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A SINGLE PHASE INDUCTION MOTOR AND DC MACHINE
CHARACTERISTIC TESTER

CHATCHAWAT SAEJUNG

FUKEAT CHERDCHAYKEAT

SINGTHONG PATTANASATTANON ADVISOR
1994

ABSTRACT
A single phase induction motor and DC machine
characteristic tester set is presented. 'Torque versus

speed is shown by LED display, which selected in standard
voltage (0-10 Volts) or in dynamic force (0-2.94 N-m).The
tester set consist of a single phase induction motor and
a DC machine, both of which coupling a sharp with
coupling Jjoint, A planel displays show voltage, current.,
torque and speed. An energy conversion concept able to
have all examination. All experimentally result has been

shown.
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a < {
hWINUanat L IaT (Tm)

A0 P_ = T_#(2%22/7%S)  ia@ ..... (1)

(1) = (20 ) T ¥\ (2%22/7#S) =(E)I_
E, = 2S (P/a) = K_%S
T = K *I_

vila K, = K_ /(2%22/7) = @tasiuviie

3
AIMNLTY (r.p.s.)

4]
]

~
il

0.159 K_%I_ N-m

0.0162 K_*I_ kg-m

(1 NTan¥y - u.u. = 9.81 N)
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4 o
\B K, = ZP = A1Aenn1etiln was T = T « oI
T = _ 1 % E_I_/S N-m
2%22/7
= 0.159 E_I_/S N-m
= 0.0162 E_I_/S kg-n
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4 o4 4 . .
2.3.2 ﬁﬁnﬁﬂnaqu1qlnaau1wﬁﬁntﬁaq1ﬂnﬂ1tuuaduﬂ (di-

rection of induced electromotive force)
- o ! .
ﬂﬂ1n1nﬁnﬁqunﬂ151m31§naﬁau11naeuﬂauﬁq (Flemming’s

o g ar 4 * ] 8
fight hand rule) nguldsmFutadavartiatudrinitin  3Fnr19ud

4
ae

" Y o 4 X § x vy ¥, a¥
AU THNIYUIMNAUNNE BT URSUINRTIGEEN TAETHNNY 3 UIaINN@AN’n

(7] LY I ] 4 1] d
Bqnuuasnunqwum?ﬁﬁ1§q1ﬂmﬁuﬁﬁnﬂqnaqﬂuﬁnuuLuan (3771 N-S) uav
U ey 14§ Y 4 ai a e 4 n£ Jl
TMMUMNURTTUANUNANIIAITLARDUNTAIAIUT & NUWIUUT N IUTURUY
) d 3 i’ -y 4 4 g ar .
WU LWRN n?sTﬁuqnanqgnﬁnﬂﬁﬁaeuﬁqLnaau%ﬂﬁﬂnLﬁmnunﬁa1um1u1ﬁaﬁ

P o
AIUIUY (gun 2.3.2)

« Y] < PN <4 a < s
zun 2.3.2 AMTTINQNALINNANLWANNY  LWARINANIIANITLARAUNTD Y

4
Wt aaawtvin

4 . - '
2.3.3 lﬂ?ﬂﬂﬂﬁlﬂﬁ?ﬂﬁﬂuuuaﬂﬂq (types of generators)

o W 4 . ' - T [
ﬁnmua1LﬂﬁaqnﬂLﬁaiwﬁﬂuu01ﬂmﬂuﬁumnaqnﬁ11ﬁauﬂuuuLnan

Jd. iy . :
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' - < 1 - o V4 '4
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. -] < ' [ . . o
excited) uuuutﬂuuuunﬁuﬂuuuLnannTzﬁu (excited field) 1a¥u

> W a 4
A1avIdeIIININITAEUANTANDR T a03Un 2.3.3-1
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‘.../ﬂ.s"z 4] Exciting Curient
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gﬂﬂ 2.3.3-1 Eﬂn 2.3.38-2

e A b ]
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Vs Vs s 4 . < asr ar

1aTUNTEURUIIINANTHALAATHANLATAIAN L UAIUNIIINGE 108 93Ut A ik

P 4 < v Ps Y] < odeo Y '
LnﬂusqLﬂaaquﬁwngmusnuu LﬂaﬁﬂﬂLﬂuuiﬂkﬁaﬂﬂﬂﬁtﬂaﬂﬂﬂﬁﬂg (res
. X < & v ¥ s 4 ¢ ¢ &
idual magnetism) nﬂu1uuutuann1squuu azuutnaaﬂ1uﬁtwa1wguﬂ

. < X 4 ¢ ¢ < He
LuLAaNTILARauTWlNTuNa TN L I8 TN an pasnTIlaaauiwdunataty

v
[ v

a v o v ™ ¢ & @ . . val
acauﬂunszqunman1aua§nuaﬁ1uﬂansuutaq ATUUIIN VNN TEU AW
- 4 O o« . L owael W -
TUTARIATBITUINBH LUANLWHHINTY  UUAD NITUN L S UL TIUN L VAN L WHTY
.,2«..9« 4‘ . 4 3 - «f J
@quuqqnﬁ1wxnaﬂﬂiquaquﬂusqLﬂaauiwﬁﬂgqnuwﬁntmuan WIILARAYU
Y ) a - ! P o q <
unqzdema%ﬂaqauﬂuuuLﬂann1s§uxﬁuiuan I NARTIL AR awTWin

4« ¢ o 3 - | o <
fanfuniaad iintuin o ulduns Jasty AeTUn 2.3.3-2

4 . ] : . y
taTaen et Nin 1 TRany self-excited % uuvaanm Iy
[ 4 . t o3
anwaznnTaa field Maiilu 3 agay A
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3. NMTAALNUNAY (compound wound) NABNITAANAAIGNTEY
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SEPERATELY EXCITED

& ¢ 4 .
2.3.4 nﬁiams§a1uunutnaﬂnaqaﬁ1u11?31 (iron loss

<t [~ 4 & 1

in armature) LanQﬂnunutnannaqaﬂ1uqLﬂaiasmaqnguagﬁuauﬂu

& T v & 4 v 8 o o ' T | - X
LN LMANTANHAUN LNANNALTAU m«uuqeunqsgmLaaaﬂqqmaLuaqxnmnu1u

y: ¢ (. ‘ . « ] d Y
2774171387 1T9138A°7 "iron loss ¥9a core loss" ﬁqngmtﬁau
Usznauas

2.3.4-1 hyseresis loss

2.3.4-2 eddy Current loss
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< v o8 . X
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W, =1n B___ fV joules/sec or watls.
a (-4 a2
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. N
11741 eddy current loss Mﬂiﬁann§a1mqu

W, = kBm-xfztzv Watts
d ' v 1 < . 2
tda B, = A7UNUILUBLAUL TN L NRAF IR line/cn
4 vl ' [
f = AIINABANATTAALL AU TILN LMAN c/s
' (-3 ] ]
t = ATINRUNYBNUHNULVNAINUARSILEY cm.
< a3
A = HUTEUIATUBIUAULKHAN cm
' o -
k = A1aINTun1Tina eddy current
= 13.5 watt/c.ec. (P.237, E.Tech by
H.Cotton)
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Vo = mEl1 - mE2 = m(E1-E2)
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’fu ' (Y] Auu
FUNITUIUANEA (m) 3AawTeuIWdINTata (V) @ Fanae

load @149
m = (V/10)%3 Atansy
FUN1TVILTIUG (T) HAla’n

T = F¥r ; r = 0.1 LURT

i ﬁ ) N [ . -

e F tdunTennIsnineaaia strain gages TuUUUIAY
< <2
F = m¥g 5 g = 9.81 LUAT/AUAN

£
il

.,.",’ - v 4& | d
mquuusqummﬂunﬁqna(TL>nsnﬂ U “wi1tasnn

-3
f

m¥gkr

(V/10)%3%3.81%0.1

0.2943%V
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~ 0.294%V R6U- L HAT

, [ 4..; ] (
v anzavnTeeutvwdIniala o fa17z load A4 (Tran)

v W

[V [ o W vo < 4
N1A2YA1TINNAAIHA LTUL TILARIUNINNR (T,) TWIaN(L1aau

a 4

<4 s I's | '
Fangtdnm LaﬂngnnaQQQQ1naﬁa§uam3Luunnmﬁungmuamqaﬂ

<

OUTPUT

ar 4
= 0-2.84 V (N-m) mq?uzﬂn 3.7-2 uar 3.7-3
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s - 4
4.1 ANTNAEBUNMIANFAUVATANKUANLURUALART

(v} ( d ar ' e‘
ianUIrFIa Lwaﬁnﬁﬁqmduuam1qqnaqaﬁ5nLwauaLma1 1 ¢ 1ue 1/4
v
WT9NN

N1INaaa

' < . - .
1. maqeqsmwuzﬂn 4.1 wuarn1n17ieu split phase motor

: < " <
Tagaaa L UaauLUAvULTIGUTWEY  TazaiWuadn 0-220 Voo

Rse T

®- -
S M'E?E'R
i t
S.W
METER

T

- @&

3ﬂﬁ 4.1-1 3§n11nmaauqmﬂuﬁan30ﬂﬂ§nLwauaLﬂﬂé

2. tiianTdaload @ TT Fa@1  nTud (I,), A8t
(P, ), A11uLT217aY  speed (rpm) , WIia (torque) murdaaa
viasu  load iiae step  ANTLUAZUANTHAAA TR Y rated

current a9 split phase motor

HaniTnavay

o 1 Y <
1. Jaa1  aTzudtidn (1), AR, ), alvuiTa

4 < o4
78U speed (rpm) , uT9ia (torque) narnaagqiuaau load lunas

as g 4
step HUNAHARAITUAITINN 1
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load I, Torque Speed Wattmeter

no load 2.44 0.20 1489 175
1 aaam 2.45 0.42 1485 195
2 iaaa 2.48 0.62 1480 215
3 viaaam 2.47 0.79 1478 235
4 vaaa 2.48 0.91 1472 255
5 Vaaa 2.49 1.03 1467 275
6 viaaa 2.50 1.12 1463 295
7 a6 2.51 1.23 1458 315
8 Vaaa 2.52 1.33 1455 335
9 YiRaan 2.53 1.42 1450 355
10 viaaa 2.6 1.686 1439 415
11 waaa 2.72 1.90 1421 475

ﬂﬁ?ﬂ@# 1

PO <
U8 LUR load n?ﬂsﬁunaam%ﬂ 1aan 1 - 9 Lﬁuwaamnuﬂ@ 40 W

10-11 Liunasanuia 100

<} < - - X Y e 4
ITARTITININ 1 ﬂaﬂ no load AITIAALTIUATUBUALUAINIIN

. . < ¢
a2uila (friction torque) naduaLADT

. < < . .
2. uﬁwaﬂYaQﬂﬂﬁﬁiﬂﬂﬂ 1 4N TaIU2UNN

(Y] I's ] - P
AuLaINuN (P ) ARl (%8) wazdsrdAniaiw (x))

Y
CMEY

2TN_T

60

Araetudan

q1n§m1§10



%S = N_ - N

NS
d
Tagn Ns = 120f/p = 120%50/4 = 1500 rpm
¥ = P__, % 100%
Pin
P, Torque Speed % %Slip r 3}
175 0.20 1489 31.8 0.73 18.2
195 0.42 1485 65.3 1.00 33.5
215 0.62 1480 96.1 1.33 44,7
235 0.79 1478 122.5 1.47 52.2
255 0.91 1472 140.5 1.87 55.1
275 1.03 14867 159.0 2.20 57.8
285 1.12 1463 172.3 2.47 58.3
315 1.23 1458 187.8 2.80 59.6
335 1.33 1455 202.9 3.00 60.5
355 1.42 1450 ‘ 215.9 3.30 60.8
285 1.68 1439 250.4 4,06 60.3
315 1.90 1421 283.0 5.26 598.5

<
@170 2
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3. AL TUNTIWLAASAMTuNUTTaY wT9la (T) AuA2INLT2

' d < - - <
781 (N_)  artdadiguddyd (%) AulTsRngatw (o))

T ANew)

2.0 | - E— <z ==
el
_:o ;_*
Oﬁ:ii--
_*—'—L..r o \[; = eceem
40 =20 “Tw” Cum e

< w ¢ 1 - oo [
Eﬂn 4.1-2 ﬂiqﬂpaﬂQﬂQquauwuﬁ18“170u10ﬂﬂﬂﬂﬂ17”LTQTEU
A7

< w |l [ ' - e
gﬂn 4.1-3 nTINLAANALTUFUNUTTENI19A1FRUALUTERnT AW
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[ ¥ f r's
4.2 A1TNAAUNIANANLIADANATHALABT

. «b é . ﬂ <4 s
4.2.1 ﬂ']'fu"lﬂiuﬂtﬂﬂ‘nl'lﬂ'lt uﬁilﬂuluﬂl‘ilﬁﬂ‘i

o 4 <4 o - ¢
Jeny3zdase (wadnwnauduiidzay a3iauiuaiTiaad
<4

4 y o ¥ ¥
nO¥y taTaenalddnTzuda TN TaaninduwusiuraesTasedTng
< . - 4 3 ' 1 o
naqtﬂiaqnﬂLuQYwNﬁuazuaLmasuu 1u§ﬂ11uumnmﬁqnu1u191qa¥ﬁqtaﬂ
S 4 4 - .
funfa  taTasnatudnnssudaTeiaTagtagdfiun gruqTanazi I eu
FAUNULa
Rse T
RPM
METER
TOGROUE
TER
0 G
o ¢
JUn 4.2.1-1 AT lfadun L Rav Ll auiuLTLRa s
E_ = KoN
4
Tad E_ = voltage 1 generator @au no-load
v
K = a1a4n
¢ = webers of flux per pole
N = rpm.
ATNAAA

t 4 4 . [} i
1. m31011mwugUn 4.2.1 Tmangﬂ TT #%#17 load ¥1@a Aaw
' [ [ 4 1 4 . t
aaUTu I_ 3uIa voltage n TT = 140 V.DC @asqiUdaauan load

< -~ ‘ 0 - .
AW I, E, tUaau 7398879 I 1Au rated current mmEnanng

o “n '

' o o
A load speed uax I_ #asn UUNDAIRITURITI9N L



<

load nTeud I_ wivsianauludi E_
no 0 140

1 0.15 140

2 0.25 140

3 0.4 139

4 0.52 139

5 0.64 135

N\
A1919N 1

4 .
nungive  load A% duvaaatuitnune 40 W

Nani1inaaasN

Al

AU

noload

load

79

. &
voltage regulation 3Ia1719n 1 ﬂﬁnﬁmi

voltage regulation = fﬂl
v

voltage = 140 V.

voltage = 139 V. (load=3)

voltage regulation

140-139

140

0.007



80

noload voltage = 140 V.
135 V. (load=5)

il

load voltage

voltage regulation = 140-135
140
= 0.035

2. Plot n¥aw 1a 1

Eo(V) I~ \\

140 4 ) o) -
- pigal Bu 2070 X | =__ B
130, | s e @iNe wllipl ]
WE, e /A

4:] - ( 1 o (=]
EUn 4.2.1-2 N1 MWUARIAITNTUNUTTENIINNTEUFAUL TIAUTWE
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o~ o W 4 & £ J s - ¢
4, QQQWHTQUQWWNﬂWQﬂaﬂlﬂﬂﬁuﬂﬁlWlﬂaTﬁaQQQNHIWBT(T‘)

< w 4 )
AIMLTITOUN) ATEUN (I ) URsuT9GuIWdn (V) 1iia load 1YRsuulas

a <9 1 J
TUNNAIRIITUAITINN 2

load | W39AIU(T_) AL T2 () NTEUF (I ) KTIAUCY)
noload 0.20 1489 0 140
1 waaa 0.42 1485 0.15 140
2 aaa 0.62 1480 0.25 140
3 waaa 0.79 1478 0.40 139
4 viaaa 0.91 1472 0.52 139
5 Maaa 1.03 1467 0.64 135
6 Waan 1.12 1463 0.75 130
7 Maaa 1.23 1458 0.90 130
8 waaa 1.33 1455 1.00 130
9 waaa 1.42 1450 1.10 130
104886 1.66 1439 1.30 130
11maaa 1.90 1421 1.49 130
ﬂﬂ?ﬂﬁﬁ 2

d v d
uuﬁatuq load n?ﬂsﬂunaam1w Taan 1 - 9 Lﬁuwaamnuﬁa 40

10-11 Liunaaaauia 100

. + W A - | . -
5. ﬂquﬂmﬂﬁﬂqaﬁ1wﬁﬂLuﬂﬂqqﬂHTQUﬂmﬁuﬂqQﬂa (P&) IR/

a4 < ' y
tMaNsnaaan (P__ ) uariTsAndanw (%% ) INFATAINR1UTan

» J L2 o <n 4
ANTUATITINN 2 URILVUNNRITURITINN 3
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60

P * 100%

= out
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L | 4
AR L RANIINRTIAU(P )

o w A
fiain3ngaan (P )
oub

ﬂ?saﬂﬁﬂWW(Ul)

31.8

65.3

86.1
122.5
140.5
158.0
172.3
187.8
202.9
215.9
250.4
283.0

21.0
35.0
55.8
72.3
86.4
97.5
117.0
130.0
143.0
168.0
193.7

32.15
36.42
45.38
51.46
54.34
56.58
62.30
64.07
66.23
67.49
68.44

<
A1719N 3
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« ¢ & <
4.2.2 n1139A1T77an1a3@NN (back e.m.f. constant,k )

f
NGHY

o 3 [ o o [ . v [V
A1TIaA uLA-84 L AW AauALAUT (K_) t7menialeany

x

fd v 2 < ﬁ 4 W & -
ﬂLWﬂ‘iﬂﬂﬂ\iﬂ'\‘i’ﬂﬁﬁﬂﬂ‘zv]“qulWNE]HL ULAULUBLTLADTAIEUBLADTENNUSN

- o ' 's d4 o X - & ot ] o
']'ﬂu\i Llaz'lﬂﬂqT'Jaﬂlﬂ"l‘nlﬂ@ﬁu‘luﬂ')uﬂLWBTﬂﬂG\ﬂﬂU(Eo) muziagInu

)

d L L ) d

A5AA218L F102NUNUNDLABT(N) @728 6188191892935 01HTUN1TNARD
¥

n

uﬂm¢1m1usﬂn 4.2.2

Rse

-
A

RPM
METER

(&

.
v

<) - o ' (-4 o & ' '
7N 4.2.2 In1Tiaanla-atantaW AaUAUAUT ZavadNaLaaT

. 2 o & v 4 ron vl w fo
LTIMNAIMUA-D L BN L AWAAURLAUT BN LARTIA ITNFUWUTG

y
aaluu

- ' ) o 'S i, v 's o =3
R2328749 At T17aT’nia’gavsdataasia 7 T2an Turusnal1INLIITaU

in1Ay 1000 rpm.

< - @ < e
LTI TA-21 08180 AAURLAUTY navNaLaasla

K, = TV 0.007 V/rpm

1000 rpn
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e L33 3 < ¢ 3 [
21171 TEvN gAY ST K_ szuaiinany

K = 9.5493%0.007 = 0.06685 volt

rad/sec

’ ] - < YR A <4 w fa '3
Allua-ataNtaw aaudl auy (K.) ﬂsuﬂﬂﬂuﬁuwuﬁﬂuﬂﬂﬂﬂ‘m

v 4 a H
ADURL U (K,) a3y

K, = K, C N-m/A ; V/rads = 1
K, o 9.5493 x 10°° K_ [ N-m/A ; V/krpm]
K, = 1.3524 X_ [ oz-in/A ; V/krpm 1

E v L7}
INNAYNITANUY LT3 1a

K = 0.06685 Newton-meter/ampere

' 4 <]
NINARAINIANTIANLAIANN (K )
. <
1. @a2937@u7Un 4.3
s 1 4 [ do b
2. HUNAANTIANLAY (E_) U’EA714L72788 (N) nala’nn
¢ . ' 4 < ;
HBLABT  WATAIUIUNIANTIANLAIANT (back e.m.f. constant,K_)

IMNAGT
L]

C o 2 ¢ 4
WINaU (E_D [ A27u17737ay (N) | Tlania’aen (K Q)

140 1488 0.094
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' 'y P
A1TUI8INATAANIN (Kt)
4 ' [ 4 v ¢ b <4 o fe 0
LUBNINNAIAINATAAAUR L AU (Kt) Uu Nﬂ?'\uauwuﬁﬂllﬂqﬂﬂ\l

3 [ [ '
wiia-diantad aaudidut (k) FedawaTamaan K, 1HRanges

+

K, = 9.5493%10 ° K_ [ N-m/A ; V/krpm 1

[ 4 U ' 3 or
A11349 K_ A{@31nn1Tnaaay da1inafiy 0.094 V/rpm w3a

{n1fAY 94 V/krpm

3

K = 9.5493%10 %94

+

0.8876 N-m/A
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4.2.3 NIINGRAINIATAIUATIUNIUTIN (R_)

<4 1] <« ' w <o va ' .

N{RA ATTUATUNIUTIN A8 A1 TdRIUNUNIalanaInavNaL@AaT iq
¢ - I3

U1zﬂauﬁqﬂ ﬂ?ﬁNﬁﬁ%ﬂW%ﬁﬂﬁ&ﬂTﬂﬂqu AAUNILALAAT ﬂqwuﬁﬂunﬁunaq

¢ ¢ 4 o
BWTLNLQﬂ1uazﬂ1ﬁuaﬂuﬂﬁuﬁﬂQﬁﬂﬂ?@ﬂ%ﬂ1N NINUATINNU

AYTNRANN

' d
1. ma14ﬁ7mﬂu§ﬂn 4.2.3

Rse

®

< '
zﬂﬂ 4.2.3 ﬂﬁTMWQWHQﬁNaﬂuﬂﬂuﬂgﬂTN

b 4 ' [ < <
2. 1AMNTEURUIALTIANLASDEINTIALSA LWﬂMaﬂlaﬂﬂNaﬁﬂﬁ

) o4 'S < o - '3 o~ [} v
ﬂquTQuﬂlﬂﬂqqﬂﬂ13uaﬂqﬁluLQBTQQﬁmzﬂNﬂLﬁﬂ?ﬂﬂﬁﬂqﬂﬂﬂquﬂ1ﬂﬂ7qn

& . [ v 1 - P e <
L97R12d TunTsuduQaLaw 174 ﬁﬂﬁﬂﬂﬂﬂi?ﬂf&“ﬂﬂ?ﬁﬂﬂu

. w + I 1 <4 . '
3. NMANTIAAINTEURURLTIANLAINR18981 U nmﬂunquunaﬁ
lWﬂq“Rﬂﬂﬂaﬂ

4. wain@n R ﬁudﬁuuﬁqguﬁaotwaﬂwaﬁﬂqjm



dundeiwan | wssdutudn (V) | aszudtuda 4) | R_(
1 1.4 0.17 8.23
2 2.0 0.225 8.89
3 1.9 0.24 7.92
4 1.3 0.16 8.25

X
A1T19N 1
v <

AMUATUNIULARY = 8.23 + 8.89 + 7.92 + 8.25

4

8.32 n

as)
It
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Z-FOLDED LOAD CELLS

=== SERIES 500 QDE

| Mog. 346Q 0 | Mog. 546 Q D

“q Sanges: 0+ 3-12-25 «a | Ranges:0+60-110-220-330kg | Ranges: J - 350 - 1C00 k3
C3=3000 intervas Max arror class: C3=3000 intervais | Max error ciass: C1.5 =1300 intervais { Max error ciass: C1.
Matenal: aiuminum Matenai: alummym

300 intervars

~ TECHNICAL SPECIFICATIONS

TR

Measuring ranges: 0 +=2-3-5-12-25+60-110- 220 - 330 - 550 - 1000 Kg

Sensitivity: 2mV/V. FS (= fuil scale), typical.

Maximum error: (non-lineanty + hysteresis + temperature effect on sensitivity):
for mod. 514QD - 535QD: C3 = 3000 intervals: < =0,023% FS; for 546QD: C1,5 = 1500 intervals: < = 0,046% FS.

Repeatability error: <= 0,033% FS. For all the models is valid the class C3.

Temperature effect error: on zero cutout within 5° K: for models C3: € =0,023% FS; for models C1.5: < = 0,046% F3.

Creep error: within 8 hours test at &3 {EEC-73/350): for models C3: < = 0.033% FS; for models C1,5: < =0,066% FS.

Zero output return error: aiter 30 min. at FS (EZC-73/360): for models C3: < =2,016% FS; for mod. C1.5 < = 0.033% FS.

Effect of barometric pressure: zero for all the meaers.

Dead load: (EEC-73/360) < 20 intervals for capacity up to 200 Kg; < 50 intervals for capacity over 200 Kg.

Zero unbalance: < = 2% F3.

Bridge impedance: ourput: 350 onms; input: 400 ohms, typical. Insulation resistance: > 5000 Mohms.

Excitation: reccomanded: uo to '0 Vdcac:  maximum: 20 Vdc/ac.

Maximum deflectian at FS: for model 514 QD: < 0.8 mm; * for models 535 QD: < 0.6 mm; for models 546 QD: < 0.3 mm, typical.

Satfe load limit: 50% over FS. Ultimate load limit: about 3 times FS with load on weighing axis.
Electrical connectionn: oy casis 1.5 m long. Excitation: + red - olack. Output: +-green - wnite. Calibration: vellow with green.
Temperature limits: (OIML-60) comoensated: -10 + = 40° C; _ operating: - 15 + - 75° C; Rh < 35%; \NBS-44).

Terminology: as rar OIML. ec. N°60 of 10-1984: £

C legislation: 73/360; US-NBS Handbook 44-1986.

RTINS
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- for heavy dynamic applications - for general static use 2 3 1 000 kg fS
BScucore T

.

r-APPLlCATlONS AND COSTRUCTIVE FEATURES

The cells 500QD are the resuit of many improvements compared to the previous series S00Q as regards their possibility
to support heavy dynamic {=D) industrial loads.

o

Alloys with special treatments set up to increase the toughness and the resistance to the fatigue, internal artifices of
design and of layout allowed to samples taken from the normal production to support, without damages, one milliard 3
cycles in dynamic tests between the paositive and the negative full scales (details of the tests in "DS Europe information”
dated Sept 29,1589)

The overlisted pecuiliarities have to oe added to the great resistance to support aggressive industrial environmental ¢
conditions, thanks to the stuifing of the eletrical circuits by water-repellent and high insulating silicon filler and to external
silicon rubber walls.

The degree of protection is IPS5 as for DIN 40050 designation.

Forthese featres the cells S00Q0 are advisable for heavy duty dynamic apglications in machine controls and feedback

but also in scales, in automatic ‘weighing systems. in static weighings and for general purpose.

l

.'I"e operating principal is based on a flexing of a parallelogram where the weighing pan moves parallel to itself, as in
he QB700 series.

This principle gives an accuracy and an insensitivity to off-centre loads impessible te reach in z-folded beam cells similar

o 500QD0 but working in a different principle (shear).

Off-centres of the load aoplication oi 5 = 10 ¢m can be acceptadle.

The electrical bridge is complete with a balancead thermal compensation for the sensitivity and with a calibration circuit, |
needed during the ‘ieid installations or when units of the measuring chain have (o be suostituted. !

The calibration value is listed in the final test certificate eclosed with the cell,
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ANALOG
DEVICES

Precision Instrumentation Amplifier .

AD624

FEATURES

Low Noise: 0.2V p-p 0.1Hz to 10Hz

Low Gain TC: 5ppm max (G = 1)

Low Nonlinearity: 0.001% max {G = 1 to 200}
High CMRR: 130dB min (G = 500 to 1000)
Low Input Offset Volitage: 25pV, max

Low Input Offset Voitage Drift: 0.25uV/°C max
Gain Bandwidth Product: 25MHz

Pin Programmable Gains of 1, 100, 200, 500, 1000
No External Components Required

Intarnally Compensated

PRODUCT DESCRIPTION

The AD624 is a higi: precision low noise instrumentation amplifier
designed primarily for use with low level transducers, including
load cells, strain gauges and pressure transducers. An outstanding
combination of low noise, high gain accuracy, low gain temperature
coefficient and high linearity make the AD624 ideal for use in
high resolution data acquisition systems.

The AD624C has an input offset voltage drift of less than 0.25,.V/
“C, output offsct voltage drift of less than 10uV/°C, CMRR
above 80dB at unity gain (130dB at G = 500) and a maximum
noalinearity of 0.001% at G = 1. In addition to these outstanding
de specifications the AD624 exhibits superior ac performance as
well. A 2SMHz gain bandwidth product, SV/us slew rate-and
15us settling time permit the use of the AD624 in high speed
data acquisition applications.

The AD624 docs not need any external components for pre-
rimmed gains of 1, 100, 200, 500 and 1000. Additional gains
such as 250 and 333 can be-programmed within one percent
wcuracy with external jumpers. A single external resistor can
lso be used to set the 624°s gain to any value in the range of 1
10 10,000.

REV. A

CONNECTION DIAGRAM
~wrut E 4] nG,
emeur (1] [}E] OUTRUT ML
v (] ADS24 E outraT IRt
werut nut (7] 1] G = 108
SHOAT TQ
weut s 7] 7)a - e pOS2IOR
assenence (@] T} - s0 | O™
- [ 8] sense !
. Ei‘ [ 9} ourrur

4 ]

FOR GAIN OF 1200 SHOAT AG, TO PN 12
AND PINS 11 AND 13 1O ARG,

PRODUCT HIGHLIGHTS
. The AD624 offers ourstanding noise performance. Input
noise is typically less than 4nV/VHz st 1kHz.

2. The AD624 is a functionally complete instrumentation am-
plifier. Pin programmable gains of 1, 100, 200, 500 and 1000
are provided on the chip. Other gains are achieved through
the use of a single external resistor.

3. The offsct voltage, offset voltage drift, gain accuracy and
gain temperacure cocefficients are guaranteed for all pre-trimmed
gains.

4. The AD624 provides totally independent input and output
offset nulling terminals for high precision applications, This
minimizes the effect of offset voltage in gain ranging
applications.

S. A sensc terminal is provided to enable the user to minimize
the errors induced through long leads. A reference terminal
is also provided to permit level shifting at the output.
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ADG24 — SPECIFICATIONS @ v, = =158 = 26 a0, = +25% wiss e rcte

ADS24A ADEUB ADS24C AD&US
Medel Min Typ Max Min Ty Marx Min Typ Max Mia Ty Max Usls

GAIN
Gain Equation
(External Resistor Gain
40,000 . 40,000 . 40,000 l_ [aoooo ]-
Programming) [ Re "l“""" e -l]-zou [-—1—% s =20% —J—l.; 1] =20%
Guin Range(Pin Programmable) 1o 1000 110 1000 110 1000 110 1000
Gain Error

G=1 £0.05 20,03 z6.02 20.05 »
G = 100 +0.25 +0.15 0.4 £0.25 %
G = 200,500 0.5 *0.35 £0.25 %05 *
G = 1000 =10 +1.0 =00 =19 %
Nonlinearity
G=1 = 0.008 :000) *0.001 =0.005 %
G = 100, 200 * 0.003 = 0.003 *0.001 =0.003 %
G = 500, 1000 - 0.00% - 0.008 =0.00% =0.00% %
Gain vs, Temperature f
G=i ] 3 b $ ppmC
G = 100, 200 10 to 10 10 ppmv'C
G = 500, 1000 25 13 15 13 ppC
av
R»VIC
m¥
pVIC
]
4]

VOLTAGE OFFSE I { May be Nulled)
Input Offsct Voltage 200 75 15 75
0.5 .25 2.0

~

vs. Temperature
Output Offset Vohage
vs. Temperature 50 25 L] 50
Offset Referred 10 the
Inputvs. Supply
G=1 70 5 8 75
G = 100,200 5 105 19 105
G = 500, 1000 100 10 1s 1o

48
INPUT CURRENT
Input Biss Current 250 %25 E3H) 50 nA
vs, Temperature - %0 - 50 + 50 +50 P
Iaput Offset Current =35 =15 zle +35 nA
v3. Temperature 220 =20 =20 =20 PAC

INPUT

1aput Impedance
Differential Resistance 10* 10 10° 10* n
Differential Capacitance 10 10 10 10 pF
Common-Mode Resisiance 10 10° 10° 10 n
Common-Mode Capacitance 10 0 10 10 pF

taput Voliage Range!
Maz Differ. Input Linear(Vp ) =10 .10 -0 =10 v

Max Commeon-Mode Linear(Vey) 1y - (? x VD) 12V - (? x V,,) 12y - (? x V,,) 12v - (2E x Vn) v
Commen-Mode Rejection de
o 60Hz with 1) Source Imbalance
G 70 s L 70 a8
G ~ 100,200 108 tes 110 100 dB
G = 500, 1000 1o 120 130 e a8

QUTPUT RATING
Vour, Ry, = 2k 210 =10 .10 =10 v

DYNAMIC RESPONSE
Senail Signat - 3dB

G- 1 1 1 . 1 MHe

G = 100 150 150 150 150 kHz

G » 200 100 too 100 100 %Hz

G = 500 50 0 50 50 kHz

G = 1000 b 25 2 25 kHz

Slew Rate <0 . 5.0 so 50 Vips

Setdding Time 100.01%, 20V Step

G+ 110200 Is 15 15 15

G » 500 38 33 38 b1

G ~ 1000 75 75 73 75

NOISE

Valtage Noise, 1kHz
R.T.L ‘ 4 [ 4 aVrviz
R.T.O. 75 3 s s avrvi:

R.T.L.,0.1w0 IOH2
Get 10 10 10 10 wpp
G= 100 03 03 0.3 0.3 wpp
G = 200, 500, 1000 02 02 0.2 0.2 uVopp

Current Noise
0.1Hz10 10Hz 60 60 60 L] pApp

SENSEINPUT
Rin s o 12 8 0 12 3 10 12 ] 10 12 1]
e 30 30 30 10 uA

v
%

“
-
~
-

EEE

Voltage Range 210 10 - 10 =10
Gain 10 Ourput ] 1 1 1
REFERENCE INPUT
Ren 16 20 u 16 20 b2 16 20 24 16 20 24 kn
| 10 0 30 30 nA
v
*

Voluage Range =10 =10 +10 =10
Guain te Qutput 1 H 1 ]
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AD624A AD624B AD624C AD624S
Model Min Typ Max Mia Typ Max Min Typ Max Mia Typ Max Units
TEMPERATURE RANGE
Specified Performance 2 1 85 25 + 85 -25 +85 ~-55 +125 <
Storage 65 + 150 65 +150 - 65 + 150 - 65 + 150 *C
8
POWER SUPPLY
Power Supply Range z6 213 =18 6 z1s =18 *6 z1s =18 =6 =15 =18 v
Quicscent Current 35 S 35 5 35 5 35 5 mA
PACKAGE OPTION!
Ceramic (D-16) ADO2IAD ADS24BD AD624CD AD624SD, AD624SD/883B
Chips Available AD624AChips AD624SChips
NOTES
"Wy is the maximum dilferential nput voltege at G | fur specitied nonbincanty. Vi ot uther gans - 10V/G, Vi - actual differential input voltage. Example: G = 10, Vp, = 0.50.
Ve = 12V -(102 < 0.50V) 9.5V
“For vutlne sce Package In scution
Speaficauons subject 10 change without nutice
Specificauions shown in boldface are tested on all produstion wmis «t linal clectrical test, Kesults from thuse fests are used 1o calculate ougoung yuality levels. All min and max specifications are
guaranieed, although only those shown in buldface ase tested on all production units
ABSOLUTE MAXIMUM RATINGS* FUNCTIONAL BLOCK DIAGRAM
sapply Voltage . . . & 4. .. ... A .. . We-} + 18V
Internal Power Dissipation . . . ... .. .. .. . . 420mW
It Yoltage . . . .0 ..... ... 24 S /N +Vg Y. ol » 4
] p D
Differential Input Voltage . . . ..\. . .. .., . .. +Vg ADRRS
Output Short Circuit Duration . . . . ... .. . . Indefinite Py 7 3%
Storage Temperature Range . . . . .. . . . -65°Cto +150°C S Es0o 0 } Sevcs
Operating Temperature Range 1240 . 1okt =
BRSUABC § 1. om. . . ] e 0 lp 7 85 ¢ Vit T
BD624S.. . . § . = . " Yoy putsbdabdl ~355°Cwo0 +125°C G, (36 : b W B vy B
Lead Temperature (Soldering, 60secs) . .. . . . . . +300°C s \x oo, e | > ooy
*Stresses above thosc listed under “‘Absolute Maximum Ratings”"  may sineor (2 s = 't sl A

cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other conditions above
those indicated in the operational sections of this specification is not
implied. Exp 10 absol i raung conditions for extended
periods may affect device reliability.

METALIZATION PHOTOGRAPH
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).

QUTPUT 14
NuLL

QUTPUT 15
NULL

0.103 (2.62)

RG1 16

=INPUT 1

+INPUT 2

3 4
RG2 INPUT
NULL NULL

0.171 (4.34)
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AD624 —Typical Characteristics
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Figure 1. Input Voltage Range vs.
Supply Voltage, G = 1
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Figure 4. Quiescent Current vs.
Supply Voltage
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Figure 10. CMRR vs. Frequency RTI,
Zero to 1k Source Imbalance
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Figure 2. Output Voitage Swing vs.
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Figure 5. Input Bias Current vs.
Supply Voltage
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Figure 13. Negative PSRR vs.
Frequency

Figure 16. Low Frequency Voltage
Noise-G = 1(System Gain = 1000)

Figure 19. Large Signal Pulse
Response and Settling Time -
G =1

Figure 22. Range Signal Pulse
Response and Settling Time
G = 500

REV. A

VOLT NSO - aV: VHz
3

+
|
|
|
| G
i
It
' 10 100 T 0u 1008
FHEQUENCY - M

Figure 14. RTI Noise Spectral
Density vs. Gain

Figure 17. Low Frequency Voltage
Noise = G = 1000 (System Gain =
100,000)
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Figure 20. Settling Time Gain = 100
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Figure 23. Settling Time Gain = 1000
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Figure 18. Settling Time Gain = 1

Figure 21. Large Signal Pulse
Response and Settling Time
G =100

Figure 24. Large Signal Pulse
Response and Settling Time
G = 1000
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AD624

10k2 RLIt) 10k
1% 10T %

100k
0.1%

O VA

AAA AN, AAA,
VWA

\——AN

3

kil $S0011¢ 20011
0.1%30.1% % 0.1%

Figure 25. Settling Time Test Circuit

Theory of Operation

The AD624 is a monolithic instrumentation amplifier based on
a modification of the classic three-op-amp instrumentation am-
plifier. Monolithic construction and lascr-wafer-trimming allow
the tight matching and tracking of circuit components and the
high level of performance that this circuit architecture is capable
of.

A preamp section (Q1-Q4) develops the programmed gain by
the use of feedback concepts. Feedback from the outputs of Al
and A2 forces the collector currents of Q1-Q4 to be constant
thereby impressing the input voltage across Rg.

The gain js set by choosing the value of Rg from the cquation,
Gain =3#— + 1. The value of Rg also scts the transconductance
of the input preamp stage increasing it asymptotically to the
transconductance of the input transistors as R¢; is reduced for
targer gains. This has three important advantages. First, this
approach allows the circuit to achicve 2 very high open loop
gain of 3 x 10® at a programmed gain of 1000 thus reducing gain
related errors to a negligible 3ppm. Second, the gain bandwidth
product which is determined by C3 or C4 and the input trans-
conductance, reaches 25MHz. Third, the input voltage noise
reduces to a value determined by the collector current of the
input transistors for an RTI noise of 4nV/VHz at G = 500.

™

o Wwf
mu§6m. 100, 200
v

Figure 26. Noise Test Circuit

JINPUT CONSIDERATIONS

Under input overload conditions the user will sce R; + 10002
and two diode drops (~1.2V) between the plus and minus inputs,
in either direction. If safe overload current under all conditions
is assumed to be 10mA, the maximum overload voltageis 2.5V,
While the AD624 can withstand this continuously, momentary
overloads of + 10V will not harm the device. On the other hand
the inputs should never exceed the supply voltage.
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The AD524 should be considered in applications that require
protection from scvere input overload. If this is not possible,
external protection resistors can be put in series with the inputs
of the AD624 to augment the internal (50()) protection resistors.
This will most seriously degrade the noise performance. For this
reason the value of these resistors should be chosen to be as low
as possible and still provide 10mA of current limiting under
maximum continuous overload conditions. In selecting the value
of these resistors, the internal gain setting resistor and the 1.2
volt drop need to be considered. For e'xa'mplc, to protect the
device from a continuous differential overload of 20V at a gain
of 100, 1.9k{} of resistance is required. The internal gain resistor
is 404(}; the internal protect resistor is 10002, There is a 1.2V
drop across D1 or D2 and the base-emitter junction of either
Q1 and Q3 or Q2 and Q4 as shown in Figure 27, 14000

of external resistance would be required (7001 in series with
cach input). The RT! noise in this case would be

V4K TR, + (4nV/VHzR = 6.20V/VHz.

fl8

"2
100
-] e sonst
w3
4 1 0
sy >¢ Yo
e
. on
O—sra ar &y fid a2 ¢ hied
4 R, na, Py Ld
~
wr ™
u ‘ 0 " l A ) ¢ N
Vua Soud
e
s p— 100
me
1o
1

v,

Figure 27. Simplified Circuit of Amplifier; Gain is Defined as
((R56 + R57)(R;) + 1. For a Gain of 1, Rg is an Open Circuit

INPUT OFFSET AND QUTPUT OFFSET

Voltage offsct specifications are often considered a figure of
mnerit for instrumentation amplifiers. While initial offset may be
adjusted to zcro, shifts in offset voltage gue 1o temperature
variations will cause errors. Intelligent systems can often correct
for this factor with an auto-zero cycle, but there are many small-
signal high-gain applications that don’t have this capability.

Voltage offset and offsct drift cach have two components; input
and output. Input offsct is that component of offset that is
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Appiying the AD624

sctly proportional to gain i.e., input offset us measured at the Temperature
putat G = 100 is 100 times greater than at G = 1. Quriput Gain Coefficient | Pin3
ket is independent of gain. At low gains, output offset drift is (Nominat) | (Nominal) toPin | Connect Pins
minant, while at high gains input offset drift dominares. i — Oppm/'C — ~
crsforc. the output ol'f§c( voltage drift i§ n'urn)aHy spcciﬁf;d 100 - L.5ppmrG | 13 _
iftac G = 1 (whc:r.c input cffects are msq?'mﬁc‘um), wlul.c 125 =~ SppmiC 13 Hiwlé
ut offset voltage drift is given by dnu. s.pccxﬁcum_m at u high 137 =5 5ppmsC | 13 Nt 12
1 (where output offset cfff:cls are ncghg:b'lc)..All input-related 186.5 - 6.5ppmsC | 13 Nwi2iol6
abers are rcfcrrcq to the input (RTI) which is o say that the 200 - 3.5ppm/C | 12 -
it on the output is “G" times larger, Voltage offset vs. power 250 -S.SppmrC | 12 w13
wply is also specified at one or more gain settings and is also 333 ~1SppmrC | 12 11016
375 =~ 0.5ppm/C | 12 13t016

separating these errors, one can evaluate the total error inde- 500 - Wppm/C | 11 -
ent of the gain sctting used. In a given gain configuration 624 ~ Sppm/°C i1 131016
th errors can be combined 10 give a total error referred to the 688 - 1.Sppms“C | 11 1ltol12;131016
ut (R.T.L) or output (R.T.0.) by the following furmula: 831 +4ppm/C 3] 161012

1000 Oppm/“C 11 161012;1310 11

Total Error R.T.I. = input error + (output errorfgain) Table

pins 3 and 16 programs the gain according to the formula
4 3
an illustration, a typical AD624 might have a + 250,V output Rg oo (e Figure 29). For best results Rg should be a

Total Error R.T.O. = (Gain x input error) + output error

]

Setand a ~50pV input offset. In a unity gain configuration, precision resistor with a low temperature coefficient. An external
¢ total output offsct would be 2000V or the sum of the (wo. Rg affects both gain accuracy and gain drift due to the mismatch
a gain of 100, the output offset would be -4.75mV or: between it and the internal thin-film resistors RS6 and R57.

250uV + 100(~-S0LV) = -4.75SmV. Gain accuracy is determined by the tolerance of the external Rg

and the absolute accuracy of the internal resistors (%20%). Gain
drift is determined by the mismatch of the temperature coefficient
of R¢ and the temperature coefficient of the internal resistors
(= 15ppm/°C typ), and the temperature coefficient of the internal
interconnections.

1¢ AD624 provides for both input and output offset adjustment.
Ais optimizes nulling in very high precision applications and
inimizes offset voltage effects in switched gain applications. In
sh applications the input offset is adjusted first at the highest
ogrammed gain, then the output offset is adjusted at G = 1.

AIN
e AD624 includes high accuracy pre-trimmed internal gain ~INPUT ©
sistors. These allow for single connection programming of Gy —0
ios of 1, 100, 200 and 500. Additionally, a variety of gains hes <l Y e Vour
cluding a pre-trimmed gain of 1000 can be achieved through it

ties and parallel combinations of the internal resistors. Table | AG,
wows the available gains and the appropriate pin conncctions Jpuyo
W gain temperature coefficients.

vy

RR!NCE
k3 G400 4 1< 202200
he gain values achieved via the combination of internal resistors

e extremely useful. The temperature coefficient of the gain is. Figure 29. Operating Connections for G = 20
:pendent primarily on the mismatch of the temperature coeffi-

sots of the various internal resistors. Tracking of these resistors ~ The AD624 may also be configured to provide gain in the output
‘extremely tight resulting in the low gain TC's shown in stage. Figure 30 shows an H pad attenuator connected to the
ble I. reference and sense lines of the AD624. The values of R1, R2
and R3 should be selected to be as low as possible to minimize
the gain variation and reduction of CMRR. Varying R2 will
precisely set the gain withour affecting CMRR. CMRR is deter-
mined by the match of R1 and R3,

‘the desired value of gain is not attainable using the internal
sistors, a single external resistor can be used to achieve any
tin between 1 and 10,000. This resistor connected between

Rl
6t

HPUT ©

R2
Sksl

Vour

O Vaur

R
BV

2 Sku

% Ry ¢ R, + RIR 22k

Figure 28. Operating Connections for G = 200 ’ Figure 30. Gain of 2500

+INPUT O

ouTPUT
Q SIGNAL
COMMON

G -

-V,
.
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AD624

NOISE

The AD624 is designed 1o provide noisc performance near the
theoretical noise floor. This is an extremely important design
criteria as the front end noise of an instrumentation amplifier is
the ultimate limitation on the resolution of the data acquisition
system it is being used in. There are two sources of noise in an
instrument amptifier, the input noise, predominantly gencrated
by the differential input stage, and the output noise, generated
by the output amplificr. Both of these components are present
at the input (and output) of the instrumentation amplificr. At
the input, the input noise will appear unaftered; the output
noise will be attenuated by the closed loop gain (at the output,
the output noise will be unaltered; the input noise will be amplificd
by the closed loop gain). Those two noise sources must be root
sum squared to determine the total noise level expected at the
input (or output).

The low frequency (0.1 to 10Hz) voltage noisc due to the output
stage is 10V p-p, the contribution of the input stage is 0.2V
P-p._At a gain of 10, the RTI voltage noise would be 1.V P-ps
\V (__)15 + (0.2%. The RTO voltage noise would be 10.2uv
p-p,s i/lOz + (0.2 (GJ)%. These calculations hold for applications

using either internal or external gain resistors.

INPUT BIAS CURRENTS

Input bias currents are those currents necessary to bias the
input transistors of a dc amplifier. Bias currents are an additional
source of input error and must be considered in an total error
budget. The bias currents when multiplied by the source resistance
imbalance appear as an additional offset voltage. (What is of
concern in calculating bias current errors is the change in bias
current with respect to signal volage and temperature.) Input
offset current is the difference between the two input bias currents.
The effect of offset current is an input offsct voltage whose
magnitude is the offset current times the source resistance,

Although instrumentation amplifiers have differential inputs,
there must be a return path for the bias currents. If this is not
provided, those currents will charge stray capacitances, causing
the output to drift uncontrollably or to saturate. Therefore,
when amplifying “floating” input sources such as transformers
and thermocouples, as well as ac-coupled sources, there must
still be a dc path from each input to ground, (sce Figure 31).

Figure 31b. Thermocouple
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Figure 31c. AC Coupled
Figure 31. Indirect Ground Returns for Bias Currents

COMMON-MODE REJECTION

Common-mode rejection is 2 measure of the change in output
voltage when both inputs are changed by cqual amounts. These
specifications are usually given for a full-range input voltage
change and a specificd source imbalance. “Common-Mode Re-
jection Ratio” (CMRR) is a ratio expression while “Common-Mode
Rejection' (CMR) is the logarithm of that ratio. For example, 1
CMRR of 10,000 corresponds to a CMR of 80dB.

In an instrumentation amplificr, ac common-mode rejection is
only as good as the differential phase shift. Degradation of ac
common-mode rejection is caused by unequal drops across differing
track resistances and a differential phase shift dug to varied
stray capacitances or cable capacitances. In mah§ applications
shiclded cables are used to minimize noise. This technique can
create common-mode rejection errors unless the shield is properly
driven. Figures 32 and 33 shows acrive data guards which are
configured to improve ac common-mode rejection by “bootstrap.
ping” the capacitances of the input cabling, thus minimizing
differential phase shift.

Figure 33. Differential Shieid Driver

GROUNDING

Many data-acquisition components have two or more ground
pins which are not connccted together within the device. These
grounds must.he tied together at one point, usually at the system
power supply ground. Ideally, a single solid ground would be
desirable. However, since current flows through the ground
wires and etch stripes of the circuit cards, and since these paths
have resistance and inductance, hundreds of millivolts can be
gencerated between the system ground point and the data acquisition
components. Scparate ground returns should be provided to
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Figure 34. Basic Grounding Practice

minimize the current flow in the path from the most sensitive
points to the system ground puint. In this way supply currents
and logic-gate return cursents are not summed into the sume
return path as analog signals where they would cause measurement
errors (see Figure 34).

Since the output voltage is developed with respect to the potential
on the reference terminal an instrumentation amplifier can solve
many grounding problems.

SENSE TERMINAL

The sense terminal is the feedback point for the instrument
amplifier’s output amplifier. Normally it is connected to the
instrument amplifier output. If heavy load cucreats are to be
drawn through lung leads, voltage drops due to current flowing
through lead resistance can cause crrors. The sense terminal can
be wired (o the instrument amplifier at the load thus putting the
IxR drops “inside the loop” and virtually climinating this error
source.

QUIPUT
CURRENT

V,
- BOOSTER

V-

Figure 35. AD624 Instrumentation Amplifier with Output
Current Booster

Typically, IC instrumentation amplifiers are rated for a full

£ 10 volt output swing into 2k{). In some applications, however,
the need exists to drive more current into heavier loads. Figure
35 shows how a current booster may be connceted “inside the
loop” of an instrumentation amplifier w provide the required
current without significantly degrading overall performance.

The effects of nonlincaritics, offset and gain inaccuracies of the
buffer are reduced by the loup gain of the A output amplificr.
Offset drift of the buffer is similarly reduced.

REFERENCE TERMINAL

The reference terminal may be used to offset the output by up
to = 10V. This is useful when the load is “floating™ or does not
share a ground with the rest of the system. It also provides a
direct means of injecting a precise offset. It must be remembered
that the total output swing is £ 10 volts, from ground, to be
shared between signal and reference offset.

REV. A

Figure 36. Use of Reference Terminal to Provide Output
Offset

When the TA is of the three-amplifier configuration it is necessary
that nearly zero impedance be presented to the reference terminal.
Any significant resistance, including those caused by PC layouts
or other connection techniques, which appears between the
reference pin and ground will increase the gain of the noninverting
signal path, thereby upsetting the common-mode rejection of
the 1A. Inadvertent thermocouple connections created in the
sense and reference lines should also be avoided as they will
directly affect the output offset voltage and output offset voltage
drift.

In the AD624 a reference source resistance will unbalance the
CMR trim by the ratio of 10kQ)/Rggg. For example, if the reference
source impedance is 19, CMR will be reduced 1o 80dB (10kQV/
14} = 80dB). An operational amplifier may be used to provide
that low impedance reference point as shown in Figure 36. The
input offsct voltage characteristics of that amplifier will add
direetly 10 the output offset voltage performance of the in-
strumencation amplifier.

An instrumentation amplifier can be turned into a voltage-to-cur-
rent converter by taking advantage of the sense and reference
terminals as shown in Figure 37.

| L0AD I
Wl ‘g"! {1s -—r“"“:q

Figure 37. Voltage-to-Current Converter

By establishing a reference at the “low” side of a current setting
resistor, an output current may be defined as a function of
input voltage, gain and the value of that resistor. Since only a
small current is demanded at the input of the buffer amplifier
Ay, the forced current I, will largely flow through the load.
Offset and drift specifications of A, must be added to the output
offset and drift specifications of the [A.

PROGRAMMABLE GAIN

Figure 38 shows the AD624 being used as a software programmable
gain amplificr, Gain switching can be accomplished with mechani-
cal switches such as DIP switches or reed relays. It should be
noted that the *“‘on™ resistance of the switch in series with the
internal gain resistor becomes part of the gain equation and will
have an effect on gain accuracy.
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Figure 38. Gain Programmable Amplifier

A significant advantage in using the internal gain resistors in a
programmable gain configuration is the minimization of ther-

mocouple signals which are often present in multiplexed data.
acquisition systems.

If the full performance of the AD624 is to be achicved, the user
must be extremely careful in designing and laying out his circuit
to minimize the remaining thermocouple signals.

The AD624 can also be connccted for gain in the output stage.
Figure 39 shows an ADS47 used as an active attcnuator in the
output amplifier’s feedback loop. The active attenuation presents
a very low impedance to the feedback resistors therefore minimiz-
ing the common-mode rcjection ratio degradation.

Figure 39. Programmable Output Gain

Another method for developing the switching scheme is to use a
DAC. The AD7528 dual DAC which acts esscntially as a pair of
switched resistive attcnuators having high analog lincarity and
symmetrical bipolar transmission is ideal in this application.
The multiplying DAC’s advantage is that it can handle inputs of
either polarity or zero without affecting the programmed gain.
The circuit shown uses an AD7528 to set the gain (DAC A) and
to perform a fine adjustment (DAC B),
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Figure 40. Programmable Output Gain Using a DAC

AUTO-ZERO CIRCUITS

In many applications it is necessary to provide very accurate
data in high gain configurations. At room temperature the offset
effects can be nulled by the use of offset trimpots. Over the
operating temperature range, however, offset nulling becomes 2
problem. The circuit of Figure 41 shows a CMOS DAC operating
in the bipolar mode and connected to the reference terminal to
provide software controllable offset adjustments.

Figure 41. Software Controilable Offset

In many applications complex software algorithms for auto-zero
applications are not available, For these applications Figure 42
provides a hardware solution,

Figure 42. Auto-Zero Circuit
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The microprocessor controlled data acquisition system shown in
Figure 43 includes includes both auto-zero and auto-gain capa-
bility. By dedicating two of the differential inputs, one to ground
and one to the A/D reference, the proper program calibration
cycles can eliminate both initial accuracy errors and accuracy
errors over temperature. The auto-zero cycle, in this application,
converts a number that appears to be ground and then writes
that same number (8 bit) to the AD7524 which eliminates the
zero error since its output has an inverted scale. The auto-gain
cycle converts the A/D reference and compares it with full scale.
A multiplicative correction factor is then computed and applied
to subsequent readings.

Vour

ADST4A

Figure 43. Microprocessor Controlled Data Acquisition
System

WEIGH SCALE

Figure 44 shows an example of how an AD624 can be used to
condition the differential output voltage from a load cell. The
10% reference voltage adjustment range is required to. accommo-
date the 10% transducer sensitivity tolerance. The high linearity
and low noise of the AD624 make it ideal for use in applications
of this type particularly where it is desirable to measure small
changes in weight as opposed to the absolute value. The addition
of an auto gain/auto tare cycle will enable the system (0 remove
offsets, gain errors, and drifts making possible true 14-bit
performance.

AC BRIDGE

Bridge circuits which use dc excitation are often plagued by
errors caused by thermocouple effects, Uf noise, dc drifts in the
electronics, and line noise pick-up. One way to get around these
problems is to excite the bridge with an ac waveform, amplify
the bridge output with an ac amplifier, and synchronously de-
modulate the resulting signal.. The ac phase and amplitude in-
formation from the bridge is recovered as a dc signal at the
output of the synchronous demodulator. The low frequency
system noise, dc drifts, and demodulator noise all get mixed to
the carrier frequency and can be removed by means of a low
pass filter. Dynamic response of the bridge must be traded off
against the amount of attenuation required to adequately suppress
these residual carrier components in the selection of the filter.

Figure 45 is an example of an ac bridge system with the AD630
used as a synchronous demodulator. The oscilloscope photograph
shows the resuits of a 0.05% bridge imbalance caused by the
1Meg resistor in parallel with one leg of the bridge. The top
trace represents the bridge excitation, the upper middle trace is
the amplified bridge output, the lower-middle trace is the output
of the synchronous demodulator and the bottom trace is the
filtered de system output.

This system can easily resolve a 0.5ppm change in bridge im-
pedance. Such a change will produce a 6.3mV change in the low
pass filtered dc output, well above the RTO drifts and noise.

The AC-CMRR of the AD624 decreases with the frequency of
the input signal. This is due mainly to the package-pin capacitance
associated with the AD624’s internal gain resistors. If AC-CMRR
is not sufficient for a given application, it can be trimmed by
using a variable capacitor connected to the amplifier’s RG, pin
as shown in Figure 45.

Figure 46. AC Bridge Waveforms
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Figure 47. Typical Bridge Application

ERROR BUDGET ANALYSIS

To illustrate how instrumentation amplifier specifications are
applied, we will now examine a typical case where an AD624 is
required to amplify the output of an unbalanced transducer.
Figure 47 shows a differential transducer, unbalanced by =51,
supplying a 0 to 20mV signal to an AD624C. The output of the
IA feeds a 14-bit A to D converter with a 0 to 2 volt input
voitage range. The operating temperature range is —25°C to
+85°C. Therefore, the largest change in temperature AT within
the operating range is from ambient to + 85°C (85°C - 25°C

In many applications, differential linearity and resolution are of
prime importance. This would be so in cases where the absolute
value of a variable is less important than changes in vaiue, In
these applications, only the irreducible errors (20ppm = 0.002%)
are significant. Furthermore, if a system has an intelligent pro-
cessor monitoring the A to D output, the addition of a auto-gain/
auto-zero cycle will remove gl reducible errors and may eliminate
the requirement for initial calibration. This will also reduce
errors to 0.002%.

=60°C).

Effecton Effecton
Absolute Absolute Effect
AD624C Accuracy Accuracy on
Error Source Specifications | Calculation atTp = 25°C atT, = 85°C Resolution
Gain Error *0.1% +0.1% = 1000ppm 1000ppm 1000ppm -
Gain Instability 10ppm (10ppm/"CX60°C) = 600ppm - 600ppm -
Gain Nonlinearity +0.001% +0.001% = 10ppm - - 10ppm
Input Offset Voltage =25uV,RTI £25pV20mV = > 1250ppm 1250ppm 1250ppm -
Input Offset Voltage Drift %0.25uV/C (20.25uV/CY607°C) = 15V
150 V/20mV = 750ppm - 750ppm -
Output Offset Voltage' =2.0mV +2.0mV/20mV = 1000ppm 1000ppm 1000ppm -
Output Offset Voltage Drift' | = 10uV/C (£ 10pV/CX60°C) = 600V
} 6001 V/20mV = 300ppm - 300ppm -
Bias Current - Source +15nA (= 15nAXS5Q) = 0.075pV
Imbalance Error 0.075uV/20mV = 3.75ppm 3.7Sppm 3.75ppm -
Offset Current - Source + 10nA (£ 10nA)S5(1) = 0.050LV
Imbalance Error 0.0501V/20mV = 2.5ppm 2.5ppm 2.5ppm -
Offset Current - Source +10nA (10nAY 17501 = 1.75uV
Resistance - Error 1.75uV/20mV = 87.5ppm 87.5ppm 87.5ppm -
Offset Current - Source + 100pA/F°C (100pA/CY(17542)(60°C) ~ TuV
Resistance - Drift 1nV/20mV = S0ppm - 50ppm -
Common Mode Rejection 115dB 115dB = 1.8ppm x 5V = 9V
SVdc M V/20mV = 444ppm 450ppm 450ppm -
Noise, RTI .
(0.1-10Hz) 0.22pV p-p 0.22uV p-p/20mV — 0ppm - - 10ppm
Total Error 3793.75ppm 5493.75ppm 20ppm
'Outpur offset voltage and output offset voltage drift arc given as RTI figures.
Téble ll. Error Budget Analysis of AD624CD in Bridge Application
For a comprehensive study of instrumentation amplifier design
and spplications, refer to the Instrumentation Amplifier Appli-
cation Guide, available free from Analog Devices.
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MM74C925, MM74C926, MMWM74C9827, MIM74C928

National
Semiconductor

MM74C925, MM74C926, MM74C927, MM74C928 4-Digit
Counters with Multiplexed 7-Segment Output Drivers

general description

These CMOS counters consist of 2 4-digit counter, an
internal output latch, NPN output sourcing drivers for
a 7-segment display, and an internal multiplexing
circuitry with four multiplexing outputs. The multi-
plexing circuit has its own freerunning osciilator,
and requires no external clock. The counters advance
on negative edge of clock. A high signal on the Reset
input will reset the counter to zero, and reset the carry-
out low. A low signal on the Latch Enable input will
latch the number in the counters into the internaf out-
put latches. A high signal on Display Select input wili
select the number in the counter to be displayed; a low
level signal on the Display Select will select the number
in the output latch to be dfsplayed.

The MM74C925 is a 4-decade counter and has Latch
Enable, Clock and Reset inputs.

The MM74C926 is like the MM74C825 except that it
has a display select and a carry-out used for cascading
counters. The carry-out signal goes high at 6000,
goes back low at 0000. 1

The MM74C927 is like the MM74C926 except the
second most significant digit divides by 6 rather than 10.
Thus, if the clock input frequency is 10 Hz, the display
would read tenths of seconds and minutes (i.e., 9:59.9).

The MM74C928 is like the MM74C926 except the most
significant digit divides by 2 rather than 10 and the

carry-out is an overflow indicator which is high at
2000, and it goes back low only when the counter is
reset. Thus, this is a 3 1/2-digit counter.

features

u Wide supply voltage range . 3V to 6V
8 Guaranteed noise margin v
® High noise immunity 0.45 Vce typ
& High segment sourcing current 40 mA

@ Vee — 1.6V, Ve =5V
® [nternal muitiplexing circuitry

design considerations

Segment resistors are desirable to minimize power
dissipation and chip heating, The DM75492 serves as a
good digit driver when it is desired to drive bright
displays. When using this driver with a SV supply at
room temperature, the display can be driven without
segment resistors to full illumination. The user must use
caution in this mode however, to prevent overheating of
the device by using too high a supply voltage or by
operating at high ambient temperatures.

The input protection circuitry consists of a series resistor,
and a diode to ground. Thus input signals exceeding
Ve will not be clamped. This input signal should not be

" allowed to exceed 15V.

connection diagrams

Duasi-In-Line Package
MM74C925

. . PR T TN )

| PR O [P PO P P I

i

functional description
Reset ~Asynchronous, active, high

High, displays output of counter
Low, displays output of latch

Display Select -

Latch Enable — High, flow through conditicn

Low, latch condition

Ciock - Negyative edge sensitive ’

Duasl-in-Line Package
MM74C926, MM74C927 and MM74C928
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Segment Output — Current sourcing with 80 mA @

Vour = Vec - 1.6V typical.
Also, sink capability = 2 LTTL
loads

Digit Output ~ Current sourcing with 1 mA @
Vour = 1.75V. Also, sink capa-
bility = 2 LTTL loads

Carry-out - 2 LTTL loads. See carry-out
waveforms,
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absolute maximum ratings (Note 1)

Voltage at Any Output Pin

Gnd — 0.3V to Vc +0.3V

Voltage at Any Input Pin Gnd ~ 0.3V to +15V
Operating Temperature Range (T} —40°Cto +85°C
Storage Temperature Range ~65°C to +150°C
Package Dissipation Refer to Popuax) vs Ta Graph
Operating Ve Range Vi 6V .
Vee 6.5V
Lead Temperature {Soldering, 10 seconds) 300°C

dc electrical characteristics Min/max limits apply at ~40°C < T) < +85°C, unless otherwise noted.

T —
|
i

!
|
I
|
|
t

PARAMETER | . CONDITIONS [ v | 1ve | max | umizs
CMOS TO CMOS
— i
Vingy Logicatl “1” Input Voltage Vee = 5.0V 35 v
Vinior Logical “'0” Input Voltage Vee = 5.0V 1.5 v
L}
Vourttny  Logical **1”” Output Voitage Vee * 50V, 1g = —10pA 45 v
{Carry-out and Digit Output
Only)
Vouriar  Logical “0" Output Voltage Vee = 5.0V, I = 10A 0.5 v
hintny Logical *’¥”* nput Current Vee = 5.0V, Viy = 15V 0 005 1.0 HA
by Logical “0°" Input Current Vee = 5.0V, Vi = OV -1.0 —0.005 A
lee Supply Current Vee = 5.0V, Outputs Open Circuit, 3 20 1000 HA
Vin = OV or 5V
CMOS/LPTTL INTERFACE
Vineny Logical “1° tnput Voltage Vee =4.75V Vee™1.8 v
Vinioy Logicat 0" tnput Voltage Ve = 4.75V 0.8
Vouryy  Logical 17 Qutput Voltage Vee =4.75V, 24 \'4
{Carry-Out and Digit lo = —~360uA
Output Only)
Voutis  Logical “0” Qutput Voltage Vee =4.75V, 04 v
lo = 360 uA
OUTPUT DRIVE
Vour Qutput Voitage {Segment lout = —65 MA, Ve = 5V, Ty = 25°C Veg—13 v
Sourcing Output) T, = 100°C Vee=1.6 | Vee-1.2 Voo
four =40 MA, Ve = SV { Tj = 150°C Vec-2 Vee-14 v 'l
R‘;N. Output Resistance (Segment lour.* 65 mA, Ve =5V, T; = 25°C 20 Q i
Sourcing Output) : 2 BN vzl | 100°C 20 40 a |
) out mA, Vee T, = 150°C 35 50 Q
Output Resistance (Segment 0.6 0.8 %°C |
Output) Temperature Coefficient !
lsoumce  Output Source Current Vee = 4.75V, Voyr = 175V, T, = 150°C -1 -2 mA E
"« . {Digit Output) ) t
Isounce  Ovutput Source Current Vee = 5V, Vour =0V, T; = 25°C -1.75 | -a3 mA
(Carry-out)
151k Output Sink Current Veg * 5V, Vour * Vee, Ty = 25°C 1.75 36 mA ¢
{Alt Qutputs} x
00 Thermal Resistance MM?74C925 - (Note 4) 75 100 [ R
MM74C926, MM74C927, MM74C928 70 90 ‘cw

Note 1:  “Absofute Maximum Ratings™ ars those values beyond which the safety of the device cannot be guaranteed. Except for “Operating
Range” they are not meant to imply that the devices should be operated a1 these limits. The table of “’Electrical Characteristics” provides

conditions for actual device operation.

Note 2: Capacitance is guaranteed by periodic testing.

Note X. Cpp determines the no load ac powsr consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics

spplication note, AN-90.

Nois 4: 9“ measured in free-air with device soidered into printed circuit board.
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ac electrical characteristics T;= 25°C, C, = 50 pF, unless otherwise specified

PARAMETER CONDITIONS MIN TYP MAX UNITS

tuan Maximum Clock Frequency Vee * 5.0V, T,225C 2 4 MHz

Stuare Wave Clock T,=100C 15 3 MH2

t,. b Maximum Cluck Rise o1 Falt Tume Vee 5.0V 15 i3

twn Reset Pulse Width T,»25C 250 100 ns
Vee * 5.0V

See T, <100 C 320 128 m

Twik Latch Enable Pulse \Wedth T, =25C 250 100 n
Vee + 5.0V

T,~100C 320 125 ny

tsgrickLer Clock to Latch Enable Set-Up Time T,+»25°C 2500 1250 ns

. Vee = 5.0V _

T,+100°C 3200 1600 ns

tem Latch Enable to Reset Vee = 5.0V T,=25C 0 100 ns

Wait Time T,«100°C 0 100 ns

tgermres Reset to Latch Enable Set-Up Tune T,-25C 320 160 ns

. Vee = 50V ;

T,+100°C 4bo 200 ns

faux Muluplexing Output Frequency Vee = 5.0V 1000 Hz

Cun Input Capacitance Any Input (Note 2) 5 of

T .
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