XR79115

Absolute Maximum Ratings

Stresses beyond the limits listed below may cause perma-
nent damage to the device. Exposure to any Absolute Max-
imum Rating condition for extended periods may affect
device reliability and lifetime.

PV VIN-eeereeremrememmieese e -0.3V to 25V
VGG v rerrenreneeieee sttt et -0.3V to 6.0V
BT ettt -0.3V to 31V
BST-SW....eiii et -0.3V to 6V
SW, ILIM...cooeoeeeie et -1V to 25V 2
ALL other pins........ccoocviieeeriiee e -0.3V to VCC+0.3V
Storage Temperature..........ccccovvecerieeieeeienineee -65°C to +150°C
Junction Temperature..........cccoceeriiiiieee i 150°C
Power Dissipation...........cccceeveieiieeieiinieeee s Internally Limited
Lead Temperature (Soldering, 10 SEC).......cccvvrrueennne 260°C MSL3
ESD Rating (HBM - Human Body Model)...........cccocueerriierenee. 2kV

Electrical Characteristics

Unless otherwise noted: T;= 25°C, V|\=12V, BST=Vgc, SW=AGND=PGND=0V, Cycc=4.7uF. Limits applying over the full
operating temperature range are denoted by a “*”

Operating Conditions

PV N rerrerreereerenre ettt e 3V to 22V
KT TSRS 4.5V to 22V
VGG veemeerrennrente ettt ettt bbb e 4.5V to 5.5V
SW, ILIM. ..o -1V to 22V!
PGOOD, Ve, Tons SS, EN, FB...oovieiece -0.3V to 5.5V
Switching Frequency..........ccocceeveeieviiieenenen 400kHz to 600kHz>
Junction Temperature Range..........ccccccceevieeenee. -40°C to +125°C
JEDEC51 Package Thermal Resistance, 6 a................ 15.4°C/W
Package Power Dissipation at 25°C..........cccoceriieniienieenineenen 6.5W

Note 1: No external voltage applied.

Note 2: SW pin’s minimum DC range is -1V, transient is -5V for less than
50ns.

Note 3: Recommended frequency for optimum performance

Parameter Conditions
Power Supply Characteristics
VCC regulating ° 5 22
ViN Input Voltage Range v
VCC tied to VIN ° 4.5 5.5
Ivin VIN Input Supply Current Not switching, V|y = 12V, Vgg = 0.7V ° 0.7 2 mA
lvee VCC Quiescent Current Not switching, Voe=Vy =5V, Vgg = 0.7V ° 0.7 2 mA
(VN VIN Input Supply Current f=500kHz, Ron=61.9k, VFB=0.58V 17 mA
loFF Shutdown Current Enable = 0V, V| = 12V 1 pA
Enable and Under-Voltage Lock-Out UVLO
VIH_EN EN Pin Rising Threshold . 1.8 1.9 2.0 \
VeEn_Hys | EN Pin Hysteresis 50 mV
VIH_EN EN Pin Rising Threshold for DCM/ i 2.8 3.0 3.1 \
CCM operation
Ven_Hys | EN Pin Hysteresis 100 mV
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Parameter Conditions
VCC UVLO Start Threshold, Rising 4.00 4.25 4.40 Vv
Edge
VCC UVLO Hysteresis 200 mV
Reference Voltage
VN =5V to 22V, VCC regulating 0.597 0.600 0.603 \Y
VN = 4.5V to 5.5V, VCC tied to VIN 0.596 0.600 0.604 Vv
VRer Reference Voltage
V)N =5V to 22V, VCC regulating
0.594 0.600 0.606 Vv
VN = 4.5V to 5.5V, VCC tied to VIN
DC Line Regulation CCM, closed loop, V|n=4.5V-22V, applies +0.10 %
to any Court
DC Load Regulation CCM, closed loop, loyt=0A-15A, applies +0.35 %
to any Court
Programmable Constant On-Time
TonMIN) Minimum Programmable On-Time Ron = 6.98k, V| =22V 120 ns
Tone On-Time 2 Ron = 6.98k, V| = 12V 156 192 228 ns
f Corresponding to On-Time 2 Vout = 1.0V 450 535 660 kHz
Tons On-Time 3 Ron = 16.2k, Vi = 12V 341 412 483 ns
Minimum Off-Time 250 350 ns
Diode Emulation Mode
Zero Crossing Threshold DC value measured during test -2 mV
Soft-start
SS Charge Current -14 -10 -6 pA
SS Discharge Current Fault present 1 mA
VCC Linear Regulator
VN =6V to 22V, I oap = 0 to 30mA 4.8 5.0 5.2 Vv
VCC Output Voltage
Vin = 5V, I oap = 0 to 20mA 4.6 4.8 %
Power Good Output
Power Good Threshold -10 -75 -5 %
Power Good Hysteresis 2 4 %
Power Good Sink Current 1 mA
Protection: OCP, OTP, Short-Circuit
Hiccup Timeout 110 ms
ILIM Pin Source Current 45 50 55 A
ILIM Current Temperature Coefficient 0.4 %/°C
OCP Comparator Offset -8 0 +8 mV
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Parameter Conditions
Current Limit Blanking GL rising>1V 100 ns
Thermal Shutdown Threshold’ Rising temperature 150 °C
Thermal Hysteresis' 15 °C
VSCTH Feedback Pin Short-Circuit Percent of Vreg short circuit is active after 50 60 70 %
Threshold PGOOD is asserted
Output Power Stage
High-Side MOSFET Rpgon 8.3 10 mQ
Rbson Ipg = 2A, Vgg=4.5V
Low-Side MOSFET Rpgon 4.2 5 mQ
lout Maximum Output Current 15 A
L Output Inductance 0.45 0.56 0.67 uH
Cin Input Capacitance 1 uF
Cout Output Capacitance 22 uF
Cgst Bootstrap Capacitance 0.1 uF
Note 1: Guaranteed by design
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Pin Assignments

Pin No. Pin Name Type Description

1 SS A Soft-start pin. Connect an external capacitor between SS and AGND to program the soft-start
rate based on the 10uA internal source current.

2 PGOOD oD, O Power-good output. This open-drain output is pulled low when Vgt is outside the regulation.

3 FB A Feedback input to feedback comparator. Connect with a set of resistors to VOUT and AGND in
order to program VOUT.

4, 67, AGND A Analog ground. Control circuitry of the IC is referenced to this pin.
AGND Pad

5 VIN PWR IC supply input. Provides power to internal LDO.

6 VCC PWR The output of LDO. Bypass with a 4.7uF capacitor to AGND. For operation from a 5V, rail,
VCC should be tied to VIN.

7, GL pad GL (0] Driver output for Low-side N-channel synchronous MOSFET. It is internally connected to the
gate of the FET. Leave this pin floating.

8 PGND PWR Controller low-side driver ground. Connect with a short trace to closest PGND pins or PGND
pad.

13-23, PGND PWR Ground of the power stage. Should be connected to the system’s power ground plane.
54, 55,
PGND pads
9-12,24-29, | SW PWR Switching node. It is internally connected. Use thermal vias and/or sufficient PCB land area in
SW Pad order to heatsink the low-side FET and the inductor.
30-53, VOUT PWR Output of the power stage. Place the output filter capacitors as close as possible to these pins.
VOUT pads
56-62, PVIN PWR Power stage input voltage. Place the input filter capacitors as close as possible to these pins.
PVIN Pad
63, 64, BST A Controller high-side driver supply pin. It is internally connected to SW via a 0.1uF bootstrap
BST Pad capacitor. Leave these pins floating.

65 ILIM A Over-current protection programming. Connect with a short trace to SW pins.

66 EN/MODE | Precision enable pin. Pulling this pin above 1.9V will turn the IC on and it will operate in Forced
CCM. If the voltage is raised above 3.0V, then the IC will operate in DCM or CCM depending
on load.

68 TON A Constant on-time programming pin. Connect with a resistor to AGND.

Type: A = Analog, | = Input, O = Output, I/O = Input/Output, PWR = Power, OD = Open-Drain
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Functional Block Diagram

VCC TON BST PVIN
F————=-- P ————— e ———— F——————————— F————F———n
VCC UVLO I
| Enable LDO Switching |
4.25 V Enabled
VIN + { oo | Cm |
| vce vee 1uF |
L
I T FB 0.6V :
J
PGOOD| 150 C * * PGND |
+ ESR |
emulation &
cs i $ 10uA DC correction VIN On-Time I
] Cest |
0.1uF |
I Switching Feedback T W
Enabled <
: nable comparator GH |.H |
L
FB 18 5 lvour
| PGOOD comparator Dead
| Time vee C
Control our |
| 0.555 V —| - 2.2uF |
: Short-circuit detection sgvrgﬂlﬂerzig GL E |
| 0.36 V. —+ —] Enable ) I
I . Hiccup " PGNDI
iccup
[ Enable LDO Mode |
EN/ - N Enable LDO I
MODE 1ov —- L I
| If four |
| consecutive OCP
CCM or CCM/DCM |
| If 8 consecutive ZCD oce |
| v—|. i a2 |
| Then exit DCM
| Zero Cross Detect GL I
| SW ———p»— |
| -2mV —- I
L - |
AGND ILIM PGND GL
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Typical Performance Characteristics

Unless otherwise noted: V| = 12V, Vgyur=1.2V, loyT=15A, f=500kHz, Tp = 25°C. Schematic from the application information

section.
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Typical Performance Characteristics
Unless otherwise noted: V| = 12V, Vgyur=1.2V, loyT=15A, f=500kHz, Tp = 25°C. Schematic from the application information

section.
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Typical Performance Characteristics

Unless otherwise noted: V| = 12V, Vgyur=1.2V, loyT=15A, f=500kHz, Tp = 25°C. Schematic from the application information

section.
_—SW ........ _:_ .......... =
14
S 4o }
"AC Coupled - e 1OMVpp :
a20MHZ e e e
: .

ol by b by B b b b

Chl 1004 Chz 200mY @ Ew P 1.0ps 12565 BO0psAat
Cha no4 o Ds A Ch1 » 50%

Figure 13: Steady state, CCM, Igyt=15A

1+

L ; Amsidiv - ; ; ; ]
Lo b b b b B b b b wn i ba el
Ch1 10.0% By Ch2 z.0v Bw M 4.0ms 250k3k 4.0psht

Ch3 1.0% By Chd 004 0 Dz A Chl » 249

Figure 15: Power up, Forced CCM

r.20MHz 1 "My . ’ ; N
2+ T i R T T Sy TR TR R A r

i 9 E: w 20us/div 3 w 9
Covva b ber s beva o b b o b b
chl  100v B ChZ  50.0mY € Bw  M200psS00MSE 20 Dnsipt

Chd 504 G Os AChz s B20mY

Figure 17: Load step, Forced CCM, 0A-7.5A-0A

Bl e b e o e e e e

- VOUT, AC Coupled -
- 20MHz "
i

—
&

3

<

3

h=
G| s

9

T i 4
[ : : © dmsfdiv. : : ]
I 0 IO B O ] a0 O ar O O i I T 0
chl  100¥ Chz  Z00mY ©Q Bw  M40msZ50MSE  40.0nsht

Chd4 1004 ©  Ds & Chl - 104Y

Figure 14: Steady state, DCM, loy1=0A

_....Y...............é......uHHHH....
CVIN 1 i
1 e e
- ENMODE A AR A
B L e
ams/div
el b by b T e by L b
Ch1 10.0% B Chz 20 B Nl 4.0ms 200kSs 4.0pst
Ch3 1oy B Chd o4 @ 0s A Chl r 24
Figure 16: Power up, DCM/CCM
Fsw oo 7
EE- i G
E —+—60mV B
- VOUT, AC Coupled il . g : ; il
[ 20MHz . ' 1 ™ ; b
PR o sy SR T i s (R R RS SRR
. p— 5 . : . : ]
- Fomai e
ClouT : ! : : ]
4+ i : — ol
L : ; :  oousidiv - : : ! ]
Lo b b by b Tow i b n Lo i bewn i b1
Chi 10.0v By Chz S00mY 2 Bw  M20.0ps S0.0MS/s  20.0nshpt

Cha 504 @ Os & ChZ + 25.0mY

Figure 18: Load step, DCM/CCM, 0A-7.5A-0A

Downloaded from AFFOW.COmM.

exar.com/XR79115
Rev 1C


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

XR79115

Efficiency and Package Thermal Derating

Unless otherwise noted: Tapgient = 25°C, No Air flow, f=500kHz, Schematic from the application information section.
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Functional Description

XR79115 is a synchronous step-down proprietary emulated
current-mode Constant On-Time (COT) Module. The on-
time, which is programmed via Rgy, is inversely
proportional to V|y and maintains a nearly constant

frequency. The emulated current-mode control is stable
with ceramic output capacitors.

Each switching cycle begins with GH signal turning on the
high-side (switching) FET for a preprogrammed time. At the
end of the on-time, the high-side FET is turned off and the
low-side (synchronous) FET is turned on for a preset
minimum time (250ns nominal). This parameter is termed
Minimum Off-Time. After the minimum off-time, the voltage
at the feedback pin FB is compared to an internal voltage
ramp at the feedback comparator. When Vg drops below

the ramp voltage, the high-side FET is turned on and the
cycle repeats. This voltage ramp constitutes an emulated
current ramp and makes possible the use of ceramic
capacitors, in addition to other capacitor types, for output
filtering.

Enable/Mode Input (EN/MODE)

EN/MODE pin accepts a tri-level signal that is used to
control turn on/off. It also selects between two modes of
operation: ‘Forced CCM’ and ‘DCM/CCM: If EN is pulled
below 1.8V, the Module shuts down. A voltage between
2.0V and 2.8V selects the Forced CCM mode which will run
the Module in continuous conduction at all times. A voltage
higher than 3.1V selects the DCM/CCM mode which will
run the Module in discontinuous conduction at light loads.

Selecting the Forced CCM Mode

In order to set the Module to operate in Forced CCM, a
voltage between 2.0V and 2.8V must be applied to EN/
MODE. This can be achieved with an external control signal
that meets the above voltage requirement. Where an
external control is not available, the EN/MODE can be
derived from V|y. If V| is well regulated, use a resistor
divider and set the voltage to 2.5V. If V|\ varies over a wide
range, the circuit shown in figure 25 can be used to
generate the required voltage. Note that at V,y of 5V and
22V the nominal Zever voltage is 3.8V and 4.7V
respectively. Therefore for V| in the range of 5V to 22V, the
circuit shown in figure 25 will generate Vgy required for
Forced CCM.

Selecting the DCM/CCM Mode

In order to set the Module operation to DCM/CCM, a
voltage between 3.1V and 5.5V must be applied to EN/
MODE pin. If an external control signal is available, it can
be directly connected to EN/MODE. In applications where
an external control is not available, EN/MODE input can be

derived from V,y. If V| is well regulated, use a resistor
divider and set the voltage to 4V. If V|\ varies over a wide

range, the circuit shown in figure 26 can be used to
generate the required voltage.

Rz
10k

Zener i
MMSZ4685T1G or Equivalent

R1
0.1k, 1% EnMODE

>

Figure 25: Selecting Forced CCM by deriving EN/MODE from
ViN

\Y EN/MODE

EN >>

Zener i
MMSZ4685T 1G or Equivalent

Figure 26: Selecting DCM/CCM by deriving EN/MODE from
Vin
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Programming the On-Time

The On-Time TgN is programmed via resistor Rgy
according to following equation:

R [Ton—(25%10 9]
2.85x10 1°

I:‘ON

where Tgy is calculated from:

T - Vour
ON V|N X fX Eff

where:

f is the desired switching frequency at nominal Iyt

Eff is the Module efficiency corresponding to nominal lgyT
shown in figures 19, 21, 23

Substituting for Ty in the first equation we get:

(M C[(25%10 %) x Vin]

B fx Efi

ON™

2.85x10 1°

Over-Current Protection (OCP)

If load current exceeds the programmed over-current, locp
for four consecutive switching cycles, then Module enters
hiccup mode of operation. In hiccup, the MOSFET gates
are turned off for 110ms (hiccup timeout). Following the
hiccup timeout, a soft-start is attempted. If OCP persists,
hiccup timeout will repeat. The Module will remain in hiccup
mode until load current is reduced below the programmed
locp - In order to program the over-current protection, use

the following equation:

_ (locp x RDS) + 8mV
RLIM Y]

Where:

RLIM is resistor value for programming locp

locp is the over-current threshold to be programmed

RDS is the MOSFET rated On Resistance (5mQ)
8mV is the OCP comparator maximum offset

ILIM is the internal current that generates the necessary
OCP comparator threshold (use 45pA).

Note that ILIM has a positive temperature coefficient of
0.4%/°C (figure 9). This is meant to roughly match and
compensate for positive temperature coefficient of the
synchronous FET. Graph of typical lIocp versus RLIM is

shown in figure 7.

Short-Circuit Protection (SCP)

If the output voltage drops below 60% of its programmed
value, the Module will enter hiccup mode. Hiccup will
persist until short-circuit is removed. SCP circuit becomes
active after PGOOD asserts high.

Over-Temperature (OTP)

OTP triggers at a nominal die temperature of 150°C. The
gate of switching FET and synchronous FET are turned off.
When die temperature cools down to 135°C, soft-start is
initiated and operation resumes.

Programming the Output Voltage

Use an external voltage divider as shown in the Application
Circuit to program the output voltage Voyr

_ VLUT_)
R1 sz(o.es

where R2 has a nominal value of 2kQ).

Programming the Soft-start

Place a capacitor CSS between the SS and AGND pins to
program the soft-start. In order to program a soft-start time
of TSS, calculate the required capacitance CSS from the
following equation:

CSS = TSS x (10(_’5‘\’/*)
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Feed-Forward Capacitor (Cgg)
A feed-forward capacitor (Cgg) may be necessary

depending on the Equivalent Series Resistance (ESR) of
Couyrt- [f only ceramic output capacitors are used for Coyt

then a Cgp is necessary. Calculate Cgp from:

B 1
2 x 7 x80kHzx R1

Crr

where:

R1 is the resistor that Cgp is placed in parallel with
80kHz is the location of the Zero formed by R1 and Cgg

Note that minimum required Coyt is 140uF when using
ceramic capacitors.

When using capacitors with higher ESR, such as
PANASONIC TPE series, a Cgg is not required provided

following conditions are met:

1. The frequency of output filter LC double-pole f| ¢ should
be less than 15kHz.

2. The frequency of ESR Zero fz¢,, g Should be at least
three times larger than f ¢.

As an example the application circuit has f ¢=8.3kHz and
fZerO,ESR=23'4kHZ'

Note that the steady-state voltage ripple at feedback pin FB
(VeB,RIPPLE) Must not exceed 50mV in order for Module to

function correctly. If Vg gippLg is larger than 50mV then
Cout should be increased as necessary in order to keep
the VFB,R|PPLE below 50mV.

Feed-Forward Resistor (Rgf)

Poor PCB layout can cause FET switching noise at the
output and may couple to the FB pin via Cgg Excessive

noise at FB will cause poor load regulation. To solve this
problem place a resistor Rgf in series with Cer Rgg value

up to 2% of R1 is acceptable.
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Application Circuit
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Mechanical Dimensions
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Ordering Information(?)

Part Number Operating Temperature Range Lead-Free Package Packaging Method
XR79115EL-F -40°C to +125°C Yes(?) 12x12mm QFN Tray
XR79115EVB XR79115 Evaluation Board

NOTE:

1. Refer to www.exar.com/XR79115 for most up-to-date Ordering Information.
2. Visit www.exar.com for additional information on Environmental Rating.
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