active
LDrv Active Active Active

Error amplifier

The XTR30010 error amplifier is of Miller-type OTA. The ampli-
fier is capable of using Type Il or Type Il compensation filters,
though in all cases the filter feedback must not have any DC
path (capacitive feedback only) in order to keep a large DC
gain.

In open loop, the error amplifier presents a GBW above
1.1MHz and a phase margin better than 40° for load capaci-
tances up to 90pF. At PCB level, the FB and COMP nodes
should be protected from any noisy signal.

PWM signal generation

XTR30010 parts can operate in standard or pulse-skipping
PWM generation modes.

In standard PWM mode, the internal saw-tooth signal is com-
pared against the minimum of COMP (output of the error am-
plifier) or DCLimit (duty-cycle limitation).

The DCLimit analog input allows clamping of the maximum
PWM duty-cycle (volt-second clamping). When the saw-tooth
reaches Min[COMP, DCLimit], a reset is asserted to the PWM
logic, which in turn resets HDrv to the off state.

In a buck architecture, this duty-cycle limitation allows limiting
the inductor current increase during the high side turn-on peri-
od (where the short-circuit protection is not active) in case of
short-circuit. As soon, as the ON period finishes, the short-
circuit protection senses the inductor current and immediately
turns the PWM off if required.

In a flyback, forward or push-pull architecture, the volt-second
clamping functionality provided by DCLimit can be used to
prevent transformer saturation.

The DCLimit voltage is set by default to 40% of the VDD volt-
age (i.e. 2V for VDD=5V) with an internal 120kQ resistor. The
DCLimit threshold can be lowered if needed using an external
resistor to ground (RopcLimit) Or an external voltage source. It is
not recommended to set DCLimit above 2V. However, if the
DCLimit functionality is not desired, DCLimit can be directly
connected to VDD, but in this case there is no volt-second
clamping.

The volt-second clamping is given by

Vswr * ton = Vocrimit " Rswr_tot * Cowr

The default volt-second clamping value is 24V.usec
(VDCLimi1=2V7 RSWT=150kQ, CSWT=80pF).

From the equation above, the maximum ON time that can be
achieved with the internal Rswr and Cswr for given Vv and
VocLimit iS

VbcLimit _ Vberimit * Rswr rot * Cswr
Slopegsyr Vin

ton_Max =

Knowing ton max, the maximum achievable duty-cycle is

DMax = tON Max * FTEq = M
- Tex

Notice that for the XTR30012, XTR30015 and XTR30016
Rswr, Cswt and Vpcumit are internally set and cannot be exter-
nally changed. This gives a maximum ON time determined by
Vy as follows

2V -150kQ - 80pF 24V - usec
ton Max = Vi = Vi

If COMP goes above DCLimit + 1.5V, the PWM controller in-
terprets this as an “unusual” event (rapid overload or lost of
control loop) and it enters into a short-circuit recovery cycle.
See section “Over-current protection” below.

—_—— —

vDCLimiI
(2/5)VDD |
F‘DCLImM |
120kQ
DCLimit
::)wi“: MIN RDCLimit
Comp Vswt - | (optional)
+j— Vesorr = () =
’I/l/ 150mV + |
vDD VDD
MAX |
Ipsmn | RPSext
12.5pA L t (optional)
RPSTh IpTh
20kQ
L 4* comP
Soft Start SS/TR

Ramp

RSSext
- __ __ __ (optional)

For improved efficiency at low load currents, pulse-skipping
mode can be used by ensuring PSkipEnbl=1. When pulse-
skipping is enabled, the equivalent circuit of the PWM genera-
tor can be depicted as in the figure below.

During start-up, pulse-skipping mode is forced to ensure that
settling to the final output voltage is achieved smoothly even
for operation under very low duty ratios. An analog input
PSkipTh is used to set minimum allowed on-time which must
be adapted for given Vin-Vout-Freq parameters. For Buck
converters (OCPMode=1), pulse-skipping mode takes place
when operating in asynchronous mode only. In pulse-skipping
mode, the output of the error amplifier is also compared
against the saw-tooth signal, but in this case if COMP is under
a given threshold, the controller keeps a minimum ton given by:

£ = Vpstn — Vpsoss
on Sswr

V,
Vesrn = (Rpi + IPSTh) - (Rpsext//20k)

SExt
Vesorr=150mV, Sswr=Vin/(RswreCswr), lpsth=12HA

In the previous equation it is supposed that an external Rpsex
is used between VDD and PSKipTh. If no Rpsext is used,
Vpsth=250mV. When COMP is below PSkipTh, a dedicated
block masks the clock setting pulses. The system enters into
fixed ton mode which leads to a variable effective output fre-
quency, but still synchronized by the internal clock which runs
at a fixed frequency.

In a general case for a Buck converter where a voltage Vswr is
used to generate the saw-tooth signal, the output current at
which pulse-skipping starts can be approximately determined
by
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2
_ Freq- [RSWT_Tot Cswr (Vpsrn - VPSOff)] Vin = Vour
loups = 2L ' .

vz oy Vi
SWT out

In case input voltage feed forward is used (Vswr=Vn) the equa-
tion for lours becomes

2
_ Freq- [RSWT_Tot * Cswr * (Vpsrn - Vpsoff)] Vin = Vour
loutps = 2L '

Vin - Vour

If Rswr 1o=150kQ, Cswr=80pF, L=10puH, Vin=30V, Vour=5V and
Vps‘rh=0.5v, Freq=520kHz, then |omps=76mA.

Over-current protection

Over-current protection is achieved by sensing the voltage on
a resistor in series with the source of the low-side transistor or
directly on the switching node SW (assuming that the Ron of
the synchronous rectifier transistor is known).

___________ ...

i OCS Rocs

OCP Fault ocP
Timing

Rsense

OCPMode

Control input OCPMode sets the sensing polarity on OCS
node. For a Buck converter, the voltage sensed is negative
(OCPMode=1). For boost, buck-boost, flyback or push-pull
converters, the voltage sensed is positive (OCPMode=0).

An external resistor together with an internal current source
locs are used to set the over-current detection threshold. When
an overcurrent state is detected, a recovery cycle starts imme-
diately turning off the output drivers for a period of about
16100 clock cycles. After this period a new soft-start sequence
is reinitiated. In this mode, hiccup current limiting is achieved.
The overcurrent threshold is determined by:

ROCS

Iocp = “locs for OCPMode=1

sense

V —Iycs.R
IOCP=—THOCS 0€s"70C5  for OCPMode=0

RS@TLSE

For the second case (OCPMode=0), Rocs should preferably be
smaller than 3-4kQ, as larger values would give a poor preci-
sion on the short circuit protection threshold. Due to the fast
transient response of the node used for current sensing, any
parasitic capacitance on node OCS makes a low-pass filter
with Rocs resistor. To compensate for this effect, an external
capacitor can be placed in parallel with Rocs. This capacitor
should be at least one order of magnitude larger than the ex-
pected parasitic capacitance on the OCS pin.

As mentioned in the previous PWM section, the short-circuit
protection through the OCS sensing operates just after PWM
signal goes low if OCPMode=1 and just before the end of the
ON time of the PWM if OCPMode=0.

With OCPMode=1, terminal SW is used as a trigger to enable
the OCS detection. This means that SW shall go below 0V to
enable OCS detection on the current conduction cycle. This
triggering mechanism is not present, nor needed, when
OCPMode=0.

If the current increase through the inductor during the ON time
of the PWM can be larger than the expected short-circuit cur-
rent protection threshold, it is highly recommended to limit the
maximum duty cycle using the DCLimit analog input pin.
Indeed, a second short circuit protection is also integrated by
means of the DCLimit pin. This protection triggers a short-
circuit recovery cycle whenever the error amplifier goes out-
side its linear regime (COMP above DCLimit + 1.5V). For a
strong short-circuit event (i.e. very low load impedances),
COMP can rise quickly towards VDD (speed depends on the
external RC filter of the error amplifier). In such a case, the
XTR30010 will consider a short-circuit event happened, even if
the current sense is still in the blind period. On the other side,
in case of an overcurrent (i.e. not strong short circuit), the

COMP output rising can be much slower, so that the overcur-
rent event could be detected quite late. In such case, the over
current will be first detected by the short circuit protection
through the OCS terminal.

It is important to notice that second short circuit protection
based on DCLimit is always active, even if the OCS pin is not
used. Nevertheless, it is possible to inhibit this second protec-
tion by connecting DCLimit to VDD in the packages that have
available DCLimit. In such a case it is no longer possible to
limit the maximum duty cycle of the PWM controller.

Output drivers & drivers control

The output drivers are able to source and sink at least 50mA at
230°C. By default, the HDrv and LDrv outputs are considered
ON when they are at HIGH level. However, at die level, there
is a pad DrvPOL which, when grounded, allows to reverse the
logic (ON at LOW level). Both the LDrv and HDrv outputs are
referenced to PGND and are able to provide a signal up to 5V
(PVDD) of amplitude.

The drivers control block has anti-shoot through capabilities.
Prevention of cross conduction is achieved by feeding back
HDrv and LDrv nodes to the drivers control block for whatever
the DrvPOL state. However, it is important that the used exter-
nal drivers (high side and low side) present a delay mismatch
smaller than the non-overlap period of the XTR30010 control-
ler defined earlier in the electrical specification.

System start-up is carried out in pulse-skipping mode forced
internally until FB goes above 90% of the internal 1.2V refer-
ence.

In case an overcurrent event is detected, both the HDrv and
LDrv outputs are set OFF for an internally timed recovery peri-
od. After this recovery period, a soft-start cycle is initiated.
When an overvoltage event is detected (FB going above 120%
of 1.2V), the HDrv is set off, while and LDrv remains active,
until FB recovers to 90% of Vref (1.2V).

For Buck converters only (OCPMode=1), a special feature,
called “Forced bootstrap capacitor pre-charge” has been
introduced in order to force the switching node SW to ground
at some moments thus making sure the bootstrap capacitor
charges. This is critical for the external high-side driver in order
to guarantee a minimum charging of the associated bootstrap
capacitor when the driver has no integrated charge pump cir-
cuitry. In normal operation (except pulse skipping), the SW
node of a Buck converter is supposed to go to a slightly nega-
tive voltage at each clock period. At that moment, the boot-
strap capacitor can be pre-charged. The high side driver will
then operate as expected. If for any reason, the bootstrap
capacitor is not pre-charged enough, the high side switching
device cannot be turned on correctly anymore. The result is
that the SW node will not be pulled down any more bellow
ground by the output inductor. This can be an incorrect stable
state from which the DC-DC cannot recover from itself. In or-
der to avoid such condition, the XTR30010 controller (when
OCPMode=1) continuously checks if the SW node goes bellow
about +1V at each clock period. If during 16 consecutive clock
periods, the SW node never goes below this threshold, the
PWM logic will force the LDrv output ON the next clock period
as soon as the HDrv output is OFF. In practice, the duration of
the LDrv pulse is very short (100ns range). As soon as SW
goes below +1V, the LDrv turns OFF. Even during this short
pulse, the system guarantee that HDrv and LDrv are never ON
together.

In normal operation, the short LDrv pulse that occurs whenever
SW remains positive over 16 clock periods can be observed at
very low load current condition, when the system goes in deep
pulse skipping (i.e. the PWM remains OFF for more than 16
clock periods) due to low load currents. The effect of this brief
pulse on the output voltage ripple is nearly not visible. Without
this short pulse, the bootstrap capacitor could discharge during
asynchronous or pulse skipping operation and block the sys-
tem. In case this “Forced bootstrap capacitor pre-charge” fea-
ture is not desired, it is possible to deactivate it by setting
AsyncEnbl=0 and PSkipEnbl=1. This feature is not available
for non Buck converters (OCPMode=0).
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System design guidelines

FB, COMP and OCS terminals are sensitive to sys-
tem noise. Layout these terminals with minimum
parasitic capacitance and avoid any possible cou-
pling with SW, HDrv, LDrv, CKOUT and PGOOD
signals.

Noise on RT/SYNC could cause erratic behavior of
the internal clock generator. Avoid any possible cou-
pling with SW, HDrv, LDrv, CKOUT and PGOOD
signals. In case a capacitor is connected to
RT/SYNC to slow down the clock, connect the ca-

Summary of Operating Modes

pacitor to a noiseless GND. Do not connect this ca-
pacitor to PGND under any condition.

Notice that terminal OCS is relative to PGND (not
GND).

Connect a capacitor of at least 1nF on terminals de-
termining operational thresholds (PSKipTh and
DCLimit) to avoid any possible noise. For PSkipTh
connect this capacitor to GND and for DCLimit con-
nect the capacitor to VDD.

When using “input voltage feedforward”, connect
SWT to VIN through a resistor of at least 100Q.

Desired Functionality

n
r

OCPMode PSki IntlvMode

Buck mode with asynchronous and pulse skipping enabled. “Forced bootstrap capacitor pre-charge” active.

-
o

Buck mode with asynchronous and pulse skipping enabled. “Forced bootstrap capacitor pre-charge” inactive.

Buck mode with asynchronous enabled and pulse skipping disabled. “Forced bootstrap capacitor pre-charge” active.

Buck mode with fixed synchronous mode (after startup). “Forced bootstrap capacitor pre-charge” active.

Boost, buck-boost, flyback modes (complementary non-overlapped outputs). Pulse skipping mode enabled.

Boost, buck-boost, flyback modes with LDrv permanently off. Pulse skipping mode enabled.

Boost, buck-boost, flyback modes (complementary non-overlapped outputs). Pulse skipping mode disabled.

Boost, buck-boost, flyback modes with LDrv permanently off. Pulse skipping mode disabled.

Interleaved mode only. Pulse skipping mode enabled.

Interleaved mode only. Pulse skipping mode disabled.

olo|o|o|o|o|=a|=|=
o|=|o|o|=|=|olo|a|ali
X|X|o|=|o|=|o|=o|=
—-|alo|o|o|o|o|o|o

PACKAGE OUTLINES

Dimensions shown in mm [inches]. Tolerances +0.13 mm [+0.005 in] unless otherwise stated.

Ceramic Small Outline IC SOIC24

15.40 £0.20
[0.606 0.008]

9.53

4x R 0.13[0.005] [0.375]

I

24 0.20 0.03
[0.008 £0.0012]

7.45 +0.15
[0.293 +0.006]

|

9.00
[0.354]

|

10.00 - 11.90
[0.394 - 0.469]
0.30 Max

[0.012 Max]

1

2.41 £0.25
[0.095 +0.010]

24x 0.42 £0.05
[0.017 0.002]
22x1.27

[0.050]

13.97 40.15
[0.550 +0.006]

Dual Flat Pack DFP16

L 9943020 _ |
[0.392 +0.008]

7.37
[0.290]

T

6.91 £0.15
[0.272 +0.006]

J“REL |
XTRPPPPP

YYW\?ANNJ
PININIRIININNS
TUUToTT

0.64
[0.025]

\ |
l
2,03 40.20 +‘ }.

[0.080 +0.008]

16x 0.42 +0.05
[0.017 £0.002]

14x1.27
[0.050]
8.89 £0.15
[0.350 +0.006] |

16x 0.13£0.5
[0.005 +0.002]

4.32
[0.170]

Max 20.10
[0.825]

0.38 +0.05
[0.015 +0.002]
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. 686 .
8x 0.13
[0'?701 *‘% [0.005]
HAAAR
6.86 /AREL . 7.62 10.16 Max
[0.270] XTRPPPPP [0.250] [0.300] [0.400 Max]
\YVW“VAIIII/
HEHEH

1.79 ‘
[0.070] 8x 1.27 lL 0x 0.43 £0.05 M 6.25 +0.25
[0.050] [0.017 £0.002] [0.250 +0.10]
3.81 £0.13
[0.150 +0.005]

ePAD 4x R 0.64 [0.025]

6.25 +0.25
[0.250 £0.10]
|

7.87
[0.310

I

4x R 0.76 [0.030]

+0.25
+0.010]

|

7.37 £020
[0.290 0.008]

13.21 £0.20

[0.520 +0.008]

11.43

[0.450]

8x0.03
[0.010]

+

Lo 3.3040.25
10:050] 19,130 £0.010]
2.16 R
10.085] 8x 4.00 40.50
[0 158 £0.020]
6x 2.54 8 0.46
10.100] * 10.018]
7.6240.13
[0.300 £0.005]

7.87 £0.25
[0.310 £0.010]

T T

4x R 0.76 [0.030]

[0.450]

7.37 £020
[0.290 +0.008]

20.32 +0.20
[0.800 +0.008]

11.43

14x0.03
[0.010]

+

o e 3.30 +0.25
[0.050] [0.130 £0.010]
216 ¥

[0.085] 16x 4.00 +0.50
[0.158 +o 020]

14x 2.54 4}‘ 16x 0.46

10.100] [0.018]

17.78 £+0.13
[0.700 +0.005] |
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30.48 +0.30
[1.200 +0.012]
12.52 24x 0.03
4x R 0.51 [0.020] [0.493] [0.010]
_ ‘ 4
x -t
v
)
15.49 +0.25 14.97 +0.25 "ﬁ.n.EL 12.52
[0.610 +0.010] [0.590 +0.010] XTRPPPPP [0.493]
ANN L
1.27 3.30 £0.25
[0.050] [0.130 0.010]
2.16 ¥
[0.085] 24x 4.00 +0.50
[0.158 +0.020]
¥
22x 2.54 »‘ }‘ 24x 0.46
[0.100] [0.018]
25.94 +0.13
[1.100 £0.005] | |
Part Reference: XTRPPPPPP
XTR X-REL Semiconductor, high-temperature, high-reliability product (XTRM Series).
PPPPP Part number (0-9, A-Z).
Unique Lot Assembly Code: YYWWANN
YY Two last digits of assembly year (e.g. 11 = 2011).
ww Assembly week (01 to 52).
A Assembly location code.
NN Assembly lot code (01 to 99).
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IMPORTANT NOTICE & DISCLAIMER

Information in this document supersedes and replaces all information previously supplied. Information in this document is provided sole-
ly in connection with X-REL Semiconductor products.

The information contained herein is believed to be reliable. X-REL Semiconductor makes no warranties regarding the information con-
tain herein. X-REL Semiconductor assumes no responsibility or liability whatsoever for any of the information contained herein. X-REL
Semiconductor assumes no responsibility or liability whatsoever for the use of the information contained herein. The information con-
tained herein is provided "AS IS, WHERE IS" and with all faults, and the entire risk associated with such information is entirely with the
user. X-REL Semiconductor reserves the right to make changes, corrections, modifications or improvements, to this document and the
information herein without notice. Customers should obtain and verify the latest relevant information before placing orders for X-REL
Semiconductor products. The information contained herein or any use of such information does not grant, explicitly or implicitly, to any
party any patent rights, licenses, or any other intellectual property rights, whether with regard to such information itself or anything de-
scribed by such information.

Unless expressly approved in writing by an authorized representative of X-REL Semiconductor, X-REL Semiconductor products are not
designed, authorized or warranted for use in military, aircraft, space, life saving, or life sustaining applications, nor in products or sys-
tems where failure or malfunction may result in personal injury, death, or property or environmental damage.

General Sales Terms & Conditions apply.

For more information on X-REL Semiconductor’s products, technical support or ordering:
v Web: www.x-relsemi.com/products
v Tel: +33 456 580 580
v Fax: +33 456 580 599
v Sales: sales@x-relsemi.com

www.x-relsemi.com/EN/Sales-Representatives

v" Information: info@x-relsemi.com
v' Support:  support@x-relsemi.com
X-REL Semiconductor

90, Avenue Léon Blum
38100 Grenoble
France
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