“SrENEERSERDE BLO955 Single-Phase Energy Meteringl C
LHHLF.:':H.‘-'I.I BELLING CO.,LTD (compatible with AD7755)

GENERAL DESCRIPTION:

The BL0955 is a high accuracy electrical energy measurement IC. The part specifications surpass
the accuracy requirements as quoted in the IEC1036 standard. See Analog Devices’ Application
Note AN-559 for a description of an IEC1036 watt-hour meter reference design.

The only analog circuitry used in the BL0955 is in the ADCs and reference circuit. All other
signal processing (e.g., multiplication and filtering) is carried out in the digital domain.
This approach provides superior stability and accuracy over extremes in environmental
conditions and over time.

The BL0955 supplies average real power information on the low frequency outputs F1 and
F2. These logic outputs may be used to directly drive an electromechanical counter
or interface to an MCU. The CF logic output gives instantaneous real power
information. This output is intended to be used for calibration purposes, or
interfacing to an MCU.

The BL0955 includes a power supply monitoring circuit on the AVDD supply pin. The BL0955 will remain in a
reset condition until the supply voltage on AVDD reaches 4 V. If the supply falls below 4 V, the BL0955 will
also be reset and no pulses will be issued on F1, F2 and CF.

Internal phase matching circuitry ensures that the voltage and current channels are phase matched whether
the HPF in Channel 1 is on or off. An internal no-load threshold ensures that the BL0955 does not exhibit any

creep when there is no load.

The BL0955 is available in 24-lead DIP and SSOP packages.

CwvoD - 1 F1

-

- e— T [ T T = [ F1
ACDIC ™ =] Fa AHCOC [ e e B -
ANDID L3 oy oF AN ] | |
o e aome = = SR
LR L] . g =) = =]

ll.-l | = m = 1ENF A = E = [ o ]
Wil o oy @1 NG WEP = ﬁ o= | LK OUT
W - E = CLEOUT R | I e m— [ - I ) Y
D & i r— [ CLEIH FRESET = = | S0

_ ) ~ WREF = ] 1
TRE w s f
/RESET - f' AGHND | : = | 1 =0
VREF (& 2 &1 5CF =] e= [ =1
ALl = = 50
acF 3 al ) I Y |

SSOP24
DIP24

Address N0.810, YiShan Road ShangHai ChinaTel 86-021-64850700 Fax 86-64852222 Zip.200233



“SrENEERSERDE BLO955 Single-Phase Energy Meteringl C
LHHLF.:':H.‘-'I.I BELLING CO.,LTD (compatible with AD7755)

FEATURE:

.High Accuracy, Supports 50 Hz/60 Hz IEC 687/1036 Less than 0.1% Error Over a Dynamic Range

of 500 to 1

.The BL0955 Supplies Average Real Power on the Frequency Outputs F1 and F2

.The High Frequency Output CF Is Intended for Calibration and Supplies Instantaneous Real

Power

.The Logic Output REVP Can Be Used to Indicate a Potential Miswiring or Negative Power

.Direct Drive for Electromechanical Counters and Two Phase Stepper Motors (F1 and F2)

.A PGA in the Current Channel Allows the Use of Small Values of Shunt and Burden Resistance

.Proprietary ADCs and DSP Provide High Accuracy over Large Variations in Environmental

Conditions and Time
.On-Chip Power Supply Monitoring
.On-Chip Creep Protection (No Load Threshold)

.On-Chip Reference 2.5 V _ 8% (30 ppm/_C Typical) with External Overdrive Capability

.Single 5 V Supply, Low Power (15 mW Typical)

.Low Cost CMOS Process

FUNCTIONAL BLOCK DIAGRAM
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BL 0955 Single-Phase Energy MeteringlC
(compatible with AD7755)

BENERBRELA
HANGHA| BELLING CO.,LTD.

(B¥gy = MW = 5 W = 5%, MEND = DGND = 0 V. On-Chip Reference, CLKIN = 158 NHz,
Taaw 10 Tygeg = ~40°C te +85°C)

BL0955-SPECIFICATIONS

I"arameter A Yersion | B Version | Units Test Comalition ' Comumnents
ACCURACY
Measurement Errar’ an Channd 1 Channel 2 with Full-5cale Signal (2860 m\), +25°0
Crain = | 0.l .1 o Beadiog typ | Over a Dyramic Range 500 o |
(xkdfi= 2 ol LN o Beadivg 1vp | Over a Deamic Bange 50010 |
(ain =% IR | 1 % Beading typ | Owver 2 Dyramic Bangs 500 ta |
Ceain = 16 0.1 1 Yo Bueadiog typ | Over a Dycomic Bange 500 1o |
Phase Erree! lEerween Channels Line Frequency = 45 Hx to 0% Hz
W1 Phase Lead 37
(PF = 0.8 Capacitive) =i =01 Dhegrees) max] AC DC = 0and ACTC = |
W1 Phase Lag 60
(PF = 0.5 Inductive) =01 0] Degrees() mu| ACTHC = 0 and ACTRC = |
AL Power Supply Beectiva' ACTH = | 80 =81 =], G =Gl =40
Cruipur Frequency Varation [CF) (LR .2 % Resding trp | V1 = 100 mW rms, V2 = 100 mV s, 0 50 He
Ripple on ANy, of 200 mV mms @ 1040 Hz
IR Power Supply Rejection! ACTH: =1, 50=5%1 =1, Gl =Gl =1
Crutpur Frequency Varation [CF) *0.3 (L] Yo Beading typ | V1 = 100 mY mms, V2 = 100 mY rms.
AV = DW= 5V 2 250 mV
ANALOG INPLTTS Seew Analog Inputs Section
Mantimim Sigml Levek 11 =1 V max VIR, VIN, VIN and VP o AGRD
Input Impedance (1C) W ) 2 min CLEIN = 358 MHz
Bandwidih (-3 48) 4 14 KHz tp CLEIN256, CLEIN = 3.58 MHz
ADC Ot Error™ * : 1k Ll m¥’ rmusx Sze Termmology and Performance Graphs
Giain Error! t4 4 to Dideal typ External 2.5V Relerence, (Gain = |
VI = 470 mV de, ¥2 = &6 mV e
Ciain Frror Maich! 02 #0.2 Yo Idenl 1o Iixternal 2.5 ¥V Relerence
REFERENCE INPUT
REFpamrr Input Vaoltage Range 1y LT V max ISV +EN
3 L3 W min I5¥-B%
Ieput Impedance 3.2 3.2 kLt min
Ioput Copacitance {1 L pF B
OX-CHIF REFERENCE Nominal 2.5 W
Relerence Errot = 204} 204 my e
Temperature Coefliient M L PEmc L
L ppmT L max
CLEIN Mot All Spedlications far CLEKIN off 3,58 ME:
Iegiur Clock Froguetny 4 L] MHz max
1 | MHz min
LOWGIC INPUTS?
SCF, 50, 51, ACTIT,
RESET. ti and Gl
Iegunt High Yoltsge, ¥V 24 L4 V min DWpn =5V 1 5%
Iegun Low Woltige, ¥ L.H LR W maK VW =5V 1 5%
Tegoun Currenn, Iy =4 £ T T Typleally 100, Vi = 08 0 Wy,
Iegunt Capacitaree, Ty [ L pF ma
LOWGIC OUTPUTS"
Fl and F2
Crupur High Yalrage, ¥y lsamen = W mad
+.5 4.5 W it MW= 5V
Crurpun Losr Woluge:, ¥y lsgpae = 10 M
0.5 5 V max MWpn=5Y
CF ai] REVT
Crurpun High Valrage, %o lepamey = $maA
4 4 V min MWpn =5V
Crupun Losr Woluses, Yo lsiwe = 5 My
o5 % W max MW =4Y
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8 BL0955 Single-Phase Energy Meteringl C
1

SHANGHA| BELLING TD (compatible with AD7755)
Paramicier A Version | B Version | Undis Test ComBition=Commenis
PFOWER SUPPLY o Specified Performance
YV .75 174 YV min 5V gng
3.25 5.25 Y minx 5 W 4+ 54
¥ oy 1.7 1.75 Y omin 5V - 5%
5 5.25 W omax 5% 4+ 5%
Algi 3 h ek max lvpacally 2 mA
] T L3 2.5 Mk max Pypacally 1.5 mA
NOTES

1 See Terminology Section for explanation of specifications.

2 See Plots in Typical Performance Graphs.

3Sample tested during initial release and after any redesign or process change that may affect this parameter.
Specifications subject to change without notice.

1,2 (o= Db =5V 55, AGND = DGHD = 0V, On G Refrence, AN = 354 M,
TIMING CHARACTERISTICS " “ 1" %% v wasecy "

Parameter A, B Versions Units Test Comlitions/Comments

L' 275 m: FI and F2 Pulsesadih (Logie Loa

I Seoe Table I11 S Ot Polee Persod. See Transfer Function Secmon
Ly 112 1y ot Time Bevween Fl Fallmg Edge and F2 Falling Edeze
Lyt 1 IS CF Pulseandih {Lome High

1 S Tabkle IV LTS CF Pulse Period. See Transfer Funcien Secuon

L CLEIN 4 LA Mimmum Tme Berween F1oand F2 Pulse

NOTES

1 Sample tested during initial release and after any redesign or process change that may affect this parameter.
2 See Figure 1.

3 The pulsewidths of F1, F2 and CF are not fixed for higher output frequencies. See Frequency Outputs Section.
4 The CF pulse is always 18 p s in the high frequency mode. See Frequency Outputs section and Table IV.
Specifications subject to change without notice.
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Figurel. Timing Diagram for Frequency Outputs
ABSOLUTE MAXIMUM RATINGS*
(TA=+25° C unless otherwise noted)

AVDD IO AGND ... o -03Vto+7V
DVDDtODGND . .. o -03Vto+7V
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'—llt ENEERSERLE BL0955 Single-Phase Energy MeteringlC

SHANGHA| BELLING CO..LTD (compatible with AD7755)
DVDD O AVDD . ..o -0.3Vto+0.3V
Analog Input Voltage to AGND V1P, VIN, V2P and V2N ............ ..., -6Vto+6V
Reference Input Voltage to AGND . .. ... -0.3VtoAVDD +0.3V
Digital Input Voltage to DGND . . . ... ..o -0.3VtoDVDD +0.3V
Digital Output Voltage to DGND . . ... ... ... "~-0.3VtoDVDD +0.3V
Operating Temperature Range Industrial (A, B Versions) ................. "—40° Cto+85° C
Storage Temperature Range . .. ...« -65° Cto+150° C
Junction Temperature . . ...t +150° C
24-Lead Plastic DIP, Power Dissipation . ..., 450 mW
O Thermal Impedance . ... 105° C/wW
Lead Temperature, (Soldering 10 S€C) . .. ..o +260° C
24-Lead SSOP, Power Dissipation . . . ... ... 450 mw
O Thermal Impedance . ... 112° C/wW
Lead Temperature, Soldering
Vapor Phase (60 SEC) . ... v v +215° C
Infrared (15SEC) . .. ..o oo +220° C

*Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the
device. This is a stress rating only; functional operation of the device at these or any other conditions
above those listed in the operational sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection. Although the
BL0955 features proprietary ESD protection circuitry, permanent damage may occur on devices
subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are recommended
to avoid performance degradation or loss of functionality.

TERMINOLOGY MEASUREMENT ERROR

The error associated with the energy measurement made by the BL0955 is defined by the following
formula:

Energy Registered by the BL0O955 — True Energy <100%

Pencentage Error =
True Energy

PHASE ERROR BETWEEN CHANNELS

The HPF (High Pass Filter) in Channel 1 has a phase lead response. To offset this phase response and
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“S-rENEERSELE BL0955 Single-Phase Energy Meteringl C
LHH.H-.:'.H.'-'-.I BELLING CO.,LTD (compatible with AD7755)

equalize the phase response between channels, a phase correction network is also placed in Channel 1.
The phase correction network matches the phase to within £ 0.1° over a range of 45 Hz to 65 Hz and +
0.2° over arange 40Hz to 1kHz. See Figures 22 and 23.

POWER SUPPLY REJECTION

This quantifies the BL0O955 measurement error as a percentage of reading when the power supplies are
varied.

For the ac PSR measurement a reading at nominal supplies (5 V) is taken. A 200 mV rms/100 Hz signal is
then introduced onto the supplies and a second reading obtained under the same input signal levels. Any
error introduced is expressed as a percentage of reading--see Measurement Error definition.

For the dc PSR measurement a reading at nominal supplies (5 V) is taken. The supplies are then varied
+ 5% and a second reading is obtained with the same input signal levels. Any error introduced is again
expressed as a percentage of reading.

ADC OFFSET ERROR

This refers to the dc offset associated with the analog inputs to the ADCs. It means that with the analog
inputs connected to AGND the ADCs still see an analog input signal of 1 mV to 10 mV, depending on gain
setting. However, when the HPF is switched on, the offset is removed from the current channel and the
power calculation is not affected by this offset.

GAIN ERROR

The gain error of the BL0955 is defined as the difference between the measured output frequency (minus
the offset) and the ideal output frequency. It is measured with a gain of 1 in channel V1. The difference is
expressed as a percentage of the ideal frequency. The ideal frequency is obtained from the BL0955
transfer function--see Transfer Function section.

GAIN ERROR MATCH

The gain error match is defined as the gain error (minus the offset) obtained when switching between a
gain of 1 and a gain of 2, 8, or 16. It is expressed as a percentage of the output frequency obtained under
a gain of 1. This gives the gain error observed when the gain selection is changed from 1 to 2, 8 or 16.
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ENEERSRKEDA BL0955 Single-Phase Energy MeteringlC
SHANGHA| BELLING CO..LTD. (compatible with AD7755)

PIN CONEFIGURATION
DII?* and SSOT Packages

L)
DVpg |1 | @ 24] F1
ac/oe [2] 23] F2
AVpp [ 2 22| CF
MC | 4 1| DGHND
ViF | & BLOG5E 20| REVP

VIN [ | topview [1%] NC
van [7|(Notio Scale) [1g] cLkoUT

vap | @ 17] CLKIN
FESET [ 4| 16] GO
REFmiout [12] 15] &1
AGND [11 13] 50
SCF |12 12] 51

NC = NO CONNECT
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EDNEERSBSELRLR BL0955 Single-Phase Energy Meteringl C
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PIN FUNCTHON DESCRIPTIONS

i Mo

Mpemonic

Description

LI

4, 19
)

15 14

15, 1&

LB}

a1

(BT

ACTIC

NC
VIE, VI

VIN, VIP

REFpaarr

AGND

SCF

51, B0

¥ I

CLEIN

CLEOLUT

EEVTE

[

Dhigival Posarer Suppdy. This pin provides the supply valtages Tos the dagival aircouitey in the BLOBSS
The supply voltage shoald be mammed st 5 Y £ 5% for specilied operatnon. Thas pan shoald be
devoupled with o 100l capacitor in paralld with a ceeame 100l capacinor
High Pass Fiher Seleo. Thes logic impur is used 0 enable the HPF & Channel 1 (che current channel).
A lege one on this pm enables the HPF. The associabed phase response of this filter has been mier-
rally compensamed over o frequency range of 45 He to 1 EHz The HPE filver sheald be enabled in
ot mctering applications
Amalog Pewer Supply. Thes pin provides the supply voliage for the analog cwouicry in the BLOASS
The supply should ke mamesmed st 5% = 5% for speaibed aperaon. Every effort should be made 1o
i power supply apple amd nesse o1 this pin b be use of proger decoupling. This pin shaould
b degoapded o AGNTY withy o 100F copagivor i garallel with @ ceramic 1 aF capacivor,

No Connea
Amalog Inputs for Channel 1 (Current Channeld. These mpots are fully daiferential voleage myputs woth
a muzimuam differential signal level of + 470 mY for specified operation. Channel 1 ales has 3 PO and
the gain selectsons are outhned in Table [ The macemum ssgnal level at these pins 1=+ 1V anth respect
tiv ALY Boah imputs have intermal ES1) provection circuney amd in addiben an avervaltage ol £6 Y
can e sustamiod on these mpas witheun rel o peomanent damage
Seganive and Pessitive Inpurs for Chamnel 2 (Wokage Chanmsd ) These impurs proside a mlly diffesential
miput pair. The maximmum dilferental input voltage 15 £ 660 mY for spealed operation. The maximum
signal bevel at these pins 5= 21 Y wih respect to AGXI. Both inputs have internal ESD protection
Ll ey awl am l'-'-cr'-'l'lla,n.' o +6 8 can alss by sistaned on e Wil fa et ek ol Permmaisent
damage.

HKeset Fen for the BLUISSS . A kogic low on this pin will hald the AL s and digical circunry moa reset
comsdmen. Braoging the pan ki low will clear the BLOBSS imterml reprtors
This pin provides aocess o the on-chip volrage reference. The on-chap reference has a nominal vales
of 25 % + 8% and a typecal tempemune coefoent of 30 ppm’ L. An external reference sounce meay
al=a be connected at this pan. [n either case this pin should be decoapled to AGND math o 1 plf
coram i capadntor anad 100 ol coramie capacitor,

Thas proviles the ground relerence for the analog aromtry i the BLOBSS 1.2, A and referenice
T'hs pm should be ted to the analeg ground phine of the PCIE. The anabog ground plane 15 the ground
felerenee For all :|'|u|lui.|ﬂ.'|ll:r!.'- L -:ll'ltlalhﬂ'-ulj: filvers, cusrenl and '-I*I'I;un' tramsducers, de. For
pssl momss suppression the anakog groud plae should snly conmecied G ibe degial groumd plme a
one poing. A ster grovnd condfiguration will help o keep nesy digial correnes away from the analog
cIrcuns
St Calbravon Frogueney, This loge anpun is vsed toscbecn the Iregquency oo the calibraton outpur
G Table IV shows how the calibration frequencies are selected.

These bagic mputs are used o select ane of four poassahle frequenaes for the digal-to-lreguency con-
version, This alfers the desipner greater Beabilny ahen disigming the encrgy meter, See Selectng a
I'IIL'I.I.II.'I'I\.!f Lire ari |:.|'|-.'rp_.' Meter ."Il.l.'l|‘lhi]|.hll1 LER R R |
['hese bogic mpats are wsed to select ane of four posstble gains for Channd 1, ve, VI The possible
gains are 1, 2 8 and 16, See Analog Input section
An aernal chock can be provided at this logic mpar, Alkernacively, a parsllel resonant AT cryeeal can
bz comnested avress CLEDS and CLEOLUT 1o provide a dodk scarce lor the BLOASS - The cloeck
frequency for specibed operatson s 5579545 MHe. Crystal load capacstance of betwesn 22 plv and
33 ol dceramic) shoald b weed with the gane secdlares ciroun
A crvstal can ke conmected across thes pan and CLEDS as desorbed above to provide s clock source
for the BLABSS The CLEOUT pen can dove ane CALOS load when an exterral clock s sapplied at
CLEIN o8 by whee ine csclllator carcuin
This kegic aupur wdll go logic high when negarrve power is detecied, be, when the phase angle he-
tween the voeltage and currenit sigmals 15 greater that &5, This cutput & net latched and will be reset
when preitive power 1 onoe agam detected. The ougpur widll go high or low at the same time as o pulse
= ssusd on CF
This provides the ground reference for the digatal corcairry inthe BLIEES . e, muduplier, fers and
degital-to-frequency converter. This pan shoubd be ved o the analog ground plane of the PCR. The
dmgiral ground plane s the groumd seferemos Tor all digival circuary, ¢ .. counters (mechanical and
dwgatal b, MO and iidicatar LEDS. For mood fianse saippeeasion Use analog ground plane shoukd only
ber comnected toothe degital ground plane ot one poing only, eg, o star groumsd
Calibratian Frequency Logic Unatput. The CF logic catput ghes insmntaneous real power indooma-
v, This cwrpan = ivtensded 1o B used Tor calibration purposes. Al see SCF pan description
Low Frequency Logic Ouguns, FIL and F2 supply asvvage rod potoer mormsteon. The bogic ougpurs
can b weed e directhy dooe electromechanscal conunters and tao phase stepper motors. See | ansier
Funcrion section
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Typical Performance Characteristics—BL0955
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Figure 2. Error as a% of Reading (Gain=1) Figure 3. Error as a% of Reading (Gain=2)
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Figure 8. Error as a% of Reading (Gain=8) Figure 9. Error as a% of Reading (Gain=16)
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Figure 10. Error as a% of Reading over Temperature Figure 11. Error as a% of Reading over
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Figure 12. Error as a% of Reading over Frequency
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Figure 14. Channel 1 Offset Distribution (Gain=1)

Figure 13. Test Circuit for Performance Curves

Figure 15. Channel 1 Offset Distribution (Gain=2)
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Figure 18. PSR with Internal Reference (Gain=16)  Figure 19. PSR with external Reference
(Gain=16)

THEORY OF OPERATION

The two ADCs digitize the voltage signals from the current and voltage transducers. These ADCs are
16-bit second order sigma-delta with an oversampling rate of 900 kHz. This analog input structure greatly
simplifies transducer interfacing by providing a wide dynamic range for direct connection to the transducer
and also simplifying the antialiasing filter design. A programmable gain stage in the current channel
further facilitates easy transducer interfacing. A high pass filter in the current channel removes any dc
component from the current signal. This eliminates any inaccuracies in the real power calculation due to
offsets in the voltage or current signals—see HPF and Offset Effects section.

The real power calculation is derived from the instantaneous power signal. The instantaneous power
signal is generated by a direct multiplication of the current and voltage signals. In order to extract the real
power component (i.e., the dc component), the instantaneous power signal is low-pass filtered. Figure 20
illustrates the instantaneous real power signal and shows how the real power information can be extracted
by low-pass filtering the instantaneous power signal. This scheme correctly calculates real power for
nonsinusoidal current and voltage waveforms at all power factors. All signal processing is carried out in
the digital domain for superior stability over temperature and time.

The low frequency output of the BL0955 is generated by accumulating this real power information. This
low frequency inherently means a long accumulation time between output pulses. The output frequency is
therefore proportional to the average real power. This average real power information can, in turn, be
accumulated (e.g., by a counter) to generate real energy information. Because of its high output frequency
and hence shorter integration time, the CF output is proportional to the instantaneous real power. This is
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useful for system calibration purposes
that would take place under steady load conditions

DIGITAL-TO-
FREQUENCY
Ny HFPF 9 = F1
CH1 & apc —L— LPE e F2
MULTIFLIER e DIGITAL-TO-
oy FREQUENCY
CH2 ADC
i (3) L CF
INSTANTAMEOUS INSTANTANEOUS REAL
] POWER SIGHAL - pit) POWER SIGNAL
j
vl pit) = Nty wit)
WHERE: -
Wl = VxCosjeat) = _
Y=l —7— {1} = Ix COS{eat) z

h:I|

pit) =% [1+c08 (Zast)}

TIME

Figure 20. Signal Processing Block Diagram

Power Factor Considerations

The method used to extract the real power information from the instantaneous power signal (i.e., by low-pass
filtering) isstill valid even when the voltage and current signals are not in phase. Figure 21 displays the unity

power factor condition and a DPF (Displacement Power Factor) = 0.5, i.e., current signal lagging the
voltage by 60° . If we assume the voltage and current waveforms are sinusoidal, the real power
component of the instantaneous power signal (i.e., the dc term) is given by

’T’\I“

®ooos (HOY.
5 A J

i,

Thisisthecorrect real power calculation.
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Figure 21. DC Component of Instantaneous Power Signal Conveys Real Power Information PF<1

Nonsinusoidal Voltage and Current

The real power calculation method also holds true for nonsinusoidal current and voltage waveforms. All
voltage and current waveforms in practical applications will have some harmonic content. Using the
Fourier Transform, instantaneous voltage and current waveforms can be expressed in terms of their
harmonic content.

=)
i) = Vo + \I{E_ < 3 Vi sin(hot + al)
FE

-'—\.
[a—y
e

where:

v(t) is the instantaneous voltage

V, is the average value

Vhis the rms value of voltage harmonic h
and
ahis the phase angle of the voltage harmonic.

[==]
i) = 1o + 42 > N Ih > sin(hor + Bh)

h=0

)
[
L

where:
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I(t) isthe instantaneous current

I, is the dc component

Ihis the rms value of current harmonic h
and

Fhis the phase angle of the current harmonic.

Using Equations 1 and 2, the real power P can be expressed in terms of its fundamental real power (P1)
and harmonic real power (PH).

P=PR+ Py
where

JTJ| Tr| H jT| Ciog |1'||

by =0y — Py

and

Py = Z[',-‘Ia w Thcos Oh
Bl i4)
i = il — [

As can be seen from Equation 4 above, a harmonic real power component is generated for every
harmonic, provided that harmonic is present in both the voltage and current waveforms. The power factor
calculation has previously been shown to be accurate in the case of a pure sinusoid, therefore the
harmonic real power must also correctly account for power factor since it is made up of a series of pure
sinusoids. Note that the input bandwidth of the analog inputs is 14 kHz with a master clock frequency of
3.5795 MHz.

ANALOG INPUTS Channel V1 (Current Channel )

The voltage output from the current transducer is connected to the BL0955 here. Channel V1 is a fully
differential voltage input. V1P is the positive input with respect to VIN. The maximum peak differential
signal on Channel 1 should be less than = 470 mV (330 mV rms for a pure sinusoidal signal) for specified
operation. Note that Channel 1 has a programmable gain amplifier (PGA) with user selectable gain of 1, 2,
8 or 16 (see Table I). These gains facilitate easy transducer interfacing.
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¥
Figure 22. Maximum Signal Levels, Channel 1, Gain=1

The diagram in Figure 22 illustrates the maximum signal levels on V1P and VIN. The maximum
differential voltage is + 470 mV divided by the gain selection. The differential voltage signal on the inputs
must be referenced to a common mode, e.g. AGND. The maximum common mode signal is = 100 mV as
shown in Figure 22.

Table I. Gain Selection for Channel 1

Maximum
Gl GO Gain Differential Signal
0 0 1 +470 mV
0 1 2 +235 mV
1 0 B o0 mV
1 1 16 +30mV

Channel V2 (Voltage Channel )

The output of the line voltage transducer is connected to the BL0955 at this analog input. Channel V2 is a
fully differential voltage input. The maximum peak differential signal on Channel 2 is £ 660 mV. Figure 23
illustrates the maximum signal levels that can be connected to the BL0O955 Channel 2.

+BEIMY 1

DIFFERENTIAL INPUT
+EE0MY MAX PEAK

Vien -
COMBON-MODE
+100mYy MAX
W
—-B&0my + AGND

A

Figure 23. Maximum Signal Levels, Channel 2

Channel 2 must be driven from a common-mode voltage, i.e., the differential voltage signal on the input
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must be referenced to a common mode (usually AGND). The analog inputs of the BL0955 can be driven
with common-mode voltages of up to 100 mV with respect to AGND. However best results are achieved
using a common mode equal to AGND.

Typical Connection Diagrams

Figure 24 shows a typical connection diagram for Channel V1. ACT (current transformer) is the current
transducer selected for this example. Notice the common-mode voltage for Channel 1 is AGND and is
derived by center tapping the burden resistor to AGND. This provides the complementary analog input
signals for V1P and V1N. The CT turns ratio and burden resistor Rb are selected to give a peak differential
voltage of + 470 mV/ Gain at maximum load.

.

IP+|7 T

PHASE MNEUTRAL

Figure 24. Typical Connection for Channel 1

Figure 25 shows two typical connections for Channel V2. The first option uses a PT (potential transformer)
to provide complete isolation from the mains voltage. In the second option the BL0955 is biased around
the neutral wire, and a resistor divider is used to provide a voltage signal that is proportional to the line
voltage. Adjusting the ratio of Ra, Rb and VR is also a convenient way of carrying out a gain calibration on
the meter.

FHASE MEUTRAL

Ha‘ cf

Rl 5
1 xesomv V2P

VR

"‘{‘? '97 R VN
. it
FPHASE MEUTRAL Ra==Ab + VR —vr

*Rb+ VR = Rl

Figure 25. Typical Connections for Channel 2

POWER SUPPLY MONITOR
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The BL0955 contains an on-chip power supply monitor. The Analog Supply (AVDD) is continuously
monitored by the BL0955. If the supply is less than 4 V + 5%, the BL0955 will be reset. This is useful to
ensure correct device start-up at power-up and power-down. The power supply monitor has built in
hysteresis and filtering. This gives a high degree of immunity to false triggering due to noisy supplies.

As can be seen from Figure 26, the trigger level is nominally set at 4 V. The tolerance on this trigger level
is about £ 5%. The power supply and decoupling for the part should be such that the ripple at AVDD does
not exceed 5 V £ 5% as specified for normal operation.

'
AV

v

w—— \ -

ov -

TINE

INTERMAL
RESET | peaET ACTIVE RESET

Figure 26. On-Chip Power Supply Monitor
HPF and Offset Effects

Figure 27 shows the effect of offsets on the real power calculation. As can be seen, an offset on Channel
1 and Channel 2 will contribute a dc component after multiplication. Since this dc component is extracted
by the LPF and used to generate the real power information, the offsets will have contributed a constant
error to the real power calculation. This problem is easily avoided by enabling the HPF (i.e., pin AC/DC is
set logic high) in Channel 1. By removing the offset from at least one channel, no error component can be
generated at dc by the multiplication.

Error terms at cos(wt) are removed by the LPF and the digital-to-frequency conversion—see

Digital-to-Frequency Conversion section.

V coswt) + V., }x {1 coswt) + 1.} = ¥ <! Vxl

X Ve X o + Vo x | cOS(WE) + | o xV cos(wt) +
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POWER CALCULATION

|.:,5 ¥
Ve x|

03 2

FREQUENCY — RALDVS

Figure 27. Effect of Channel Offset on the Real Power Calculation

The HPF in Channel 1 has an associated phase response that is compensated for on-chip. The phase
compensation is activated when the HPF is enabled and is disabled when the HPF is not activated.
Figures 28 and 29 show the phase error between channels with the compensation network activated. The
BL0955 is phase compensated up to 1 kHz as shown. This will ensure correct active harmonic power
calculation even at low power factors.

0.30

PHASE - Degrees

=0.05
N

0,10

0 100 200 300 400 500 BO0 TOO 800 GO0 1000
FREQUEMCY — HzZ

Figure 28. Phase Error Between Channels (0 Hz to 1 kHz)
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Figure 29. Phase Error Between Channels (40Hz to 70Hz)
DIGITAL-TO-FREQUENCY CONVERSION

As previously described, the digital output of the low-pass filter after multiplication contains the real power
information. However since this LPF is not an ideal “brick wall” filter implementation, the output signal also

contains attenuated components at the line frequency and its harmonics, i.e., cos(hwt) where h=1, 2,

3,...¢etc.
The magnitude response of thefilter isgiven by:
1

| H() | = —— ®
L+ (/8.9 Hz) o

For a line frequency of 50Hz this would give an attenuation of the 2w (100Hz) component of

approximately —22dBs. The dominating harmonic will be at twice the line frequency, i.e., cos(2wt) and

this is due to the instantaneous power signal.

Figure 30 shows the instantaneous real power signal at the output of the CPF which still contains a

significant amount of instantaneous power information, i.e., cos(2wt) . This signal is then passed to the

digital-to-frequency converter where it is integrated (accumulated) over time in order to produce an output
frequency. This accumulation of the signal will suppress or average out any non-dc components in the
instantaneous real power signal. The average value of a sinusoidal signal is zero. Hence the frequency
generated by the BL0955 is proportional to the average real power. Figure 30 shows the
digital-to-frequency conversion for steady load conditions, i.e., constant voltage and current.
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Figure 30. Real Power-to-Frequency Conversion

As can be seen in the diagram, the frequency output CF is seen to vary over time, even under steady load

conditions. This frequency variation is primarily due to the cos(2wt) component in the instantaneous

real power signal. The output frequency on CF can be up to 2048 times higher than the frequency on F1
and F2. This higher output frequency is generated by accumulating the instantaneous real power signal
over a much shorter time while converting it to a frequency. This shorter accumulation period means less

averaging of the cos(2wt) component. As a consequence, some of this instantaneous power signal

passes through the digital-to-frequency conversion. This will not be a problem in the application. Where
CF is used for calibration purposes, the frequency should be averaged by the frequency counter. This will
remove any ripple. If CF is being used to measure energy, e.g., in a microprocessor-based application,
the CF output should also be averaged to calculate power. Because

the outputs F1 and F2 operate at a much lower frequency, a lot more averaging of the instantaneous real
power signal is carried out. The result is a greatly attenuated sinusoidal content and a virtually ripple-free
frequency output.

Interfacing the BL0955 to a Microcontroller for Energy Measurement

The easiest way to interface the BL0955 to a microcontroller is to use the CF high frequency output with
the output frequency scaling set to 2048 x F1, F2. This is done by setting SCF=0and S0=S1=1, see
Table IV. With full-scale ac signals on the analog inputs, the output frequency on CF will be approximately
5.5 kHz. Figure 31 illustrates one scheme which could be used to digitize the output frequency and carry
out the necessary

averaging mentioned in the previous section.
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Figure 31. Interfacing the BL0955 to an MCU

As shown, the frequency output CF is connected to an MCU counter or port. Thiswill count the number of
pulsesin a given integration time which is determined by an MCU internal timer. The average power is
proportional to the average frequency is given by:

Cownter

Average Frequency = Average Real Power =
Tier
The energy consumed during an integration period is given by:
lr -'Il. 'll?f|lll ||'LI.|I

Energy = Average Power % Time = * Time = Counrer
Time

For the purpose of calibration, this integration time could be 10 to 20 seconds in order to accumulate
enough pulses to ensure correct averaging of the frequency. In normal operation the integration time
could be reduced to one or two seconds depending, for example, on the required undate rate of a display.
With shorter integration times on the MCU the amount of energy in each update may still have some small
amount of ripple, even under steady load conditions. However, over a minute or more the measured
energy will have no ripple.

Power Measurement Considerations

Calculating and displaying power information will always have some associated ripple that will depend on
the integration period used in the MCU to determine average power and also the load. For example, at

light loads the output frequency may be 10 Hz. With an integration period of two seconds, only about 20
pulses will be counted. The possibility of missing one pulse always exists as the BL0955 output frequency

Address N0.810, YiShan Road ShangHai ChinaTel 86-021-64850700 Fax 86-64852222 Zip.200233



“S-rENEERSELE BL0955 Single-Phase Energy Meteringl C
LHH.H-.:'.H.'-'-.I BELLING CO.,LTD (compatible with AD7755)

IS running asynchronously to the MCU timer. This would result in a one-in-twenty or 5% error in the power

measurement.

TRANSFER FUNCTION Frequency Outputs F1 and F2

The BL0955 calculates the product of two voltage signals (on Channel 1 and Channel 2) and then
low-pass filters this product to extract real power information. This real power information is then
converted to a frequency. The frequency information is output on F1 and F2 in the form of active low
pulses. The pulse rate at these outputs is relatively low, e.g., 0.34 Hz maximum for ac signals with SO = S1
= 0—see Table lll. This means that the frequency at these outputs is generated from real power
information accumulated over a relatively long period of time.The result is an output frequency that is
proportional to the average real power. The averaging of the real power signal is implicit to the
digital-to-frequency conversion. The output frequency or pulse rate is related to the input voltage signals
by the following equation.

Fregq = .06 % 17l = 172 » Gain = Fi_y

I FRI-.'I-':
where:
Freq = Output frequency on F1 and F2 (Hz)
V1 = Differential rms voltage signal on Channel 1 (volts)
V2 = Differential rms voltage signal on Channel 2 (volts)
Gain =1, 2, 8 or 16, depending on the PGA gain selection
made using logic inputs GO and G1

Ve = The reference voltage (2.5 V = 8%) (volts)

F,_, = One of four possible frequencies selected by using the

logic inputs SO and S1—see Table II.

Table II. F;_, Frequency Selection

51 S50 F, (Hz) XTAL/CLEIN*
0 0 1.7 3,570 MHz/2%!
0 1 3.4 3.570 MHz/2%
1 0 f.8 3.570 MHz/2'"
1 1 13.6 1,570 MHz/2!#

NOTE

*F,_, is a binary fraction of the master clock and therefore will vary if the specified CLKIN frequency is altered.

Example 1
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Thus if full-scale differential dc voltages of +470 mV and —660 mV are applied to V1 and V2 respectively
(470 mV is the maximum differential voltage that can be connected to Channel 1 and 660 mV is the
maximum differential voltage that can be connected to Channel 2), the expected output frequency is
calculated as follows:

Gamn = 1,G0=0G1=0
Fyy = LT7THz, S0=581=0
V1 = +470mV dc =047V (rms of dec = d¢)

V2

Vegr = 2.5V (nomunal reference value).

Ho0mY de = 0606V (rms of de = | de|)

NOTE: If the on-chip reference is used, actual output frequencies may vary from device to device due to
reference tolerance of + 8%.

B0 = 04T =066 =1 =17 N
Freg = = a8

-
2.5

Example 2

In this example, with ac voltages of £ 470 mV peak applied to V1 and £ 660 mV peak applied to V2, the
expected output frequency is calculated as follows:

Gan = 1,GO=0G1=10

I:|_1 = 1.7 H:-‘:-. -"‘:lt':-"‘:]. =1

W1 = rms of 470 mV peak ac = 04742 volts
V2 = rms of 660 mVY peak ac = 0.66/42 volts
Vopr = 2.3V (nominal relerence value).

NOTE: If the on-chip reference is used, actual output frequencies may vary from device to device due to
reference tolerance of + 8%.

506 = 047 <006 1= 1.7

}':II"-_'L =
! 2 a2 x 252

= .34

As can be seen from these two example calculations, the maximum output frequency for ac inputs is
always half of that for dc input signals. Table Ill shows a complete listing of all maximum output
frequencies.
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Table III. Maximum Output Frequency on Fl and F2

Max Frequency Max Frequency
51 S0 for DC Inputs (Hz) for AC Inputs (Hz)
( ] .68 (.34
i | 1.36 [N
| 0 2.72 1.36
1 l 5.44 2.72

Frequency Output CF

The pulse output CF (Calibration Frequency) is intended for use during calibration. The output pulse rate

on CF can be up to 2048 times the pulse rate on F1 and F2. The lower the F,_, frequency selected, the

higher the CF scaling (except for the high frequency mode SCF =0, S1 = S0 = 1). Table IV shows how the
two frequencies are related, depending on the states of the logic inputs S0, S1 and SCF. Because of its
relatively high pulse rate, the frequency at this logic output is proportional to the instantaneous real power.
As is the case with F1 and F2, the

frequency is derived from the output of the low-pass filter after multiplication. However, because the
output frequency is high, this real power information is accumulated over a much shorter time. Hence less
averaging is carried out in the digital-to-frequency conversion. With much less averaging of the real power
signal, the CF output is much more responsive to power fluctuations—see Signal Processing Block in
Figure 20.

Table IV. Maximum Output Frequency on CF

SCF |81 | S0 |F._, (Hz) CF Max for AC Signals (Hz)
| 0 0 1.7 128 = F1, F2 = 43.52

i (0 0 1.7 hd = F1, F2=21.74

l ] l 3.4 hd « 1, F2 = 43,52

0 0 l 3.4 32xF1, F2=21.76

l l 0 6.8 32 xF1, B2 =43.52

0 l 0o |as 16 xF1,F2=21.76

| | | 13.6 16 xF1, F2 = 43.52

0 l l 13.6 2048 = F1, F2 = 5,57 kHz

SELECTING A FREQUENCY FOR AN ENERGY METER APPLICATION

Asshown in Tablell, the user can select one of four frequencies. Thisfrequency selection
deter mines the maximum frequency on F1 and F2. These outputsare intended to be used
todrivethe energy register (electromechanical or other). Since only four different output
frequencies can be selected, the available frequency selection has been optimized for a
meter constant of 100 imp/kWhr with a maximum current of between 10 A and
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120 A. Table V shows the output frequency for several maximum currents (IMAX) with a line voltage of
220 V. In all cases the meter constant is 100 imp/kWhr.

Table V. F1 and F2 Frequency at 100 imp/EWhr

Inax F1 and F2 (Hz)
125 A 0.076
25 A 0.153
40°A 0.244
ao A 0,367
S04 048R0
120 A 0.733

The F,_, frequencies allow complete coverage of this range of output frequencies on F1 and F2. When

designing an energy meter the nominal design voltage on Channel 2 (voltage) should be set to half-scale
to allow for calibration of the meter constant. The current channel should also be no more than half-scale
when the meter sees maximum load. This will allow over current signals and signals with high crest factors
to be accommodated.

Table VI shows the output frequency on F1 and F2 when both analog inputs are half-scale. The
frequencies listed in Table VI align very well with those listed in Table V for maximum load.

Table VI. F1 and F2 Frequency with Half-Scale AC Inputs

Frequency on F1 and F2-
51 S0 | Fiy CHI1 and CH2 Half-Scale AC Inputs
0 0 1.7 0.085 Hz
0 1 3.4 0.17 Hz
l i a5 0.34 Hz
l 1 13.6 .68 Hz

When selecting a suitable F,_, frequency for a meter design, the frequency output at IMAX (maximum

load) with a meter constant of 100 imp/kWhr should be compared with Column 4 of Table VI. The

frequency that is closest in Table VI will determine the best choice of frequency F,_,. For example, if a

meter with a maximum current of 25 A is being designed, the output frequency on F,and F, with a meter

constant of 100 imp/ kWhr is 0.153 Hz at 25 A and 220 V (from Table V). Looking at Table VI, the closest

frequency to 0.153 Hz in column four is 0.17 Hz. Therefore F, (3.4 Hz—see Table II) is selected for this

design.

Frequency Outputs
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Figure 1 shows a timing diagram for the various frequency outputs. The outputs F1 and F2 are the low
frequency outputs that can be used to directly drive a stepper motor or electromechanical impulse counter.

The F1 and F2 outputs provide two alternating low going pulses. The pulsewidth (t,) is set at 275 ms and

the time between the falling edges of F1 and F2 (t, ) is approximately half the period of F1 (t, ). If however

the period of F1 and F2 falls below 550 ms (1.81 Hz) the pulsewidth of F1 and F2 is set to half of their
period. The maximum output frequencies
for F1 and F2 are shown in Table IIl.

The high frequency CF output is intended to be used for communications and calibration purposes. CF

produces a 90 ms wide active high pulse (t,) at a frequency proportional to active power. The CF output

frequencies are given in Table IV. As in the case of F1 and F2, if the period of CF (t, ) falls below 180 ms,

the CF pulsewidth is set to half the period. For example, if the CF frequency is 20 Hz, the CF pulsewidth is
25 ms.

NOTE: When the high frequency mode is selected, (i.e., SCF =0, S1 = S0 = 1) the CF pulsewidth is fixed

at 18 us. Therefore t,will always be 18 us, regardless of output frequency on CF.

NO LOAD THRESHOLD

The BL0955 also includes a “no load threshold” and “start-up current” feature that will eliminate any creep
effects in the meter. The BL0955 is designed to issue a minimum output frequency on all modes except
when SCF =0 and S1 = SO = 1. The no-load detection threshold is disabled on this output mode to
accommodate specialized application of the BL0955. Any load generating a frequency lower than this
minimum frequency will not cause a pulse to be issued on F1, F2 or CF. The minimum output frequency is
given as 0.0014% of the full-scale output frequency for each of the F1-4 frequency selections—see Table
Il. For example, an energy meter with a meter constant of 100 imp/kWhr on F1, F2 using F2 (3.4 Hz), the
maximum output frequency at F1 or F2 would be 0.0014% of 3.4 Hz or 4.76x 10-> Hz. This would be 3.05
x 10-3 Hz at CF (64 x F1 Hz). In this example the no-load threshold would be equivalent to 1.7 W of
load or a start-up current of 8 mA at 220 V. Comparing this value to the IEC1036 specification which states
that the meter must start up with a load equal to or less than 0.4% Ib. For a 5A (Ib) meter 0.4% of Ib is
equivalent to 20 mA.
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