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CS5463

Single Phase, Bi-directional Power/Energy IC

Features

e Energy Data Linearity: £0.1% of Reading
over 1000:1 Dynamic Range

& On-chip Functions:

= Instantansous Valtaga, Currant, and Pawar

= lgpys and Vgpgs, Apparant, Haactiva, and Activa
{Haal) Pawar

= Active Fundameantal and Harmanic Powar

= Haactive Fundamantal, Powsar Faclar, and Ling
Fragquancy

= Enargy-to-pulss Canvarsion

= Systam Calibrations and Phasa Compansation

= Tamparatura Sansar

e Meets accuracy spec for IEC, ANSI, JIS.

e | ow Power Consumplion

e Current Input Optimized for Sense Resistor.
e GMND-referenced Signals with Single Supply
e On-chip 2.5V Reference (25 ppmi®C typ)

e Power Supply Monitor

e Simple Three-wire Digital Serial Interface

Description

The CS5463 is an integrated power measure-
ment device which combines fwo AT
analog-to-digital converters, power calculation
engine, energy-to-frequency converter, and a
serial interface on a single chip. It is designed to
accurately measure instantaneous current and
woltage, and calculate Vs, lpug. instanta-
NEeoUs DOWer, apparent power, active power, and
reactive power for single-phase, 2- or 3-wire
power metenng applications.

The CS5463 is optimized to interface to shunt re-
sistors or current transformers for current
measurement, and to resistive dividers or poten-
tial transformers for voltage measurement.

The CS5463 features a bi-directional serial inter-
face for communication with a processor and a
programmable energy-to-pulse output function.
Additional features include on-chip functionality
to facilitate system-evel calibration, temperature

sensor, woltage sag detection, and phase
e “Auto-boot” Mode fram Seral ESPROM compensation.
e Power Supply Configurations: ORDERING INFORMATION :
VA+=+5V AGMND =0V VD+ =433 Viao+5 W Sea Page 45.
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1. OVERVIEW

The C553463 is a CMOS monolithic power measurement device with a computation engine and an enar-
gy-to-frequency pulse output. The G55463 combines a programmable gain amplifier, two AZ Ana-
log-to-Digital Converters (ADCs), system calibration, and a computation engine on a single chip.

The C55463 is designed for power measurement applications and is optimized to interface to a cument
sansa rasistor or transfomer for cumant measureament, and 1o a resistive divider or potential trans formaer
for voltage measurement. The current channel provides programmable gains to accommodate various in-
put levels from a multitude of sensing elements. With single +5 V supply on VA+/AGND, both of the
C55463's input channels can accommaodate common mode plus signal levels betwean (AGND - 0.25 V)
and WA+,

The C553463 also is equipped with a computation engine that calculates instantaneous power, lgs,
Views, apparant powaer, active (real) power, reactive power, harmonic active powaer, active and reactive
fundamental power, and power factor. The C55463 additional features include line fraquancy, current and
woltage sag detection, zem-cross detection, positive-only accumulation mode, and three programmable
pulse output pins. To facilitate communication to a microprocessor, the CE5463 includes a simple
three-wire serial interface which is 5PI™ and Microwire™ compatible. The C55463 provides three out-
puts for energy registration. E1, E2, and E3 are designed to interface 1o a microprocessor.
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2. PIN DESCRIPTION
Crystal Oul OUT 1w 24 — XN Crystal Im
CPU Clodk Ouiput  CPUCLK — 2 23— s Seqial Data Inpui
Positive Digital Supply Yo+ — 3 22— E Emergy Oufput 2
Digital Groumd DGHD — 4 2= E1 Emergy Owiput 1
Sanial Clock SCLK— & 20 — INT inferrupt
Serial Data Duput SD0 & 1'9:EEE'E'I’ Fezet
Chip Salect cEc— 7 18— E3 High Freguency Emengy Ouiput
Maode Select MODE —] & 17— PFMON Fower Fail Monitor
Difterental Voltage Input ViN+ — 9 16 = lIH+ Ditterential Cumrent Input
Difterental Voltage Input WiIN-=—] 10 15 = lIN- Ditterential Cumrent Input
Wollage Reference Ouiput YREFOUT — 11 14 = Vh+ Fositve Analog Supply
Voltage Reference Input YREFAN —] 12 13— AGND Analog Ground
Clock Gensrafor
ﬂrrm:ﬂ Churt 124 XOUT, XIN- The aups and inpul af an ireering amplifer. Osdllaion ooours wihen cormesied 1o
Crystal In a ary=al, proiding an an-chip System dockl. Aleamaisaly, an axemal dock can ba supplied %
thea XN pin 0 proside The sysiem ook for fhe dewios .
CPU Clock Cutput 2 CPUCLK - Oulput of an-chip ascllator which can deve ane standard CWOS laad .
Cantred Ping and Serall Data 10
Sarial Chcﬁ:lrput 5 SCLK — & Schmis-rigger inpul pin. Clacks I:hl'rl:l‘n e S0 pin inta the rossws buer and aul
al fhe raremil buMer anta the SDO pinwhan G5 is los.
Sarial Data ﬂutpjt [+ S00 - Serial port data oupul pinSD0 & faroed ima a Figh-mpadancs s wihen Sis Fringf1.
Chip Select 7 8- Low, adiates he seial portinwriace.
Mode Salect B MODE - Hgh, arables fe “ata-boo? mada. The made pin Foe an imemal pull-dosn rmsstan
Er|u'1]-yI ﬂuq:jt 18,21 75 E_J. E E = Aolve-ow pukses with an aupul e quency proporional o fhe selecied pawar. Con-
figurable aupues o active, sppaner, and reacive powar, nagalive anany indicafion, ded ooss
defecion, and powar fElure manitadng. E1, B2, E3 auputs are canfgured n e Oparational
Mades Feagisiar.
Regat 15 RESET — A Schmi-rigger nput pin. Low acivates Fesat, all nternal regsters (soma af wiich
drivé U pire) ane e [ thar defaull staas
I|"|'tﬂ'|'|,||}[ o0 Il_-l'l' - Lo, indicaies hhal an enabled everr has oooumad.
Soarial Data Irpu't - S - Sedal port data irpul pin. Data wll be impu 208 rate dataminad by SCLE.
Analog dnputs'Culputs
Differential Yolage Inpuis G910  ViNs VIN- — Dferential andaginpu ping e e soliage dhannal
Differential Cumrent Inpuis 15,16  1MMs, BN- — DM el analag inpul pire Lo e cumen? dhannal
'H'dnga Reaferancs ﬂutpjt 11 VREFOUT — The anrdhip waltage rfemncs oufpul. Tha valiags ralerancs has a namina magni-
udaal 2.5 and & referanced o dhe AGEMND pin an The cormarier.
'U'dnga Reafaranos Irput 12 VREFIN — Tha nput i his pn estabiishes e vaBags refamncs far ha an-chipmadulator.
Power Suppoly Connedtions
Positive Digital Supply 3 VDe- The posiive digisa supply.
Digital Ground 4 DGHD - Digital Graund.
Positive Analog Supply 14 Wile — The positive analog supply.
Analog Ground 15  AGHD - Analog grownd .
Power Fall Monitor i7 PFMOMN — Tha powear fail manitar pin manisors Ha analaq supply. Fhe anala] supply doss nat

maa ar fals baldw PRWON s valtags Treshald, a Low-supply Defect (LSD) evenlis satin He
SIS registan
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3. CHARACTERISTICS & SPECIFICATIONS
RECOMMENDED OPERATING CONDITIONS
Paramater Symbal Mir Typ Max Liniit
Pasitiva Digial Powar Supply WD+ 3.135 5.0 5.25 W
Pasitiva Analog Powar Supply VA+ 475 5.0 5.25 W
Valiage Halaranca WHEFIM - 2.5 W
Spacifiad Tamparatura Hanga Ty 40 +85 G
ANALOG CHARACTERISTICS
= Min /[ Max characlenstics and specificatons are guaraniesd over all Recommended Cperating Conaiions.
+  Typical characiensics and speafications are measured at nominal supply voltages and TA = 25 *0.
* WA =WD+ =5V 5% AGHD = DGHD = 0V, VREFIN = +25 V. All voltages with respect io 0 V.
= MOLK = 4058 MHz.
Parameter | Symbol | Min | Typ Max | Unit
Accuracy
Activa Pawar All3ain Hangeas P csive
[Mata 1) Input Rangs 0.19% - 100%% - 0.1 I
Awvaraga Haactiva Pawar All Gain Hanges i
[Mata 1 and 2 Input Rangs 0.19% - 100%% o - £#0.2 %
Powar Facior All Gain Hanges
[Mata 1 and 2 Input Rangs 1.0% - 1007 PF - 0.2 I
Input Hanga 0.1% - 1.0 - #1127 .
Currant RMS All3ain Hangeas %
[Mata 1) Input Rangs 02% - 1007 Iz - 0.2 T
Input Hanga 0.1% - 0.2% - 1.5 I
Volagae HMS All Gain Hanges VNS
[Mata 1) Input Hanga 5% - 100% - 0.1 %
Analog inputs (Both Channels)
Comman Maoda Hajaction (O, 50, 60 He)| CMBR &0 dB
Cammaon Maoda + Signal All{5ain Hangeas 025 WA+ W
Analog nputs (Current Channel |
Diftarantial Inpul RHanga [Ga!n = 10} N - 500 mypp
[(HMEG - (HR-H] (Gain= 50} - 100 mVpp
Total Harmanic Dislardion [Gain= 50} THD &0 24 dB
Crasstalk with Vallaga Channal al Full Szala [50, 60 Hz) - -115 dB
Imput Capacitanca {3ain = 10} I - a2 pF
[Gain = 50) - 52 pF
Effactiva Inpul Impadanca Ell a0 - 1]
Maisa (Ratarmad 1o Input) ({Gain = 10} N - 225 HV e
[Gain = 50) I - 45 Ty
Oft=sat Drilt (Without tha High Pass Fillar) oo - 40 VG
Gain Emar [Mata 3) GE - 0.4 %

Matas: 1. Applias whan tha HPF oplion is anablad.

2. Applias whan tha lina fraquancy i agqual to tha product af tha Oulpul Ward Hala (OWH) and tha valua

al apsilan {E)
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ANALOG CHARACTERISTICS (Continuad)
Parameter | Symbol Min Typ Max | Unit
Analog Inpuits (Vokage Channel)
Ciffarantial Input Rangs [V IR+ - [WIN-)) WIM - 500 - my e p
Total Harmanic Distartian THDO 65 TH - dB
Crozslak with Currant Channal at Full Seala (50, 860 Hz) - -7 - dB
Input Capacitanca All Gain Hanges Ic - 0.2 - pF
Eflaciiva Input Impadanca Ell 2 - - ML
Maisa (Hatarrad fa Input) My - 140 - TRT
Oitzal Dnft (Without tha High Pass Filtar) oo - 186.0 - TR '
Gain Erar [Mala 3) EE - £3.0 -
Temperaiure Channel
Tamgparalura Accuracy | T - +5 - G .
Fower Supplies
Powar Supply Currams (Activa Stala) la,| PSCA - 1.1 - mé
Ip, (VA+ =VD+ =5 v)| PSCD - 24 - mf
g, (VA+ =5V, VD+=33 V)| FSCD - .7 - mA
Powvar Cansumgplion Activa Slala (VA+=VD+=5V) PC - 21 29 W
[Mata 4) Activa Slate (WMA+ =5V, VD+=33 V) - 116 i7.5 W
Sland-oy Slata - g - W
Slaap Stata - 10 - oy
Pawar Supply Hajaction Hatia [50, 60 Hz) - -
[Mata 5) Valtage Channal| PSHR 45 65 - dB
Currant Channal 70 Th - dB
PFMON Low-vallaga Triggar Thrashald [Motla 6)| PKMLO 2.3 245 - W
PFMOM High-vallage Powsar-an Trip Paind [Mala F)| PKMHI - 255 2.7 W

Motas: 3. Applias balora syslam calioration.
4. Al outputs unkaadad. All inputs CKIOS laval.

5  Maasureamant mathod lor PSHER: VRAEFIM tied ta VREFOUT, VA+ = VD+= 5V, 3 150 mV

[zaro-o-paak) (60 Hz) singw ava 5 imposad anta tha +5 V DC supply valtaga al VA+ and VD+ pins. Tha
“+" and "7 input pins of both inpul channals are shadad to AGMD. Than tha C55463 & commandad fo
continuous comaarsian acquisition modea, and digital outpul data i caollactad far tha channal undar fast.
Tha (2aro-lo-peaak) valua of tha digital sinusaidal output signal is dataminad, and this valus B comeadad
irnta tha {zaro-fo-paak) valua of tha sinusaidal waltags (maasurad in my) that wwould naad o ba applied
at tha channal's inputs, in ordar lo causa tha sama digilal sinusaidal output. This vollage is than datinad
as Vaq. PSHER is than {in dB}:

PSRR = i‘-‘ﬂ-lu-gHF.-

=0

6. Whan vallags leval on PFMON is sagging, and LS50 b = 0, the vallage at which LED is sel fo 1.

7. ltha LSO bit has bean sat o 1 [bacausa PEMON valtags 1allbalow PMLD), this = tha vallags levalan
PFRIOM at which tha LS50 bit can be parmanantly rasal back 1o 0.
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VOLTAGE REFERENCE

Paramater Symbeol Miru Tvp Max Liniit
Reference Owip i
Cutput Valtaga VHEFOUT| +2.4 +2.5 +26 W
Tamparalura Costhiciant (Nota 8 TGyger 25 =L ppmsG
Laad Ragulatian [Mala 9) AR L id my
Reference input
IIr|:|u1 Vallage Hangsa VHEFIN | +2.4 +2.5 +26 W
Imput Capacitanca 4 - pF
jlr|:| ut CVF Currant 25 - nh

Motas: B, Tha valtaga at VREFDUT is maasurad across tha tamparatura ranga. Fram thasa measasuramanis tha
falkowing formula s usad o caleulata tha VREFROUT Tamparatura Coathiciant ..

TC

. rIT'I."H'EFGLJme s VREF U Tanl) r ]

warr VREFODUTava

I PP P

r"r.l:'x r::"‘)]

9. Spacifisd al maximum racommandad oulput of 1
DIGITAL CHARACTERISTICS

WA, sourca ar sink.

= Min /[ Max characlenstics and specificatons are guaraniesd over all Recommended Cperating Conaiions.
= Typical characienstics and speafications ane measured at nominal supgly voliages and TA = 25 * (.
* VAR = VD4 =5 £5%; AGHD = DGEKND = V. All woltages wath reapsect 100 V.

» MOLK = 4.0 MHz.

Paramater Symbal Mir Typ Max Linit
Master Clock Characteristics
Mastar Clock Fraquancy  Intarnal Gate Dscillalor (Mala 11} MCLK 25 4096 20 MHz
Mastar Clock Duty Cycla 40 =1 %
CPUCLE Duly Gycla [Mata 12 and 13) 410 &0 T
Fiter Characteristica
Phasa Compansation Hanga (Valtaga Channal, 60 Hz) 2.8 +2.8 =
Input Sampling Hala DCLE = MCLES K - OCLKrE - Hz
Digital Filtar Oulpul Ward Hals [Bath Channals)| OWH - DCLEAQ24 - Hz
High-pass Filtar Carnar Fraquancy -3 dB - 0.5 - Hz
Full-szala DC Calioration Hangs (Refemred 1o Input) (Mala 14)| FSCH 25 100 k.5,
ChannaHa-channal Tima-shift Errar (Mala 15) 1.0 HE
InputiOuiput Characterstics
High-laval Inpul Viollaga Viu

All Fins Excapl XIN and SCLE and RESET 06 VD+ - W
XM [VD+)-0.5 - W
SCLK and RESET 0B VD+ - W
Loww-laval Inpul Vallage (WD =5 V) Vi
All Fins Excapl XIN and SCLK and RESET - 0A W
XM - 15 W
SCLK and RESET - 02 vD+ W
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Parameter Symbal Miru Typ Max Liriit
Low-laval Inpult Waltaga (VD= 3.3 V) ViL
All Pins Excapl XIN and SCLK and RESET 048 W
XM 0.3 W
SCLK and RESET 0.2 VvD+ W
High-laval Duipul Viollaga lgge = +amA| Ve [(VD+)-1.0 - ¥
Low'-laval Oufput Vollage lagr =-5mhA| VoL 0.4 W
Input Laakaga Gurrant {Meata 16) lin +1 +10 WA
J-slata Laakags Currand loz +10 WA
Cigilal Outpul Pin Capacilanca L P 5 - BF

Motes: 10, All maasuramants padormad undar slatic condibions

11, Ita eryslal s usad, than XM fraquancy must ramain batwsaan 2.5 MHz - 5.0 MHz. It an axlamal
ascillator s usad, XINfraquancy rangais 2.5 MHz - 20 MHz, but K mustba sat sothal MCLE i batwaan

2.5 MHz - 5.0 MHz.

12, laxtarnal MCLEK i usad, than tha duly cycla mus! ba balwaan 45% and 55% lo maintain this

spacification.

13, The fraquancy of CPLCGLK i aqual to MECLE.
14. Tha minimum FSCH i imiad by the maximum allowad gain ragstar valua. Tha maximum FSCH i

limilad by tha full-scala signal apphad (o tha channal input.

15. Configuration Ragister bits PC[6:0] are sat 1o “0000000".
16, Tha MODE pin is pullad low by an intarnal rasistar,

Lt
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SWITCHING CHARACTERISTICS
= M/ Max charactenstics and speciicatons are guaraniesd over all Recommended Operating Conditions.
*  Typical characiensfcs and apeafications are measured a1 nominal supply voltages and TA = 25 0.
o WAR = 5V 5% VD = 33 V5% or 5V 455 AGHND = DGND =0 V. All voltages with respect io 0 V.
= Logic Levels: Lagic 0= 0 W, Logic 1 = WD+
Parameter Symbol Min Typ Max Linit
Riza Timas Any Digital lmput Excapt SCLEK [ ¥ - - 10 HE
[Mata 17) SCLEK - - 100 HE
Army Digital Outpul - 50 - ns
Fall Timas Any Digital Input Excapl SCLE tisg) - - 14 HE
[Mata 17) SCLK - - 100 HE
Any Digital Duiput - 50 - ns
Start-up
Crecillatar Stad-up Tima KTAL = 4.096 MHz (Mola 18) toss - &0 - s
Serial Port Timing
Sarial Clock Fraguancy SCLKE - - 2 MHz
Harial Clock Pulza Widih High A 200 - - ns
Putsa Width Low b 200 - - ns
SN Timing
C5 Falling to SCLK Rising L 50 . . ns
Cata Sat-up Tima Prar o SCLE Rising 1y 50 ns
Data Hald Tima Allar SCLE Hising I5 100 - - ns
SO0 Timing
CS5 Falling ta SO Driving & - 20 50 ns
SCLK Falling to Maw Data Bil (hald tima) & - 20 a0 ns
CS Rising to SDO Hi-Z i - 20 50 ns
Auto-Boot Timing
Sarial Clock Putsa Width Low iy B MIGLE
Pulsa Widih High tig B MIGLE
MODE ssatup tima o HESET HRising 141 &0 ns
RESET rising 1o CS faling tya 48 MCLE
CS faling to SCLK rising ia 100 8 MICLI
SCLK falling 1o CS nising (W 16 MICLI
C5 rising to driving MODE low {to and auto-boat saquance) s 50 ns
S guaramaad satup tima fo SCLK rising tig 100 ns

Mates: 17. Spacifiad using 1006 and 90% paints an wavalorm af imarast Output loadad with 50 pF.

18. Oescillator slard-up limea vanas with crystal parameatars. This spacilicabion doas not apply whan using an
axfarmal clock sourca.
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Auto-boot Sequence Timing (Mot to Scals)
Figure 1. C55463 Read and Write Timing Diagrams
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SWITCHING CHARACTERISTICS (Continuad)

Parameter Symbol Min Typ Ma x Unit
E1, E2, and E3 Timing {Maok 19 and 20)
Pariod lericnd 230 HE
Pulse Width teww 244 us
Hizing BEdge o Falling Edgs iy L LE
E2 Setup to E1 andéor E3 Falling Edge l 1.5 us
E1 Falling Edge ta E3 Falling Edge i 248 Le

Matas: 19, Pulsa autput timing is spaciliad at MCLK = 4 086 MHz, E2MODE = 0, and E3MODE[1:0]) = 0. Ratar o
Saction 5.5 Enengy Puise Owpwd an paga 17 far mara infarmation an pulsa aulpul pins.

20. Timing isproparbanal ta tha ragquancy al MCLE.

B tF;p" - tpl:riud "|

T e P L L

e A O O O 4 4 4 4 4 |

_ = = R

Ba T o o PN L_J LT

Figure 2. Timing Diagram for E1, E2, and E2

ABSOLUTE MAXIMUM RATINGS

WARNING: Oparation at or bayond thasa limis may rasullin parmanant damagsa o tha dawvica.

Marmal gparation i nol guarantsad at thasa axtramsas.

Paramater Symbeal Mir Typ Max Liniit
DG Pawer Supplies [Mates 21 and 22)
Pasiiva Dugital] VD+ 0.3 +8.10 W
Pasitiva Analag Wi 0.3 +8.10 W
Imput Currant, Any Pin Excapl Supplies  [Molas 23, 24, 25) gy +10 mA
'Elu1|:|u1 Currant, Any Pin Excapl VREFOUT lout 100 s
Powar Dizssipation [Mala 26) Po a00 iy
Analkag Input Valtaga All Analog Pins| Vi -0.3 [(VA+)+ 0.3 W
Digital Input Vallags All Digital Pins|  Vpp 0.3 WO+ +0.3 W
Amiiant Oparaling Tamparatura Ta -4 85 G
Slaraga Tamparatura T-'-'J; -65 150 G
Matas: 21. WA+ and AGND musl satisty [[VA+) - (AGMD) =+ 60 V.
22, WD+ and AGND musl satisty [[VD+) - (AGND)] <+ 60 V.
23, Apples o all pins including continuous avar-vallags conditions atthe analag inpul pins.
24, Transienl curant of up to 100 m& will nal causa SCH lakch-up.
25, Mawimum G input currant far a powear supply pin i 50 mA.
26. Tatal powsar dissipation, including all input currants and output currants.
OSETEBF3 13




e ——

= RRUS LOGIC

CS5463

Figure 3. Data Measurement Flow Diagram.

4. THEORY OF OPERATION

Tha C55463 is a dualchannal anakg-lo-digital convar-
ar (ADC) followed by a compulation angina thal par-
forms  powar calculations  and anargy-io-pulsa
comarsion. Tha data flow far the wollaga and currani
channal maasuramant and tha powar calculation algo-
rithms ara dapiclad in Figura 3 and 4, respachivaly,

Tha analog inpuls are struchurad with two dadicalad
channals, Volage and Currerd, thanopbimizad to simgli-
ty inlardacing to varous sansing alamanis.

Tha wallage-sansing alkmant introducss a wallags
wavalorm an tha valtaga channmalinput VIME and s sulb-
j8ct o a gain of 10x. A sacond-ardar dalla-sigma modu-
latar samplas tha amglifiad signal for digitization.
Simulanaausly, tha currant-sansing alamantintroducsas
a wvaltaga wavalarm an the currant channal input [IN£
and is subbjact to two salacianle gains ol tha program-
manla gain ampliiar (PGEA). The amplified =signal is
samplad by a lourdh-ordar dalta-sigma modulatar tar
digiization. Both cormeardars sampls Al a rala ol
MCLEK /8, tha ovar-sampling pravidas a wida dynamic
ranga and simplifiad anti-alias filar dazign.

4.1 Digital Filters

Tha dacimating digial fitars an bath channals ara Sinc?
fillars fallowad by 4th-ardar IR fikars. Tha singla-bi
data is passad to tha low-pass dacimatian fitar and out-
put at a fixad word rata. Tha oulput ward iz passad loan
aptianal 1A fitar o compansata far tha magnituda rall
alf af tha low-pass fitanng aparatian.

An optional digital high-pass tilkar {(HPF in Figura 3} re-
movas any DG componant fram the salactad signal
path. By reamaving tha DG companant from tha wvaltags
ard/far tha curmant channal, any DG corant will alsa ba
ramavad fram tha caloulalad active powar as wall. With
bath HPFs anablad tha OG companant will ba ramowvad

from the calculated Vgys and | gys aswell as the appar-
ani powar,

When tha aplianal HPF in aithar channal i disablad, an
allpass filtar (APF) is implamaniad. Tha APF has an
amplituda rasponsa that i flal within tha ¢hannal band-
width and i usad tar matching phasa in systams whana
anly ana HPF s angagsad.

4.2 Voltage and Current Measurements

Tha digital filtar output ward & than subjact to a D off-
sal adiustmant and a gain calibration (Saa Saction 7.
System Calibrafor an pags 37). Tha calioratad maa-
suramanl s availanlke by reading tha instamanaaous vall-
aga and currant ragistars.

Tha Rool Meaan Squara (AWSin Figura 4) calculations
ara parfarmead on M insfantansous vallaga and currand
samplkas, Ve and In, raspaciivaly (whara M is tha cycla
court), using tha farmula:
|' B =1

b

n=10
!I -
and likawisa bar Vieges, USING Vi, lmges and Ve ama ac-
cassinla by ragistar raads, which are updalad anca av-
ary cycla count (ratamad o as a computational cyclal

lRms =

4.3 Power Measurements

Tha instantansous wallaga and currant samplas ama
multgliad to ablain tha instanfanaous powar (588 Fig-
ura 3} The produst is than avaragad ovar N caonvar-
sions lo compula active powar and i _usad o drive
anargy pulsa output E1. Enargy oulput E2 is salaciabla,
providing an anargy sign ar a pulsa output that is pro-
parianal 1o the apparant powear. BEnargy oulputl E3

L
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“DEHOTES REQETER HAME.

Figura 4. Power Calculation Flow.

provides a pulse oulput that is proporional to the raeac-
tiva pawar ar apparant powsar. Oulput E3 can alsa ba sal
to display tha sign of tha valtags appliad 1o the vallags
channal ar tha PFMON comparator output.

Tha apparanl powar (S) & tha cominaghon af tha activa
powar and raactive powar, without rataranca ta an im-
padanca phassa angla, and i calculatad by tha CE5463
using thea falkawing farmula:

5 =Veus® laus

Powar Faclor (PF) iz thae active powar [ Pacivel dividad
by tha apparant power [5)

FF = P aciue

Tha =ign of tha powar factar is datarminad by tha activa
powwar.

Tha C55463 calculalas tha reactive powar, Eh-r-g ufiliz-
ing riganamsatric idanities, giving thea farmula

{:AT“'? = 'JIIE? |jl.f.n:l:il.-n-

Average raactive powear, (g, is ganaratad by avarag-
ing thawvaltaga mulipliad by tha currant with a2 90° phasa
shifl diifaranca batwaan tham. Tha 90° phasa shift is ra-
alized by applying an 1R digital fitarin tha vallaga chan-
nal o ablain quadrature valtags (zea Figura 3). This
fitarwill give axactly -80° phasa shill acrozss all fraquan-
cias, and ulilizas apsilon (E) o achisva unity gain at tha
lina fraquancy.

Tha insfantanaous quadratura wallags (Vo) and currani
(I} samplas are multiplad o dbtain tha instantansaus

quadratura powar (). Tha product & than avearagad
avar N canvarsians, ulilizing tha tormuls

Fundamantal activa (Pg and raactive () power is cal-
culaled by padorming a discrale Founar transkorm
[DFT) at tha rekewvant fragquancy on tha instantaneous
vollaga (W) and currant (1), Epsilon s usad (o sai the fra-
quancy al tha inlamal sina (imaginary companant) and
cosina (raal companant) wavalarm ganaralar. Tha har-
manic activa powar [Py} i calculated by subfracting the
fundamantal activa powar (Pg) fram tha acliva powar
(Fagivel-

Tha paak current (lyey) and peak valtaga (Vpes) ame
the instantansous cumanl and waollaga, raspacivaly,
with tha graalest magnilude dalectad during tha lasi
computation cycla. Activa, apparant, raeactiva, and fun-
damantal powar ara updalad avary compulation cycla.

4.4 Linearity Performance

Tha linaarity of tha Vige |gus. activa, rmactive, and
powar-factor powar maasuramants (batora calibration)
will ba within #0.1% of raading ovear tha rangas spaci-
fiad, with raspact 1o tha input vallaga kvals raquirad 1o
causa full-scale readings in tha Iy s and Vg regis-
tars. Ralar to Accwacy Specificalions onpagsa 7.

rtil tha CS5463 i calibrated, tha accuracy of tha
CE5483 (with raspact lo a ralaranca lina-valtaga and
lina-currant leval an tha powar mains) i nal guaramsaad
to within £0.1%. (Saa Sachon 7. System Caltration an
page 3A7.) Tha accuracy aof tha imMamal calkculations ¢an
aflan ba improvad by sskcting a valua far tha Cycla
Count Ragistar that will causa tha tima duration of ona
camputation cycla to ba agqual o {or veary closa 1a) a
whaola numbar of pawar-lina cyclas {and N must ba
graalar than ar agqual 1o 4000}

DSETBF3

15




e ——

= RRUS LOGIC

CS5463

5. FUNCTIONAL DESCRIPTION

5.1 Analog Inputs

Tha GE55463 5 aquippad with twao fully ditarantal inpul
channals. Tha inputs VINE and [IN+ are dasignatad as
the wallage and currant channal inpuls, raspactivaly.
Tha tull-scala ditarantial input valtage far the currani
and valtage channal is £250 mVp.

5.1.1 Voltage Channel

Tha autput al tha lina vollage rasistive dividar ar trans-
farmar 5 connaclad 1o tha VIM+ and VIM- input pins of
the G55463. Tha wollagse channal is aequippsad with a
10x fixad-gain amplifiar. Tha ll-scala signal lewval thal
can ba appliad 1o tha valtaga channal i £250 mv. I tha
input signal i a sina wava the maximum AMS wallags
ata gain 10x s

EEIEIrn".l'F.

.h- = ITETAMV g, o

which & approximataly 70.7% of maximum paak vall-
aga. Tha vallage channal is also aquippad with a Vall
age  Gam Hegisler, albwing far an  addibional
programmaoka gain af up ba 4x.

5.1.2 Current Channel

Tha oufput of tha curmant-sanse resisior ar franstarmear
is connaciad to tha N+ and IIN- input pins of tha
CEh463. To accommaodate difterant curmanl sansing al-
amants tha curant channalincomparalas a programma-
bla gain amplitiar [PGA) with iwo programmabla inpul
gains. Confguralon Regisier bit lgain (sea Tabke 1) de-
finas tha two gain salachions and comaspanding maxi-
mum inpul-signal lawval.

| Igain_| Maximum Input Range |
0 +250 mv 10x
1 +50 my S

Table 1. Current Channel PGA Setting

Far examgpla, il lgain=0, tha currant ¢hannal's PGA gain
issal o 10w, Ifthe inpul signals ara pura sinusaids with
zar phasa shifl, the maximum paak ditarantial signal
an tha currant ar vallaga channal is £250 mVp. Thain-
put signal lavals are approximataly 70.7% of maximum
paak vallags producing a lull-scale anangy pulsa ragis-
tration aqualio 50% of absolule maximum anargy pulssa
ragistration. This will ba discussad turthar in Sea Sec-
tion 5.5 Enengy Fuise Owpwt an paga 17.

Tha Cuwrrent Gain Hegister also faciltatas an additional
programmanla gain of upto 4w If an adddianal gain is

appliad to tha vallage andsar currant channal, the maxi-
mium irgput rangs should ba adjustad accardingly.

5.2 IR Filters

Tha currant and valtage channal ara aquippad with a
dth-ardar IR filkar, that & usad to compansata far tha
magnituda rall off of the low-pass decimation filtar. Jp-
eraliomnal Wode Hegister bit [IR angagss tha IR fillars in
bath tha wvaltage and currant channals.

5.3 High-pass Filters

By ramowving the ollsal trom aithar channal, no armar
campanant willba ganaralad al BC whan computing tha
activa powar. By ramawving tha oftsal rom bath ¢han-
nalks, no amar companant will ba ganaralad at 0L whan
compuling Vg s, lgs and apparant powar. Jperalion-
& Mooe Hegisterbits VHPF and IHPF activals tha HPF
in tha valtaga and currant channal raspactnvaly. Whean a
high-pass hillar i activa in anly ana channal, an all-pass
fillar (APF)is appladia tha othar channal. Tha APF has
an amplitude rasponsa thal s fial within tha channal
bandwidth and is usad far malching phasa in systams
whara anly ana HPF s angagad.

5.4 Performing Measurements

Tha C55463 padarms maasuramants of instantanaous
valtaga (V) and curant (|}, and calculates inslanta-
naous pawar [P ) al an oulput word rata {(OWH) of

(MCLK K]

OWR - 53

whara K is tha clock dividar salaciad in tha Confgura-
forr Hegisler.

Tha BMS valtags (Vansh, AMS curmant | lggs), and ac-
fiva powar (Pasive ) ara compulad using M inslantanaous
samplas ot V¥, b, and P, raspactivaly, whara M is tha
valua intha Cyole Count Hegister and & rafarrad to as
a "commpuiation cycle”. Tha apparant powear (5) s tha
product of Vs and Igys. A compulation cycla s da-
rivad from tha mastar clock (MCLK), with fraquancy:

Cormpuiation Cyce = %
Undar dataull conditions and with K = 1, M =4000, and
MICLK = 4.086 MHz — tha OWH = 4000 Hz and tha

Caomputation Cycla = 1 Hz.

All maasuramans ara availabla as a parcantags of full
scala. Tha formal for sigred ragistars is a Iwo's compla-
manl, narmalizad valus batwaan -1 and +1. The formal

UL
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far wrsigred registars & 3 narmalized valua batwaan 0
and 1. A ragisiar valua ol

|22]—1|

—EE— = (999998

raprasans tha maximum possinla valua.

At aach instantanaous maasurameant, tha CRDY bit will
ba s4l in the Sialus Hegster, and the INT pin will ba-
coma aclive il tha CHD'Y bif = unmaskad in tha Mask
Hegister. At the and of each compulation cycla, tha
DRDY bit will ba =4t in tha Slaius Hegisier, and tha INT
pin will bacomsa activa if tha DEDY bit 5 unmaskad in
tha Mask Hegisler. Whan thasa bils are assarlad, thay
miust ba claarad batara thay can ba assarlad again.

It tha Cycle Count Regisier (M) is sal 1o 1, all oulpul cal-
culations ara instanansous, and DRDY, lka CHDY, will
indicala whan inslantansous maasuramants arg fin-
ishad. Somea calculations ara inhibiled whan tha cycla
count s less than 2

Epsilan (£} i tha ratio of tha input lina fraquancy (1) 1o
tha zampla fraquancy (L) of tha ADC.

g =1,

whara 1o = MCLE ¢ (K*"1024 ). With MCLEK = 4096 MHz
and clock dividar K =1, 1, =4000 Hz. Far tha two
masl-comman ling trequancias, 50 Hz and 60 Hz

E = S50Hz 4000 Hz = 00125

and

£ = 60 Hz - a000 Hz = 0.015

raspaciivaly. Epsilon is usad la sat tha traquancy al tha
infarnal sing/casing rafarance far the fundamantal ac-
tiwva and raaclive maasuramants, and tha gainal tha 90¢
phasa shilt {IIR) fillar far tha avarags rmactive powar.

5.5 Energy Pulse Output

The G55463 providas three auiput pins lor anargy reg-
itration. By datault, E1 ragistars activa anargy, E3 rag-
itars raactive anargy, and E2 indicates the sign of bath
active and raactiva anargy. [Saa Figura 2. Timing Dha-
gram for E1, E2, and E3an page13.) The E1 pulsa aut-
put is designad ta ragister the Active Enargy. Tha E2 pin
can ba sat to ragistar Apparant Enargy. Tabla 2 dafinas

the pulss oulput mada, which & controllad by bil
E2MODE in the Jperational Mode Hegisler.

E2MODE E2 Output Mode
a Sign af Enangy
i Apparani Enargy

Table 2. E2 Pin Configuration

Tha E3 pin can ba sat o ragisiar Haactva Enargy (da-
fault), PFMON, Valtaga CGhannal Sign, or Apparant En-
angy. Taok 3 dalinas tha pulsa oulput farmal, which is
cartrallad by bits EAMODE[10] in the Operationa
ode Regisier.

E3MODE1  E3MODED E3 OutPut Mode
a a Haactva Enangy
i i PFMION
1 a Vallaga Channal Sign
1 1 Apparani Enargy

Table 3. E3 Pin Configuration

Tha pulsa oulput fraquancy o E1,EZ and E3 15 diraclly
praparional 1o tha powar calculalad fram tha input sig-
nals. Tha valua canlainad intha PulseRaleE Regisier s
tha ratio of tha fraquancy of anangy-oulpul pulsss o tha
numbar aof samplas, al ull scala, which dalinas tha av-
araga fraquancy tar tha oulput pulsas. Tha pulsa width,
b, in Figura 2 is programmable through the Pulse-
ilth ragistar, and s approximalaly aqual ta:

[ ] - 1 1 —1
'F'-I'I“EI-PUIHWId'h.{MC_I{.HJ.'ﬂEd-

It MCLK = 4088 MHz, K =1, and PulseWidh = 1, than
Ly = 0.25 M.

5.5.1 Active Energy

Tha E1 pin produces activa-low pulsas with an oultput
fraquancy prapartional to the active powar. Tha EZ pin
is tha anargy diraction indicatar. Positive anargy is rap-
resantad by E1 pin falling whika the E2 is high. Magatva
anargy & reprasanted by tha E1 pin falling whila tha E2
is kow. Tha E1 and B2 swikhing charactanstics ang
spacifiad in Figura 2. Tirming Dhagrarm lor E1, E2, and EZ
an pageill.

Figura 5 illustralas the pulsa outpul tormat wilth positive
aciva anargy and nagaliva raaciive anangy.

E1 L —
Ex 1
B e LT B

Figure 5. Active and Reactive energy pulse outputs
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Tha pulsa aulpul fraquancy al E1 15 diraclly proparfianal
to tha active power calculaled from the input signals. To
caleulata tha outpul raquancy of E1, thalallawing trans-
far functian can bea utilizad:

- Ve N BA 0 L Dl S8 D SR Ll Rty
VREF
FREQR = .m-nﬂgﬂﬁmc:fnfa.n:ﬁwwg:.-E1 pidaes [Hz]
v

FRE,

VIl = ries vollags Aooss Vikke and ViR

WE AN = Voliage: channe gain

B = reg voliags aoroes Bhl= amd BR- V]

A = Currenl dannd gain

AF = Powwer Facior

Pl paRake = PulseRabel @ JICLEF) 204 [Hz )
VREFIM = Voliage al VREFIM pin [W]

With MCLE = 4.086 MHz, PF = 1, and dafaull saitings,
the pulsas will have an avaraga fragquancy aqual 1o tha
fragquancy spaciliad by PuseHale whan tha input sig-
nals appliad 1o the waltage and currant channalks causa
full-szala readings intha instantanaous wallags and cur-
rant ragisters. The maximum pulsa frequancy from the
E1 pin is (MCLE/K) 2048

5.5.2 Apparent Energy Mode

Pin Emﬂp uls apparant anargy pulsas whan tha Oper-
alional Mode Hegister bit E2MODE = 1. Pin E3 aulpuls
apparani anargy pulsas whan the Jperaliona Mode
Regisler bits E3AMODE1:0] =3 [11b). Figura & illus-
trates the pulss oulput lormat with apparant anargy on
EZ (E2MIODE = 1 and E3MODE[1:0] = 0)

El Ll I
=] . L (| -
[=2) LS L= N

Figure 6. Apparent energy pulse outputs

Tha putsa oulput freaquancy of B2 {andsor E3) is diractly
prapartianal to the apparant powsar calculatad from tha
input signals. Sinca apparant powear is without relaranca
to an impadanca phasa angle, tha fallowing transfar
functioncan ba ulilized to calculate tha output frequancy
an E2 (andiar E3).

VIN = VEAIN « 1IN « B3 AIN = PulseRale
VREFIN

FRECy = S arage recpsency of apparent energy B2 and'or ES pul ses [Hz)
Wl = rims wolaiges Roncg 3 VIR andd WIk- V]

W AN = oliage: channed gain

M = 1S wolldgs Rrogs Bk and BR- [V]

SN = Currend dhannd gain

Pl paRale = PulseRabeE ¥ JCILEF) 204E [H2 )

WREFIM = Voliage al VREFIM pin [W]

FRECg =

With MCLE = 4088 MHz and dafault sallings, tha puls-
as will hava an avaraga fraguancy aqual fo tha fragquan-
oy spacifiad by FulseHale whan the inpul signals
aopliad 1o the wallage and curmant channals causa
tull-scalaraadings in tha instantfansaous vallags and cur-
rart registers. The maximum pulse fraquancy fram the
EE [andfar E3) pin is (MCLK/K)2048. Tha E2 (and'ar
Eﬂ}plnuLﬂpLﬂaq:lpaIEMEnErg].r,hm has no anangy di-
ractan indicatar.

5.5.3 Reactive Energy Mode

Haactiva anargy pulsas ara oulput an pin E3 by satting
bit E3MODE[1:0] =0 {defaull) in the Operational Mooe
Regisler. Positive reactive energy is registered by E3
falling whan E2 is high. Magative reactive enargy is rag-
slarad by E3 falling whan E2 s low. Figura b an
page 17 illustrates the pulse oulput format with nagative
reacive enargy oulput on pin E3 and the sign of the an-
argy an E2. Tha EJ and EE pulsa oulpul switching char-
actarishics ara spacitiad in Figura 2 on pags 13,

Tha pulssa nLﬂpLﬂthuaru:].rmEEdiradlypmpnﬂhnal
fo tha raactive powar calculated from tha input signals.
Ta caleulats tha autput fraquancy an B3, tha fallowing
transtar function can ba ulilized:

SR - T L5 B el e (R
WREF

FRED, = e acpuency of readive arengy EC pulies [Hz]

WM = Eg ol iags Roroaes Wikl and VIR V]

WEAR = Voliags chanmel grin

P = res w0l bage Acnogs BRds andl Bk V)

mm-g..:n;::rmmgain

A = 1 - PF

Ad seRate = PulseRaeE o (WCLE ) /2S0E [Hz]

VREFM = Violiags al VREFR pin [V]

FREQ, = CulasSaly

With MCLE = 4.086 MHz, PF = 0 and defaull sallings,
tha pulsas will have an average fraquancy aqual o tha
raquancy spacilied by PulseHale whan tha inpul sig-
nals applied to tha vollags and curmanl channals causa
hull-zzalaraadings in the instanfansous vollags and cur-

rart registers. The maximum pulse frequancy from the

E1 pin is (MCLK /K)/2048.
5.5.4 Voltage Channel Sign Mode

Satfing bits E3MODE(1:0] =2 {108} in tha Operaticna!
Mode Regster outpuls the sign of tha vollage channal
an pin E3. Figura 7 illustratas the outpul tormat with valf-
aga channal signan E3

Ei LT LT LI L I LF -
= 1T LT 1! 1T I
g - -

Figure 7. Voltage Channel Sign Pulse outputs

ILE:
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Outpu wﬁ 5 high whan tha lina vallage is positiva
and pin E3 i low whan tha lina vallaga i nagalva.

5.5.5 PFMON OQuiput Mode

Satting bit E3MODE[1:0] = 1 {01k} in the Jperationa
Mode Regisler oulpuls the state of tha PFMON compar-
afor on pin E3. Figura 8 illustrates the oulput format with
PFMOMN an E3

E 1T 1T 1T

=4
H

L. ran =l

' Aitsa PPMCN Thrasud Bk FFRICTH Thrgawa
Figure 8. PFMON output to pin E2

Whan PFMON is graatar than tha thrashald, pin Ej
high and whan PFMON is less than tha thrashald pin E3
i law.

5.5.6 Design Example
EXAMPLE #1:

Tha maximum rated lavals far a pawar ling matar ara
2530V rmg and 20 Arms. Tha required numbear of puls-
as-par-sacaond aon E1 is 100 pulses par sacand
(100 Hz), whan tha levals on the powar lina ara
220V rms and 15 Arms.

With a 10= gain an tha valtags and currant channal tha
maximum input signal is 250 mVp. {See Saction 5.1 An-
aiog Inpuids on paga 16.) To pravanl avar-drving tha
channal inpuls, tha maximum ratad rms input lavals will
ragistar 0.6 in Vgye and lg,- by design. Tharafora tha
vallage kval Al the channal inpuls will ba 150 my rms
whan tha maximum ralad kevals an tha pawar linas ara
250V rmsand 20 Arms.

Sahiing far PutseHale using tha transtar funchian:

FRE(Q, = VREFINS
VI = VEAIR . HE = IGAR = FF

PulseRale =

Tharatara with PF = 1 and:
VIR = EEO0 [ 150M VS0V = 152

Bl = 158 150V 308 = 1125wV
tha pulza rata is:
10 - 25°
Pulsefale = = 4I0ETEH 2

QAR = 0= OS5 = W0

and tha PuseHaleE Hegisler is sal o

SdseFaisE = ..--?:'-‘-S-?-?'-E--- m ﬂ21 m??

(M CLEC B ) 20

with MCLK = 4.096 MHz and K = 1.

5.6 Sag and Fault Detect Feature

Hiatus bit W5AG and IFAULT in the Slalus Regisler, in-
dicales a sag accurrad in tha powear lina valtaga and
currant, raspactvaly. Far a sag candition o ba idanti-
fiad, tha abzalule valua of the instamanaous vallaga ar
currant must ba less than the sag leval far mara than
half of tha sag duration (saa Figura 8}

Ta actwate vollagse sag dalachion, a vollage sag laval
must ba spacifiad in tha Vollage Sag Level Regisler
(VEAGLea!), and a valtags sag duration mus! ba spac-
ifiad in tha Volage Sag Duralion Register (VSAGDura
ton). To activate currant faull delaction, a currant sag
leval must ba spaciiad in tha Curen! Faull Level Reg-
ister (1SAGLewa), and a curranl sag duration must ba
spacifiad in the Cuwrrem Fawt Duraltion Hegisler (1ISAG-
Durasan ). Tha wvallags and currant sag lavals ara spaci-
fiad as tha awverags of tha absoluta instantanaous
waltagse and cumant, raspactivaly. Vallage and currant
sag durabion s spaciliad in tarms of ADC cyclas.

AVAVAY

A
At

IIII

Duaradi on

Figure 8. Sagand Fault Detect

5.7 No Load Threshold

The No Load Threshold register [Loady;.b s used to
disabla the aclive anargy pulsa aulpul whan tha magni-
tuda of tha P s register is less than the value in the
Loadyg, register.

5.8 On-chip Temperature Sensor

Thea an-chip tamparalura sansor is designad lo assistin
charactanzing the maasurameani alamaniowvear a dasirad
tamparalura ranga. Onca a lamparalura charactariza-
tion is padarmad, tha tamparature sansor can than ba
ulilizad to assist in compansating for lempearatura drifi.

Tamparatura maasuramans ara padarmad duning con-
tinvous cormarsions and starad in tha Temperature
Hegqister. Tha Temperature Hegister (T) datault & Cal-
sius scala (*C). Tha Temperalure Gain Hegisler fl'ga-n}
and Temperature ONfsel Hegister (T, ara constant val-
ues allowing far lamparatura scals comarnsions.
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Tha tamparatura updata rala is a lunchan af the numbsar
al ADG samplas. With MCLK =4.096 MHz and K =1
tha updala rals is!

g -
--------- seerrerem = [ 5F
[ RCLE B 1024 e

Tha Cyole Coumt Register (M) must ba =4l lo a valua
graatar than ana. Status bt TUP intha Slalis Hegisler,
indicalas whan tha Temperalure Register i updatlad.

Tha Temperalure Ofsel Hegister sals tha 2aro-dagraa
maasuramant. To improva famparature maasuramani
accuracy, tha zamm-dagraa altsal may nead lobea adjust-
ad alter tha 55463 i intializad. Tamparatura-oftsal
calioration i achievad by adjusting the Temnperalure
Ciffsel Hegister (T) by the differantial famperatura
(AT} maasurad from a calioralad digital tharmomsatar
ard tha G553 lamparalura sansar. A ona-dagrasa ad-
justmant ta tha Temperaiure Register(T) i achiavad by
adding 2. 73764 8x1 o* o the Temperalure Ofsel Hegis-
ter (T,u). Tharafare,

Tou = Ty 41T w2 737649 1074

if Tou=-0.0851126 and AT = -2.0 {*C}, then

Tap = [-003 126+ (200 = 2737649 1l'.'I_¢|| = 09566

ar QxF3C168 (2's complimant natation} is skorad in tha
Temperalure Offsal Register (Taul

Ta carmvar tha Temperaluwre Hegister (T)iram a Calsius
seala (%) o a Fahranhail scala (*F) utiliza tha farmuls

°F = g.“-::.. 17.7778)

Applying the above malationship o tha CS5E1A lam-
paratura maasuramant akgarthm

TiF) = {Eﬂqm}['r-:"cj 2| Ty + (177778 27845 .10 "‘.]]

It Ty = -0.08566 and Ty, = 23.507 for a Celsius scals,
than the maodified wvalues ara T =-0.00079
(OxF460ET} and Tgy4n = 423132 (x54A05E) for a
Fahranhait scala.

5.9 Voltage Reference

Tha C55463 s spacihiad faroparation with a +2.5 V raf-
aranca batwaan tha WHEFIM and AGMD pins. To uliliza
tha an-chip 2.5 V ratarancea, cannact tha WREFOUT pin
ta tha VHEFIM pin of tha dévica. Tha VHEFIM can ba
uzad fo connact axtarnal filaring and’ar rafarancas.

5.10 System Initialization

Lpan powaring up, tha digital circuitry is hald in rassi
until tha analog vollags raaches 4.0 V. A that tima, an
aig hi- XIM-clock-panod dalay i anablad (o allow the os-
cillatar 1o stabiliza. Tha C55463 will than infialza,

A hardware rasal iz initiated whan the RESET pin is as-
sartad with a minimum pulsa width of 50 ns. Tha RE-
SET signal i asynchronous, with a Schmilt-riggar
inpul. Onca the HESET pin B de-assarled, an
aifg hi- XIMN-clock-parniod dalay s anablad.

A sofiwara rasal is infialed by writing the command
0x80. Aflar a hardwara ar softwara rasal, the intarnal
ragistars (soma of which drive oulput pins) will ba rassi
o thair datault valuas. Status bit DREY in the Sialus
Register, indicates the CE5463 s inits aclfve slate and
raady lo racaiva commands.

5.11 Power-down States

Tha CE55463 has two powar-down stales, Slamd-byand
Sleep. In tha stand-by state all circuitry axcapt tha voli-
agea raltaranca and cryslal ascillator is furnad ofl. Ta ra-
furn tha deavica o the aclvea slale, apowear-up command
iz sani ta tha davica.

In Slaap stata, all circuitry axcapl tha instruction dacod-
ar s turnad off. Whan tha powar-up command is sanl o
tha dawica, a syslam infialization & parformad (Ssea
Saction 510 Syslem Imiiaization on paga 20}

5.12 Oscillator Characteristics

XIM and XOUT ara tha input and autpul of an invarting
amplifiar canfigurad as an an-chip ascillator, as shown
in Figura 10. Tha ascillator circuit i designad o wark
with a quanz crystal Taraducs circuil eost, twa load ca-
pacitars C1 and C2 ara intagralad in tha dawvica, fram
KM ta OGN D, and XOUT to GND. PCB frace langihs
shauld ba minimizad to reduce stray capacilanca. Ta

o
s

[ F

|_. Qroult
| XN —'L

ZE

T

J:-am Ci= 02 = 32pF

Figura 10. Oscillator Connection
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dmva tha davica from an axtarnal clock sourca, XOUT
should ba lefl unconnaciad whila XIM & drivan by tha
axlarmal circuitry. Tharais an amplifiar baltwaan XIMN and
tha digital sachion which providas CMOS laval signals.
This ampliar warks with ginusaidal inpuls 20 thara ara
na praplams with slow adgsa limas.

Tha C55463 can ba drivan by an axtarnal ascillator
ranging fram 2.5 to 20 MHz, bul tha K dividar valua musd
ba sal such that tha infarmal MCLE will run somawhara
batwaan 2.5 MHz and 5 MHz. Tha K dividar valua is sal
wilh tha K[3:0] bilts in the Configuralon Regisler. As an
axampla, it XIM = MCLK = 15 MHz, and K is sat o 5,
CCLE will aqual 3 MHz, which is a valid valua tar DCLE.

5.13 Event Handler

Thaﬁm’n i usad to indicals that an intarnal amar ar
avanl has takan placa in tha C55463. Writing a kbgic 1
to any bitin tha Mask Register allows the comasponding
bitin tha Siatus Register o activala tha INT pin. Tha in-
tarrupl conditian is claarad by wiiling a logic 1 1o tha b
that has bean salin tha Slalus Hegsler.

The behaviar of tha INT pin is cortrallad by the IMODE
and [INY bils of tha Comfigualion Register.

IMODE | NV INT Pin
a 0 Active-daw Leval ==
0 1 Active-high Lavel
1 0 Low Pulsa L ]_J
1 1 High Pulsa i

Table 4. Interrupt Configuration

It the infarrupt output signal farmat i st lar aitharfalling

ar rniging adga, tha durabon of tha INT pulsa will ba al

laast ana DELK cycla [DCLE = MCLE/SK).

5.13.1 Typical Interrupt Handler

Tha slaps balow show how inlarmupts can ba handlad.
INTTIAL LZATION:

1) AllStatus bits ara claarad by writing OxFFFFFF 1o
tha Status Ragisiar.

2) Tha condiion bits which will be usad to ganarala
intarrupis ara than sal to logic 1 in tha Mask Hag-
islar.

3) Enabla infarrupls.

INTERRUFPT HANDILER ROUTINE:

4} Haad tha Status Ragistar.

) Disanla all intarrupis.

&) Branch 1o tha prapear intarrupt sarvicea routina.

71 Claartha Status Hagstar by wniting back tha raad
valua in stap 4.

8y He-ananlks intarrupl

) Raturn fram infarrupt sannica routina.

This handshaking procadura ansuras that any naw in-
tarmupls activatad balwasan slaps 4 and 7 ara nat losl
{claarad) by step 7.

514 Serial Port Overview

Tha C55483 incomparatas a sanal port transmil and ra-
cana bultar with a command dacodar thal inlamprals
ana-oyle (B-bil) commands as thay ara racaivad. Thama
ara four typas of commands: instructians, synchraniz-
ing, ragistar whitas, and ragestar reads (588 Saction
516 Commarndson page 23).

Instructions are ana byta in langth and will intarrupt any
instruction curmranthy executing. Instructions do nat aliad
ragistar raads curranily baing fransmiltad.

Synchronizing commands ara ana byta in langth and
anly altact the sanal interfaca. Synchranizing com-
mands da nal altact oparabions curmantly in prograss.

Hagistar writes must ba fallowad by thraa bylas of data.
Hagistar raads can ratum up o lour bylas of data.

Goammands and data ara transtarrad mast-signihicant bi
(KIS B} first. Figura 1 an paga 12, datinas tha sarial parl
timing and raquirad saquanca nacassary lar writing 1o
and raading from tha sanal port racave and transmil
buttar, raspactvaly. Whila raeading data from tha sarial
part, commands and data can bea wrillan simullanaous-
ly. Starting a naw ragistar raad command whils data is
baing raad will tarminate the curmant raad in prograss.
This s actaptabla if tha ramaindar af tha curmanl raad
data is not neadead. Durnng dataraads, thea sarial por ra-
quiras input data. It a naw command and dala is nol
sanl, SYMCGO ar SYMCT mus! ba sanl.

5.14.1 Serilal Port Interface

Tha sanal partinladacs i a “4wira” synchronous sarial
communications interdaca. The imMerace & anablad fo
start axcapling SCLEs whan G5 (Chip Salact)is assarl-
ad (lagic 0). SCLK (Sanal bit-clock) is a Schmili-iriggar
input that is usad to strobs tha data an S0 {Sanal Data
In} inta tha racaiva bultar and out of the fransmil bulfar
ara SO0 (Sanal Data Out).
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It tha sanal pord intadaca bacaomas unsynchranizad with
raspac! la tha SCLEKE input, any allampl 1o clock wvalid
commands inao the sanal infarface may rasull in unax-
paclad oparation. Tharalar, tha sanal parl inlaraca
musl than ba re-infialized by ana of tha lallowing ac-
tans:

Driva the CS pin high, than low.

Hardwara Hasal (drive BESET pin low lar al
kast 10 ys).

lzzua tha Seria Por Indidlization Sequence,
which & 3 (ar mara) SYMNCG1 command bylas
[0xFF) fallowad by ana SYMC0 command byla
[OxFE}.

It a re-synchranization i nacassary, it & bast to ra-ini-
fializa tha par aithar by hardwara or soltwara rasal
{command 0xB0), a5 tha siala af the part may ba un-
known.

5.15 Register Paging

Haadwrila commands accass ana af tha 32 ragistars
within a spacitied paga. By dalault, Page = 0. Ta accass

ragistars in anathar paga, the Fage Hegisler (addrass
i1 F) musl ba wrillan with tha dasired paga numbsar.

=FFF T
ROM Pages
2048 Wioads. O - BT
800 .
0=7FF 7
Fages
(el - 3
Ooxadey .
=3FF .
Fages
0-iF

CeCe(30
* Aocessed LEINg regEerneaiiviie commandds.

Figure 11. C55463 Memory Map

Exampla:

Haading ragitar & in pags 3.

1. Writa 3 1o page ragistar with command and data:
0xFE Q=00 (00 Ox03

2. Haad ragistar 6 with command:
0x0C OxFF OxFF OxFF

22
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5.16 Commands

All commands ara B bis in langth. Any command byla valua thal i not listad in this saction i invalid. Commands
that writa to ragistars must ba lollowad by 3 bytes of dala. Commands thal raad data can ba chainad with athar com-
mands (a.g., whila raading data, a new command can ba sanl which can axacula during tha anginal raad). Al com-
mands axcapl ragistar raads, ragistar writas, and S5YMNCO & 5YMNCT will abard any currantly exacuting commands.

5.16.1 Start Conversions

BT B8 B B4 B B2 Bi Bl
1 | 1 1 [ 0 3 | o o0 ] 0

Initiates acquinng maasuramanits and calculating resulis. The dawvica has two modes of acquisition.

3 Madas of acquisition/maasuramant
0 = Parfarm a single compulation cycla
1 = Parfarm continuous computatiaon cyclas

5.16.2 SYNCOD and SYNC1

BT B B B4 B B2 B1 BOD
1 | 1 [ 1 [ 1 7 1 [ 1 ] 1 [SYNC

Tha zarial port can ba intializad by mﬂingﬁnr by sanding thraa ar mora consaculiva SY NG 1T commands lal-
lowead oy a 5YMC0 command. Tha SYNCO ar SYMNC1T can also ba saniwhile sanding data out.

SYMG 0 = Last byla of a sanal porl re-infialization saquanca.
1 = Usad during raads and sanal part inflialization.

5.16.3 Power-up/Halt

BT B B5 B4 B B2 Bl B0
T | 0 ] 1 | 0] 0] 0] 0 ] o0

It the davica s powsarad-down, Powsar-UpHalt will initiale a powsar on rasat. I tha pan i already powarad-on, all
camputabions will ba haltad.

h.16.4 Power-down and Software Resel

BT B B5 B4 B3 B2 Bl BO
1 ] 0 | 0 | 81 [ 5 | 6 ] 0 | 0

To conzarva powar tha C55463 has two powar-down stalas. In sland-by stata all circuitry, axcapt the analog/digital
clock ganaralors, i turnad off. In the slaap stata all circuitry, axcap! the command dacadar, i tumad off. Bringing

tha CE5463 oul of sleap state ragquiras mara tima than out of stand-by sials, bacausa of tha axira lima naadad ta

ra-slan and ra-stanilizae tha analog oscillatar.

)10 Powar-down siala
00 = Softwara Hasal
01 = Hall and anlar sland-by powar saving stlata. This siale allows quick powear-an
10 = Hal and anlar sleap powsar saving stala.
11 = Hasarvad
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5.16.5 Register Read/Write

BT BG BS B4 B3 B2 Bd
[0 | WR | RAd FA3 FRAZ FA1 RAD] 0 |

Tha ReadWrita infarms tha command decodar that a ragistar accass s reguired. During a resd aparation, tha ad-
drassad ragisiar i badead into an oulpul bulter and clocked out by SCLE. During a wiie aparalion, tha datais
clockad into an input bulter and transtarrad o the addressad ragistar upon complation of tha 24 s5C LK.

WH Write'Haad
0 = Haad

1 = Write
A4 10
Register Page 0

HA[4:0]
Qoona
Qoo
Qoo10
oo
o100
oo
Qo110
ool
01000
Q0100
L] 01010
i 01011
12 01100
13 o1
14 01110
15 o111
16 10000
17 10001
18 10010
13 10011
10100
21 101
10110
1011
11000
11001
11010
11011
11100
11101
11110
1111

lﬂtﬂhdﬂlth-h-mm—lﬂlg

CEEENBENRENER

cantral

Mame
Canfig

IDCHI
I
.UDCHI

.UFF'

Cyela Count
PulsaHatskE
I

W

FI

FIM“

Im&

ums

£ [ Epsikan)
Pﬂ"

Stalus

Hagistar addrass bits (bite 5 thraugh 1) of tha raadiwnite command.

Dascription

Canrfiguratian

Currant OC Oifsad

Currant Gain

Vallags OC Ofsal

Wallags Gain

Mumioar of A'D comrarsions usad inana computatian cycla [N)).
Sats tha E1, B2 and E3 anangy-todragquancy output pulsa rata.
Instamanaous Curman

Instartansous Vallags

Instaniansous Powar

Activa (Haal) Powear

HKS Currant

AMS Vallage

Hatia of lina fraquancy o outpul wword rata (OWH)
Powar Offsat

Slalus

Currant AC (AMS) Oftsal

Valtage AC (AMS) Oftsal

Oparation Mada

Tamgparatura

Avarage Haactive Powar

Instamanaous Haactive Pawar

Paak Currant

Paak Yollaga

Haactive Powar calculatad fraom Pawar Triangla
Powar Faclar

Infarrupt Mask

Apparant Powar

Canfral

Harmanic Activa Powar

Fundamaral Acliva Powar

Fundamantal Haactive Pawar [ Pags

Mota! Far prapar aparation, do ol altampt (o writa 1o unspacitiad ragistars.
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Register Page 1
0 Qooon PutsaWWidth Enarngy Pulsa Oulput Width
1 Qoo Loady, Mo Load Thrashakd
2 00010 Tzain Tamparature Sansar 5ain
3 00011 Tan Tamparature Sansar (Hisat
Register Page 3
&iﬁ_nﬁﬁ BAlQ]  Name Descrplian
o114 VEAG G raman  VOllage sag sample intarval
? g1 VEAG e Vallaga sag laval
10 010140 1SAG G raan  Curmant faull sample infarval
11 oo I1SAG, . Currant faull leval

Mata: Far propar aparation, de nol altampl o whila o unspacifiad ragisiars.

5.16.6 Calibrati on

EfY B8 BS BA

B3 B2 B B

1 | 1 | 0 [CALa

CALS | CALZ | CAL1 | CALD

Tha C55463 can padarm syslam calibrabions. Propar inpul signals mus! ba appliad to tha currant and valtage chan-
nal batara parlarming a dasignalad calibration.

CAL4:0" Dasignalas calioraton to ba padarmad

01001 =
01010 =
01101 =
01110 =
10001 =
10010 =
10101 =
10110 =
11001 =
11010 =
11101 =
11110 =

Currant channal DG affsal

Caurrant channal 0G gain

Currant channal AG offsal

Caurrant channal AG gain

Vallaga channal 0 aftsal

Vallaga channal 0 gain

Vallags channal AG oftsal

Vallaga ¢hannal AG gain

Caurrant and Valtags channal DG ottsatl
Caurrant and Valtags channal BG gain
Caurrant and Valtags channal AC alfsal
Caurrant and Valtags channal AG gain

"Far prapar aparation, valuss far GAL[4:0] not spaciiad should nal ba usad.
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6. REGISTER DESCRIPTION

1. “Dataull” = bit status aflar powar-an ar rasal
2. Any bitnat labaled s Basarvad. A zam should always ba usad whan writing o ana of thasa bils.

6.1 Page 0 Registers

6.1.1 Configuration Register ( Config )

Addrazs: 0
23 22 21 20 19 18 17 16
[ Pce | P05 | Poca | Poa | Poz | PGl | PO0 |  kan
15 14 13 12 1 10 9 8
| Ewa | | - [ WMODE T . | . | :
7 6 5 4 3 2 1 0
| . | | . | iGFL | H3 | B2 | K1 | K

Dafault = Ox300001

PCIE0]

Ig:uin

IMODE, [N

=Ry

Phaza compansation. A 2's complamant numbar which sals a dalay in tha vallaga channal ral-
aliva ta tha currant channal. Defaull satting = 0000000 = 00215 dagraa phass dalay at 60 Hz
[whan MCLK = 4 086 MHz). S8a Saction 7.2 Phase Compensalionan pagsa 39 far mara infar-
matian.

Seats tha gain of tha currant PGA.
0 = Gain iz 10 {detaulfy
1 =Gainis 50

Allows the E1 and Epirﬁ to ba cantigurad as opan-collacior aulpul pins.
0 = Marmal aulputs [daetault) _ _
1 = Oy tha pull-dawn davica af tha E1 and E2 pins ara activa

Intarmupl conmfiguration bits. Salact the dasirad pin bahavior far indication of an intarrupt.
00 = Activa-low laval [dafaulf)

01 = Activa-high laval

10 = High-io-law pulsa

11 = Low-ta-high pulsa

Imvars tha CPUCLE chock. Inardar to reduca tha laval of nosa prasant whan anakg signals
ara samplad, tha logic drivan by CPLUCLE should not be active during tha sampls adgsa.

0 = Marmal aparatian (datault)

1 = Minimiza naisa whan CPLUCLEK & dmang rising adga logic

Clock dividar. A 4-bil binary numibar usad o diwvida tha valua of MCLE 1o ganarata tha intaral
clock DCLE. Thea intarnal clock fraquancy s DOLK = MCLESKE. Tha valua o K can ranga be-
tewaan 1 and 16. Mata that a valua of "0000° will 2ot K ta 16 (not zama). K = 1 at rasal
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6.1.2 Currentand Voltage DC Offset Register ( locon. Vocan )
Addrass: 1 (Currant DG Oftsat); 3 (Voltage DG Oftsat)
MSE LSE
'lf:'ll el a2 | a3 5 | a5 a6 | a7 o | aelT | alB | a8 | 580 [ 421 | o422 | HE@

Dafault = Ox300000

Thea DG Oisat ragistars [y oo Voo ) are initialized to 0.0 on resal Whan DG Offsal calioration is parformead, tha
ragistar s updatad with tha DG oltsat maasurad ovar a computation cycla. DRDY will ba sat af the and of tha
calioration. This ragistar may ba raad and starad for futura system offsal compansation. Tha valua is repraszant-
adin wo's complemant notation and in tha rangea of -1.0 = |55, Vae g < 1.0, with tha binary paint to the right of
tha MSB. Sea Sacton T.1.2.1 OO Offsel Calitr alion Sequence an paga 37 far mara infarmation.

6.1.3 Currentand Voltage Gain Register ( lgn, Vg, )
Addrass: 2 (Currant Gain); 4 {Vallage Gain)

MSE LSE
a1 | a0 a1 | 22 | a3 | T | P . |21E 21T | 218 | 208 | 220 | sEl | sE2

Dafault = Ox400000 = 1.000

The gain ragistars |y, Vi are initialized 1o 1.0 on resat. Whan aithara AC or D Gain calibration is parfarmed,
tha ragistar s updatad with tha gain maasurad ovar a compulation cycla. DRDY will ba =&l al tha and aof tha
calipration. This ragistar may ba raad and starad far futura systam gain compansation. Tha valua i in tha ranga
0.0 = Iy, Vg, < 3.9880, with the binary pairt to the right of the sacond MSB.

6.1.4 Cycle Count Register { Cycle Count)

Addrass: 5
MSE LSE
223 | 522 | 21 | o | 519 [ p18 | 917 [ 918 | L | o5 25 | o 23 | o2 ol | o0

Dafault = OxQ00FAD = 4000

Cycla Count, danalad a5 M, datarminas tha langth of ana compuwation cycle. During canfinuous Sonvarsians,
tha computation cycla fraquancy is (MCLIK K (1024« M. A ona sacand computational eycla panod accurs whan

MCLE = 4.096 MHz, K= 1, and M = 4000.

6.1.5 PulseRateE Register ( PulseRateE )

Addrass: 6
MSE LSE
. 2™ | el | a2 | a3 | 5 | a5 a6 | a7 [ .. | ae17 | 18 | 18 | 20 | 21 | 22 | P |

Default = 0xBO00000 = 1.00 (2 kHz § 4.096 MHz MCLK)

PulseRateE seis the fraquency of E1, E2, & E3pulses. E1, E2, E3 frequency = (MCLK x Pulse RateE) / 2048 at
full scala. Far a 4 khz sample rals, tha maximum pulssa rate is 2 khz. Tha valua i raprasantad in twa's compla-
mant notabion andintharanga is-1.0 2 PultaRalaE « 1.0, with tha binary paint la tha nght of tha MSB. Nagatwa
valuas havea tha same allac! as posiliva. 588 Saction 5.5 Energy Puse Ouiputan pags 17 formaraintarmatan.
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6.1.6 Instantaneous Current, Voltage, and Power Registers (I, V., P)
Addrass: T (Instaranaous Currant); 8 {Inslantanaous Valtaga); 8 (Instanfanaous Powar)

LSE
|21?|213|215|2m|221|222|2:a|

MSE

Lgh | 2" [ 22| 2% [ 2% [ 2% [ 25 [ 27 | ...
I and ¥ confain tha instantansous maasurad valuss far currant and waltags, respactivaly. Tha inslantanaous
vallage and currants amplas are multipliad to ablain Instamanaous Powar [ P). Tha valus is raprasaniad in two's
camplamant natation and in tha ranga of -1.0 = |, V, P= 1.0, with tha binary paint to tha right of the MSB.

6.1.7 Active (Real) Power Register { Py e )
Addrazs: 10 [Active Powar)
LSE

MSE

|'lf:'J| el |22| 23 |24 | 55 | Esl =T |___|21?|213|215|2m|221|Ezz|2m|
Tha instantanaous powar s avaragad ovear aach compulation cycla (N comiarsions) o compula Active Powar
[P izt Tha valua will ba within in tha ranga ol -1.0 2 Py 1.00 Thavaluais raprasantad in twas complamsan

natation, with the binary paint to tha nght of tha MSB.
6.1.8 AMS Current & Voltage Registers (lgus . Vaus )
Addrass: 11 {lpmsh; 12 (Vams)
LEE
|213|215|2m|221|222|233|2:34|

MSE
2" [ 22 | 28 | 2% [ 2% | 25 | 27 | 2® |

lppis and Vg s cortainthe Root Mean Square [AMS) values of | and V, calculated each computation cycla. Tha
valua is represaniadinunsigned binary notation andinthe range of 0.0 = g, Vs < 1.0, wilh tha binary paint

to tha lefl of tha MSE.
6.1.9 Epsilon Register ( £ )
Addrass: 13
L5SE
|21?|213|215|2m|221 |222|2E|

MSE
L42% | 2" | 2% | 23 [ 2% | 2% | 2% | 27 |

Dataull = 02019994 = QL0125 sac

Epsilan (£} iz tha ratio of tha inpul lina fraguancy to tha sampla requancy of thae ADC (528 Saction 5.4 Perform
irng Measuremenis on page 168). Epsilan iz aithar writlan to tha ragistar, or maasurad during convarsians. Tha
valua iz raprasaniad in two's complamant notation and in tha ranga ol -1.0 = £ < 1.0, with tha binary paint io tha

right af tha MEB. Magative valuas have no signilicancs.
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6.1.10 Power Offset Register ( Pay )

Addrass: 14
MSE LSE
2% | el a2 | a3 5 | a5 a6 | a7 o alT | o8 [ 518 | o480 | 481 | 422 | p23

Dafault = Ox300000

Powar Ofisat [Pl i addad to the inslartanaous powar baing accumulaled in the P, . registar, and can ba
uzad to alfsst cantributions ta tha anargy rasult that ara causad by undasirabla sourcas of anargy that ara in-
harant in tha sysiam. Tha valus i raprasaniad in two's complaman natation and in tha ranga af -1.0 2 Par < 1.0,
with tha binary paint fa tha right of tha MSB.

6.1.11 Status Register and Mask Register ( Status , Mask )
Addrass: 15 (Slalus Regisier); 26 (Mask Hegisier)

23 22 21 20 19 18 17 16
OROY | |  crRDY | | | IO [  vor |

15 14 13 12 11 10 ] 8
ROR | VROR | EOR | IFAULT | vEAG | [ |

7 & 5 4 3 2 1 0
TUP ToD | | woo | oo | o | FuP | i |

Dafaull =  0xB00001 (Status Registar), 0x000000 (Mask Registar)

Tha Slatus Hagislar indicatas status within tha chip. In normal aparatian, writing a "1" 1o a bit will causa tha bil
ta rasat. Writing 2010 a bl will nol changs it's currant slala.

Tha Mask Hagistar is usad 1o conral tha activation aof mﬂ_lﬁ pin. Placing a logic 17 in a Mask bit will allow tha
carmaspanding bitin the Statlus Ragstar to activata tha INT pin whan tha stalus bil s assadad.

DREY Cata Haady. Dunng cormrarsians, this bit will indicate the and of computation cyclas. Far cali-
brations, this bit indicatss the and of a calibration saquanca.

CROY Caonvarsion Haady. Indicates a naw canvarsian ig raady. This will accur at tha oulput ward rala.

IOR Currant Oul of Ranga. Sat whan tha Inslamaneous Current Hegister ovadlows.

VOR Vallags Oul of Hanga. Sat whan tha kslanlaneous Volage Register avariows.

IROR lgpas Ot of Ranga. Set whan the gy Register ovarllows.

VYROR V= Out of Ranga. Sat whan the Vg Regisier ovarflows.

EOR Enargy Out of Ranga. Sat whan Pa oy e ovadlows.

IFALILT Indicatas a currant faull has accurmad. Saa Saction 5.6 S8 and Faull Delect Fealuwre an paga
14

VEAG Indicalas a wallags 2ag has occurrad. 588 Saction 5.6 Sag and Faw! Delect Fealure an paga
14.

TUP Tamparatura Updalad. Indicales tha Temperalure Ragisier has updalad.

TOD NMadulator ascillation datactad an tha lamparalura channal. Sat whan the madulatar ascillalas

dua to an inpul aoovea tull scala.

WOD (100 Madulator ascillation dalactad an tha wallags (currant) channal. Sat whan tha maodulatar ascil-
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FUP

lates dua taan input aoave full scala. Tha laval at which the modulalor ascillales is significantly
highar than tha vallaga channal's difarantial input wvallage (currant) ranga.

Mata: The 100 and VOO bits may be Talsey' Figgered by very bl vollage spires from the
power e, This evenl should ol be confused with & DO overoad silualon gt the mpuils,
wiren the 00 ard WOL s will re-assen themselves even aller baing cleared, muiiple

firmes.
Low Supply Dalact. Sal whan tha waltags at the PEMON pin falls bakow thea low-waltags thrash-

ald {PMLOG, with respact 1o AGND pin. Tha LS50 bt cannat ba rasat until tha valtaga at PFMON
pin risas back abova tha high-waltagea thrashald (PRI,

Epsilan Updalad. Indicalas complational a lina kaquancy maasuramant and updala of Epsilan.

Imvalid Command. Marmally logic 1. Sat lo logic O i an invalid command is recaivad ar tha Sia-
tus Hegister has nol bean succassiully read.

6.1.12 Current and Voltage AC Offset Register { Vacon . lacen )
Addrass: 16 (Currant AC Oifsat); 17 (Vallage AC Oltsat)

MSE

LSE

[-2% | 2" | 22 | 23 [ 24 | 25 | 26 | 27 | oo [ 27 [ 918 [ 219 | o2 [ o2 | y2 | 53 |

Dafault = 0x000000

Tha AC Oftsal Registars (Wacan, laca) ara intialized o 2zam an rasal, allowing lor uncalipralad namal oparatian.
AC Oflzal Calibration updales thesa ragistars. This segquance lasts appraximalaly (6N + 30) ADC cyclas (whara
M is the valua aof the Cyole Courn Regisier). DRDY will ba assarlad al the and of tha calipration. Thasa valuas
may ba read and slarad for fulura systam AC oftzal compansation. Tha valua s repreasaniad in twa's compla-
mant notation in tha rangs of -1.0 2 Ve, leca < 1.0, with the binary paint o tha right of tha M5B

6.1.13 Operational Mode Register ({ Mode )

Addrazs: 18
23 22 21 20 19 18 17 16
I I I I I I I I
15 14 13 12 11 10 9 8
| I I [ [ [ E2MODE | ®WDEL
7 6 5 4 3 2 1 0
| ximeL | wWPF | wHPF | TR E3MODE! | E3MODED | POS | AFC

Dafault = Ox300000

EZMODE

EVDEL

XIEL

E2 Oulput Mads

0= Enangy Sign (dafault)

1 = Apparant Powar

Enablas an axira sampla of vallagae channal dalay. XVDEL and XIDEL can nol ba anablad A
tha samsa tima.

Enablas an axira sampla af currant channal dalay. XVDEL and XIDEL can nol ba anablad al
tha samsa tima.
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IHPF {(WVHPF} Enablas tha high-pass filtar an tha currant {waltaga) channal
0 = High-pass fillar disablad (dafault)
1 = High-pass filkar anablad

Mata: When esther IHPF or WHPF are enabled, but nof bath, an al-pass filer is aoplied 1o the
cpposite chanmel for phase matching.

1 Enaolas tha IR compansation fillars.
0 = IR compansation hiltars anablad (datault)
= |IR compansation fillars disablad

E3aMODE[1:0] Ecmpm Mada
00 = Asactive Powear [datault)
01 = PFMON
10 = Valtags sign
11 = Apparanl Powar

POSE Paositiva Enargy Only. Magative anargy pulsas an Efars supprassad. Howawvar, il will MOT sup-
prass nagaliva P Hegisler rasulis.

ARG Enaolas automatic ling-fraquancy maasuramant and saks thatraquancy of tha kocal sina/casinag
ganaratar usad in fundamantalharmanic maasuramants. Whan ARG i anablad, tha Epsilon
ragistar will ba updatad panodically.

6.1.14 Temperature Register (T )

Addrass: 19
MSE LSE
427 | 26 25 | o a3 | a2 a1 | a0 o | a1l | ol a2 | o2 | ald | alS | 16

T canlains maasuramanis from tha an-chip tamparatura sansor. Maasuramants ara padarmead during cantinu-
aus comarsians, with the dafauli the Calsius scala (%C). Tha valua is reprasaniad in fwo's complamant nolation
and in the ranga of -128.0 = T < 128.0, with tha binary point 1o tha right of tha aighth MSEB.

6.1.15 Average and Instantaneous Reactive Power Register { Qg . Q)
Addrass: 20 (Avarags Haactive Powar) and 21 {Instantansous Haacliva Powar)

MSE LSE
'lf:'ll a1l | 8z | w3 | a4 | 25 56 | a7 | L |21'.r 418 | 18 | a@0 | 221 | a2 | oo

Tha Instantansous Haactive Powar () is tha product aof tha vallaga, shiltad 90 dagraas, and tha currant. Tha
Avaraga Haactive Powar (O ye) s O averaged ovar Msamplas. Tha rasulls are signad valuas with. Tha valua
= raprasantad in twa's complamant nalatiaon and in the ranga af - 1.0 = O, Q< 1.0, with the binary paint la tha
right af tha MSB.

6.1.16 Peak Current and Peak Voltage Register ( lgeak ; Voear )
Addrass: 22 (Paak Curracl) and 23 (Paak Vallaga)

MSE LSE
'lEl:lll el a2 | o 54 | a5 a6 | a7 e |21'.r 18 | a8 | &80 [ o481 | 22 | pE3

Tha Paak Currani [Ipm}aru:l Paak Vallaga ['u'th} ragistars comain tha instantanaous currant and vallags with
tha graatast magnituda dalactad during tha last computation cycla. Tha valua i reprasantad in twa's compla-
mant notation and intha ranga of -1.0= Ipﬂh' Um*{ 1.0, with tha binary paint to tha night of tha MSB.
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6.1.17 Reactlive Power Register { Qrpng )
Addrass: 24
MSE LSE
| 0 | el |22|23|24|25|25|2?|__.|21?|213|215|2m|221|EE|2E|
Tha Raactiva Powar {{q,, ) i calculated using tngonometric idantities. (See Sactian 4.3 Power Measurermenis

)
anpaga 14). Tha valua is reprasantad inunsignad natation and in tharanga of 0 = 5 < 1.0, with thabinary paini

ta tha night of the MSEB.

6.1.18 Power Factor Register { PF)
Addrass: 25

MSE LSE

|_l2-:nJ|21|22|23|24|25|25|2?|_ |21?|213|215|2m|221|Ezz|2:a|

Powar Factor is caloulatad by dviding tha Activa (Haal) Powar by Apparant Powar. Tha valua is reprasantad in
twa"s complamant notation and in tha ranga ol -1.0 2 PF < 1.0, with tha binarny paint 1o tha right af tha MSB.

6.1.18 Apparent Power Register( 5 )
Addrass: 27

MSE LEE

|g|21|22|23|24|25|25|2?|_|21?|213|215|2m|221|222|2:a|

Apparant power (3} is the product of the Vg and gy, The valus is represantad in unsignad nofation and in
tha ranga ol 0 = 5 = 1.0, with tha binary paint ta tha nght of tha MSB.
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6.1.20 Control Register ( Ctrl )
Hegistar Addrass: 28
3 2 21 20 1% 18 17 16
I I I I I I |
15 14 13 12 11 10 9 ]
I I I I I | STOP |
T [ 5 4 3 2 1 1]
| [ INTOD | | HWOCPU | NOOSC | |
Dataull = 0000000
STOP Tarminatas tha aulo-bool saquanca.
0 = Marmal [datault)
1 = Slop saguanca
INTOD Eﬂnuﬂﬂﬁﬁudpm pin la an apan drain autput.
0 = Marmal [datault)
1 = Opan drain
NOCPU Savas powear by disabling tha CPUCLE pin.
0 = Marmal [datauli)
1 = Disablas CPLUCLE
MOOSG Saves pawar by disabling tha crystal oscillatar,
0 = Marmal [detault)
1 = Disabling oscillator circui
6.1.21 Harmonic Active Power Register ( Py )
Addrass: 29
MSE LSE
27 | a1 a2 a3 o4 | a5 a6 | a7 e alT | 1B [ ael8 | o420 | 481 | 422 | 523

The Harmonic Active Power [Py} i calculated by sublracting the Fundameartal Activa Powar from tha Active
[Raal} Powar. The value is represaniad in two's complement notation and in tha ranga of -1.0 = Py < 1.0, with
tha binary pairt ta tha nght of tha MSB.

6.1.22 Fundamental Active Power Register { Pe )

Addrass: 30
MSE LSE
129) | w1 | o | 23 | a4 | 55 6 | aT | o | T | 18 | 219 | a0 | a2l | 2E2 | 23

Tha Fundamantal Active Powar (Pg) s calculalad by padarming a discrata Fauriar transfarm (DFT) at tha rala-
van! fraquancy an tha WV and | channals. Tha results ara multipliad to yiald undamantal powar. Tha valus s rap-
rasaniad in twa's complamant natation and in tha ranga of -1.0 = Py < 1.0, with tha binary paint ta tha rght ol
tha MEB.
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6.1.23 Fundamental Reaclive Power Register ( Qy )
Address: 31 (read only)
MSE LSE
Lzt | 2" [ 22 | 2% [ 2% [ 2% [ 25 [ 27 | e [27 [2® [ 2% [o® | 2% | 2% | 2= |
Fundamanial Raactive Powar () i calculated by parforming a discreta Founar transtarm {DFT) at the ralevant
fragquancy an tha ¥ and | channals. Tha valua s raprasaniad in wo's complamant nolation and in tha ranga o

-1.0 = Oy = 1.0, with the binary poirt to the night of the MSB.

6.1.24 Page Register
Addrass: 31 (wrila anly)
LSE

MSE
(25 [ 28 [t ]2 ]2 ]2 [ 2]

Dafault = 0x00
Catarminas which ragistar page thea sanial por will accass
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6.2 Page 1 Registers

6.2.1 Eﬂlrgj" Pulse ﬂ[.!p[.t Width { PwlseWidih )
Addrass: 0
LSE

MSE
0 | 2= | 28 | 20 [ 2% | a® |27 | 2% | .. | & | & | 2 | & | & | 2 | &

Default =1
PulsaWidth sats the duration of anargy pulsas (Ipy ). The actual pulse duration is the contents of PulsaWidth
dividad by tha autpul ward rata (OWH). PulzaWidih is aniniager in tha ranga of 110 B3BB&07T.

6.2.2 No Load Threshold ( Loady,, )

Addrass: 1
MSE LSE
20 | a1l | 8z | w3 | a4 | 25 56 | aT | . | 217 | siE | s | s@m | s@ | soz | 223

Dafault =0

Loaduyy & usad to sal tha no load thrashald. Whan tha magnitudea at tha P pe.e ragistar is lass than Loadin,
tha actva anangy pulsa oulput will be disablad. Loadyn 5 a twos complamant valua in tha rangsa of
-1.0 = Loadyin = 1.0, with tha binary paint 1o tha night of tha MSB. Magative valuas ara nat usad.

6.2.3 Temperature Gain Register { Taain )

Addrass: 2
MSE LSE
a6 | 25 ot | a3 a2 | al 20 | el s | all | o2 [ 503 | aeld [ o5 | o068 | o7

Dafault = 0x2F03053 = 23.507 3471

Sats tha temparature channal gain. Tamparatura gain {To., ) s ulilized to conveart from one temparatura scale
to anathear. Tha Gealsius scalka (°C) s tha dafaull. Values willbe within in tha ranga of 0 = Ty, = 128. Tha valua
i raprasantad in unsignad nolation, with tha binary paint to tha right of bit 7th M5B, Sea Saction 5.8 On-chip

Temperaiure Sensoron paga 18,

6.2.4 Temperature Offset Register ( Tay )

Addrass: 3
MSE LSE
| 29 | 21 | 2 | 23 | ot | 25 | 25 | 27 | [ 27T [ 218 | 219 | 2 | o2 | o2 | o3 |

Dafaull = OxF3035A = 00951126

Tamparaturaatlsal (T ) 5 usadto ramova thatamparatura channal's oftsal al tha zarm-dagraa raading. Valuas
ara raprasaniad in two's complamant natatiaon and in tha rangs of - 1.0 £ Tae < 1.0, with tha binary paint ta tha

right af tha M5B.
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6.3 Page 3 Registers

6.3.1 Voltage Sag and Current Fault Duration Registers ([ VSAGpuration » ISAG puration )
Addrass: 6 (Vallags S5ag Durabian);, 10 (Currant Fault Duratian)

MSE LSB
Lo 2= [ [o®]o® |27 |2% .. |28 [25] 28|82 |2 [2 |

Dafault = 0x000000

Vallage Sag Duration (WSAG 6 4 asent @nd Currant Fault Duration (ISAG 5 4 a6 definas the numbear of instanta-
naous maasuramanis ulilizad lo dalarmina a sag eveant. Salting thesa ragistar lo zaro will disable this leatura,
Tha valus is reprasaniad in unsgnad nolalion. Sea Saction 5.6 Sag and Faw'l Delec! Fealureon pags 14,

6.3.2 Voltage Sag and Current Fault Level Registers { VSAG oy « 1ISAG aye )
Addrass: T (Voltage Sag Level); 11 (Current Fault Lewvel )

MSE LSE
| {:l|2"|22|23|2"'|25|2’5|E7’|__-|2“’|2"3|2‘5|2m|221|EE|EE|

Dafault = 0=000000

Valtaga Sag Laval (WSAG ) and Gurrant Faull Laval [ 1I5AG ) dafinas tha valtaga lavalthal the magnituda
af ifputsamplas, avaragad avar tha sag duration, mustiall balow in ardartoragistar a sagfault condition. Thasa
valua ara rapresamad in ursignad notation and in tha ranga of 0 = V545G ., < 1.0, with tha binary paint o tha
right at tha third MSB. Sea Sadion 5.6 Sag and Faul Deles! Fealureon paga 19,
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7. SYSTEM CALIERATION

7.1 Channel Offset and Gain Calibration

Tha G55463 provides digital DG offsal and gain com-
pansahion that can ba appliad to the instantanaous voll-
aga and curant measuramants, and AC  oliss
campansation to tha voltags and curmant AMS calcula-
tians.

Sinca tha vallage and currant ¢channals hawva indapan-
danl alfsal and gain ragistars, systam alfsal andiar
gain can ba padarmead an aibar channal withaut tha
calibrabion rasulls tram ana channal allacling tha oth-
ar.

Tha compulational flow of the calibration saquancas ara
illustratad in Figura 12. Tha flaw applies toboth thavaoll-
aga ¢hannal and currant channal.

7.1.1 Calibration Sequence

Tha C55463 musl ba aparating in its acliva slalke and
raady 1o accapt valid commands. Hatar o Saction 516
Cormmands on pagse 23. Tha calioration algoarithms ara
depandant an tha valua M in tha Cyole Cowrnl Regisier
(zaa Figura 12). Upon complation, tha rasults ol tha cal-
bration ara availaok in thair caorrasponding ragistar.
Tha DADY bit in the Stalus Register will ba sat. If tha
CREY bi s fo ba autput an tha INT pin, than DREY bit
in tha Mask Hagislar must ba sal. Tha initial valuas in
tha AL gain and ofisal ragistars do atlact tha resulls o
tha calibration rasulis.

211 Duration of Calibration Sequence

Tha valua of tha Cyole Gouwnl Hegister (M) datarminas
tha numbar of comearsions parfarmead by tha G55463
during a givan calibration saquanca. Far BG oltsat and
gain calibrations, tha calibrabion saquanca lakas al least

M+ 30 comearsion cycles b complata. Far AG altsatl cal-
iorations, tha saquanca lakas atlaast 6M + 30 ADG cy-
clas to complata, (gooutl 6 computation cyclas). AsMis
incraasad, the accuracy of calioration rasults will in-
Cragsa.

7.1.2 Offset Calibration Seguence

Far B and AC olfsal calibrations, tha VINE pins of tha
waltags and INg pins of tha currant channalks should ba
cannaciad o thair ground relaranca laval. {sas Figura
13}

Edaimal
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Figura 13. Systemn Calibration of Off sat

Tha AL ofsal ragisiars must ba sal to tha dafaull
[CeDO0000).

A2 DO Offsat Calibration Sequence

Channal gain should ba =at ta 1.0 whan padarming 0C
aftsat calioration. Intiate a DG oftsatcalioration. Tha DG
aftsat ragistars ara updatad with tha nagativa al tha av-
araga af tha instantanaous samplas collaciad avar a
computatianal cycla. Upon complatian af tha DC affsal
calivration tha DG offsat is slorad in tha corraspanding
DG alfsat ragistar. Tha DC oltsat valua will ba addead 1o

Figure 12, Calibration Data Flow
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aach instanfanseous meassuraman to nulify tha DG
companant prasant in the systam during cormearsion
commands.

71.22 AC Offset Calibraltion Sequence

Corresponding ofieal ragistars g~ andior Voo
should ba claarad prior 1o indiating AC ofzal caliora-
tians. Infials an AC oftsal calioration. Tha AC affsal rag-
islars ara updatad with an alfsat valua that ratlacts tha
HME autpul leval. Upan complationof tha AC afftsst cal-
ioratian tha AC offsst i starad in the correspanding AC
altzat ragistar. Tha AC alfsal ragistar valua is subiract-
ad from aach successive Vgy- and gy s calculation.

7.1.3 Gain Calibration Sequence

Whan parforming gain calibrations, a ralaranca signal
should ba appliad o tha VIMNt pins al tha wvaltage and
[IMt pins af tha currant channals thal raprasanis tha da-
sirad maximum signal laval Figura 14 shows tha basic
satup far gain calibration.

External
Connechlons -
- 1+ = +
T
Sebenence . Pl= .
Signal G_J HEAM 0
-
- .
cn (2 “ ol
'\-\.r-
T

Figura 14. System Calibration of Gain.

Far gain caliorations, thara is an absaluta limit an tha
RMS vollage kevals thal ara salaclad far tha gain cali-
bratian input signals. Tha maximum valua that tha gain
ragistars can altain s 4. Tharalarg, if tha signal laval of
the applied input s kw anough that it causas tha
GS5463 b attampt 1o sal aithar gain ragstar highar than
4, tha gain caliorabion rasult will ba invalid and all
GS5463 resulls obfainad whilk parforming maasura-
mants will ba invalid.

It tha channal gainragistars arainitially 2at lo againolth-
ar than 1.0, AC gain calioration should ba usad.

Z1.3.1 AC Gain Calbration Sequence

Tha carrespanding gain ragistar should ba sai o 1.0,
unlass a dilerant indial gain valus i dasirad. Initials an
AL gain calioration. Tha AC gain calipration algarithm
computas tha HMS valua of tha ralaranca signal appliad
ta tha channalinpuls. Tha AMS ragistar valua iz thandi-
vidad inta 0.6 and tha quatiant is starad in tha camrs-
spanding  gain ragistar.  Each  instartansous
mazsuraman! will ba multipliad by ite corraspanding AC
gain valua.

A typacal rms calioration valua which allows for reasan-
anla avar-ranga margin would ba 06 ar 60% of tha vall-
agea and curmant channal's madmum inpul vallags laval.

Two axamplkas of AC gain calibration and the updatad
digital oulput codas of tha channal’s instantansous dala
ragistars ara shown in Figuras 15 and 16. Figura 16
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Figura 15. Example of AC Gain Calibration
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Figura 16. Example of AC Gain Calibration

shows thal a positive {ar nagatia) DG -daval signal can
ba usad avan though an AC gain calior ation s baing ax-
aculad.
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Howsawar, an AL signal cannol ba usad far OO gain cal-
oratian.

2.1.3.2 DO Gain Calibration Seguence

Inifiata a DG gain calibration. The caraspanding gain
ragistar s rastarad to datault (1.0} Tha DC gain calibra-
tian avaragas tha channal's insfantanaous maasura-
manls ovar ana compulation cycla (M zamplas). Tha
awvaraga i than dividad inta 1.0 and tha quabiant &
slarad in tha carraspanding gain ragistar

Aftar tha O gain calioratian, tha instantansaus ragisiar
will raad al full-scals whanavar tha DG lavalal thea inpul
signal i aqual ta tha keval of the DL calibratiaon signal
appliad ta tha inputs during tha B gain calibration. Tha
HPF aptian should nat ba anablad it DG gain caliloration
is ufilizad.

7.1.4 Order of Calibration Seguences

1. HthaHPF aptian i anablad, than any DC componant
thal may ba prasant in tha salactad signal path willba
ramavad and a DG oltsal calioration is notl raguinad.
Haowawvar, if tha HPF aptian is disablad tha DG alfsal
calioration saquanca should ba padarmsad.

Whan using high-pass filtars, it is recommandad thal
tha OC Oftsal ragistar tor tha cormaspanding channal
ba sl 1o zar. Whan parkarming DG aoltsat caliora-
tian, tha corrasponding gain channal shauld ba salto
ana.

2. W thearais an AC oftsal in the Ve or gy calcula-
tan, than tha AC oifsal calibrabon saguanca should
ba pardarmad.

3. Pararm tha gain calipration saquanca.

4. Finally, it an ACG oftsal calibration was pardaormad
(stap 2}, than tha AC altsal may naad ko ba adjustad
to compansata far tha changsa in gain (stap 3). This
can ba accomplishad by rastarning 2aro to tha AG ofl-
sal ragitar and than parfarm an A alfsat calibration
saquanca. The adjustmant could also ba dona by
miultglying tha AG oftsal ragistar valua thal was cal-

culatad in slap 2 by tha gain caleulatad in stap 3 and
updating tha AC altsal ragisiar with the product.

7.2 Phase Compensation

Tha CE5463 = aquippead wilth phasa compansation ta
cancal out phasa shille inroducad by tha maasuramanl
alamant. Phasa Compansation i sal by bile PC[E:0] in
tha Configuralion Hegisker and bits XWDEL and XIDEL
in tha Ooerational Mode Hegisler

Tha dafault valus of PC]&:0], XVDEL, and XIDEL & 2s-
ra. With MCLE = 4,086 MHz and K = 1, tha phasa com-
pansation has a ranga of £8.1 dagraas whan tha inpul
signals ara 60 Hz. Undar thasa conditikans, aach stap ol
tha phasa compansation ragisiar (valus of ona L5B) is
approximataly 0.4 dagraas. Far valuas of MCLK aothar
than 4.086 MHz, tha rangs and slep siza shoukd ba
scakd by 40896 MHz/(MCLK/K) Far powar lina fre-
quancias athar than 80Hz, tha valuas of tha ranga and
stap size of tha PC|E:0] bits can ba dalarminad by con-
varling tha abowva valuas fram angular maasuramant
irta tha tima domain {saconds), andthan comguting tha
newv ranga and slap siza (indagraas) with raspact o tha
newv lina raquancy. To calkculate tha phasa shilt inducad
batwaan the vollage and tha cumanl channal usa tha
aquatian:

PHOSE S e i et e
INMCLE B S8

Fre) = Line Fracuency [Hz]
MDEL = ¥VDEL or HDEL

7.3 Active Power Offset

Tha Power Offset Hegisler can ba usad o oltsal systam
powar sourcas thal may ba rasidant in tha systam, bul
da notariginala trom tha powar ling signal. Theasa sourc-
as ol axdra anangy in tha syslam contributa undesiranlka
and falsa oltssts fo the powar and anargy maasuramani
rasults. Altar datarminingtha amountal stray powar, tha
Powar Oltsal Hagisiar can be sal o cancal tha allacis
af this unwanad anangy.
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8. AUTO-BOOT MODE USING EZPROM

Whan tha CS55463 MODE pin is assarlad (logic 1), tha
C5R463 aulo-boo! mode i anablad. In aulto-bool moada,
tha C55463 downloads the raquirad commands and
ragistar data from an axtamal sanal E°PROM, allawing
tha CE55463 tobagin pafarming anangy maasuramanls.

8.1 Auto-boot Configuration

A lypical aulo-bool sanal connacton batwsaan tha
CS5463 anda E°PROM is illuskratadin Figura 17. In au-
to-boot moda, the CS53463's G5 and SCLK are config-
urad as oulputs. The C55483 assads G5 (kgic 0},
providas a clock on SCLK, and sands a raad command
to the EPROM an SDO. The CS5463 reads the us-
ar-spacihiad commands and ragistar data prasaniad an
tha 501 pin. Tha EEF'FIDH'I'EpmgrammEd data is ulilizad
by tha CS55463 o changa the dasignalad ragistars’ da-
faull valuas and bagin ragistaring anargy.

e i =a 10k Wi, Ciom i’
L ECiRa LT,
K= EEPROM
C55463
BoLK w—| o
= 2 a0
00 8
aH
+—| MoDE T |ttt et ee| T
| =
IEEEY - .

Carmadsiar o Calbalar

Figure 17. Typical Interface of E2PROM to CS5463

Figura 17 alo shows the axtarnal connachions thal
would ba mada lo a calibrator davice, such as a PG ar
custam calioration board. Whan the mataring systam s
installad, tha caliorator would be usad locontral caliors-
tion and'or to program usar-spacilied commands and
calibration values inta the EZPROM. The usar-spaciiad

commands/dala will dalarmina tha CE5463's axact ap-
arglion, whan tha aulo-bool intializ ahion sagquanca s
running. Any af tha vald commands can be usad.

8.2 Auto-boot Data for EZPROM

Balow i an axample coda sal far an aulobool sa-
quanca. This coda i wniltan infa tha EEF'F['DMh],I'”'E Us-
ar. Tha sarial dala lor such a saguanca i shown balow
in singla-oyla haxidacimal notation:

=54 000060
Writa Oparation Maoda Ragisiar, tum high-pass
filtars an.
=44 7F C4 A
Wirila valua of 0x7FC448 fa Currant Gain
Hagstar.
=48 FF B2 53
Writa value ot 0xFFB253 to Vallage Gain
Hagstar.
=74 0000 04
Unmask bit #2 (LSS0} in the Mask Ragistar.
=EB
Slan conlinuous canvarsions
=7B 000100
Wita STOP bt to Contral Hagisiar, 1o tarminala
aulo-boolt intialization saquanca.

8.3 Which E2PROMs Can Be Used?

Savaral industry-standard sanal E2P ROMS that will suc-
cassiully run auto-boal with tha CS55461 A ara listad ba-
La

«  Aamel AT25010, AT25020 or AT 25040

= hational Semiconducion MMZSC00E or h2S0200E
«  Mioor M250405]

Thasa ypeas of sanal EF ROMs axpecl a spacihic 8bil
command (00000011} in aordar fo padarm a mamany
raad. Tha C55461A has baan hardware programmead o
transmit this 8-bit command to the E2PROM at the be-
qinning af tha aulo-bool saquanca.
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9. BASIC APPLICATION CIRCUITS

Figura 18 shows tha C55463 configurad o maasura
powar in a singla-phasa, 2-wira syslam while aparating
in a singla-supply canhguration. In this diagram, a shuni
resistar g usad lo sansa tha lina currant and a vallags
dividar i usad fo sansa tha line vallaga. In this typa ol
shunt-rasitor canbiguration, tha comman-mada leval ol
tha C55463 musl ba rafarancad 1o tha ine sida of tha
paowar lina. This maans thal the comman-mada patan-
tial of tha G554 63 will track the high-wallaga lavals, as
wall a5 low-vallaga lavals, with raspact o aarh ground.
lzalation circullry is réquirad whan an aath-ground-rat-
arancad communicabion inladaca i connaclad.

Figura 19 shows tha sama single-phasa, two-wira sys-
tam with complala iEalabon from tha pawer linas. This
igalation i achevad using thraa ranstarmars: a ganaral
purposa lranslormear o supply the on-board DG powar;
a high-pracisian, low-impadanca vallaga transtarmear,
with wary Iitla rall-alf/phasa-dalay, o maasura vallags;
and a currant transtarmar o sansa tha line currant.

Figura 20 shows a singkephasa, 3-wira systam. In
many 3-wira rasidantial powar systams within tha Uinil-
ad Slales, only tha twaling tarminals arg availabla (nau-
tral &= notl available). Figure 21 shows tha CS55463
canfigurad to malar a thraa-wing systam with na nautral
availanla.

4; i csa s a7 csa g reitui.

Sh 1k
| 3] S —— AR
FEN
I | Sl 1 00 ﬁn:ﬂ
1 | |II|'.I'|' _L i JE""'F
AFF AT L1 1 T
—|— W e Wil w7
I 1
%? (ot =TT n ]
oy :
T Y Iz, - CPUCLK|
Fig Ay ﬂ v NOUTIT] 408 M-z
A, ' = [ opwmal
A L L Lare anpet T | ol
B
.'|I|"_.-._II =
A Le FEEE el w—
o
c 7
Agin = [of:1 E oA
‘zdc. aoipd—] 7 L Sl
F'I- T a a:-:i * a ——Mialas
L 4 fi SCLK = O -
. MT —
2 JvmErm iz
I‘J'—'.HE-'-:U- i |
0. pF =
AZND  DEND
| ] [4 -“h
_— o Counta

Figure 18. Typical Connection Diagram (Single-phase, 2-wire — Direct Connect to Power Ling)

DSETBF3




e —————.

=== )kUS LOGIC"

CS5463

Prtwntinl Trermiormnisr
L8] A
[] [] i Iiﬁl“r
b [
- - ]
::ﬂl-l- = ——
1 =
[
Currerd: T
Tramitrrrar Ay,
L1

Cplona

1630 AT

=4 L

1530 AT

Earh
Gimund

Ly i
1
1 |
4 ol

EE

3

Pk

d
o=t

ik
1His
%

WM

Cplmnal

Figure 20. Typical Connection Diagram (Single-phase, 3-wire)
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Figure 21. Typical Connection Diagram (Sing le-phase, 3-wire — No Neutral Availabla)
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10.PACKAGE DIMENSIONS
24L SSOP PACKAGE DRAWING

W K * i B g
|
E
IL i
—ia
o -~ END VIEW
AN SIDE VIEW PLANE
12 3
TOP VIEW
INCHES MILLIMETERS NOTE
KA KN MNOM MAX KN MO MAX
A - - 0.084 - - 213
A1 0002 0006 0.oa 005 0.13 025
A2 0.054 0088 0074 1.62 1.73 188
b 0.00a - 05 022 - 038 23
[ 0.311 0323 0.335 7.a0 B.20 BAQ 1
E 0291 0307 0323 740 7.80 520
E1 0197 n20a 0220 500 5.30 560 1
a 0.2 0026 0030 055 .65 075
L 0025 0.03 0041 063 0.75 1.03
o i 4= g= i 4= 5
JEDEC #: BMO-150

Cantralling Dimansian i Millimalars.

Maotas: 3. "D° and "E17 ara ralaranca datums and do nolincludad makd flash or protrusions, but daincluds malkd
miismalkehand ara maasurad at tha pading lina, mald fliash or pratrusions shall nat excaad 0.20 mm par

sida.

4. [Dimansion "o” doas nat includa damibar pratrusion/intrusion. Allow abla dambar praotrusian shall ba
0.13 mm total in axcess of "B° dimansian at maximum malanal conditian. Dambar infrusian shall not
raduca dimansion "D° by mara than 0.07 mm al least matanial condition.

5. Thasa dimansions apply 1o tha flat saction of tha lead batwaan 010 and (.25 mm fram kad tips.

44
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11. ORDERING INFORMATION
Modsd Temperature Packags
CoMEe3-15E (lead frea) -40 o +85 =0 24pin S50F
12. ENVIRONMENTAL MANUFACTURING, & HANDLING INFORMATION
Moded Humber Peak Reflow Temp MEL Rating® Max Floor Life

CEME3-15E (lbad fraa) 260 G 3 7 Days

*M3L (Moisture Sensitivity Level) as specified by IPC/JEDEC J-5TD-0:20.

DSETBF3




e ——

== S LOGIC CS5463

13. REVISION HISTORY

Revision Date Changes
Al WMAR 2005 Advanca Helaasa
PP1 ALKS 2005 First praliminary ralaasa,
F1 MO 2005 Firsl final ralaasa, updalad with most-currant characiarnz ation dala.
F2 APR 2008 Addad FulselWidth & Load),;,, Ragistars.
F3 APR 2011 Ramavad kead-containing {Pb) davica ardanng irfarmatian.

Contacting Cirrus Logic Support
For all produwd quesions and inguines contact a Cirmus Logee Sales Represanative.
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