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MIDRANGE INPUT SYNCHRONOUS BUCK CONTROLLER
WITH ADVANCED SEQUENCING AND OUTPUT MARGINING

FEATURES

e Operation over 4.5V to 18 V Input Range

e 100 kHz to 1 MHz Voltage Mode Control

e Output Voltage Range From 0.69 Vto 5.5V

e Simultaneous, Ratiometric and Sequential
Startup Sequencing

¢ Remote Sensing (Via Separate GND/PGND)

e 24-Pin QFN Package

¢ Thermal Shutdown

¢« Programmable Overcurrent Protection

e Power Good Indicator

e 1%, 690-mV Reference

¢ Output Margining, 3% and 5%

¢ Programmable UVLO and Hysteresis

e Frequency Synchronization

APPLICATIONS

e Servers

¢ Networking Equipment

¢ Telecommunications Equipment
e« Power Supply Modules
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DESCRIPTION

The TPS40101 is a wide-input synchronous,
step-down controller that offers programmable closed
loop soft-start, programmable UVLO and hysteresis,
programmable current limit with hiccup recovery and
can be synchronized to other timebases. The
TPS40101 incorporates MOSFET gate drivers for
external N-channel MOSFETs. Gate drive logic
incorporates adaptive anti-cross conduction circuitry
for improved efficiency, reducing diode conduction in
the rectifier MOSFET.

TYPICAL APPLICATION
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2 Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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ORDERING INFORMATION
Ta PACKAGE PART NUMBER®)
40°C 10 85°C OFN TPS40101RGER
TPS40101RGET
(1) The QFN package (RGE) is available taped and reeled only. Use
large reel device type R (TPS40101RGER) to order quantities of
3,000 per reel. Use small reel device type T (TPS40101RGET) to
order quantities of 250 per reel.
DEVICE RATINGS
ABSOLUTE MAXIMUM RATINGS
over operating free-air temperature range unless otherwise noted®
TPS40101 UNIT
VDD -0.3to 20
5VBP, BIAS, FB, ILIM, ISNS, LDRV, MGU, MGD, PG, SS, 03106
SYNC, UVLO, VO
BST to SW, HDRV to SW(® -0.3t0 6.0
Vin Input voltage range SwW -1.51t0 Vyiy %
SW (transient) < 100 ns -6 to 30
TRKIN -0.3t0 20
GND to PGND -0.3t0 0.3
TRKOUT -0.3t0 8.0
HDRV, LDRV (RMS) 05
HDRYV, LDRV (peak) 2.0 A
FB, COMP, TRKOUT 10 to -10 mA
SS 20 to -20
In Input current range PG 20
GM 1 mA
RT 10
V5BP 500
RT source 100 HA
T, Operating junction temperature range —40to 125 oc
Tstg Storage temperature -55to 150

(1) Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating
conditions" is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) BST to SW and HDRV to SW are relative measurements. BST and HDRYV can be this amount of voltage above or below the voltage at

SW.

(3) V5BP current includes gate drive current requirements. Observe maximum T rating for the device.
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ELECTRICAL CHARACTERISTICS
-40°C < T, =T, 85°C, Vpp = 12V, Ry = 182 kQ, R, = 232 kQ, Ry » = 121 kQ (unless otherwise noted)

PARAMETER \ TEST CONDITIONS | MIN  TYP  MAX| UNIT
INPUT VOLTAGE
Vyvpp Operating range ‘ | 4.5 18.0 | Y,
OPERATING CURRENT
Ibp Quiescent current Vgg > 0.8 V, 0% duty cycle 1.3 1.8 25| mA
Isp Shutdown current Vuvio <1V 500 pA
5VPB
7V < Vypps 18 V, 0 MA < 1, oaps 30 MA 4.7 5.0 5.3
Internal regulator \
45V <Vypp <7V, 0mA< Il oaps 30 MA 43 5.0 5.3
OSCILLATOR/RAMP GENERATOR
fsw Programmable oscillator frequency 100 1000
fosc Oscillator frequency accuracy 443%?.1.'/’;‘ E%JB svl’25°C 250 275 300 kHz
Vramp Ramp amplitude () 0.5 Vp.p
torr Fixed off-time 100 150 ns
Dmin Minimum duty cycle 0%
tmin Minimum controllable pulse width®) CrLoap = 4.7 NF, -40°C < Tp = Tj< 125°C 90 100| ns
VyLy Valley voltage 1.0 1.6 2.0 \%
FREQUENCY SYNCHRONIZATION
\m High-level input voltage 2 v
Vi Low-level input voltage 0.8
Isyne Input current, SYNC Vgyne =25V 4.0 55 10.0 MA
tsyne Mimimum pulse width, SYNC 50
tsync_sH Minimum set-up/hold time, SYNC(@ 100 ne
SOFT-START AND FAULT IDLE
Iss Soft-start source (charge) current 13 20 25 uA
Iss_sink Soft-start sink (discharge) current 3.4 5.0 6.6
Vssc Soft-start completed voltage 325 340 3.75 v
Vssp Soft-start discharged voltage 0.15 0.20 0.25
Retry interval time to SS time ratio() 16
Vssos Offset from SS to error amplifier 300 500 800 mVv
ERROR AMPLIFIER
GBWP Gain bandwidth product®) 35 5.0 MHz
AVOL Open loop 60 80 dB
Igias Input bias current, FB 50 200 nA
lon High-level output current mA
loL Low-level output current
Slew rate (@) 2.1 Vius
FEEDBACK REFERENCE
Tp =T;=25°C 686 690 694
Vig Feedback voltage reference mV
-40°C < Tp = Ty 125°C 683 697

(1) Ensured by design. Not production tested.
(2) To meet set up time requirements for the synchronization circuit, a negative logic pulse must be greater than 100 ns wide.
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ELECTRICAL CHARACTERISTICS (continued)
-40°C < T, = T;< 85°C, Vypp = 12V, Rgr = 182 kQ, Rgy, = 232 kQ, R = 121 kQ (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP  MAX| UNIT
VOLTAGE MARGINING
Feedback voltage margin 5% up Vmgu < 500 mV 715 725 735
VEsmGU ; mv
Feedback voltage margin 3% up 2V<Vygu<s3V 700 711 720
Ivcup Margin-up bias current 60 80 100 pA
Vesuco Feedback voltage margin 5% down Vmep < 500 mV 645 655 665 A
Feedback voltage margin 3% down 2V<Vygp<s3V 660 669 680
ImcDN Margin-down bias current 60 80 100 pA
tmebLy Margining delay time ®) 12 30
tMGTRAN Margining transition time 15 7.0 me
CURRENT SENSE AMPLIFIER
gMcsa Current sense amplifier gain T;=25°C 300 333 365 us
TCom Amplifier gain temperature coefficient -2000 ppm/°C
VeMLIN Gm linear range voltage T;=25°C -50 50| mVv
lisns Bias current at ISNS pin Vyo = Vigns = 3.3V 250 nA
Vemem Input voltage common mode 45V<Vy <55V 0 3.2 \%
CURRENT LIMIT
Viim ILIM pin voltage to trip overcurrent 144 148 1.52 Y
tiLmbLY Current limit comparator propagation delay HDRYV transition from on to off 70 140 ns
DRIVER SPECIFICATIONS
tRHDRY Hlgh-side driver rise time CLoap = 4.7 nF 57
teHDRY High-side driver fall time® CLoap = 4.7 nF 47 ns
luorvsrrks  Hlgh-side driver peak source current(®) 800
liorvsrmiL  Hlgh-side driver source current at 2.5 V(4) Vipry - Vsw = 2.5V 700 mA
luspvsnpk  Hlgh-side driver peak sink current 1.3 A
liorvsnmiL  High-side driver sink current at 2.5 V) Vipry - Vsw = 2.5V 1.2
RHprvUP Hlgh-side driver pullup resistance Ihpry = 300 mA 24 4.0 o
RHDRVDN Hlgh-side driver pulldown resistance Ihpry = 300 mA 1.0 1.8
trLpRY Low-side driver rise time () CLoap = 4.7 nF 57
tr DRV Low-side driver fall time () CLoap = 4.7 nF 47 ns
l.orvsrpk  Low-side driver peak source current(®) 800
l.orvsnviL  Low-side driver source current at 2.5 V®) Vipry = 2.5V 700 mA
l.spvsnek  Low-side driver peak sink current®) 1.3 A
Low-side driver sink current at 2.5 V®) Vipry = 2.5V 1.2
R prvuP Low-side driver pullup resistance IL.pry = 300 mA 2.0 4.0 o
R prVDN Low-side driver pulldown resistance IL.pry = 300 mA 0.8 15
lswiLEAK Leakage current from SW pin -1 1 pA
POWERGOOD
Vi pcD Powergood low voltage lpgp= 2 MA 30 100 mVv
tpeD Powergood delay time 15 25 35 us
V. pGDNP Powergood low voltage , no device power \S/XI/DE;:p(p)ISEN’ 10-kQ pullup to external 1.00 1.25 \%
Vov Power good overvoltage threshold, Vrg 765 my
Vv Power good undervoltage threshold, Vgg 615

(3) Margining delay time is the time delay from an assertion of a margining command until the output voltage begins to transition to the
margined voltage.
(4) Ensured by design. Not production tested.

4
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ELECTRICAL CHARACTERISTICS (continued)
-40°C < T, = T;< 85°C, Vypp = 12V, Rgr = 182 kQ, Rgy, = 232 kQ, R = 121 kQ (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP  MAX| UNIT
TRACKING AMPLIFIER
VT1RrKOS Tracking amplifier input offset voltage Virkos = Virkn Vo i Wwos 2V ! 25 40 mV
Vrrkos = Vrrin - Vo § 2 V < Vyos 6 V -5 25 40
V1RKCM Input common mode, active range 0 6
) - 45V <Vypp<55V 0 3.6
VTRK Tracking amplifier voltage range
5V <Vypp <18 VG 0 6 v
Vutrkout  High-level output voltage, TRKOUT Vvpp =12V >0 65 80
Vyvpp = 4.5V 3.2 3.6
V| TRKOUT Low-level output voltage, TRKOUT 0 0.5
IsrcTrRKOUT ~ Source current, TRKOUT 0.65 2.00 mA
IsnktrkoOuT — Sink current, TRKOUT 1 2
VIRKDIE Differential voltage from TRKIN to VO 18 Y
GBWPgrx  Tracking amplifier gain bandwidth product(®) 1 MHz
AVOL gk Tracking amplifier open loop DC gain(® 60 dB
PROGRAMMABLE UVLO
VuvLo Undervoltage lockout threshold 1.285 1.332 1.378 Y
luvLo Hysteresis current 9.0 10.0 10.8 HA
INTERNALLY FIXED UVLO
VUVLOFON Fixed UVLO turn-on voltage at VDD pin -40°C < Tp < 125°C 3.850 4.150 4.425 v
Vuviorore  Fixed UVLO turn-off voltage at VDD pin 3.750 4.06 4.35
Vuvionyst  UVLO hysteresis at VDD pin 85 mV
THERMAL SHUTDOWN
Tsp Thermal shutdown temperature (©) 130 165 oc
TopHYST Hysteresis ©) 25

(5) Amplifier can track to the lesser of 6 V or (Vppx 0.95)
(6) Ensured by design. Not production tested.

DEVICE INFORMATION

RGE PACKAGE

(BOTTOM VIEW)
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DEVICE INFORMATION (continued)

TERMINAL FUNCTIONS

TERMINAL
1/0 DESCRIPTION
NAME NO.
Output of an internal 5-V regulator. A 1-uF bypass capacitor should be connected from this
5VBP 14 (0] pin to PGND. Power for external circuitry may be drawn from this pin. The total gate drive
current and external current draw should not cause the device to exceed thermal capabilities
BIAS 8 o The bypassed supply for internal device circuitry. Connect a 0.1-uF or greater ceramic
capacitor from this pin to GND.
Gate drive voltage for the high-side N-channel MOSFET. An external diode must be
BST 15 | connected from 5VBP (A) to BST(K). A schottky diode is recommended for this purpose. A
capacitor must be connected from this pin to the SW pin.
COMP 1 o Output of the error amplifier. A feedback network is connected from this pin to the FB pin for
control loop compensation.
Inverting input to the error amplifier. In normal operation the voltage on this pin is equal to
FB 2 | . )
the internal reference voltage (approximately 690 mV).
GM 11 | Connect a resistor from this pin to GND to set the gain of the current sense amplifier.
Low power or signal ground for the device. All signal level circuits should be referenced to
GND 9 - N A
this pin unless otherwise noted.
HDRV 16 (0] Floating gate drive for the high side N-channel MOSFET.
Current limit pin used to set the overcurrent threshold and transient ride out time. An internal
current source that is proportional to the inductor current sets a voltage on a resistor
ILIM 6 (0] connected from this pin to GND. When this voltage reaches 1.48 V, an overcurrent condition
is declared by the device. Adding a capacitor in parallel with the resistor to GND sets a time
delay that can be used to help avoid nuisance trips.
ISNS 19 | Current input from the inductor DCR sensing. This input signal is one of the inputs of the
current sense amplifier for over current detection.
LDRV 13 (0] Gate drive for the N-channel synchronous rectifier.
Margin down pin used for load stress test. When this pin is pulled to GND through less than
MGD 23 | 10 kQ, the output voltage is decreased by 5%. The 3% margin down at the output voltage is
accommodated when this pin is connected to GND through a 30-kQ resistor.
Margin up pin used for load stress test. When this pin is pulled to GND through less than 10
MGU 24 | kQ, the output voltage is increased by 5%. The 3% margin up at the output voltage is
accommodated when this pin is connected to GND through a 30-kQ resistor.
Open drain power good output for the device. This pin is pulled low when the voltage at the
PG 21 (0] FB pin is more than 10% higher or lower than 690 mV, a UVLO condition exists, soft-start is
active, tracking is active, an overcurrent condition exists or the die is over temperature.
PGND 12 - Power ground for internal drivers
RT 7 | A resistor connected from this pin to GND sets operating frequency.
Soft-start programming pin. A capacitor connected from this pin to ground programs the
SS 10 | " L9 . . .
soft-start time. This pin is also used as a time out function during an overcurrent event.
sw 17 | Connected to the switched node of the converter. This pin is the return line for the flying high
side driver.
Rising edge triggered synchronization input for the device. This pin can be used to
SYNC 22 | synchronize the oscillator frequency to an external master clock. This pin may be left floating
or grounded if the function is not used.
Control input allowing simultaneous startup of multiple controllers. The converter output
TRKIN 4 | tracks TRKIN voltage with a small controlled offset (typically 25 mV) when the tracking
amplifier is used. See application secttion for more information.
Output of the tracking amplifier. If the tracking feature is used, this pin should be connected
to FB pin through a resistor in series with a diode. The resistor value can be calculated from
TRKOUT 3 (0] the equivalent impedance at the FB node. The diode should be a low leakage type to
minimize errors due to diode reverse current. For further information on compensation of the
tracking amplifier refer to the application information
Provides for programming the undervoltage lockout level and serves as a shutdown input for
UVLO 5 | A
the device.
VDD 18 | Supply voltage for the device.
VO 20 | Output voltage. This is the reference input to the current sense amplifier.
6
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FUNCTIONAL BLOCK DIAGRAM
RT SYNC UVLO
7 22 [5 |
TPS40100
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—
A (D _
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SUPPLY CURRENT

TYPICAL CHARACTERISTICS

SHUTDOWN SUPPLY CURRENT

VS VS
TEMPERATURE (NO SWITCHING) TEMPERATURE
25 0.6
VDD =18V
VDD =18V |
0.5
2.0 —————1, \/ —-
< =7 ® < |
1 "
| Vpp =12V | 04 | === ===
= =
o 15 = o
2 Vpp =45V £ Vpp =12V //(
@) ) 0.3 P
> > 0
E g |
3 10 3 Vpp=45V
I |
a 002
[a) o
= =
05 0.1
UvVLO =0V
0 0 |
-50 0 50 100 150 -50 0 50 100 150
T - Temperature — °C T - Temperature — °C
Figure 1. Figure 2.
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VS VS
TEMPERATURE TEMPERATURE
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- ‘ & -50
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|
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o s
> 4.5 |
i
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e | Vd ~ /
Vpp =4.5V, Igps = -30 mA
4.3 -80
-50 0 50 100 -50 0 50 100 150
T — Temperature — °C T — Temperature — °C
Figure 3. Figure 4.
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Veg — Reference Voltage Change - %

tmeTrAN — RMargin T ransition T ime — ms

TYPICAL CHARACTERISTICS (continued)

REFERENCE VOLTAGE CHANGE
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Figure 5.
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Figure 7.
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Figure 6.
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Figure 8.
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TYPICAL CHARACTERISTICS (continued)
POWERGOOD OVERVOLTAGE THRESHOLD FIXED UVLO VOLTAGE
VS Vs
TEMPERATURE TEMPERATURE
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g
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“ 1009 \\ &
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3 106 3.08 [ ===
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>
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-50 0 50 100 150 =50 0 50 100 150
T - Temperature — °C T — Temperature — °C
Figure 9. Figure 10.
PROGRAMMABLE UVLO THRESHOLD PROGRAMMABLE UVLO HYSTERESIS CURRENT
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>
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=50 0 50 100 150 -50 0 50 100 150
T — Temperature — °C T — Temperature — °C
Figure 11. Figure 12.
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TYPICAL CHARACTERISTICS (continued)
FREQUENCY CHANGE TRACKING AMPLIFIER OFFSET VOLTAGE
Vs Vs
TEMPERATURE TEMPERATURE
3 25
>
2 I \
X L 20 e —
| < e~
S 1 \ © T~
g N\ >
&) \ 3
2 15
> E=
2 0 o
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> \ £ 10
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£ 5 <
Z N\ £
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=50 0 50 100 150 -50 0 50 100 150
T — Temperature — °C T - Temperature — °C
Figure 13. Figure 14.
TRACKING AMPLIFIER OUTPUT VOLTAGE TRACKING AMPLIFIER BIAS CURRENT
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=50 0 50 100 150 =50 0 50 100 150
T - Temperature - °C T - Temperature — °C
Figure 15. Figure 16.
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TYPICAL CHARACTERISTICS (continued)
SOFT-START CHARGE AND DISCHARGE POWER GOOD VOLTAGE
VS VS
TEMPERATURE TEMPERATURE
25 45 I
lpcoop = 2 MA
40 ——
Charge
20 E 35
< i I
| S 30 _—
2 3 -
o 15
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© 8
5 Q
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@ .15
0 Discharge 8
D o]
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>
5
0 0
-50 0 50 100 150 -50 0 50 100 150
T - Temperature — °C T - Temperature - °C
Figure 17. Figure 18.
CURRENT LIMIT THRESHOLD VOLTAGE OUTPUT VOLTAGE BIAS CURRENT
VS VS
TEMPERATURE TEMPERATURE
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Figure 19. Figure 20.
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TYPICAL CHARACTERISTICS (continued)

CURRENT SENSE BIAS CURRENT

CURRENT SENSE BIAS CURRENT

VS VS
TEMPERATURE CURRENT SENSE VOLTAGE
120 ‘ 400
VVO=VIS g=3.3V
-
< 100 \\ < 0 //
T /
-.l-‘ \ I O
3 3 -200
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o 60 o —400
g 2
2 % 600
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Rt — Timing Resistance -k Q

Rem — Gain Setting Resistance -k Q

TYPICAL CHARACTERISTICS (continued)
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Rt — Timing Resistance -k Q
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APPLICATION INFORMATION

Introduction

The TPS40101 is a voltage mode synchronous buck controller targeted at applications that require sequencing
and output voltage margining features.Current sensing is true differential and can be done using the inductor DC
resistance (with a R-C filter) or with a separate sense resistor in series with the inductor. The programmable
overcurrent function has user programmable integration to eliminate nuisance tripping and allow the user to tailor
the response to application requirements. The controller provides an integrated method to margin the output
voltage to 3% and 5% of its nominal value by simply grounding one of two pins directly or through a
resistance. Powergood and clock synchronization functions are provided on dedicated pins. Users can program
operating frequency and the closed loop soft-start time by means of a resistor and capacitor to ground
respectively. Output sequencing/tracking can be accomplished in one of three ways: sequential (one output
comes up, then a second comes up), ratiometric (one or more outputs reach regulation at the same time — the
voltages all follow a constant ratio while starting) and simultaneous (one or more outputs track together on
startup and reach regulation in order from lowest to highest).

Programming Operating Frequency
Operating frequency is set by connecting a resistor to GND from the RT pin. The relationship is:

— 4 4
R, = |~398x 10t (5.14; x 10 ) 86 ()
fsw S )
where
» fgw is the switching frequency in kHz
* RyisinkQ
Figure 23 and Eigure 28 show the relationship between the switching frequency and the Ry resistor as described
in Equation 1. The scaling is different between them to allow the user a more accurate views at both high and

low frequency.

Selecting an Inductor Value

The inductor value determines the ripple current in the output capacitors and has an effect on the achievable
transient response. A large inductance decreases ripple current and output voltage ripple, but is physically larger
than a smaller inductance at the same current rating and limits output current slew rate more that a smaller
inductance would. A lower inductance increases ripple current and output voltage ripple, but is physically smaller
than a larger inductance at the same current rating. For most applications, a good compromise is selecting an
inductance value that gives a ripple current between 20% and 30% of the full load current of the converter. The
required inductance for a given ripple current can be found from:
(VIN - VOUT) X Vour

L= (H)
VIN X fsw x Al @)

e L is the inductance value (H)

e V) is the input voltage to the converter (V)

*  Vgyr is the output voltage of the converter (V)

» fsw is the switching frequency chosen for the converter (Hz)
« Al is the peak-to-peak ripple current in the inductor (A)

Selecting the Output Capacitance

The required value for the output capacitance depends on the output ripple voltage requirements and the ripple
current in the inductor, as well as any load transient specifications that may exist.

The output voltage ripple depends directly on the ripple current and is affected by two parameters from the
output capacitor: total capacitance and the capacitors equivalent series resistance (ESR). The output ripple
voltage (worst case) can be found from:
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APPLICATION INFORMATION (continued)
- 1
AV = Al x | ESR + (8 o % fsw) V)
®)

where
e AV is the peak to peak output ripple voltage (V)
« Al is the peak-to-peak ripple current in the inductor (A)
+ fg is the switching frequency chosen for the converter (Hz)
* Cgyr is the capacitance value of the output capacitor (F)
* ESRis the equivalent series resistance of the capacitor, Cq 1 (Q2)

For electrolytic capacitors, the output ripple voltage is almost entirely (90% or more) due to the ESR of the
capacitor. When using ceramic output capacitors, the output ripple contribution from ESR is much smaller and
the capacitance value itself becomes more significant. Paralleling output capacitors to achieve a desired output
capacitance generally lowers the effective ESR more effectively than using a single larger capacitor. This
increases performance at the expense of board area.

If there are load transient requirements that must be met, the overshoot and undershoot of the output voltage
must be considered. If the load suddenly increases, the output voltage momentarily dips until the current in the
inductor can ramp up to match the new load requirement. If the feedback loop is designed aggressively, this
undershoot can be minimized. For a given undershoot specification, the required output capacitance can be
found by:
2
L x|
STEP (F)

C =
otnden 2 x Vunper X Puax X (VIN - VOUT) @)

where

*  Cowunden IS the output capacitance required to meet the undershoot specification (F)

e L is the inductor value (H)

* lgrep is the change in load current (A)

*  Vunoer IS the maximum allowable output voltage undershoot

e Dpyax is the maximum duty cycle for the converter

eV is the input voltage

*  Vgyr is the output voltage

Similarly, if the load current suddenly goes from a high value to a low value, the output voltage overshoots. The
ouput voltage rises until the current in the inductor drops to the new load current. The required capacitance for a
given amount of overshoot can be found by:

2
L x|
STEP
(F)

Cooven = 5% Vover % Vout

®)
where

*  Cooven Is the output capacitance required to meet the undershoot specification (F)

e L in the inductor value (H)

* lgrep is the change in load current (A)

*  Vouer is the maximum allowable output voltage overshoot

e Vgur is the output voltage

The required value of output capacitance is the maximum of Congery @aNd Coover)-

Knowing the inductor ripple current, the switching frequency, the required load step and the allowable output
voltage excursion allows calculation of the required output capacitance from a transient response perspective.
The actual value and type of output capacitance is the one that satisfies both the ripple and transient
specifications.
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APPLICATION INFORMATION (continued)
Calculating the Current Sense Filter Network

The TPS40101 gets current feedback information by sensing the voltage across the inductor resistance, R p¢. In
order to do this, a filter must be constructed that allows the sensed voltage to be representative of the actual
current in the inductor. This filter is a series R-C network connected across the inductor as shown in Figure 29.

ViN To ISNS pin To VO pin

ReLT CrLr

J L 100 Q
I

Ripc

Ja 1 Co

UDG-04150

Vo

Figure 29. Current Sensing Filter Circuit

If the Rg -Cg 7 time constant is matched to the L/R,pc time constant, the voltage across Cg 1 is equal to the
voltage across R, pc. It is recommended to keep Rg 1t 10 kQ or less. Cg 1 can be arbitrarily chosen to meet this
condition (100 nF is suggested). R 1 can then be calculated.

L
Rer=————— — 100 (Q)
PT Ripe X Ceiy (6)

where
* Rg.7is the current sense filter resistance (Q)
e Cg.7is the current sense filter capacitance (F)
e L is the output inductance (H)
* Rypcis the DC resistance of the output inductor (Q)

When laying out the board, better performance can be accomplished by locating Cg, 1 as close as possible to the
VO and ISNS pins. The closer the two resistors can be brought to the device the better as this reduces the
length of high impedance runs that are susceptible to noise pickup. The 100-Q resistor from Vg7 to the VO pin
of the device is to limit current in the event that the output voltage dips below ground when a short is applied to
the output of the converter.

Compensation for Inductor Resistance Change Over Temperature

The resistance in the inductor that is sensed is the resistance of the copper winding. This value changes over
temperature and has approximately a 4000 ppm/°C temperature coefficient. The gain of current sense amplifier
in the TPS40101 has a built in temperature coefficient of approximately -2000 ppm/°C. If the circuit is physically
arranged so that there is good thermal coupling between the inductor and the device, the thermal shifts tend to
offset. If the thermal coupling is perfect, the net temperature coefficient is 2000 ppm/°C. If the coupling is not
perfect, the net temperature coefficient lies between 2000 ppm/°C and 4000 ppm/°C. For most applications this
is sufficient. If desired, the temperature drifts can be compensated for. The following compensation scheme
assumes that the temperature rise at the device is directly proportional to the temperature rise at the inductor. If
this is not the case, compensation accuracy suffers. Also, there is generally a time lag in the temperature rise at
the device vs. at the inductor that could introduce transient errors beyond those predicted by the compensation.

Also, the 100-Q resistor in is not shown. However, it is required if the output voltage can dip below
ground during fault conditions. The calculations are not afffected, other than increasing the effective value of Rg;
by 100-Q.

bubmit Documentation Feedback 17


http://focus.ti.com/docs/prod/folders/print/tps40101.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUS726&partnum=TPS40101

m {'f TEXAS
INSTRUMENTS

www.ti.com
SLUS726-SEPTEMBER 2006

APPLICATION INFORMATION (continued)

The relative resistance change in the inductor is given by:
RREL(L) =1+TC X (TL — TBASE) (dimensionless) ™
where
*  Rgeq is the relative resistance of the inductor at T, compared to the resistance at Tgase
» TC, is the temperature coefficient of copper, 4000 ppm/°C or 0.004
e T_is the inductor copper temperature (°C)
* Tgase is the reference temperature, typically lowest ambient (°C)

The relative gain of the current sense amplifier is given by a similar equation:
9MRer) = 1+ TCgy X (TIC — TBASE) (dimensionless) ®)
where
*  OMge, is the relative gain of the amplifier at T compared to the gain at Tgase
* TCgy is the temperature coefficient of the amplifier gain, -2000 ppm/°C or -0.002
e T is the device junction temperature (°C)
* Tgase is the reference temperature, typically lowest ambient (°C)

The temperature rise of the device can usually be related to the temperature rise of the inductor. The
relationship between the two temperature rises can be approximated as a linear relationship in most cases:

Tic = Tease = (TL - TBASE) X Krpm ©)

where
* T is the device junction temperature (°C)
* Taase is the reference temperature, typically lowest ambient (°C)
e T_is the inductor copper temperature (°C)
* Kkywm is the constant that relates device temperature rise to the inductor temperature rise and must be
determined experimentally for any given design
With these assumptions, the effective inductor resistance over temperature is:

Rreven = RreLw) X 9MReL = [1 +TC (T, - TBASE)] X [1 + K X TCg X (T — TBASE)] (dimensionless)
(10)
Rrever IS the relative effective resistance that must be compensated for when doing the compensation. The

circuit of shows a method of compensating for thermal shifts in current limit. The NTC thermistor
(Rnte) must be well coupled to the inductor. Cg, ; should be located as close to the device as possible.
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APPLICATION INFORMATION (continued)

Rr3

Rnte

VIN

Crur

%{M -
S AR EEDIVY _L > Vour
J o

UDG-04148

Figure 30. Compensation for Temperature Coefficient of the Inductor Resistance

The first step is to determine an attenuation ratio a. This ratio should be near to 1 but not too close. If it is too
close to 1, the circuit requires large impedances and thermistor values too high. If a is too low, the current signal
is attenuated unnecessarily. A suggested value is 0.8.

R
o =08-——THE (dimensionless)
Rrne + Reg (11)
Rye is the equivalent resistance of the Rg;-Re3-Rytc network:
Re. X R
_ F3 NTC
Rie =Rt 3 1R (€)
3+ Rnte (12)

The base temperature (Tgage) should be selected to be the lowest temperature of interest for the thermal
matching — the lowest ambient expected. The resistance of the inductor at this base temperature should be used
to calculate effective resistance. The expected current sense amplifier gain at Tgage should be used for
calculating over current components (R ju)-

The next step is to decide at what two temperatures the compensation is matched to the response of the
deviceand inductor copper, T1 and T2. Once these are chosen, an NTC thermistor can be chosen and its value
found from its data sheet at these two temperatures: Ryrcryy and Ryreerz)- The component values in the network
can be calculated using the following equations:
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APPLICATION INFORMATION (continued)
Req = R L (€2)
LDC(Tbase) x CFLT X o (13)
Ripcry) = Ripcbase) X Rreverry (€2 (14)
Ribcr2) = Ripc(base) X Rreverrz) (€2 (15)
s _ %X Ripcbase) X Re ©
THE(TD ™ Ripeeryy — @ X Ripc(rhase) (16)
R _ *XRipcrpase) X Re1 @
THE(T2) — Ripcra) — @ X Ripe(Thase) (17)
R - R
a=1- NTC(T1) NTC(T2) (dimensionless)
RTHE(Tl) - RTHE(TZ) (18)
b = Ryrery + Rurera () (19)
¢ = Ryreery X Rurery (@9 (20)
R — — b + Vb2 — 4ac )
F3 2a (21)
_— Ropgery X (RFS + RNTC(Tl)) — Reg X Ryyremy ©
F2 Res + Ryrery 22)
where

e L is the value of the output inductance (H)

* Cg 1 is the value of the current sense filter capacitor (F)

e a is the attenuation ratio chosen from

*  Rypgry Rrugrp are the equivalent resistances of the Ry network at temperatures T1 and T2
*  Ripchase) iS the DC resistance of the inductor at temperature Tgage in Q

*  Ripcriy Ripere) are the inductor resistances at temperatures T1 and T2

*  Rgeierry RreLerra) @re the relative resistances of the inductor at T1 and T2 vs. Thase

*  Rucrriy Rurerz) are the effective resistance of the NTC thermistor at temperatures T1 and T2

Setting the Current Sense Amplifier Gain

The amplifier is a transconductance type and its gain is a set by connecting a resistor from the GM pin to GND:

3
_ (Q)
43.443 X gMga? + 0.01543 X gmg, + 3.225 x 1076 (23)

I:QGM

where
* Rgu is the resistor that sets the gain of the amplifier (Q)
* gmcga is the gain of the current sense amplifier (S)

The value of the sense amplifier gain should be less than 1000 pS, and more than 250 uS, with the resulting
gain setting resistor greater than 50 kQ. As a suggested starting point, set the gain of the current sense amplifier
to a nominal 400 pS with Rgy of 182 kQ. This value should accommodate most applications adequately.
shows the current sense amplifier gain setting resistance vs. the sense amplifier gain.
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APPLICATION INFORMATION (continued)
Establishing Tracking and Designing a Tracking Control Loop

The tracking startup feature of the TPS40101 is a separate control loop that controls the output voltage to a
reference applied to the TRKIN pin. This reference voltage is typically a ramp generated by an external R-C
circuit. Connecting the junction of R5, C5 and R6 (see Figure 31]) of multiple converters together allows the
converters output voltages to track together during start up. A controlled power down is accomplished by pulling
down the common junction in a controlled manner and then removing power to the converters or turning them
off by grounding the UVLO pin.The relevant circuit fragment is shown in Figure 317].

Vour
O
A
R3 c
1
ey
V
. = N
Il ANV
R4 Dl
Re HW—D— 8 COMP
Rs
[ 2
2]
§ Rpias
I Cs A L » To PWM
1 690 mV

e UDG-04145
Figure 31. Tracking Loop Control Schematic
First, select a value for R,. In order for this circuit to work properly, the output of the tracking amplifier must be

able to cause the FB pin to reach at least 690 mV with the output voltage at zero volts. This is so that the output
voltage can be forced to zero by the tracking amplifier. This places a maximum value on Ry:

[VHTRKOUT(min) ~ Vbiope ~ VFB} R, X Rgjas
Vv

R, <
4
FB R; + Rpjas (24)

where
*  VurreouTmin) IS the minimum output voltage of the tracking amplifier (see Electrical Characteristics table)
*  Vpiope is the forward voltage of the device selected for D;
e Vg is the value of the reference voltage (690 mV)

R, should not be chosen much lower than this value since that unnecessarily increases tracking loop gain,
making compensation more difficult and opening the door to potential non-linear control issues. D1 could be a
schottky if the impedance of the R;-Rgas String is low enough that the leakage current is not a consequence. Be
aware that schottky diode leakage currents rise significantly at elevated temperature. If elevated temperature
operation and increased accuracy are important, use a standard or low leakage junction diode or the
base-emitter junction of a transistor for D;.

Once R, is selected, the gain of the closed loop power supply looking into “A” is known. That gain is the ratio of
R; and Ry:
dv R
—— OUT__ _ 1 (dimensionless)
dVrrkouT R4 (25)

The tracking loop itself should have a crossover frequency much less that the crossover frequency of the voltage
control loop. Typically, the tracking loop crossover frequency is 1/10th or less of the voltage loop crossover
frequency to avoid loop interactions. Note that the presence of the diode in the circuit gives a non-linear control
mechanism for the tracking loop. The presence of this non-linearity makes designing a control loop more
challenging. The simplest approach is to simply limit the bandwidth of this loop to no more than necessary.
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APPLICATION INFORMATION (continued)
Knowing the gain of the voltage loop looking into R, and the desired tracking loop crossover frequency, Rs and
C, can be found:
Ry

R xC, =
5 4 27w X Ry X forrk

(s)
(26)

where
» forri is the desired tracking loop crossover frequency

The actual values of Ry and C, are a balance between impedance level and component size. Any of a range of
values is applicable. In general, R5 should be no more than 20% of Rg, and less than 10 kQ. If this is done, then
R can safely be ignored for purposes of tracking loop gain calculations. For general usage, Rg should probably
be between 100 kQ and 500 kQ.

If an overshoot bump is present on the output at the beginning a tracking controlled startup, the tracking loop
bandwidth is likely too high. Reducing the bandwidth helps reduce the initial overshoot. See and
Figure 33

Initial : + : :
. Qvershoot due. ... ... .. ... ... .
to excessive
_tracking loop
bandwidth . o : :
(00 mv/div) o

- Limited tracking loop : _ : . :
- bandwidth, no initial e R :
- overshoot, 200mV/div ' ' ' ' '

t = Time — 1 ms/div

Figure 32. Excessive Tracking Loop Bandwidth Figure 33. Limited Tracking Loop Bandwidth

The tracking ramp time is the time required for Cs to charge to the same voltage as the output voltage of the
converter.

Vv
_ ouTt
tirk = — Rg X Cg X In(l — V) (s)
IN (27)
where
*  Vgur is the output voltage of the converter
* V) is the voltage applied to the top of Rg

* tri is the desired tracking ramp time

With these equations, it is possible to design the tracking loop so that the impedance level of the loop and the
component size are balanced for the particular application. Note that higher impedances make the loop more
susceptible to noise issues while lower impedances require increased capacitor size.

shows the spice model for the voltage loop expanded for use with the tracking loop.

22 bubmit Documentation FeedbacH


http://focus.ti.com/docs/prod/folders/print/tps40101.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUS726&partnum=TPS40101

¥ Texas [TPS40107
INSTRUMENTS

www.ti.com
SLUS726—-SEPTEMBER 2006

APPLICATION INFORMATION (continued)

L Ripbc v
ouT
+ VN 1
T “T> Court §
X2 R
ReEsk LOAD
A
— Cy J_— —
= H = =
C
R2 CZ R3 3
+AM—
n
n

I

UDG-06060

Figure 34. AC Behavioral Model for Tracking Control Loop

To use the model, the AC voltage source is swept over the frequency range of interest. The open loop ac
response is Vy/Vour-

Programming Soft-Start Time

The soft-start time of the TPS40101 is fully user programmable by selecting a single capacitor. The SS pin
sources 20 pA to charge this capacitor. The actual output ramp-up time is the amount of time that it takes for the
20 PA to charge the capacitor through a 690 mV range. There is some initial lag due to an offset from the actual
SS pin voltage to the voltage applied to the error amplifier. See Figure 36. The soft-start is done in a closed loop
fashion, meaning that the error amplifier controls the output voltage at all times during the soft start period and
the feedback loop is never open as occurs in duty cycle limit soft-start schemes. The error amplifier has two
non-inverting inputs, one connected to the 690 mV reference voltage, and one connected to the offset SS pin
voltage. The lower of these two voltages is what the error amplifier controls the FB pin to. As the voltage on the
SS pin ramps up past approximately 1.04 V (resulting in 690 mV at the error amplifier “+” input — See Figure 3§),
the 690 mV reference voltage becomes the dominant input and the converter has reached its final regulation
voltage.

The capacitor required for a given soft-start ramp time for the output voltage is given by:
20 pA

= F
VFB

Css = Tss X
(28)
where

* Tggis the desired soft-start ramp time (s)

* Cgsis the required capacitance on the SS pin (F)

* Vgg is the reference voltage feedback loop (690 mV)
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APPLICATION INFORMATION (continued)
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20 pA

CHARGE
* <—o<l—< From UVLO circuits,
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fEO
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UDG-04138

Figure 35. Error Amplifier and Soft-Start Functional Diagram

UVLO
(Internal Logic State)

48V
35V
1.04V
0.35V

SS

<>
<4—»—Tss
Tss Delay
VOUT
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Figure 36. Relationship Between UVLO (Internal Logic State), SS, VOUT and PGD at Startup
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APPLICATION INFORMATION (continued)
Interaction Between Soft-Start and Tracking Startup

Since the TPS40101 provides two means of controlling the startup (closed loop soft-start and tracking) care
must be taken to ensure that the two methods do not interfere with each other. The two methods should not be
allowed to try and control the output at the same time. If tracking is to be used, the reference input to the
tracking amplifier (TRKIN) should be held low until soft-start completes, or the voltage at the SS pin is at least
above 1.04 V. This ensures that the soft-start circuit is not trying to control the startup at the same time as
tracking circuit. If it is desired to have soft-start control the startup, then there are two options:

e Disconnect the tracking amplifier output from the FB node (this is the recommended solution. The tracking
amplifier can then be used for other system purposes if desired)

e Maintain the tracking amplifier output connection to the FB circuit - the reference to the tracking amplifier
should be tied to VDD pin in this case. This places the tracking amplifier output (TRKOUT) in a low state
continuously and therefore removes any influence the tracking circuit has on the converter startup.

Additionally, when tracking is allowed to control the startup, soft-start should not be set to an arbitrarily short
time. This causes the output voltage to bump up when power is applied to the converter as soft-start ramps up
quickly and the tracking loop (which is necessarily low bandwidth) cannot respond fast enough to control the
output to zero voltage. In other words, the soft start ramp rate must be within the capability of the tracking loop
to override.

Overcurrent Protection

Overcurrent characteristics are determined by connecting a parallel R-C network from the ILIM pin to GND. The
ILIM pin sources a current that is proportional to the current sense amplifier transconductance and the voltage
between ISNS and VO. This current produces a voltage on the R-C network at ILIM. If the voltage at the ILIM
pin reaches 1.48 V, an overcurrent condition is declared and the outputs stop switching for a period of time. This
time period is determined by the time is takes to discharge the soft-start capacitor with a controlled current sink.
To set the overcurrent level:

\%
ILIM Q

R =
ILIM
9Mesa X Ripe X loc (29)

where
* Vu is the overcurrent comparator threshold (1.48 V typically)
e loc is the overcurrent level to be set
* 0gmcsa is the transconductance of the current sensing amplifier
* Rypc is the equivalent series resistance of the inductor (or the sense resistor value)
e Ry m is the value of the resistor from ILIM to GND

The response time of the overcurrent circuit is determined by the R-C time constant at the ILIM pin and the level
of the overcurrent. The response time is given by:

1

toc = — Rum X Cum x (1 -3} (30

* toc is the response time before declaring an overcurrent
e Rywm(Q) and Cy,y (F) are the components connected to the ILIM pin
e nis the multiplier of the overcurrent. If the overcurrent is 2 times the programmed level, then n is 2.

By suitable manipulation of the time constant at ILIM, the overcurrent response can be tailored to ride out short
term transients and still provide protection for overloads and short circuits. The gm of the current sense amplifier
has a temperature coefficient of approximately -2000 ppm/°C. This is to help offset the temperature coefficient of
resistance of the copper in the inductor, about +4000 ppm/°C. The net is a +2000 ppm/°C temperature
coefficient. So, for a 100°C increase in temperature, the overcurrent threshold decreases by 20%, assuming
good thermal coupling between the controller and the inductor. Temperature compensation can be done as
described earlier if desired.

When an overcurrent condition is declared, the controller stops switching and turns off both the high-side
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APPLICATION INFORMATION (continued)

MOSFET and the low-side MOSFET. The soft-start capacitor is then discharged at 25% of the charge rate
during an overcurrent condition and the converter remains idle until the soft start pin reaches 200 mV, at which
point the soft-start circuit starts charging again and the converter attempts to restart. In normal operation, the
soft-start capacitor is charged to approximately 3.5 V when an initial fault is applied to the output. This means
that the minimum time before the first restart attempt is:

3.3 X Cgg )

lRESTART =
SsDIs (31)

where
*  trestart IS the initial restart time (s)
* Cqg is soft start capacitance (F)
* lggpis is the soft start discharge current — 5 pA
If the output fault is persistent, and an overcurrent is declared on the restart, both of the MOSFETs are turned

off and the soft-start capacitor continues to charge to 3.5 V and then discharge to 200 mV before another restart
is attempted.

UVLO Programming

The TPS40101 provides the user with programmable UVLO level and programmable hysteresis. The UVLO
detection circuit schematic is described in from a functional perspective.

R1 UVLO  1.33V =
— —» UVLO
5J P —_—

<+
10 pA

TPS40100

UDG-04139

Figure 37. UVLO Circuit Functional Diagram

To program this circuit, first select the amount of hysteresis (the difference between the startup voltage and the
shutdown voltage) desired:

Vv

R. — _HYST o
luvio (32)
Then select the turn-on voltage and solve for R,.
\% X R
R, = UVLO 1 o
Von ~ Vuveo ~— R1 X lyvio (33)
where

*  Vyysr is the desired level of hysteresis in the programmable UVLO circuit
* lyvLo is the undervoltage lockout circuit hysteresis current (10 pA typ)
*  Vyvo is the UVLO comparator threshold voltage (1.33 V typ)
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APPLICATION INFORMATION (continued)
Voltage Margining

The TPS40101 allows the user to make the output voltage temporarily be 3% above or below the nominal
output, or 5% above or below the nominal output. This is accomplished by connecting the MGU or MGD pins to
GND directly or through a resistance. See [Table 1.

Table 1. Output Voltage Margining States

RESISTANCE TO GND (kQ)
OUTPUT VOLTAGE
Rmcu Rmep
OPEN OPEN Nominal
<10 OPEN + 5%
OPEN <10 -5%
25 to 37 OPEN +3%
OPEN 25t0 37 -3%

There are some important considerations when adjusting the output voltage.

¢ Only one of these pins should be anything other than an open circuit at any given time. States not listed in
the table are invalid states and the behavior of the circuit may be erratic if this is tried.

*  When changing the output voltage using the margin pins, it is very important to let the margin transition
complete before altering the state of the margin pins again.

« Do not use mechanical means (switches, non-wetted relay contacts, etc) to alter the margining state. The
contact bounce causes erratic behavior.

Synchronization

The TPS40101 may be synchronized to an external clock source that is faster than the free running frequency of
the circuit. The SYNC pin is a rising edge sensitive trigger to the oscillator that causes the current cycle to
terminate and starts the next switching cycle. It is recommended that the synchronization frequency be no more
than 120% of the free running frequency. Following this guideline leads to fewer noise and jitter problems with
the pulse width modulator in the device. The circuit can be synchronized to higher multiples of the free running
frequency, but be aware that this results in a proportional decrease in the amplitude of the ramp from the
oscillator applied to the PWM, leading to increased noise sensitivity and increased PWM gain, possibly affecting
control loop stability.

The pulse applied to the SYNC pin can be any duty ratio as long as the pulse either high or low is at least 100
ns wide. Levels are logic compatible with any voltage under 0.8 V considered a low and any voltage over 2 V
considered a high.

Power Good Indication

The PGD pin is an open drain output that actively pulls to GND if any of the following conditions are met
(assuming that the input voltage is above 4.5V)

e Soft-start is active (Vgg < 3.5V)

e Tracking is active (V1grkout > 0.7 V)

e V<061V

e Vg>077V

* Vyuo<133V

¢ Overcurrent condition exists

¢ Die temperature is greater than 165°C

A short filter (20 ps) must be overcome before PGD pulls to GND from a high state to allow for short transient
conditions and noise and not indicate a power NOT good condition.

The PGD pin attempts to pull low in the absence of input power. If the VDD pin is open circuited, the voltage on
PGD typically behaves as shown in Figure 28.
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Pre-Bias Operation

Some applications require that the converter not sink current during startup if a pre-existing voltage exists at the
output. Since synchronous buck converters inherently sink current some method of overcoming this
characteristic must be employed. Applications that require this operation are typically power rails for a multiple
supply processor or ASIC. The method used in this controller, is to not allow the low side or rectifier FET to turn
on until the output voltage commanded by the start up ramp is higher than the pre-existing output voltage. This
is detected by monitoring the internal pulse width modulator (PWM) for its first output pulse. Since this controller
uses a closed loop startup, the first output pulse from the PWM does not occur until the output voltage is
commanded to be higher than the pre-existing voltage. This effectively limits the controller to sourcing current
only during the startup sequence. If the pre-existing voltage is higher that the intended regulation point for the
output of the converter, the converter starts and sinks current when the soft-start time has completed.

Remote Sense

The TPS 40100 is capable of remotely sensing the load voltage to improve load regulation. This is accomplished
by connecting the GND pin of the device and the feedback voltage divider as near to the load as possible.

CAUTION:
Trace Length Considerations

More than a few inches of trace length between the GND pin of the device and the load GND can lead to
significantly increased pulse width jitter. As a starting point, the GND pin connection should be no further than
six inches from the PGND connection. The actual distance that starts causing erratic behavior is application and
layout dependent and must be evaluated on an individual basis. If the controller exhibits output pulse jitter in
excess of 25 ns and the GND pin is tied to the load ground, connecting the GND pin closer to the PGND pin
(and thereby sacrificing some load regulation) may improve performance. In either case, connecting the
feedback voltage divider at the point of load should not cause any problems. For layout, the voltage divider
components should be close to the device and a trace can be run from there to the load point.
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Design Examples

Margin up 3%

L 2Nn7002

Margin down 3%

Power Good Indication O

3.3V ot5V logic supply or 5VBP  pin

27 kQ

HE A

- >n7002 0

L MV

ouT
Connect at load 27:) pF
Q ]
18 nF
200 Q

10 kQ

MMBD1501A

TPS40101

13.0kQ

130 pF

g 100 kQ

O 12V

7.15kQ

100 nF

HiH

1.0pH

Pulse
PG0006.102
1.4 mQ (typ)

§ 100 Q

A 22 pF TDK C4532X7R1C226M

A Open switch after input power is stable and SS capacitor had finished charging.

O
Vour
470 pF 12V
- Panasonic 15A
g EEF-SEOD471R
4
—
1pF
< I o
—— 10nF j‘: § Remote
(if required) 100 GND Sense
BAT54S Connect at
(if required) Load
O
UDG-06055

Figure 38. 500-kHz, 12-V to 1.2-V Converter With Tracking Startup Capability and Remote Sensing
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ADDITIONAL REFERENCES
Related Parts
The following parts have characteristics similar to the TPS40101 and may be of interest.
Related Parts
DEVICE DESCRIPTION

TPS40100 Midrange Input Synchronous Controller with Advanced Sequencing and Output Margining

TPS40075 Wide Input Synchronous Controller with Voltage Feed Forward

TPS40190 Low Pin Count Synchronous Buck Controller
References

These references may be found on the web at www.power.ti.com under Technical Documents. Many design
tools and links to additional references, including design software, may also be found at www.power.ti.com

1.
2.
3.

o

Under The Hood Of Low Voltage DC/DC Converters, SEM1500 Topic 5, 2002 Seminar Series
Understanding Buck Power Stages in Switchmode Power Supplies, SLVA057, March 1999

Design and Application Guide for High Speed MOSFET Gate Drive Circuits, SEM 1400, 2001 Seminar
Series

Designing Stable Control Loops, SEM 1400, 2001 Seminar Series
Additional PowerPAD™ information may be found in Applications Briefs SLMA002 and SLMAQ04
QFN/SON PCB Attachment, Texas Instruments Literature Number SLUA271, June 2002

30
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EXAMPLE LAND PATTERN
RGE (S—PQFP—N24)

Example Stencil Design

Example Board Layout 0.125 Thick Stencil
(Note E)
Note D — =—20x0,5 — =20x0,5
000000 1 .. 000001
Lo 1 ’ — =—03
o | O o | d LI:) ‘ —
D o | 51 48 — ! 3154,75
g O O g 0.23 Ig 03 4"3'0 =
- RO,115\\.—>4XL0<—
100 N0000f
31 3,15
48 —

4,75
(66% Printed Solder Coverage by Area)

Non Solder Mask Defined Pad 'Example Via Layout Design
Via layout may vary depending
on layout constraints

Example Solder Mask Opening (Note D, F)

(Note F)
= 2,45 —| 54003

o ¢

1,9 r 2,45
Pc%?\l o(i:o?)etry i _ﬁ) ﬁ)

—] ‘<—o,75
1,5 |=—

0,07 j

Al Around

—

PRELIMINARY
FOR REFERENCE ONLY

NOTES: A, Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC—7351 is recommended for alternate designs.

D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SCBAO17, SLUA271, and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.

F.  Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for vias placed in the thermal pad.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

TPS40101RGER Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
40101

TPS40101RGER.A Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
40101

TPS40101RGER.B Active Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
40101

TPS40101RGET Active Production VQFN (RGE) | 24 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
40101

TPS40101RGET.A Active Production VQFN (RGE) | 24 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 TPS
40101

TPS40101RGET.B Active Production VQFN (RGE) | 24 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS
40101

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.
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Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers

and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS40101RGER VQFN RGE 24 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
TPS40101RGET VQFN RGE 24 250 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS40101RGER VQFN RGE 24 3000 353.0 353.0 32.0
TPS40101RGET VQFN RGE 24 250 213.0 191.0 35.0
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GENERIC PACKAGE VIEW
RGE 24 VQFN -1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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RGEO0024B

PACKAGE OUTLINE
VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

Ifi s L&
05
0.3
PIN 1 INDEX AREA—] 1
4.1
3.9
0.3 f
0.2
DETAIL
OPTIONAL TERMINAL
TYPICAL
1 MAX
1o =
0.05
0.00
~— (28]
(0.2) TYP

,—EXPOSED
THERMAL PAD 0

13

SEE TERMINAL
DETAIL 5
T NE

()
S
25 -t -
28 D,
.
— -
2xfosH |/
24
PIN 1 ID
(OPTIONAL)

19 0.1@ [c[alB
& 0.050%)

4219013/A 05/2017

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RGE0024B VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER MASK DETAILS
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NOTES: (continued)
4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

. on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RGE0024B VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

—= 4X (1.08) =
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 25
78% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:20X

4219013/A 05/2017

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com/lit/pdf/SZZQ076
https://www.ti.com

	FEATURES
	APPLICATIONS
	CONTENTS
	DESCRIPTION
	TYPICAL APPLICATION
	DEVICE RATINGS
	ABSOLUTE MAXIMUM RATINGS
	ELECTRICAL CHARACTERISTICS
	DEVICE INFORMATION
	TYPICAL CHARACTERISTICS
	APPLICATION INFORMATION
	Introduction
	Programming Operating Frequency
	Selecting an Inductor Value
	Selecting the Output Capacitance
	Calculating the Current Sense Filter Network
	Compensation for Inductor Resistance Change Over Temperature
	Setting the Current Sense Amplifier Gain
	Establishing Tracking and Designing a Tracking Control Loop
	Programming Soft-Start Time
	Interaction Between Soft-Start and Tracking Startup
	Overcurrent Protection
	UVLO Programming
	Voltage Margining
	Synchronization
	Power Good Indication
	Pre-Bias Operation
	Remote Sense
	Design Examples

	ADDITIONAL REFERENCES
	Related Parts
	References
	EXAMPLE LAND PATTERN


