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« Power supply requirements

» AC/DC topologies for single- and three-phase meters
- ST component selection and usage

* Application reference designs

« AC/DC converters & controllers

* DC/DC converters

 Low-dropout voltage regulators (LDOSs)

* Power MOSFETSs for Metering
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Metering SMPS Requirements



Power supply requirements - Input

» Single phase
* From
 To
* Inshort time (6 hours — one week)
 To
* Preferred single rectifier — SMPS

* Poly phase
* From
 To
* Input connection

« Bridge connection — SMPS even only 2 wires are connected
 Single rectifier —- SMPS If the Neutral is disconnected

« Common requirements — high level of surge protection

&i



« Simple e-meter
 No communication - only measurement and data processing
e Output power ~1to5W
« Qutput voltage supply for MCU, metering, display
* Smart e-meter — includes communication — PLC, GSM
e Output power
* Average
« Peak power
» Output voltages and
« Concentrator
e Output power
» Output voltages and




Power supply requirements - Others

« QOperating frequency
« The communication frequency of Smart meters is typically between

 Therefor the preferred operating frequency is >

« Magnetic field immunity
« The SMPS to survive magnetic upto 0.5 T
» Distance of field source to SMPS — several
» Typically SMPS must survive, but operation can be
In this condition




E-meter supply topology

n

10to 15V

> PLM

SMPS

An SMPS consists of:
« AC/DC converter
« 10to 15V — communication — typically
directly generated by AC/DC
« 3.3/5V — MCU and other circuits
» Directly generated by SMPS
-+ simple, - lower precision
« DC-DC from 10to 15V
* + more components, - precision
of both outputs is good
* LDO - either from unregulated output
of AC/DC or from 10 to 15V
«  3.3V/5V ISO — mandatory for 3-phase e-
meter using shunts — either isolated DC-
DC or other output from AC/DC from
transformer

Lys
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AC/DC - Topologies




AC/DC Topologies applicable for Metering SMPS

FLYBACK converter
SMART meters and Concentrators

BUCK converter — eMeters




Buck Converter Limitations and Advantages

* Output M
* 5t0 15V, up to 300 mA (Viper26)
» Tolerance 1V

* Input
» Considering 100 V surge pulse up to 700 V¢

* [t means 500 V¢
* Minimum voltage from 40 V. (Viper06) to 100 V¢ (Viper26)

» Operating frequency
» 30 or 60 kHz for Viper06
» 60 kHz for Viperl6 or Viper26
» 115 kHz recommended only in case of 15 V output and no operation in CCM

* Applicable components
* Viperx6, Viperx1l
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Flyback Converter Limitations and Advantages

* Output

» Any voltage (typically 3.3V and 15V)
« Simple to realize more outputs

» High precision for one output (£3%)

e Power

+ Altair04-900: 4 to 12 W (peak)
« Viperx1/6: 12to 20 W

« L6566BH: Up to 30 W (in fact, not limited)

* Input maximum

* Viper: Up to 440 V,. for a limited time

MR NT I
—]

Rsn GCsn

Dout

|
4]

Dsn

DRAIN

PWM
Controller

VIPer*6

LIM
Rlim
[optional)

 Altair04-900: Up to 460 V,. (permanent connection)
« L6566BH + 950V/1.2kV MOSFET: Up to 500 V,¢

- Operating frequency

» Typically above 100 kHz (115 kHz, 100 to 130 kHz)
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ST components selection and usage



Simple e-Meter — Buck converter

Monolithic solution

VIPerPlus family
Off-line converters (controller + HV MOSFET)

VIper06X, Viper06L, Viper01X, Viper11X, Viper16L, Viper26L LDK220, LDL212, ST715
Regulators
R1 D2 D3 L1 \
B p Py X b1
Cl Lk Drain K
RV1H ca—— vep . &
~AC T
C3—/——
C5 mmm D4 .
COMP [LIM GND c2—— A sTTH108
[ T RS R4 R3 :12V
T | | N - ou >
LR
D5 C7
. . THi08 A Commm  GND
Ultrafast high-voltage rectifier % T oND
STTH108 |
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1- phase meter, Concentrator — Flyback no isol.

Monolithic solution - limitation 800V MOSFET

Transient voltage surge suppressor  Ultrafast high-voltage rectifier ~ Ultrafast high-voltage rectifier

(400W — 600W — 100V — 200V) STTH108 (200V-300V 1A, 2A families)
SMAJ, SMAJ6J, SMBJ, P6KE STTH*02
R1 D2 D8 L1 T1 10V - 15V
._:_.,_N_N_.._r\m/\/\ o . R ) ’ H
L R6 \ 211C b3
c1 D7 _9||C
g 3.3V-5v
AC RV1H ca—— E—ﬁ - L L
D5 STTH108 g e
R7 C \ T GND
cs T C ‘ ]
| vl Drain W Dé - Hx\ .
J_ o % Schottky diodes
(60V to 150V families)
STPS*60, STPS*80,
e | STPS*100, STPS*150
VIPerPlus family COMP  ILIM GND
Off-line converters (controller + HV R10 {N
MOSFET) R"H Lcs _ _
Viper01H, Viper11H, Viper06H, S'%%?} ;cgg\t/tgmﬂl'i‘:;s
Viper16H, and Viper26H 9 . .
L BAT*, BAR

*6263, TMBYV*
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1- phase meter, Concentrator — Flyback no isol

Discrete solution - MOSFET up to 1.5 kV available, drawback higher complexity

Transient voltage surge suppressor Ultrafast high-voltage rectifier
(400W - 600W - 100V - 200V) (200V-300V 1A, 2A families)
SMAJ, SMAJ6J, SMBJ, P6KE Ultrafast high-voltage rectifier STTH*02
K5 Power MOSFET STTH108/ /
Off-line controller STx2N95K5, STX5N9I5K5 (950V) N / nﬁg v
L6566BH STx2N105K5, STx5N105K5, o4 "~ sl = cta
STX7N105K5 (1050V) ¥ b2 "Il T e
STx1N120K5, STX8N120K5 (1200V) D3 STTHL8 T 1 "
R1 D6 D7 L1 N E \ e
. i o g : i
Schottky diodes
(60V to 150V families)
re[| kers ~] STPS*60, STPS*80,

22uF/400V

— STPS*100, STPS*150
Signal Schottky diodes

= }/ 10k (30V to 80V families)
BAT*, BAR*

Rlaﬂ T Z2ur00v /H *6263’ TMBYV®

~AC p—

cs
H RV1

e

] raa | L€ e R20 7 * Standard OA
TS391

ITa

H
(&
]
i S
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3-phase meter — Flyback, single rectifier

Monolithic solution — simple, drawback peak power limited up to 8 - 9W

Transient voltage surge  Ultrafast high-voltage Ultrafast high-voltage rectifier

suppressor rectifier (200V-300V 1A, 2A families)
R9 D11 D10 (400W - 600W - 100V - STTH108 STTH*02
D9 D8 200V)
—— > b i SMAJ, SMAJGJ, SMBJ, PEKE

R1 D1 D2 L1 \ 10V - 15V
.—: * Hmﬂﬁﬁ * * \ * @ N L .

% L R2 % E D3 ek

RV1 c1 D4 _s|C
E > 3.3V-5V
c3I—— @ ] 1 |
~AC RV2 ﬂ < | % DS\ Lu
D6 STTH108 C

R3 % T GND
(? RV3 0 T ‘ L

| L U1 Altair04-900 Drain w D7 R4 H o

- Schottky diodes
(60V to 150V families)
) VoD, STPS*60, STPS*80,
Altair04-900 / STPS*100, STPS*150
Off-line converters (controller + 900V COMP| IRER GND S
MOSFET) RS I R6 H
——C6 HR? =7
C8 T
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3-phase meter — Flyback, single rectifier

Discrete solution - MOSFET up to 1.5 kV available, no power limitation, drawback higher complexity

K5 Power MOSFET  Transient voltage surge suppressor Ultrafast high-voltage Ultrafast high-voltage rectifier

STx2N95K5, STX5N95KS5 (950V)  (400W — 600W — 100V - 200V) rectifier (200V-300V 1A, 2A families)
STx2N105K5, STX5N105K5, SMAJ, SMAJ6J, SMBJ, P6KE STTH108 STTH*02
STx7N105K5 (1050V) /
STx1N120K5, STx8N120K5 (1200V n 10v - 15V
X X (1200V) \\ ‘ [y .
D4 % E o8 C13
R3 D12 D13 . h 4 D2 5(|C =
m ++ pp—— Off-line controller ( ¢ > sav-ov
R2 D0 D11 | L6566BH D3 STTH108 % oo \ i, N
R1 D6 D7 L1 C
B N—NiJf\r\ \ E T Gl\ﬁ
1 Schottky diodes
(60V to 150V families)
1L 5T } STPS*60, STPS*80,
— STPS*100, STPS*150
e T u Signal Schottky diodes
RVL 10k (30V to 80V families)
l i ]/ BAT*, BAR*
““ﬂ T Sirson *6263, TMBYV*
HRV3 ‘ 7 J u2
] _lcwo R20 :gsLM " Standard OA
HJ L TS391
[
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3-phase meter — Flyback, bridge rectifier

Monolithic solution — simple, drawback peak power limited up to 8 - 9W
R1 Transient voltage surge  Ultrafast high-voltage Ultrafast high-voltage rectifier
- suppressor rectifier (200V-300V 1A, 2A families)
. (400W -600W; 100V - 200V) STTH108 STTH*02
SMAJ, SMAJ6J, SMBJ, P6KE / ‘0‘9
RS D2 | \
L e ) L1 / T 10V - 15V
R9 YT g Y .
e — %f L Rl = . / % gﬁ |D3
RV1 c1 < J||C (O74==
Rv2 | ) D6 STTH108 % 3V
ﬂ D9 C3 = — % Q—N * |
¢ L
RV3 g c4
R3 C D\ T GND
cs T C ‘ u
= L rai YA 4 Re \
- Schottky diodes
(60V to 150V families)
. vop | STPS*60, STPS*80,
Altair04-900 STPS*100, STPS*150
Off-line converters (controller + 900V COMP/ IRER GND s
MOSFET) RS I R6 H
——cCs Hm —
C8 T
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3-phase meter — Flyback, bridge rectifier

Discrete solution - MOSFET up to 1.5 kV available, no power limitation, drawback higher complexity

K5 Power MOSFET Transient voltage Ultrafast high- Ultrafast high-voltage rectifier Schottky diodes
STx2N95K5, STx5N95K5 (950V) surge suppressor voltage (200V-300V 1A, 2A families) (60V to 150V families)
STx2N105K5, STx5N105K5, (400W - 600W - 100V rectifier STTH*02 STPS*60, STPS*80,
STx7N105K5 (1050V) -200V) STTH108 N, STPS*100, STPS*150
STxIN120K5, STx8N120K5 (1200V) SMAJ, SMAJ6J, SMBJ, 1 > 10V-1:/
P6KE T~ if\ §

R1 15R D3
STTH108

aaaaacasaaad
Y\U
A =S
o]
Q
w
w
<
[9;]
<

I
Signal Schottky
C5 || 1nFivL

|| diodes
(30V to 80V families

R3 15R

R5 15R

wn | IR " BAT*,BAR*
g R — / 6263, TMBYV*
v , L6566BH b1 o
[ o RlOD
) [J®2  []®  ADJ Voltage
ey e Ru Reference
. / R15/ c11 C12 | famlly
Off-line controller ] - [T T J TP
L6566BH J R17
T <
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Reference designs




Demo board - STEVAL-ISA010V1

Super Wide Input Range Viperl6 Buck Converter
AN2872

m Buck topology

m Common Neutral

m Input voltage range: 85 to 500 V,

m Output voltages: 12V and 5V

m Output current (max.): 150 mA (total for both outputs)
m Conductive EMI EN55022 Class B

m Stand-by less than 100 mW at 230 V¢

D1 1N4148
- Ul Viperl6 D2
D3 L1 2.2mH R3
R1 22R ; . 4 R STTH108
RO 750K ) Dra!n FB ”
N4 007LN4 007 — Drain . 24 cs
c3 2
= VDD 10uF/35V | |Ra 100n
1 A1 R5 750k — a U2 L78L05
—+a e 9k1
150n/X2 1 ) A 3f
3 - +— viIN vouT
L2 1ImH
R6 750k 10 GND
——C2 —— +— =4 D6 i N
- -1 [ __]
85 - 500VAC 150n/X2 RE 750K 10U/450V] D5 15v c5
STTH108 220UF/25V
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Demo board - STEVAL- ISA105V1 =

Power supply for energy meter and power line
modem based on Altair04-900

AN4154

m Flyback

m Input voltage range: 90 to 480 V,c
m Output power: 7W peak

u Output voItages 5 3.3, and 12V

EﬂDJ )}I
aEJ]' e




AC-DC converters and controllers



VIPerPlus Family
Advanced controller with embedded 800V Power MOSFET

.directly
from AC Mains
voltage... ~
l Feedback ‘
.. to +/- DC bus Pl Energy saving
J (3V3 5V 12V) “E Power consumption less than 30mW at
_D|T _D|T N o no load
> tosupply:

PWM
Controller ::1

L

= Microcontroller . )
= PWM driver High integration

Input Output : e )
rectificaption and rectification and - Relay Direct feedback, jittering, HV start-up
filtering filtering

Flexibility

power scalability up to 12W, no auxiliary
winding, clamp-less design, no CM EMC filte

Lys
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ST Offline Converters Overview

Buck Converter 150mA 200mA 350mA
Fly-back Converter SW 8W 12w 15W
85-265VAC
D
800V ¢ 32Q 24Q 200 19Q (900V) 14Q 7Q 4.5Q
S 350mA 400mA 480/600 mA Ext RSENSE Ext RSENSE 700mA 1/1.15A
MOSFET

VIPerPlusOP ] VIPerop

VIPerPlus*1

VIPerPlus*5 VIPer25 VIPer35

VIPerPlus*6 VIPer06 VIPerl6 VIPer26
VIPerPlus*7 VIPerl7 VIPer27 VIPer37

VIPerPlus*8 VIPer28 VIPer38

900y

AltairO* Altair 04 Altair 05

Lys
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Altair04-900

ALTAIR family: all-primary sensing switching regulator
eDs eDs Main features
ALTAIR04  ALTAIRO5 = CC/CV regulation with no opto-coupler

= Avalanche rugged internal power MOSFET

= Internal HV start-up circuit
e = Quasi-resonant ZVS operation
= Valley skipping at medium-light load
= Burst mode operation at no-load for under 60 mW consumption
= Automatic self-supply
5W W = |nput voltage feed-forward for mains-independent CC regulation
= Qvercurrent protection against transformer saturation and secondary
Maximum output power for V= 85t0 265 V,¢ diode short circuit
= Low quiescent current (< 1 mA)
ALTAIR04 ALTAIR05 ~AC 1T .
Breakdown voltage 900 V 800 T 3 .g R
Resistance Drain Source . -
(Tj = 25°C) 16 Q 110 j
Minimum Drain start-up B
50V
voltage S0V T ALTAIR
Supply voltage range 115t023V 1151023V — ——
1S 7 Off-line converters

life.augmented
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Industrial: Off-line SMPS ICs

L6566 family: controllers

eDs eDs

—

L6566A L6566B L6566BH ' Common features

= Fixed frequency or quasi resonant operations
Advanced light load management
On-board high-voltage start-up generator
start-up = Low quiescent current (< 3 mA)
_ . = Adaptive UVLO
Switched supply Programmable Programmable = Line feed-forward for constant power capability vs mains voltage

rii(IJr:ctJrroFl;E:) friql:eEnl\;?/rmgdUtliatrion friquinl\‘ﬁ’ mgdutl_ation = Pulse-by-pulse OCP, shutdown on overload (latched or auto-restart)
0 eductio or EiI reduction = Transformer saturation detection

= Latched or auto-restart OVP
= Brownout protection

700V high-voltage start-up 700V high-voltage start-up 8§40V high-voltage

PrC = -600/+800 mA totem pole gate driver with active pull-down during
Contryy, ‘ ' ULVO

— = SO16N package

] for single ’
Suited SESIAIRS U G Controllers with selectable
for single rectified 3-phase input ) . .
stage SMPS line quasi-resonant (QR) or fixed-frequency (FF) operation

Lys Primary controllers
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~ eDesignSuite supported



DC-DC converters




DC-DC - post regulation

ST1S4x ST1S5x

L6984

High-efficiency (Sync. Rect.)

Low BOM

Cost-effective

Low Stand-by Consumption (ST1S5x)

ST1S31/32, ST1S12

(ST1S4x and ST1S5x)
High-efficiency (Sync. Rect.)

Low BOM

Cost-effective

Low Stand-by Consumption (ST1S5x)




Linear Regulators:

Low quiescent current LDOs

« Ultra low quiescent current (Iq)
(down to 1.4 pA)

*  Very low dropout
-—-—4 pC *  Wide range of miniaturized packages

«  QOutput current from 50 to 150 mA

- Extended input voltage range (up to 24V on
ST715)

Maximize battery life
* Reduce standby power consumption
*  Minimized PCB area occupation
« Easy design and implementation

Lys
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LDOs




Linear Regulators:

Cost-effective LDOs

LDKXxX:

Max Vi, 200 mA, low dropout, Noise reduction pin Low current
5.9V . available in SOT23-5L, SC70, and DFN6 1.2x1.3 mm [ RN

LDK130
* 300 mA, , Noise reduction pin

*Y

SOT23-5L DFN6 (1.2 x 1.3 mm)

* Available in SOT23-5L, SC70, DFNG6 1.2x1.3

LDK220
* 200 mA,
* Available in SOT23-5L, SC70, DFN6 1.2x1.3

LDL112
DFN6 3x3 « 1.2A, very , Reverse current protection

Q LDLXxX:

DFN6 2x2

SOT323-5L

* Available in SO8, and DFN6

L
08

Medium current
(1.2A)

LDL212

Max VIN * 1.2A, very low dropout
16V * Available in SO8, and DFN6 2x2 mm and 3x3 mm

@
57
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Power MOSFETs for metering applications



@ ey K5 Power MOSFET Serles

Higher power density, MDmesh™ K5 series

a4

Widest Super-dJunction MOSFET Product Portfolio 94
- 800V, 900V, 950V, 1050V, 1200V, up to 1500V e . . —e
a3
BEST silicon performance in the Market : o
. Outstanding Rpg ., to optimize efficiency E 91;
W oag 5
Designed for High Efficiency 2 F——_'__h“-\
. Ultra-low gate charge (Qg) for faster switching e ~—
BB S

. Low Ciss and Coss for reduced energy losses STETLNEOKS  STRONEOKS  Main Competior

#— EMciencyi 130V —8—EMciancy @230V

g
m

--'\

E‘
PowerFLAT 5*6 H\a

fj}f

Eoffjudy
BHEES
|
|

'
|
|

D2PAK s 20 —
10
5
I

STFTLMNBOKS STFAMABOKS  Main Competitor

TO-247 TO-220FP wide Creepage
o—Eofi@ 130V —e—Eof@230v
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MDmesh™ K5 series selection

SMPS < /5W

3.25 STx3LN8OKS5 DPAK / IPAK/ TO-220 / FP
2.6 3 STx4LN8OK5 DPAK / IPAK/ TO-220/ FP
1.75 3.8 STx5N80K5 DPAK / TO-220 / TO-220FP/D2PAK/I2PAK/I2PAKFP
1.15 5.6 STx7LN8OK5 TO-220/ TO-220FP/DPAK, I2PAKFP /IPAK / PowerFLAT 5x6 VHV
0.90 7.2 STx9N8OKS5 TO-247 /TO-220 / TO-220FP/I2PAKFP/DPAK/ PowerFLAT 5x6 VHV
0.610 8.5 STx10LN80KS TO-220/ TO-220FP/DPAK / I2PAKFP&PowerFLAT 5x6 HV
0.445 12 STx14N80KS TO-220FP / D2PAK/I2PAKFP
21 3 STx4N90K5 DPAK / TO-220 / TO-220FP
1,10 6 STx6N90K5 DPAK / IPAK/ TO-220 / I2PAK/ TO- 220FP/TO-247
0,81 7 STx7N90K5 DPAK / TO-220 /FP/TO-247
0,68 8 STx8N90K5 D2PAK / TO-220/ TO-220FP/TO-247
5 2 STx2N95K5 TO-220/ FP / DPAK / IPAK
25 35 STx5N95K5 TO-220/ FP / DPAK
1.25 9 STX6N95K5 TO-220/ FP / DPAK / IPAK / TO-247/ H2PAK
0.8 8 STx10N95K5 TO-220 / TO-220FP/ TO-247/D2PAK
8 15 STx2N105K5 DPAK;IPAK;TO-220;TO-3PF
3.5 3 STx5N105K5 TO-220/ FP
2 4 STx7N105K5 TO-247/ TO-220/ FP
1.3 6 STx10N105K5 TO-220/ TO-220FP/ TO-247
10 15 STx1N120K5 TO-220

2.4 6 STx8N120K5 TO-220 /H2PAK / TO-247
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eDesignSuite



eDesignSuite

eDesignSuite is a software platform that helps developers
select the right product for power conversion and speeds up
the design-in

AC-DC & DC-DC converters are supported by eDesignSuite

- Go to my.st.com/analogsimulator
» Register the first time and log in

* Insert your design specifications

« Get the suitable products

« Choose one, simulate and purchase
Circuit BOM

 Electrical waveforms
"I « Additional information (stability, efficiency, etc.)
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eDesignSuite

Components that can be fine-tuned

E __
™ print Disclaimer Help size [x 2
{ty schematic [ som
&3
220 ¢ L 22483 L

Defined specs Standarq functions

eDesignSvite - \-

Converter Specifications & circui
IC: L7784 - WDFPN & P

o =
Input: 20 - 38V - % %
out1:12V (2 & ripple) - 500 mA max VM 2oy - 3sy
o

EE| Change specifications...

\Z —

lour 500 maA
D Cour
STPE5L4A0 15 pF

Operating
. Actuals @ Vin: 28V
point— = o 2 v

Vout: 11724 rpple: EmYy -01%

L7984

ILripple: 149 ma - 29 52% of 500 ma
fsw: 250 kHZ Tom: 1.3 s

Vin ripple: 1.7%

Cp 220 pF
bandwidth: 417 kuz Rc Rz
phase margin: 55.07° 4.7 k0 700
AT 19°C ICT]: 44°C —I

23 nF
' Designrefinements... Cezn
¢ Simulation: duty cycle 32.4% &, 7] Efficiency: 924 % #, = Bode:fc =41.7kHz-phase margin=55.1" &, @ Losses: 493 mW - 7.6% &,
ag 1.2 o] 100 a0
. — ey 1C 297 MW - A0.33%
= | E® S
urr 10 o0& = 5 ow _ﬂc &0 .
2 e g & £ Dinde 165 MW - 34.25%
g oy C & o o 90 \
T g ng
a0 \ — Chvider 27 mW - 5.38%
] a =20 =210
0123245678 01 02 03 D4 05 110 100 1k 10k 100k 1M

Other D mw - 0%

(1) / Tirne fis) (1) Cutout curent (A) (1) Frequency (Hz) \

Waveforms L Bode
Lys Efficiency

plots Losses

split



