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ABSTRACT

Nowadays automatic system necessary in an industrial and public utility such as power
plant and water plant. Because decrease a complexing step in a process, increase efficiency of
plant And helping user comfort.

Signal or information from a process was sending for calculating an answer for control
process with accuracy, continuously, promptly and efficiency.

Hardware and software technology of personal computer (PC) was developed with
SCADA technology. It's very popular system; cause of it's cheaper than others.

This project was tested by simulating SCADA by use radio wave control with 2 PLC
and uses computer control and display parameter value in graph, chart, alarm and event and

database...
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253 msdaseiuniesneuiiumesauyana
= v I . &
PLC wwiaangu DLOS awnsnlusunsu’ldoin Tusunsy DirectSOFT vumies
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reuWuans lasldmunidadedagidiedre
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Use cable part =
D2-DSCBL

3N 224 uansmsdadessniie PC fu PLC

2.5.4 MIAnARNUNBIAMEUDR
a { [ 4 o Y 9 o =1 a a ¥ [
nsaaaenunesaniouen s uiludesldmoiinnuerfivane Nzhansiy
a g @ ' [ I~ 1%
ABNNAUABTAIUYAAAND PLC TRog1ed10m18ias 52 Tagldmedygnumasgn

o 3 @ o w I 1o 4 @ 1
RS-232C Tagl9valdnTnsdwil Ri-12 Tumssiniusa ANUNOIADYATY Atgidreas

Port1 Pin Descriptions = . . Pott 2 Pin Descriptions ... .~
1 oV Power (-) connection (GND) 1 oV Power (-) connection (GND)
2 sV oveer (+) iof 5 over (+) ¢ ion
3 BXD  Receive Data (RS232C) - 2 3 -BXD' ' Recsive Data(RS232C) -
G-pin Famale S5 8V Power (+) conection 5 RTS Request to Send
Modular CBnn-:-l:tor L6 V. Power (=) connection (GND) Le6 oV Power (—) connection (GND)
u—u [—] ==

e
%\TW\\QFE—H POAT 1 PORT 2

Communication Port 1= . ., Wi Communication Port2.5 .
Com 1 Connects to HPP. DirectSOFT. Com 2 Connects to HPP, DirectSOFT,
aperator interfaces, atc. operator interfaces, etc.
6-pin. RS232C 6-pin. RS232C
9600 Baud (Fixed) Communication spaed {baud)
Parlty - odd (default) 300. 600, 1200, 2400, 4800,
Statlon address 1 (fixed) 9600, 19200, 38400
8 data bits Parity - odd (default). even, none
1 start. 1 stop bit Station address 1 (defauit)
Asynchronous. Half-duplex. DTE 8 data bits
Frotocol: (Auto-Select) 1 start. 1 stop bit
K sequsnce (Slave only) Asynchronous, Half-duplex, DTE
DirectNE T iSlave only) Pratocol: (Auto-Select
KMODBUS (Slave only) K sequence (Slave only)
DirectNET (MasterSlave)
MODBUS (Master/Slave)
Non-sequencePrint

t:; ' @ 3 [ 4 Y o 1
Wi 2.25 wermansdomeialdn Tnsiwet RI-12 uasnihives Port #1949
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=} a J I o a a W "
PLC v 1idin aziinesadnsio RS-232C 2 nodn wasn 1 UnildGasory D2-HPP, DirectNET
AnfBN13Y11911, MOD BUS #1584 %39 DirectNET §2504 buad rate AmuABgh 9600 d1usy
J o :1’ @ @ @ o < <
wesn 2 aunsnihauiiu 1dsdmanuasdases wosa 2 H42909111%191n 300 baud &9 34.4

kbaud

2.5.5 MmsAaneAUNBIAYLY DLOS
a a a 1 v :/I 3
ofweiamsdiade CPU wowasansiiade Tnsaons 2 wosa 1y MoD BUS
v Y
DireetNET Tufiiiaunsafinsie PLC Tuju DLOs TuszruTasassiu 139916 MODBUS Tag

14115 Tanea RTU wSegunsalum Insewe DirceneT S8
2.5.6 MSUAAINAVRI PLC J1 KOYO DLO5
msuaasnavesluaasnaves PLC szuenlinsuderoiumselinauens pLC

b4
LY lé = o U
Tuvaeiy Fevzll Iluanaaouedsgdedra

M7 2.4 ueraeraves W CcpU

Inclicator | o |®ats - Tideaning
PWR ON Porar good
OFF Powarfabrs
"RUK ON CPUlgIn Aun M ooa
OFF CPUisin Stop or program kade
cPy an CPU e=lf diagnostics errar
QFF CPU saif dlagnost e good
TX{ ON Datais being transmitted by the CPU - Port 4
AaFF o datafe baing transmiitod by the CPU - Foit 1
AK1 ON Datals balng recelved by the CPLU - Part 1
GFF No data is being receisad by tha CPU - Por 1
TX2 anl Dalais baing transmitted by the CPU - Pott 2
GFF No data is being transmitted by the GPU - Port 2
RK2 ON Datais being recaived by the CPU - Part 2
OFF No data is being receivad by tha GPU - Por 2

PLC {u DLOS fim3oavunsuentsnnudosmsifiswomdelussun Tunanges

- 4 4 S Voo
1 lWuaes¥uil RUN U PWR iy
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> Status Indicators
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3N 2.26 uaasmalWaainy cPU vee PLC

A o a IS
%Qiﬂﬂ'ﬁ'ﬂNU'ﬂﬂﬂ‘Uﬂﬁ PLC ﬂzu'l%luﬁmﬁmuwm PLC ﬁﬁl RUN tt1ag PWR

2.6 1154094 DirectSOFT32

v
TumsdiouTusunsuasly PLC wraidn 1M DL05 119z 1%T1/51n53 DirectSOFT32

= £ o r o
lumsdion Ladder FailuTlsunsumsiauues PLC udrvhns memory 0411/l CPU was

PLC

M319 0154053 DirectSOFT32

YHABUUSN

2 o a 3 =1 1 @ 1
1{19Y11115AGN DirectSOFT32 program nezalsinguiiasdegildheas

Use this icon to T T S S S S SRR s, 5 ey

start a new project ;
and open up a ;
fresh program
window.

New Project ___ e
Window

Type Ina name —————
for your project

Select the
PLC Family..

Select the
CPU Type. — ]

..then click on
oK

! & { o =
311227 uaas msila New Project Tunniivovhnts§ouTulsunss
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(zﬂf’i 227)  Fenihaetivzfunsida New Project Hudtormmsdon suna Tagns
AANTITD4 name 1HoAIS0 New Project U8R ndenmiu denyiinues PLC T IUVeY PLC
ninwilaves CPU uandn oK fezilsinguissdagidhade (1 2.28)

Funewfizes _

111300 PLC A computer 4azi1n13 Link §1T1/51n53 DirectSOFT32 Tasnslal

4 < @ U {
13807 PLC UM menu bar ud2fen connect negding AsgUdheas (317 2.29)

B Baa g de bR
EIEE)

711 2.28 urasmsidensiiaves PLC Hagiuves PLC wiowiiaues CPU 1dandn OK

dtecs B ECON polced o £ fesmel
Beret;
50K

samoed: DLTE Tast 5tard

S S STt e

e e

717 229 uaasmsele PLC A computer 1az#i1m5 Link $0TU51A55 DirectSOFT32
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View Only
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Vo ai, ol & Wuidnel .

31U 230 uansdheemssomadenTysunsuldiy pLC
) 9y I
nasnniuniniien Name Tuses Link udandn select fazalsngdagidhas (319 2.30)
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Tl‘acmtﬁwrw bclmmlhcu'ircmddﬂnc nvwm

Selst souice of progamto vigr, ;

HUTE: Ths cpeselin onle bads the salected piogram rm:nenw I
does NOT owenstle the pogram not tefaciad To wite e - i
nmnxumsdeclwmmm ] Smﬁwmsnecm&n (ke
de: Mdaslnalm :

3N 231 uansenenlddoyaiduuula

a d o v { l § A o

U8INFAADA Uses PLC Tisunsuivgshimsen Tsunsufioglu cPU wos PLC iiofiazih
1 I~1 o =1 { Y

M3 RUN 195un5u udd1aen Uses Disk Tsunsunzyimsmsoundeuivziiuiin Tusunsy

Insias CPU w09 PLC Auanaliisiu fag1ldheans (U 2.31)
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= o a o ' i 4 ]
mswou ldunsuinlélasnsadnil Edit Mode Off (Juvsfifimans) ielduden

1Y

2
[ 4 [ 1
yanual n1519gU Ladder U51ngiudagzidaang

Normally Open contact ~——— _|. 4E A | L e=—=Normally Closed Contact

LR
Normaily Gpen Immediat s
Contact jiofz
Equal-To Contact ———ou | 4+

Greater—Than-or—Equal-To.H_____g -{Zl-
contact ILE

AT
Brows Genlae N ——— =1/
Brovise Boxes

i)
Wiretooutput e—— . = I -

g‘Cﬂ“;

B il D A e A P A

g
%

Normally Closed
ImmediIate Contact

e Not-Equal-To Contact
e Logs-Than Contact

=——————— Brovise Colis

— Brovise Elements

Wire Connaction to Stage

7N 2.33 uarasufendaydnval nsi¥ou Ladder

4 ; . ;
315 TuM15138w Ladder Naza1nn91 715199 menu bar
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ittode ———— 7§ - e e b ; Edit tdode —————""
Irsor box Is solid) Eik ; (cursor box is solid)

Enter X0 bodk Bl PN
er \,»*sr_‘. i ;“..‘f’.b" =
Notice the Error /

Indicator will be
green when a
valid contact is
entered

311 2.34 1@ eT8MsTon Ladder Diagram

Sunouna

Moy Tsunsuaseiy pLC

ien3es PC uag PLC hinsaedeiulduds AmunsediszdouTdsunsuasuy pLC
18 Tagru T1suns1 DirectSOFT32 Farin 18 Taomsasniilensy firesdredramedie sushy

Tonouns write Tlsunsuaguu pLC Aggildeang

o B o F S o
-uaca\amlﬂ-ummw e

Erleet A L TR Y
S8 gl alL)o)

Click on this'button Click on this button
to write the program to change the PLC
to the PLC. Mode.

3N 235 uanalenounisindedu pLC
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HAZMAINNUUMNIG RUN Tdsunsu Taoaanilonou Mode QSN N TV S L RRETAY

wazvzUsnguihdsdagidean udnanii RUN PLC A9z0411 Mode Run

PRy

New PLCHMode & Ry
7 Pegan
T Taat

nK Cawel | dap |

Ui 236 uasmsIAen Mode M3¥aLYDe PLC

e Tusunsuegly Mode Run Tlsunsufezdsingdagddhedag

b\ BT NG, B

(£ 3 isive

RUN Mode

3 2.37 wermemsieyeslusunsueglu Mode RUN



2.7 Analog Input Module
g Yo o =3 Y o
Analog Input Module  ifluginseinlfsudaanaemdonnnaeuenudainms
4 T 4 v A o lllsl [ r.’l‘
wlnawniudeyanu Digital Wel¥ CPU vounses PLC Tsainsdseunanald daviu
Analog Input Module ﬁaﬁﬂ'Jm%’wflugﬁaﬁ'mmsﬁ%zv‘hmsﬂmﬂmmumi‘ﬁﬁmsda
[ Y Y
dygnunluguesnuiiudanineuiden wiaunsodenls Analog Input Module Jéas
(% 4 o Y
AnummzauiuaNudensld Wesninludeswnatneilfidens iy Chamel  Iiguy

F4
S @ L =3 4 é
2 Channel, 4 Channel #3999 Input 1ag Output 11 Module #8501 Selulnseay

13

il .zhnsifionld Analog Input Module 4 Channel #a31

g‘ljﬁ 2.38 @AY Analog Input Module 4 Channel
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310 239 naaslasswwdrenieluves Analog Input Module 4 Channel

2.7.1 M3AAAINLATES PLC DL-05 499 KOYO
Tufun5ee PLC DL-05 w83 KOYO vildosdmsuios19ony Module Wiy ogILan
1 %09 miﬂ%wmmw’mmsamzm'lmwmﬂ mENumn1msmanaﬂuﬂfawmwm’lu

ﬂ'JLﬂS'EN PLC ﬂil“’ﬁﬂﬂiﬂ‘l’nﬂ'lill‘b'\ﬂu‘lﬂ U

U 2.40 uaasiunTes PLC DL-05 483 KOYO

V- Memory TIGIRRRRIatT) Analog Input Module Aoz Data Type 189U®9 Channel

o4l V7700 uaz Al Storage Pointer 0tjfi V7701



Data Type / Number of channels (V7700) iJul’Jﬁ1ﬁ§1Jﬂ‘|§Lﬁ6ﬂ‘b'uﬂ"U®Q“U@iJTd‘V]

- Analog Input Module DL0S
~ V-memory Locations

Data Type and Number of Channels

V7700

Storage Pointer

V7701

310 2.41 uaAs V- Memory

ﬁlummammﬂuaﬂ memaﬂﬂnmwﬁl‘v Channels hl‘H‘L! U

V7700
V7700

Storage Pointer (V7701) 1¥d45unis Set  1¥1h

ANUIA1 9

Il

0400 (BCD) w1il11 Analog Channel # 4 1z doyailuuuy BCD

8400 (BCD) 124111 Analog Channel 7 4 1iaz Yoyaiiiuiy Binary

Y

2.7.2 M35a3149 Scale A1l

Uoya
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=1

'lﬂtﬁll'l%‘ﬁ V- Memory

213 13995 Scale Angligasnsdamdagilthedis Taomaanlaee Srase

T a a o @ Y 1 = i [ [~ o 9
ﬂ1l’§$ﬁV]ﬁﬂ1W1Uﬂ15u1ﬂﬁﬁlnuﬁﬂﬂﬂﬁ DINUANIUALLBYAAD Y U IYIN ﬂ%zﬂﬂﬁﬂi?ﬂﬂﬂ

= Pt 5 Y
uzmawanmmazmmmnwma J

4 -20mA

0 4095
e Hee L
Resolution = 4005

H = high limit of the signal range

L = low limit of the signal range

16mA / 4095 = 3.907uA per count

242 uems magasiiuon
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° pi 2t o v < @ o
nsnnumauiasimsudasdyguewaen lddludyana a3aea uazms

° ' ! @ aa o =1 g =t o @ Y 4
Auumi Weuas Fygnudinea udyans eurden nIglMIMUIBAIgUIaae

! o U 4 o aa 1% o
m‘JN‘ﬁ 2.5 UgaINIAUIUYIN Lﬁﬂuﬂa\‘i AYYIUAINDD lﬂuﬁﬂ]ﬂnﬂ! BuUInDn

I_Range : _[_lf you know the digital value... J,lf you know the analog signal level...

|4 to 20mA | 16D I 4095
L St O T o b Sl R O L
10 to 20mA | A = 20D I D = 4095
| | ~ 409 l R
[ s AN A RN S,
For example, if you have measured the O 4095 (A — 4)
signal as 10mA, you can use the formula T0™N
to determine the digital value that will be 4095
: . s (10mA —4)
stored in the V-memory location that 16
contains the data. D-= (255.93) (6) b = {588

M99 2.6 LA thpecial Relays lu Analog Input

gLIOS Special SPB00.| Chan 1input type [0 =0~ 20mA 1=4-20mA
i SP801,] Chan 2inputtype |0=0-20mA 1=4-20mA
'SP602 | Chan 3input type [0=0- 20mA 1=4-20mA

Chan 4input type [0=0-20mA =4-20mA

Chan 1input open |1 = xmitter signal open 0 = xmitter signal good

Chan 2inputopen | 1= xmitter signal open 0 = xmitter signal good

-{ Chan 3input open | 1 = xmitter signal open 0 = xmitter signal good

SP613 Chan 4input open | 1 = xmitter signal open 0 = xmitter signal good
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2.8 Tilsunsu DS Data server

Tsunsy  Dsdata  Server  WuTusunsufigaolunisfioz 18 Software  window
nannlAvudoyadunios PLC FuFoumilowilusunsy DsData Server sziijuduiishy
lumsmladoyaoin  Software window iiefiezIdindes PLC Whle wazihanidam
doims wiohmauladeyaiilénininges pLC iilolW Sofiwavre window 91 Lz
awnsmirlduaasia m319ldsunsy DsData Server 214 dinmiziAtes PLC vosite

KOYO M1y

Ds Data
Visual Basic » .| PLC

server

517 2.43 uammswauiﬂwauaimmshiﬂmﬂm Ds DATA server

msAadedemsnussv e ldaunsy sxldmsande’ld 2 wuy &0 DDE wie OPC

: ] =~ a A
‘UENLLGI@%I‘IISLW?EJ %3 DDE Uag OPC ‘fl%t‘ﬂu Protocal ﬂi%iﬂﬂ'l'iﬂﬂﬁﬂﬁﬁ]ﬁﬁ

2.8.1 MIAIMMIYONADNVIATEY PLC

= o v ° Yy o o8 & voa
ﬂ_ﬁ‘ﬂlﬁ']ﬂzﬂ']ﬂ’]s‘lsﬁ Ds Data Server an']u‘lﬂﬁﬂ\'ﬁ'nfnsﬂ3ﬂ1ﬂ15lﬁfﬂuﬁﬂlﬁﬂﬂau Iﬂﬂ

msadn M wilinguihvedsgy m"luumsmmaamsmﬂau%oﬂsmg WA

i)

g ﬂmmsmm"huminmmiﬂﬂ Select lanud



D

Select Link.

250 KSeq K Sequence; Address 1.COM15- - Select l
10

4 Cancel i
BBB : =

joe10 : kmitl [

e ;
: Delete i
™ Link Enabled e R ]

3N 2.44 ugasnisiAonmsFouReves PLC

k4 [ ]
uadhdalildinadsiield sxdesadumsdoudolmi Taomsnin Add e

y ' ] @ < o p 4 {
asumsieude Ini szdsingmivedssy  Aldhmuduneylides 9 levawisofive
5o vzfinderunios PLC julny uagiinisiden Protocal 419214 Protocal o:'lsly

AREICPNET)

%)

= Select the communications port thatthe PLC is comecte&l to.:

Modem support cannot be configured from the Link Wiéa{d.

§| To select modem support, you must use the manual &

M configuration dialog by selecting “Link Editor..."* below.

Eoﬁ& ‘
‘ED H’l;—h-:::
COM2
COM3
COM4

Ethernet
Modem

Link Editor... ]

3N 2.45 urasmsidenmisnesavounisnouRuned



Select the PLC product farrily of the PLC you wish to connect
to.

If you are unsure, but know the cornmunications protocol it
uses, select "Not Sure" from the list.

PLC Farnilies:

D Iré(;t Logic 305
Direct Logic 3055
DL 05/1/2/4/350 F arrily

Link Ecﬁtor...{ < Back l Next > ] Cancel

i 2.46 uamamsifongusdie veundes pLC

Select the protocol to use in the communications link.

If you selected a PLC family, a valid protocol has been
selected for you.

If the selected protocol supports node addressing, enter the
station address. If you are unsure, leave the defautt.

Protacols:

Address: ,’ 1 :3_-'

Link Editor...’ < Back ’ Next > l Cancel

10 2.47 warmamsiBoneiiavea Protocol

42



Altempting to connect to the PLC,
This may take a little while...

Status: Attempting comm...
Family: Port: COM1
Protocol K Sequence Baud: 1200
Address: 1 Parity: Odd

Cancel

317 2.48 uamsmssenisemdeyavenies pLC

2.8.2 msaumatelumsfindesunies PLC

v 9

= o o 7 ] ]
Wade vi5e Topic fuswihntsadial¥orgniiluflu Talsunsy  Visual Basic o'l &

1 b4
mM3a$1e Topic 9z 18 Taemsndnd = & zAumi9edag)

Topic Name: i

b eer” T

Documentation | NONE

Update Intervak {U A [ tenths of seconds

=1 example: 25 is 2.5 seconds

} Cancel ! Help

' Y ]
11 249 uanansAsdeatoves Tilsunsuveunieg prc
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¥
Y 1

1¥511d%0ves Topic 1 9 191 Demo Topic tHuFeuss Topic dus11da%1ams
l,%miaTﬁ'uﬁaﬁmmsmﬁaﬂ"lﬁ'ﬁuﬁiwz‘l%'nﬁﬁmiauuuVlvm dosinisaag Topic
w3 dn s whmsadnum @ Topic 1hud @en Edit Ttem

ﬂzifumiﬁ’zsu%u% Iem wagimsidendeglfunudiulaveunses PLC 1w

C,T,v fudu

A08191% 1

Topc/sbTopk  [Mem | Bement | Yaiue — - R £ 0T N
T e _a ArkPLCDo... 10e10{05/none 20:17:50.12
Ilem n Rt m 20:17:46.48
I» n Enabie m 20:17:48.48
T3 Q _Setusveie ™ 0:17:48.48
—a Xers m 20:17:48.48
@ Retries keed 20:17:48.48
‘a Errors m 20:17:48.48
ey XerRate m 20:17:48,49
a _wirkes m 20:17:48.48
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V3001 inude1aIn Analog CH 2 deyanouiiaing
V3002 (ud3aIA Analog CH 3 doyanouniana
V3003 iudeyan Analog CH 4 doyansuiana
V3010 ifudYanIn Analog CH 1 doyanaaiang
V3011 iP9eYaIn Analog CH 2 deyananiiana
V3012 1NUYOAIN Analog CH 3 doyanashiang
V3013 1nu¥eAN Analog CH 4 doyandaimna
V3110- V3111 1WA Limit Level Tank 1 Sudoyasn Visaul Basic
V3112 V3113 (VA Limit Level Tank2 |  $ud8atn Visaul Basic

<

V3114 - V3115

{RUA Limit Level Tank 3

3

udeYyanIA Visaul Basic

(V]
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o sy
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IS

X0 QNA0vY Tank A (La) f33952AU Low
X1 Qnaoy Tank B (Lb) AT3I972AY Low
Y0 fly p1 quueanad 1y Tank 2
Y1 NI VI tlosiuveunailnanau
Y2 flup2 gquveamas 1y Tank 1
Y3 MA1 V2 Hlosiuveunailvanauy

V40400 MUWANUTIBUNA

V40500 WAL U0 MNA

V40600 - V40605 Control Relay Sadnolu

V2000 nuveyadunadald PLCH

V2001 mudeyamnimadald
PLC#1

V2010 wudoyadunania PLCHI

V2011 iRudeyaeninaan PLCAI

422 lsunsumines SCADA (Microsoft Visual Basic) ijuduildAadeiudly
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5.1 n1snaasduazaauingl Differential Pressure Transmitter
= a (4’ 9/ . . 2 @ w o
‘1u1li€gaunuwuﬁu%xh Differential Pressure Transmutter WudIaszAuveuralIves
i £ ° o % o P
ATZUIUNIINITAIVAY 3 sezimsudasszsvvesveananiudaana Wi 4-20 ma o
b 4

daliudyanandBunaves Anlog Card 89 PLC  Autiu3svzdvsapuiioy Differential
Pressure Transmitter f’;ﬂuﬁﬁ’l‘lﬂl‘ff’ﬂu 9349
JuAsHNIINAGR

y v

SumpuMs douMsuSYTalanavessauveuranily 0% 25%,50%,75%, 100%

§4 1 = @ d' ] T .ﬁ’ 1 4‘ 9/ ] £y 2 o o
udldesveamanruissesunmdinaaie  Gaam laee lignAssvaiimalsy Zero uas
v P A Y A o = e o 3 o dy
span 3unT1eg I Indssiunguiiniiga lasimuduaeunl
o o 1 a o o’ o { {1 13
L. vhmsal3us mput Taoms@useamhlylu Tak W 8szdui 0 % udwfismieminnie
v ¢=' ci o é a 9 v < 1 19 0 d' [, 9/ f~4
AAIMNBBUINNNNITNTIAIEINARDY Zulnfaudavzdeaiia 4 ma uadnan 14 higadeanidly
a9 SUTRE MM Zero Adjustment TRTIAUMNAUA Standard Signal 718 4 mA
o o v a o : o H ) 4

2. thinsal3us nput Tasmstuszaui Tl Tank 171852/uf 1000 % udrgisueming
= v oA i .o 2 a 9 s/ =1 19 vy a l
ABQANIBBNINIIN NN 1INASY Fulnaud19z809iia120 mA uama1ld eI
. b 4
fiendiudlua Al

3. vh A1 # IRunue TugastiemanszuaiisissAeaiimsliumens A2
A2 = {(Zero * Range) / (A1 — Zero)} + (Span — Zero)

4. Y319 lvmal5ufigumiia Span Adjustment TATIAWMAUAT A2
5. yins 19 lvanlsunidunis Zero Adjustment Itiifi1NA1 100 % ¥03A1 Standard Signal
1D 20 mA

1 d v b 4
6. Ivanuduasud 1 89 s $19u18AANAT Standard Signal fiB 4mA 03 20 mA

$1 INAITNARBIR Tank 71 2 e MIIMIUTUANNTA 100 % udMhiATe AT
< LU T o g o U i Y { ) v LY
i1y 1652 ma udaudiethmi 18 hldhgasienia A2 e ldawiiy 21112
3 < o @ L K I o @ o 3
mA 1R usmmsiua Span W IRAUMAY 21.112 mA Taon1313 1N Span Adjustment ttaz

v ¥
o o _ b ] v o ¥ d o o T
Hin3U¥ud Zero Adjustment 9 1AL 20 mA AN uyuasude 11
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1. HANTINATBIVBE Tank N1

79

INPUT OUTPUT
fioy ¥#991nA13 Calibration
Calibration

% | mA AT YR 2 adaft 3 AunaY
0 4 445 4.02 4.03 4.01 4.020
25 8 8.56 7.99 7.98 8.00 7.990
50 | 12 12.45 12.04 12.10 12.02 12.053
75 16 16.53 16.06 16.10 16.04 16.067
100 | 20 19.32 20.00 20.00 20.00 20.000
75 16 16.47 16.08 16.08 16.06 16.073
50 12 12.36 12.05 12.06 12.04 12.050
25 8 8.20 8.04 8.02 7.98 8.013
0 4 438 4.03 4.02 4.02 4.023

< s o
ﬂiTﬂuﬁﬂiﬂizl&ilﬁ’lﬁﬂﬂlﬁ&ﬂ]ﬂﬂi%ﬂ'ﬂ%Bdlﬂﬁ'l Tank 1

25

100




2. l‘]dJUNﬁﬂTi‘ﬂﬂa'fN‘UﬂQ Tank 912

80

INPUT OUTPUT
nou Wa991AN13 Calibration
Calibration

% | mA adei 1 adafi 2 Afett 3 Aundo
0 4 5.53 4.04 4.03 4.03 4.033
25 8 6.70 7.98 8.00 8.04 8.006
50 12 10.65 12.06 12.10 12.04 12.067
75 16 12.30 16.07 16.12 16.12 16.103
100 | 20 16.52 19.99 20.00 19.97 19.987
75 16 ¥2.23 16.08 16.09 16.i2 16.097
50 12 10.23 12.05 12.08 12.10 12.076
25 8 6.52 8.02 8.05 8.09 8.053

0 4 5.86 4.03 4.02 4.06 4.037

asuaaInsTuTeIAAMEUAYsTAUYeUNal Tank 2
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3. Iﬂuﬂafﬂ'}"ﬂﬂﬂi‘)\‘mﬂﬂ Tank N3

INPUT OUTPUT
nou Y4913 Calibration
Calibration
A T 73 i

% | mA Asen 1 A3 2 A33N 3 ANRaY

0 4 4.85 3.98 4.02 404 4013

25 8 8.36 7.97 8.02 8.00 7.996

50 12 12.63 12.04 12.06 12.02 12.036

75 16 16.41 16.08 16.10 16.07 16.083
100 20 19.48 19.98 20.00 19.96 19.980

75 16 16.47 16.08 16.12 16.06 16.087 ‘
50 12 12.50 12.05 12.06 12.06 12.056 |
25 8 8.13 8.04 8.02 8.03 8.030

0 4 4.69 4.02 4.04 4.01 4.023

< s
anuaninssummanamauiussAvYeuNal Tank 3




4. unan1INAanauod Tank 1 4

82

OUTPUT
Aoy MQ491AN1T Calibration
Calibration
% | mA a1 et 2 NEE Aunan
0o | 4 3.26 3.98 4.01 4.04 4.003
25 | 8 6.32 7.98 8.02 8.00 8.000
50 | 12 9.56 11.97 12.06 12.02 12.017
75 16 12.02 1598 16.00 16.05 16.010
100 | 20 1587 19.98 20.02 20.03 20.010
75 | 16 | 1195 16.04 16.03 16.06 16.043
50 12 9.20 12.03 12.10 12.08 12.070
25 8 6.45 8.04 3.04 7.98 8.020
0 4 3.39 398 4.02 4.03 4.010
prvuaIn suaeNABDAUITAUYEUHAd Tank 4
25
20
< 15
10
5
0

25

75

100
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5.2 msnaasusaufeuszduveanariunnviilnuuneuiunes
%zﬁ‘]um3@‘ﬂ'mmﬂauﬁamaiﬁauﬁus:ﬁmmmmﬂ?ﬂumzmumsﬁﬁwmsmuau

éﬂ% Differentail Pressure Transmitter ‘3@'szﬁmmmmuﬂauﬂuﬁ'ﬂujmm 4-20 mA Lﬁﬂﬁd

alddnugy PLC udrldneuiunesmuguuazdedoyanin pLC Tuaaswauuniineednii

nils Tavazghimsuanwauuninenssiuszuuveunalnsanie li

5.3 fuAeUMINARBUIATHAMINAADS

5.3.1 USuTnwamsianediuTnua Manual udanatjudeiuudazdy  Tausudaily

A9 1 1Az 2 IUTTAVYO Tank 1 1A% Tank 2 BYTN 50%

Plant Process




532 muszduveunally Tank 1 AT Tank 2 9UDY 100%

84



85

534 dlangs 1 uaz 182 2 onsuszanly Tank 3 H52AUN 100%
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5.4 ajluamainaaes
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3/4/2548

05 UNTITLED
SP116 c40 D
=l o = Kf202
LD
g K4
LDA
B 02000
RX
B V2000
C40
—{ SET
SP116 c40 D
o S Kf202
LD
B K4
LDA
B 02010
WX
N V2010
C40
_—{ RST
ik LD
; K400
ouT
B V7700
LDA
B 03000
ouT
B V7701
LD
B K4
ouT
1 V3004
SP1
| | S LD
(S V3000
MUL
B K100
DIV
B K4095
ouT
7 V3010

Page 2




3/4/2548 05 UNTITLED

SP1 B
5 | V3001
MUL
B K100
DIV
M K4095
| [ouT
V3011
SP1 B
6 e V3002
MUL
M K100
DIV
i K4095
ouT
= V3012
sP1 =
£ MRE V3003
MUL
T K100
DIV
§ K4095
ouT
5 V3013
V3010 V3110 B2060.0
8 1 A\ { 'seET )
V3010 V3110 B2060.0
9 e { RST )
V3010 V3111 B2060.4
10 ] { SET )
V3010 V3111 B2060.4
1" S { RST )
V3011 V3112 B2060.1
e e —( SET )
V3011 V3112 B2060.1
13 e (¢ RSTul
V3011 V3113 B2060.5
14 { = | { seT )

Page 3



3/4/2548

15

16

17

18

19

20

21

22

23

24

25

26

05
V3011 V3113 B2060.5
AR - —{ RST
V3012 V3114 B2060.2
e — SET
V3012 V3114 B2060.2
e {  RBT
V3012 V3115 B2060.6
| = —(  SET
V3012 V3115 B2060.6
fateet] { RST
V3013 V3116 B2060.3
| < —( sET
V3013 V3116 B2060.3
SETR Y —{( RST
V3013 V3117 B2060.7
| B | = \ SET
V3013 V3117 B2060.7
¥ d —{ RsST

X0 Y5 co
{ I} =T { SET

SPO C10
s 0 A RsT

G
—— RsT

c12
——( RST

C13
—— RsT

C14
—— RST

c15
L—{ RST

X1 Y5 co
| TH i . BET
co Y5
|| ( out

Page 4
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UNTITLED
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27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

UNTITLED

Page’d

05
X2 B2011.0 c10
- R )
X2 B2011.0 c10 \
i g O —( RST )
X3 B2011.1 c11
o= = —{ SET )
X3 B2011.1 C11
= ey i 0 —{.RST )
X4 YO c12
=\ P= o ( SET )
X4 YO c12
| Il L { RST )
X5 Y1 c13
—— T { SET )
X5 Y1 C13
e We (\§s™
X6 Y2 C14
| TH > 1 Jo 8T )
X6 Y2 cl4
{ | = { RsT )
X7 Y3 c15
{ I} . i 1 £ seET )
X7 Y3 c15
i ey | PN ( RST )
B2060.0 B2000.0 B2060.4 C20
s I = e —{ out )
c20
—{ '__
{ NoP )
V3012 V3115 V3012 V3114 V3117 V3013
Pz S| L=
C24
| |
| |
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42

43

44

45

46

47

48

Page 6

05 UNTITLED
c24
—{( out
V3011 V3113 V3010 V3111 A
I = | B |
| = | =0l
c23 V3012 V3115 V3112 V3011
[ [z |~
| I | I |
c23
—{ ouT )
V3010 V3111 V3011 V3113 A
| P>
|| e R o ST |
c22 V3012 V3115 V3110 V3010
i | < | f <
22
—{ out )
V3010 V3110 V3010 V3111 C20
§ < | < {, ouT )
C20
| |
| I
X0 Y5
| | | |
1 [ | [
V3011 V3112 V3011 V3113 c21
N [ Ayl cqy )
c21
{
X3 Y5
| | | |
1 | 1 I
c10 \ B2011.0
e ) ( our
C20 Y5
{9 e
c11 Y5 B2011.1
I | ( out
c21 Y5
e U] e P e
c12 Y5 YO
|+ { ( out )
c22 Y5
fe -
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49

50

51

52

c13 Y5
e B ey U8
c23 Y5

=t e —
C14 Y5
B S e I
Cc24 Y5

(

Page 7
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05

Y1
ouT

Y2
ouT

Y3
ouT

END

NOP

)

N~

UNTITLED
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4/3/2005 05 UNTITLED

SP11 B2002.0
_ : —{ ouT

SP17 : ~ B2002.1

. e e DU

_TermRunMode
SP12 B2002.2
| S { out

_TermStopMode
SP16 B2002.3
4 “ Sl / ouT

_On LD
SP1 !
ERIIEREIERED o AN ; VX0

ouT

LD

ouT
V2001

_On !LD

IR e OO — V2010

ouT I
u VC20

B V2011

‘1 VCO

Co R !
70 R = e —e el SOUT

I v
—{ ouT

< XD

’ Y3
il

Page 2
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|
9 R T O ORI SO NP S : . END |
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SBOS146A - OCTOBER 1986 - REVISED AUGUST 2004

Precision, Low Drift
4-20mA TWO-WIRE TRANSMITTER

FEATURES

® INSTRUMENTATION AMPLIFIER INPUT:
- Low Offset Voltage, 301V max
- Low Voltage Drift, 0.75uV/°C max
- Low Nonlinearity, 0.01% max

® TRUE TWO-WIRE OPERATION:
- Power and Signal on One Wire Pair
- Current Mode Signal Transmission
- High Noise Immunity

DUAL MATCHED CURRENT SOURCES
WIDE SUPPLY RANGE: 11.6V to 40V
SPECIFICATION RANGE: -40°C to +85°C

SMALL DIP-14 PACKAGE, CERAMIC AND
PLASTIC

APPLICATIONS

@ INDUSTRIAL PROCESS CONTROL:
- Pressure Transmitters
— Temperature Transmitters
- Millivolt Transmitters

RESISTANCE BRIDGE INPUTS
THERMOCOUPLE INPUTS

RTD INPUTS

CURRENT SHUNT (mV) INPUTS
PRECISION DUAL CURRENT SOURCES
AUTOMATED MANUFACTURING

POWER/PLANT ENERGY SYSTEM
MONITORING

DESCRIPTION

The XTR101 is a microcircuit, 4-20mA, two-wire
transmitter containing a high accuracy instrumentation
amplifier (IA), a voltage-controlled output current source,
and dual-matched precision current reference. This
combination is ideally suited for remote signal conditioning
of a wide variety of transducers such as thermocouples,
RTDs, thermistors, and strain gauge bridges. State-of-the-
art design and laser-timming, wide temperature range
operation, and small size make it very suitable for
industrial process control applications. In addition, the
optional external transistor allows even higher precision.

The two-wire transmitter allows signal and power to be
supplied on a single wire pair by modulating the
power-supply current with the input signal source. The
transmitter is immune to voltage drops from long runs and
noise from motors, relays, actuators, switches,
transformers, and industrial equipment. It can be used by
OEMs producing transmitter modules or by data
acquisition system manufacturers.

IreF1

| Optional

REF2 External

+Voe Transistor
——O

B/Oi T

)

L
Span XTR101 'B_—i\
6

- —
Optional
Offset Null

NOTE: (1) Pins 12 and 13 are used for optional BW control.

2 Please be aware that an important notice conceming availability, standard warranty, and use in critical applications of Texas Instruments
semiconductor products and disclaimers thereto appears at the end of this data sheet.

All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date. Products
conlorm to specifications per the terms oi Texas Instruments standard warranty.
Pr p ing does not y Include testing of all parameters.

‘Qz‘ TeEXAS
INSTRUMENTS

www.ti.com

Copyright © 1986-2004, Texas Instruments Incorporated
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ABSOLUTE MAXIMUM RATINGS(1)

Power Supply, +Vcc
Input Voltage, eq or e

.................... 2VouT <+Vee

Storage Temperature Range, Ceramic ......... -55°C to +165°C
Plastic.......... -55-C to +125°C

Lead Temperature (soldering, 10s) G, P ............... +300°C
(wave soldering, 3s)U .............. +260°C

Output Short-Circuit Duration
JUnction TEmMPerature:. ; . i ssvvsnessmssvnssrssnse s +165°C

(1) Stresses above these ratings may cause permanent damage.
Exposure to absolute maximum conditions for extended periods
may degrade device reliability. These are stress ratings only, and
functional operation of the device at these or any other conditions
beyond those specified is not supported.

PIN CONFIGURATION

A This integrated circuit can be damaged by ESD. Texas
‘2: 4 Instruments recommends that all integrated circuits be
handled with appropriate precautions. Failure to observe

proper handling and installation procedures can cause damage.

ESD damage can range from subtle performance degradation to
complete 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.

ORDERING INFORMATION

SPECIFIED
PACKAGE- | PACKAGE PACKAGE
PRODUCT | ", Eap | DESIGNATOR® | TEMPERATURE |\ ovinG
RANGE
Ceramic D XTR101AG
DIP-14 XTR101BG
XTR101 | Ppiastic —40°C to +85°C
et N XTR101AP
SO-16 DW XTR101AU

() For the most current package and ordering information, see the Package
Option Addendum located at the end of this data sheet.

Top View DIP
Zero Adjust 14 | Zero Adjust
Zero Adjust Bandwidth

L
2

Bhboone

B Control
DIP lrer2
lReFs

8 | *Vee

1lauE
o] e
S | NC

Top View SO
Zero Adjust | 1 16 | Zero Adjust
Zero Adjust | 2 15 | Bandwidth
—in | 3 14 | B Control
SOL-16
™ E Surface-Mount |12 ] lrer2
Span l 5 12 | lrers
[¢]
(]
E

NC = No Connection




, XTR101
I
W as

www.ti.com

SBOS146A - OCTOBER 1986 - REVISED AUGUST 2004

ELECTRICAL CHARACTERISTICS

At Ta = +25°C, +Vc = 24VDC, and R = 1002 with external transistor connected, unless otherwise noted.

XTR101AG XTR101BG XTR101AP XTR101AU
PARAMETER CONDITIONS MIN | TYP | MAX | MIN | TYP  MAX | MIN TYP = MAX | MIN | TYP  MAX UNIT
OUTPUT AND LOAD CHARACTERISTICS 3 [ I |
Current Linear Operating Region & i'“26 & % * T i mA
Derated Performance 38 | 22 = i = s J = mA
Current Limit [ 28 38 [ # IO 31 * mA
Offset Current Error 10s. Io = 4mA +39 | +10 | 425 16 +85 | =19 +85 =19 LA
vs Temperature Alog/aT | £105 | 20 L +8 +15 £105 | =20 = ppm, FS/'C
Full- utput i i
ugnsocrale Outpdt Current Full-Scale = 20mA 20 | 240 | w5 0 £30 | =60 30 =60 uA
| |
Power-Supply Voltage Vce. Pnr?s 73 an1d 8, 16 | +40 x| * = | b & Es vDC
Compliance(1) | i
: AtVcc = +24V, | | * | =% ES
Load Resistance 10 = 20mA ‘ 600 | ! Q
ALVCC = +40V, ‘ | i = | %
10 = 20mA 1400 | | 7
SPAN | | |
Output Current Equation RginQ,eqandepinV | 'O = 4mA + [0 016amps/volt ~ '40/Rs)](82 il
Span Equation RsinQ 5 S = [OvO‘lﬁamps/volt + ‘40/RS)] AV
vs Temperature Excluding TCR of Rg +30 | =100 i/~ * * = ppm/=C
Untrimmed Error(2) £SPAN -5 =25 ™0 S I # i' ke * %
Nonlinearity ENONLINEARITY 0.01 | # = o %
Hysteresis 0 ! # * # %
Dead Band 0 * * * %
INPUT CHARACTERISTICS
Impedance: Differential 0.41l3 ! * 3 & GallpF

Common-Mode 10113 * * * GalipF
Voltage Range, Full-Scale ae=(ep-eq)d) 0 1 * & o *® * ® v
Offset Voltage Vos +30 | 60 +20 +30 * +100 * =100 uv

vs Temperature AVOS/AT 075 [ 215 1035 =075 ek o * * uviEC
Power-Supply Rejection AVCC/PSRR = Vg Error 10 1 125 oA AN | 122 o 122 d8
Bias Current I8 [ 60 150 3 % * o o *® nA

vs Temperature Alg/AT | 030 1 * H *® * & ® nASC
Offset Current los| [==10 " 1230 * +20 * # * * nA

vs Temperature Alps|/AT | b 0.3 * * o * ~ * nA/SC
Common-Mode | -z ~= * N e .

Rejection(4) pe 4 |9 B
Common-Mode Range ey and ey with RespecttoPin7 | 4 6 * * i i * * v
CURRENT SOURCES
Magnitude 1 * *® o mA
Accuracy Vce =24V, 101 +0.02

VPIN 8~ VPIN 10, 11 = 19V, +0.06 7 5 +0.075 +0.2 +0.37 +0.2 =0.37 %
R2 = 5kQ, see Figure 5
vs Temperature +50 +80 +30 +50 * b * * ppmvC
vs Ve +3 * * * ppm/V
vs Time +8 #* * k ppm/month
Compliance Voltage Ratio With Respect to - * & o s % s
Match Pin 7 Tracking g Vec-35 ¥
+0.01 | +0.0 +0.00
Accuracy (1 - IRgF1/! ) x 100% & +0.04 +0.031 | +0.088 +0.031  =0.088 %
EF1/IREF2 4 6 9

vs Temperature 715 10 * * ppm/=C

vs Voo +10 * * * ppmAV

vs Time |+ * *® & ppm/month
Output Impedance 10 | 20 * * * 15 * 15 MQ
TEMPERATURE RANGE §
Specification -40 | +85 | ¥ * * * * * C
Operating -55 | +125 |k * -40 +85 | -40 +85 c
Storage -55 | +165 | * | * | -85 +125 | -55 +125 °C

* Same as XTR101AG.

(1) see the Typical Characteristics.

(2) Span error shown is untrimmed and may be adjusted to zero.

(3) e4 and e2 are signals on the -In and +In terminals with respect to the output, pin 7. While the maximum permissible Ae is 1V, it is primanty intended for much wower signal leveis. for
instance, 10mV or 50mV full-scale for the XTR101A and XTR101B grades, respectively. 2mV FS is also possible with the B grade, but accuracy will degrade due to possible errors
in the low value span resistance and very high amplification of offset, drift, and noise.

(4) offset voltage is timmed with the application of a 5V common-mode voltage. Thus, the associated common-mode error is removed. See the Application Information section.
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TYPICAL CHARACTERISTICS
At Tp = +25°C and Vo = 24VDC, unless otherwise noted.

SPAN vs FREQUENCY

80
C,. =
-~ Rg = 250 =
= 60 1
g Ry = 1009 | ~~
-
% |
= R = 4005 |
8 Re=2kQ | Biga
g '
E —
o s = oo i
§ 20 i AN
fd |
£ i
0 I
100 1k 10k 100k ™
Frequency (Hz)
FULL-SCALE INPUT VOLTAGE vs Rg
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TYPICAL CHARACTERISTICS (continued)
At Ta = +25°C, Vpp = +3.3V, and V| = +3.3V, unless otherwise noted.

INPUT VOLTAGE NOISE DENSITY vs FREQUENCY INPUT CURRENT NOISE DENSITY vs FREQUENCY

60 ‘ - &

1 | 1

Il it S T S - §s —— -
Ly ¢ | = I
3 | 2 |
E 4 |—— 1 = - - S 4 -
) | P
g | 5
5 30 = | — 5 3
> | O
2 | 2
2 20 — - —— — 9.2
3 =
£ 10 e

0 0

1 10 100 1k 10k 100k 1 10 100 1k 10k 100k

Frequency (Hz) Frequency (Hz)

OUTPUT CURRENT NOISE DENSITY vs FREQUENCY

i
X |

N

Output Noise Current (nAAHz)

g f\\
1 \
\n——_
|
0 |
1 10 100 1k 10k 100k

Frequency (Hz)
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THEORY OF OPERATION

A simplified schematic of the XTR101 is shown in Figure 1.
Basically, the amplifiers A; and Ay act as a single
power-supply instrumentation amplifier controlling a
current source, Az and Q4. Operation is determined by an
internal feedback loop. e4 applied to pin 3 will also appear
at pin 5, and similarly, e, will appear at pin 6. Therefore, the
current in Rg (the span setting resistor) will be
Is = (e —e1)/Rg = e|n/Rs. This current combines with the
current I3 to form 4. The circuit is configured such that I,
is 19 times 4. From this point, the derivation of the transfer
function is straightforward but lengthy. The result is shown
in Figure 1.

Examination of the transfer function shows that I has a
lower range-limit of 4mA when e|n = e, — &4 =0V. This 4mA
is composed of 2mA quiescent current exiting pin 7 plus
2maA from the current sources. The upper range limit of Ig
is set to 20mA by the proper selection of Rg based on the
upper range limit of e;n. Specifically, Rg is chosen for a
16mA output current span for the given full-scale input
voltage span.

amps | 40 o ks
For example,(0.01GTOT(— + |—:{—S)(eIN full-scale) = 16mA.

Note that since lg is unipolar, eo must be kept larger than
e (that is, ex > e4 or ey 2 0). Also note that in order not to
exceed the output upper range limit of 20mA, ey must be
kept less than 1V when Rg = and proportionately less as
Rgis reduced.

(eq) v (e,)
5 IS 6
I3 ly
R, R,
1.25kQ 1.25kQ
+Vee +Vee
= = +Vee D,
1 8
(ey) B1 A A,
T 1% b
eiN I
B2
l—» +In, VPS ==
(e2) 10pa(_ §
7 o
£
+Veo e R
L L
Q@ 2mA T N

Voltage-Controlled
Current Source

lREF1 IREF2

2.5kQ

|O = 4mA + (0016

amps | 40
volt

YW

g ﬁ;)em. SINE= 82 5 21

Figure 1. Simplified Schematic of the XTR101
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INSTALLATION AND

OPERATING INSTRUCTIONS
BASIC CONNECTION

See Figure 1 for the basic connection of the XTR101. A
difference voltage applied between input pins 3 and 4 will
cause a current of 4-20mA to circulate in the two-wire
output loop (through Ry, Vps, and D4). For applications
requiring moderate accuracy, the XTR101 operates very
cost-effectively with just its internal drive transistor. For
more demanding applications (high accuracy in high gain),
an external NPN transistor can be added in parallel with
the internal one. This keeps the heat out of the XTR101
package and minimizes thermal feedback to the input
stage. Also, in such applications where the ey full-scale
is small (< 50mV) and Rgpan is small (< 150Q2), caution
should be taken to consider errors from the external span
circuit plus high amplification of offset drift and noise.

OPTIONAL EXTERNAL TRANSISTOR

The optional external transistor, when used, is connected
in parallel with the XTR101 internal transistor. The purpose
is to increase accuracy by reducing heat change inside the
XTR101 package as the output current spans from
4-20mA. Under normal operating conditions, the internal
transistor is never completely turned off, as shown in
Figure 2. This maintains frequency stability with varying
external transistor characteristics and wiring capacitance.
The actual current sharing between internal and external
transistors is dependent on two factors:

1. relative geometry of emitter areas, and

2. relative package dissipation (case size and thermal
conductivity).

For best results, the external device should have a larger

base-emitter area and smaller package. It will, upon

turn-on, take about [0.95(lg — 3.3mA)JmA. However, it will
heat faster and take a greater share after a few seconds.

R AR s 20mA!
16mA
+Vcc
8 2)
7500 % 12V, 200mW
- 35mA
A BTN . o i
{o5ma
I/ 12 }/ Qexr 23.6V, 377TmW
XTR104 M Qi 18mW

2N2222"
Other Suitable Types

Type Package

9 —— Ves
210Q < 3.47V, 60mW E 2N4922  TO-225 = 40v
1.5mA TIP29B TO-220
Quiescent TIP31B TO-220
52.6Q 0.95V, 17TmwW
''''' —
‘O / |
O X
0 Short-Circuit > R,
: Worst-Case << 2500
. |
1imA [1mA 18mA
b o 20mA —»
2mA

NOTES: (1) An external transistor is used in the manufacturing test circuit for testing electrical specifications.
(2) This resistor is required for the 2N2222 with Vg > 24V to limit power dissipation.

Figure 2. Power Calculation of the XTR101 with an External Transistor
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Although any NPN of suitable power rating will operate
with the XTR101, two readily available transistors are
recommended:

1. 2N2222 in the TO-18 package. For power-supply
voltages above 24V, a 750¢), 1/2W resistor should be
connected in series with the collector. This will limit the
power dissipation to 377mW under the worst-case
conditions; see Figure 2. Thus, the 2N2222 will safely
operate below its 400mW rating at the upper
temperature of +85°C. Heat sinking the 2N2222 will
result in greatly reduced accuracy improvement and
is not recommended.

2. TIP29B in the TO-220 package. This transistor will
operate over the specified temperature and output
voltage range without a series collector resistor. Heat
sinking the TIP29B will result in slightly less accuracy
improvement. It can be done, however, when
mechanical constraints require it.

ACCURACY WITH AND WITHOUT AN
EXTERNAL TRANSISTOR

The XTR101 has been tested in a circuit using an external
transistor. The relative difference in accuracy with and
without an external transistor is shown in Figure 3. Notice
that a dramatic improvement in offset voltage change with
supply voltage is evident for any value of load resistor.

30

D
o

T ;
Span = Al = 16mA
25 ' -~

Without Extenal Tr‘ansistor = <
i i
20 x s \Y
R = 1000_5/
15 —
/ R, = 6000 / ;
! 4~ P

wn
o

w
o
Self-Heating A Temperature (°C)

H
o

AVos (V)

10 : : — 20

T NG
| \
5 |— With External Transistor - 10
' | R=e002 [N\ R.=1kQ
R =100Q | L -
0 0
10 20 30 40
Vee (V)

Figure 3. Thermal Feedback Due to Change in
Output Current

MAJOR POINTS TO CONSIDER WHEN

USING THE XTR101

1. The leads to Rg should be kept as short as possible
to reduce noise pick-up and parasitic resistance.

2. +V¢c should be bypassed with a 0.01uF capacitor as
close to the unit as possible (pin 8 to pin 7).

3. Always keep the input voltages within their range of
linear operation, +4V to +6V (e and e, measured with
respect to pin 7).

4. The maximum input signal level (eygs) is 1V with
Rg = « and proportionally less as Rg decreases.

5. Always return the current references (pins 10 and 11)
to the output (pin 7) through an appropriate resistor. If
the references are not used for biasing or excitation,
connect them together to pin 7. Each reference must
have between OV and +(Vgc — 4V) with respect to
pin 7.

6. Always choose R| (including line resistance) so that
the voltage between pins 7 and 8 (+V¢¢) remains
within the 11.6V to 40V range as the output changes
between the 4-20mA range (as shown in Figure 4).

7. ltis recommended that a reverse polarity protection
diode (D4 in Figure 1) be used. This will prevent
damage to the XTR101 caused by a momentary (such
as a transient) or long-term application of the wrong
polarity of voltage between pins 7 and 8.

8. Consider PC board layout which minimizes parasitic
capacitance, especially in high gain.

1500
_ 1250 /
=} R ma
@ 1000
8
=t
£ 750
O
0
i
o aagd
©
o
-4
250
0
0 10 20 30 40 50 60
Power-Supply Voltage, Vpg (V)

Figure 4. Power-Supply Operating Range
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SELECTING THE Rg

Rspan is chosen so that a given full-scale input span
(einrs) Will result in the desired full-scale output span of
Alors:

amps 40 i B
[(0.016 volt ) + (Rs)] Aey = Alg = 16mA.

Solving for Rg:

il 40
Alg/Aey — 0.0162%2 (1)

volt

Rs

For example, if Aejyges = 100mV for Algrs = 16mA,

R. = 40 g 40
$~ (16mA/100mV) — 0.016 0.16 — 0.016
LR
= 0143 = 2789

See the Typical Characteristics for a plot of Rg vs AgnFs.
Note that in order not to exceed the 20mA upper range
limit, ey must be less than 1V when Rg = o~ and
proportionately smaller as Rg decreases.

BIASING THE INPUTS

Because the XTR operates from a single supply, both e4
and e, must be biased approximately 5V above the
voltage at pin 7 to assure linear response. This is easily
done by using one or both current sources and an external
resistor, R,. Figure 5 shows the simplest case—a floating
voltage source e’s. The 2mA from the current sources
flows through the 2.5kQ value of Ry and both e4 and e; are
raised by the required 5V with respect to pin 7. For linear
operation the constraint is:

+4V < eq <46V
+4V < ep < 46V

The offset adjustment is used to remove the offset voltage
of the input amplifier. When the input differential voltage
(e;n) equals zero, adjust for 4mA output.

Figure 6 shows a similar connection for a resistive
transducer. The transducer could be excited either by one
(as shown) or both current sources. Also, the offset
adjustment has higher resolution compared to Figure 5.

2mAl il xTr101

2 14
. | lO
( ;e
)R RoCHING. | Offset
e | Adjust
1 i
R, 1 am
ps _ 40
2.5kQ i IO = 4mA + (0.016 ol © ﬁg)ew
YW o \
2mA — gIN = €2
+5V

Figure 5. Basic Connection for Floating Voltage
Source

D,
10 ,r—‘+<'—

1mA| 1mA

XTR101

Offset
Adjust

. amps = 40
Alternate circuitry +5V lg = 4mA + (0»015 + —)em

p volt ~ Rg
shown in Figure 8. ,
ey =€ = TmMAXRy

0.01uF

Figure 6. Basic Connection for Resistive Source

CMV AND CMR

The XTR101 is designed to operate with a nominal 5V
common-mode voltage at the input and will function
properly with either input operating over the range of 4V to
6V with respect to pin 7. The error caused by the 5V CMV
is already included in the accuracy specifications.

If the inputs are biased at some other CMV, then an input
offset error term is (CMV - 5)YCMRR, where CMR is in dB,
and CMRR is in V/V.
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SIGNAL SUPPRESSION AND ELEVATION

In some applications, it is desired to have suppressed zero
range (input signal elevation) or elevated zero range (input
signal suppression). This is easily accomplished with the
XTR101 by using the current sources to create the
suppression/elevation voltage. The basic concept is
shown in Figure 7 and Figure 8(a). In this example, the
sensor voltage is derived from Ry (a thermistor, RTD, or
other variable resistance element) and excited by one of
the 1mA current sources. The other current source is used
to create the elevated zero range voltage. Figure 8(b), (c),
and (d) show some of the possible circuit variations. These
circuits have the desirable feature of noninteractive span
and suppression/elevation adjustments.

Note: It is not recommended to use the optional offset
voltage null (pins 1, 2, and 14) for elevation/suppression.
This trim capability is used only to null the amplifier’s input
offset voltage. In many applications the already low offset
voltage (typically 2011V) will not need to be nulled at all.
Adjusting the offset voltage to non-zero values will disturb
the voltage drift by +£0.3uV/°C per 100uV or induced offset.

1mA 1mA T -
e
i e
: S
. 1
L \
I/’ & ‘\ /I
\
| Ve R4 + ‘ I:'
'
1 s R, ! i
i) 5 i é - ’
! \
\ — (l
. B
N ,/

ey = (e~ V)
V, = 1mA xR,
e, =1mA X R¢
(a) Elevated Zero Range

e = (€2~ Va)
V,=2mAX R,

e = (8% +Vy)
V, = 1mA xR,
e, = TmAx R;
(b) Suppressed Zero Range

en = (e +Vy)
V,=2mA X R,

(d) Suppressed Zero Range

20 7 >
i Sj)an AW /
15 E :
H //l ! / /
E 10 / ; £
o i
' Suppressed
%evated: UF?em
5 7 Zero —— Range
Range
i
0 H
-0+
en (V)

(c) Elevated Zero Range

Figure 7. Elevation and Suppression Graph

Figure 8. Elevation and Suppression Circuits

APPLICATION INFORMATION

The small size, low offset voltage and drift, excellent
linearity, and internal precision current sources make the
XTR101 ideal for a variety of two-wire transmitter
applications. It can be used by OEMs producing different
types of transducer transmitter modules and by data
acquisition systems manufacturers who gather transducer
data. Current-mode transmission greatly reduces noise
interference. The two-wire nature of the device allows
economical signal conditioning at the transducer. Thus the
XTR101 is, in general, very suitable for individualized and
special-purpose applications.

10
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EXAMPLE 1

An RTD transducer is shown in Figure 9.

Given a process with temperature limits of +25°C and
+150°C, configure the XTR101 to measure the
temperature with a platinum RTD which produces 100Q2 at
0°C and 20092 at +266°C (obtained from standard RTD
tables). Transmit 4mA for +25-C and 20mA for +150°C.

COMPUTING Rs:

The sensitivity of the RTD is AR/AT = 1000Q/266°C. When
excited with a 1mA current source for a 25°C to 150°C
range (a 125°C span), the span of ey is
TmA x (100€2/266°C) x 125°C = 47mV = Aey.

40
Alo/Ae, — 0.016 2288

volt

From Equation 1, Rg =

n 40 _ A"
Rs = 16mA/47mV — 0.016A/V  0.3244 183K

Span adjustment (calibration) is accomplished by
trimming Rs.

COMPUTING Ry:
At + 25°C,e', = 1mA(R; + AR;)

100Q
Q 0
1mA[100-- + 566°C x 25 C]

1mA(109.4Q) = 109.4mV

In order to make the lower range limit of 25°C correspond
to the output lower range limit of 4mA, the input circuitry
shown in Figure 9 is used.

en. the XTR101 differential input, is made O at 25°C or:
eyz 250C Vi
thus, V, = €', 5o = 109.4mV

_ Vo 1094mV
R, = TR = Rl ¥, 10948

COMPUTING R, AND CHECKING CMV:

At + 25°C,e’', = 109.4mV
At + 150°C,e’, = TmA(R; + AR;)

e 100Q o
= 1mA[1OOQ -+ 566°C x 160 C]

= 156.4mV

Since both e', and V4 are small relative to the desired 5V
common-mode voltage, they may be ignored in computing
R2 as long as the CMV is met.

5V

= ——— = O
R, >mA 2.5kQ

e, min = 5V + 0.1094V
> The 4V to 6V CMV

e, max = 5V + 0.1564V ; !
requirement is met.

e, = 5V + 0.1094V

Figure 9. Circuit for Example 1

EXAMPLE 2
A thermocouple transducer is shown in Figure 10.

Given a process with temperature (T4) limits of 0°C and
+1000°C, configure the XTR101 to measure the
temperature with a type J thermocouple that produces a
58mV change for 1000°C change. Use a semiconductor
diode for cold junction compensation to make the
measurement relative to 0°C. This is accomplished by
supplying a compensating voltage (Vrg) equal to that
normally produced by the thermocouple with its cold
junction (T2) at ambient. At a typical ambient of +25°C, this
is 1.28mV (obtained from standard thermocouple tables
with reference junction of 0°C). Transmit 4mA for T4 = 0°C
and 20mA for T1 = +1000°C. Note: e|y = e, - e indicates
that T4 is relative to Ts.

VW
Ry 2.5kQ
Temperature T, =Ty,

Figure 10. Thermocouple Input Circuit with Two
Temperature Regions and Diode (D) Cold
Junction Compensation

1
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ESTABLISHING Rs:
The input full-scale span is 58mV (AeinFs = 58mV).

Rg is found from Equation 1.
40

R BT 3mps
> Aly/Ae,, — 0.016 2%

S 40 _ 40
16mA/58mV — 0.016A/V ~ 0.2599

= 153.9Q

SELECTING Ry4:
R, is chosen to make the output 4mA at Tyc = 0°C
(V1c = -1.28mV) and Tp = +25°C (Vp = 0.6V); see
Figure 10.
V1c will be =1.28mV when Ty¢ = 0°C and the reference
junction is at +25°C. ey must be computed for the condition
of Tp = +25°C to make e = OV.

Vi as0c = 600mV

S 600mV<2—g15—i~) = 14.9mV

en =€ —¢e =Ng +V,— e

With eIN = 0 and VTC =-1.28mV,
Ve=e + gy Vic
= 14.9mV + 0V - (- 1.28mV)
1mA(R,) = 16.18mV
R, = 16.18Q

COLD JUNCTION COMPENSATION:
A temperature reference circuit is shown in Figure 11.
The diode voltage has the form:

KT Ioiope
Vy = — In —=
7 q lsar

Typically at To = +25°C, Vp = 0.6V and AVp/AT = —2mV/°C.
Rs and Rg form a voltage divider for the diode voltage Vp.
The divider values are selected so that the gradient
AVp/AT equals the gradient of the thermocouple at the
reference temperature. At +25°C this is approximately
52uV/°C (obtained from a standard thermocouple table);
therefore,

ATC_AVD( R )

AT = AT \R; + Rg
52uvV  2000uV Rg
O Rs + R

Rs is chosen as 2kQ to be much larger than the resistance
of the diode. Solving for Rg yields 51€.

Figure 11. Cold Junction Compensation Circuit

THERMOCOUPLE BURN-OUT INDICATION

In process control applications it is desirable to detect
when a thermocouple has burned out. This is typically
done by forcing the two-wire transmitter current to either
limit when the thermocouple impedance goes very high.
The circuits of Figure 16 and Figure 17 inherently have
downscale indication. When the impedance of the
thermocouple gets very large (open) the bias current
flowing into the + input (large impedance) will cause lp to
go to its lower range limit value (about 3.8mA). If upscale
indication is desired, the circuit of Figure 18 should be
used. When T¢ opens, the output will go to its upper range
limit value (about 25mA or higher).

OPTIONAL INPUT OFFSET VOLTAGE TRIM

The XTR101 has provisions for nulling the input offset
voltage associated with the input amplifiers. In many
applications the already low offset voltages (30pV max for
the B grade and 60uV max for the A grade) will not need
to be nulled at all. The null adjustment can be done with a
potentiometer at pins 1, 2, and 14; see Figure 5 and
Figure 6. Either of these two circuits may be used.
NOTE: It is not recommended to use this input offset
voltage nulling capability for elevation or suppression. See
the Signal Suppression and Elevation section for the
proper techniques.

12
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OPTIONAL BANDWIDTH CONTROL /‘{70_0047“,:
Low-pass filtering is recommended where possible and ""A‘ R \]{ L

can be done by either one of two techniques; see W2 - LT

Figure 12. C, connected to pins 3 and 4 will reduce the e

bandwidth with a cutoff frequency given by: 1mAJ p

fi = 15.9 Co—= XTR101
(R, + R, + R; + R,)(C, + 3pF) :
R L

This method has the disadvantage of having fco vary with 1 R,M T
R1, R, R3, Ry, and it may require large values of R3 and L2t + 13

R4. The other method, using C1, will use smaller values of R @ B
capacitance and is not a function of the input resistors. It % :

is, however, more subject to nonlinear distortion caused by

slew rate limiting. This is normally not a problem with the NOTE: (1) Ryand R, should be equal if used.

slow signals associated with most process control e 5 2
_transducers. The relationship between Cq and fog is Internally eorse qri = Ve '”PUTST“GE+[€M]

shown in the Typical Characteristics. oy

Figure 12. Optional Filtering

APPLICATION CIRCUITS

(©,
Voltage I
Reference

e

MC1403A

lO
(4-20 mA) |

R1 RZ
1250 500Q

J} ‘ 16,(0-20mA)

I Ty o YR 1251, -5
NOTE: o = +R_2 O—R_z_ 25 15 = SmA

Other conversions are readily achievable by
changing the reference and ratio of R, to R,.

Figure 13. 0-20mA Output Converter

13
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0.9852mA

Voltage
Ref

1.0147mA

XTR101

Figure 14. Bridge Input, Voltage Excitation

L

2mA me TmA—— This circuit has downscale
> 2kQ2 bum-out indication.
= TypeJ ¥ e o
I 1N 4 €
51Q Rs \
=200 XTR101 =
Rs | XTR101 o
J =, —
/ e / !
= Adjust o
¥ | 2.5kQ

TN

Figure 15. Bridge Input, Current Excitiation

Figure 17. Thermocouple Input with Diode Cold

Junction Compensation

. 1mA
l1mA 1A This c:rcu!t hgs qownscale l 1mA1 This circuit has upscale
l burn-out indication. SAN 9 burn-out indication.
Type J o €
I TN
e +
R 20Q R
< Jd 20 S J
z 1%;% S Q XTR101 € RID| 2 °| xTR101 4
15Q Zero 15Q [ 100Q Zero
Adjust = | _|Adjust =
+ /
2.5kQ 2.5kQ i
v"v ]’ MA
|| T
1r

Figure 16. Thermocouple Input with RTD Cold
Junction Compensation

Figure 18. Thermocouple Input with RTD Cold
Junction Compensation

14
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11 ll‘
10
*Vee 8 i
3
= o R
15V | 0.01uF XTR101
4
"
7\
2.5kQ

— ! -

Vger = IMAR,

Figure 19. Dual Precision Current Sources Operated from One Supply

Isolation__,:
Barrier 1
1
+V, : P+ ey
O 5 ' 1kQ
8 Ce | ——1puF
‘ -V, 722 : V+ pr—
) B [P
l 1uF
4-20mA o (A Vo
AN 1
{ —
Aey XTR101 - 30V 4 : +1) 5V
: i
1
1
1
! |
1
0 1MQ 2 :
O #* + Il
‘N\f; Sotme | @ FE ooqsy
W
1
L LRl
1 \4 3
250Q 1SO100 A s O
! Vourt"
i ) P2 +1V 10 +5V
|
! |
i REF2
17 !
- 6 !
18 ! NOTE: (1) Can be shifted and amplified
! using 1ISO100 current sources.
lrerr !
i
=
1

Figure 20. Isolated Two-Wire Current Loop
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DETAILED ERROR ANALYSIS

The ideal output current is:

lopear = 4MA + K ey (3)

amps
where K is the span (gain) term, | 0.016 i
volt Rg

In the XTR101 there are three major components of error:

1. oo = errors associated with the output stage.
2. og = errors associated with span adjustment.
3. o) = errors associated with the input stage.

The transfer function including these errors is:
loactual = (4MA + oo) + Ki1 + og)(ey + o)) (4)

When this expression is expanded, second-order terms
(os, o)) dropped, and terms collected, the result is:

loacruaL = (4MA + 0g) + K ey + Koy + Kog ey (5)

The error in the output current is lo actuaL — lo 1DEAL @nd
can be found by subtracting Equation 3 from Equation 5.

loerror = 0o + Koy + Kog €y (6)

This is a general error expression. The composition of
each component of error depends on the circuitry inside
the XTR101 and the particular circuit in which it is applied.
The circuit of Figure 9 will be used to illustrate the
principles.

0o = losgrro (7)
Os = Enonuneariy T Espan (8)
AV, (e1+ep) _5v
o0 2
PSRR CMRR (9)

0 = Vg + (lg1 + Ry — lgz Ry) +

The term in parentheses may be written in terms of offset
current and resistor mismatches as Ig1 AR + Ipg’ Ra.
Vosi(M = input offset voltage.
Ig1(™M, 1g2(1) = input bias current.
losi{") = input offset current.
los rTo(!) = output offset current error.
AR = Ry - R4 = mismatch in resistor.

AV = change supply voltage between pins 7 and 8
away from 24V nominal.

PSRR(") = power-supply rejection ratio.
CMRR(1) = common-mode rejection ratio.
enonun(!) = span nonlinearity.

espan'!) = span equation error.

Untrimmed error = 5% max. May be trimmed to zero.
(1) These items can be found in the Electrical Characteristics.

EXAMPLE 3
See the circuit in Figure 9 with the XTR101BG
specifications and the following conditions: Ry = 109.4Q at
25°C, Ry = 156.4Q at 150°C, lg =4mA at 25°C, lg = 20mA
at 150°C, Rg = 123.3Q, Rg = 1090, R = 250%,
RunNe = 100Q, Vp, = 0.6V, and Vpg = 24V * 0.5%.
Determine the % error at the upper and lower range
values.
A. AT THE LOWER RANGE VALUE (T = +25°C)
0o = losrro = £ BUA
ke B
CMRR

AV

*PSRR T

0, = Vg + (lg AR + log Ry)

AR = R, yeon — Ry = 109.4 — 109 = 0
AVge = (24 x 0.005) + 4mA(250Q + 100Q) + 0.6V
= 120mV + 1400mV. + 600mV = 2120mV

Il

e, = (2mA x 2.5kQ) + (1mA x 109Q)

— 5100V
e, = (2mA x 2.5kQ) + (1TmA x 109.4Q)
— 5.1094V
+
(8‘2—62) ~ 5V = 0.1092V

PSRR = 3.16 x 10° for 110dB
CMRR = 31.6 x 10® for 90dB

0, = 30uV + (150nA x 0 + 20nA x 109Q) +

2120mV 0.1092V (10)

3.16 x 105 © 3.16 x 10°

= 30uV + 2.18uV + 6.7uV + 3.46uV
= 42.34uV
Os = Enonun T Espan
= 0.0001 + 0 (assumes trim of Rg)
loerror = 0o + Koy + Kogey

X 40 _ 40
K =.0.016 + Re 0.016 + 153 30
= q3gp Ve
volts
en = € = V4 = lpert Ryggoc — lrer2 R

Since Ry 25:c = Ry:
en = (lrer1 — lrer2) Ry = 0.4uA x 109Q

= 43.6uV

Since the maximum mismatch of the current references is
0.04% of 1mA = 0.4pA:

lo error = 6uA + (0.34A/V x 42.34uV) +

(0.34A/V x 0.0001 x 43.6pV)
= 6uA + 14.40pA + 0.0015pA = 20.40pA

20.40uA

16mA

0.13% of span at lower range value.

% error = x 100%

16
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B. AT THE UPPER RANGE VALUE (T = +150°C)

AR = Ry op — Ry = 156.4 — 109.4 = 47Q
AV¢e = (24 x 0.005) + 20mA[250Q + 10092 + 0.6V
= 7720mV
e, = 5.109V
e, = (2mA x 2.5kQ + (TmA x 156.4Q)
= 5.156V
(e —e;)
S 5V = 0.1325V
0o = BUA
o, = 30uV + (150nA x 47Q + 20nA x 190Q) +
7720mV 0.1325V
316 % 10%  3.16 x 102
= 30uV + 9.23uV + 24uV + 4.19uV
= 67.42uV
og = 0.0001
en = e, = Vi = lrert Rrigpoc = lrerz Re
= {1mA x 156.4Q) — 1mA x 109Q)
= 47mV
lgerror = o, + Ko, + Kog ey (11)
= BuA + (0.34A/V x 67.42uV) +
(0.34A/V x 0.0001 x 47000uV|
= BuA + 22.92uA + 1.60uA
= 30.52uA
% error = % X 100%

0.19% of span at upper range value.

CONCLUSIONS

Lower Range: From Equation 10, it is observed that the
predominant error term is the input offset voltage (30uV for
the B grade). This is of litle consequence in many
applications. Vs rri can, however, be nulled using the
plots shown in Figure 5 and Figure 6. The result is an error
of 0.06% of span instead of 0.13% of span.

Upper Range: From Equation 11, the predominant errors
are IOS RTO (GILIA), VOS RTI (3OLLV), and Ig (150nA), max,
B grade. Both lpg and Vpg can be trimmed to zero;
however, the result is an error of 0.09% of span instead of
0.19% of span.

RECOMMENDED HANDLING PROCEDURES
FOR INTEGRATED CIRCUITS

All semiconductor devices are vulnerable, in varying
degrees, to damage from the discharge of electrostatic
energy. Such damage can cause performance
degradation or failure, either immediate or latent. As a
general practice, we recommend the following handling
procedures to reduce the risk of electrostatic damage:

1. Remove the static-generating materials (such as
unireated plastic) from all areas that handle
microcircuits. :

Ground all operators, equipment, and work stations.

3. Transport and ship microcircuits, or products
incorporating microcircuits, in static-free, shielded
containers.

4. Connect together all leads of each device by means
of a conductive material when the device is not
connected into a circuit.

5. Control relative humidity to as high a value as practical
(50% recommended).

17
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PACKAGING INFORMATION

Orderable Device Status (! Package Package Pins Package Eco Plan @ Lead/Ball Finish MSL Peak Temp @
Type Drawing Qty
XTR101AG NRND CDIP SB JD 14 27 None Call TI Level-NA-NA-NA
XTR101AP ACTIVE PDIP N 14 25 None Call Tl Level-NA-NA-NA
XTR101AU ACTIVE SOIC DW 16 48 None CUSNPB  Level-3-260C-168 HR
XTR101AU/1K ACTIVE SoIC DW 16 1000 None CUSNPB  Level-3-260C-168 HR
XTR101BG NRND CDIP SB JD 14 27 None Call T Level-NA-NA-NA

M The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Sampies may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - May not be currently available - please check http://www.ti.com/productcontent for the latest availability information and additional
product content details.

None: Not yet available Lead (Pb-Free).

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean "Pb-Free" and in addition, uses package materials that do not contain halogens,
including bromine (Br) or antimony (Sb) above 0.1% of total product weight.

®) MSL, Peak Temp. — The Moisture Sensitivity Level rating according to the JEDECindustry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. TI and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.
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MECHANICAL DATA

JD (R—CDIP—T14)

CERAMIC SIDE—BRAZE DUAL-IN—LINE

Index
Area

Seating
Plane

0.095 (2,41)
0.030 (0,76)

0.060 (1,52)
0.038 (0,97)

A" ]$ 0.010 (0,25) 5:—290—(7—:37)
o/ 3!

Base
Plcne—\‘

A\ 0021 (053) (0,53)
0.015 (0,38)

0.770 (19,56)
0.690 (17,53)

14

,-ﬂ-..JlILJL,J'LIL..J'L

0.310 (7,87)
0.280 (7,11) /A

T
l

RV &7 Tl T VN 1y
7

0.325 (8,26)
MIN

0.175 (4,45)
_¢_ 0.105 (2,67)

=
I

7y

&

I‘

el g [ ———

0.100 (2,54) TYP

0.175 (4,45)
0.125 (3.18)
v
\,I | 0-157/8\
0.055 (1,40) 0.012 (0,30)
A 0.025 (0,64) . 0.008 (0,20)
le— 0.300 (7,62) —»|
™

4040086-3/F 07/03

NOTES:

oo m»

m

All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Controlling dimension: inch.

Leads within 0.005 (0,13) radius of true position (TP) at

gage plane with maximum material condition and unit installed.
Angle applies to spread leads prior to installation.

Outlines on which the seating plane is coincident with the
plane (standoff = 0), terminals lead standoffs are not required,
and lead shoulder may equal lead width along any part of the
lead above the seating/base plane.

G Body width does not include particles of
packing materials.

H. A visual index feature must be located within the
cross—hatched area.
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MECHANICAL DATA

N (R-—PD|F’—-T**) PLASTIC DUAL—-IN—LINE PACKAGE
16 PINS SHOWN
PINS **
< A
o 14 16 18 20
. | ; 0775 | 0775 | 0.920 | 1.060
s o e s 8 o A e e B A MAX | (1a60) | (19.69) | (23,57) | (26.92)
0.260 (6,60 A MIN 0.745 0.745 0.850 0.940
) Wo(’m_o)) (18.92) | (18.92) | (21,59) | (23.88)
MS—001
P [ e s gy A VARIATION AA 88 AC AD
1 8
J L_ 0.070 (1,78)
0.045 (1,14)
0.045 ( 114) 0.325 (8,26
—» l*'—@'go—(o—mj 0.020 (0,51) MIN 5 E7.62) —
M \ 7 R~._ |
Il 1 -
\- ! ! 0.200 (5,08) MAX 3 Gauge Plane
| LM B2 l Seating Plane l
! ! T 0.125 (3,18) MIN 0.010 (0,25) NOM

‘bl 0.430 (10,92) MAX L—

0.100 (2,54)

0.021 (0,53
5015 (o,ssg

[©]0.010 (0,25)@]

)

‘\ /’ 14/18 Pin Only (

L 20 Pin vendor option

4040049/E 12,/2002

NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

/O Falls within JEDEC MS-001, except 18 and 20 pin minimum body length (Dim A).
L& The 20 pin end lead shoulder width is a vendor option, either half or full width.
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MECHANICAL DATA

DW (R—PDS0O-G16) PLASTIC SMALL—OUTLINE PACKAGE

0.413 (10,50)
0.398 (10,10)

1RAAAAAN

_—

T 1

0.419 (10,63)
0.393 (9,97)

/]

0.299 (7,60)
0.291 (7,40)

0 |

EEEERE:

kns »l l«— »H«“” -
Index Area [0.020-377)] 0012 (0,31)

- 1Ty

[&]0.010 (025 @]
1
, 1
S
L UAOAEHAAET N
‘ 0.012 (0,30)
L-0.104 (2,65) Max 0.004 (0,10)
0.013 (0,33)
0.008 (0, 20

¢ | [[ | Sl o
|

Gauge Pane === ? Seating Plane

0.010 (0,25) 0- \\_/

0.050 (1,27)
0.016 (0,40)

4040000-2/F 06/2004

NOTES:  A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (Q,15).
D

. Falls within JEDEC MS—013 variation AA.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with Tl's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using TI components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which Tl products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated Tl product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2004, Texas Instruments Incorporated



MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Freescale Semiconductor, Inc.

10 kPa On-Chip Temperature
Compensated & Calibrated
Silicon Pressure Sensors

The MPX2010/MPXV2010G series silicon
piezoresistive pressure sensors provide a very
accurate and linear voltage output — directly
proportional to the applied pressure. These sensors
house a single monolithic silicon die with the strain
gauge and thin—film resistor network integrated on
each chip. The sensor is laser trimmed for precise
span, offset calibration and temperature
compensation.

Features
e Temperature Compensated over 0°C to +85°C
e Ratiometric to Supply Voltage

e Differential and Gauge Options
Application Examples

e Respiratory Diagnostics

e Air Movement Control

e Controllers

e Pressure Switching

Figure 1 shows a block diagram of the internal
circuitry on the stand—alone pressure sensor chip.

THIN FILM |
TEMPERATURE |,
COMPENSATION | = Tout+

AND 4
CALIBRATION  f——F— Vout-
CIRCUITRY |

Figure 1. Temperature Compensated and Calibrated
Pressure Sensor Schematic

VOLTAGE OUTPUT versus

APPLIED DIFFERENTIAL PRESSURE
The output voltage of the differential or gauge sensor

increases with increasing pressure applied to the
pressure side (P1) relative to the vacuum side (P2).
Similarly, output voltage increases as increasing vacu-
um is applied to the vacuum side (P2) relative to the
pressure side (P1).

Preferred devices are Motorola recommended choices for future use and
best overall value.

REV 9

UNIBODY PACKAGE
C

MPX2010D
CASE 344

MPX2010GP
CASE 344B

MPX2010DP
CASE 344C

&£
&

MPX2010GS
CASE 344E

MPX2010
MPXV2010G
SERIES

Motorola Preferred Device

COMPENSATED
PRESSURE SENSOR
0 to 10 kPa (0 to 1.45 psi)
FULL SCALE SPAN: 25 mV

SMALL OUTLINE PACKAGE
SURFACE MOUNT

MPXV2010GP
CASE 1369

MPXV2010DP
CASE 1351
PIN NUMBER
1 Gnd 5 N/C
2| +Vout |6 N/C
3 Vs 7 N/C
4] Ngx |8 N/C

MPX2010GSX
CASE 344F
PIN NUMBER
1 Gnd | 3] Vs
2 +Vout 4 —Vout

NOTE: Pin 1is noted by the notch in

the lead

NOTE: Pin 1 is noted by the notch in
the lead.

Motorola Sensor Device Data

For MoV&'IHTSIRINTON OR THiYP¥educt,

Go to: www.freescale.com

3-23




MPX2010 MPXV2010G serfeteescale Semiconductor, Inc.

MAXIMUM RATINGS(NOTE)

Rating Symbol Value Unit
Maximum Pressure (P1 > P2) Pmax 75 kPa
Storage Temperature Tstg —40 to +125 °C
Operating Temperature TA —40to0 +125 °C

NOTE: Exposure beyond the specified limits may cause permanent damage or degradation to the device.

OPERATING CHARACTERISTICS (Vg = 10 Vdc, Ta = 25°C unless otherwise noted, P1> P2)

Characteristic Symbol Min Typ Max Unit
Pressure Range(1) Pop 0 — 10 kPa
Supply Voltage(2) Vg - 10 16 Vdc
Supply Current lo — 6.0 — mAdc
Full Scale Span(3) VESS 24 25 26 mvV
Offset(4) Voff -1.0 — 1.0 mv
Sensitivity AVIAP — 25 — mV/kPa
Linearity(5) s — -1.0 — 1.0 %VESS
Pressure Hysteresis(5) (0 to 10 kPa) — — +0.1 — %VESS
Temperature Hysteresis(5) (—40°C to +125°C) — — +0.5 — %VESS
Temperature Effect on Full Scale Span(5) TCVEss -1.0 — 1.0 %VESS
Temperature Effect on Offset(5) TCVoff -1.0 — 1.0 mV
Input Impedance Zin 1000 — 2550 Q
Output Impedance Zout 1400 — 3000 Q
Response Time(6) (10% to 90%) tR — 1.0 — ms
Warm-Up — — 20 — ms
Offset Stability(7) L2 d - £0.5 —_ %VESS

NOTES:

1.

1.0 kPa (kiloPascal) equals 0.145 psi.

2. Device is ratiometric within this specified excitation range. Operating the device above the specified excitation range may induce additional
error due to device self-heating.

3. Full Scale Span (VEsg) is defined as the algebraic difference between the output voltage at full rated pressure and the output voltage at the
minimum rated pressure.

4. Offset (Voff) is defined as the output voltage at the minimum rated pressure.

5. Accuracy (error budget) consists of the following:

e Linearity: Output deviation from a straight line relationship with pressure, using end point method, over the specified
pressure range.

o Temperature Hysteresis: Output deviation at any temperature within the operating temperature range, after the temperature is
cycled to and from the minimum or maximum operating temperature points, with zero differential pressure
applied.

e Pressure Hysteresis: Output deviation at any pressure within the specified range, when this pressure is cycled to and from the
minimum or maximum rated pressure, at 25°C.

e TcSpan: Output deviation at full rated pressure over the temperature range of 0 to 85°C, relative to 25°C.

e TcOffset: Output deviation with minimum rated pressure applied, over the temperature range of 0 to 85°C, relative
to 25°C.

6. Response Time is defined as the time for the incremental change in the output to go from 10% to 90% of its final value when subjected to
a specified step change in pressure.
7. Offset stability is the product’s output deviation when subjected to 1000 hours of Pulsed Pressure, Temperature Cycling with Bias Test.
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Freescale Semiconductor, §a®sc10 MPXV2010G SERIES
ON-CHIP TEMPERATURE COMPENSATION and CALIBRATION
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Figure 2. Output versus Pressure Differential

Figure 2 shows the output characteristics of the
MPX2010/MPXV2010G series at 25°C. The outputis direct-
ly proportional to the differential pressure and is essentially a
straight line.

The effects of temperature on full scale span and offset are
very small and are shown under Operating Characteristics.

This performance over temperature is achieved by having
both the shear stress strain gauge and the thin—film resistor
circuitry on the same silicon diaphragm. Each chip is dynam-
ically laser trimmed for precise span and offset calibration
and temperature compensation.

STAINLESS STEEL

SILICONE METAL COVER

DIECOAT  pje i)

\ P CASE
WIRE BOND
2 ]
LEAD FRAME RTV DIE
BOND

P2

Figure 3. Unibody Package — Cross—Sectional
Diagram (not to scale)

Figure 3 illustrates the differential/gauge die in the basic
chip carrier (Case 344). A silicone gel isolates the die surface
and wire bonds from the environment, while allowing the pres-
sure signal to be transmitted to the silicon diaphragm.

The MPX2010/MPXV2010G series pressure sensor oper-

ating characteristics and internal reliability and qualification
tests are based on use of dry air as the pressure media. Me-
dia other than dry air may have adverse effects on sensor
performance and long term reliability. Contact the factory for
information regarding media compatibility in your application.
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MPX2010 MPXV20i0G serfEseescale Semiconductor, inc.

LINEARITY

Linearity refers to how well a transducer’s output follows
the equation: Vout = Voff + sensitivity x P over the operating
pressure range. There are two basic methods for calculating
nonlinearity: (1) end point straight line fit (see Figure 5) or (2)
a least squares best line fit. While a least squares fit gives
the “best case” linearity error (lower numerical value), the
calculations required are burdensome.

Conversely, an end point fit will give the “worst case” error
(often more desirable in error budget calculations) and the cal-
culations are more straightforward for the user.
specified pressure sensor linearities are based on the end
point straight line method measured at the midrange pressure.

Motorola’s
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Figure 4. Linearity Specification Comparison

PRESSURE (P1)/VACUUM (P2) SIDE IDENTIFICATION TABLE

Motorola designates the two sides of the pressure sensor
as the Pressure (P1) side and the Vacuum (P2) side. The
Pressure (P1) side is the side containing silicone gel which
isolates the die from the environment. The Motorola MPX

pressure sensor is designed to operate with positive differen-
tial pressure applied, P1 > P2.
The Pressure (P1) side may be identified by using the

table below:

Part Number Case Type Pressure (P1) Side Identifier

MPX2010D 344 Stainless Steel Cap

MPX2010DP 344C Side with Part Marking
_MPX2010GP___——— 3448 Side with Port Attached

MPX2010GS 344E Side with Port Attached

MPX2010GSX 344F Side with Port Attached

MPXV2010GP 1369 Side with Port Attached

MPXV2010DP 1351 Side with Part Marking

ORDERING INFORMATION — UNIBODY PACKAGE (MPX2010 SERIES)

MPX Series
Device Type Options Case Type Order Number Device Marking
Basic Element Differential 344 MPX2010D MPX2010D
Ported Elements Differential, Dual Port 344C MPX2010DP MPX2010DP
Gauge 344B MPX2010GP MPX2010GP
Gauge, Axial 344E MPX2010GS MPX2010D
Gauge, Axial PC Mount 344F MPX2010GSX MPX2010D
ORDERING INFORMATION — SMALL OUTLINE PACKAGE (MPXV2010G SERIES)
Device Type Options Case No. MPX Series Order No. Packing Options Marking
Ported Elements | Gauge, Side Port, SMT 1369 MPXV2010GP Trays MPXV2010G
Differential, Dual Port, SMT 1351 MPXV2010DP Trays MPXV2010G
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MOTOROLA
SEMICONDUCTOR APPLICATION NOTE

Freescale Semiconductor, Inc.

AN1303

A Simple 4-20 mA Pressure Transducer

Evaluation Board

Prepared by: Denise Williams
Discrete Applications Engineering

INTRODUCTION

The two wire 4—20 mA currentloop is one of the most widely
utilized transmission signals for use with transducers in
industrial applications. A two wire transmitter allows signal
and power to be supplied on a single wire—pair. Because the
information is transmitted as current, the signal is relatively
immune to voltage drops from long runs and noise from
motors, relays, switches and industrial equipment. The use of
additional power sources is not desirable because the
usefulness of this system is greatest when a signal has to be
transmitted over a long distance with the sensor at a remote
location. Therefore, the 4 mA minimum current in the loop is
the maximum usable current to power the entire control
circuitry.

Figure 1 is a block diagram of a typical 4—20 mA current
loop system which illustrates a simple two chip solution to
converting pressure to a 4—20 mA signal. This system is
designed to be powered with a 24 Vdc supply. Pressure is
converted to a differential voltage by the Motorola MPX5100
pressure sensor. The voltage signal proportional to the
monitored pressure is then converted to the 4-20 mA current
signal with the Burr—Brown XTR101 Precision Two-Wire
Transmitter. The current signal can be monitored by a meter
in series with the supply or by measuring the voltage drop
across Ry. A key advantage to this system is that circuit
performance is not affected by a long transmission line.

SENSOR
PRESSURE
PORT
|
0
PRESSURE PRESSURE TRANSMITTER = e
SOURCE SENSOR CIRCUITRY $ T
—O TRANSMISSION
LINE R
L
4-20 mA PRESSURE TRANSDUCER CURRENT
METER
Figure 1. System Block Diagram
REV 4
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AN1303

Freescale Semiconductor, Inc.

INPUT TERMINALS

A schematic of the 4—20 mA Pressure Transducer topology
is shown in Figure 2. Connections to this topology are made
at the terminals labeled (+) and (). Because this system
utilizes a current signal, the power supply, the load and any
current meter must be putin series with the (+) to (=) terminals
as indicated in the block diagram. The load for this type of

system is typically a few hundred ohms. As described above,
a typical use of a 4—20 mA current transmission signal is the
transfer of information over long distances. Therefore, along
transmission line can be connected between the (+) and (-)
terminals on the evaluation board and the power supply/load.

e 2mA
3 ]2 2 o—1 o + - 4-20 mA OUTPUT
10|11 R1
XDCR1 8 750 1
MPX7100 F;g 4 12w 1N4002
5
D2 4 1 12 o1 C1
INGS6SA A 6| xTRION 0.01uF
MPSA06
6.4V @ 0.5mA RS 3
50

R2
1K

o - RETURN

4-20 mA PRESSURE TRANSDUCER

Figure 2. Schematic Diagram

PRESSURE INPUT

The device supplied on this topology is an MPX5100DP,
which provides two ports. P1, the positive pressure port, ison
top of the sensor and P2, the vacuum port, is on the bottom of
the sensor. The system can be supplied up to 15 PSI of
positive pressure to P1 or up to 15 PSI of vacuum to P2 or a
differential pressure up to 15 PSI between P1 and P2. Any of
these pressure applications will create the same results atthe
sensor output.

CIRCUIT DESCRIPTION

The XTR101 current transmitter provides two one—milliamp
current sources for sensor excitation when its bias voltage is
between 12 V and 40 V. The MPX5100 series sensors are
constant voltage devices, so a zener, D2, is placed in parallel
with the sensor input terminals. Because the MPX5100 series
parts have a high impedance the zener and sensor
combination can be biased with just the two milliamps
available from the XTR101.

The offset adjustment is composed of R4 and R6. Theyare
used to remove the offset voltage at the differential inputs to
the XTR101. R6 is set so a zero input pressure will result in
the desired output of 4 mA.

R3 and R5 are used to provide the full scale current span of
16 mA. R5is set such that a 15 PSl input pressure results in
the desired output of 20 mA. Thus the current signal will span

16 mA from the zero pressure output of 4 mA to the full scale
output of 20 mA. To calculate the resistor required to set the
full scale output span, the input voltage span must be defined.
The full scale output span of the sensoris 24.8 mV and isAV|N
to the XTR101. Burr—Brown specifies the following equation
for Rgpan. The 40 and 16 mQ values are parameters of the
XTR101.

Rspan = 40/ [(16 mA / AVin) — 0.016 mhos]
=64 Q

The XTR101 requires that the differential input voltage at
pins 3 and 4, V2 — V1 be less than 1V and that V2 (pin 4)
always be greater than V1 (pin 3). "Furthermore, this
differential voltage is required to have a common mode of 4-6
volts above the reference (pin 7). The sensor produces the
differential output with a common mode of approximately 3.1
volts above its reference pin 1. Because the current of both 1
mA sources will go through R2, a total common mode voltage
of about 5.1 volts (1 kQ x 2 mA + 3.1 volts = 5.1 volts) is
provided.

CONCLUSION

This circuit is an example of how the MPX5000 series
sensors can be utilized in an industrial application. It provides
a simple design alternative where remote pressure sensing is
required.
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Table 1. Parts List for 4—

Freescale Semiconductor, inc.

20 mA Pressure Transducer Evaluation Board

Designator Quantity Description Rating Manufacturer Part Number j
1 PC Board (see Figure 3) Motorola DEVB126
1 Input/Output Terminals PHX CONT #1727010
4 1/2” standoffs, Nylon threaded
4 1/2” screws, Nylon
2 5/8” screws, Nylon
2 4-40 nuts, Nylon
Capacitor
C1 1 0.01 puF 50V
Diodes
D1 1 100 V Diode 1A 1N4002
D2 1 6.4V Zener 1N4565A
Transistor
Qi ! NPN Bipolar Motorola MPSA06
Resistors, Fixed
R1 1 750 Q 12W
R2 1 1 kQ
R3 1 39Q
R4 1 1MQ
Resistors, Variable
R5 50 Q, one tumn Bourns #3386P—1-500
R6 1 100 KQ, one tum Bourns #3386P-1-104
Integrated Circuit
u1 1 Two wire current transmitter Burr—Brown XTR101
Sensor
XDCR1 1 High Impedance 15 PSI Motorola MPX5100DP

NOTE: All resistors are 1/4 W with a tolerance of 5%

of 10% unless otherwise noted.

unless otherwise noted. All capacitors are 10

0 volt, ceramic capacitors with a tolerance
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