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Product-to-Frequency
Converter

AD7750

FEATURES

Tw o Differential Analog Input Channels

Product of Two Channels

Voltage-to-Frequency Conversion on a Single Channel

Real Power Measurement Capability

< 0.2% Error Over the Range 400% Ibasic to 2% lbasic

Tw o or Four Quadrant Operation (Positive and
Negative Power)

Gain Select of 1 or 16 on the Current Channel {Channel 1)

Choice of On-Chip or External Reference

Choice of Output Pulse Frequencies Available
(Pins F1 and F2)

High Frequency Pulse Output for Calibration Purposes
(Four)

HPF on Current Channel for Offset Removal

Single 5 V Supply and Low Power

GENERAL DESCRIPTION

The AD7750 is a Product-to-Frequency Converter (PFC)
that can be configured for power measurement or voltage-to-
frequency conversion. The part contains the equivalent of two
channels of A/D conversion, a multiplier, a digital-to-frequency
converter, a reference and other conditioning circuitry. Channel 1
has a differential gain amplifier with selectable gains of 1 or 16.
Channel 2 has a differential gain amplifier with a gain of 2. A high-
pass filter can be switched into the signal path of Channel 1 to
remove any offsets.

The outputs F1 and F2 are fixed width (275 ms) logic low going
pulse streams for output frequencies less than 1.8 Hz. A range
of output frequencies is available and the frequency of F1 and
F2 is proportional to the product of V) and V;. These outputs
are suitable for directly driving an electromechanical pulse
counter or full stepping two phase stepper motors. The outputs
can be configured to represent the result of four-quadrant multi-
plication (i.e., Sign and Magnitude) or to represent the result of
a two quadrant multiplication (i.e., Magnitude Only). In this
configuration the outputs are always positive regardless of the
input polarities. In addition, there is a reverse polarity indicator
output that becomes active when negative power is detected in
the Magnitude Only Mode, see Reverse Polarity Indicator.

The error as a percent (%) of reading is less than 0.3% over a
dynamic range of 1000:1.

The AD7750 is fabricated on 0.6 0 CMOS technology; a pro-
cess that combines low power and low cost.
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PRODUCT HIGHLIGHTS
1. The part can be configured for power measurement or
voltage-to-frequency conversion.

2. The output format and maximum frequency is selectable;
from low-frequency outputs, suitable for driving stepper
motors, to higher frequency outputs, suitable for calibration
and test.

3. There is a reverse polarity indicator output that becomes
active when negative power is detected in the Magnitude
Only Mode.

4. Error as a % of reading over a dynamic range of 1000:1 is
< 0.3%.
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AD7750-SPECIHCATIONS

(Vp=5V = 5%, AGND=0V,DGND= 0V, REFIN= +25V, CLKIN = 3.58 MHz
Than to Tuax = —40°Cto +85°C, ACDC = Logic High)

A Version
-40°C to
Parameter +85°C Units Test Conditions'Comments
ACCURACY
Measurement Error’ Channel 2 with Full-Scale Signal
Gain = 1 0.2 % Reading max Measured Over a Dynamic Range on Channel 1 of 500:1
0.3 % Reading max Measured Over a Dynamic Range on Channel 1 of 1000:1
Gain = 16 0.2 % Reading max Measured Over a Dynamic Range on Channel 1 of 500:1
0.4 % Reading max Measured Over a Dynamic Range on Channel 1 of 1000:1
Phase Error Between Channels CLKIN = 3.58 MHz, Line Frequency = 50 Hz
Phase Lead 40° (PF = +0.8) +0.2 Degrees (°) max HPF Filter On, ACDC =1
Phase Lag 60° (PF = -0.5) +0.2 Degrees (°) max HPF Filter On, ACDC =1
Feedthrough Between Channels HPF Filter On, ACDC = |, Mode 3, Channel 1 =0V
Output Frequency Variation (Fayr) 0.0005 % Full-Scale max | Channel 2 = 500 mV rms at 50 Hz
Power Supply Rejection HPF Filter On, ACDC = |, Mode 3, Channel L =0V
Output Frequency Variation (Foyr) 0.03 % Full-Scale max | Channel 2 = 500 mV rms, Power Supply Ripple
250 mV at 50 Hz. See Figures 1 and 3.
ANALOG INPUTS
Maximum Signal Levels +1 V max On Any Input, V. V,_, V., and V,_. See Analog Inputs.
Input Impedance (DC) 400 kQ min CLKIN = 3.58 MHz
Bandwidth 3.5 kHz typ CLKIN = 3.58 MHz, CLKIN/1024
Offset Error +10 mV typ
Gain Error t4 % Full-Scale typ
Gain Error Match +0.3 % Full-Scale typ
REFERENCE INPUT
REFqy Input Voltage Range 2.7 V max 2.5V 4+ 8%
2.3 V min 25V-8%
Input Impedance 50 kQ min
ON-CHIP REFERENCE Nominal 2.5V
Reference Error +200 mV max
T emperature Coefficient 55 ppm/°C typ
CLKIN
Input Clock Frequency 4.5 MHz max
2 MHz min
LOGIC INPUTS
FS, 51. 82, ACDC and G1
Input High Voltage, Vg 2.4 V min Vpp=5V+t5i%
Input Low Voltage, Vi 0.8 V max Vop=5V1t5%
Input Current, Iy +10 PA max Typically LO nA, Viy =0V to Vpp
Input Capacitance, Cpy 10 pF max
CLKIN
Input High Voltage, Viyg 4 V min
Input Low Voltage, ViyL 0.4 V max
LOGIC OUTPUTS’
Fl and F2
Output High Voltage, Vqy Lsource = 8 mA
4.3 V min Vop=35V
Output Low Voltage, Vo, Iswg = 8 mA
0.5 V max Vpp=5V
FOUT and REVP
Output High Voltage, Vou Isource = 1 mA
4 V min Vop=SV+5%
Output Low Voltage, VoL Ismvx = 200 pA
0.4 V max Vop=5V+5%
High Impedance Leakage Current +10 PA max
High Impedance Capacitance 15 pF max
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AD7750

A Version
—40°C to
Parameter +85°C Units Test Conditions'Comments
POWER SUPPLY For Specified Performance, Digital Input @ AGND
or VDD
Voo 4.75 V min 5V-5%
5.25 V max S5V+5%
Ipp 5.5 mA max T ypically 3.5 mA

NOTES
'See plots in T ypical Performance Graphs.
“External current amplification/drive should be used if higher current source and sink capabilities are required, e.g., bipolar transistor.

All specifications subject to change without notice.

-III MI m mmms" S‘I , 2 (VDD =5 V, AGND=10 V, DVDD=10 V, REFIN = REFOUT. All specifications TMIN to TMAX
unless otherwise noted.)

Parameter A Version Units Test Conditions/Comments

1,3 275 ms F1 and F2 Pulsewidth (Logic Low)

ta See Table I 8 Output Pulse Period. See Table I to Determine the Output Frequency
ts t5/2 ] Time Between F1 Falling Edge and F2 Falling Edge

t.3 90 ms Four Pulsewidth (Logic High)

ts See Table I 8 Four Pulse Period. See Table I to Determine the Output Frequency
tg CLKIN/4 8 Minimum Time Between F1 and F2 Pulse

NOTES

Sample tested during initial release and after any redesign or process change that may affect this parameter.
“See Figure 18.
3The pulsewidths of F1, F2 and F;; are not fixed for higher output frequencies. See the Digital-to-Frequency Converter (D'TF) section for an explanation.

Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS* 20-Lead SOIC Package, Power Dissipation ........ 450 mW
(T a=+25°C unless otherwise noted) e_]A Thermal Impedance ..................... T4°CIW
Vop 0 AGND .o 03Vio+7V Lead Temperature, Soldering
Vo 0 DGND .o 03Vie+7V Vapor Phase (60 sec) ............. ... +215°%C
Analog Tnput Voltage to AGND Infrared (_15 sec) ....... R R TR TR EREE +220°C
Vo Vi Vaeand Voo oo 6Vio+6v  20-Lead Plastic DIP, Power Dissipation .......... 450 mW
Reference Input Voltage to AGND .... -03VtoVpp+ 0.3V 954 Thermal Impedance . T 102°Crw
Digital Input Voltage to DGND ... ... 03V ioVpp+ 0.3V Lead Temperature, Soldering .
Digital Output Voltage to DGND .. ... 03 Vo Vpp+ 0.3V Vapor Phase (60 sec) .................e0. +215°C
Operating Temperature Range Infrared (15sec) ......................... +220°C
Commercial (A Version) ............... —40°C to +85°C *Stresses above those listed under Absolute M aximum Ratings may cause perma-
Storage Temperature Range ............ _65°C to +150°C nent damage to the device. Thisis 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.

Junction Temperature . ...............cvuenen.. +150°C

ORDERING GUIDE

Temperature Package Package
M odel Range D escription Options
AD7750AN —40°C to +85°C 20-Lead Plastic DIP N-20
AD7750AR —40°C to +85°C 20-Lead Wide Body SOIC R-20
CAUTION
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily WARNING

accumulate on the human body and test equipment and can discharge without detection.

Although the AD7750 features proprietary ESD protection circuitry, permanent damage may ﬁ“
ESD SENSITIVE DEVICE

occur on devices subjected to high energy electrostatic discharges. Therefore. proper ESD
precautions are recommended to avoid performance degradation or loss of functionality.
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PIN FUNCTION DESCRIPTIONS

Pin
No.

Mnemonic

Descriptions

3,4

6,7

10

11
13,12

14

15
16

17

18

20,19

Voo

Gl

Vi Vi

AGND

Var Vo

REFOUT

REFIN

DGND

EFS
S1, 82

ACDC

CLKIN
CLKOUT

REVP

FOUT

F1, E2

Power Supply Pin, 5 V nominal + 5% for specifications.

Gain Select, Digital Input. This input selects the gain for the Channel 1 differential input. When G1 is
low, the gain is | and when G1 is high, the gain {s 16. See Analog Inputs section.

Channel 1 Differential Inputs. See the Analog Inputs section for an explanation of the maximum input
signal ranges. Channel 1 has selectable gains of 1 and 16. T he absolute maximum rating is +6 V for each
pin. The recommended clamp voltage for external protection circuitry is+5 V.

The Analog Ground reference level for Channels 1 and 2 differential input voltages. Absolute voltage
range relative to DGND pin is 20 mV to +20 mV. The Analog Ground of the PCB should be connected
to digital ground by connecting the AGND pin and DGND pin together at the DGND pin.

Channel 2 Differential Inputs. See the Analog Inputs section for an explanation of the maximum input
signal ranges. Channel 2 has a fixed gain of 2. The absolute maximum rating is +6 V for each pin. The
recommended clamp voltage for external protection circuitry is £5 V.

Internal Reference Output. The AD7750 can use either its own internal 2.5 V reference or an external
reference. For operation with the internal reference this pin should be connected to the REFIN pin.
Reference Input. The AD7750 can use either its own internal 2.5 V reference or an external reference.
For operation with an external reference, a 2.5 V £ 8%, reference should be applied at this pin. For op-
eration with an internal reference, the REFOUT pin should be connected to this input. For both internal
or external reference connections, an input filtering capacitor should be connected between the REFIN
pin and Analog Ground.

The Ground and Substrate Supply Pin, 0 V. This is the reference ground for the digital inputs and out-
puts. These pins should have their own ground return on the PCB, which is joined to the Analog Ground
reference at one point, i.e., the DGND pin.

Frequency Select, Digital Input. This input, along with S1 and S2, selects the operating mode of the
AD7750—see Table L.

Mode Selection, Digital Inputs. T hese pins, along with FS, select the operating mode of the AD7750—
see Table I.

High-Pass Filter Control Digital Input. When this pin is high, the high-pass filter is switched into the
signal path of Channel 1. When this pin is low, the high-pass filter is removed. Note when the filter is off
there is a fixed time delay between channels; this is explained in the Functional Description section.

An external clock can be provided at this pin. Alternatively, a crystal can be connected across CLKIN
and CLKOUT for the clock source. The clock frequency is 3.58 MHz for specified operation.

When using a crystal, it must be connected across CLKIN and CLKOUT. The CLKOUT can drive
only one CMOS load when CLKIN is driven externally.

Reverse Polarity, Digital Output. This output becomes active high when the polarity of the signal on
Channel 1 is reversed. This output is reset to zero at power-up. This output becomes active only when
there is a pulse output on F1 or F2. See Reverse Polarity Indicator section.

High-Speed Frequency Output. This is also a fixed-width pulse stream that is synchronized to the
AD7750 CLKIN. T he frequency is proportional to the product of Channel 1 and Channel 2 or the signal
on either channel, depending on the operating mode—see Table I. The output format is an active high
pulse approximately 90 ms wide—see Digital-to-Frequency Conversion section.

Frequency Outputs. F1 and F2 provide fixed-width pulse streams that are synchronized to the AD7750
CLKIN. The frequency is proportional to the product of Channel | and Channel 2—see Table I. The
output format is an active low pulse approximately 275 ms wide—see Digital-to-Frequency Conver-
sion section.
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PIN CONFIGURATION
SOIC and DIP

Voo [1] @ 20] F1
G1[2] [19] F2
Vi, [3] 18] Four
vi_[4] 17] REVP

AGNDE AD7750 ECLKDUT

TOP VIEW
V. E [Not to Scale) E CLKIN

vy [7] 13] acoe
REFOUT B8] 13] s1
REFIN 9] 1] s2
pGNo [io] [11] Fs

Typical Performance Characteristics
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AD7750

ANALOG INPUTS

The analog inputs of the AD7750 are high impedance bipolar
voltage inputs. The four voltage inputs make up two truly
differential voltage input channels called V; and V,. As with
any ADC, an antialiasing filter or low-pass filter is required on
the analog input. The AD7750 is designed with a unique
switched capacitor architecture that allows a bipolar analog
input with a single 5 V power supply. The four analog inputs
(Vi, Vi, V3, Vo) each have a voltage range from 1.0 V to
+1.0 V. This is an absolute voltage range and is relative to the
ground (AGND ) pin. This ground is nominally at a potential of
0 V relative to the board level ground. Figure 8 shows a very
simplified diagram of the analog input structure. When the ana-
log input voltage is sampled, the switch is closed and a very
small sampling capacitor is charged up to the input voltage. The
resistor in the diagram can be thought of as a lumped compo-
nent made up of the on resistance of various switches.

R
1.4k02

Vin O——o"¢

¢ L SAMPLING
zng CAPACITOR

Figure 8. Equivalent Analog Input Circuit

Analog Inputs Protection Circuitry

The analog input section also has protection circuitry. Since the
power supply rails are 0 V to 5 V, the analog inputs can no
longer be clamped to the supply rails by diodes. Thus, the inter-
nal protection circuitry monitors the current paths during a fault
condition and protects the device from continuous overvoltage,
continuous undervoltage and ESD events. The maximum over-
voltage the AD7750 analog inputs can withstand without caus-
ing irreversible damage is £6 V relative to AGND pin.

In the case of continuous overvoltage and undervoltage the
series resistance of the antialiasing filter can be used to limit
input current. The total input current in the case of a fault
should be limited to 10 mA.

For normal operation of the AD7750 there are two further re-
strictions on the signal levels presented to the analog inputs.

1. The voltage on any input relative to the AGND pin must not
exceed 1 V.

2. The differential voltage presented to the ADC {Analog
Modulator) must not exceed +2 V.

REV. 0

In Figure 12, Channel 1 has a peak voltage on Vi, and V;_of
+1 V. These signals are not gained (G1 = 0) and so the
differential signal presented to the modulator is +2 V.
However, Channel 2 has an associated gain of two and so
care must be taken to ensure the modulator input does not
exceed +2 V. Therefore, the maximum signal voltage that
can appear on Vo, and V,_is £0.5 V.

The difference between single-ended and complementary
differential input schemes is shown in the diagram below,
Figure 9. For a single-ended input scheme the V—input is
held at the same potential as the AGND Pin. The maxi-
mum voltages can then be applied to the V+ input are
shown in Figures 10 and L1. An example of this input
scheme uses a shunt resistor to convert the line current to a
voltage that is then applied to the Vi, input of the AD7750.

An example of the complementary differential input scheme
uses a current transformer to convert the line current to a
voltage that is then applied to Vi, and V,;_. With this
scheme the voltage on the V+ input is always equal to, but
of opposite polarity to the voltage on V—. The maximum
voltage that can be applied to the inputs of the AD7750
using this scheme is shown in Figures 12 and 13.

Note that the common mode of the analog inputs must
be driven. The output terminals of the CT are, therefore,
referenced to ground.

v

A CURRENT TRANSFORMER
PROVIDES COMPLEMENTARY
DIFFERENTIAL INPUTS TO THE
AD7750

A

| o /\/

A CURRENT SENSE RESISTOR
4 SHUNT PROVIDES A SINGLE-ENDED
¥ RESISTOR INPUT TO THE AD7750

v ,\/
Figure 9. Examples of Complementary and Single-
Ended Input Schemes
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DETERMINING THE OUTPUT FREQUENCIESOF THE
ADT750

Four, FL and F2 are the frequency outputs of the AD7750. The
output frequencies of the AD7750 are a multiple of a binary
fraction of the master clock frequency CLKIN. This binary
fraction of the master clock is referred to as Fyax in this data

sheet. Fyax can have one of two values, Fyax and Fyaxo,
depending on which mode of operation the AD7750 is in. The
operating modes of the AD7750 are selected by the logic inputs
FS, 82 and S1. The table below outlines the Fy sx frequencies
and the transfer functions for the various operating modes of the
AD7750.

Tablel. Operating Mode

Mode FS s2 S1 M ode D escription F1, F2'(Hz) Four'(H2) Fuax

0 0 0 0 Power Measurement Mode. Fuaxi = K.Fuaxt 16.[Fuaxt = K.Fuani] Frax = CLKIN2Y
Four Quandrant Multiplication Fuyax = 6.8 Hz
(Sign and Magnitude Output).

1 0 0 1 Power Measurement Mode. 0to k.Fyaa 8.[0 to k.Fyaxi] Fawa = CLKINSR2YW
T wo Quandrant Multiplication Fuaxi = 6.8 Hz
(Magnitude Only).

2 0 1 0 Power Measurement Mode. 0 to k.Fyun 16.[0 to k.Fya] Faas = CLKINR2M™
T wo Quandrant Multiplication Fuax, = 6.8 Hz
(Magnitude Only).

32 0 1 1 Vi Channel Monitor Mode on Four. | Fuaxt = k-Fuaxt | 32.[Fuaxy + XFuaxi] | Fuaxi = CLKIN/R2Y
Power Measurement Mode on F1 Fuaxi = 6.8 Hz
F2 (Sign and Magnitude Output).

4 1 0 0 Power Measurement Mode. Fuax: = k.Fuyax 16.[Fuax: = k. Fuyaol Fpga: = CLKIN/2Y
Four Quandrant Multiplication Fyaxe = 13.0 Hz
(Sign and Magnitude Output).

5 1 0 1 Power Measuremenl Mode. 0 to k.Fyao 16.10 te k.Fpaxo] Frax: = CLKIN/2®
T wo Quandrant Multiplication Fuaa = 13.6 Hz
(Magnitude Only).

6 1 1 0 Power Measurement Mode. 0to k.Fyuao 32.[0 to kK.Fyax:] Fawo = CLKIN/2'®
T wo Quandrant Multiplication Fuaxa = 13.6 Hz
(Magnitude Only).

72 1 1 1 V; Channel Moniter Mode on Forr | Fyae = X-Fuma | L6 [Fuaa = ¥Fuax] | Fuao = CLKIN/R®
Power Measurement Mode on F1 Fuao= 13.6 Hz
F2 (Sign and Magnitude Output).

NOTES

'The variable k is proportional to the product of the rms differential input voltages on Channel 1 and Channel 2 (V| and V-).

k= (132" V) Vo s Gain)/V gae

“Applies to Foyponly. The variable k is proportional to the instantaneous differential input voltage on Channel 1 (FS=0, S1 = 1, $0 = 1) or the instantaneous differ-

ential voltage on Channel 2 (FS =1, 81 = 1, 80 = 1), i.e., Channel Monitor Mode.

k= (0.81 "« V)/Vgee
V=V, Gain ¥
V=V.u2

NOTE: V, and V. here refer to the instantaneous differential voltage on Channel 1 or Channel 2, not the rms value.

M ode Description (Table [)

The section of Table T labeled Mode Description summarizes
the functional modes of the AD7750. The AD7750 has two
basic modes of operation, i.e., four and two quadrant multiplica-
tion. The diagram in Figure 14 is a graphical representation of
the transfer functions for two and four quadrant multiplication.

Four Quadrant Multiplication (Modes0, 3, 4 and 7)

When the AD7750 is operating in its four quadrant multiplica-
tion mode the output pulse frequency on F1, F2 and Fgyp
contains both sign and magnitude information. The magni-
tude information is indicated by the output frequency variation
(k.Fpax) from a center frequency (Fyax). The sign informa-
tion is indicated by the sign of the frequency variation around
Fumax. For example if the output frequency is equal to Fyax —
k.Fymax then the magnitude of the product is given by k.Fyax
and it has a negative sign.

Two Quadrant Multiplication (Modes 1, 2, 5and 6)
When operating in this mode the output pulse frequency only
contains magnitude information. Again as in the case of four

REV. 0

quadrant multiplication the magnitude information is included
in the output frequency variation (k.Fyax). However, in this
mode the zero power frequency is 0 Hz, so the output frequency
variation is from 0 Hz to (k.Fyax) Hz. Also note that a no-load
threshold and the reverse polarity indicator are implemented in
these modes see No Load Threshold and Reverse Polarity
Indicator sections. These modes are the most suitable for a
Class 1 meter implementation.

Channel Monitor Modes (Modes3and 7)

In this mode of operation the Foyt pulse frequency does not
give product information. When FS = 0, the Foyr output fre-
quency gives sign and magnitude information about the volt-
age on Channel 1. When FS =1 the Foyr output frequency
gives sign and magnitude information about the voltage on
Channel 2.

Note the F1, F2 pulse outputs still continue to give power
information.
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FOUR QUADRANT MULTIPLICATION
(SIGN AND MAGNITUDE)

Va2(+)

Vi@

VA

Va(-)

TWO QUADRANT MULTIPLICATION
{MAGNITUDE ONLY)

Va(+)
]

Vi(-) Vi(+)

v2(-)

o - (132 X V1 x V2 x GAIN)

VRer?

Figure 14. Transfer Functions (Four and Two Quadrant Multiplication)

Maximum Output Frequencies

T able II shows the maximum output frequencies of Foyr and
F1, F2 for the various operating modes of the AD7750. The
table shows the maximum output frequencies for dc and ac
input signals on V| and V,. When an ac signal (sinusoidal) is
applied to V; and V, the AD7750 produces an output frequency
which is proportional to the product of the rms value of these
inputs. If two ac signals with peak differential values of Vipax
and Vo ax are applied to Channels 1 and 2, respectively, then
the output frequency is proportional to Vipax/sqre(2) X Vomax/
Sql’[(2) = (Vipmax X VzMij/Z. If Vipax and Voyax are also the
maximum dc input voltages then the maximum output frequen-
cies for ac signals will always be half that of dc input signals.
Example calculation of F1, F2 max for Mode 2 and Gain = 1.
The maximum input voltage (dc) on Channel 1 is 2 V {V,, =
+1V,V,_=-1V)—see Analog Inputs section. The maximum
input voltage on Channel 2 is 1 V. Using the transfer fanction:

K= (1.32x V, x Vy x Gain/ Ve
k=0.4224
FI,F2=k68 Hz=29 Hz

FUNCTIONAL DESCRIPTION

The AD 7750 combines two analog-to-digital converters, a digi-
tal multiplier, digital filters and a digital-to-frequency (DTF)
converter onte one low cost integrated circuit. The AD7750 is
fabricated on a double poly CMOS process (0.6 ) and retains
its high accuracy by performing all multiplications and manipu-
lations in the digital domain. The schematic in Figure 15 shows
an equivalent circuit for the AD7750 signal processing chain.

T he first thing to notice is that the analog signals are first con-
verted to digital signals by the two second-order sigma-delta
modulators. All subsequent signal processing is carried out in
the digital domain. The main source of errors in an application
is therefore in the analog-to-digital conversion process. For this
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reason great care must be taken when interfacing the analog
inputs of the AD7750 to the transducer. This is discussed in the
Applications section.

HPF in Channel 1

To remove any dc offset that may be present at the output
modulator 1, a user selectable high-pass TIR filter (Pin ACDC)
can be introduced into the signal path. This HPF is necessary
when carrying out power measurements. However, this HPF
has an associated phase lead given by 90°—tan™'(f/2.25). Figure
16 shows the transfer function of the HPF in Channel 1. The
Phase lead is 2.58° at 50 Hz. In order to equalize the phase
difference between the two channels a fixed time delay is intro-
duced. The time delay is set at 143 ps, which is equivalent to a
phase lag of —2.58° at 50 Hz. Thus the cumulative phase shift
through Channel 1 is 0°.

Because the time delay is fixed, external phase compensation
circuitry will be required if the line frequency differs from

50 Hz. For example with a line frequency of 60 Hz the phase
lead due to the HPF is 2.148° and the phase lag due to the fixed
time delay is 3.1°. This means there is a net phase lag in Chan-
nel | of 0.952°. This phase lag in Channel 1 can be compen-
sated for by using a phase lag compensation circuit like the
one shown in Figure 17. The phase lag compensation is placed
on Channel 2 (voltage channel) to equalize the channels. The
antialiasing filter associated with Channel 1 (see Applications
section) produces a phase lag of 0.6° at 50 Hz; therefore, to
equalize the channels, a net phase lag of (0.6° + 0.952°) 1.552°
should be in place on Channel 2. The gain trim resistor VR1
(100 Q) produces a phase lag variation of 1.4° to 1.5° with VR2
=0 Q. VR2 can add an additional 0.1° phase lag (VR2 = 200 ).
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Tablell. Maximum Qutput Frequencies

F1, F2(Hz) | Four(Hz) |F1,F2(HZz) | Four (Hz)
Mode |FS|S2 |S1 |(DC) (DC) (AC) (AC)
0 0 0 0 |6383+29 109 + 46 6.3+ 1.45 109 + 23
1 0 0 I |0to2.9 0to 23 0to 145 Otoll.5
2 0 1 0 |0te29 0to 46 Oto 145 0to 23
3 0 1 1 168+29 218 + 142 6.8+ 1.45 218 + 142
4 L 0 0 |13.6+5.8 218+ 92 13.6+2.9 218 + 46
5 L 0 Il [0to5.8 0to 92 0te2.9 0 to 46
6 L 1 0 |0to 5.8 0to 184 0to29 0to 92
7 L 1 1 ]13.6+5.8 218 + 142 13.6+2.9 218 + 142
ACDC ——— — o— TIME DELAY 143ps
G1 (CLKIN = 3.5795MHz)
HPF 2.58°C AT 50Hz
DIGITAL-TO-FREQUENCY BLOGK
% COUNTER/ACCUMULATGR
V1+ O_ +
v PGA ADC1 % b * CLKIN
- O—-
LPF I_, - Four
PHASE LEAD OF -
.58°C AT 50H
2.58 §0HzZ % - .
DIGITAL —- F2
MULTIPLIER ,\/
“ 1
2 O—+ . ADC 2 F§ g2 &1
Voo O—=
Figure 15. Equivalent AD7750 Signal Processing Chain
Hts) 15R‘;C Digital-to-Frequency Converter (DTF)
e After they have been filtered, the outputs of the two sigma-delta
oO— modulators are fed into a digital multiplier. The output of the
c R R=iMa multiplier is then low-pass filtered to obtain the real power

C = 0.0707pF

Figure 16. HPFin Channel 1

YR2
2000

} PINT

c2

33nF $

R4
1.1k

860:1 ATTENUTATION

}PING

Cc3
73

Figure 17. Phase Lag Compensation on Channel 1 for
60 Hz Line Frequency
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information. The output of the LPF enters a digital-to-frequency
converter whose output frequency is now proportional to the
real power. The DTF offers a range of output frequencies to
suit most power measurement applications. There is also a high
frequency output called Foyr, which can be used for calibra-
tion purposes. The output frequencies are determined by the
logic inputs FS, S2 and S1. This is explained in the section of
this data sheet called Determining the Output Frequencies of
the AD7750.

Figure 18 shows the waveforms of the various frequency out-
puts. The outputs F1 and F2 are the low frequency outputs
that can be used to directly drive a stepper motor or electrome-
chanical pulse counter. The F1 and F2 outputs provide two
alternating low going pulses. The pulsewidth is set at 275 ms
and the time between the falling edges of F1 and F2 is ap-
proximately half the period of F1. Tf, however, the period of
F1 and F2 falls below 550 ms (1.81 Hz) the pulsewidth of F1
and F2 is set to half the period. For example in Mode 3,
where F1 and F2 vary around 6.8 Hz, the pulsewidth would vary
from 1/2.(6.8+1.45) seconds to 1/2.(6.8-1.45) seconds—see
Table IL.
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The high frequency Foyr output is intended to be used for
communications {via IR LED) and calibration purposes. Foyr
produces a 90 ms wide pulse at a frequency that is proportional
to the product of Channel 1 and Channel 2 or the instanta-
neous voltage on Channel 1 or Channel 2. The output fre-
quencies are given in Table I in the Determining the Output
Frequencies of the AD 7750 section of this data sheet. As in
the case of F1 and F2, if the period of Foyr falls below 180 ms,
the Foyr pulsewidth is set to half the period. For example, if the
Four frequency is 20 Hz, the Foyr pulsewidth is 25 ms.

1

[ {4 I { £
% X Yoo

F1

— P ——-‘ ov

12

—_——— ‘ Voo
in N \_/—ﬁ_‘lﬁ—\_/—
I :
- hhnnn:

Figure 18. Timing Diagram for Frequency Qutputs

VOLTAGE REFERENCE

The AD7750 has an on-chip temperature compensated band-
gap voltage reference of 2.5 V with a tolerance of £250 mV.
The temperature drift for the reference is specified at 50 ppm/°C.
It should be noted that this reference variation will cause a
frequency output variation from device to device for a given set
of input signals. This should not be a problem in most applica-
tions since it is a straight gain error that can easily be removed
at the calibration stage.

REVERSE POLARITY INDICATOR

When the AD7750 is operated in 2 Magnitude Only mode of
operation (i.e., Modes 1, 2, 5 and 6), and the polarity of the
power changes, the logic output REVP will go high. However,
the REVP pin is only activated when the there is pulse output
on F1 or F2. Therefore, if the power being measured is low, it may
be some time before the REVP pin goes logic high even though the
polarity of the power is reversed. Once activated the REVP output
will remain high until the AD 7750 is powered down.

APPLICATIONS INFORMATION

Designing a Single Phase Class 1 Energy Meter (IEC 1036)
The AD7750 Product-to-Frequency Converter is designed for
use in a wide range of power metering applications. In a typical
power meter two parameters are measured (i.e., line voltage and
current) and their product obtained. The real power is then
obtained by low-pass filtering this product result. The line
voltage can be measured through a resistor divider or voltage
transformer, and the current can be sensed and converted to
a voltage through a shunt resistor, current transformer or hall
effect device.

The design methodology used in the following example is to use
the upper end of the current channel dynamic range, i.e., Chan-
nel 1 of the AD7750. The assumption here is that the signal on
the voltage channel will remain relatively constant while the
signal on the current channel will vary with load. Using the
upper end of the dynamic range of Channel 1 will improve the

'See TEC 1036 2nd Edition 1996-09 Section 3.5.1.1.
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meter accuracy with small load currents. Hence an error of less
than 1% from 4% Ib to 400% Ib will be easier to achieve.

We will assume the design of a Class 1 meter. The specification
(IEC1036) requires that the meter have an error of no greater
than 1% over the range 4% Ib to 400% Ib (Iyax), where Ib is
the basic current!. In addition, we will design a meter that ac-
commodates signals with a crest factor of 2. The crest factor is
the ratio of Vpgax/V rms. A pure sinusoidal waveform has a crest
of sqrt(2) = 1.414 and an undistorted triangular waveform has a
crest factor of sqrt(3) = 1.73. Using a gain of | on Channel 1
the maximum differential signal which can be applied to Chan-
nel 1 is +2 V—See Analog Input Ranges section. With a crest
factor of 2 the maximum rms signal on Channel 1 is, therefore,
1 Vrms (equivalent to Iyjax). The smallest signal (4% Ib) ap-
pearing on Channel 1 is therefore 10 mV rms.

Load Current Channel 1
4% Ib 10 mV rms
Ib 250 mVrms
400 Ib 1 Vrms
2

[}

£

=

A

-

]

[

=

=2

z

3

=

=

S

(%]

D. bD2

Figure 19. Use the Upper End of the Dynamic Range of
Channel 1 (Current)

Calculations for a 100 PPKWHR Meter

The AD7750 offers a range of maximum output frequencies—
see Table I and Table I1. In the Magnitude Only modes of
operation the two maximum output frequencies are 1.45 Hz
and 2.9 Hz. The signal on the voltage channel (Channel 2) is
scaled to achieve the correct output pulse frequency for a given
load (e.g., 100 PPKWHR). The relationship between the input
signals and the output frequency is given by the equation:

Ff'ﬁ:]: kx FMAX
whaek = (1.32 x V| x V, x Gain)/ Vper’
Fryax = 6.8 Hz or 13.6 Hz depending on the mode—see Table
1, Gainis the gain of Channel 1, V| and V; are the differential

voltages on Channels | and 2 and Vggr is the reference voltage
(2.5V T 8%).

To design a 100 PPKWHR meter with Ib = 15 A rms and a line
voltage of 220 V rms the output pulse frequency with a load
current of Ib is 0.0916 Hz (See Calculation 1 below).

Therefore, 0.0916 Hz = k x 6.8 Hz (Mode 2) or k = 0.01347,

With a load current of Ib the signal on Channel 1 (V) is equal
to 0.25 V rms (remember 400% Ib = 1 V rms) and, therefore,
the signal on Channel 2 (V;) is equal to 0.255 V rms (See Calcula-
tion 2). This means that the nominal line voltage (220 V rms)
needs to be attenuated by approximately 860, i.e., 220/0.255.
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For 100 PPKWHR V; is equal to 0.255 V rms or the line volt-
age attenuated by a factor of 860.

Calculation 1

100 PPKWHR = 0.02777 Hz/kW.

Ib of 15 A rms and line voltage of 220 V = 3.3 kQ. Hence, the
output frequency is given by 3.3 x 0.02777 Hz = 0.0916 Hz.

Calculation 2

k=(1.32 %V, % V; x Gain)}/Vpgr.
0.01347 = (1.32 % 0.25 x V, x 1)/6.25.
V; = 0.255.

Figure 21 below shows how the design equations from the previ-
ous page are implemented.

Measuring the Load Current

The load current is converted to a voltage signal for Channel 1
using a CT (Current Transformer). A 15 A rms load should
produce a 250 mV rms signal on Channel 1. A CT with a turns
ratio of 120 and a shunt resistor of 2 Q. will carry out the neces-
sary current to voltage conversion. The CT and its shunt resis-
tance should be placed as close as possible to the AD7750. This
will improve the accuracy of the meter at very small load cur-
rents. At small load currents the voltage levels on Channel 1 are
in the order of 10 mV and the meter is more prone to error due
to stray signal “pick up.” When measuring power the HPF in
the current channel must be switched on. This is done by con-
necting the ACDC pin to Vpp.

NOTE: The voltage signals on V, and V,; must be referenced
to ground. This can be achieved as shown in Figure 21 below,
i.e., by referencing 1/2 Rer to ground or by connecting a
centertap on the CT secondary to ground.

Measuring the Line Voltage

When the AD 7750 is biased around the live wire as shown in
Figure 21, the task of measuring the line voltage is greatly
simplified. A resistor divider attenuates the line voltage and
provides a single-ended input for Channel 2. The component
values of the divider are chosen to give the correct rating (e.g.,
100 PPKWHR) for the meter. See the design equations on the

previous page. For this design an attenuation ratio of 860:1 is
required.

Antialiasing Components Channels 1 and 2

The AD7750 is basically two ADCs and a digital multiplier. As
with any ADC, a LPF (Low-Pass Filter) should be used on the
analog inputs to avoid out of band signal being aliased into the
band of interest. In the case of a Class 1 meter the band of
interest lies in the range 48 Hz to 1 kHz approximately. The
components R3, R4, R6, R7, C5, C6, C9 and C10 make up the
LPFs on each of the four analog inputs. Note that although
Channel 2 is used single ended a LPF is still required on V;_.

Power Supply Circuit

The AD 7750 operates from a single power supplyof 3 VI 5%
but still accommodates input signals in the range £1 V. Because
the AD7750 doesn’t require dual supplies the number of exter-
nal components for the power supply is reduced. One of the
most important design goals for the power supply is to ensure
that the ripple on the output is as low as possible. Every analog
or mixed signal IC is to a greater or lesser extent susceptible to
power supply variations. Power supply variations or ripple, if
large enough, may affect the accuracy of the device when mea-
suring small signals. The plot in Figure 20 shows the ripple
associated with the circuit in Figure 21. The ripple is in the
region of 10 mV peak to peak.

5.065

5.060

YOLTS

5.0585

—
—
——
—
——
-

600 620 640 660 680 700 720 740 V60 780 800
TIME — ms

Figure 20. Power Supply Ripple
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Figure 21. Suggested Class 1 Meter Implementation
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Registering the Power Output

The low frequency pulse outputs (F1 and F2) of the AD7750
provide the frequency output from the product-to-frequency
conversion. These outputs can be used to drive a stepper motor
or impulse counter.

A high frequency output is available at the pin Foyr. This high
frequency output is used for calibration purposes. In Mode 2
the output frequency is 16 x F1(2). With a load current of Tb
the frequency at Foyr will be 1.4656 Hz (0.0916 Hz % 16 from
calculations). If a higher frequency output is required, the FS
pin can be set to Vpp 5 V for calibration. In this case the output
frequency is equal to 64 x F1 or 5.8624 Hz at Ib—see Table L.

NO LOAD THRESHOLD OF THE AD7750

The AD7750 will detect when the power drops below a certain
level. When the power (current) drops below a predefined
threshold the AD 7750 will cease to generate an output drive for
the stepper motor (F1, F2). This feature of the AD7750 is
intended to reproduce the behavior of Ferraris meters. A
Ferraris meter will have friction associated with the wheel rota-
tion, therefore the wheel will not rotate below a certain power
level. The no load threshold is only implemented in the Magni-
tude Only modes (Modes 1, 2, 5 and 6—see Table I). The
TEC1036 specification includes a test for this effect by requiring
no output pulses during some predetermined time period. T his
time period is calculated as:

timepariod = 60,000/pulses-par-minute

If a meter is calibrated to 100 PPKWHR with a Foyr running
16 times faster than F1 and F2, this time period is 37.5 minutes
(60,000/1,600). The IEC1036 specifications state that the no
load threshold must be less than the start up current level. This
is specified as 0.4% of Ib.

The threshold level for a given design can be easily calculated
given that the minimum output frequency of the AD 7750 is
0.00048% of the maximum output frequency for a full-scale
differential dc input. For example if FS = 0, the maximum
output frequency for a full-scale dc input is 2.9 Hz (see Table TI)
and the minimum output frequency is, therefore, 1.39 x 10~ Hz.

Calculating the Threshold Power (Current)

The meter used in this example is calibrated to 100 PPKWHR,
has an Ib (basic current) of 15 A rms, the line voltage is 220 V
rms and the turns ratio of the CT on Channel 1 is 120:1 with an
2 £ shunt resistor.

The nominal voltage on Channel 2 of the AD7750 is 255 mV
rms. An Fyax of 6.8 Hz is selected by setting FS = 0. A Magni-
tude Only Mode (Mode 2) is selected to enable the no load thresh-
old. The gain on Channel 1 is set to 1. The threshold power or
current can be found by using the transfer function in Table I.

Fi1, F2= (132)( Vi x Vox Gainx FM,qx)/V,qE,E2

From the transfer function V) is calculated as 37.95 UV rms—
see Calculation 3.
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This is equivalent to a line current of:
(3795 uV2 Q) x120 =227 mA rmsa 0.5 W

o

(2.27 mA/15 A) x100% =0.015% of Ib

NOTE: The no load threshold as a percentage of Ib will be
different for each value of Ib since the no load in watts is fixed:

FS = 0, the no load threshold is (Fyax = 6.8 Hz)
0.5 Watts for a 100 PPKWHR meter
5 Watts for a 10 PPKWHR meter

FS = 1, the no load threshold is (Fyax = 13.6 Hz)
1 Watt for a 100 PPKWHR meter
10 Watts for a 10 PPKWHR meter

Calculation 3
Fum = 1.32 x ¥V, x V, x Gain x 6.8 Hz) Vigr*
1.39 x 10-5 Hz = V, x 0.2555 x 1 X 6.8)/6.25
V) =37.95 WV

EXTERNAL LEAD/LAG COMPENSATION

External phase compensation is often required in a power meter
design to eliminate the phase errors introduced by transducers
and external components. The design restriction on any external
compensating network is that the network must have an overall
low-pass response with a 3 dB point located somewhere between
5kHz and 6 kHz. The corner frequency of this LPF(s) is much
higher than the band of interest. The reason for this is to mini-
mize its effect on phase variation at 50 Hz due to component
tolerances.

With the antialiasing filters on all channels having the same
corner (-3 dB) frequency, the main contribution to phase error
will be due to the CT. A phase lead in a channel is compensated
by lowering the corner frequency of the antialiasing filter to
increase its associated lag and therefore cancel the lead. A phase
lag in a channel should be compensated by introducing extra lag
in the other channel. This can be done as previously described,
i.e., moving the corner frequency of the antialiasing filters. The
result in this case is that the signal on both channels has the
same amount of phase lag and is therefore in phase at the analog
inputs to the AD7750. The recommended RC values for the
antialiasing filters on the voltage and current channels (see
Antialiasing Components Channels 1 and 2) are R = 1 kQ,
C=33nF and R = 100 &, C = 330 oF respectively. These
values produce a phase lag of 0.6° through the filters. Varying R
in the antialiasing network from 80 Qto 100 Q or 800 2to 1 k(2
produces a phase variation from 0.475° to 0.6° at 50 Hz. This
allows the user to vary the lag by 0.125°.
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Table [11. Components for Suggested Class 1 M eter Im plementation in Figure 21

Schematic

D esignator D escription Comments

R1 470 Q, 5%, 1 W

R2 1 kQ, 5%, 112 W

R3, R4, 100 @, 10%, 112 W These registers are required to form part of the antialiasing filtering on the analog inputs;

R7 1kQ, 10%, 12 W they do not perform a voltage-to-current conversion.

R5 IMQ, 5%, 2 W The choice of RS determines the attenuation on the voltage channels and hence the meter
rating, e.g., 100 PPKWHR.

R6 1.1kQ, 5%, 172 W Forms part of the Gain Calibration network with R5 and VRI1.

R8, R9 500 Q, 10%, 172 W

VR1 100 Q, 10/15 Turn This potentiometer is used to perform the Gain Calibration of the meter. Attenuation of
830 to 900—see Applications section.

Cl 470 nF, 250 V ac

Cc2 100D WF, 24 Vdc

C3,C4 33 pF

Cs, C6, 330 nF Forms part of the antialiasing filters on the analog inputs.

C9, Cl10 33 nF

C7,Cl1 IO YF, 10V

Cg,Cl2 10 nF

Z1 IN750

D1,D2 IN4007

D3 LED

D4, D5 IR LEDS

XTAL 3.579545 MHz

MOV V250PA40A Metal Oxide Varistor—Harris Semiconductor.
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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