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STCS1

1.5A Max constant current LED driver

Features

Up to 40V input voltage

Less than 0.5V voltage overhead
Up to 1.5A output current

PWM Dimming pin

Shutdown pin

Led disconnection diagnostic

Slope control with external cap

Applications

m Led constant current supplying for varying
input voltages

Low voltage lighting

Small appliances led lighting
Car led lights

Description

The STCS1 is a BICMOS constant current source
designed to provide a precise constant current
starting from a varying input voltage source. The
main target is to replace discrete components

Order codes

®«, &7

DFN8 (3x3mm) Power SO-8

solution for driving LEDs in low voltage
applications such as 5V, 12V or 24V giving
benefits in terms of precision, integration and
reliability.

The current is set with external resistor up to 1.5A
with a £10% precision; a dedicated pin allows
implementing PWM dimming. An external
capacitor allows setting the slope for the current
rise from tens of microseconds to tens of
milliseconds allowing reduction of EMI.

An open-drain pin output provides information on
load disconnection condition.

Part number Package Packaging
STCS1PUR DFN8 (3mm x 3mm) 3000 parts per reel
STCS1PHR Power SO-8 2500 parts per reel
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Application diagram

1

Figure 1.

Application diagram

Typical application diagram for 0.5A LED current
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Pin configuration STCS1
2 Pin configuration
Figure 2. Pin connections (top view)
LT S
Ve [L> 77~71 (3] pIsc Vee ] 1T**78 —1 DISC
I
oM [Z3 1 | (3] siope PWM | ' B sLopE
' \ \
- — | — ]
EN DA I (%] GND EN 1 | [ GND
L b
DRAN [43 - (3] FB DRAIN |4~ 5|3 FB
T =
DFN8 PowerSO-8
Table 1. Pin description
Pin N° Symbol Note
1 Vee Supply Voltage
2 PWM PWM dimming input
3 EN Shutdown pin
4 DRAIN Internal N-Mosfet Drain
5 FB External resistor connection for current set (N-Mosfet Source)
6 GND Ground
7 SLOPE Capacitor for slope control
8 DISC Load disconnection flag (open drain)
Exp-pad Internally connected to ground.
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Maximum ratings

3 Maximum ratings
Table 2. Absolute maximum ratings
Symbol Parameter Value Unit
Vee DC Supply voltage -0.3to +45 v
Vp Drain voltage -0.3 to +45
PWM, EN, DISC | Logic pins -0.3t0 + Vg + 0.3 Vv
SLOPE, FB Configuration pins -0.3t0 + 3.3 \
ESD Human body model (all pins) +2 kv
DFN8 3x3mmT,=25°C (1) 2.3
Power Dissipation w
PowerSO-8 Ty=25°C @ 1.9
T, Junction temperature -40 to 150 °C
Tsta Storage temperature range -55 to 150 °C
1. See Figure 16. for details of max power dissipation for ambient temperaures higher than 25°C.
2. See Figure 17. for details of max power dissipation for ambient temperaures higher than 25°C
Note: Absolute Maximum Ratings are those values beyond which damage to the device may
occur. Functional operation under these conditions is not implied.
Table 3. Thermal data
Symbol Parameter DFN8 Power SO-8 Unit
Rinic Thermal Resistance Junction-Case 3 10 °C/W
Riya | Thermal Resistance Junction-Ambient 37.6 (M 45 @) °C/W

1. This value is referred to four-layer PCB, JEDEC standard test board.

2. With two sides, two planes PCB following EIA/JEDEC JESD51-7 standard.
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Electrical characteristics

STCS1

4 Electrical characteristics
Table 4. Electrical characteristics
(VCC = 12V, |o = 100mA, TA =-40°C to 85°C, VDRA|N = 1V, CDRA|N = 1HF, CBYP = 100nF
typical values are at Tp = 25 C, unless otherwise specified)
Symbol Parameter Test conditions Min. Typ. Max. Unit
Vee Supply Voltage Range 4.5 40 \
Output current range 1 1500 mA
lo Output current Reg = 0.2Q 500 mA
Regulation (percentage with Ve =4.510 40V, 1 1 o
respect to Vgg=12V) lo=100mA; Vpgan = 1V °
Veg Feedback Voltage All the current range 90 100 110 mV
On Mode 450 650
Quiescent current (Measured on
lcc i Shutdown Mode; HA
Ve pin) 1
Ve =5 to 40V
( GND) lo=100mA 0.12 0.16
Vprop | Dropout voltage (Vpran to GND Vv
lo=1.5A 0.58 0.9
LEAKpRraiN | Drain leakage current Shutdown; Vpran = 40V 10 pA
Rise/Fall Time of the current on
TRTF | pWM transition CsLope=10nF 800 HS
VPWM rising, VCC =12V
CSLOPE = floating, 8
Tp Delay on PWM signal (see fig.1) ys
VPWM faIIing, VCC =12V
. 1.2
CsLopg = floating
Low level voltage Isink = BMA 0.2 0.5 \
Leakage current \ =5V 1 pA
DISC PISC
Load disconnection threshold DISC Turn-ON 75
mV
(Vbrain-GND) DISC Turn-OFF 110
Thermal | Shutdown Temperature 155 oo
Protection | Hysteresis 25
Logic Inputs (PWM and EN)
Vi Input Low Level 0.4 \Y
VH Input High Level 1.2
EN, PWM Leakage Current Ven =5V, Vpywm = 5V 2
EN Input Leakage Current Ve = 40V 50 HA
PWM Input Leakage Current Vpwm = 40V 100
Note: All devices 100% production tested at T, = 25°C. Limits over the operating temperature
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range are guaranteed by design.
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Timi

ng

Figure 3. PWM and output current timing
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Figure 4. Block diagram
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Typical performance characteristics

Figure 5. IDRAlN VS Vcc, TA =25°C Figure 6. IDRAlN Vs RSET
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STCS1 Typical performance characteristics

Figure 11. Ty se/Tsan VS CsLopPE Figure 12. Turn-on time
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Detalid description

The STCS1 is a BicMOS constant current source designed to provide a precise constant

current starting from a varying input voltage source. The main target is to replace discrete
components solution for driving LEDs in low voltage applications such as 5V, 12V or 24V

giving benefits in terms of precision, integration and reliability.

Current setting

The current is set with an external sensing resistor connected to the FB pin. The feedback
voltage is 100mV, then a low resistor value can be chosen reducing power dissipation. A
value between 1mA and 1.5A can be set according to the resistor value, the resulting output
current has a tolerance of +10%.

Enable

When the enable pin is low the device completely off thus reducing current consumption to
less than 1pyA. When in shutdown mode, the internal main switch is off.

PWM Dimming

The PWM input allows implementing PWM dimming on the LED current; when the PWM
input is high the main switch will be on and vice versa. A typical frequency range for the
input is from few Hertz to 50kHz. The maximum dimming frequency is limited by the
minimum rise/fall time of the current (obtained with Cg| opg = 0) which is around 4ps each.
Above 50kHz the current waveforms starts assuming a triangular shape.

While the PWM input is switching, the overall circuitry remains on, this is needed in order to
implement two important features: short delay time and controlled slope for the current.

Since the PWM pin is controlling just the main switch, the overall circuitry is always on and it
is able to control the delay time between the PWM input signal and the output current in the
range of few ps, this is important to implement synchronization among several light LED
sources.

The rise and fall slope of the current is controlled by the Cg opg capacitor. The rise and fall
time are linear dependent from the Cg opg capacitor value (see graph in typical
characteristics). A controlled rise time has two main benefits: reducing EMI noise and avoid
current spike at turn on.

When Cg|_opk is left floating, the internal switch is turned on at maximum speed, in this
condition an overshoot can be present on the LED current before the system goes into
regulation.

Diagnostic

When STCS1 is in on mode (EN is high), the device is able to detect disconnection or fail of
the LED string monitoring Vpgain PiN. If Vpran is lower than 75mV the DISC pin is pulled
low regardless the PWM pin status. This information can be used by the system to inform
that some problem happens in the LEDs.

73




STCS1

Application information

8.1

Application information

Reverse polarity protection

STCS1 must be protected from reverse connection of the supply voltage. Since the current
sunk from V¢ pin is in the range of 450pA a small diode connected to V¢ is able to protect
the chip. Care must be taken for the whole application circuit, especially for the LEDs, in fact,
in case a negative voltage is applied between V,y and GND, a negative voltage will be
applied to the LED string that must have a total breakdown voltage higher than the negative
applied voltage in order to avoid any damage.

Figure 15. Reverse polarity condition

VIN

1N4148
or similar

_y
— T

8.2

3

Thermal considerations

The STCS1 is able to control a LED current up to 1.5A and able to sustain a voltage on the
drain pin up to 40V. Those operating conditions are however limited by thermal constraints,
the thermal resistances shown in the THERMAL DATA section are the typical ones, in
particular Ry, a depends on the copper area and the number of layers of the printed circuit
board under the pad. DFN8 and PowerSO-8 have an exposed die attach pad which
enhances the thermal conductivity enabling high power application.

The power dissipation in the device can be calculated as follow:

Pp = (Vprain - VeB) X ILep + (Voo X Iee)

basing on this and on the thermal resistance and ambient temperature, the junction
temperature can be calculated as:

Ty =Rihga XPp + Ta

A typical application could be:
— Input Voltage: 12V;
— 3 white LEDs with an typical VF=3.6V;
— LEDs current: 500mA;
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Application information

STCS1

— Package: DFN8 3x3;

— Tp=50°C;

In this case Vpray=12-3x3.6 = 1.2V
Pp=(1.2-0.1)x0.5+12x0.5x 103 = 0.55 + 6 x 103 = 556mW
The junction temperature will be:

T,=237.6 x0.556 + 50 = 70.9°C

For a correct operation of the chip, the junction temperature must not exceed 110°C.

The following pictures show the maximum power dissipation according to the ambient

temperature for both packages:

Figure 16. Maximum power dissipation vs T, Figure 17. Maximum power dissipation vs Tp
for DFN8 3x3mm

for PowerSO-8
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STCS1 Package mechanical data

9 Package mechanical data

In order to meet environmental requirements, ST offers these devices in ECOPACK®
packages. These packages have a Lead-free second level interconnect. The category of
second Level Interconnect is marked on the package and on the inner box label, in
compliance with JEDEC Standard JESD97. The maximum ratings related to soldering
conditions are also marked on the inner box label. ECOPACK is an ST trademark.
ECOPACK specifications are available at: www.st.com.
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Package mechanical data STCS1
DFN8 (3x3) MECHANICAL DATA
mm. inch
DIM.
MIN. TYP MAX. MIN. TYP. MAX.
A 0.80 0.90 1.00 315 35.4 394
A1 0.02 0.05 0.8 2.0
A2 0.70 27.6
A3 0.20 7.9
b 0.18 0.23 0.30 7.1 9.1 11.8
D 3.00 118.1
D2 2.23 2.38 2.48 87.8 93.7 97.7
E 3.00 118.1
E2 1.49 1.64 1.74 58.7 64.6 68.5
e 0.50 19.7
L 0.30 0.40 0.50 11.8 15.7 19.7
SEATING
PLANE
&
9 <« EI
Ny Ry A |
2 <
D
€
1’.2‘ 3 4
U
o~ 1 w
- |
AN :
HEANAEA =
8 |7 6 5
b
D2
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Package mechanical data

PowerSO-8 MECHANICAL DATA
DIM. mm. inch.
MIN. TYP MAX. MIN. TYP. MAX.
A 1.70 0.067
Al 0.00 0.15 0.00 0.006
A2 1.25 0.049 0.142
b 0.31 0.51 0.012 0.020
0.17 0.25 0.007 0.010
D 4.80 4.90 5.00 0.189 0193 0.197
D1 ACCORDING TO PAD SIZE ACCORDING TO PAD SIZE
E 5.80 6.00 6.20 0.228 0.236 0.244
E1 3.80 3.90 4.00 0.150 0.154 0.157
E2 ACCORDING TO PAD SIZE ACCORDING TO PAD SIZE
e 1.27 0.050
h 0.25 0.50 0.010 0.020
L 0.40 1.27 0.016 0.050
k 0° 8° 0° 8°
cce 0.10 0.004
A
A2
Al
=1
“PLAE
E1
/A E—L .
|
T\ 7195016C
‘y_l 15/18




Package mechanical data STCS1
Tape & Reel QFNxx/DFNxx (3x3) MECHANICAL DATA
mm. inch
DIM.
MIN. TYP MAX. MIN. TYP. MAX.
A 330 12.992
C 12.8 13.2 0.504 0.519
D 20.2 0.795
N 60 2.362
T 18.4 0.724
Ao 3.3 0.130
Bo 3.3 0.130
Ko 1.1 0.043
Po 4 0.157
P 8 0.315
Y o
N
C Y
Y
A
|
i
i ]
N T
Bo -

Ko

[—

1]

P

—~

Note: Drawing not in scale
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Revision history

10 Revision history
Table 5. Revision history
Date Revision Changes
10-Apr-2007 1 Initial release.
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Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its subsidiaries (“ST”) reserve the
right to make changes, corrections, modifications or improvements, to this document, and the products and services described herein at any
time, without notice.

All ST products are sold pursuant to ST’s terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of the ST products and services described herein, and ST assumes no
liability whatsoever relating to the choice, selection or use of the ST products and services described herein.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted under this document. If any part of this
document refers to any third party products or services it shall not be deemed a license grant by ST for the use of such third party products
or services, or any intellectual property contained therein or considered as a warranty covering the use in any manner whatsoever of such
third party products or services or any intellectual property contained therein.

UNLESS OTHERWISE SET FORTH IN ST'S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY WITH RESPECT TO THE USE AND/OR SALE OF ST PRODUCTS INCLUDING WITHOUT LIMITATION IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS
OF ANY JURISDICTION), OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

UNLESS EXPRESSLY APPROVED IN WRITING BY AN AUTHORIZED ST REPRESENTATIVE, ST PRODUCTS ARE NOT
RECOMMENDED, AUTHORIZED OR WARRANTED FOR USE IN MILITARY, AIR CRAFT, SPACE, LIFE SAVING, OR LIFE SUSTAINING
APPLICATIONS, NOR IN PRODUCTS OR SYSTEMS WHERE FAILURE OR MALFUNCTION MAY RESULT IN PERSONAL INJURY,
DEATH, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE. ST PRODUCTS WHICH ARE NOT SPECIFIED AS "AUTOMOTIVE
GRADE" MAY ONLY BE USED IN AUTOMOTIVE APPLICATIONS AT USER’S OWN RISK.

Resale of ST products with provisions different from the statements and/or technical features set forth in this document shall immediately void
any warranty granted by ST for the ST product or service described herein and shall not create or extend in any manner whatsoever, any
liability of ST.

ST and the ST logo are trademarks or registered trademarks of ST in various countries.

Information in this document supersedes and replaces all information previously supplied.

The ST logo is a registered trademark of STMicroelectronics. All other names are the property of their respective owners.

© 2007 STMicroelectronics - All rights reserved
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Australia - Belgium - Brazil - Canada - China - Czech Republic - Finland - France - Germany - Hong Kong - India - Israel - Italy - Japan -
Malaysia - Malta - Morocco - Singapore - Spain - Sweden - Switzerland - United Kingdom - United States of America

www.st.com

3

18/18




	1 Application diagram
	Figure 1. Typical application diagram for 0.5A LED current

	2 Pin configuration
	Figure 2. Pin connections (top view)
	Table 1. Pin description

	3 Maximum ratings
	Table 2. Absolute maximum ratings
	Table 3. Thermal data

	4 Electrical characteristics
	Table 4. Electrical characteristics (VCC = 12V; IO = 100mA; TA = -40˚C to 85˚C; VDRAIN = 1V; CDRAIN = 1µF; CBYP = 100nF typical values are at TA = 25 C, unless otherwise specified)

	5 Timing
	Figure 3. PWM and output current timing
	Figure 4. Block diagram

	6 Typical performance characteristics
	Figure 5. IDRAIN vs VCC, TA = 25˚C
	Figure 6. IDRAIN vs RSET
	Figure 7. IDRAIN vs Temperature
	Figure 8. VDROP (including VFB) vs temperature
	Figure 9. ICC vs Temperature
	Figure 10. ICC vs VCC
	Figure 11. Trise/Tfall vs CSLOPE
	Figure 12. Turn-on time
	Figure 13. Dimming operation: Rise
	Figure 14. Dimming operation: Fall

	7 Detalid description
	7.1 Current setting
	7.2 Enable
	7.3 PWM Dimming

	8 Application information
	8.1 Reverse polarity protection
	Figure 15. Reverse polarity condition

	8.2 Thermal considerations
	Figure 16. Maximum power dissipation vs TA for DFN8 3x3mm
	Figure 17. Maximum power dissipation vs TA for PowerSO-8


	9 Package mechanical data
	10 Revision history
	Table 5. Revision history



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


