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CS5460

Single Phase Bi-Directional Power/Energy IC

Features

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

e On-Chip Functions: Energy, | 0V,
Irms @and Vrums, Energy to Pulse-Rate
Conversion

e Complies with IEC 687/1036, JIS

e Power Consumption <12 mW

e Interface Optimized for Shunt Sensor

e Phase Compensation

e Ground-Referenced Signals with Single
Supply

e System Calibration

e On-chip 2.5 V Reference (60 ppm/°C drift)

e Simple Three-wire Serial Interface

e \Watch Dog Timer

e Power Supply Monitor

e Power Supply Configurations
- VA+=+5V; VA-=0V;VD+=+43Vto+5V

Descr iption

The CS5460 is a highly integrated AZ Analog-to-Digital
Converter (ADC) which combines two AX ADCs, high
speed power calculation functions, and a serial interface
on a single chip. It is designed to accurately measure
and calculate: Energy, Instantaneous Power, Igys, and
VRrus for single phase 2 or 3-wire power meter applica-
tions. The CS5460 interfaces to a low cost shunt or
transformer to measure current, and resistive divider or
transformer to measure voltage. The CS5460 features a
bi-directional serial interface for communication with a
micro-controller and a fixed-width programmable fre-
guency output that is proportional to energy. The product
is initialized and fully functional upon power-up, and in-
cludes facilities for system-level calibration under control
of the user program.

ORDERING INFORMATION:

— - — . — - - o, o - i
- VA+=+25V;VA-=-25V; VD+=+3V CS5460-BS  -40°C to +85°C 24-pin SSOP
VA+ RESET VD+
High Pass Watch Do
IIN+ PGA |, High ¢ g
IIN- - x10,x50 Filter Timer
th
4™ Order Digital v v
Az Filter cs
Modulator
— —» Power
Calculation SDI
Engine
SDO
(Energy Serial .
1*V —»
VING | v ) Interface SCLK
| x10 nd —» 'RMS’"RMS -
VIN- 2 Aozfder Digital INT
Filter —_—
Modulator I EDIR
VREFIN ¢—» x1 |,/ HighPass E-to-F EOUT
Filter ¢
Voltage Power System Clock Calibration
VREFOUT (< Reference Monitor Clock K Generator SRAM
VA- PFMON XIN  XOUT CPUCLK DGND

This document contains information for a new product.

Prellmlnary Product Information Cirrus Logic reserves the right to modify this product without notice.
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1. CHARACTERISTICSAND SPECIFICATIONS

ANAL OG CHARACTERISTICS (T4 = -40 °C to +85 °C; VA+, VD+ = +5 V +10%; VREFIN = 2.5 V;
VA- = AGND; MCLK = 4.096 MHz, K = 1; N = 4000, OWR = 4.0 kHz.)(See Notes 1, 2, and 3)

Parameter | Symbol | Min | Typ | Max | Unit

Accuracy (Both Channels)
Total Harmonic Distortion THD 74 - - dB
Common Mode Rejection (DC, 50, 60 Hz)| CMRR 80 - - dB
Offset Drift (Without the High Pass Filter) - 5 - nv/°C
Full Scale DC Calibration Range (Note 4)| FSCR 25 - 100 %F.S.
Input Sampling Rate DCLK = MCLK/K - DCLK/4 - Hz
Analog Inputs (Current Channel)
Differential Input Voltage Range  {(IIN+) - (IIN-)} (Gain = 10) IIN - 150 - MVims

(Gain = 50) - 30 - MVims
Common Mode + Signal on IIN+ or IIN- (Gain =10 or 50) -0.25 - VA+ \%
Crosstalk with Voltage Channel at Full Scale (50, 60 Hz) - - -115 dB
Input Capacitance (Gain = 10) IC - 5 - pF

(Gain = 50) - 25 - pF
Effective Input Impedance (Note 5) Ell

(Gain = 10) 30 - - kQ

(Gain = 50) 30 - - kQ
Noise (Referred to Input) (Gain = 10) - - 20 MVims

(Gain = 50) - - 4 HVims
Accuracy (Current Channel)
Bipolar Offset Error (Note 1) VOS - - +0.001 | %F.S.
Full-Scale Error (Note 1) FSE - - +0.001 | %F.S.
Analog Inputs (Voltage Channel)
Differential Input Voltage Range {(VIN+) - (VIN-)} VIN - 150 - MVns
Common Mode + Signal on VIN+ or VIN- -0.25 - VA+ \%
Crosstalk with Current Channel at Full Scale (50, 60 Hz) - - -70 dB
Input Capacitance IC - 0.2 - pF
Effective Input Impedance (Note 5) Ell 5 - - MQ
Noise (Referred to Input) - - 250 MVims
Accuracy (Voltage Channel)
Bipolar Offset Error (Note 1) VOS - - +0.01 | %F.S.
Full-Scale Error (Note 1) FSE - - +0.01 | %F.S.

Notes: 1. Applies after system calibration

2. Specifications guaranteed by design, characterization, and/or test.
3. Analog signals are relative to VA- and digital signals to DGND unless otherwise noted.
4. The minimum FSCR is limited by the maximum allowed gain register value.
5. Effective Input Impedance (Ell) varies with clock frequency (DCLK) and Input Capacitance (IC)
Ell = 1/(IC*DCLK/4)
4 DS279PP5
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ANAL OG CHARACTERISTICS (continued)

Parameter | Symbol | Min | Typ | Max | Unit
Dynamic Characteristics
Phase Compensation (Voltage Channel at 60 Hz) 2.4 - +2.5 °
High Rate Filter Output Word Rate (Both Channels)] OWR - DCLK/1024 - Hz
High Pass Filter Pole Frequency -3dB - 0.5 - Hz
Reference Output
Output Voltage REFOUT 2.4 - 2.6 \Y,
Temperature Coefficient - 25 60 ppm/°C
Load Regulation  (Output Current 1 pA Source or Sink) AVR - 6 10 mV
Output Noise Voltage (0.1 Hz to 512 kHz) eN - 100 - HVims
Reference Input
Input Voltage Range VREFIN 2.4 2.5 2.6 \%
Input Capacitance - 4 - pF
Input CVF Current - 25 - nA
Power Supplies
Power Supply Currents (Normal Mode) la+| PSCA - 1.3 - mA
Ip+ (VD+=5V)| PSCD - 29 - mA
Ip, (vD+=3V)| PSCD - 1.7 - mA
Power Consumption Normal Mode (VD+ =5 V) PC - 21 25 mw
(Note 6) Normal Mode (VD+ =3 V) - 11.6 - mw
Standby - 6.75 - mw
Sleep - 10 - pwW
Power Supply Rejection (50, 60 Hz) - -
(Gain=10)| PSRR 56 dB
(Gain =50)| PSRR 70 dB
Power Monitor Thresholds PM 2.3 2.7 \%

Notes: 6. All outputs unloaded. All inputs CMOS level.

5V DIGITAL CHARACTERISTICS (T, = -40 °C to +85 °C; VA+, VD+ = 5 V +10% VA-, DGND = 0
V) (See Notes 2 and 7)

Parameter Symbol Min Typ Max Unit
High-Level Input Voltage All Pins Except XIN and SCLK| V4 0.6 VD+ - - \%
XIN (VD+) - 0.5 - - \Y
SCLK 0.8 VD+ - - \%
Low-Level Input Voltage All Pins Except XIN and SCLK VL - - 0.8 \%
XIN - - 1.5
SCLK - - 0.2 VD+
High-Level Output Voltage lout = t5MA|  Vpy (VD+)-1.0 - - \%
Low-Level Output Voltage lout=-5mMA| Vg - - 0.4 \Y,
Input Leakage Current lin - 1 +10 MA
3-State Leakage Current loz - - +10 MA
Digital Output Pin Capacitance Cout - 5 - pF
DS279PP5 5
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3V DIGITAL CHARACTERISTICS (T, = -40°Cto +85 °C; VA+ =5V #10%, VD+ = 3V +10%; VA-,
DGND =0 V) (See Notes 2 and 7)

Parameter Symbol Min Typ Max Unit
High-Level Input Voltage All Pins Except XIN and SCLK| V4 0.6 VD+ - - \%
XIN (VD+) - 0.5 - - \Y
SCLK 0.8 VD+ - - \%
Low-Level Input Voltage All Pins Except XIN and SCLK VL - - 0.48 \%
XIN - - 0.3
SCLK - - 0.2 VD+
High-Level Output Voltage lout = 5 MA|  Voy (vD+) - 1.0 - - \Y,
Low-Level Output Voltage lout=-5mMA| VgL - - 0.4 \Y,
Input Leakage Current lin - 1 +10 MA
3-State Leakage Current loz - - *10 HA
Digital Output Pin Capacitance Cout - 5 - pF

Notes: 7. All measurements performed under static conditions.

ABSOLUTE MAXIMUM RATINGS (DGND =0 V; See Note 8)

Parameter Symbol Min Typ Max Unit
DC Power Supplies (Notes 9 and 10)
Positive Digital VD+ -0.3 - +6.0 \%
Positive Analog VA+ -0.3 - +6.0 \Y
Negative Analog VA- +0.3 - -6.0 \Y
Input Current, Any Pin Except Supplies (Note 11 and 12) N - - +10 mA
Output Current louT - - +25 mA
Power Dissipation (Note 13) PDN - - 500 mw
Analog Input Voltage All Analog Pins ViNA -0.3 - (VA+)+ 03| V
Digital Input Voltage All Digital Pins VIND -0.3 - (VD+)+0.3| V
Ambient Operating Temperature Ta -40 - 85 °C
Storage Temperature Tstg -65 - 150 °C

Notes: 8. All voltages with respect to ground.
9. VA+ and VA- must satisfy {(VA+) - (VA-)} < +6.0 V.
10. VD+ and VA- must satisfy {(VD+) - (VA-)} < +6.0 V.
11. Applies to all pins including continuous over-voltage conditions at the analog input (AIN) pins.

12. Transient current of up to 100 mA will not cause SCR latch-up. Maximum input current for a power
supply pin is £50 mA.

13. Total power dissipation, including all input currents and output currents.

WARNING: Operation at or beyond these limits may result in permanent damage to the device.
Normal operation is not guaranteed at these extremes.

6 DS279PP5
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SWITCHING CHARACTERISTICS (T4 = -40 °C to +85 °C; VA+ = 5.0 V +10%; VD+ = 3.0 V +10%
or 5.0 V £10%; VA- = 0.0 V; Logic Levels: Logic 0 = 0.0 V, Logic 1 = VD+; CL = 50pF))

Parameter Symbol Min Typ Max Unit
Master Clock Frequency Internal Gate Oscillator (Note 14)| MCLK 2.5 4.096 20 MHz
Master Clock Duty Cycle 40 - 60 %
CPUCLK Duty Cycle (Note 15) 40 60 %
Rise Times Any Digital Input Except SCLK (Note 16) trise - - 1.0 us
SCLK - - 100 us
Any Digital Output - 50 - ns
Fall Times Any Digital Input Except SCLK (Note 16) tall - - 1.0 us
SCLK - - 100 VES
Any Digital Output - 50 - ns
Start-up
Oscillator Start-up Time XTAL = 4.096 MHz (Note 17) tost | - | 60 | - | ms
Serial Port Timing
Serial Clock Frequency SCLK - - 2 MHz
Serial Clock Pulse Width High ty 200 - - ns
Pulse Width Low t 200 - - ns
SDI Write Timing
CS Enable to Valid Latch Clock t3 50 - - ns
Data Set-up Time Prior to SCLK Rising ty 50 - - ns
Data Hold Time After SCLK Rising ts 100 - - ns
SCLK Falling Prior to CS Disable tg 100 - - ns
SDO Read Timing
CS Enable to Valid Latch Clock t7 - - 150 ns
SCLK Falling to New Data Bit tg - - 150 ns
CS Rising to SDO Hi-Z tg - - 150 ns

Notes: 14. Device parameters are specified with a 4.096 MHz clock, however, clocks between 3MHz to 20 MHz
can be used.

15. |If external MCLK is used, then its duty cycle must be between 45% and 55% to maintain this spec.
16. Specified using 10% and 90% points on wave-form of interest. Output loaded with 50 pF.

17. Oscillator start-up time varies with crystal parameters. This specification does not apply when using an
external clock source.
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Figurel. SDI Write Timing (Not to Scale)

Figure2. SDO Read Timing (Not to Scale)
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2. GENERAL DESCRIPTION

The C%$460 is aCMOS monathic powe mea
surement dé@ce with an enegy computation @-
gine. TheCS%60combines gprogrammablegain
amplifier, two AZ modulatorstwo high rate filers,
sysem cdlibration, and powercalculdgion func
tions to omputeEnergy, \ekms |rms, and hstan-
taneous Power.

The CS5460 is deignedfor power meterapplica
tions ad is optmized to interfaceto shun$ orcur-
rent transfomers © meaure curent, and a
resistive divder or transformerto measurevoltage.
To acommodde variousinput vokage levels die
to shuns, thecurrent chanel includes grogranm-
mable gain anplifier (PGA) which allows the user
to measug @ther 150mViy s or 30mViys Signals.

The CS5460 includes two high-rate diital filters
which output dea ata (MCLK/K)/10240utput word
rate (OWR). A high-pass filter in both dannds can
be enabled to emove theDC contentifom the input
signd beforethe enegy cdculations ae made

To easse commurgation betwesn the CH460 and a
micro-controller, the conveter includes a simple
three-wire seial interface which is SBP™ and Mi-
crowire™ compatibke. Theserid port dso contains
a Schmitt Trigge input on its seri& clock (SA.K)
to dlow for slow risetime signds.

2.1 Theory of Operation

The C$%460 is designed to opéeafrom a single
+5V supply or dub+2.5 V syplies, to providea
30mVrms Or 150m\kps range for the cument
channel and to provide #&0mVyys range for the
voltagechanné& With single supply, theCS5460 is
designed to ammmodate anmon mode signals
of -0.25V to VAt

Figure3 illustrates the C60 ©nreded to a ser
vice tomeasure powein a singé-phase2-wire sys-
tem while operting in a singe supply

configuraion. Figure 4 lustrates the CS5460con-
figured to measure pover in a single-phse 3-wie
sysem.

5kQ

"]

3
or]

9 PFMON

CsS5460

x |VING CPUCLK|-2—»

xout 20 MHz
(e
24y

XIN

Optional

VIN- Clock

1IN- Source

Rs

RP *

RESET
Cs
SDI

spol-8 » Serial
Data

To Service
* Refer to Input Current Protection

12 \REFIN
1 \VREFOUT
01pF
VA-

1IN+ 5
SCLK Interface
INT
EDIR
EOUT

DGND
113 4

N

Figure 3. Typical Connection Diagram (One-Phase 2-Wire)
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ptiona
10_lyiN- XIN 24 Clock
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RP,
RESET 22
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S% Interface
20
12 _INT
VREFIN EDIR |-22
L VREFOUT EouT|-2L
0.1 uF
VA- DGND

13 4

To Service
* Refer to Input Current Protection

Figure 4. Typical Connection Diagram (One-Phase 3-Wire)

2.2 Performing Measur ements VrMms andenegy, areperiormed aal Hzrate Al-
so, DRDY s sd only ater computationcyclesare
compléee (i.e. thereis noindicaor flag to indicate
when thanstantaneusconvesionsareread; hov-
eva, if the Cycle Count rgisterwere sd to 1, all
output cdculations would be insantaneous and
DRDY would indicae when instantaneousalaula-
tions wee finished)

The CSB60 peforms mesuremats of instanta
neous cumnt, nstantaeous vdige, irstantaneous
power, energy, RMScurrent, and RIS volage.
These mesurements a outputas 24-bit sigred
andunsgned dataformats asa perentageof full
scale The flow of daa to perform these calcula
tions B shawvn in Figure 5. All of these measure
ments begirwhena start conversion ommand is
given. The eergy and RVS registes are then up-
dated gery N convesions (or 1 computdion cy-

. E Vi |
cle) where N is te content of the Cycle Count Range 1;3;9: ;rzs 528,51
register After the omputation cyte has finished, —
. ) ) Max Input See Analog Characteristics
theDRDY bit in the StatusandMask registe is sd. . .

—_— . . . Line arity 0.1% of 0.1% of 0.1% of
The INT pin will alsobecome adive if the DRDY (After reading | reading | reading
bit is unmasked. Calibrat ion)

Table 1provides an xample désiling the output Output wor d 24-bits

linearity. A computation cycle is deived from the  Taple 1. Specification with MCLK = 4.096 MHz, K = 1,
master tck and its  frguency s and N = 4000.

(MCLK/K)/(1024*N). Instantaneousdculations
are paformedat a4000 H rate where as, Igums
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As || DELAY 2 | | DELAY
VOLTAGE ReG [ SINC? M| Reg [ FIR

(I

Configuration Register *
PCJ[3:0] Bits

sINc? FIR

CURRENT % AY

* e

* DENOTES REGISTER NAME

SINCZ +N — VvV  — VRws

E gir
PULSE-RATE*

SINC2 | +N — vV — 'rRus”

Figure5. Data Flow.

2.2.1 Single Computation Cycle (C = 0)

Based on the infanation povided in the Cycle

Count ragister, a singé computationcycle is per

formed afer the use transmis te single conver
sion cyde comnand. After the computions are
complete, DRDY is sd. Thirty-two SQ.Ks ae

thenneeded to acque a cdculation resut. Thefirst

8 SA_Ks ak used to dock inthe command to de

terminewhich result regste is to beread. The lat
24 CLKs ake needal to readthe desired calcula-

tionresult rgister. After readingthe datg the seal

port returns tothe command mode whee it waits

for anew @mmand to be issued.

2.2.2 Multiple Computation Cycles (C = 1)

Based on the infanation povided in the Cycle
Count reagister, continuous computatiogycles are
repatedly peformed on the voltagand curent
cycles. Computation cycle cannot be stér
ed/stoped on a per chanmhéasis After ezh com-
putaton cyde is completed, DRDY 9 set.
Thirty-two SCLK s arethen needed ¢ reada regis-
ter. The first 8 SCKs are usd to ¢ock in thecom-
mand to degermine which reslts registe is to be
read The last24 SALK s ae neededto readthe cd-
culation result While in this mode the user may

choose to acquirenly the calculaons requird for
the gplicationas DRDY fises and élisto indicae
the availability of a new daa.

The RVIS cakulations requie a Sinc? opeation
prior to their squareoot opegtion. Therefore, the
first output foread channé will be invalid (i.e. dl
RMS aculations areinvdid in the sirgle compu-
tation cycle routineandthe first RMScdculatons
will be inwalid in the continuousomputationcy-
cle). All enegy cdculations wll be valid shce en-
ergy calulationsdorit require this Snc? opeation.

2.3 High Rate Digital Filters

Thehigh raefilter on thevoltage dannéis imde-
mented a a fixed sin filter, compensated bya
short length IR. When the conveter is driven with
a 4.096 MH clok (K=1), the filter has amagni-
tude response sitar to that shownn Figure 6.
Note thatthe filter's respong scdes with MCLK
frequency ad K.

Thecurrent chanel contins asiné*filter, compen-

sated by ahort length FIR. When the conveter is
driven with a 4.096 MHzlock (K=1) the compos-
ite filter respong is given in Figure 7.
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2.4 Pulse-Rate Output

As an dternativeto reading theenegy throughthe
saial port, theEOUT and EDIR pins providea
simple interface with which sigred anergy @n be
accumulated. Each EQUT pulse epresents gorede
termined nagnitudeof enegy. The acompanying
EDIR level representsthe sgn of theenergy. With
MCLK =4.096 MHz, K = 1and both ADCinputs
at their maximunDC vaues, the pulses will have
a frequeny equal to that inhe pulserateregister.

Thefollowing exanple illustrates howto cdculate
the pulserate registercontents ér a given mete
design. Suppos¢hat a single two-phasepowe

meter Figure3) isrequired to genate500impuls-
esKWH éa I,= 20Agms and V = 230Wgrms As-
sunetha themaximumecurrent sl,,,= 100 Aqus
and themaxinum voltageis V5= 300Vrms TO
utilize the full dynamic range of the C$5460,the
sensor gas an be @culated a:

_ 150mVeys _ 1

2000

where k, and k are the sensogains br thevoltage
and curent, respectively. The C&460 is assumed
to be inthe30 mVr\s rangeto dlow for the useof
a shunt resistor.

The aveage ImputeRate, IR atthe ratel inputsis:

R= r500impu|sesn,I V)leW O 1H 0o D0.639impu|ses
O kwH 0OVb"/C1000MICB600E] s

Since thepulserate register is ddined in tems of
full-scde DC (0.25 V for thevoltage dianneland
0.05 Vfor the arrentchannel in this ese) IR will

neal to be scéed bebre being placd in the
pulse-rate register. Dene a voltage r&o, R,, and
a aurrent ratio, R, as:

_ 0.25Volt

R, =
V. k,V Vol

k;l, Amp

12
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Therdore the pulerate register iprogranmedto  mumfrequency is theefore MCLK/K/8. Atiming

be : diagram for a multi-phase system is shown in Fig-
ure 8.
PR = IRxR, xR, 011.574Hz = 370 0r 0x172 Phase-00 [ | t L]
>

_ _ ) ) Phase - 01 L]
To improve the acarragy, either gain register aa B
be progranmed to cored for theround-off eror in ~ Phase - 10 L LT
PR. This value would beatculated as Phase - 11 = I

PR t [ Pulse-Rate Register Period — N for Integer N

lgn aVgn = (01.001 = 0x401067 8 MCLK/K

370%x 2°

Figure 8. Multi-Phase System

To dlow for a sinpler inteface in a muti-phas
sysem the EOUT andEDIR pins can beconneted
together ad usel in a wirad-or confguration. The
partsmust be driven with the sane clock and pio-
grammed wh different phases FH[1:0] in the
Configuration ragister). The pulsewidth and the
pulse searation is an ineger multiple of systen
clocks (appoximatdy equé to 1/8of the period of
the @ntents of the pulse-ate egister). The maxi-

DS279PP5 13
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3. SERIAL PORT OVERVIEW

The CS5468 saial port incomporaesa sate nme-

chine with transnit/receive buffers. Thesiate me-

chineinterprets 8bit comnand words ontherising

edgeof SCLK. Upon decoding of theommand
word the statt mahine performs the requesed

command omprepares for a data tansferof the ad-

dressd ragister. Request or areal requiresanin-

ternal registe transfer to thetransmit buffer, while

awrite wats wntil the completion of 24 LKs be-
fore paforming a transfer The intemal registers

are use to cantrd the ADC's functions. All regis-

ters ae 244bits in length. kgure9 depicts the inter
nal registers avalable © the user

After systeminitialization or reset the serid port
state madine is initialized into command male
where it waits to recave a vaid command (the first
8-bitsclocked into the seal part). Upon reeiving
and decoding a validommand word the ate ma
chine instructs theanverte to either pgorm a
sysem opeation, o transfe data toor from an in-
ternd register. The ConmandWord setion can be
used to decodall valid comnands.

The sate machne deodes e command word asti
is recaved. The saial port enters data transfe
mode if the MSBof the command word is logic O
(B7 = 0). In dataansfe mode, thentemal regis-
ters areread from or writt@ to. Conmandwords
instructing aregister wite must be followed by 24
bits of data. For istance, towrite the configuration
regste, the use would transmit the command
(0Ox40) to initiate thewrite. The ADC would then
aqyuire the seial daa input from the (SDI) pin
when the usepulses the sal clock (SQ.K) 24
times Oncethe dda is recaved te stade machine
would write thedata to theconfigurdion register
and return tehe comnand mode. @mmand words
instructing a regster read may be erminated at
8-bit boundries (eg., rea transfes may be 8, 16,
or 24 bits in length). Also daregisterreals allow
“command daining’. For exanple, a command
word instructs the sate machne  read a gined
output register. After the uer pulses SCLK for
16-bits of d#a, a write command word (e.g., to
clea the status registemay be pulsed on to the
SDI line a the same time theremaining 8-bits of
data ae pulsedrfom the SDO line

Current | et Register (1x24) 1 Gain Register (1x24) | Signed Output Registers (4 x 24)
Channel ‘ = (l VP E)
[ N =
oltage
Chan%el Offset Register (1x 24) |« Gain Register (1x 24) ‘
N || Unsigned Output Registers (2 x 24)
- — 01— — — (IRms V Rwid
\
Pulse-Rate Register (1 x 24) 1= |Cycle-Counter Register (1 x 24) 1
Receive Buffer FL SDl
94-Bit Serial Interface cs
Timebase Register (1x 24) e Status Register (1 x 24) Transmit Buffer » SDO
Command Word SCLK
Configuration Register (1 x 24) (= Mask Register (1x 24) = State Machine » INT

Figure9. CSb460 Register Diagram
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. _________________________________________________________________________________________________________________________________|
3.1 Command Word (Write Only)

All command words are always 1 byte in length. Commands that write to a register initiate 3 bytes of register data.
Commands that read from registers must be followed by 1, 2, or 3 bytes of register read data. Commands that read
data can be chained with other commands (e.g., while reading data, a new command can be sent to SDI which can
execute before the original read is completed). This allows for “chaining” commands.

3.1.1 Sart Conversions

B7 B6 B5 B4 B3 B2 Bl BO
[+ [+ 1 [o]cfofol]o]

This command indicates to the state machine to begin acquiring measurements and calculating results. The de-
vice has two modes of acquisition.

C Modes of measurement
0 = Perform a single computation cycle
1 = Perform continuous computation cycles

3.1.2 SYNCO Command

B7 B6 B5 B4 B3 B2 Bl B0
N S N W A

This command is the end of the serial port re-initialization sequence. The command can also be used as a NOP
command. The serial port is resynchronized to byte boundaries by sending three or more consecutive SYNC1
commands followed by a SYNCO command.

3.1.3 SYNC1 Command

B7 B6 B5 B4 B3 B2 Bl BO
N N T O O

This command is part of the serial port re-initialization sequence. The command can also serve as a NOP com-
mand, but no more than three consecutive bytes should be transmitted.

3.1.4 Power-up/Halt Control

B7 B6 B5 B4 B3 B2 Bl BO
1 [ o1 [o]ofofol]o]

If the device is powered-down, this command will power-up the device. When powered-on, no computations will
be running. If the part is already powered-on, all computations will be halted.

DS279PP5 15
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3.1.5 Power-down Control

B7 B6 B5 B4 B3 B2 Bl BO
|l 1] o] o] st sof[] o] o] o]

The device has two power-down modes to conserve power. If the chip is putin stand-by mode all circuitry except
the clock generator is turned off.

S1,S0 Power-down mode
00 = Reserved
01 = Halt and enter stand-by power saving mode. This mode allows quick power-on time
10 = Halt and enter sleep power saving mode. This mode requires a slow power-on time
11 = Reserved

3.1.6 Calibration Control

B7 B6 B5 B4 B3 B2 Bl BO
|l 1 [ 1 ] o]c ci| o ]ec]| oc]|

The device has the capability of performing a system offset and gain calibration. The user must supply the prop-
er inputs to the device before proceeding with the calibration cycle.

Cv,Ci Designates calibration channel
00 = Not allowed
01 = Calibrate the current channel
10 = Calibrate the voltage channel
11 = Calibrate voltage and current channel simultaneously

GC Designates gain calibration
0 = Normal operation
1 = Perform gain calibration

oC Designates offset calibration
0 = Normal operation
1 = Perform offset calibration

16 DS279PP5
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. _________________________________________________________________________________________________________________________________|
3.1.7 Register Read/Write Command

B7 B6 B5 B4 B3 B2 Bl BO
| 0o [WR|RA4 RA3 RA2 RAL RAO | 0 |

This command informs the state machine that a register access is required. On reads the addressed register is
loaded into the output buffer and clocked out by SCLK. On writes the data is clocked into the input buffer and
transferred to the addressed register on the 241 SCLK.

W/R Write/Read control
0 = Read register
1 = Write register

RA[4:0] Register address bits. Binary encoded 0 to 31. All registers are 24 bits in length.
Address  Name Description
00000 Config Configuration Register
00001 loff Current offset calibration
00010 Ign Current gain calibration
00011 Voff Voltage offset calibration
00100 Vgn Voltage gain calibration
00101 Cycle Count  Number of conversions to integrate over (N)
00110 Pulse-Rate Used to calibrate/scale the energy to frequency output
00111 I Last current value
01000 \Y Last voltage value
01001 P Last Power value
01010 E Total energy value of last cycle
01011 IrRmS RMS current value of last cycle
01100 Vems RMS voltage value of last cycle
01101 TBC Timebase Calibration
01110 Test Internal Use only t
01111 Status Status register
10000 Res Reserved
10111 Res Reserved
11000 Test Internal Use only t
11001 Test Internal Use Only T
11010 Mask Interrupt mask register
11011 Test Internal Use Only T
11100 Res Reserved
11111 Res Reserved

T These Registers are for Internal Use only and should not be written to. Accessing these
registers will NOT generate an “Invalid Command” (IC) bit in the Status Register.

DS279PP5 17
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3.2 Serial Port Interface

The C%460s wrial interfaceconsiss of four con-
trol lines: CS SDI, SDO, ad CLK.

CS, Chip Séect, is thecontrol line which enables
access totheserid port.If the CS pin is ied to logic
0, theport can fundion as athreewire interface
SDI, Serial Dataln, isthe dda signd used to trans-
fer data to the conveers.

SDO, Srial Data Out, s the datasignd usel to
transfe outputdatafrom the conveters. The SDO
output will be hed at high impelance any time CS
Is a logic 1. Fgure 10 illustrates te serid se-
guencene@ssay to writeto, or read from the sgal
port s buffas.

SCLK, Sera Clock, is the serial bit-clock which
controls he difting of data to or from theADC’s
serialport. The CS pin must be he at logic 0 be
fore SCLK transitions can be reognizel by he

port logc. To accommodate opto-isolators SCLK

is designed with a@mitt-trigger inputto allowan

optoisolator with slower rise and fih times to di-

redly drive the pin. Additionally, 5O is capdle

of sinking or sourcing upo 5mA to directly drive

an opb-isolator LED. SDO will haveless tlan a

400 nV loss in the drive voltagerhen sinking or
sourcing SmA.

As shownin Figure 10 atransfer of daa is dways
initiated bysending the appropria 8-bit command
(MSB first) to the sail port (SDI pin).It is impor-

tant to notetha someconmands usanformaion
from the cyde-counterandconfigurdion registers
to peform thefunction. Forthosecommands it is
important tha the correct informaion is written to
thoe registes first

When a commandnvolves a write operaon the
seaial portwill continue to clock in the daa hits
(MSB first) on theSDI pin for the next 24 SCLK
cydes. When aread @mmandis initi ated the seial
port will stat transferringregiste content bit serid
(MSB first) on the O pinfor the nexi8, 16,0r 24
SCLK cycles deprading on the command issued.
The mcro-controller is allowed tosendanew com-
mand while rading register da. The newcom-
mand will be aded upon imrediately and could
possbly terminate the egister read. During the
read cyclethe SYNCO command (NOP) should be
strobed on the 3 port while clocking the daa
from the SDO port.

3.3 Serial Port Initialization

Thesaial port isinitialized to the ommand mode
wheneve aresetis paformed a whenthe portini-
tialization segquene is completed The portinitial-
ization sequece involves clocking 3 or more
SYNC1 command bytes (0¥ followed by
SYNCO command byte (OXE). This sequene
places the dip in the ommand modewhere it
waits untl avalid command is receved.

18

Downloaded from Elcodis.com electronic components distributor

DS279PP5


http://elcodis.com/parts/6128657/cs5460.html

r 4 Y I r J J [ M

////////é//////////

CS5460

SCLK
MSB LSBMSB LSB
- Command Time 8 SCLKs o Data Time 24 SCLKs .
Write Cycle
\
Srannnseisinininiginigigigipinigiginiy
\
X
o MSB LSB §
I I I \
Command Time 8 SCLKs - §
MSB § LSB
SDO D B\
N
Data Time 24 SCLKs
Read Cycle
Figure 10. Command and DataWord Timing
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3.4 System Initialization

A software orhaidwarereset can be initeted d any
time The softwarerese is initiated by writing a
logic 1to the R§Reset System) bit h the @nfigu-
ration regster, whit aubmatically returns to loge

0 afterreset. At the end of the #2SCLK (i.e., 8 bit
commandvord and 24 bt data word) irgrnal syn-
chroniztion delaysthe lbading of the configura
tionregisterby 3 or4 DCLK (MCLK/K). Thenthe
resetcircuit initiates theresé routineonthe 15t fall-

ing edge of MCLK. A hadware reset is initiated

when he RESETpinisforced low with a minimum
pulse width of 50 ns. he RESETsignal is ayn-

chronous requing noMCLKSs for the part taletect
and sbrea resetevent. Once he REET pin is in-
adive theinternal resetcircuitry remans adive for

5 MCLK cycles toinsureresettingthe synchronous
circuitry in the device The modulators ee held in
rese for 12 MCLK cycles dter RESET bemmes

inadive. The nternal regista's (some of which drive
output pinswill be resetto thdr default vaues on
thefirst MCLK recevedafter detedingareset ent
(seeTable 2). After aresd, the on-chip registers ae
initialized to thefollowing staesand he conveter
is plaed in theconmand modewhee it walits for a
valid command.

Configuration Register: 0x000001
Offset Register: 0x000000
Gain Registers 0x400000
Pulse-Rate Register: 0xO0FA000
Cycle-Counter Register: 0x000FAO
Timebase Register: 0x800000
Status Register: 0x000001
Mask Register 0x000000
Signed Registers 0x000000
Unsigned Registers 0x000000

Table 2. Internal Registers Default Value

20
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4. REGISTER DESCRIPTION

Notes: * “RA[4:0]" => register address bits in the Register Read/Write Command word
** “default” => bit status after reset

4.1 Configuration Register
Address: RA[4:0]* = 0x00

23 22 21 20 19 18 17 16

| pca |  pc2 ] PC1 | PCO 0 | 0 | 0 Gi |
15 14 13 12 11 10 9 8

| EWA | PHI PHO | SI1 SI0 | EOD | DL1 DLO |
7 6 5 4 3 2 1 0

| RS | VvVHPF | HPF_ | icPu | K3 K2 K1 KO |

Default** = 0x000001

K[3:0] Clock divider. A 4 bit binary number ranging from 0 to 15 used to divide the value of MCLK to
generate the internal clock DCLK. The internal clock frequency of DCLK = MCLK/K. Valid val-
ues are 1,2, and 4.
0001 = divide by 1 (default)
0010 = divide by 2
0100 = divide by 4

iCPU Inverts the CPUCLK clock. In order to reduce the level of noise present when analog signals
are sampled, the logic driven by CPUCLK should not be active during the sample edge.
0 = normal operation (default)
1 = minimize noise when CPUCLK is driving rising edge logic

IHPF Control the use of the High Pass Filter on the Current Channel.
0 = High-pass filter is disabled. If VHPF is set, use all-pass filter. Otherwise, no filter is used.
(default)
1 = High-pass filter is enabled.

VHPF Control the use of the High Pass Filter on the voltage Channel.
0 = High-pass filter is disabled. If IHPF is set, use all-pass filter. Otherwise, no filter is used.
(default)
1 = High-pass filter enabled

RS Start a chip reset cycle when set 1. The reset cycle lasts for less than 10 XIN cycles. The bit
is automatically returned to O by the reset cycle.

DLO When EOD = 1, EDIR becomes a user defined pin. DLO sets the value of the EDIR pin.
Default ='0'

DL1 When EOD = 1, EOUT becomes a user defined pin. DL1 sets the value of the EOUT pin.
Default ='0'

EOD Allows the EOUT and EDIR pins to be controlled by the DLO and DL1 bits. EOUT and EDIR can

also be accessed using the status register.
0 = Normal operation of the EOUT and EDIR pins. (default)
1 =DLO and DL1 bits control the EOUT and EDIR pins.

SI[1:0] Soft interrupt configuration. Select the desired pin behavior for indication of an interrupt.
00 = active low level (default)
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01 = active high level
10 = falling edge (INT is normally high)
11 =rising edge (INT is normally low)

PH[1:0] Set the phase of the EOUT and EDIR output pin pulse. The EOUT and EDIR pins, on different
phases, can be wire-ORed together as a simple way of summing the frequency of different
parts.

00 = phase 0 (default)
01 =phase 1
10 = phase 2
11 = phase 3

EWA Allows the output pins of EOUT and EDIR of multiple chips to be connected in a wire-AND, us-
ing an external pull-up device.
0 = normal outputs (default)
1 = only the pull-down device of the EOUT and EDIR pins are active

Gi Sets the gain of the current PGA
0 = gain is 10 (default)
1 =gain is 50
Res Reserved. These bits must be set to zero.
PC[3:0] Phase compensation. A 2's complement number used to set the delay in the voltage channel.

The bigger the number, the greater the delay in the voltage. The phase adjustment range is
about -2.4 to +2.5 degrees at 60Hz. Each step is about 0.34 degrees at 60Hz.
0000 = Zero degrees phase delay (default)

4.2 Current Offset Register and Voltage Offset Register
Address:  RA[4:0]* = 0x01 (Current Offset Register)
RA[4:0]* = 0x03 (Voltage Offset Register)

MSB LSB
‘SIGN’ 22 ‘ >3 ‘ o4 ’ 25 ’ 26 ‘ o7 ‘ -8 ‘ ..... ‘ >-18 ‘ 219 ’ 2-20 ’ 221 ‘ 222 ‘ 223 ’ 024 ‘

Default** = 0.000

The Offset Registers are initialized to zero on reset, allowing the device to function and perform measurements.
The register is loaded after one cycle with the system offset when the proper input is applied and the Calibration
Command is received. The register may be read and stored so the register may be restored with the desired
system offset compensation. The value is in the range + %2 full scale.

4.3 Current Gain Register and Voltage Gain Register
Address:  RA[4:0]* = 0x02 (Current Gain Register)
RA[4:0]* = 0x04 (Voltage Gain Register)

MSB LSB
‘ o1 ’ 20 ‘ o1 ‘ 22 ’ >3 ’ -4 ‘ 25 ‘ -6 ‘ ..... ‘ >-16 ‘ 17 ’ >-18 ’ 2-19 ‘ 2-20 ‘ 221 ’ 222 ‘

Default** = 1.000

The Gain Registers are initialized to 1.0 on reset, allowing the device to function and perform measurements.
The register is loaded after one cycle with the system gain when the proper input is applied and the Calibration
Command is received. The register may be read and stored so the register may be restored with the desired
system offset compensation. The value is in the range 0.0 < Gain < 4.0.

22 DS279PP5
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4.4 Cycle Count Register
Address: RA[4:0]* = 0x05

MSB LSB
|223|222|221|220|219|218|217|216‘ ..... ‘26|25|24|23|22|21|20‘

Default** = 4000

The Cycle Count Register determines the length of an energy and RMS conversion. A conversion cycle is de-
rived from (MCLK/K)/(1024CN) where MCLK is master clock, K is clock divider, and N is cycle count. N must be
greater than 10 for Ixs, VrRus and energy calculations to be performed.

4.5 Pulse-Rate Register
Address: RA[4:0]* = 0x06

MSB LSB
‘218’217‘216‘215’214’213‘212‘211‘ ..... ‘21‘20’2-1’2-2‘2-3‘2-4’2-5‘

Default** = 32000.00Hz

The Pulse-Rate Register determines the frequency of the train of pulses output on the EOUT pin. Each EOUT
pulse represents a predetermined magnitude of energy.The register's smallest valid value is 2" but can be in
2 increments.

4.6 1,V,P,E Sgned Output Register Results
Address: RA[4:0]* = 0x07 - OX0A

MSB LSB
‘SIGN’ o1 ‘ 22 ‘ -3 ’ >4 ’ 25 ‘ -6 ‘ o7 ‘ ..... ‘ 17 ‘ >-18 ’ 219 ’ 2-20 ‘ 221 ‘ 222 ’ 223 ‘

Access: Read Only

The Signed Registers contain the last value of the measured results of I, V, P, and E. The results are in the
range of -1.0<1,V, P, E <1.0. The value is represented in two's complement notation, with the binary point
place to the right of the MSB (which is the sign bit). I, V, P, and E are output results registers which contain
signed values.

4.7 lrms Vrus Unsigned Output Register Results
Address: RA[4:0]* = 0x0B - 0x0C

MSB LSB
‘ o1 ’ 22 ‘ -3 ‘ o4 ’ 25 ’ -6 ‘ o7 ‘ -8 ‘ ..... ‘ >-18 ‘ 219 ’ 2-20 ’ 221 ‘ 222 ‘ 223 ’ 024 ‘

Access: Read Only

The Unsigned Registers contain the last value of the calculated results of Igpg and Vrus. The results are in the
range of 0.0 < Ixms.Vrms < 1.0. The value is represented in binary notation, with the binary point place to the
left of the MSB. Igys and Vrug are output result registers which contain unsigned values.
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4.8 Timebase Calibration
Address: RA[4:0]* = 0x0D

MSB LSB
| 20 | o1 | 22 | -3 | o4 | 25 | o6 | o7 ‘ ..... ‘ >-17 | >-18 | 219 | 2-20 | 521 | 522 | 223 ‘

Default** = 1.000

The Timebase Register is initialized to 1.0 on reset, allowing the device to function and perform computations.
The register is user loaded with the clock frequency error to compensate for a gain error caused by the crys-
tal/oscillator tolerance. The value is in the range 0.0 < TBC < 2.0.

4.9 Satus Register and Mask Register
Address:  RA[4:0]* = OxOF (Status Register)
RA[4:0]* = Ox1A (Mask Register)

23 22 21 20 19 18 17 16

| DRDY | EOUT | EDR | Res | MATH | Res | IOR |  VOrR |
15 14 13 12 11 10 9 8

| PWOR | IROR [ VROR | EOR | EOOR | Res | Res | Res |
7 6 5 4 3 2 1 0

[ Res | Res [ wpt | vobp | oo | tsb ] 0 | ic |

Default** = 0x000001 (Status Register)
0x000000 (Mask Register)

The Status Register indicates the condition of the chip. In normal operation writing a '1’ to a bit will cause the bit
to go to the '0’ state. Writing a 0’ to a bit will maintain the status bit in its current state. With this feature the user
can simply write back the status register to clear the bits that have been seen, without concern of clearing any
newly set bits. Even if a status bit is masked to prevent the interrupt, the status bit will still be set in the status

register so the user can poll the status.

The Mask Register is used to control the activation of the INT pin. Placing a logic "1’ in the mask register will
allow the corresponding bit in the status register to activate the INT pin when the status bit becomes active.

IC Invalid Command. Normally logic 1. Set to logic 0 when the part is given an invalid command.
Can be deactivated only by sending a port initialization sequence to the serial port. When writing
to status register this bit is ignored.

LSD Low Supply detect. Set when the PFMON pin falls below 2.5 volts with respect to the VA- pin.

10D Modulator oscillation detect on the current channel. Set when the modulator oscillates due to
an input above Full Scale.

VOD Modulator oscillation detect on the voltage channel. Set when the modulator oscillates due to
an input above Full Scale.

WDT Watch-Dog Timer. Set when there has been no reading of the Energy register for more than 5
seconds. (MCLK =4.096 MHz, K = 1) To clear this bit, first read the Energy register, then write
to the status register with this bit set to logic '1".

EOOR EOUT energy/current summing register went out of range. This can be caused by having an
output rate that is too small for the power being measured. The problem can be corrected by
specifying a higher frequency in the pulse-rate register.
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EOR Energy Out of Range. Set when the calibrated energy value is too large or too small to fit in the
output word.

VROR RMS Voltage Out of Range. Set when the calibrated RMS voltage value is too large to fit in the
output word.

IROR RMS Current Out of Range. Set when the calibrated RMS current value is too large to fit in the
output word.

PWOR Power Calculation Out of Range.

VOR Voltage Out of Range. Set when the calibrated voltage value is too large or too small to fit in
the output word.

IOR Current Out of Range. Set when the calibrated current value is too large or too small to fit in the
output word.

MATH General computation error (e.g., divide by 0)

EDIR Set when sum of energy is less than zero. Set or cleared at the same time as EOUT.

EOUT Indicates that the energy limit has been reached for the energy to frequency conversion, and a

pulse train will be generated on the EOUT pin (if enabled). This bit is cleared automatically when
the energy rate drops below the level that produces a 4 KHz EOUT pin rate. The bit can also

be cleared by writing to the status register. This status bit is set with a maximum frequency of
4 KHz (when MCLK/K is 4.096 MHz).

DRDY Data Ready. Set at the end of a calibration or conversion cycle.
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5. FUNCTIONAL DESCRIPTION
5.1 Interrupt and Watchdog Timer

5.1.1 Interrupt

The INT pin is used to indict that an evet has
taken placen the conveer that needs attention.
These gentsinform the systemabout opeation
conditions and internal eror conditions. The NT
signd is creaktd by conbining the Satus reyister
with theMask ragiste. Whenever abit in the Status
registerbemmes ative, and thecoresponding bit
in the Mask reister is a logic 1, théNT signal be
comes adive. The interrupt condition is cleaed
when te bis of the satus reister are rdurned b
their inacive sate.

5.1.1.1 Clearing the Status Register

Unlikethe other registers, thetsin the Statusreg-
ister can only becleared (setto logic 0). When a
word is written to theStdus ragista, any 1s in he

Interrupt Handler Routine:
Step HO - Read he Satus regster.
Step H1 - Disable H interrupts.

Step H2 - Branch tothe prope interrupt servie
routine

Step H3 - Clearthe Satusregister by witing back
the vablie read n step HO.

Step H4 - Re-@able interupts.
Step H5 - Return fom interrupt savice routine.

This handsh&ing procedureinsuresthat any new
interrupts activated between seps HOand H3 are
not lost (deared) by step H3.

5.1.1.3 INT Active Sate

The bénavior of theNT pin is controlled by the SI1
and SIO bits of theanfiguration rgister The pin
can beadive low (default), adive high, active on a
return to logicO (rising edge),or ectivate on are-

word will causethe coresponding bits in the Status turn to bgic1 (falling edge)

registerto be clered. The other bits of the status
registerremain unbanged. This allows thdear
ing of patticular bits inthe registerwithout having
to know thestate of the otherbits. This mechanism
is designedo facilitate handshaking ando mini-
mizetherisk oflosing ezents that heerit been po-
cesxd yet.

5.1.1.2 Typical use of the INT pin

The steps belowshow howinterrupts @n be han-
dled.

Initialization:

Step 10 - All Status bits are cleaed by writing
FFH-FF (Hex) into the $&tus egister.

Stepl1 - Theconditiond bits which will be usel to
geneste interruptsare then written o logic 1 in the
Mask regster.

Step 13 - Enableinterrupts.

5.1.1.4 Exceptions

The IC(Invalid Command) bit of thet&tus register
can only be cleaed by @rforming the portinitial-
ization sguenceThis is &so the onlyStatus egis-
ter bit tha is adive low.

To properly deartheWDT (WatchDog Time) bit
of the Status register, onaust first read the Enggy
register, then clea the bt in the shtus reyister.

5.1.2 Watch Dog Timer

The Wach Dog Timer (WD) is provided as
means of adertingthe systen tha thereis a potetial
bre&kdown in commurgdion with the micro-con-
troller. By dlowing theWDT to causean interrupt,
a controller can bérought back, fromsome un-
known code spag inb the prope code forpro-
cessng the data eded by the onverter The
time-out isprepogrammedo goproximately 5 sec
onds. The coudown estarts each time the Energy
registeris read. Undertypicd situations the Ener
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gy register is rehevery seeond. As a resulthe

WDT will not time out. Othe applicdions, that
want b usethewatchdogtimer, will need tensure
that the Energy registeris read d least once in ev

ery 5 seond span.

5.2 Oscillator Characteristics

XIN and XOUT are the input anautput, respee

tively, of an invertingamplifier to provide osill a-

tion and en be configurd as an on-chip oscdlor,

as shown in fgure 11. The oscillator m@uit is de-

signal to work with a quarz crystal or a ceamc

reson#or. To reducecircuit cost twoload @pad-

tors Clare intggraied inthe devie, one between

XIN andDGND, onebeweenXOUT and DG\D.

Leadlengthsshouldbe mnimized b reduce say

cgpacitance. With these bad @padtors the osdll a

tor circuit is apable of osdllation up to 20 MHz.
To drive the deice from an externd clock source
XOUT shouldbe left unconnected while XIN is
driven bythe external circuitry. Theee is an anpli-

fier between XIN and the digital seconwhich pio-

vides CMOS level sgnds. This amplfier works

with sinu®idd inputs ® thereare no problems
with slow elge tires.

The CS5460 @n bedrivenby aclodk ranging from
2.5 020 MHz Table showshe clock dividevalue
K (default = 1) hat the CS5460needsto bepro-
grammed wth for normal operaon.

K CLK (min) CLK (max)
MHz MHz

1 25 5

2 5 10

4 10 20

Table 3. CPU Clock (and K) Restrictions

5.3 Analog Inputs

The CS5460 acommodates dull scale ange of
150 MV jps on bothinput channks. Sysem cdi-
bration @n be usd to increase ordeceasethe full
scalespan ofthe onverte as long as thecalibra
tion regste valuesstay within thelimits speified.
See the Calibration section for nore ddails.

The arrent input dannel has minputrangeof 30
mVgrpms When the interrlax50 gan stageis en-
abled. This signal rangs designed to handle low
level signals from a shunt sensor.

Oscillator
Circuit

xoutl
L.
L]
XIN _
1
L
DGND

i‘: Cl=22pF

Figure 1l. Oscillator Connection
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5.4 Voltage Reference

The CS5460 ispedfied for opeation with a+2.5
V referene baweenthe VREFINand VA- pins.
The conveter includes an ternal 2.5V reference
(60 ppmPC diift) that canbe usé by mnnecting
the VREFOUT pin to the VRERAN pin of the de
vice. If higheracuracy/stabilty is required,an e-
ternd reference can be used.

5.5 Performing Calibrations

The CS5460 offegstwo DCcdibrationmodes: sys-
temoffset and gstem gain. Fosystem calibration
the use must supply theonveter cdibration sig-
nals which represat groundand full scde. The
user nust provide the podiive full scde point to
perform a system gainatbration and aground
referenced signal when aystem offet is per
formed. The offset and gan signds must be wthin
the spedfied cdibration limits for eah speific
cdibration step ard channel. Since eachconverte
channéhas its owroffset and gain egister &so-
ciatedwith it, sydem offset, orsystem gainan be
performed on g&her channel withou the calibra
tion resultsfrom onechannécorrupting the othe.

The Cycle Countegister N, deteminesthenumbe
of conversions avagel to obtain the dibration
results. The largeN, the highe the acarag of the
cdibraion resuts. Oncea calbrationcycle iscom-
plete, DRDY is setand the resuts are sbredin &-
ther the gain or ofset register. Note that if
additiond cdlibrations ae periormed, thdatest c&
ibration results will replace the effeds from te
previous @libration. In any event, offset and gain
cdibraion steps takene cyte each to complete.

After the pat is resd, thedevice is fundional and
can perform measuremats without being chbrat-
ed. The conveéers will utilize the nitialized values
of theon-chip egisters (Gain =1.0, Offset =0.0) to
cdculate powe information. Although ta device
can be used withoti paforming an oféet or gain

cdibration, any iniial offse and gain ewnrsin the
internd circuitry of thechip will remain.

5.5.1 System Calibration

For the system debration functiors, the user must
supply the canverters calibation sigrals whichrepre-
sent goundandfull scde. Whena system dfset cal-
ibrationis performed agroundreference signal mug
be goplied to theconverters. Figure 12ill ustrates sys-
tem offset calibation.

As shown in kgure13, the usemust input a signal
representing the positivefull sale point © paform
a system ga calibraion. In eithercase the @li-
bration signas must bewithin thespedfied cdibra-
tion limits for each speific calibration ste (refer
to Full Scale DC Calibration Range).

External
Connections

~— + +

AIN+

XGAIN

ov ()

*—
AIN-

cm(®)

N

Figure 12. System Calibration of Offset.

External
Connections
Yo + +

AIN+

Full Scale e

XGAIN

*—
AIN-

cm (H)

\Y4

Figure 13. System Calibration of Gain.
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5.5.2 Calibration Tips

To minimize digital noise near the device, the user
shoul wait for each céibrationstep tdoe compkt-
ed bebre reading or witing to the serilapott.

After acdibraionis performed, theoffset andgain
register contents can beread by the sysém mi-
cro-controllerand ecoded in memoryThe sane
cdibraion wods can be uploade into the ofset
and gan registes of theconveters when powe is
first appliedto the sysem, or when the gan range
on the current chanel s changed.

An offset cdibraion must beperfomed bebre a
gain alibration. Eah gan cdibration depaxdson
the zro calibraion point obtaned from the ofset
cdibration.

The offset and gain debréion steps ezh takeone
convesion g/cle to compéte. At the end of the da
ibration stgp, DRDY is séto indicate tha the cdi-
breion is mmplete.

5.6 Input Current Protection

In Figure3andFigure4, note theseres esisor RR
which is connei@d to he [IN+ inputpin. This re
sistor isusedto provice current-limit protedion for
the curent-chanel nput pinin the evat of apow-
er surge or lightening suge. The voltage/cur
rent-channelinputs have surge-a@nt limits of
100mA. This applies d brief voltage/curent
spikes (<500 mgqg. The limtis 10mA for DC in-
putoverload situations

The VIN+ pin doesnot ne@ a protedion resistor
for the configurdions shownn Figure3 and kgure
4. This is beause a resstive voltage-divider is
used as the sensomd® seaies resistaneis a-
ready provided to theVIN+ input pn. (If it was in-
stlled, it would becdled RPv). If the negative
sides of the CS$460 inputchannés arenotground-
ed (i.e, if VIN- and IN- are omnnected in adiffer-
ential configuraton) then itis approprige to put
protedion resistors on these inputs aslive

Capecitors CR/ and CPshould be inleided to pro-

vide for attenuation of highréquency noise that
may be coupled into theinput lines. In differential

input configurdions, sucha apadtor shoutl be

addel to the VIN- and IIN- pinsin addition to the
VIN+ and IIN+ pins.

Values for RR/ ard CPvi mustbe chosen witthe
approximateinput lowpass cutofffrequency in
mind. In genedl, the atoff frequeny should not
belessthan 10 tims theroll-off frequendes of the
internal voltagécurrent chanel flters (seeFigure
6 and Figure 7). From tese figures we sethat the
internal voltage chaanel roll-off is at ~1400H
while thecurrent chanel roll-offis at ~1600Hz If
the cutoff frejuency of tle externd protedion is
much less than 10x theselwas (14000Hzand
16000Hz) then some ofthe harmonic contet in
the powe signal maystart to get d@enuated bythis
inputfiltering, which is undesirable.

The ad values of RR1 ard CR/1 must be cleu-
lated foread particula application. The primary
goal is to make sure that the input pins never re-
ceive transient input currents greater than 100mA.
Also, they should never be exposed to DC currents
greater than 10mA. The usersuppled protection
regstors RR and RP will limit the current tha
comes intothe pins n over-voltagye-where thein-
ternd protedion diodesurn on inside the G5460.
For example, suppodbat the value br RR (on the
current chanel inpuj was ¢o%en to be 500 Ohms.
Then we knowhat the curentchannel can with-
stand brief voltage spikes of up ~50V (rder-
encd to GND) without camage tahepat. Thisis
beause 50V / 5000hm = 100mANe can also say
that the pin an withstand acommon mode DC
voltage of up to 5V.

When computing apppriatevalues ér RPvi, the
differential input inpedanceof the CS5460s volt-
age chaanel and aurrent channé should alsobe
consderaed. Ths isespetly true for the current
channel, whichhas alower differential input im-
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pedane tan the \ltage channel. These mped-
ancespecs ee given at the lggnning of thisdaa
sheet (see the speification titled “Effective Input
Impedance’ for thevoltage and aurrent channels).
For example, the differential nput mpedance in
the current channelis spec¢d to be 30 kOhm. As
the userincreases he vdue of RP to provide or
more and more ommon-mode surge protection,
the voltagedrop acoss the gternal piotedion re-

gains such that thérop acoss the protdwon resis-
tors istaken into account.

Typical values fothesecomponents ae RP = 500
Ohm, Ck= 0.02uF, CR = 0.002uF and iheces-
sary, RR =5 KOhm.

5.7 PCB Layout

TheCS5460 should belaced ettirely overan ana
log ground plane #th both the VA and DGND

sistor incresses, and it divides the input signalpins of the device conneted to theanalog plae.

down nore and more This in urnreduces the dy-
namic rangeof the sgnak thatareultimately pre-
sented @ the CS5460s inputs. As an exampk,
suppos that the usecregtes a arrent-sensor on-
figuration hat provides a diffeential votage of
150nV (RMS) acmoss shunt reistor Rs at maxi-

mum line-current level. However, the user has set

RPR to 500 Ohms. This means that when therés
150nV aaoss theshuntresistor Rs), the voltage
aaoss tle IIN+ and IIN- inputsis actually 150mV
*[ 30K / (500 + 30K) = ~148mV (RM$S. We see
that this ha deaeased themaximum signal input
level. To avoid ths voltage division, the use
shoud first considerthe nput protectiorihat s go-
ing o be neessay, and the calalate the sasor

Placetheanalog-digital plane split immedately ad-
jacent to the digital portion of the chip.

Note: See the CDB5460 data sheet for suggested
layout details and Applications Note 18 for
more detailed layout guidelines. Before
layout, please call for our Free Schematic

Review Service.

Schematic & Layout Review Service

Confirm Optimum
Schematic & Layout
Before Building Your Board.

For Our Free Review Service
Call Applications Engineering.

Call: (512)445-7222
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6. PIN DESCRIPTION

Crystal Out XOUT [|1e 24 (] XIN Crystal In
CPU Clock Output ~ CPUCLK [ |2 23 || SDI Serial Data Input
Positive Digital Supply VD+ [|3 22| EDIR Energy Direction Indicator
Digital Ground DGND |[|4 21| EOUT Energy Output
Serial Clock Input SCLK []|5 20[] INT Interrupt
Serial Data Output SDO []6 19| RESET  Reset
Chip Select cs 7 18|] NC No Connect
No Connect NC []|8 17 || PFMON  Power Fail Monitor
Differential Voltage Input VIN+ [ ]9 16 || 1IN+ Differential Current Input
Differential Voltage Input VIN- []10 15 || 1IN- Differential Current Input
Voltage Reference Output VREFOUT | |11 14 || VA+ Positive Analog Supply
Voltage Reference Input VREFIN [|12 13 || VA- Analog Ground
Clock Generator
Crystal Out 1,24 XOUT, XIN - A gate inside the chip is connected to these pins and can be used with a
Crystal In crystal to provide the system clock for the device. Alternatively, an external (CMOS
compatible clock) can be supplied into XIN pin to provide the system clock for the device.
CPU Clock Output 2 CPUCLK - Output of on-chip oscillator which can drive one standard CMOS load.
Control Pins and Serial Data I/0
SCLK 5 Serial Clock Input - A clock signal on this pin determines the input and output rate of the

data for the SDI and SDO pins respectively. This input is a Schmitt trigger to allow for
slow rise time signals. The SCLK pin will recognize clocks only when CS is low.

SDO 6 Serial Data Output - SDO is the output pin of the serial data port. Its output will be in a
high impedance state when CS is high.

CS 7 Chip Select - When active low, the port will recognize SCLK. An active high on this pins
puts the SDO pin in a high impedance state. CS should be changed when SCLK is low.

INT 20 Interrup t - When INT goes low it signals that an enabled event has occurred. INT is
cleared (logic 1) by writing the appropriate command to the CS5460.

EOUT 21 Energy Output - The energy output pin output a fixed-width pulse rate output with a rate
(programmable) proportional to energy.

EDIR 22 The energy direction indicator indicates if the measured energy is negative.

SDI 23 Energy Direction I ndic ator - Serial Data Input - SDI is the input pin of the serial data

port. Data will be input at a rate determined by SCLK.

Measurement and Reference Input

Differential 9,10  VIN+, VIN- - Differential analog input pins for voltage channel.

Voltage Inputs

Voltage 11 VREFOUT - The on-chip voltage reference is output from this pin. The voltage reference
Reference Output has a nominal magnitude of 2.5 V and is reference to the VA- pin on the converter.
Voltage 12 VREFIN - The voltage input to this pin establishes the voltage reference for the on-chip
Reference Input modulator.
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Differential 15,16 IIN+, IIN- - Differential analog input pins for current channel.
Current Inputs

Power Supply Connections

Positive 3 VD+ - The positive digital supply is nominally +5 V £10% relative to DGND.

Digital Supply

Digital Ground 4 DGND - The digital ground is at the same level as VA-.

Negative 13 VA- - The negative analog supply pin must be at the lowest potential.

Analog Supply

Positive 14 VA+ - The positive analog supply is nominally +5 V +10% relative to VA-.

Analog Supply

Power Fail Monitor 17 PFMON - The power fail Monitor pin monitors the analog supply. Typical threshold level
is 2.5 V with respect to the VA- pin.

RESET 19 Reset - When reset is taken low, all internal registers are set to their default states.

Other

No Connection 8,18 NC - No connection. Pins should be left floating.

7. SPECIFICATION DEFINITIONS

Full Scale Error
The deviation of thelast codetransition fromthe ided [{(VREFIN) - (VA-)} - 3/2 LSB]. Units
arein LSBs.

Bipolar Offset

The deviation of the mid-scde trarsition (111...111to 000..000) from the idal (/2 LSB
below the voltage on thelM- or [IN- pin). Units ae in LSBs.
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8. PACKAGE DIMENSIONS
241 SSOP PACKA GE DRAWING

13000
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- |¢ H Alj \ * ~ END VIEW
O \\ SEATING
) X SIDE VIEW PLANE
TGS '
123
TOP VIEW
INCHES MILLIMETERS NOTE

DIM MIN NOM MAX MIN NOM MAX

A -- -- 0.084 -- -- 2.13

Al 0.002 0.006 0.010 0.05 0.13 0.25

A2 0.064 0.069 0.074 1.62 1.75 1.88

b 0.009 -- 0.015 0.22 -- 0.38 2,3
D 0.311 0.323 0.335 7.90 8.20 8.50 1
E 0.291 0.307 0.323 7.40 7.80 8.20

El 0.197 0.209 0.220 5.00 5.30 5.60 1
e 0.022 0.026 0.030 0.55 0.65 0.75

L 0.025 0.0354 0.041 0.63 0.90 1.03

UJ 0° 4° 8° 0° 4° 8°

side.

JEDEC #: MO-150

Notes: 1. “D” and “E1” are reference datums and do not included mold flash or protrusions, but do include mold
mismatch and are measured at the parting line, mold flash or protrusions shall not exceed 0.20 mm per

2. Dimension “b” does not include dambar protrusion/intrusion. Allowable dambar protrusion shall be
0.13 mm total in excess of “b” dimension at maximum material condition. Dambar intrusion shall not
reduce dimension “b” by more than 0.07 mm at least material condition.

3. These dimensions apply to the flat section of the lead between 0.10 and 0.25 mm from lead tips.
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