AND9282/D

PLCETLEAAMVEREDE

[FL®HIZ

WBELVY—NOEET, PTUAI v X EOIERE
THeE 2 RMICEKFE L9, &H#HEEIEPLC)T
X, ZORMIZAA EROEr 7 g 22 FEHT 5
OW— KT, o7V r—v g J— KT
X, Ao BR ERIMORESORE(RIE Y v
a ), v - vIarsy s ¥—HPLCET LT
AT E(TAY - EI a2 %2 —8IPLCEST
LATORMIEY > a BRI HOWTHGL L £7,
F- SHEOE R 7 o AEHEIKIZOW T, ZOfiF
M ATRLET((Err o 2mBEK &7 s
).,

h'
> @
D

igital
i Data
A :

Channel
mW e
L > o
Local .
Quadrature Sampling
Oscillator Clock
Figure 1. Simple ASK Demodulator
bt

SHEHOE R 7 v A MHERERIZOWTHB LE L
Too HANN=w ZHEGHAREOLAIL, FEHEE R
HR(TFEAE R 7 v a VB AR T £
I, WEkOBIBER(ERkOBREFEI 7 v a v
BOIIPLCET & - 77U r— a3 ZIEARME T
I, O3S DEIE(MEEEEBMNSHE [mEEEME
FEEIE ) AR 17OV AR 0K 7 v a VB HR)
Tk, WEBNIETLETN, KoM £
9, Table 2\1%. 230 VrRvs CTHllE L 7= & B & i
fhARER, eI AL LA DR E N2
A FRELY EZRLTVET,

e/ o2 CTOREICL>T, WFE Y b
c ARy —ALEEY NPTV T YT
AFXa—NELDH, ZOBEEMET DL EN
HETT,

PBIEDHIEIX, F3ZC_ADIUST/RT A —# |2 &
D, A— -+ L— MR 13 usHl A T Tx £
7.

WIZT7 77— L0 =T BEA I 7 % BEINIZHH
ELET,

© Semiconductor Components Industries, LLC, 2015

October, 2017 — Rev. 2

ON Semiconductor®

Www.onsemi.jp

APPLICATION NOTE

I8

£ N

Figure 1iZ/r9 2 & — L > h 72 ASK (RIG IR )
HilgEEZEZ TCAHAEL LD, B LZKTTNIE
A I 7 OEENEZ R L THET,

Figure 2I2 Z DGR O Z R LET, JTOE Y
ke 2 MU — AT & AR & 372 ASKAE 5 (Channel
DOWIYN BT A v XL > TF ¥ FVICEED
NEd, /A4 X7V — - Fx 3 VOEHEIL. 7 4L
FEBRLEESL /A A7V —T7F, 7277 LERE
Wik, 7avx @B LEbEDL, Ty Rl Eo
THIMENS /A ZAHRFELTWET,

HAI VT ORERY TS e Ty 7 EE
ALEBEIL. /A4 XE T RVRITFHAS) bR
TExFET, LoLLy—ROP LT S nNETE
L FEHOWER)E . M TORDY ZIFLRER
LET, REEIZ, o7V T uv XA
VINRBRTELLEAEL, ROy b e =T
ALFET,

A U ITFSKIEFIC & Bz b £ 9, Figure 3
12, NCN4959735 L TINCN49599E F LD L o — 3D
TN ERLET,

B CTHIEZIT) & XL, Zuv 7T —
Btk ETAZ LiETEEHA, By b oY
VT e ey 7 ERMEESRIZE, EBEI e
v ORIMEE L TAAL VEROY o7 0 R &
TEHON R D T, R— - L— MNIAA EIR
JEIRBOEHE 2D L O IEIREhE T,

EEI7ay 7 LEBODAASL VEROER o AL
DY 7 FEIE, BEAKICL - THESNET,
PLI10O#LES (KNXE L IEE) I, IR E 2 TA A
VEROEr ALy MRFETHZ LA
RKLTWESTN, v kIavyrr—Hlyr—
A7 = 7 ON-PL110IE = O EfR | HEHL L CuvE 31,

1For completeness’ sake we add other standards have different
requirement. For instance, the IEC 61334 standard requires a
delay of 120 + 20 us from the mains zero crossing to the start of
the first bit of physical frame. Refer to [1] for details. Please note
ON Semiconductor does not provide support the IEC 61334
protocol.
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Figure 3. Digital Part of the Receiver of the NCN49597/9
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2For completeness’ sake, we note the IEC standard also requires
that a frame starts on the frame clock, a signal with a period of
multiple mains periods. The exact period depends on the baud
rate, but a frame clock start is always aligned on a mains zero
crossing.
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Table 1. MEASURED DELAY OF THE CONVENTIONAL AND THE IMPROVED ZERO CROSSING DETECTOR

(6 HCPL-817 Optocoupler Samples)

Sample Conventional Circuit Improved Circuit
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2 281 us 52 us

3 298 us 46 us
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T, ZOZENDHYL, FIREEAEEICHRGIET S Z
EDOEEMENF LMD 7,

3After capture, both signals were low-pass filtered with
a bandwidth of 30 kHz to reduce displayed noise. It was verified
this filtering does not hide significant signal features.

%3.3V

To PLC modem

Ve

Q1 10k

Figure 11. Schematic of the Detector with High-Voltage Charge Storage

WWW.onsemi.jp

8


http://www.onsemi.jp/

AND9282/D
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Output [V]

Current [mA]
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Figure 12. Measured (Solid Black) and Simulated Signals for the High-Voltage Charge Storage Pulse Detector
(Refer to the text for details)

TR LN

EC N Cl@HE'i/J\%:E'?EE(VCme)%E‘E#{ LET,
BIIRAWEENERET B I12iE. WL S0 OELERET
DHETY, ZhiZ iwD@ﬁ%® FBERE T 2 ik
LR idan 84, VC1mm—lOV75‘ﬁ 7o Btk
KT, TNEVEZEKS LTHERE =X MR
TS ONET A,

CiE A A VEBIRELEDOIED -3 O EF W I
FEINET, CllEEINIEMIT, ’RAUTRL
71. c]: 9 \—t - tstartz)) %{%}Eﬁ éhij_

d lLeD

aVMains(t) |t - g = C_l (eq. 3)
ZInbELIZRADPEPNET,
‘/5 * Vviains * 27 * fygains © €OS (27: * fains * tStart) = % (eq. 4)

THtErZax0 L XERBNSA7I2H)0 DY

9, B, PR Yo s o2 b EMFHE I,
AA CBIRBENVCL() + VI2 LR 2 £ THUT S
NWET, FEFEHICLY . 2O TVer(t = tmin) =
VerminCTd o DX IICEKBLTHZ & HARETT,

VCl,min

/5 ’ VMalns RMS

JREEMER N E & T,
NFME LD %30%{&1/‘1‘&7%%:&&%?&@‘

= 1 arcsin
min —
20 * fyains

BT — AT AL B
Bl 2 1%

(eq. 5)

1
2 * tvains ~ st T tmin
Ci > lep =
Y2min Vyainsrms ~ Voimin
L (eq. 6)
Vi 5 tvains ~ stat * tin

Ry NOM Vyainsrus(t = 30%) — Vi min

KO6DFDIICUZ L » TRFE Y TN . CLaeEHT
DT RIC IR CE ERA, LPLEGEZD
NT-EET LTI nFE WO E A TE £,
ZNEY I a2l — g UCHERTE LT,

INHDH A A — RITxtd 2 BRIIBREEN 1
DEWNT & BIWRNWVERN VWD LT T,
mmt 7 BIEERICOWTIE, PHISRD ALV

BRETLORKE— VB EEZEETLHILERD D F
T A VEROAOFEOWIFRFIL, CLoEEIC
Ko TD1DEENEIZ/R BT, D1OE— 7 EIEE
i, A4 VEROY—7EEORMGI 2B 2 5V
ERHY ET,

CLEQUIEEEX A I ThiIFTNIER Y FHEA,
hZ VA ZMPSASL (QuUICHERE) X, 2L ¥ - =
2 v X MBREEN400VTT, QuUIKEE KT
VAL ThHhEWVEEA(BC8A8E HELE), RylE Bt
BV CTEETN, CUIMERLEDE /)IL(J(A
EONZHES THIH L 2T T2 6 nZ LI E L
TLIEEW,
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stg
>— - 33V
Q3 Zﬁ
bt l Cl BC848
T 3n3 —|< SZ\\ K
R4 R5 To PLC modem
D3 2M 150k
< —1 —o R6
R2 10k
330k
Phase —« Q1

MPSA44

R1
470

Figure 13. Schematic of the Detector with Reduced Output Pulse Length

FTH 1) N0 R [A]BE

IR X MEC 72 © F 37 A3(Figure 11),
SITIETFLET,

DY A 7 VORI, CiID1%2# U THRE
NET, TOHRPLIIEIDNEB LR 2D, CLO b
v 7« 7L — hOFEJE (Figure 13iTstgé Kt L7214
R AA ERELE LRI EFLET,
Trru 2o LIz, ERIRQL. Q. &C)A
Vb5 T, CLOEMNBIEESNET, O
7=, IEO¥H A 7 VA KiZhlz > CLEDITE@E L
<720 T, EMlE@RREIL, ClUIERBI N
BRIC L > TR ED £3, L7 > CLEDD )Y
BERITIEF IRV MEIER T X 7,
FRORBIKE TR LY WISV ADT 2—T 4
AT N0 E RELS TFTEIYET, Ll
FrewIarg s A —WOET NITT, B
7 a ARSI ONH R =y DICET 50
T, ELWZ A I IR S ET,
MNHEERYZ DA I TITEBRIROZ —
F AL o THIBICIRE SN E TN, LML TFA =

WS S

NI DT 2 —T 1 - A 7 V3 25% A DY
LA CHIBESNETA, ZOBEBEET— FTIX
CIDOEMMZEIZ /5 T2% T, A A VE ﬁ%FiL
AL ET, 2k, 7 177 DOLED%
MILDEBEINLID 2 VNIEE2ENKREWVWE=D, irh
TAY Ty CIHRICERSNES A,
nYyy e = RNTHNZ NNy 773 HUXEL N
EEE MR T T8, Figure 13 u?bfdﬂﬁ@
) NHEFETT, SigDEEILED A BRETLLD LI
STpBE, N AT T 7LED BARE A R
L7, ENWRNL IR =y URELNET,
HE L2 2 v < D 2Figure 14127 L £ 9,
oI 7E3Co Ny T s T L— NEETT, FR
DI 7IFIMERTY, TOTXI 7%, A7 70
7 T DHAF— K& ERCTEEER) & B
ERHEAEEBERETSLTCVWET, CIO Ry 7 - T

— haﬁfkﬁ'ﬁr@mm YIalb—MLEEE (KEAD
SR L RLTOWET,
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Figure 14. Measured (Solid Black) and Simulated Signals for the Reduced-Length Output Pulse Detector
(Refer to the text for details)

Figure 11D EIEE & tb_ D & a2 2 MM EIRem <
20 FTH, TV HEBEEINIESTT, FELWE
B Thsiml 22 LT 7230 tEk &),

2L AN FLOG S B IR R TE 9,
ZOEMTIE, Bu s a AFigo A A CERELD
WPl ERATE T, a7 HiennsEE
Veit, ERSFIEIAEND LK TLET, HIEIZsg
TRLEEFOELEZX, RATHEXONET(EDOE
n7aAEt=0&795),

Vstg(t) = Yyains(® + V(O

(eq.7)
dVyains(?) t-lep
t——— + Vet =0 ——
o li-o ( =0 - — )

2T U OEFNIRE D L Vgg(t) = 02D T, tiT
DWTHRITIE, LED®EWL, A A EREE, 7SV A
BERItD3 NG 2 6N L EDCIOEERETE E
T, EEEO/V R QDI TEL 0 £,
K7r L723.3 nFIZ 3 4uX, A A BIRELE D AFME
M 530%IE T L72854A TH800 msd /L A 3R X
nWET,

HAF— K, Ci, QUIRMEBEEX A 7 ThRITFTIIL
DEFA, QEQUIEBIENT VAKX THENE
HFh, RUFEFFMAEB VAT T ETR, CrlIs

FWRLEDEFMICHE > TIME L2 i hiE e b nz &
WICHEELTLLIEEN,

WA OBENBENEIC 2520 E 1T RET
TN, RyERyDEJEERIT A A BIREILIZ A5
Z6NDLDOTRITFIXZRD FHA,

i O ERIR

Z ORI THCOMIL, HEFr— ALK (A1 V&
TREE MR D & I EFEEO mWEMEN FTRE72 ©
DTRIFTNIER Y FH5 A,
FTRTCDEA F— RO — 7 BEEKNR, AL
BROTRERAKE—7EBEL bEL RTNERD
FH A,
Ereyia

HWEIZIXL LA EEICRFT20ERH D 7,
0 MADIRERTH LIBICINIVUIETE T 5B FN
DY ET, Bura AL, OBGMRE L
IBIENVHIIMENTWEEIKZ, Z2ICHET D72
OOHELEREIA L, AEOHFALBEZ TWET DT,
[2]8B L O[3 .Safetyz 7 v a L ]E2 SR L T IZE0,

4As in Figure 12, the currents are band-limited to 30 kHz.
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Table 2. ZERO CROSSING CIRCUITS COMPARED

(Measurement power consumption, component count and cost relative to the conventional solution.)

230 Vpc Variant 120 Vpc Variant
Circuit Components Cost Dissipation Dissipation Figure
Non-Isolated 3 0.2 50 mW 30 mw 6
Conventional 5 1.0 590 mwW 290 mW 7
Low-Voltage Charge Storage 10 15 610 mwW 400 mW 9
High-Voltage Charge Storage 10 1.9 230 mwW 120 mwW 11
Reduced-Length Output Pulse 15 2.3 110 mwW 50 mwW 13

AC supply or isolation
transformer

Current sensing

Tested detector

Oscilloscope

Safety earth \— Safety earth cable (=2.5 mmz2)

Figure 15. Measuring the Power Consumption, Delay and Jitter of a Zero Crossing Detector

[E]EE DFFA

Eiek s va ol xFE L, Zit L
& A2 BUEAICERBR L il Ze o v 2 L I35aiA
L“C?B LIERZLiTby A, THEOLT M

TIELENRE W=D, EIREFRERL IO
/1' VEIREEOEFHIIZ O o THUE L 7=3Ed 23 2
TWCTd, BMEIOIXSSZIZHOWTHEEICHMFL
RTFER Y R A,

EVWERr 7 e 2 ORBRIZIEF I T,
XM EILRIFHANTIEL8BET 5 2 L 2R T 512
X, AIEACEIRCGERAACERE ZIZHE T U X)
DILELTT,

EROPEIZIE, +EEOHEWER T —7 %
fECcEET,
%5ww\$ﬁﬁmﬁﬁbtmé&%ﬁ%MWg)

ZAER L, BPTo M ﬁﬂéﬁﬁ%ﬁ‘ymx:_
MWL ET, mEEEH T NR DL
I 745 C9 A3 (Figure 16, 47). 22 &kl EBF?‘T?L
— %72 7 a — 7 B Al AT & £ 3 (Figure 16, /7).
AA v FE— FACEIR TIL, ¥l /A4 A)EEIC
RAZENHY FET, ZoOEPUTHN D ERIT/NS
W2 I fﬁﬂéaﬁl—%ﬂf&< Y ES, /AR
E U NHEICTHT 2HGE T 7oV FE2 L

TL 72 &V, Figure 1612775 7 4 /L & 113 dBH#HIE
7310 kHz%t%_ﬂ\i%

HEREBET, BREEENE LA A CBFRETE
(ﬁﬂ:ﬂb‘giki U F95, BHL-A e RAa—FDF

— X Ea—XA - 7 o X LT HIELI-HEEE
EORE % %#ETE £9 ., 242X Numerical
Python, Matlab, Octave7s & Y 7 k7 = 7 HMEF]
T,

Uy HE, A VEROEOER 7 v A [ TEY
BAa—7%MU L, fit b L —ANFERIND
E2ET 4 AT VA BRETIEHEE TE £956,
AN Flgure170)?<ﬁ)—/¥1%:t A A B
BIE(/E L —R)EMMERM N EZ R LTV ET,
FraAa—T D=V IVING Yy ZRKI6.8usTH
HZENDNYFET, FEEEIEITAI93 us T,

SMultiplying the current with the RMS voltage of course
overestimates the dissipation as it includes reactive power. This
power is especially significant for the reduced-length output
pulse circuit.

Care must be taken to deskew the current and voltage
measurements. Skew between both is especially significant
when using a split-core current probe.

6Tektronix, who introduced this feature, calls this “digital
phosphor”.
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HHWE, A7 VT TR IR UEBIEZJETE
£9. ZOHEZIEHET —F 2 BGTE 2FEHR

b ET,
Sense Resistor Sense Resistor
100 Q/1' W 100 Q/1 W
From Supply To Circuit From Supply To Circuit
2x5.1 kQ
560 pF
Filter ——a Filter —a
(optional) (optional)
2x5.1 kQ
560 pF
Oscilloscope Oscilloscope
Figure 16. Measuring the Current with a Single-Ended (Left) or
Differential Oscilloscope Probe (Detail of Figure 15)
Tek Run _ —Trig'd
: (L@ s7.60us 1710y
O 94400 -460.0mYy
AB.800ps AZAFON
B
3 . .............
200ps ~ 2.5065/s 7 7 hug 2015
S00mY D+ ¥30.20000ps 1M points 120my 15:46:49

Figure 17. Measuring the Output Jitter Current with an Oscilloscope Configured to Show Persistent Traces.
Mains (Left) and Detector Output are Shown

HPE EED

FT NI T T ORET, Ry P T LAY Table 2iZ ERLod ¥ m 7 v X fg 2R [Al g O &R 2%
HAREMEDS B 1 | FRIIRBREBNE T O & X (2 DO D2 R LET.230 Vac ¥ A 71T DWW T ek
N T, M AR LA PORBEGY b RLTVE

ZDTD, BEIZEBT L RO —BRE LTE R
EEPEST D L aHRLET,
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4 8%

PIFOEREBIT NI T A, BBEIZIZ, 4
FRNATT OB L > TEHREHBWE Y F7,
G NI TTETNT v TR EENTWER

/Vo

TR /]

Table 3. NON-ISOLATED DETECTION

Component 230 Vac Variant 120 Vac Variant

C1 100 pF 150 pF
D1 BAS40-04 BAS40-04
R1 1MQ 510 k€2

TEATE R 1]

FEITE— 7 BRAMADEATH Y, TR LT
AT D AT IOV THGEENLE T,

Table 4. CONVENTIONAL DETECTION

1B BT B A

Table 6. HIGH-VOLTAGE CHARGE STORAGE

Component 230 Vpc Variant 120 Vpc Variant
C1 22 nF/450 V 33 nF/450 V
D1 S1FLK S1FLJ
D2 S1FLJ BAS21LT1G
Q1 MPSA44 MMBTA42LT1G
Q2 BC848BWT1G BC848BWT1G
R1 470 Q 470 Q
R2 330 kQ 160 kQ
R3 43 kQ 43 kQ
R4 10 kQ 10 kQ

Eaii /1 7]~k X

Table 7. REDUCED-LENGTH OUTPUT PULSE

Component 230 Vac Variant 120 Vac Variant Component 230 Vac Variant 120 Vac Variant
D1 S1FLJ BAS21LT1G C1l 3.3 nF/450 V 6.8 nF/250 V
R1 43 kO 24 kQ D1, D2, D3 S1FLK BAS21LT1G
R2 300 kQ 300 kQ Q1 MPSA44 MMBTA42LT1G
R3 10 kQ 10 kQ Q2,Q3 BC848BWT1G BC848BWT1G
R1 470 Q 470 Q
ﬁ%;/f%ﬁ%tfg R2 330 kQ 160 kQ2
AL E— 7 B AL3MADEA TH Y | JRINL R3 43 kQ 43 k2
AT N AT FIZOWTHRGENS LEETT, BC848 I R4 2MQ 2MQ
F U AX ZNTIDALOINT2GD X 5725 =7 /b = b R5 150 kQ 150 kQ
TUVARICEEWZ D EMENLVWIGERH Y F R6 10 KO 10 kO
R
Table 5. LOW-VOLTAGE CHARGE STORAGE
Component 230 Vpc Variant 120 Vpc Variant
C1l 4.7 uF/16 VvV 4.7 uF/16 V
Cc2 See Text See Text
D1 S1FLJ BAS21LT1G
Q1, Q2 BC848BWT1G BC848BWT1G
R1 56 kQ 22 kQ
R2 330 kQ 160 kQ
R3 470 Q 470 Q
R4 10 kQ2 10 kQ
ZD1 MM3z8V2ST1G MM3z8V2ST1G
www.onsemi.jp
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