574

SEA05

Advanced constant voltage and constant current controller

Features

Constant voltage and constant current control
Wide operating V¢ range [3.5 - 36] V

Low quiescent consumption: 200 pA

Voltage reference: 2.5V

Voltage control loop accuracy +/- 0.5%
Current sense threshold: 50 mV

Open-drain output stage

Low external component count

SOT23-6L micro package

Applications

m Battery chargers
m AC-DC adapters
m LED drivers

Description

The SEAO0S is a highly integrated solution for
SMPS applications requiring a dual control loop to
perform CV (constant voltage) and CC (constant
current) regulation.

The device integrates a voltage reference, two op-
amps (with OR-ed open-drain outputs), and a low-
side current sensing circuit.

The voltage reference, along with one op-amp, is
the core of the voltage control loop; the current
sensing circuit and the other op-amp make up the
current control loop.

The external components needed to complete the
two control loops are: a resistor divider that
senses the output of the power supply and fixes
the voltage regulation setpoint at the specified
value; a sense resistor that feeds the current
sensing circuit with a voltage proportional to the
dc output current; this resistor determines the
current regulation setpoint and must be
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adequately rated in terms of power dissipation;
the frequency compensation components (R-C
networks) for both loops.

The device, housed in one of the smallest
available package, is ideal for space-shrunk
applications such as adapters and chargers.

Figure 1. Internal schematic
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Table 1. Device summary

Order code Package Packing

SEAO5TR SOT23-6L Tape and reel
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SEAO05

1 Pin description
Figure 2. Pin configuration
./
Isense 1 6 Vcce
GND 2 5 Out
\trl 3 4 Ictrl
Note: The adjacent pins have the same AMR to increase the robustness of the IC against

accidental short circuit among pins.

Table 2. Pin description

n. Name Function
Inverting input of the current loop op-amp. The pin is tied to the cold end of the
1 Isense . - .
current sense resistor through a decoupling resistor.
Ground. Return of the bias current of the device. 0 V reference for all voltages.
2 GND | The pin should be tied as close to the ground output terminal of the converter as
possible to minimize load current effect on the voltage regulation setpoint.
Inverting input of the voltage loop op-amp. The pin is tied to the mid-point of a
3 Vctrl . s
resistor divider that senses the output voltage.
Non-inverting input of the current loop op-amp. It is tied directly to the hot
4 Ictrl . :
(negative) end of the current sense resistor
Common open-drain output of the two internal op-amps. The pin, able to sink
5 OUT |current only, is connected to the branch of the optocoupler’s photodiode to
transmit the error signal to the primary side.
Supply Voltage of the device. A small bypass capacitor (0.1 pyF typ.) to GND,
6 Vce located as close to IC’s pins as possible, might be useful to get a clean supply
voltage.
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SEAO05 Maximum ratings

2 Maximum ratings

Table 3. Absolute maximum ratings

Symbol Pin Parameter Value Unit
Vce 6 Dc supply voltage -0.310 38 \"
Vout 5 Open-drain voltage -0.3to Vec \
lout 5 Max sink current 20 mA
Ictrl 4 Analog input -0.3 to Vcc Vv

Isense 1 Analog input -0.31t0 3.3
Vctrl 3 Analog input -0.31t0 3.3 \Y

Table 4. Thermal data

Symbol Parameter Value Unit
Ringa | Thermal resistance, junction-to-ambient 250 °C/W
Tjop Junction temperature operating range -40 to 150 oc
Tstg | Storage temperature -55 t0 150
3 Typical application schematic

Figure 3. Typical application schematic

A

=
|
T

123V
Vo
—
I
re[ ]
-50 mV T lctrl Isense
Vcsth
Vi
Rsense
o *—0O
—
Ri+R 0.05V
lo VO = *25 V IO max =
2 sense

IYI Doc ID 17014 Rev 1 3/10




Electrical characteristics SEAO05

4 Electrical characteristics

-25 °C <T; <125 °C, V¢ = 20 V; unless otherwise specified

Table 5. Electrical characteristics

Symbol Parameter Test condition Min. | Typ. | Max. | Unit

Device supply

Vce Voltage operating range 3.5 36 \

Quiescent current (lctrl =l

lec sense = 0V, OUT = open)

200 | 300 | pA

Voltage control loop op-amp

Transconductance

Gm, . ) 1 3.5 S
(sink current only)

y Voltage reference default | Tu=25°C 2488 | 25 |2512 v

ot value @ 2.48 252
Ibias Inverting input bias current 25 nA
Current control loop

Transconductance

Gm; 1.5 7 S

(sink current only) ®

v Current sense threshold
csth | Vesth = Visense)™V ictri) 46 50 54 mV
(“ @ I(Iout) =1mA

Non-inverting input source

Ibias current @ V(Ictrl) = -50 mV

Output stage

Low output level @ 2 mA

VouTiow | gink current 200 | 400 | mV

1. If the voltage on Vctrl (the negative input of the amplifier) is higher than the positive amplifier input, and it is
increased by 1 mV, the sinking current at the output OUT is increased by 3.5 mA.

2. The internal voltage reference is set at 2.5 V. The voltage control loop precision takes into account the
cumulative effects of the internal voltage reference deviation as well as the input offset voltage of the
transconductance operational amplifier. The internal Voltage Reference is fixed by bandgap, and trimmed
to 0.48 % accuracy at room temperature.

3. When the positive input at Ictrl is lower than -50 mV, and the voltage is decreased by 1 mV, the sinking
current at the output out is increased by 7 mA.

4. Considering Ictrl pin directly connected to the hot (negative) end of the current sense resistor and Isense
pin connected to the cold end of the current sense resistor through a decoupling resistor (see fig.3), the
internal current sense threshold is triggered when the voltage on pin Ictrl is -50 mV. The current loop
reference precision takes into account the cumulative effects of the internal voltage reference deviation as
well as the input offset voltage of the transconductance operational amplifier.
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SEA05 Application information

5 Application information

Figure 4. Application information
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Note: A 15 Q resistor in series to Ictrl pin helps to protect the IC in case of negative voltage that

exceed the AMR of Ictrl pin.

As example a potential dangerous phenomenon could happen during converter output
short-circuit.

Consider the steady state operation of the circuit during voltage mode regulation (i.e. the
output is at its nominal voltage). The output capacitor is fully charged at V,,. If an abrupt
short (i.e. with negligible impedance) is applied at the output, instantly the positive pin of the
electrolytic capacitor is connected to the SEA05 ground. Since the capacitor acts like a
battery, all its voltage is applied across the Rgense Pin and therefore the Ictrl pin is pulled
down to —Vo. This could damage the IC in case the Ictrl pin AMR is violated.

In reality the short is not so severe because it has a some impedance, the electrolytic
capacitor has an ESR and it starts discharging as soon as the short is applied. The Ictrl pin
is brought to a negative voltage anyway. The pin internal structure has been design to be
robust against negative voltage but, since the severity of this phenomenon is proportional to
the output voltage, for some applications an external resistor in series with Ictrl pin helps
protect the IC.

The resistor added in series with Ictrl pin introduces an error in the current sense threshold
voltage.

This error can be calculated considering the Ictrl pin current: this current multiplied by the
value of the external resistor gives the current sense threshold variation.

As example if we add a 15 Q resistor in series to Ictrl pin, we have
Ictrl current = Ibias = 6 pA and therefore the error
6 A x 15 Q =80 pV, the erroris 80 pV /50 mV = 0.16%
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Voltage and current control SEAO05

6

6.1

6.2
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Voltage and current control

Voltage control

The voltage loop is controlled via a first transconductance operational amplifier, the voltage
divider R1, R2, and the optocoupler which is directly connected to the output. Its possible to
choose the values of R1 and R2 resistors using Equation 1-2:

Equation 1
Vo = Vctrl * M
2
Equation 2
R _R. (Vo — Vctrl)
! 2 Vctrl

where Vo is the desired output voltage.
As an example, with R1 =100 kQ and R2 = 15 kQ2 Vo = 19.17 V

Current control

The current loop is controlled via the second trans-conductance operational amplifier, the
sense resistor Rggnse, and the optocoupler. The control equation verifies:

Equation 3

Rsense* Io max — Vesth

Equation 4
Vcsth

Rsense = |
omax

where lomax is the desired limited current, and Vg, is the threshold voltage for the current
control loop.

As an example, with |gmax =1 A, Vgin = 50 mV, then Rggpge = 50 m Q.
Note that the Rgenge resistor should be chosen taking into account the maximum dissipation
(Plim) through it during full load operation.
Equation 5
Plim = Vesth * lomax
As an example, with I;ma = 1 A, and Vg = 50 mV, Plim = 50 mW.

Therefore, for most adaptor and battery charger applications, it is suitable a low power
resistor to make the current sensing function.
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Compensation

Vsth threshold is achieved internally by a voltage divider tied to an internal voltage
reference. Its middle point is tied to the positive input of the current control operational
amplifier, and its foot has to be connected to lower potential point of the sense resistor as
shown in Figure 4. The resistors of this voltage divider are matched to provide the best
possible precision. The current sinking outputs of the two trans-conductance operational
amplifiers are common (to the output of the IC). This makes an ORing function which
ensures that whenever the current or the voltage reaches too high values, the optocoupler is
activated.

The relation between the controlled current and the controlled output voltage can be
described with a square characteristic as shown in the following V/I output-power graph.
(with power supply of the device independent from the output voltage)

Figure 5. Output voltage versus output current

Vo A

Voltage regulation

Current regulation

>

(Vcc of the device independent from output voltage) lo

Compensation

The voltage control trans-conductance operational amplifier can be fully compensated. Both
of its output and negative input are directly accessible for external compensation
components as shown in Figure 4.
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Package mechanical data

SEAO05

8 Package mechanical data

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®

specifications, grade definitions and product status are available at: www.st.com.

ECOPACK® is an ST trademark.

Table 6. S0T23-6L mechanical data
mm. inch
Dim.

Min. Typ. Max. Min. Typ. Max.
A 0.9 1.45 0.035 0.057
A1l 0 0.1 0 0.0039
A2 0.9 1.3 0.035 0.0512
b 0.35 0.5 0.014 0.02
c 0.09 0.2 0.004 0.008
D 2.8 3.05 0.11 0.120
E 15 1.75 0.059 0.0689
e 0.95 0.037
H 2.6 3 0.102 0.118
L 0.1 0.6 0.004 0.024

O (degrees) 0° 10° 0° 10°
Note: Dimensions per JEDEC MO178AB

Figure 6.

SOT23-6L package dimensions
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Revision history

9

Revision history

Table 7. Document revision history
Date Revision Changes
26-Apr-2010 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.
© 2010 STMicroelectronics - All rights reserved
STMicroelectronics group of companies

Australia - Belgium - Brazil - Canada - China - Czech Republic - Finland - France - Germany - Hong Kong - India - Israel - Italy - Japan -
Malaysia - Malta - Morocco - Philippines - Singapore - Spain - Sweden - Switzerland - United Kingdom - United States of America
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OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHosaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




