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ZXLD1371

60V HIGH ACCURACY BUCK/BOOST/BUCK-BOOST LED DRIVER-CONTROLLER

Description

Pin Assighnments

The ZXLD1371 is an LED driver controller IC for driving external
MOSFETSs to drive high-current LEDs. It is a multi-topology controller
enabling it to efficiently control the current through series connected
LEDs. The multi-topology enables it to operate in buck, boost and
buck-boost configurations.

The 60V capability coupled with its multi-topology capability enables it
to be used in a wide range of applications and drive in excess of 15
LEDs in series.

The ZXLD1371 is a modified hysteretic controller using a patent
pending control scheme providing high output current accuracy in all
three modes of operation. High accuracy dimming is achieved through
DC control and high frequency PWM control.

The ZXLD1371 uses two pins for fault diagnosis. A flag output
highlights a fault, while the multi-level status pin gives further
information on the exact fault.
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Features

Typical Application Circuit

. 0.5% typical output current accuracy

e 510 60V operating voltage range

e  LED driver supports Buck, Boost and Buck-boost

e  configurations

e  Wide dynamic range dimming
o 10:1 DC dimming
o 1000:1 dimming range at 500Hz

e  Upto 1MHz switching

e  High temperature control of LED current using Tapy

e Available in Automotive Grade with AEC-Q100 and TS16949
certification

e Lead-Free Finish; RoHS Compliant (Notes 1 & 2)

e Halogen and Antimony Free. “Green” Device (Note 3)

e An Automotive-Compliant Part is Available Under Separate
Datasheet (ZXLD1371Q)

Notes:
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1. EU Directive 2002/95/EC (RoHS) & 2011/65/EU (RoHS 2) compliant. All applicable RoHS exemptions applied.

2. See http://www.diodes.com/quality/lead free.html for more information about Diodes Incorporated’s definitions of Halogen- and

Antimony-free, "Green" and Lead-free.

3. Halogen- and Antimony-free "Green” products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br

+ Cl) and <1000ppm antimony compounds.
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Pin Descriptions

Pin Name

Pin

Type
(Note 4)

Description

ADJ

Adjust input (for DC output current control)

Connect to REF to set 100% output current.

Drive with DC voltage (125mV<Vapy< 1.25V) to adjust output current from 10% to 100% of set
value. The ADJ pin has an internal clamp that limits the internal node to less than 3V. This provides
some failsafe should they get overdriven

REF

Internal 1.25V reference voltage output

TADJ

Temperature Adjust input for LED thermal current control

Connect thermistor/resistor network to this pin to reduce output current above a preset temperature
threshold.

Connect to REF to disable thermal compensation function. (See section on thermal control.)

SHP

I/0

Shaping capacitor for feedback control loop
Connect 330pF +20% capacitor from this pin to ground to provide loop compensation

STATUS

Operation status output (analog output)

Pin is at 4.5V (nominal) during normal operation.

Pin switches to a lower voltage to indicate specific operation warnings or fault conditions. (See
section on STATUS output.)

Status pin voltage is low during shutdown mode

SGND

Signal ground (Connect to 0V)

PGND

Power ground - Connect to 0V and pin 8 to maximize copper area

N/C

Not Connected internally — recommend connection to pin 7, (PGND), to maximize PCB copper for
thermal dissipation

N/C

Not Connected internally — recommend connection pin 10 (GATE) to permit wide copper trace to
gate of MOSFET

GATE

Gate drive output to external NMOS transistor — connect to pin 9

VAUX

11

Auxiliary positive supply to internal switch gate driver
At Vin < 8V; a bootstrap circuit is recommended to ensure adequate gate drive voltage

(see Applications section)
AtVin>8V;  connectto Vi
At Vin >24V; to reduce power dissipation, Vaux can be connected to an 8V to 15V auxiliary power
supply (see Applications section). Decouple to ground with capacitor close to device (see
Applications section)

VIN

12

Input supply to device 5V to 60V
Decouple to ground with capacitor close to device (refer to Applications section)

ISM

13

Current monitor input. Connect current sense resistor between this pin and Vin
The nominal voltage, Vsense, across the resistor is 218mV fixed in Buck mode and initially 225mV
in Boost and Buck-Boost modes, varying with duty cycle.

FLAG

14

Flag open drain output
Pin is high impedance during normal operation
Pin switches low to indicate a fault, or warning condition

PWM

15

Digital PWM output current control

Pin driven either by open Drain or push-pull 3.3V or 5V logic levels.

Drive with frequency higher than 100Hz to gate output ‘on’ and ‘off’ during dimming control.

The device enters standby mode when PWM pin is driven with logic low level for more than 15ms
nominal (Refer to application section for more details)

Gl

16

Gain setting input

Used to set the device in Buck mode or Boost, Buck-boost modes and to control the sense voltage
in Boost and Buck-boost modes

Connect to ADJ pin for Buck mode operation

For Boost and Buck-boost modes, connect to resistive divider from ADJ to SGND. The Gl divider is
required to compensate for duty cycle gating in the internal feedback loop (see Application section).
The Gl pin has an internal clamp that limits the internal node to less than 3V. This provides some
failsafe should it become overdriven.

EP

PAD

P

Exposed pad. Connect to 0V plane for electrical and thermal management.

Note: 4. Type refers to whether or not pin is an Input, Output, Input/Output or Power supply pin.
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Functional Block Diagram
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Absolute Maximum Ratings (Voltages to GND Unless Otherwise Stated) (Note 5)
Symbol Parameter Rating Unit
VIN Input supply voltage -0.3t0 65 Vv
Vaux Auxiliary supply voltage -0.3 to 65 Vv
Vism Current monitor input relative to GND -0.3t0 65 \Y
VSENSE Current monitor sense voltage (Vin-Vism) -0.3t05 \Y
VGATE Gate driver output voltage -0.3t0 20 Vv
lgaTE Gate driver continuous output current 18 mA
VFLAG Flag output voltage -0.310 40 Vv
Vpwwm, Vabd, VT1apd, Vai, Vewm Other input pins -0.3t0 5.5 \'
Ty Maximum junction temperature 150 °C
Tst Storage temperature -55to 150 °C
Note: 5. For correct operation SGND and PGND should always be connected together.

Stresses greater than the 'Absolute Maximum Ratings' specified above, may cause permanent damage to the device. These are stress ratings only; functional
operation of the device at these or any other conditions exceeding those indicated in this specification is not implied. Device reliability may be affected by

exposure to absolute maximum rating conditions for extended periods of time.
Semiconductor devices are ESD sensitive and may be damaged by exposure to ESD events. Suitable ESD precautions should be taken when handling and

transporting these devices.
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Package Thermal Data

Thermal Resistance Package Typical Unit
Junction-to-Ambient, 6,4 (Note 6) TSSOP-16 EP 50 °C/W
Junction-to-Case, 6,c TSSOP-16 EP 23 °C/W

Recommended Operating Conditions (-40°c < T,< 125°C)

Symbol Parameter Performance/Comment Min Max Unit
Normal Operation 8.0 60
VIN Input supply voltage range (Note 7) Reduced performance 5.0 8.0 \Y
operation ’ ’
Normal Operation 8.0 60
Vaux  |Auxiliary supply voltage range (Note 8) (Note 7) Reduced performance 5.0 8.0 v
operation ’ '
VSENSE Differential input VOItage VIN'VISM, with 0 < VADJ <25 0 450 mV
i i i DC brightness control mode
Vo External dc control voltage applied to ADJ pin to adjust gc> ) 0.125 1.05 v
output current from 10% to 100%
IREF Reference external load current REF sourcing current - 1 mA
frmax Recommended switching frequency range (Note 9) 300 1,000 kHz
VTADY Temperature adjustment (Tapy) input voltage range - 0 VRer \
. To achieve 1000:1 resolution 100 500 Hz
Recommended PWM dimming frequency range - -
fewm gireq yrang To achieve 500:1 resolution 100 1,000 Hz
tpwmH.  |PWM pulse width in dimming mode PWM input high or low 0.002 10 ms
Vepwmn  |PWM pin high level input voltage - 2 55 Vv
VewmL PWM pin low level input voltage - 0 0.4 \
Ty Operating Junction Temperature Range - -40 125 °C
Gl Gain setting ratio for boost and buck-boost modes Ratio= Veai/Vapy 0.20 0.50 -
Notes: 6.  Measured on “High Effective Thermal Conductivity Test Board" according to JESD51.

7. Device starts up above 5.4V and as such the minimum applied supply voltage has to be above 5.4V (plus any noise margin). The ZXLD1371 will
however, continue to function when the input voltage is reduced from > 8V down to 5.0V.

When operating with input voltages below 8V the output current and device parameters may deviate from their normal values; and is dependent
on power MOSFET switch, load and ambient temperature conditions. To ensure best operation in Boost and Buck-boost modes with input
voltages, VN, between 5.0 and 8V a suitable boot-strap network on Vaux pin is recommended.

Performance in Buck mode will be reduced at input voltages (VIN, VAux) below 8V. — a boot-strap network cannot be implemented in buck mode
and so a suitable low V1 MOSFET should be selected.

8.  Vaux can be driven from a voltage higher than V|N to provide higher efficiency at low V|N voltages, but to avoid false operation; a voltage
should not be applied to Vaux in the absence of a voltage at VIN. VAuXx can also be operated at a lower voltage than VN to increase efficiencies
at high V|N.

9. The device contains circuitry to control the switching frequency to approximately 400kHz. The maximum and minimum operating frequency is
not tested in production.
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Electrical Characteristics (Test conditions: Viy = Vaux = 12V, Ta = 25°C, unless otherwise specified.)

Symbol | Parameter Conditions | Min | Typ | Max | Units
Supply and reference parameters
Undervoltage detection threshold .
Vuv- ) ) . Vin or Vaux falling (Note 10) - 4.5 - \"
Normal operation to switch disabled
Undervoltage detection threshold .
Vuvs . ) . Vin or Vaux rising (Note 10) - 4.9 - \"
Switch disabled to normal operation
la-IN Quiescent current into Vi PWM pin floating. - 1.5 3 mA
la-Aux Quiescent current into Vaux Output not switching - 150 300 pA
IsB-IN Standby current into Vin. PWM pin grounded - 90 150 pA
IsB-AUX Standby current into Vayx. for more than 15ms - 0.7 10 HA
VRer Internal reference voltage No load 1.237 | 1.25 |1.263 \"
Change in reference voltage with output Sourcing TmA -5 - -
AVREF — mV
current Sinking 25pA - - 5
VREF_LINE Reference voltage line regulation Vin = Vaux, 8.0V<Vn = <60V -60 -90 - dB
VRger-tc Reference temperature coefficient - - +50 - ppm/°C
DC-DC converter parameters
) Vaps < 1.25V - - 100 nA
lapy ADJ input current (Note 11)
VADJ =5.0V - - 5 l.lA
Gl Voltage threshold for boost and buck-boost
Vai 9 . Vapy= 1.25V - - 0.8 \Y
modes selection (Note 11)
i VG| <1.25V - - 100 nA
lai Gl input current (Note 11)
VG| =50V - - 5 IJA
lpwm PWM input current Vewm = 5.5V - 36 100 pA
PWM pulse width
tewmoft P PWM input low 10 15 25 ms
(to enter shutdown state)
Thermal shutdown upper threshold .
Tson Temperature rising - 150 - °C
(GATE output forced low)
Thermal shutdown lower threshold .
TsoL Temperature falling - 125 - °C
(GATE output re-enabled)
High-Side Current Monitor (Pin ISM)
lism Input Current Measured into ISM pin Vigu = 12V - 11 20 pA
VsENSE ace Accuracy of nominal Vsense threshold voltage v .y - +0.25 | 2 %
Vsense-oc Overcurrent sense threshold voltage R 300 350 375 mV
Notes:  10. UVLO levels are such that all ZXLD1371 will function above 5.4V for rising supply voltages and function down to 5V for falling supply voltages.
11. The ADJ and Gl pins have an internal clamp that limits the internal node to less than 3V. This provides some failsafe should those pins get
overdriven.
ZXLD1371 5 of 43 February 2017
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Electrical Characteristics (continued) (Test conditions: Vin = Vaux = 12V, Ta = 25°C, unless otherwise specified.)

Symbol | Parameter Conditions | Min | Typ | Max | Units
Output Parameters
VeLacL FLAG pin low level output voltage Output sinking 1TmA - - 0.5 Vv
lriacore |FLAG pin open-drain leakage current VEiag = 40V - - 1 HA
Normal operation 4.2 4.5 4.8
Out of regulation (Vsue out of range
N Vane oe) 33 | 36 | 39
(Note 13)
y STATUS Flag no-load output voltage Vin undervoltage (Vin< UVLO) 3.3 3.6 3.9 y
STATUS .
(Note 12) Switch stalled (ton or torr > 100us) 3.3 3.6 3.9
Over-temperature (T, > 125°C) 1.5 1.8 21
Excess sense resistor current
0.6 0.9 1.2
(VSENSE > 032V)
Rstatus  |Output impedance of STATUS output Normal operation - 10 - kQ
Driver output (PIN GATE)
. No load Sourcing TmA
VaateH High-level output voltage g Vin = Vaux = 12V 9.5 10.5 - \
(Note 14)
VGateL Low-level output voltage Sinking TmA, (Note 15) - - 0.5 \"
. VIN = VAU X= VISM = 18V
Veatrect  |High level GATE CLAMP voltage — 12.8 15 Vv
lgate= TMA
| Dynamic peak current available during rise  |Charging or discharging gate of external +300 mA
AT lor fall of output voltage switch with Qg = 10nC and 400kHz -
Time to assert ‘STALL’ flag and
tsTALL warning on STATUS output GATE low or high - 100 170 us
(Note 16)
LED Thermal control circuit (Tap,) parameters
Onset of output current reduction (V
V1apuH Upper threshold voltage ) P (Vraoy 560 625 690 mV
falling)
Output current reduced to <10% of set
VrapiL Lower threshold voltage P ) ° 380 440 500 mV
value (Vrapy falling)
ITADJ TADJ pln Input current VTADJ =1.25V - - 1 uA
Notes: 12. In the event of more than one fault/warning condition occurring, the higher priority condition will take precedence.
For example, ‘Excessive coil current’ and ‘Out of regulation’ occurring together will produce an output of 0.9V on the STATUS pin.
These STATUS pin voltages apply for an input voltage to VN of 7.5V < V|N < 60V. Below 7.5V the STATUS pin voltage levels reduce and
therefore may not report the correct status. For 5.4V < V|N < 7.5V the flag pin still reports any error by going low. At low V|N in Boost and
Buck-boost modes an over-current status may be indicated when operating at high boost ratios — this due to the feedback loop increasing the
sense voltage.
For more information see the Application Information section about Flag/Status levels.

13. Flag is asserted if VsHp < 1.5V or VsHp > 2.5V.

14, GATE is switched to the supply voltage Vaux for low values of Vaux (5V < Vaux < ~12V). For Vaux > 12V, GATE is clamped internally to
prevent it exceeding 15V. Below 12V the minimum gate pin voltage will be 2.5V below Vaux.

15.  GATE is switched to PGND by an NMOS transistor.

16.  If ton exceeds tsTALL, the device will force GATE low to turn off the external switch and then initiate a restart cycle. During this phase, ADJ is
grounded internally and the SHP pin is switched to its nominal operating voltage, before operation is allowed to resume. Restart cycles will be
repeated automatically until the operating conditions are such that normal operation can be sustained. If toFr exceeds tSTALL, the switch will
remain off until normal operation is possible.
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Typical Characteristics
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Typical Characteristics — Linear/DC Dimming

ZXLD1371
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Typical Characteristics — PWM/Thermal Dimming
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Typical Characteristics — Buck Mode — Rs = 75mQ — L = 33pH — I gp = 2.9A
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ZXLD1371
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Typical Characteristics — Buck Mode — Rs =150mQ - L = 33uH — I gp = 1.45A
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Typical Characteristics — Boost Mode - I gp = 350mA - Rg = 150mQ - Glgario = 0.23
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Typical Characteristics — Boost Mode — I gp = 350mA — GlgaTio = 0.23 — Bootstrap comparison

LED CURRENT (A)
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ZXLD1371

Typical Characteristics — Boost Mode - I gp = 350mA - Rg = 150mQ - Glgario = 0.23
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ZXLD1371

Typical Characteristics — Boost Mode — 8 LEDs — Glgario = 0.23
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ZXLD1371

Typical Characteristics — Buck-Boost Mode — Rg = 150mQ - I gp = 350mA — Glgario = 0.23
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® ZXLD1371

I N COR P ORATED

Typical Characteristics — Buck-Boost Mode - Rg = 150mQ - I gp = 350mA — Glgario = 0.23
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ZXLD1371

Typical Characteristics — Buck-Boost Mode — Rg = 150mQ - I gp = 350mA — Glgario = 0.23

0.450
0.425 (¢
{\ L =33uH
0.400 \
< \
E 0.375 \ Loan |
s
o 0.350 i
>
o
)
m 0.325 L = 100pH
-
0.300
T = 25°C, Viy = Vauxe
5LEDs, Rg = 150mQ
0.275 R9 = 120kQ, R10 = 36kQ
Cyy = 100F
0.250 | | |
5 6 7 8 9 10 1 12 13 14 15 16 17 18
Vin (V)
600
< 500
N ——
é L //
> / =33uH |
S 400 ———— ~
% / /—//
3 T
o 300 L =68uH —
(“5 / // L = 100uH
Z
T 200 / 7
O / /
(% 100 Ta=25°C, Vin=Vaux:
5 LEDs, Rg = 150mQ
R9 = 120kQ, R10 = 36kQ
~ Cyy = 100pF
0 ! | ! !
5 6 7 8 9 10 11 12 13 14 15 16 17 18
Vin (V)
90 ‘
g5| L=100uH
I
//
80 // /7
75/ /
° L = 68uH
>
N 70
O
& 65
O
i 60 /
i
55
50 / B Ta=257C, VN =Vaux:
/ 5 LEDs, Rg = 150mQ
R9 = 120kQ, R10 = 36kQ
45 / Cin = 100pF -
40 I I N
5 6 7 8 9 10 M 12 13 14 15 16 17 18
Vin (V)
ZXLD1371 18 of 43 February 2017

Document number: DS35436 Rev. 2 - 2

www.diodes.com © Diodes Incorporated



] ZXLD1371

I N COR P ORATED

Typical Characteristics — Buck-Boost Mode -5 LEDs GlgaTtio = 0.23
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ZXLD1371

Applications Information

The ZXLD1371 is a high-accuracy hysteretic inductive buck/boost/buck-boost controller designed to be used with an external NMOS switch
for current-driving single or multiple series-connected LEDs. The device can be configured to operate in buck, boost, or buck-boost modes
by suitable configuration of the external components as shown in the schematics shown in the device operation description.

DEVICE DESCRIPTION

a) Buck mode - the most simple buck circuit is shown in Figure 1
Control of the LED current buck mode is achieved by sensing the
coil current in the sense resistor Rs, connected between the two
inputs of a current monitor within the control loop block. An output
from the control loop drives the input of a comparator which drives
the gate of the external NMOS switch transistor Q1 via the internal
Gate Driver. When the switch is on, the drain voltage of Q1 is near
zero. Current flows from VN, via Rs, LED, coil and switch to
ground. This current ramps up until an upper threshold value is
reached (see Figure 2). At this point GATE goes low, the switch is
turned off and the drain voltage increases to V|n plus the forward
voltage, Vg, of the Schottky diode D1. Current flows via Rs, LED,
coil and D1 back to Vin. When the coil current has ramped down to
a lower threshold value, GATE goes high, the switch is turned on
again and the cycle of events repeats, resulting in continuous
oscillation. The feedback loop adjusts the NMOS switch duty cycle
to stabilize the LED current in response to changes in external
conditions, including input voltage and load voltage.

The average current in the sense resistor, LED and coil is equal to
the average of the maximum and minimum threshold currents. The
ripple current (hysteresis) is equal to the difference between the
thresholds. The control loop maintains the average LED current at
the set level by adjusting the switch duty cycle continuously to force
the average sense resistor current to the value demanded by the
voltage on the ADJ pin. This minimizes variation in output current
with changes in operating conditions.

The control loop also regulates the switching frequency by varying
the level of hysteresis. The hysteresis has a defined minimum (typ
5%) and a maximum (typ 30%). The frequency may deviate from
nominal in some conditions. This depends upon the desired LED
current, the coil inductance and the voltages at the input and the
load. Loop compensation is achieved by a single external capacitor
C2, connected between SHP and SGND.

The control loop sets the duty cycle so that the sense voltage is:
_ Vapy
Vsense= 0.218 ( —
VRer

Therefore,

0.218\ [V
ILep= ( ) (ﬁ) (Buck mode)

- Equation 1
Rs VREF q

If the ADJ pin is connected to the REF pin, this simplifies to:

0.218
ILED= (_) (BUCk mOde).
Rs

ZXLD1371
Document number: DS35436 Rev. 2 - 2
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Figure 1. Buck configuration
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Figure 2. Operating waveforms (Buck mode)
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Applications Information (continued)

b) Boost and Buck-Boost modes — the most simple boost/buck-boost circuit is shown in Figure 3

Control in Boost and Buck-boost mode is achieved by sensing the
Connect cathode of LED(s) to VIN for buck-boost mode or GND for boost mode
0 A
1) the load voltage VLEDS plus the forward voltage of VIN _’__T__"—ok | |
D1 in Boost configuration, <
or T o LED1...n %
2) the load voltage VLEDS plus the forward Rs L1 D1
Current flows via Rs, coil, D1 and LED back to VIN (Buck-boost —1 19— YYY— ¢
0.15Q
Cour I
VIN  VAUX ISM 1\ Qf
Ly
m — PWM GATE —
REF  zxLD1371 ~ FLACG[—
TADJ STATUS |—
ADJ v
Raiz Gl SHP SGND PGND

Rait C2
330pF I

Figure 3. Boost and Buck-boost configuration

The feeback loop adjusts the NMOS switch duty cycle to stabilize +11Vto
15V typ.
The average current in the sense resistor and coil, Igs, is equal to GATE torr ton
voltage
The average current in the LED, Iep, is always less than lgs. The
_ RGIM P
GI_ADJ = (m) Equation 2 ov :
(Boost and Buck-boost modes) VLEDS + VF (Boost) : :
VLEDS + VF + VIN (Buck-boost)
The control loop sets the duty cycle so that the sense resistor
current is DQ1_
_ (0.225\ (GI_ADJ\ (Vapy . rain
lrs= (R_s) ( 1D ) (@) Equation 3 voltage
(Boost and Buck-boost modes)
ov

Coil
current

Sense
voltage
VIN = VISM

© Mean = 225mV * GI_ADY / (1-D)

LED
current

Figure 4. Operating waveforms (Boost and Buck-boost
modes)

Irs equals the coil current. The coil is connected only to the switch and the schottky diode. The schottky diode passes the LED current.

Therefore the average LED current is the coil current multiplied by the schottky diode duty cycle, 1-D.
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Applications Information (cont)

0.225 \
lLep = lgg (1-D) = (R_s) Gl_ADJ (ﬁ) (Boost and Buck-boost) Equation 4

This shows that the LED current depends on the ADJ pin voltage, the reference voltage and 3 resistor values (RS, RGI1 and RGI2). ltis
independent of the input and output voltages.

If the ADJ pin is connected to the REF pin, this simplifies to

0.225
llep = (R_) GI_ADJ  (Boost and Buck-boost)
S

Now l.ep is dependent only on the 3 resistor values.

Considering power dissipation and accuracy, it is useful to know how the mean sense voltage varies with input voltage and other
parameters.

GI_ADJ V,
VRrs= Irs Rg = 0.225 ( = ) (ﬁ) (Boost and Buck-boost) Equation 5
1-D VRer

This shows that the sense voltage varies with duty cycle in Boost and Buck-boost configurations.

ZXLD1371 22 of 43 February 2017
Document number: DS35436 Rev. 2 - 2 www.diodes.com © Diodes Incorporated



ZXLD1371

I N COR P ORATED

Applications Information (cont,)

APPLICATION CIRCUIT DESIGN

External component selection is driven by the characteristics of the load and the input supply, since this will determine the kind of topology
being used for the system. Component selection begins with the current setting procedure, the inductor/frequency setting and the MOSFET
selection. Finally, after selecting the freewheeling diode and the output capacitor (if needed), the application section will cover the PWM
dimming and thermal feedback. The full procedure is greatly accelerated by the web Calculator spreadsheet, which includes fully
automated component selection, and is available on the Diodes website. However, the full calculation is also given here.

Please note the following particular feature of the web Calculator. The Gl ratio can be set for Automatic calculation, or it can be fixed at a
chosen value. When optimizing a design, it is best first to optimize for the chosen voltage range of most interest, using the Automatic
setting. In order to subsequently evaluate performance of the circuit over a wider input voltage range, fix the Gl ratio in the Calculator input
field, and then set the desired input voltage range.

Some components depend upon the switching frequency and the duty cycle. The switching frequency is regulated by the ZXLD1371 to a
large extent, depending upon conditions. This is discussed in a later paragraph dealing with coil selection.

Duty Cycle Calculation and Topology Selection
The duty cycle is a function of the input and output voltages. Approximately, the MOSFET switching duty cycle is:

V
Duck = % for Buck
V -V .
Dgoost = w for Boost Equation 6
ouTt
Vour
D = for Buck-B
BB Vout *+ Vin or Buck-Boost

Because D must always be a positive number less than 1, these equations show that:

Vout < VIN for Buck (voltage step-down)
Vout > VIN for Boost (voltage step-up)
Vout >or=or<Vp for Buck-boost (voltage step-down or step-up)

This allows us to select the topology for the required voltage range.

More exact equations are used in the web Calculator. These are:

V + Vg +1 Rs*+R
Doy = LoUT* Ve out(Rs*+RcoiL) for Buck

VIN * VE - VpsoN
D Vout - Vin + In(Rs+RcoiL) + VE for Boost
BOOST Vout + Vr - Vpson Equation 7

V +VE + (IIntH Rg+R,
Des _ Vour *+ Vg + (in*lour) (Rs*Rcoin) or Buck.boost

Vout *+ VIN * VF - Vbson

Where: Vg = Schottky diode forward voltage, estimated for the expected coil current, lcow
VpsoN = MOSFET drain source voltage in the ON condition (dependent on Rpson and drain current = lcoi)
RcolL = DC winding resistance of L1
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The additional terms are relatively small, so the exact equations will only make a significant difference at lower operating voltages at the
input and output, i.e. low input voltage or a small number of LEDs connected in series. The estimates of Ve and Vpson depend on the coil
current. The mean coil current, lcoi. depends upon the topology and upon the mean terminal currents as follows:

lcolL = ILep for Buck
lcoiL= 1IN for Boost Equation 8
lcoiL = Iin + ILED for Buck-boost

Iep is the target LED current and is already known. |y will be calculated with some accuracy later, but can be estimated now from the
electrical power efficiency. If the expected efficiency is roughly 90%, the output power Poyr is 90% of the input power, P, and the coil
current is estimated as follows.

Pourt =09Pn
or

lteo N Viep =0.9 N ViN
where N is the number of LEDs connected in series, and Vep is the forward voltage drop of a single LED at I ep.

lLep N Viep

SoIn = ooV

Equation 9

Equation 9 can now be used to find Icow in Equation 8, which can then be used to estimate the small terms in Equation 7. This completes
the calculation of Duty Cycle and the selection of Buck, Boost or Buck-boost topology.

An initial estimate of duty cycle is required before we can choose a coil. In Equation 7, the following approximations are recommended:

VE =0.5V
In « (Rs+RcolL) = 0.5V
lout x (Rs+RcoliL) = 0.5V
Vpson =0.1V
(IIn+louT)(Rs+RcolL) =11V

Then Equation 7 becomes:

_Vour + 1

= for Buck
Dsuck Vi + 04 or Buc
Vour - Vin+ 1 :
~ IR Equation 7a
Dgoost Vour + 04 for Boost q
V + 1.6
Dgg OUT for Buck-boost

" Vour + VN + 0.4

Setting the LED Current
The LED current requirement determines the choice of the sense resistor Rs. This also depends on the voltage on the ADJ pin and the
voltage on the Gl pin, according to the topology required.

The ADJ pin may be connected directly to the internal 1.25V reference (Vger) to define the nominal 100% LED current. The ADJ pin can
also be driven with an external DC voltage between 125mV and 1.25V to adjust the LED current proportionally between 10% and 100% of
the nominal value.

For a divider ratio GI_ADJ greater than 0.65V, the ZXLD1371 operates in Buck mode when Vapy = 1.25V. If GI_ADJ is less than 0.65V
(typical), the device operates in Boost or Buck-boost mode, according to the load connection. This 0.65V threshold varies in proportion to
Vapy, i.€., the Buck mode threshold voltage is 0.65 Vap; /1.25 V.

ADJ and Gl are high-impedance inputs within their normal operating voltage ranges. An internal 1.3V clamp protects the device against
excessive input voltage and limits the maximum output current to approximately 4% above the maximum current set by Vger if the maximum
input voltage is exceeded.
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Buck topology
In Buck mode, Gl is connected to ADJ as in Figure 5. The LED current
depends only upon Rs, Vaps and Veer. From Equation 1 above, el k-
0.218\ [V, w
Rsguck = ( ) (ﬁ) Equation 10 i
ILep / \VRer |
|
If ADJ is directly connected to VREF, this becomes: an
0.218
RsBuck= (I—)
LED I

Figure 5. Setting LED current in Buck
configuration

Boost and Buck-boost topology

For Boost and Buck-boost topologies, the LED current depends upon the
resistors, Rs, Raii, and Rgp2 as in Equations 4 and 2 above. There is more
than one degree of freedom. That is to say, there is not a unique solution.
From Equation 4,

0.225 \Y)
RsBoostes = (E) GI_ADJ (ﬁ) Equation 11

If ADJ is connected to REF, this becomes:

0.225

RsBoostBB = <E) GI_ADJ

GI_ADJ is given by Equation 2, repeated here for convenience:

RGI
GI_ADJ = ( >

RGI1 +RGI2 Figure 6. Setting LED current in Boost and

Buck-boost configurations

Note that from considerations of ZXLD1371 input bias current, the recommended limits for Rg1 are:
22kQ < Rgit < 100kQ Equation 12

The additional degree of freedom allows us to select GI_ADJ within limits but this may affect overall performance a little. As mentioned
above, the working voltage range at the Gl pin is restricted. The permitted range of GI_ADJ in Boost or Buck-boost configuration is:

0.2 < GI_ADJ < 0.5 Equation 13
The mean voltage across the sense resistor is:
VRrs = lcoi Rs Equation 14

Note that if GI_ADJ is made larger, these equations show that Rs is increased and Vgs is increased. Therefore, for the same coil current,
the dissipation in Rg is increased. So, in some cases, it is better to minimize GI_ADJ. However, consider Equation 5. If ADJ is connected
to REF, this becomes

Voe = 0.225 GI_ADJ
RS - - 1_D

This shows that Vgs becomes smaller than 225mV if GI_ADJ < 1 - D. If also D is small, Vgrs can become too small. For example if D = 0.2,
and GI_ADJ is the minimum value of 0.2, then Vgs becomes 0.225* 0.2 / 0.8 = 56.25 mV. This will increase the LED current error due to
small offsets in the system, such as mV drop in the copper printed wiring circuit, or offset uncertainty in the ZXLD1371. If now, GI_ADJ is
increased to 0.4 or 0.5, Vgs is increased to a value greater than 100mV.
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