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Brief Description

The ZLED7001, one of our ZLED family of LED control
ICs, is a peak current-mode control LED driver IC that is
optimal for buck LED driver applications. The ZLED7001
operates in constant off-time mode. Capable of
operating efficiently with voltage sources ranging from 8
VDC to 450 VDC or rectified 110 VAC/ 220 VAC, it is
ideal for High Brightness (HB) LED applications. The
ZLED7001 provides a PWM input for an external
dimming control signal. The ZLED7001’s linear dimming
input can be used both for linear dimming (0 to 240 mV)
and temperature compensation of the LED current.

Because the ZLED7001’s response time is limited only
by the rate of change in the inductor current, it attains a
high performance pulse-width modulation (PWM) dim-
ming response. The ZLED7001 ensures proper output
current regulation, without loop compensation, via peak
current-mode operation.

ZLED7001 Application Circuit

Universal LED Driver with Temperature Compensation
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ZLED7001 Features

¢ Wide input range from 8 VDC to 450 VDC or
110 VAC/220 VAC

e Temperature compensation to protect the LEDs and
extend LED lifetime

¢ Operates in constant off-time mode

e Both PWM and linear dimming control signal inputs
available

¢ Very few external components needed for operation
¢ Broad range of applications: outputs greater than 1A

Application Examples

¢ Line-powered replacement LED lighting

¢ llluminated LED signs and other displays

e LED street and traffic lighting

e Constant-current source for general purposes
¢ Architecture / building LED lighting

o LED backlighting

¢ Line powered LED flood lighting

e Interior / exterior LED lighting
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ZLED7001 Block Diagram
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SOP-8 Package Dimensions (mm, except 6)

A 1.550 + 0.200 E 3.900 + 0.100
A1 | 0.175+0.075 E1 | 6.020 + 0.220
A2 | 1.450 Typical 1.270 Typical
b 0.420 £ 0.070 0.835 £ 0.435
c 0.214 £ 0.036 4° t 4°
D 4.900 + 0.100

Ordering Information

Sales Code

Description

Package

ZLED7001-ZI1R

ZLED7001 — Universal LED Driver with Temperature Compensation

SOP8 (Tape & Reel)

ZLED7001Kit-E1

ZLED7001 Evaluation Board up to 24VAC / 40VDC, including 1 ZLED-PCB1

Kit

ZLED-PCB1

Test PCB with one 3W white HB-LED, cascadable to one multiple LED string

Printed Circuit Board

ZLED-PCB2

10 unpopulated test PCBs for modular LED string with footprints of 9 common HB-LED types

Printed Circuit Board
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1 IC Characteristics

1.1. Absolute Maximum Ratings

Table 1.1 Absolute Maximum Ratings

No. PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT
1.1.1 | Input voltage VIN -0.3 8 \%
1.1.2 | Voltage to GND at pin CS, Ves, Vb, -0.3 6 \Y
LD, PWMD, GATE, Torr, Vpwmp,
VRer VGATE,

Vrorr, VVREF

1.1.3 | Input current Vi pin ! Ivin 1 10 mA
1.1.4 | Junction temperature Tj max 150 °C
1.1.5 | Storage temperature Tst -55 150 °C

1.2. Operating Conditions
Table 1.2 Operating Conditions

No. PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT
1.2.1 | Operating temperature Tor -40 +85 °C
1.2.2 | Input DC supply voltage Vinpe Resistor Rin required 8 450 \Y,

between DC supply
voltage and V\y pin with
resistance determined by
equation (2) and with
proper voltage rating. 2

1.3. Electrical Parameters

Production testing of the chip is performed at 25°C. Functional operation of the chip and specified parameters
at other temperatures are guaranteed by design, characterization, and process control.

Test conditions: Viy = 12V; Tams = 25°C; Rin=2kQ; unless otherwise noted.

Table 1.3 Electrical Conditions

No. PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT
1.3.1 | VN clamp voltage ViNcL Always higher than under 6.6 71 7.6 \%
voltage lockout threshold

1.3.2 | Operation current IiN Vin= 6V, GATE floating 0.33 0.5 0.64 mA

1.3.3 | Under voltage lockout VuLo V)N rising 6.1 6.5 6.8 \%
threshold

1.3.4 | Under voltage lockout AVyLo V\ falling 500 mV
hysteresis

1.3.5 | PWMD pin input low VenL 1.2 \%
voltage

! Beyond the input current range, V\y might not clamp at 7.1V
2 This parameter limit is guaranteed by design, characterization, and application check. See equation (2) on page 8
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No. PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT

1.3.6 | PWMD pin input high VENH 2 \%
voltage

1.3.7 | PWMD pin pull-up Ren 100 kQ
resistance

1.3.8 | Current sense threshold VesTH 215 240 265 mV
voltage

1.3.9 |LD pin voltage low VipL 50 mV
threshold

1.3.10 | LD pin voltage high VipH 240 mV
threshold

1.3.11 | Current sense blanking TeLANK 400 480 550 ns
interval

1.3.12 | Output delay toeLay Ves = Vesth + 50mV, 30 ns

after Terank

1.3.13 | OFF time Torr Torr pin floating 480 510 550 ns

1.3.14 | GATE output rise time trisE Ceate = 500pF 19 ns

1.3.15 | GATE output fall time traLL Ceate = 500pF 29 ns

1.3.16 | REF pin voltage VRer 1.12 1.20 1.30 \Y,

1.3.17 | REF pin load current IReF 0.5 mA

1.3.18 | Load regulation of VREFLOAD Irer = 0 to 500pA, 0.5 5 mV
reference voltage PWMD = 5.0V
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2 Circuit Description

The ZLED7001 is a peak current-mode-control LED driver IC that operates in constant off-time mode,
enabling proper LED current control without additional loop compensation or high-side current sensing. The
ZLED7001 supports both linear and PWM control of the LED current. Only a few external components are
needed for typical applications. It is well-suited for buck LED driver applications.

2.1. ZLED7001 Block Diagram

8 to 450 VDC
[Vs >
Torr ﬁ
ZLED7001 -
Rin Voltage Timing COF:_r
Regulator [~ vdda ircui
gu - Circuit L
74VClamp | — Nz
1 ! - ;
— Bandgap il nLED | Ve H IR2
Cn= Viker R D1/\ Cieo = o INTC
@ o M
R % Blanking —
T F 480ns 5 |4 Q1
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- C1
L ]
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024V — - ERCS
2 1
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2.2. Application Signal Flow

A capacitor between the Torr pin and ground determines the internal timer’s off-time. The timer pulses set flip-
flop in the ZLED7001, turning on the GATE pin driver, which is connected to the Q1 external MOSFET. When
Q1 turns on, a ramp current flows through the LED(s), the L1 external inductor, and the external sense
resistor Rgs. This results in a ramp voltage applied at the CS pin, which the ZLED7001’s two internal
comparators continually compare to the voltage at its LD pin and its internal 240mV reference. If either
comparator goes high and the blanking time is expired (see Table 1.3), the flip-flop is reset, causing the GATE
pin output to go low, shutting off the current through the LED(s).

The peak current control scheme with constant off-time can easily operate at duty cycles higher than 0.5 and
also gives inherent input voltage rejection, making the LED current almost insensitive to input voltage
variations.
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2.3. Input Voltage Regulator

The value and rating of the Ry input resistor must be selected as needed to drop the application supply
voltage (Vs) to the proper operating voltage for the ZLED7001 specified in section 1 (see equation (2) below).
When these conditions are met, the ZLED7001’s internal input voltage regulator maintains a stable 7.1V
(typical) at the V| pin to power the ZLED7001. A low-equivalent-series-resistance (ESR) bypass capacitor is
required on the V\y pin to provide a low-impedance path for the GATE pin output driver's high frequency
current.

The V|y pin draws an input current that is the sum of the 0.5mA (typical) required by the internal circuit and the
average current drawn by the GATE driver. The GATE driver current is primarily determined by the GATE
charge (Qg) and switching frequency (fs) of the external MOSFET as shown in equation (1).

Iy ~0.5mA+(Qg * f,)

(1)

Where

fs = Switching frequency

Q; = External MOSFET gate charge (refer to the MOSFET data sheet)
The input resistor Ry value is given by equation (2).

R = Vinoe =Vin (2)

IN =
I

For two typical MOSFET types, the following I,y diagram will result:

Figure 2.1  Input Current

>

2NB0 600V
Qs=9nC
// 512308 60V
——t— Qu=4.8nC
.

Iin [mA]
L I * I N
| )

T
1 10 100 1000
switching frequency [kHz]
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2.4. Current Sensing

Assuming a 30% current ripple in the inductor, the sense resistor Rcs can be calculated as shown in
equation (3):

VCSTH

Reg = —CsTH
T 1.15%1 (3)

Where
Vst = 240mV (typical)

The current sense input of the ZLED7001 is connected to the non-inverting inputs of two comparators. The
inverting terminal of one comparator is tied to an internal 240mV reference and the inverting terminal of the
other comparator is connected to the LD pin. The outputs of both comparators are fed into an OR gate, and
the output of the OR gate is connected to the reset pin of the flip-flop. Thus, the comparator that has the lower
voltage at the inverting input determines when the GATE output is turned off.

The comparator outputs also include a typical 480ns blanking time that prevents spurious turn-offs of the
external MOSFET due to the turn-on spike normally present as a result of transistor gate-source capacitance.
In rare cases, this internal blanking time might not be enough to filter out the turn-on spike. If so, an external
RC filter must be added between the external sense resistor (Rcs) and the CS pin.

Note that the comparators are relatively fast: 80ns typical response time. Invalid triggering by these com-
parators could result if the layout fails to minimize external inductances.

2.5. Timing Circuit

The timing circuit in the ZLED7001 is controlled by a single capacitor connected from Toer to ground.
Torr, the time of the cycle period, is given by equation (4):

C 4
Tore_mive =910ns * (l + ﬁj (4)

2.6. PWM Dimming Application Circuit

For PWM dimming applications, the ZLED7001’'s PWMD pin is driven with a low-frequency square-wave
control signal. The GATE pin’s driver is enabled when the control signal is high and disabled when the control
signal is low. The LED current’s rise and fall rate is controlled only by the inductance value, the supply
voltage, and LED forward voltage.

If the PWMD pin is allowed to float, the PWM dimming function is disabled.

2.7. Linear Dimming Application Circuit

For linear dimming applications, an external voltage ranging from 50mV (typical) to 240mV (typical) is applied
to the LD (linear dimming) pin to control the LED current during operation. Linear dimming can be used to
adjust the LED current level to reduce the LED’s brightness. In this case, connect a resistor between the
VREF pin and the LD pin and connect a negative-temperature-coefficient (NTC) thermistor between the LD
pin and ground. The ZLED7001 can also provide temperature compensation, (see the application circuit on
page 2 and section 2.8).
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A group of modules based on the ZLED7001 can be matched in LED brightness using the linear dimming
input with the PWM dimming feature still available for overall brightness control.

If the LD pin is not used, it must be connected to the PWMD pin, which is internally pulled-up. When the LD
pin voltage drops below 50mV, the GATE output is switched off.

2.8. Temperature Compensation

ZLED7001 provides thermal protection for the connected LEDs. Applying an NTC thermistor close to the LED
string will enable the temperature compensation of the LED current. Refer to the application circuit on page 2.
If the temperature of the LEDs rises, the resistance of the NTC thermistor decreases until the voltage of the
LD pin falls below 240mV. Then the average current is controlled by the LD pin and the temperature
compensation function starts. The upper threshold to start compensation is given by equation (5):

R (5)
vV =~ 240mV =V, *| —NIC___
LDH REF [ RNTC R:J

Considering the limit for Izgr, under all conditions R1 must be selected larger than 2.2kQ. Assuming a 30%
inductor current ripple, the temperature compensated continuous current can be computed as shown in
equation (6):

I _ Veer % Rure (6)
ouT
1.15%Rq Ryrc + R1

When the LD pin voltage drops below 50mV (typical), the GATE output is switched off. The transition to
dimming as well as the switch-off is reversible as soon as the respective thresholds are exceeded after the
LED assembly cools. Adding a capacitor C1 from the LD pin to ground will reduce noise on the LD input.

2.9. Design Example

A common application for an AC-line-powered ZLED7001 is luminants with a string of several LEDs operated
by one driver. For the example, the following constraints are assumed:

Application: 15W LED luminant with 13 HB LEDs in 1 string
AC supply voltage: Vinac = 230 VAC

Average DC supply voltage: Vinoe = 280 VDC resulting after bridge rectification and filtering with a 10uF
capacitor; power factor correction is not considered.

LED string forward voltage: >Ve =13*3.3V = 43V
LED string average current: ILep = 350mA

IC Input Resistor (R,y) and Hold Capacitor (Cy):

For a given 2N60 MOSFET and a maximum expected switching frequency of 100kHz, the IC input current will
be

Iy ~0.5mA +(Q, -fs )= 0.5mA +(9nC - 100kHz) = 1.4mA
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Resulting in a supply resistor of

Vioe ~Viy _ 280V —7V
Ry =1 = 0 > 195Kk
IN .

An 180kQ type can be chosen with a power rating of 20.5W. C)\ is chosen to be a 10uF/ 210V capacitor.

Tore Time Capacitor (Cor)

The selection of the operation frequency is based on a tradeoff between higher frequencies allowing for
smaller and less expensive inductors and lower frequencies incurring lower losses in the power switch.

An estimation of the duty cycle D is based on the ratio of output voltage over input voltage:

D= TONfTIME - Ve 43V

~ = ~0.15
Ton_tmve +Tore_tme Vinoe 280V

A timing capacitor of 220pF yields

Tore_rve =0.51us '(1 + ﬁ;};;j =0.51us {1 + 21200ppFF J =11.7us

Resulting in an operation frequency of
1-D 1-0.15

= ~ 72kHz
TOFF _TIME 1 s

fy =

Inductor (L1)

The inductance L1 is determined by the LED string’s forward voltage, the off-time, and the acceptable current
ripple. Assuming a ripple of 30% of the average current yields

Ve Tor e 4V 1174

= ~4.8mH
| 30% - 350mA

L

Ripple
Lower ripple at the same average current will increase the lifetime of the LEDs but requires a more expensive
higher value inductor and increased thermal losses since the inductor's DC resistance will increase as well.

The DC resistance of the inductor is an important design parameter, too. A capacitor placed in parallel with
the array of LEDs can be used to reduce the LED current ripple while keeping the same average current.

The inductor chosen must have a saturation current higher than the peak output current and a continuous
current rating above the required mean output current. The circuit design must also consider the decrease of
inductance and saturation current with rising temperature.

Current Sense Resistor (Rcs)

With peak current-mode control, the output is switched off when the LED current reaches its maximum value
summing up the average LED current and half of the defined current ripple, yielding for the given example

L o
lo_penc = licoinve) + 2 = 350mA + w — 402.5mA

The current sense resistor can now be calculated from the internal comparator threshold Vst and the peak
current as

=0.5960

R - Vesm _ 240mv
“ly peac 402.5mMA

This value can be built by a 0.68Q in parallel with a 4.7Q type.
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MOSFET (Q1) and Diode (D1)

The MOSFET and diode must be dimensioned with a minimum 50% safety rating of their relevant voltage and
current parameters. Thus a FET with minimum 500V drain-source breakdown voltage and 0.6A drain current
as well as a fast recovery diode with at least 500V reverse voltage and a 0.6A forward current may be
selected.

3 ESD/Latch-Up-Protection

All pins have an ESD protection of >+ 2000V according human body model (HBM). The ESD test follows the
Human Body Model with 1.5 kQ/100 pF based on MIL 883-G, Method 3015.7

Latch-up protection of >+ 100mA has been proven based on JEDEC No. 78A Feb. 2006, temperature class 1.
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4 Pin Configuration and Package
Figure 4.1  Pin Configuration ZLED7001

Vree [] | O [T Vi
PWMD [ ] | [ T Torr
Lo [T 1] cs
GND [ ]| | T ] GATE
Table 4.1 Pin Description SOP-8
Pin Name | NO. Description
VRer 1 | 1.2V reference voltage. No bypass capacitor needed.
PWMD 2 PWM dimming input. The gate driver operates normally if PWMD is pulled high. The gate driver is
turned off if PWMD is pulled to GND or open.
LD 3 Linear dimming input. If the voltage at LD is < 240mV (typical), LD controls the current sense
threshold. Can also be used as temperature compensation threshold voltage.
GND 4 | Internal circuit ground reference. Electrical connection to ground is required.

GATE 5 | Output for external N-channel power MOSFET gate driver.

Current sense pin that senses the Q1 MOSFET drain current through external resistor Rcs. The GATE

cS 6 output goes low if the voltage at CS > the voltage at the LD pin or the internal 240mV.

T 7 Sets the off-time of the power MOSFET. If left floating, off-time will be 510ns. For increased off-time, a
OFF capacitor must be connected between Torr and GND.

Vin 8 Supply input of 8V to 450V through a resistor, clamped at 7.1V internally. Low-ESR bypass capacitor

to GND is required.
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Figure 4.2 Package Drawing SOP-8
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Table 4.2 Package Dimensions SOP-8
Dimension (mm) Dimension (mm, except 0)
Symbol Symbol
Min Max Min Max
A 1.350 1.750 E 3.800 4.000
A1 0.100 0.250 E1 5.800 6.240
A2 1.450 Typical e 1.270 Typical
b 0.350 0.490 L 0.400 1.270
c 0.178 0.250 0 0° 8°
D 4.800 5.000

The SOP-8 package has a thermal resistance (junction to ambient) of Rgja = 80 K/W.
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5 Ordering Information

Product Sales Code | Description Package
ZLED7001-ZI1R ZLED7001 — Universal LED Driver with Temperature Compensation SOPS8 (Tape & Reel)
ZLED7001Kit-E1 ZLED7001 Evaluation Board up to 24VAC / 40VDC, including 1 ZLED- Kit
PCB1
ZLED-PCB1 Test PCB with one 3W white HB-LED, cascadable to one multiple LED Printed Circuit Board
string
ZLED-PCB2 10 unpopulated test PCBs for modular LED string with footprints of 9 Printed Circuit Board
common HB-LED types

6 Document Revision History

Revision Date Description
1.0 June 2, 2010 Production release version
1.1 August 12, 2010 Removed references to thermal shutdown protection in “Features” section and in

section 2.9. Updated contact information
Updated block diagram connection for correct PWMD internal connection.
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