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1.0 PURPOSE

The purpose of this calculation is to determine the total loop uncertainty of Main
Feedwater pressure digital indications for the Caldon CheckPlus LEFM and Plant
Computer.

Uncertainties are calculated for normal operating (non-harsh) conditions only.

2.0 COMPONENT LISTING

This calculation applies to the following instruments:

Main Feedwater Pressure Transmitters

1-PT-1131A, B

2-PT-1131A, B

1-PT-i 141A, B

2-PT-I1141A, B

I/E Converters

II/E1C209A, B

21/E2C209A, B

A/D Converters

1M/P1C209A1, BI

2M/P2C209A1, BI

LEFM Electronic Unit

ICPU 1 C209A 1, B I

2CPU2C209AI, B11

II/E1C209E, F

21/E2C209E, F

1M/P1C209A2, B2

2M/P2C209A2, B2

1CPUIC209A2, B2

2CPU2C209A2, B2
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3.0 FIGURE

---------------------------------- 1
LEFM

Main Feedwater IEAD ]•
IA/D

PrssureConverter Converter PCTransmitters

Note: The loop configuration is determined from Reference 7.9 and Assumption 6.9.

4.0 METHOD OF ANALYSIS

This calculation is performed in accordance with ES-028, Instrument Loop Uncertainty /
Setpoint Methodology. This calculation utilizes the Square Root Sum of the Squares
(SRSS) methodology when all variables are random, independent and normally
distributed. Bias uncertainties are combined algebraically with random uncertainties.

This calculation determines device uncertainties for the Main Feedwater pressure
transmitters, I/E converters, and A/D converters and then combines these uncertainties to
determine the total loop uncertainty for the digital indication of the LEFM. The error in
this digital indication is the same as in the plant computer, since the signal is passed to
the plant computer via a digital link.
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5.0 DESIGN INPUTS

5.1 MAIN FEEDWATER PRESSURE SENSOR CONSIDERATIONS
(Subscript: s)

TAG NUMBER: 1(2)-PT- 1131 A, B [7.2]

1(2)-PT-1141A, B

MANUFACTURER: Rosemount [7.2]

MODEL NUMBER: 305 1CG5 [7.2]

SPAN: 0 to 1300 psig [7.2]

UPPER RANGE LIMIT 2000 psig [7.1]

(URL)

5.1.1 Per References 7.1, the Reference Accuracy for Range Code 5 transmitters with a
turn down ratio (ratio of URL to Span) of less than 10:1 is ± 0.065% Span. Per
Reference 7.1, URL for these transmitters is 2000 psig. Per Reference 7.2, span
for these transmitters is 1300 psig, yielding a turn down ratio of 1.54:1 (result of
2000 /1300). Therefore, the sensor Reference Accuracy (RAs) is given as:

RAs = ± 0.065% Span

5.1.2 Per Reference 7.2, the setting tolerance for these sensors is ± 0.25% Span.
Therefore, the Sensor Setting Tolerance (STs) is:

STs 0.250% Span

5.1.3 For conservatism, and to provide flexibility in the choice of test equipment, the
Sensor Measurement and Test Equipment Effect (MTEs) is set equal to the sensor
setting tolerance (STs). Therefore,

MTEs + 0.250% Span
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5.1.4 The Drift term (DRs) is given in Reference 7.1 as ± 0.125% URL for 5 years with
temperature variation limited to within ± 50'F, and up to 1000 psi line pressure.
Reference 7.1 shows URL for range code 5 transmitters is 2000 psi. Per
Reference 7.3, Turbine Building Maximum / Minimum design temperatures are
11 0°F / 60'F, respectively, ensuring that maximum temperature variation is
bounded by ±50'F. Line pressure effects are only applicable to differential
pressure transmitters. Therefore, the Sensor Drift (DRs) is given as:

DRS 0.125%1X 2000psi X 100%Span X 50°F) %Span
yl300psi 50* F)

DRs = ± 0.192% Span

5.1.5 Per Reference 7.1, the Sensor Temperature Effect (TEs) is given as
± (0.0125% URL + 0.0625% Span) per 50'F for Range Code 5. Per Reference
7.1, URL for rarige code 5 transmitters is 2000 psi. Per Reference 7.3, Turbine
Building Minimum / Maximum design temperatures are 60'F / I 10°F,
respectively. Using Minimum / Maximum temperatures for calibration
temperature and normal operating temperature ensures that maximum temperature
variation (±50'F) is considered in determination of TES. Therefore, the Sensor
Temperature Effect (TEs) is given as:

TEs ± (0.0125%URL + 0.0625%Span) X 50'F

507F
[~ 0.0125% X 2000psi 50'F

TEs= 12 0psi + 0.0625%Span X 50'F

TEs = ± 0.082% Span

5.1.6 Per Reference 7.1, Sensor Power Supply Effect (PSEs) is less than ± 0.005% Span
per volt variation. Reference 7.4 states that, for DC power supplies, considering a
5 volt variation in power supply voltage is conservative. Therefore PSEs is
determined as follows:

PSEs = + 0.005%Span X 5voltsDC
voltDC

PSEs = ± 0.025% Span

Per Reference 7.4, uncertainties less than ±0.050% are considered negligible.
Therefore,
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5.1.7 Per Reference 7.1, Sensor Vibration Effect (VEs) is negligible except at resonant
frequencies. When at resonant frequencies, vibration effect is less than ± 0.1% of
URL per g when tested between 15 and 2000 Hz in any axis relative to pipe-
mounted process conditions. Per Assumption 6.2, vibration is bounded by I g at
the test conditions described. Per Reference 7.1, URL for range code 5
transmitters addressed in this calculation is 2000 psi. Reference 7.2 shows
calibrated span for these transmitters is 1300 psig. Therefore VEs is determined
as follows:

0.1% X 2000psi
1300psi

VEs = ± 0.154% Span

5.1.8 Per Reference 7.1, Sensor RFI Effects (RFIs) is ± 0.1% Span from 20 to 1000
MHz and for field strength up to 30 V/m. Per Assumption 6.3, transmitters
addressed in this calculation are not exposed to RFI conditions beyond the limits
stated in the specification. Therefore:

RFIs = ± 0.100% Span
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5.2 I/E CONVERTER CONSIDERATIONS (Subscript: pi)

TAG NUMBER: II/EIC209A, B, E, F

21/E2C209A, B, E, F

MANUFACTURER: Analog Devices

MODEL NUMBER: 5B32

SPAN: 4 to 20 mAdc [7.1]

PROCESS SPAN: (0 to 1300 psig) [7.2]

OUTPUT SPAN: 0-5 Vdc [7.6],

5.2.1 Per Reference 7.6, the initial accuracy at +25'C for the I/E Converters is ± 0.05%
Span ± 0.05% of Iz. The nonlinearity is defined as ± 0.02% Span. The accuracy
of the input resistance (20 Q) is shown to be ± 0.1%. The accuracy of the input
resistance is converted to percent of span at the highest input reading. This
calculation conservatively computes Reference Accuracy, based on the
combination of all these terms, via addition. The Converter 1 Reference
Accuracy (RAp1) is computed as follows.

ACCRES= Accuracy of Input Resistance

ACCRES = ±0.1%×20 mAdc -4±Ad -+0.125% Span

Iz = 4 mAdc

0.05% of 1z = 0.0005 x 4 mAdc x 100% Span -0.0125% Span

((20 mAdc' -4 mAdc))-
AINIT = Initial Accuracy

AINIT = ±0.05% Span ± 0.05% of Iz (Conservatively Add)

AINIT = ±0.05% Span + 0.0125% Span = ±0.0625% Span

RA 1 = ±(0.0625 + 0.02 + 0.125)

RAp1  ± 0.208% Span

5.2.2 Per Reference 7.4, the setting tolerance for these converters is set equal to the
Reference Accuracy, since MCDS sheets do not yet exist. Therefore, the
Converter 1 Setting Tolerance (STp1) is:

STpj = + 0.208% Span
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5.2.3 For conservatism, and to provide flexibility in the choice of test equipment, the
Sensor Measurement and Test Equipment Effect (MTEpi) is set equal to the
Converter 1 Setting Tolerance (STpi). Therefore,

MTEp1  + 0.208% Span

5.2.4 Per Assumption 6.6, Reference 7.6 does not provide a time-dependent drift
specification for the I/E converter, and no historical data is available for analysis.
This device is a modern electronic module used for high accuracy situations; and
drift should be near zero. Therefore, the drift term for these converters is
conservatively set equal to the Reference Accuracy term. The Converter 1 Drift
(DRp1) is defined:

DRp1 = ± 0.208% Span

5.2.5 Per Reference 7.6, there are four (4) terms relating to temperature effect. This
calculation conservatively computes temperature effect, based on the combination
of all these terms, via addition. Note that the LEFM 1 + cabinets are air-
conditioned and maintained within an approximate 10°F band, however, for
conservatism, this calculation computes the I/E converter temperature effect,
based on room temperatures without air conditioning. Per Reference 7.3, Turbine
Building Minimum / Maximum design temperatures are 60'F / I 10°F,
respectively. Using Minimum / Maximum temperatures for calibration
temperature and normal operating temperature ensures that maximum temperature
variation (±50'F) is considered in determination of TEpj. Therefore, the
Converter I Temperature Effect (TEp1) is computed as follows:

TE10 = Input Offset vs. Temp
• ( 44mAdc

TE 10 = ±0.0025% of Iz/°C X,(2 4 mAdc - ±0.000625% Span/°C
((20 mAdo - 4 mAdc))-

TE00 = Output Offset vs. Temp

Zeoo=+20 gV/C 100% Spanx 1 Vdc±
-EOO = ±20 ý5 Vdc )41,000,000- Vdc)= ±0.0004 % Span/°C

TEG = Gain vs. Temp

TEG = ±0.0025% of Reading / °C (Considered Applied as Input Specification)

TEG = ±0.0025% Span /0C X 2 20 mAdc - ±0.003125% Span/°C
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TEsR = Stability vs. Temp for Input Resistor

TEsR = ±0.001%/OCx ((20 mAdc-4 Ic =±0.00125% Span/°C

TE = ±(TEIO +TEoo +TEG +TESR)

TE = ±(0.000625 + 0.0004 + 0.003125 + 0.00125)

TEp1 = ±0.0054% Span/OC x1 80F> 50°F

TEp1 = ±0.150% Span

5.2.6 Per Reference7.6, theConverter I Power Supply Effect (PSEp1) is defined by
power supply sensitivity of± 2tV/Vs%, with a required power supply voltage of
5 Vdc ±5%. Conservatively using the worst case voltage variation specified for
the module of +5% (Assumption 6.7), the PSEp1 is determined as follows:

+(2pVdcx ( lVdc x(100% Span/
PSE=-, /L(Vs% ) 5% 1,000,000 - Vdc) . 5 Vdc )

PSEp, = ± 0.0002% Span

Per Reference 7.4, uncertainties less than ±0.050% Span are considered
negligible. Therefore,

PSEp1 = N/A

5.2.7 Per Reference 7.6, the Converter 1 RFI Effect (RFIpl) is defined by RFI
Susceptibility, + 0.5% Span error @ 400 MHz, 5 Watts, at 3 feet. Per
Assumption 6.8, the converters addressed in this calculation are not exposed to
RFI conditions beyond the limits stated in the specification. Therefore:

RFIpi = ± 0.500% Span
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5.3 A/D CONVERTER CONSIDERATIONS (Subscript: P2)

TAG NUMBER: 1M/P1C209A1, A2, B1, B2

2M/P2C209A1, A2, BI, B2

MANUFACTURER: Burr Brown

MODEL NUMBER: ADS7825

SPAN: 0 to 5 Vdc [7.6]

PROCESS SPAN: (0 to 1300 psig) [7.2]

5.3.1 Reference 7.7 provides the uncertainty specifications for the Burr Brown A/D
converters. However, Reference 7.8 is the accuracy analysis as provided by the
vendor for these devices, when using an input span of 0 to 5 Vdc. The output of
this analysis is the overall accuracy for the A/D converters. Per Reference 7.8,
the overall uncertainty value is derived as ± 17.5 mVdc. The Overall Accuracy of
the A/D Converter (ACCp2) is computed as follows.

ACCP2 = ±17.5 mVdc x 100%Span) ( lVdc
(5 Vdc )1000 mVdc)

ACCP 2 = ±0.350% Span

In order to ensure that adequate temperature effects, etc., have been considered,
an extra degree of conservatism is added, and ±0.400% Span will be used for the
Total Device Uncertainty of the A/D Converter (TDUp2). (Note that the LEFM
"4 + cabinets are air-conditioned and maintained within an approximate 10°F
band, so additional temperature effect uncertainties should not be present outside
the uncertainty analysis of Reference 7.8.)

TDUp2 = + 0.400% Span
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5.4 PROCESS MEASUREMENT EFFECT CONSIDERATIONS

Not all of the transmitters addressed in this calculation are installed (as of
Revision 1 issue), making precise determination of PMEb impossible at this time.
However, based on Assumption 6.1, an elevation difference of 30 feet can be used
to quantify a bounding PMEb for use in this calculation. This process requires
that transmitter calibration offsets be calculated and applied as stipulated on
Reference 7.2. Per Assumption 6.4 this will be done prior to the initial calibration
of each transmitter.

Reference 7.2 uses a conversion factor of 0.0361 psig / inH 20 to calculate offset.
Multiplying the conversion factor by (12 in) 3 / ft3 yields the actual calibration
density, 62.3808 Ibm/ft3.

The following equation is used to calculate the PMEb due to sensing line density
variations:

PMEb- h(pN-PC)N)( 100% Span [EQ-I]
144 1300ps- )

where,
h = height of sensing line in feet (30 ft. per Assumption 6.1)
1300 psi = transmitter span

PN = assumed sensing line fill fluid density during normal operation
Pc = assumed sensing line fill fluid density to determine bounding calibration

offset

NOTE: The factor 144 is used to convert from lbf/ft2 to lbf/in 2. At standard
gravity, lbf may be replaced with Ibm.

Per Reference 7.3, the design minimum temperature is 60'F and the design
maximum temperature is I 10°F in the area where the transmitters and sensing
lines are located. To ensure the most conservative result, 60'F is considered
calibration temperature and I 10'F is the maximum temperature during normal
conditions. A conservative process pressure of 1000 psia is used for density
determinations.

PN @ I 10°F / 1000 psia = 62.04833 Ibm/ft3  Reference 7.5
pc @ 607F / 1000 psia = 62.56809 Ibm/ft3  Reference 7.5

Note that the calibration density determined above (62.3808 lbm/ft3) is bounded
by these conservative densities PN, and Pc.
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Substituting values in Eq. 1 yields:

PMEb = (30(62.04833-62.56809) (100% Span

144 ) 1300psi

PMEb = -0.008% Span

Per Reference 7.4, uncertainties less than ±0.050% Span are considered
negligible. Therefore:

PMEb = N/A.,
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6.0 ASSUMPTIONS

6.1 UNVERIFIED ASSUMPTION - It is assumed that a Unit 1 LEFM plant
modification will be implemented using the same converters, transmitters,
transmitter calibrations, and configurations as presented in this calculation. In
addition it is assumed that the vertical distance between transmitter centerline and
process tap for the Unit 1 transmitters will not exceed 30 feet.

6.2 It is assumed that pipe mounted process vibrations for the transmitters addressed
in this calculations are limited to 1 g between 15 and 2000 Hz in any axis.

6.3 It is assumed that transmitter RFI at the location of all transmitters addressed in
this calculation is limited to 20 to 1000 MHz, and field strength of 30 V/m.

6.4 It is assumed that transmitter head correction (calibration values offset) is
calculated and applied as part of the initial calibration of each transmitter
addressed in this calculation, in accordance with the procedure stipulated in
Reference 7.2.

6.5 Not used

6.6 Reference 7.6 does not provide a time-dependent drift specification for the I/E
converter, and no historical data is available for analysis. This device is a modern
electronic module used for high accuracy situations; and drift should be near zero.
Therefore, the drift term for these converters is conservatively set equal to the
Reference Accuracy term.

6.7 It is assumed that the worst case power supply variation supplied to Converter 1 is
±5% of the supply voltage. This is considered conservjative, since this is the
worst case power variation allowed by the device specifications.

6.8 It is assumed that Converter 1 RFI at the location of the Caldon hardware
addressed in this calculation is limited to 400 MHz, 5 Watts, 3 feet from the

K device.

6.9 The loop configuration is assumed to consist of the transmitter, I/E converter, and
A/D converter, as presented in Section 3.0. This is based on the Unit 2 schematic
drawings, Reference 7.9. It is assumed that this configuration will be as built for
Units I and 2.
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7.0 REFERENCES

7.1 Rosemount 3051 Product Data Sheet 00813-0100-4001, Rev. HA, March 2008
(excerpt included in this calculation as Attachment 1)

7.2 BGE Master Calibration Data Sheets (MCDS's):

COMPONENT REVISION

1-PT-1131A 0*

I-PT-1131B 0*

1-PT-1141A 0*

1-PT- 1141B 0*

2-PT-1131A 0
2-PT-1131B 0
2-PT-I1141A 0
2-PT-I1141B 0

*Unit I MCDS's not yet produced (see Assumption 6.1). Initial issue for these

new instruments will be Rev. 0.

7.3 BG&E Updated Final Safety Analysis Report, Table 9-18, Revision 38

7.4 Calvert Cliffs Engineering Standard ES-028, "Instrument Loop Uncertainty and
Setpoint Methodology", Revision 1

7.5 ASME Steam Tables, 1967

7.6 Specifications for Analog Devices Single-Channel Signal Conditioning Module
5B32, printed from the http://analo..com website on 4/9/2009, including email
clarification, dated 4/13/2009 (Attachment 2)

7.7 Burr-Brown Product Data Sheet PDS-1304B for ADS7825 4 Channel, 16-Bit
Sampling CMOS A/D Converter, October 1997 (Excerpt included as
Attachment 3)

7.8 Burr-Brown Uncertainty Analysis for Model ADS7825 A/D Converter for 0-5
Volt Input (Attachment 4)

7.9 Cameron Drawing 9A-202B796, "Electronics Unit LEFM "i + Schematic," Sheets

1 (Rev. 02), 8 (Rev. 02), 9 (Rev. 02), and 12 (Rev. 02)

8.0 IDENTIFICATION OF COMPUTER CODES

NONE
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9.0 CALCULATION

This calculation determines the Total Device Uncertainty (TDU) and Segment
Uncertainty (LU) for Main Feedwater Pressure transmitters that provide input to
the LEFM.

9.1 TOTAL DEVICE UNCERTAINTIES

Main Feedwater Pressure Transmitter Uncertainty

The normal uncertainties associated with the sensor (TDUs) are given as:

TDUs = + VRAs' + STs2 +MTEs' + DRs2 + TES + VEs2 + RFIs2

TDUs = ± 0.454 % Span

I/E Converter Uncertainty

The normal uncertainties associated with the I/E converter (TDUpj) are given as:

TDUp1 = ± /RAP2 + STp2 + MTE 2 + DR 2 + TErn + RFI 2

TDUp , 0.667 % Span

A/D Converter Uncertainty

The normal uncertainties associated with the A/D converter (TDUp2) are directly
provided in Section 5.3.1:

TDUp2 = ± 0.400 % Span

9.2 SEGMENT UNCERTAINTIES

The calibration procedures for this instrument loop have not been developed.
Therefore, one segment is analyzed per device. Therefore loop segment
uncertainty (LU) is equal to TDU. Accordingly, LU terms are presented below
with results in % Span units and in engineering units (psi), based on a calibrated
span of 0 to 1300 psi.

Segment 1: Sensor

The segment uncertainty (LU1) is given as:

LUl = ± TDUs, therefore:

LUI = ± 0.454% Span = ± 5.902 psi
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Segment 2: I/E Converter

The segment uncertainty (LU2) is given as:

LU2 = ± TDUp1, therefore:

LU2 = ± 0.667% Span = ± 8.671 psi

Segment 3: A/D Converter

The segment uncertainty (LU3) is given as:

LU3 = ± TDUp2, therefore:

LU3 = ± 0.400% Span = ± 5.200 psi

9.3 TOTAL LOOP UNCERTAINTY

The Total Loop Uncertainty for the Main Feedwater Pressure digital indication is
computed from combining the Total Device Uncertainties from the transmitter,
I/E converter and A/D converter. The TLU term is presented below with results
in % Span units and in engineering units (psi), based on a calibrated span of 0 to
1300 psi.

TLU = ±+TDUs2 + TDUp1
2 + TDUP2

2

TLU = ± 0.901% Span = ± 11.713 psi
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10.0 CONCLUSIONS

The total device uncertainty (TDUs) and segment uncertainty (LU 1) for the Main
Feedwater Pressure transmitters are as follows:

TDUs = 0.454% Span ± 5.902 psi

LUI =± 0.454% Span = ± 5.902 psi

The total device uncertainty (TDUp1) and segment uncertainty (LU2) for the Main
Feedwater Pressure I/E converters are as follows:

TDUpj = ± 0.667% Span ± 8.671 psi

LU2 = ± 0.667% Span = ± 8.671 psi

The total device uncertainty (TDUp2) and segment uncertainty (LU3) for the Main
Feedwater Pressure A/D converters are as follows:

TDUp2 = ± 0.400% Span ±= 5.200 psi

LU3 = 0.400% Span = ± 5.200 psi

The total loop uncertainty (TLU) for the Main Feedwater Pressure digital
indications on the Caldon LEFM 4 + system and the Plant Computer are as
follows:

TLU = ± 0.901% Span = ± 11.713 psi
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Product Data Sheet
00813-0100-4001, Rev HA
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Specifications

PERFORMANCE SPECIFICATIONS
Total Performance is based on combined errors of reference accuracy, ambient temperature effect, and static pressure effect.

This product data sheet covers both HART and fieldbus protocols unless specified.

Conformance To Specification (±3ay (Sigma))
Technology leadership, advanced manufacturing techniques and statistical process control ensure specification conformance to at least ±3a.

Reference Accuracy(
1

)

3051CD, 3051CU
Range 0 (CD) ±0.10% ot span

For spans less than 2:1, accuracy =

±0.05% of URL
Range 1 ±0.10% of span

For spans less than 15:1, accuracy =

±[0.025 - 0.OO5(s2a.r4]% of Span

Ranges 2-5 ±0.065% of span
.For spans less than 10:1, accuracy =

±[0.015 ÷ 0.005(-L -an] ° of Span

Range" 1-4

Range.i::?: 5 '2

Ranges 2-4
High Accuracy Option, PB

±0.04% of span
For spans less than 5:1, accuracy =

j[0o015o0o0a5'LR ]%oSovsam

Ranges 2-4
Hghnoo OAcc-pt Ion, P8 ,
it) 04%1 of san,
For hs 5*1, accu'acy

t 005 'U-0%of Span

±0 065% of span ,

Fur sparn tess than I ý1,:accuracy -

t0 075 0075 span ýfpa

For spanss ;ass thian 10: 1, ac-Cuay=

!4o M, I (RL)] Of Spasr

3051CA
Ranges 1-4 off065% of pen

ForF &pans test than 101, accuracy

,,[0.0076(O s of span

-- A'i RAnges vri0751S% of span
For apa r-e tessth 101, accuracy

0 0~25.osQ ] - 0ýR Y fSpan,

Ranges 2=4
High Acuiracy Oplon. PS
±0.04% of span
For apseransss thar 5;:1. aCcuracy

,[o 057r,(U]% of Span

(5) For FOSXJDAI5NstK ,£cO~~et 0vrOOe u4y nfioeA tsn Fn05 O050fchu.r1. ts,$ ,sco sl .57rntlee
CcpcOr~apa(3±tf~ c½M, . 6101T 1,70,511) p10cnsus comcjaM digj.-16 .11- nes elts W5± roog xrlrMt

CCN-IC009002 Rev. I Page I of 4
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Total Performance
Fori.50 -F (28 -C) tempoeat rchange.s, rp to 1000 psI(6,9 WePa) Ate pessue (CD only). fho 1 Ito 51 rangedo".

3051C
Ranges 2-5 ±O0 15% of spa,

Long Term Stability

3051C
Ranges 2-5 10, 125% of URL for. years

±50 *F (28 'C) temp.eratre hanges. and up to 1000 psi (6,9 MWe) U~ne pressnre,

*3051CO Len~dDraft Rtnge 2 .. ;:i• 2.
Rtanges 0-1 t0.2%, of URL~a op I- yea

3051 T
Ranges 1-4 10,125% of URL tfo 5 years

150 *F (28 *C) temprerature changes, and up to 1000 pSr (6.9 MPa) ine pressu.e.
:Rosomount 305TH 'K!,:;.!•=•

Ranges 2-a 3 ±1%ý cf RL f., I yo.,
Rande 4-5 amO2%of URIforlIyoor

Dynamic Performance

4.2 mA FC 0b

Total Rsspoae-T;me (id± =Te
707

,-
C;Range 1 02-5% 1U00mii - 152 ma

Rang o 1 255 n-a 30J7 ms ____g_10_0_ps_6_,9

Raea- 0. %700 m 752 •i0 Transmitter Output ve, Time
3051T m, 10) ,: . .152 ms

3051757: Consý ,ttfactory Conslt factry
Dead Timer (Td) 45n±oms) 9SimsTin~oian
Update Rate 22 tios per seod22 tims per secod in pO.ite

(1) Deed &we ad ..pdato 70)0 apty to a#rnodahl and nor~giis wtafog wepIul c;* 4

(2) N
tm

errivit UN70 ,eoprnoe Irne at771 T (24 ýC) mliorwixe rntrrr±&rre. ,. ~
l i,,, dpid -Q"" - Yd. 'd ;"d

Line Pressure Effect per 1000 psi (6,9 Wall
Fa o rteptsures above 2000 psi (13.7 Mips) and Ranges 4.5. see userlnanuai (Rosemrountptd salton numbo'00505-0100.4001),

3051C0 Zero Err'M'i
RangeD ±0 t125% of URUJ100ps; (6,89 bar)
Range 1 ±10.25% of URLJ1000 pszi (681.9 bar)

Ranges 2-3 ±0.05% of URLIIOOS ps, (68.9 ber) for line pfossiles trotS 010n 2000 psi (01W013.7 MPa)

Soon Emrro
Range 0 ±0A 5% of nreadinqilSO psi(6,89 bar)
Range 1 ±:04% of readwnpliOO psi (68,9 barr)

Rangos 2-3 ±0.1 % ot reantinghiQ psi (68.0 bar)
IOSIRD Z4;0E;6rr");* ..1hl,

Ali Rangesr, t ±0 ' lof'eadrn~lOpm0.br

CCN-IC009002 Rev. I Page 2 of 4
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Ambient Temperature Effect per 50*F (28°C)

3051COICG
Range 0 i(0.25% URL ÷ 0,05% span)
Range I ±*(0.1% URL - 0,25% sAan)

Ranges 2-5 ±(0.0125% URL - 0,0625% span) from 1:1 to 5:1
i(0.025% URL - 0.125% spal) •rom S:1 to 100:1

3051CA

3051L

Rngel1 e(002 IJI- 0 1230%spn)-foon. I1 o10 11
i(0 05% URL "0 125'A Span) fromn 101 to 1001:

Rangoe 2-4 1(1) 0256 URL 0.125% span) f-o 11l to 30 1
1 (0 03%URL .0.12S% ipan) fromt 30 1 to 100 1

.Ran 5 1(0.1%/' RL, ph

Ali Ranges ±(0.025% URL . 0.125% span) from 1:1 o 30:1
±(0.035% URL * 0.125% span) from 30:1 to 100 1

At, R.ange: .(0,025% URL ý 0.125% spa•n • 0 35 ýnH2 0) f-.. 1 1 t130201

lk()01Q5%ýUftL -0 125-% p In±0 35 "4291 ) froso 1 11t 0301
See Ro-om..nt Inc. I., .ti ment TOOl. e" soflreere

Mounting Position Effects

Modes Mutn PstoCEfca

3051L

3051L

zero t, ft g) to i1.n5,H20 (O3,:11 0 a), which cat be .olorted oct. NO spart eaflcl
Ze- stsfe ftto) in I.-I iltHO (12,AS mb, 'Cwili h ra ý,abe~ted 001,'l4~
Wi l:fo Id leve 164 oapfgm in aar tca? pane., Zero shin of up to I inH1 O (2.49 mbtar). Wmn ciapsrlnmm in
hor"zontal p ane, Zero shift or up to inH2O (12,43 miller) pIus extension tength on extended units. All Zeo
on1tos cn be ca' brated out. No span effect.

Z010 S4fto 11itp to 5 oIH2O (5.22.miior), wn'cq U1n beo t!bmlotd 0,A,.No spia Prwt~:.: ..'3 ýSlTICA

Vibration Effect

All Models
Meaniormeni effect dim to vibratons is nog•lg~be e•cept at
resonarice freoufuenes, When at resorance frequanoies, vibration
effect is less than ±0.1% of URL per g when tested between 15
and 2000 Hz in any axis relative to ppe-mointfed process
cond taons.

Power Supply Effect

All Models

Less lnan t±0.005% of cahb rated span per volt.

RFI Effects

All Models
±0.1% of span from 20 to 1000 MHz and forfield strength upto 30
Vim.

Transient Protection (Option Code T1)
All Models:

Meets IEEE C62.41, Category B
6 k.V crest (0,6 pa - 100 kH2)
3 KV crest (8 s 20 niciosecondo)
6 kV crest (1,2 t 50 0,rotec0tcnfs)

Meets IEEE C37,90.1, Surge Withstand Capabi~tty

SWC 2.6 kV crest, 1,25 MHz wave fontr

General SpeccatI'ons:

Response time: , 1 nanosecond
Peak Surge Current: 5000 amps to housing

Peak Transent Voltage: 100 V dc
LOP Impedance: < 25 o••rs
Applieabl Standards: IEC61000-4-.4.
IFC61000-4-t

NOTE:
Calibrations at 68 °F (20 'C) per ASME Z210.1 (ANSI)

CCN-IC009002 Rev. 1 Page 3 of 4
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FUNCTIONAL SPECIFICATIONS

Range and Sensor Limits

TABLE 1. 3051CD, 3051CG, 3051L, and 3051H Range and Sensor Limits

Miiu Span Rag an Seso Limits

0 0,1 'nH 20 3,0 'nH2O -30 nHO NA NA
(0,25 mbar) (7.47 mba') (47,47 mbaat)

1 0.5 aH2O 2$ inHiO -25 1*H,0 -25 rlH30. NA
(1, 2mb,) (62,3 rnbal (-62.1 arbar) (-6,2,1 mbbr)'

2 2.5 54H4O 250 inH2 O -250'"710 -250 'nH20 -250 1HO
(6.2 mba,) (0.62 bar) (-0,62 bar) (-0.62 ba}) (-0,62 ha-)

16n-3 1 66642  lrlkýnH3  ,-i(WO nH,0. .'.5 P13,.i..-1000i)4HZO
(24,9nirbar) (2;49 bar) '(-2,49 tizr)>((34.5 wbn, bs).y (-2A9 bal)

3 pal 310 p0s -300 pai 0.5 pasa -300 ris
(0,20 bar) (20.6 bar) (-20,6 bar) (34.5 mbar abs) (-20,6 bar)

TAL 2.pa 200nsor Lmit0s0rb7 Fr, . WA

(1) R69 0 W MWa14~~ 0400)C0.&r1r (Piy -W~ Wifhr 51 0 301

TABLE 2. Range and Sensor Limits

NA NA NA

NA NA N

-250 nHC -250 nH40 -250 inHO
(-0.62 bar) (-0,62 ba') (-0,62 bar)

.,5.ll~ -1000 01430 0.5 psi5
(34 5 atrrirab.) :(-2,40 ha) (34.5nira, ab)

0.5 psla -300 psi 0.5 psa
(34,5 mbar aba) (-20.6 ha') (34.5 tubaw abs)

: NA - , bt P:;- 0( 5 ps)P
.(-137,9 bar) (3,U5 04b, a7,00

3051CA

Range and So I nsor Limits

Minimum Upper Lowe r
Ile Span (URL) (LR L)

3051T

Range and sensor Limits
minimum Lower

Upper I Lowor(l)
Span (URL) (LRL) (LRL) (Gaq?)

3

.4

0.3 Psa
(20,5 ntar)

.(0 10 3 hai')'
8 pý a

(o,55 b•a)
40 Isi•r:.,

30 P9:2
(f207 bar)

800 0s~a

(55,2 bar

0 psis
(0 bar)

0 p3 s

(0 bar)

3

4

5

0.3 ps:
(20,6 mabar)

(0,103 bar)
8 pa'

(0.55 bar)
40psl

(2,76 bar)

2000 psi
(137,9 bar)

30 pai
(2.07 bar)

(10.3 bar).
800 pSi

(55,2 bar)

4000 pa~~(275r8 bar)'
1i0000 psi

(68U,4 005)

O pals

(0 bar)

0 ns a
(0 bar)

0 rp a

(0 bar)

-14.7 psig
(-1,01 bar)

(-1.01 bar)
-14.7 rag
(-1,01 bar)

-14.7 ping
(-1.01 bar)

(I)j A~ammna lcwr•ahpr~oa=ar of 14.7p i
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5B32 Isolated Current Input IOS Subsystems I Other I Analog Devices

r3 ANALOGDEVICES

5832 Isolated Current Input

..dn' .......... ... - i~ ir ~r.i.5o1iunn ~ l t rI
2

nn5toP ,
5

k

Page 1 of 3

Funatloblel Daeamteon

The 5B322 a M3'g68-xhaonrl sgI cocdlonatg moduie this arnmlets, piotects One's erA oletones its anaog
input The modull neasures a process-urrer isinput signal to 4-20 mOA to 25 no by reaing the -tiage across

an exteral procision 2C0 recst0 (sc.P2lo0 and generating an outpul ofO 0o 5 V. Extra courner coonxerdan

resistors are available as acccessories (See Model A.Ii. In the Accessories secton)

Note thattthe 5232 nodule circuitry can "iilhsland 245 iVrms at the Input torea-terrroais. threby exeledrg

c xoir1Ten-side circitry from fieltstde ocervotage conditianu In additoln, altl 532 Series nOdkaes are nr-amn-

match and hot eppa bhi, so can be rsadrred t nmcedforoany socket e the same backplane *thoul

powering down the sytem

Iensit tire 5932 -Saea Medule

A chopper-stebilezd input armnffler provides air, mlfi and stable gain At the amnlier Input, a suboI, aasr-trined Zen>-scale rip0l offset is autoracted
from the rdput Signal to Set the zoeac-ale value for the 4-20 ea range. For usner cen e, dIe zeo can O e optionaby factoro-sst to meet custom

needs. This adlows supuresseon of a zero-aele input value mr, time Larger than the tofa span for crecisn expanded-scale masuirements.

teraonal nrulIr-ole bOwas fitering wtih a four-H cutoff (- IB) enhances nanrat-rrm e (noise an signal) ame cormntnrmde (nise on ssignal return)

rejectn at 50M80 HZ. enabIng accurate rnen surenent of s"rrl signals I high electrical a ica.

Signal imotatin by tracnsfnorr coWping ucs a propettary "" dulatlo n tectiquea for linear, stable and relatie performance. The dtfferentia Input c cull

on the IfedW side is fuly float iig elfinanag the nhed for Input grounding A demodulat t an Ithe comouter ade cO the & gnrl transformerr recovern the

orignai signal which is then 6loered and buffered to provide a laion, b•a-araedance butpu signal The outpnut norrnn mact be kept wnthan oJ Vol or

pocwer cemren

Conven hence F ealtes

A seoes oidput atch elrntnates tbe need for external nndllpiblorg In nory aplicaioans. Tist onitch is turned on by an active-law enabl input If the

ecitc h is to be on at ao times, tIe e nableInput stOLid be grounded to power commcion as i is on the 5B01 and BOBUlO•. fIS;t.

em -Tle

canIs

IF It ta13nFacase BokOfarn

http://www.analog.com/en/other/ios-subsystemns/products/cu_5b32-isolated-current-imput/... 4/9/2009

CCN-IC009002 Rev. 1 Page 1 of 5



BG&E Calculation CA07018, Revision 1 Attachment 2

5B32 Isolated Current Input I lOS Subsystems I Other I Analog Devices Page 2 of 3

rigor, 2. ffl32lnoot Fidd Cr, lleo.

Input Range. Output Rang

4 rA to 20 rnA O to +5 V
(-SVto 5 V uodern

5B32 Models Avallab1,

M~odel wootH~lw~ Woo~lo R-nge

* C082S 000iati1o00, .10

5832 SooI~ctar~t

1-1 o 0 t.o0.ko

(000(001000

A s0$P ..

.. V4100080C00- 5 jiel

0,0.V0bP.., Coll.-..[O.00

http://www.analog.com/er/nother/ios-subsystems/products/cu-5b32-isolated-current-imput/... 4/9/2009
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ameen M.n, R-w ýA

[Cc %nPnniion n,<iOc Vi nil

lenin * P net, en :e C

[nnine~i cenninin iŽeieind

[iennen4ennen

I c>nnt 9

nenninennn.n, . $enn~nC,,, ,Oil.tixnct

.nnnnnennn ilninill, n,*ni*

Mnikei)i V

iniennlnieinn.linnnn, .nv±fl

neen.tnncninnnen ~llnie

'~i %Wln ~nn.nnin. lii iinAii~in

cnW$nnnnncneen ;nn,

CII ninninn Vi inn, ninA

nt.CenIe,,e)nS.

inneton) nirA no WI)

.419 II .490

~inlnnnnnec, enn~o~4.49eI-x.,cnnnn.)

K .Ciiin'ciŽtOti nn,)eeny90tiVimninunlmn

http://wwwen nenana~ .onnm/nenn the r/in s-u' ysem/p.dct u5b2-ste errntim u.. 49/00
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I'

Kirk Melson

From: "Kellogg, Jim" eJimn, Kellogg@analog,com>
Date; Monday, April 13, 2009 11:58 AM
To: "Kirk Melson" <kirk rr-mson@exoelservices.conm>
Subject: RE: Specification Clarification for 5832

Hi Kirk,

You are correct about the Input Offset Spec. It should be 0.0025%, not 0.0025.
For the 5B32-01 module I get the following error terms vs. temperature

* Input Offset 0.0025% of 4mA 4 0.luAIC or 0,00063%/'°C
" Output Offset 20uV/'C 4 0.064uAfC or 0,00040%/'C
" Gain TC 0.0025%/*C 4 0.5uA/'C or 0.003125%f'C

Total accuracy error vs. temp of 0.664UA/'C or 0ý0041%/*C

Sorry for the confusion on the datasheets, I hope this helps.

Regards,
Jim

From: Kirk Melson fmailto:ldrkcmelson@excelservices.com]
Sent: 2009-0+13 10:47
To: Kellogg, Jim
Subject: Fw: Specification Clarification for 5832

Jim,

Sorry, I got the email address wrong. Try this again, Could you call me when you get a chance`&

Kirklyn R. Melson
Excel Services Corporation
(864)962-5701 Cell
(864)228-7100 Alternate and Fax

From: Kirk Milsqn
Sent: Thursday, April 09, 2009 5:50 PM
To: Iimiellog@a !ljo.com

Subject: Specification Clarification for 5632

Jim,

I just called a moment ago and got your voice mail. Since I would like an email response anyway, I
decided to write this up in an email.

I printed the 5232 specification from your website, and I marked it up to show where my question is. The
specification in question is the Input Offset versus Temperature, which shows up in the table as 0.0025 of
iz I degree C. The specifications above this are shown as percentages. I amwondering if this
specification should say 0.0025% of lz /degree C.

4/13/2009
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We are working with a Caldon Ultrasonic flowmeter system, and we need tight accuracy. The room
temperature could change as much as 50 degrees F in that room. We have a 4 to 20 mAdc signal
coming in. If this specification is correct, I think I compute an error just due to this effect as:

Input Offset due to Temp = (0.0025 x 4 mA) x (100% Span / 16 mAdc) x (1 degree C/1 degree F) x 50
degrees F = 1.74% Span.

This is a huge error for this module. If the specification actually should have a "%" listed, the error goes
to around 0.0174% Span, which is much more reasonable in my opinion.

Anyway, if you get just a minute, I would really appreciate your looking at this specification and clarifying it
for me. I am in a bit of a time crunch on this one, so your quick attention would be greatly appreciated.

Thanks for your time and consideration.

Kirklyn R. Melson
Excel Services Corporation
(864)962-5701 Cell
(864)228-7100 Alternate and Fax

4/13/2009
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uRR-w_ _ADS7825

WMwlxrr-bowiovdataloolnAdA0Sl5Jft1

4 Channel, 16%Bit Sampling CMOS AID Converter

FEATURES
" 25ps max SAMPLING AND CONVERSION
" SINGLE +SV SUPPLY OPERATION

" PIN-COMPATIBLE WITH 12-BIT ADS7824
* PARALLEL AND SERIAL DATA OUTPUT
* 28-PIN 0.3" PLASTIC DIP AND SOIC

1 42.0 LSB max INL
" 50mW max POWER DISSIPATION
• 50ltW POWER DOWN MODE
* ±IQV INPUT RANGE, FOUR CHANNEL

MULTIPLEXER
• CONTINUOUS CONVERSION MODE

DESCRIPTION
The ADS78125 can acquitr and converi 16 biA to
Oithinl 2.0 LSB in 2%5is mtl while consuwning onIy
50mW Oas. I.&,r'-16ioirnod aselihg rf'ioa.a Provide
the stnndard industrial ±10V input range and channel-
to-channel roatchin• of ±O1%. The ADS7825 ia a
low-power 16-bit nampliniz AID with a forn.rhaannl
input zdultiplexer, S1ll, clock, reference, and a
paralleluetial tmicroprocessor interface. It can he con-
filumed in a continuons. conversion mode to seqiuen-

tially digitim all rour channels, Tie 28-pin ADS7825
is available in a plastic 0.3" DIP and in a SOIC, both
fully apecificd fom operation over the industrial -40

0
C

to &85'C range.

AIK "I-

AIN,-

AIN, KY-

4can

attn

1, 4 ........... ...
*-vAA- tXN

2M 8111t

4011 ur

I Cbek -

Coiuc -" Cfent Chunno

CONTCI 0 A

sod Centro Logoc

not.

Or.j
out

0

-j

DATACLt(

SDATA

BYTElV
RE

CAP 2 5 V FRoW

F

rooOO~~aO MkiS- Add-nroeWO. 14Tto ýeuaAZWMt . r d- ~ Ro.uo WtS .IdWtStt tn Irt't
bheto -coe~oe; FAKUro -j4 iS~o.,~ CM&URCBtO .No .7 tumdIt , fRt amtt. dbs O4 jl$

Poe-1304, Ni- 5,.S. Osobor 1"'
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SPECIFICATIONS
ELECTRICAL
Al TA= -40-C to 465-C. IS 

4
0kHz, Vs, =V92 VS = +5V ±5%. usIng external reference, CONTC = 0V. unless otherwise speiied.

ADS7S25P, U ADS782SPB, US

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS

RESOLUTION 16 *l') ans

ANALOG INPUT
Voalege Rang. tl0V * V
Impedance Channel On or Off 45.7 i n0

Capacitance 35 * pF

THROUGHPUT SPEED

Conversion Time 20 P .s
A cquisilion Time 5 * vs
MuIlipiexer Settling Time Includes Acquisition 5 * R5
Corplele Cynle (Acquire and Convert) 25 P os
Corplete Cyole (Acquire and Conver1) CONTC - +vV 40 * Ps
Throughput Rate 40 * kHz

DC ACCURACY
Integral Linearity Error 13 02 LSSB)
No Missing Codes 15 16

Transition NoIse(3) 0.8 * LSB
Full Scale Errorl Indellat Reference :-0.5 ±0.25 %

Fuii Scaei Error Dan InMemres Reference 07 0 ppnmrC

Fuil Soale EnrroI ±0.5 00.20 %

Folu Sca Error Drift ±2 A ppmrC

Bipolar Zero Error ±10 * mV
Bipolar Zero Error Drilf 02 * ppnPC

Channeito-ChenneI Mismatch tO.1 ±0.1 %
Pomer Supply SensiMly .4.75 Vs < 06.25 ±8 A LOB

AC ACCURACY

Spurious-Free Dynamic Range(5) 1i11= l1 90 * dB

Tolel Harmonic Distorlion fo = l 1, -90 A dB

Signal-t -(Noise+iosloion) 5 = IOU 03 66 dB
Signat-bkNoise 1IN =lkH- 03 86 dB
Channel Separation(

1  
oIN =lkHZ 100 120 A * dB

-3dB Bnndnidth 2 * MHz

Useable Bandwldth(i) 90 * kHz

SAMPLING DYNAMICS

Aperture Delay 40 ns

Transient Responseft FS Step Aus

Overnohege RecoverlyM us

REFERENCE

Internal Reference Vollage 2.48 2.5 2.52 * * * V
Internal Reference Source Current I uA

(Must use external buffer)
External Reference Volage Range 2.3 2.5 2.7 * * * V

for Speosiled Linearty

External Reference Current Drain VnEF = 2.5V 100 * iA

DIGITAL INPUTS
Logic Levels

VIL -0.3 06.8 * V
V, +2q4 Vs +0.3V * A V
"IL 010 * tA
inH uO * pA

DIGITAL OUTPUTS

Data Formal Parallel In two bytee: SerIal *
Datl Coding Binary TW'e Complemenl t

VOL INIo =.6A 10.4 * V

VoH ISOvooE = 50opA +4 * V
Leakage Current 06ghZ State, VOUT - OV 10 VS -5 * pA

Output Capaciance HlghZ State 15 * PF

The Informalion provided herein Is believed to be reliable: honever, BURR-BROWN assumes no responsibility for Inaccuracies or emissions. BURR-BROWN

assumes no responsibility for the use of1this Informalion. and ali use of such Information shall be entirely at the users mn risk. Prices and specifications are subject

to change Whout notice. No patent lghts or licenses to any of Ihe circuits described herein are Implied or granted to any Wird pary. BURR-BROWN does not

authorize or wanant any BURR-BROWN product for use in life support devices end/or systems.
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BG&E Calculation CA07018, Revision 1 Attachment 3

SPECIFICATIONS (CONT)
ELECTRICAL
At T -40•4C to +85C, fs =401k-z. Vs, =V•xOV = +6V 05%, using exteral reference, CONTC = 0V. unless otherwisa specified.

ADS7525P, U ADSTOS5PB, US

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS

DIGITAL TIMING
Bus Access nine PARJSER = 46V 63 * ns

BSu Relinquish Time PARMSER = +6V 83 n n:
Data Clock PAREB = tV

Internat Clock (Output only "oin EXTANT LOW 0.5 1 5 1 * MHz

transmiting data)

External Clock EXTANT HIGH 01 10 * * MHZ

POWER SUPPLIES

VSO o V. V +4.75 -6 +5.25 * * * V
Power Dissipation fS = 4OkHz 50 * W

PWRD HIGH 50 * PIW

TEMPERATURE RANGE
Specified Performance -40 +85 * * C

Storage -65 +150 * * C

Thermnat ResWitanc j
Plastic DIP 75 - CAN
SOIC 75 * tC/

NOTES: (1) An astelk tk) specifies same vatue as grade to the les. (2) LOB maens Leasl Significant SIt. For Ihe 16-bit, ±c0V Input ADSTB25. one LSB Is 
3 0 5

1OV. (3)
Typicai ins solsel worst case transitions and temperatures. (4) Fus scale enorts the worst case of-Full Scale or +Full Scale untrimmed daavtifon from Ideal first and

last coda trannotins. dMrzded by the Iransition vollage (nle dntded by the fulscete range) and Includes the effect of offset error. (5) All speifcoatlons In dB are referned

to a fulscoate t10V Input. (6) A iull scale sinenonte input on one channel owil be attenuated by this amount on the other channatl. (7) Useable Bsndcddth defined as

FuelScete Input frequency at which Signal-to-•)olteDOietotlon) derades to 6UdS, or 10 bit of accuracy. (8) The ADS7B25 001 accurotety acquIre any Input step tf gven
a full acquisition pelod after Ihe Step. (9) Recovers to specified performance afer 2 x FS input ocsvoieago. and normal acquistlions can begin.

PACKAGEIORDERING INFORMATION

PACKAGE MINIMUM SIGNAL-

DRAWING TEMPERATJRE MAXIMUM INTEGRAL T0-4NOISE + DISTORTION)

PRODUCT PACKAGE NUMEERI
1
I RANGE LINEARITY ERROR (LEE) RATIO [dB)

ADS7825P Plastic Dip 246 -40°C to +85-C ±3 03
A S7025PB Plastic Dip 246 -40tC to +65-C 02 Be -
A6S0725U SOIC 217 -40tC to +65-C ±3 83

ADS7B25UB SOIC 217 t-0oto +05-C 1O?2 BE

NOTE: (i) For daataled drawing and dimension lable, please see end of data sheet, or Appendix C of Burr-BtOwrT IC Data Book.

ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION

Analog Inputs: AINO. AIN,, AIN2, AiN
3 .  .  

.............. 
. . 
015V

REF ............................ (AGND2 -0.3V) to (VS + O.3V)

CAP ........................................ Indefinite Shod to AGND2.
Momentary Shod to Vs

V endV toAGND2 ................. . .................................. ............... 7V

Z c Io0 v .......................................................................................... ±0.3V
Difference between AGNDI. AGND2 and DGND ................... ±0.3V

Digital inputs and Outputs _.................................. -0.3V to ToS . 0.3V)
Maximum Junction Teimpeitur. ..................................................... 150l C

Intemal Power Dissipation ................................................. 825.W

Lead Temperature (soldedng, 10s) ............. ........................ +300C
Maximum InpuLt Current to Any Pin ..................................... .100mA

TOP VIEW DIPISOIC

6050 I F128]VS
~AINS F2 :277VS

wiN E3 :26] PWRD

AIN2 4I . 20 CONTC

AIN3 5 241 SUSY

CAP F6 . 23] CO

REF E7 2DI 26 E RE

60GND52, B BYTE

TRI-STATE I D7 [ 20- PAR..E"R

TRI-STATE oh 10 t- AO

TRI-STATE DO :t B A

KOTAINT I.0 1 17] DO I TAG

SYNC 03 11 SOATA

05ND 14 15 02 DATACLK

A• ELECTROSTATICDISCHARGE SENSITIVITY
This integrated circuit caot be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with
appropriate precoutions. Failure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtle performance degrada-
bion to complele device failure. Precision integrated circuits
may be more susceptible to damage because very small
parametric changes Could cause the device not to meet its
published specifications.

ADS7825 '
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BG&E Calculation CA07018, Revision I Attachment 4

Ideal ADC Transfer Functions for the Positive Range of the Burr Brown ADS7825

Vpfs:= 10 N:=~ 25

3.28i0 --

2.95-0~

* ~ 2.62- 104

e. 2.29 -I10 ------
1~ .97i0 -C

1.64 .04

0 9830.4 -

6553.6- -

n := 0.. (N - I) LSBi pfs. 103 vii nLSBi
N

The Entire Positive Range From Zero to +1 0 Volts

I I I I T T 7 T

I " I I I I I I I .. I I
0 100 0 2000 3000 4000 5000 6000 7000 8000 9000 110

Input Voltage (Millivolts)

Ideal Transfer Function in the Neighborhood of Zero

z

0

Input Voltage (Millivolts)
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BG&E Calculation CA07018, Revision I Attachment 4

Ideal Transfer Function in the Neighborhood of Full Scale

1ý
0

3.2768 .04

3.276710 4

3.2766. 1

3.2765-104

3.2764 -I

3.2763* -I

3.2762.104

3.2761 At0e

3.276.104 f I II _ I III I_1

9997.5586 9997.8638 9998.1689 9998.4741 9998.7793 9999.0845 9999.3896 9999.6948 1 .10

Input voltage (Millivolts)

Transfer Functions Considering Only Offset Error and Full-Scale Error

Using the values from the ADS7825 data sheet: Vos = +/-10 mV (+/-33LSBi where LSBi = 2 0*2A(-1 6 ))
and FSE = +/-10"0.25/100 = +/-25mV (+/-82LSBi). Note 4 states that the full-scale error includes the
offset error which leads me to believe that the full-scale error with offset zeroed out is (82 - 33)*LSBi =
+/-49LSBi (since offset errors shift the ideal transfer function to the right or left). This means that there
are two slopes for the worst case transfer functions which are slightly different from the slope of the ideal
transfer function. This translates into slightly different values of LSB for the two cases: LSB1 for the
slope corresponding to the -49 LSBI error; and, LSB2 for the slope corresponding to the +49 LSBi error
given by:

4
10 - 49.LSBiLSBI.

32768

104 + 49.LSBi
LSB237 32768

LSBI = 0.30472

LSB2 = 0.30563

LSBi = 0.30518

Then the offsets can be added in to give the worst case transfer functions where the offset and gain
errors add together so as to make the total error the greatest. These two straight lines are the envelope
of the bundle of all possible straight lines which meet the offset and FSE of the part.

vtl := -33.LSBi + LSBIn

vt2 := 33-LSBi + LSB2.n
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I

z

0

vtl And vt2 For The Positive Output Range From 0 To 10 Volts

169u ___ .... .........__ .... ... __ __- . . . .. .
70,

50-z

4- - --------

10.. .... 11 II ___ ___I
0 5 10 15 20 25 30

- Input Voltage (Millivolts)

35 40 45 50

Transfer Functions in the Neighborhood of Zero

0

Input Voltage (Millivolts)
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Transfer Functions in the Neighborhood of Full Scale
3.277-10 4~32 7 04 - -- t- - - •- -- 2'''• 7":i- - - - - -. . .- - '"- 3J2"/6

.I-Transfer Function Given by vtl j . .
327610 -Ideal TransferFuntion..
"3.275,104 J- Transfer Function Given by vt2 |

3.274"104 -__

3.273.104 _

3.2720 1 I __

3.271,10

3,27'104

3.269.10 4

3.268.10 4 ......

3.267.-IO
9920.04 9930.54 9941.04 9951.54 9962.04 9972.53 9983.03 9993.53 1-10 1.001-1041.003.10

Input Voltage (Millivolts)

Transfer Functions in the Neighborhood of +5 Volts
1.648-10 4

1.646-10~ 4~

1.644l 0 4

1.642I0 1 -

1.64 .04

1.638Ia0

1.636Ia0

1.634I-0I e

1.632 104

1.63 -0'

1.628-10~ 4
4950

Transfer Function Gvan by vtl
Ideal Transfer Function

- Transfer Function Given by vt2

I I 1 , I /

4960 4970 4980 4990 5000 5010

Input Voltage (Millivolts)

The worst case error at n = 16384 (where vti = 5000 mV) is +/- 17.5 mV (+/- 16.44LSBi). In general,
the worst case error at any voltage V in mV is +I- (vt2-V) with vt2 evaluated at n = (V/10000)*32768.
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