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Abstract

The digital sampling power monitor is a 3 phase
nultimeter which monitors 8 power quantities at the same time. It
uses an 11 bits A/D converter and achieves an overall power
measurement. accuracy of 0.1 percent of applied volt-amperes at
main frequency.

By mean of digital sampling VARmeter in 3 phase 4 wire
system, the accuracy of VAR computation by this method is better
than VAR computation from VOLT, AMP and WATT.

Besides 8 digits 7 segments display of monitor, there is
a thermal printer for data print-out which is a key-controlled or

time set recorder.
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APPARENT POWMER : VA
SUM = 1630

POMER FACTOR
SUM = -0.02

WATT-HOUR : HHR
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intel .
: 8253/8253-5
PROGRAMMABLE INTERVAL TIMER

m MCS-85™ Compatible 8253-5 = Count Binary or BCD
a 3 Independent 18-Bit Counters = Single + 5V Supply
» DC 10 2.6 MHz o ® Avallable In EXPRESS
. ~—Standard Temperature Range
u Programmable Counlor Modes —Extended Temperature Range

The intel® 8253 is & programmable counter/timer device designed for use as an Intel mlcrocomputer peripheral. It uses nMOS
technology with a single +5V supply and is packaged in a 24-pin plastic DIP

It Is organized as 3 independent 18-bit counton, each with & count rate of up to 2.6 MMz, All modes of operltlon are software
prognmmable :
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4.3 ﬁagaﬁqaéquﬂ1§a1zuu 1 W4 2 da

4.3.1 ATEEdmNm

TYFE: 1 PHASE 2 WIRE
VOLTAGE : yoLT
FHASE R = 2z
CURRENT : aMP
PHASE R = 1.3

EFFECTIVE POWER :
HATT.
PHASE R = 418
REACTIVE POMER : VAR
PHASE R = 10
APPARENT POWER : VA
PHASE R = 4183

POMER FACTOR ¢

FHASE R = 1.00
NATT-HOUR : WHR
145
FREQUENCY : HZ
_PHASE R = 49.9
TIME 12:54:46 AN

4.3.3 nﬂ1zﬁ1tﬁuﬂ1zj

TYPE: { PHASE 2 UWIRE
YOLTAGE YaLT
PHASE R = 222
CURRENT : AMP
PHASE R = 2.4
EFFECTIYE POWER ;
WATT
PHASE R = 15
REACTIWE FOWER : “aR
PHASE R = -S43
AFPARENT POWER : WA
PHASE R = 543
POWER FACTOR :
PHASE R = ~-0.02
HATT-HOUR : LHR
an
FREQUEMCY HZ
PHASE R 49 .9

TIME 12:43:14 AN

fa

4.3.2 mIzdnwmianin

TYFE: 1 PYAZE & WIRE

YOLTAGE VOLT
PHOEE R = 220
CURRENT AMP
PHASE R = 1.5
EFFECTIVE POWER :
: HATT
FHAZE R = 28
RERCTIYE POWER : VAR
PHARSE R = 339
APPARENT POWER : wg
PHASE R = 49
POWER FACTOR :
PHAZE R = .08
HATT-HOUR HHR
19
FREQUENCY : HE
PHASE R = S0.0
TIME 12:14:36 aM

£
4.3.4 MIcUALABT

TY¥PE: 1 PHASE 2 WIRE

VOLTAGE YaLT
PHASE R = 220
CURRENT : AMP
FHASE R = 1.9
EFFECTIYE POWER :
WATT
PHASE R = 32
REACTIVE POWER : WAR
PHASE R = 337
APPARENT POMNER : WA
FHASE R = 240
FOWER FACTOR :
FHASE R = n.13
HATT-HOUR : HHRE
178
FREQUENCY HZ
FHASE R = 49,9
TIME larizizs AN
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A.4 Eagaﬁ1aéﬁqnﬂ75a1zuu 3 WX 4 d8

4.4.1 AFERRIUNU

TYPE: 2 PHASE 4 WIRE
VOLTAGE @ yOLT
PHASE R = 224
PHASE 3 = gee
FHASE T = 2ep
SUM = 2253
CURRENT : AMP
FHASE R = 1.8
PHASE § = 1.6
PHASE T = 1.8
SUM = 1.7
EFFECTIVE FOMER :
HATT
PHASE R = 418
PHASE § = 271
PHASE T = 406
SUM = 1196
REACTIVE FOMER : VAR
PHASE R = 11
PHASE § = 11
PHASE T = 10
SUM = 22
APPARENT POWER : ¥A
FHASE R = 418
PHASE § = 271
PHASE T = 4106
SUM = 1196
POWER FACTOR
PHASE R = 1.00
PHASE 5 = 1.00
PHASE T = 1.00
SUM = 1.00
HATT-HOUR : HHR
187
FREGUENCY @ HZ
FHASE R = 49,9
TIME 12:54:11 AM

°0
.

It

4.4.2 AVGERLIIEN

TIME lgreaios an
)
0

TYFE: 2 PHRSE 4 WIRE

YOLTAGE : VOLT
‘PHASE R = o2
FHRASE = = z20
PHARZSE T = 220
UM = 221
CURRENT : AMP
FHASE R = 1.5
PHASE & = 1.7
FHASE T = 1.4
SUNM = 1.5
EFFECTIYE POMWER :
WATT
PHASE R = 230
PHASE = = 26
PHASE T = )
UM = 24
REACTIVYE POWER ¥ YaR
PHASE R = 250
FHARZE & = 375
FHRASE T = 2eg
SUM = 1045
APPERENT FPOMER @ ¥H
FHASE R = 251
PHASE § = arE
PHRSE T = 223
SUM = inse
FOWER FACTOR @
FHASE R = 0.0%8
PHRAZE & = .09
FHRSE T = 0.08
SUM = 0.08
HATT-HOUR ": WHE
47
FREQUENHCY HZ
FHHSE R = 0.0
TIME igi3zi0? AM

"



4.4.3 ﬂﬂizﬁjlﬁﬂﬂﬁza
TYPE: 2 PHa=E 4 WIRE
VOLTAGE : WOLT

FHASE R = 2ze
FHASE & = c19
PHGESE T = ccl
SUM = 221
CURRENT : FMP
FHASE R = 2.4
FHARSE § = .2
PHAEE T = c.4
UM = .2
EFFECTIVE POWER
HAaTT
PHASE R = 15
FHASE & = 17
PHASE T = 16
SUM = a0
REACTIYE POWER @ WYAR
FHASE R = -545
FHRSE & = -487
FHAGSE T = 232
Stn = -1564
APFARENT FOMER @ WAQ
FHRSE R = 545
PHASE § = 457
PHASE T = 538
Stin = 1584
FOWUER FACTOR -
FHARSE R = -0.02
PHRISE & = -0.,0z
PHREE T = -0.,03
TH = -0.032
HATT-HBUR @ HHR
=9
FREGUENCY @ HZ

FHASE R
TIME
“

52

s
4.4.4 nIzuaLaas

TIME 1201028 @M
TYPE! 2 PHREE 4 HIRE
YOLTAGE YOLT
FHASE R = zen
FHRASE = = o158
FHASE T = cls
SN = Z219
CURRENT : BMP
FHASE R = 1.5
PHASE £ = 1.4
PHASE T = 1.2
sum = 1.4
EFFECTIVE POMWER :
WaTT
PHASE R = 54
FHASE 5 = L)
PHASE T = o7
SUM = 118
FEACTIVE FOWER : VAR
PHASE R = 238
PHAZSE = = Ize
FHASE T = 2en
aum - = 941
APPARENT FOWER @ W&
FPHASE R = 24z
PHASE & = g2
FHARSE T = 285
SUM = 942
FOWER FACTOR
FHASE R = 0.15
FHAZE = = n.oi
FHASE T = n.zn
UM = n.12
HATT-HOUR HE
174
FREQUENCY : HZ
FHASE R = 43,9
TIME 1211148 am

b4
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4.4.5 Wd T mazupiead, R R uaz S adTsdiofimmu

TYPE: 3 FHAEE 4 WIRE

YOLTAGE YOLT
PHESE R = 2z
FHASE § = 223
FHASE T = 223
SUM = 223

CURRENT : amp
PHASE R = 1.8
PHASE § = 1.8
PHASE T = S.6
SUM = 3.1
EFFECTIVE POWER :

HaTT
PHASE R = 408
PHASE § = 414
PHASE T = 214
SUM = 1038

REACTIVE POMER : VAR
FH&SE R = 1
FHASE § = 4
PHASE T = 1243
SUM = 12510

AFPARENT POMER : YA
PHAHSE R = 408
PHASE = = 414
PHASE T = 1261
SUM = 1624

POMER FACTOR
PHASE R = 1.00
FHASE § = 1.00
PHASE T = D.16
SUM = 0.E3

WATT-HOUR : HHE

720

FREGUENCY ¢ HZ
PHASE R = 49,9

TIME DZI05 146 AM

4
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4.5.1 AFER@UNYU

3

TIME

"

AM

12103105

TYFE. 2 PHASE 3 WIRE

YOLTAGE : YOLT
FHASE R = 323
FHASE RT = 328
FHASE T3 = 280
SUH = 383

CURREMT ¢ AMP
FHASE R = 1.8
PHASE 5 = 1.6
PHAEZE T = 1.2
Sum = 1.2

EFFECTIVE POWER

HATT
EUM = 1239

REACTIVE FOWER @ YAR
EUM = 43
AFFARENT POWER @ WA
UM = 12349
FOWER FACTOR :
zum = 1.00
HATT-HOUR HHR

123

FREGUEHCY & HZ
PHREE R = 43,9
TIME 12ia7i2q4 am

L3
s

It

4.5.2 MIseiimianin

TYPE: 3 PHASE 3 MIRE

YOLTHGE : YoLT
FHASE RS = 257
PHASE RT = 388
PHASE TS = 381
suM = 284

CURRENT : AMF
PHASE R = 1.5
PHASE § = 1.6
PHASE T = 1.4
SUM = 1.5

EFFECTIVE POMER :

MATT
SUM = 7E

REACTIVE. POMER : YAR
SUM = 999

APPARENT POMER : w4
suM = 1001

POMER FACTOR :
sUM = 0.07

NATT~HOUR : HHR

57

FREQUENCY = HZ
PHASE R = 49,9

TIME 12:44:34 AM

z



4.5.3 nnssﬁatﬁuﬂ1=1
TYPE: 3 PHESE 2 WIRE
YOLTAGE WOLT

FHASE RS = 204
FHASE RT = 286
PHASE TS = 378
sum = g2
CURRENT : AMP
PHASE R = 2.4
FHASE S = 2.2
PHASE T = .4
SUM = 2.4
EFFECTIVE POMER :
WaTT
SUM = 42

REACTIYE POWER : VAR
unM = -180%9
APPARENT POMER @ VA

SUM = 1609
FOWER FACTOR :
sUM = -d.a2
WATT-HOUR : HWHE
2a
FEEGUEMCY HZ
PHAZE R = an.o
TIME 12146146 AN

n

55

- 4
4.5.4 maz=uaLens

TYFE: 3 PHASE 2 WIRE

YOLTARGE VOLT
PHAZE RS = 280
FHASE RT = 38z
FHASE TE = 73
SUH = 78

CURRENT @ AMP
FHASE R = 1.3
FHASE & = 1.4
FHASE T = 1.3
UM = 1.4

EFFECTIYE POWER :

WATT
UM = 138

REACTIYE PBMWER : VAR
UM = 937

APPARENT. POMER @ WA
SUM = 948

POWER FACTOR
Eunm = .14

HATT-HOUR = HHE

iFe

FREQUEMCY 3 HZ
FHASE R 49.%

TIME 1211017 AM

fa
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TYFED 3 FHASE 4 WIRE
YOLTAGE MOLT
FHAZE R = c24
PHASE = = czae
PHASE T = 224
SUM = 224
CURRENT : AMP
FHASE R = 1.8
FHASE 5§ = 1.6
PHASE T = 1.2
SUM = 1.8
EFFECTIVE POWNER :
HATT
FHASE R = 4232
FHASE 5 = 378
FHASE T = 416
SUn = 1218
REACTIVE POWER : VAR
FHASE R = 12
FPHASE § = 1o
PHASE T = 11
UM = 23
APPARENT POWER : vA
FHASE R = 423
PHARZE § = 378
FHREE T = 416
SuUM = 1212
FOHER FACTOR :
FHASE R = l.00
PHRSE § = l1.00
FHASE T = 1.400
Sum = l.00
HATT-HOUR : HHE
2ia
FREQUENCY : HZ
PHASE R = 0.0
TIME 1201110 aM

“

60

TYPE: 2 PHASE 4 WIrE
YOLTAGE VOLT
PHASE R = 223
PHASE § = z2e3
PHASE T = 224
UM = 224
CURRENT : AMP
FHASE R = 1.8
PHASE & = 1.7
PHRSE T = 1.2
SUM = 1.8
EFFECTIVE POUER -
HWATT
FPHASE R = 424
PHASE & = 379
PHASE T = 417
UM = 1222
REACTIVE POWER : vAR
PHASE R = : 12
PHAZE 3 = 10
PHASE T = 10
SUM = T3
APPARENT FOUWER : vg
FHASE R = 424
PHAZE § = 379
PHASE T = 417
SUM = 1zzeg
FOWER FACTOR
FHRSE R = 1.00
PHASE & = 1.00
PHASE T = 1.00
3UM = 1.4a0
HATT-HOUR : LHHR
z14
FREQUENCY HZ
FHASE R = 49.9
TIME 1221610 aM

X
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TYFED 3 PHASE 4 WIRE TYPE: 2 PHASE a WIRE
VOLTAGE : WOLT YOLTAGE WOLT
FHASE R = 224 FPHASE R = 225
PHAZE & = cez FHRSE § = oce
FHASE T = 223 FHASE T = 24
UM = 2cd SUM = cc4
CURRENT : AMP CURRENT : RMP
FPHASE R = 1.8 FHASE R = 1.8
PHAZE § = 1.8 FHASE § = 1.6
FHASE T = 1.8 FHASE T = 1.8
UM = 1.8 ‘ SUM = 1.8
EFFECTIVE PDWER EFFECTIVE PODUER :
HATT WNATT
PHBSE R = 422 PHASE R = 424
FHASE § = 7% PHASE § = 277
FHASE T = 415 FHASE T = 416
SUNM = 1216 SUM = 1219
REACTIVE POWER : VAR REACTIVE POWER : VAR
PHASE R = 12 FHASE R = 1z
FHASE § = 10 PHASE § = 10
PHASE T = 11 FHASE T = 10
sSumM = 24 UM = 3z
AFPARENT POWER : wp AFPARENT POWER : vA
FHASE R = 4z2 PH&ASE R = 24
PHASE § = 378 FPHRSE § = 377
PHASE T = 415 FHAZE T = 416
SUM = 1218 sum = 1219
POWER FACTOR : POWER FACTOR :
PHASE R = 1.00 PHASE R = 1.4a4
PHASE & = 1.00 PHASE £ = 1.00
PHASE T = 1.00 FHASE T = 1.010
UM = 1.00 N = 1.00
HATT~-HOUR : HWHR HATT-HOUR : WHR
413 S17
FREQUENCY : HZ FREQUEMCY HZ
PHASE R = S50.0 FHRZE R = 49,9
TIME 122110 aM TIME 12126110 aNM

”
a
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ADC85C-12
4. i AR ."‘ . N '.. . , . L.“ .-.“
. .‘: .o ‘ ) '::‘ ."..f:,‘; __.‘
BURR-TROWRN® ADT84 !

b

2 T—— !'.'.42

- ADCS85"

R SN

P4,

iC ANALOG-’fO-DiGiTAL CONVERTERS . -

m

FEATURES : ce

« COMPACT DESIGN - Self-contalned with Internal clock,
comparator, reference, and input buffer amplifier
32-pln ceramic or hormetic metal packags

o FAST CONVERSION SPEEDS - . . s
Provide Fast Signal Sampling Rates . 'y
12-bits - 10.sec. 10-blts - Gusec . . T .
Faster conversion speeds obtainable with . o e
“Short-Cyciing” and adjustatle clock rate . RN

« LOW COST - ADCBAKG-12
DESCRIPTION

The ADCB4 and ADCBS familics of 10- and 12-bit
analop-to-digital converters utilize stale-of-the-art
[C and laser-trimmed thin-film components, and are
packaged in a compact 32-pin dual-ip-linc packages.
Complete with intcrnal reference and input buffer .
amplificr, they offer versatility and performance | e
formerly offered only in larger modular or rack-

mount packages, -

. Thin-film internal scaling resistors aré provided for® : W
the selection of analog input signal ranges of 3.5V, . |
SV, 210V.0to+§V or 0 to +10V. Gain and offset _ »
. errors may be externally trimmed to.zero. offering e d
initial accuracies of better thun *0.01204 (£1/21.81).
The fust conversion speeds of 10unee foF §2-bit and
busee for 10-bit resolution make these ADC's
excellent for a wide runge of applications where
system throughput sampling rates from 100kH/ 10
i20kHz arc required. In addition. they may be short . R
cycled and the clock rate control may be used to ot
obtain faster conversion speeds at low resolutions, Lo i
Data is available in parallel and serial form with g s
corresponding clock and status signals, All digital ’ RO
input and output signals are DTL/TTL-compatible. N P
Power supply voltages dre £1SVDC and +SVDC.

internations! Alrport industria! Park - P.0, Box 11400 - Tueson. Arfzons B5734 - Tol. (602) 746-1111 - Twa: B10-852-1111 - Cadie: BBACORP - Tatwx: 66-8451 - t

A
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* DISCUSSION OF
. PERFORMANCE |

fhc nccuracy of a successive approxlmnnon A/D
j(’ll‘lVCl’lCl’ is described by thetransfer function shown in-
Figiire 1.-All successive approximation A/ D converters
“uye-an inherent Quantization Error of %1/2LSB, The -
_Jemaining errors in the A/ D converter arc combinations
.ofanalogerrors due to the linear circuitry, matchingand
Mmacking properties of the ladder und scaling networks, .
-awer supply rejection, and reference errors. Insummary,
ahese errors consist of initial errors including Gain,
'Offm. Linenrity, Differential Lincarity und Power
.‘supply Sensitivity. Initial Gain and Offset crrors may be -
-ld)uslt‘d to zero, Gain d@rift over temperature rotutes the
’ lmc(l igure 1) about thy zero or minus full scale point (all
ity OFF) and Offset drift shifts the line left or right over .
ithg operating temperiiture range. Lincarity error is- .
unadjustable and is the most meaningfu! indicator of .
A D converter uccuracy. Lincarity error is the deviation
dl an actual bit transition froni the ideal transition value
ax iny level over the range of the A/D converter. A + .
l))fl’crcnu.ul Lincarity error of £1;2LSH means that the
' width of guch bit step uver the range of the A/ Dl.onv-. rter

S JLSB 212088,
: "ﬂ\c ADCB4 and ADCSS are also monotonic, ussurmg

xh.u the output digital code cither increases or remaings

X4 -{l 1

the same for increasing analog input signals. Burr-Brown
also guarantees thut these converters will have no missing
codes over  specified temperture range,

i ALLBITS OK
001000 - . l -
- CAIR

A : X hton ,

g, m_wm T ; |

- N [}

8 on.mo 4 L2 '

S o . 24

S tm.wo <+ oreser ense |

2 umuu |

SEENT . ) |

& mam 2 !

ot
! X¢
' -fsn ANALOG INPUT +FS8
N " Eyy OFF g IS8
*SEE TABLE | FOR DIGITAL cont DEFINITIONS.

FIGURL 1. Input vs Output for an ldul Blpul.lr AD
Converter. * . i

TIMING CONSIDERATIONS )

. Thetiming diagrum of the ADC's (see Figure 2) assumes
an analog input such that the positive true digita!l word
100110001001 exists. The output will be complcnn.m.xry
asshownin Flgurc2(0l 1001110410 is the digital output),

comvearlt) ’ F‘

COMMANG

MAXIMUM THROUGHIUT Timel2]

CONVERSION TIME ﬁjn I_'l_

INTERNAL
AN

$TATUS fr0C)
- M58

' L]

we

n3

o 777 L

|1

: nré 1] Lo '
ars __.] [T
= -] L_J :
e ZTI] [
el T e —
Loobee TTT RS .
O O - L[+
= L —
; B YWW AL = S IO T v 7/
Sl U U T T
Mt lep Tl

ZMnuc. [ 1]

nnn S
_l L 1. The convert commang must ba of fsast 50nsec wide snd must ramaln low
vige” of ihe tonvent cumsnd. 2. 105,30 for 12-bits

ouring » conversion. The conversion Iz Inlilatad by the "Uraling

and B.4,.00¢ for 10-bits. 3. Uso iralling edye M clock ts sirobe setla! oulpul.
AJ

‘:- SHGURE 20 ADCR and ADCES Fiaffug Dingram,

B
<
oW
(&)
=
=
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SP._C!FICATIONS

ELECTRICAL ‘ - ,
Typical at +25°C and rated power‘l'upplln otherwise noted
> 1 mooeL ADCE5 | ADCasC | ADC04KG
[ mesoLoTion 10 12 | 10 12 10 12
- | weuT .
. ANALOG iNPUTS . - vt the tu 6 h
1 vortages Ranges : Lo ' ot
. thipatne . H 25 16,110 e o , \
Unipoler * o | L 010 ¢5.010+10 N
impedance Direct Input: N N , ' ' : s
|  0to+5v 225V " - : P 1 JCR] vy
010 410V, +5V , ! . s . ° .
10V ' 0 .
Butter Amplifier o 4
impedance, min . 100 . .
Bias Current s, . : 50 .. .
At oy Setting Time * . . P .
. . 100.01% for 20V stepth -4 2
.. | olGiTaLineuTe® P ]
.. Conven Commang [N Positive pulse 50nsec wide. in Trading Edge .
o ' N . . 17070 iitistes conversion. ,
2 Logic Loading L. ) 3
;e E«ternal Clck N Soe External Ciock paragraph
* % [TYAANSFER CHARACTERISTICS S
ERROR e . L. .
Gan Error 10.1 . Adjustabiv 10 reros
OMsel [rror . Adjustabin to rero ' v, . %ot PN 0o
Unpotar K oL +005 — WOIFSA . v oy
Bipolar - R . 01 . ol FSR Lot
Linearity Error, muate) *0048 | 20012 | ¢0.048 20012 | +0.048 | 20012 %ol FSR W -
.| Inhoran Quantization Error ' ’ 172 LSBT ne i
Diftnrantial Linearity Error . te R 12 . .. CE - B
No Muaing Codes «2510485 | 010470 | Oto+70 010470 | Oto+70 | Oto+70
Power Lupply Sensitivity
<15vDC . +0004 .
| __+svDC ’_* +0001 o 0f FSAMW
DRIFT g "
Spacihication Temparsture Range <26 10 ¢85 Ot0+70 Ot + 10 “C
Ciain, mgs “wy "y 240 225 130 . ppmaC e LR
Oftsal . . . v X
Urnipolar - 2 2 3 -*3 3 ] f ppm ot FSR#Y
. Bipolar N =10 27 *20 =12 218 <15 : ppm of FSA/G,
. ‘! Linearty, max 23 *2 *3 “3 *3 ] T ppmolFSRNMC T i
.{ Monotonieity Guaranteed N
-] CONVERSION SPEED .max 1881 6 1 w0 T % T I B 1w
ouTPUT R : . !
DIGITAL DATA ] e ) ’ L
1 All coges complementary ) M -t N
. | Paraliet S ;
Output Codest? [N
. Unipolar . . e L - [o1-1: B v Lo,
Bipotar . cou.CTC. .on . . : R
Output Orive . 2 H ) TTL Losds &
Setig) Dala Codes :NRZ. *  CSB.COB - . ‘. \ :
Outpul Drive . . 2., . TTL Loeds . -
Status . o , Lo "1" dunng conversion . . . b
Stalus Quiput Drive s Fl f TTL Loads
18tarnat Cligk . . T,
Cluck Quiput Drive vt . : 2 ' TTL Losds
|, Frequancyts) 19 { 135 -4 19 1 .3135 .19 ] 135 -
HINYERNAT REF. VOLTAGE Ao 83
Mas Exlerns! Cutrent Withno - v ee meaea . PR .. N -
! ot § t ! 4 200
N T’.!“‘.’f?_'}.'.?"" man $5 - | ¢6 .y 210 1 10 {20 | °20
POWER RLQUINEMENTS .. .
Halad Voltayus L . e €15, '5 e - -
. "] Range tor Rsted Accuracy 47510525000 114810 4156 '
11 Supply Drain +15v0C LA AR R 1Y f o . < +45 * -
- . . «18VDC .t ‘a5 i . . l B TR
* HAVOC ' +120 +70
“TEMPEAATUHE RANGE
Speciticalion . 25104857 ‘010 170 L Oto+70 .-
Operating rderaled specs. * *+55 10 +85 - 110°C case Temp., .
| Storage =351 4128 S SUNAY.Y BT RER- S
PACRAGE .non Mochanical . v - o
. Spuctiications. ‘ Metal - Hermetics ' -Ceramic
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wQTES:

- lnout,
1 DTL/TTL compatible: Le., Logte 0™« 0.8V max, Logic 21" » 2,07, min for
mgots. For thyial outputs, LOgic "0~ » +0.4V max, Logic “1* = 2.4V, min,
1 oA means | ull Scate Range ~ for oumplo unll connectedt lor 10V
s g has 20V FSA, g

ONNECTION DIAGRAM

"1 Thasetthing time addsto conversion spead when butferis connecteatn &

4, Error shown is the same s 21/2LS8 max hincanty error in % of FSA.
5, Convarsion tima may be shorened with “shon cycie” set for lower

resolution. See Table 1!,

Q. interns! Clock s externatly adjustable.

7. 560v Tubtie I, CSB - Complementary Straight Binary. COB -
Complemantary Otisel Binary, C1¢ - Complementary Two's
Complement

Nlode R . o8 (TOP VIEW| A . .
. i % ’
hICRL thy g, a2 u.ga for (1 32)  BenalOut
e T ;o .
v . ': f "' i Bt " 2 - 31) .. -18VDC Supply .
' au10:ss for ' (3 - %0):  Butter In ,
10 bits} » . v
B9 4 29)  Bufter Out -
Bue (5} 28)  «15VDC Supply .
. » > alameme - . " ’
ant (&) E 27)  Gmin Adust . .
r (1 L 20)  Analog Common H
AN TRINNUN R LI © E _ 0 ;
. Birs - (8 o2 sanl 25 Rz 20vRenge -, i
. v bl 4
a4 (o [VJ e é 5u1\§;34 A1 1QV Range . }
. N <
0 B3 | (o o ) Bipolar Oftset :
. o.u\u " -
¢ ez (1n J— Y} Comparator In H
t ‘-
N B8i11 Mbe- 12 = © 12817 J_-_q 2) Conyert Commandt !
S, s (o SAR. 20)  Status ' \
ww * ShonCycle (14 — E . l ot
on ¥e . - [comnnnon 18) . Clock Out . .
Dig.Common® (15}, 18)  Rel.Outi+6.3Y) - "t
+5VDC Supply 16 CLOCK !NEFU‘:NC‘ )J 17)  Clock Rate Controt .
'mg»m [& s internal 16a 10 case. IADCES and ADCESC onlyl i
i tifanexterng! clock 18 uuﬂ connect the clock 10 Pin-21 (canv. command:, '
e 1See Figure 2 and External Clock paragraph). . ¢

L.TYPICAL PERFORMANCE CURVES

‘. !
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RS I 0.20 e tINEAITY LHAOR VS CONVERSION SPEED DIFFERENTIAL LINEARITY VS CONVECHSION SPEED
} ; f—l---- == nd ol el s . - ¥ 3 -1=F ==
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"L el . O " g
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g . 510150 10-B1 5 0150 10-Bt
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w ] w
’ . 025 - 2 0125
N : 1WA 3
- S ow I \ v § 0.10
. 'S b=
£ 172L.58 12-Bit 2
T 0.075}= - - 2 0.075}-1/2L8B — 12-Bit
1. . E \ For10Bits Operation T For10Bits B Opur;hon
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P ,--—-q»-q—'._i_...-.. e TR == E 4 _l_T._..1
.1 i 002 V2LS8 For , 1/2LSB \
i SRR 1200 I 0.025 Fori2eits 3]
; . _r_.]_ .._—I_‘\j— }...1___‘_.]. — -
" Y . . 1 2345_6—,709'vo T2 3 4 5 6 7T v 9 10
NIRRT } Canversiop Time 148ec. Conversion Timg usec)
R
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.
iy GAIN DRIFT ERROR (% FSR) VS TEMP
1 r T

ce ADC85-12
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I
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T
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Yemperaturs (°C»

POWER SUPPLY REJECTION VS
POWER SUPPLY RIPPLE FREQUENCY
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. bipolar input singal ranges.

DEFINITION OF DIGITAL CODES - v .

PARALLEL DATA

Three hinary codes are available on the ADCH4 and
ADCSS paraltel output: they are complementary (logic
*0" is truc) sraight binary (CSI) tor unipolar input
signal ranges and complementary twos complement
(CTC) and complementary offset bm.:ry (COB) for’-
I ey
Tabic | describes the LSB, transition values and code
definitions for cach possible analog input signal range for
8-, 10-, and 12-bit resolutions. ..

TABLE L. Input Voltages, Transition Valucs, 1.SB Values

.= .appears.with the most significant bit (MSB) occurniny e'_:,

70

SERIAL DATA

"Two slr.lq,hl bmury(complumenlur))codu are uvalhbk
.on the serial output linc; they are CSB and COB, The
serigl data is available oaly during conversipp and

first. The serial data is synchronous with the internal;
clock as shown ln thc timing du;,r.nm of Figure 2. “l!

lhe serial data output LXCLpl for the CTC code.

'

.and’Codc Definitions.

2] IN: ;
o'"'""a N , INPUT VOLTAGE RANGE AND LSU VALUES -
utput X
Anaiog Input - : Y .
Voltage Rangos . Delined As: 210V 28V . 128V Olo+10v Qto+sY
Cudo . cou* coun* ’ con’
Dusmnaton . or CTC*** or CTC*** or CTC"** CcS8** £se
One Loast FSA 20v Gowv | sy v sV
Signiticant 2" e 2" A 5 2" 2" FL
8t/ L50. n=g 78.13mY J3.06mv 1W.5Imv 30.06mY WMV
. . ’
n=10 19 83Imv “.IImV!’ 4.88my 9.77mv 4.08mvV
ne 12 ,4.88mvV ... 2.44mv o1 2mv 2 4amv 1.22mV
Transition Values . ) ’ ‘ :
MSB LS8 - . "y . * ‘
000 ... 00Q°**** +Full Scalo +10V -3/2LS8 +8V 32188 +2.5-3/2L.5B +10V -372L.58 45V -3/2LS0
[ARNR R MiL Scale 0 [} . a 45V 420V
111 110 ~Full Scate A0V 1720510 -5V ¢ 1/2L50 <24V 172450 0+ 172058 0+ 12068,
*CO0  Compicmantary Oftset Binary ***CTC = Comy tary Two's p 1t - obtained ****Voltages given are the ot
*°CSB - Complementary Straight by using the compigmant of the, t-signiticant nominal value for Iranaition

Binary

it 1MSR ., MSB"1s available on pin-13,

10 1ne code spocitied

DISCUSSION OF SPECIFICATIONS ~, : =~~~ " =

The ADCB4 and ADCRS are specificd to provide critical
performance criteria for a wide variety of applications.
The most eritical specilications forun Aj D converter ure
lincarity. drift, gain and offsct errors and conversion
speed effects on accuracy. These ADCY are factory-
trimmed and tested for all enitical key specifidations.
GAIN AND OFFSET ERROR

Initial Gain and Offsct crrors are factory-trimmed to
*#0.1%. of FSR (20.05% for unipolar offset) wt 25°C.
These crrors may be™trimmed to 2¢ro by connceting
external teim potentiometers s shown on next page.

ACCURACY DRIFT VS TEMPERATURE
Three manjor drift parameters degrade A7D vonverier
accuracy - over tempernture; they are gain, offset and

. lincarty drift, The wonstecuse accuracy drift iy the

summation of ull three drift errors over temperature,
Statistivally, these errars do not add algebraically, but!
are random variables which behuve as ronl-sum-uquund
(RSS) or lo crrors as follows:

RSS =/ ey +eo + e
where eg = gann drift error (ppm/“C)
¢o = offsct drift error (ppm of FSR/7C) .

l
V!

e¢ = lincarity crror (ppm of FSR/"L) et

For the ADCBS-12 operating in lhc umpolnr mode ik
total RSS drift is £15.42ppm “Cind fnr hipolar up\u- ’
llon the mlul K\\ drm i 210 7ppm,"C. - :

]
'ACCURACY VS SPEED Pl
In successive .npprnxim.nmn'A D converters, the et
vcmon speed affects linearify and differential lincas:
frrors. Conversion speed and its effect an linearity 44
dilferentiul linearity errors for the ADCE4 und AD('»‘
arc shown in Typical Perfarmance Curves.

The coaversion speeds are specified for a, M. N Lo
Imc.mlycrrorofil/2l.SBwuh(hcmtcrnahlmk Fave- T
conversion speeds are possible (sec Clock Rate Cone i |
Alternute Conncctions).

*  POWER.SUPPLY SENSITIVITY - " Rl
Changes in the DC power supplics will affect necutye,
The-ADCB4 and the ADCES power supply semitn s 3 0
specilied for 0, 00\‘}‘.nf FSR/8aVs for £1SVDCsbpenr. 3 &
" and X0.0013% ‘of FSR/ Vs for A5VDC supriw
Normally. rq,ul.m.d power supplics with 19 or lesar. 2o
are rlcommcndcd for use with these ADC. See l o

I
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.2 LAYOUT PRECAUTIONS .

-z, -Analogand digital commons are not connected mtcrnally
AN 1 the ADC84 and ADCHS, but should be connected
',;.',,c!her as close to'the unit as possible, preferably to a
« arge ground plang under the ADC. I these grounds must
bz run separately, use wide conductor p.mcrn and a
9015 F.10 0.1uF nonpolerized bypass capacitor between
un.;lop and digita! commons at the unit. Low impedinee
mulug und digital conmon retstns are'ewsentiad for low
‘.n-mc pcrlumumcc Coupling betweeny unalog inputs and,
“digitat lings should be minimized by cureful l,lyoul.

T -~ .

[*POWER SUPPLY DECOUPLING > ir- .

. ( he powcr supplies should be bypassed with fantalum or
. ;tlcc;rolyuc Aype_tupacitors us shown in Figure 3 1q
. Jehtain noise free operation. These capacitors should be
‘. fucated close to the ADC. IpFekcunlyuc type cupaclmrs
! should be bypussed with 0.01uF ceramic L.m.u,nors for
mprovcd high Irequcncy performance. - sty et

JL
L

: . LAYOUT AND OPERATING INSTRUCTIONS

INPUT SCALING

The analog input should be scaled as close to the
maximum input signal tange as possible in order to
utilize_the maximum signal resolution of the A. DD
cunvcrler Cunnv:ulhcnnpulsxumlas shownin’ I.nblc 1.
St.c Figure 4 for cireuit details,

- [__L"f,',f,' " o
R -
s @ o> @
¢ "oy iegeey b
coNP. /- .
W & L
BiPOLAR FROM ’_l
" OFFSET O/A
Vagr COKVERTER

COMPARATOR
= 10 LOEIC

G Urta, Input Scaling Circutt - ADCE and ADCSS, -

TARLE Il ADCM and ADCBS Input Scaling Connections. &

,... .s\l.l ot

Gmn M\d Offset errors may be trimmed (0 zero usjng
’ extcrnul guin and offset lnm pulcnuumturs Lunm.cu.d to
Jthe ADC ay shown in Figuies § and 6. Multiturn
" patentiomgters with lOOppm/“C or better TCR's are
ucommcndcd for minimum drift over temperature and
time. These pots may be any value from 10k1) to 100k().
« All resistors should be 204 carbon or better. Pin 27 (Gain
o e —————

“Adjust) and Pin 22 {Offset Adjust) miy be left openif no if no
c(lullﬂLﬂi{U\lmcLl\ rcqumd

ADJUSTMENT PROCEDURE

Offset - Cunncct the Offset potentiometer as shown in
Figure 5, Sweep the input through the end point transition

\ : ) \'ollul.c that should cause an output lr.msmor; 1o all bits
" 0“-([0! ] )

“ Adjust the Offset potentiometer until the ..clual end point
transition voltage occurs at ESL'. The idea! transition
yolm;,e vulucs of the input are given in T.:blc]

_".‘-i,

H

) Galrr- Conmct the Gainadjust polemlomclcr as shown
in Figure 6. Sweep the input through the end poml
transition voltige that should cause an output transition

* yoltage 1o all-bits un (EY7). Adjust the Gain potentios

LA meu(:,rNumll the actual end point transition voltage occurs
it l‘m.

Table 1 details the transition voltuge levels required.

. e For For
o Bultered | Direc! Input
s 10pUt® | (300 note)
S P Connect
tnput |Connect | Connect | Connect input
Signal Output Pin23 | Pinas Pin 20 Uignal
Hange Code To bin To Ta Pin Tou Pin
. Input
210V {COBorCTC] 22 Signul** 25 25
IV [COBor CTC| 22 “Opun 24 24
X COBorCIC| 22 Pin 22 24 24
010 +5V cs8 26 Pin 22 24 24
0to +10V csB 2 Open 4 24

*Connact 10 Pin 29 97 1nput signul us §hOown In neal two columns

. *"The input signal is connecied o Pin 30 it the buttur siphfier 1s useo.
NOTE: It the buMter amplifier is nol used, the input Pin 30 must by grounaed

tPin 26).

OPTIONAL EXTERNAL GAIN AND OFFSET ADJUSTMENTS

R

w S15VDC - o o15V0¢
t L 1Y 10x1)
1340 10 I180k) 180K} o
@—w—=3 1o @—MA—TWW—o 100k
oFFaEt OHFSET
cour.ix l ADJUST | COMP.IN jt_m“ ADJUST
e L. . =T asvee

FIGURE 5. Two Methods of Connecting Optional

Offset Adjust with a

'0.4% of FSR Range

of Adjustment,

U] L)

~15VDC +15V0C
GAM I 10 1K)
ADJUST oM S M A%kn 20

21 )=S0k 21 T 100k0)
GAIN ha GAIN
TN Nuusr | oo s

AIA. -16vDe @I = ns:nc
COM.. .

FIGURE 6. Two Methods of Comweting Optional
N Gain Adjust with p 0.0

of Adjustment,

Ruange
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CLOCK RATE CONTROL
ALTERNATE CONNECTIONS

If adjustment of the Clock Rate is desired for faster
conversion speeds, the Clock Rate Control may be
connected (o an external multiturn trim potentiometer
with TCR ol L 100ppm/"C or less ua shown in Pigwies
7A and 78. Il the poicntiometer is connected to-1SVDC,
conversion time cun be increased asshown in Figure 8, If
these adjustments urc used, delete the connections shown
jin Table 1] for pin 17, Sce Typical Performance Curves
for nonlinearity error vs. clock {requency, and Figure 8
for the effect of the control voltage on clock speed. .
Operation with Clock Rate Control voltage of less than
=1VDC is not recommended.

ADDITIONAL CONNECTIONS REQUIRED ' ;.

The ADCB4 and ADCS85'may be operated at fuster
speeds for resolutions less than 12 bits by connecting the
Short Cycle input, pin 14, as shown in Table 111, Conver- .
sion spceds, lincarity and resolution are shown for refer-

chee, bpovifi ulluul for j0-bit unis assumo cunncclivn
uas shown below. .- S

TABLE L Shorx Cycle Cunm.cnom and .Spccnﬁs.mons ‘.
{or 8- to 1 2-Bit Resolution,

RESOLUTIDN (Blll) 12 10 a

Connact Pin 17 10 (% Pin 1% Pin 16 Pin 28
Connect Pin 14 10 Pin 16 Pin 2 Pind

Maximum Conversion .
Spoed (usoci?) . .10 . 6 4

- +5VDC -

CLnck . ciocx

RATE @- - 2 2} . FREQUENCY

CONTROL L ABJUST .
(12-BIiT RESOLUTION)
RANGE OF ADJUSTMENT 13

a 10,80¢ L 6.8,.30¢

Manimum Nonlinoanty -

at 25°C. \ of FSR¢ 0.0124% 0.048t0 02014
NOTES' . o e
1, Connacl only i1-clock rate contral is not usord.

2 Max co speeds 1o *1/2L.8B error.

3. 12-plt moocels onty. .
4. 10~ or 12-bit models. - ot o T i

CONVERTER INITIALIZATION I

FIGURE 7A. lAZ‘-‘Hil Clock Rate Control Optional Fine

just.
oSVBC ‘
CLOCK cLocK
RAY( - ) 5kn FREQUENCY
CONTROL ADJUST

8- DR 10-01T RESOLUTION)
RANGF OF ABJUSTMENT 1§
6.0,u0¢ Yo 4.0,40c tar 10-bit and

3.55.30c FOR B-BIT RESOLUTIONS,

l

1 R S N S O T

40 H 4 8 [ | 1 12 W
CONTHOL VOLTADL ON PN 17
FIGURE 8. Conversion Time vs Clock Speed Conlrol
Voltage, ; |
EXTER NAL CLOCK T

~ tf an external clock is used, connect the external clock 0.
convert command, pin 21. The convert command uhown
“in Figure 2 is not used. After ‘each conversion is
.completed, u new conversion cycle will automatically
.Mart of the first falling cdge of .the external’ clock
following the completion of conversion. The clock-out
signal will remainas shown in Figure 2cevenifanexiernal
_clock is uscd. The eaternal clock pulse must be a negative
going puisc with a width between 100nsec and 200nsec us
shown in Figure 2.

e RN BN RRNRR AR L WP T mgq‘\ I, ~1 Pt

.OUTPUT DRIVE o

FIGURE 7B. 8-Bit Clock Rate Control Optional Fine "

Adjust.
0
[ R
% 1o e AT OPLARTGR
4 R L?-lﬂ 0Pt .“m'ﬂ\
£ .\‘*::.:f&‘sbﬁ““‘ ST, |
: [ cmmou%““l

On powcr-up, the stute of the ADC internal circuitry IJ
indcterminate. One conversion cycle is required to initial: .
ize the converter after power is applicd, BE

Normally all ADCB84 and ADCBS logic outputs will dnv; ‘
2standard TTL-loads: however, if long digital lines must
he driven, external logic buffers are recommended.
HEAT DISSIPATION

The ADC84 and ADCSS dissipate approximately 1.2W |
and the packages have a casc-to-ambicnt thermal resiv
tance (Bey should be lowcered by u heat-sink or by forced
air‘over the surface of the package). See Figure 9 for Gy’ ™
reguirement above 70"C. If the converter is mounted ona’
PC card. xmprovcd thermal contact ‘with the Coppﬂ B
graund’ plunc 'Under the case can be achieved ‘vsing J
silicone heat-sin¥’ compound. On 4 0. 062-inch thick I’L

card with 16 squarc-inch minimum area, lhls u:chmqur
will allow operation to 85°C,

‘\:, . FIT U a— "
et + +
00 10 L] W o ,mo

Gl AMBIENT TEMPLTURE )

FIGURE 9. 0“ chuxrcmcnl Above 70 Co obinye
PR TR I R TEN R PR N

ey . o i C v

41:

:\gvh*n r(ﬁ"’#" A
LG m.h‘

YRV SR
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"‘HIGH RELIABILITY A/D CONVERTERS

uch of the ADCBS models are available screened to the
“requirepents of the ByrreBiown Q-Progium, which
-omaisty of o sequence of thermal and mechanical stress

procedures, plus a verifivation of package ht meticity,

CThe diagram below illustrates the sreening sequence

-which is applied to J00% of the Q-Screcned A/
el I

gt A converters. ' )
High Temp. Tomperst Herm y { ¢ Y
Slorage Cycling Gross Leak * Fine Leak Bum-in Centrifuge '
(MIL-5T0-u83) | (MIL-STO-483) | (MIL-5TD-683) {MIL-6Y0-283) (MIL-8TD-883) | (MIL-8YD-583) 1
! Methiod 1008 Method 1010 Muthod 1014 Mulnoo 1014 , Muthuo 1018 Methou 2001
Conamion & Conaion c c A Condiion D 2,000 G '
i +125¢C «55 10 +259C Step 1 Hulum 168 Hours Yy Axis
: 24 Hpus 10Cyeled | Fluorocarbon | $x107ce/pec | 170°C (ADCBSG)] ., .
+85°C (ADCUYS,
B . . N -
30 Tt . : I " S a4
. LR S t PN ~ 3 * T o
MECHANICAL
[~ ABCea N - ADC85, ADC85C
’ n '.......O.l...lﬁ -
a3 ‘o b 34 u
v s
Nt J [ W i . . .
vesdseedoatlsdes ' ¢ C '
i - ] H i fs
o F g B l — . Cc T N Gwomton oin | NOTE:
N A "—‘J Londe 1y hius possition
i S o :..-._... willin O UV (U LHdmm,
£ A at MMC ot susting plane.
. L 0 e
P - 1 ) B ] — M
L B ) [
oL TITITTT f_i]
'?‘ o L« °~\L— La Pin1 tdonufied on
» . dottom by conirasting
-] NaTE: ° a ' for of yt
.Leads in true position ! ' :‘:\:'l: s:::::ro '
SIS “within 0.010° 10.255mm * *oesncccccsrrnet
L g A MMO at seabing plape —— —y
i ‘: . TWines M1 LIME TEHS P nutlsers shuwn ot telerence vnty.
'y X > N ot hud WLk
, Y ‘ .‘? pelt ICCTC) AN (o MA. PINY Puv matetial and plating PINS Pin mateniat ang plating Ul may 1ol be matked o pic fve
R N .\_ A tog | vigu | aste | asie COMPUSItILA CONY 10 hod POMNON ¢ 10 HICHES MILLImt 1T 1,
Sy Peetlze Loaee Lot Daees Joyyy, yr of MIL- 2003 10futatility | of MiL- el HCICIR ICT N NI ICRD
= A2 200 PR R STD-633 (excep! paragraph 3.2 ST0-883 1except patugruph 3.2y pAaqd 3y | e | o R BLELN
2 nil) Vi 224 207 SE C . -ge. [ .420 1. 4wl av e
" e T " 4 CASE Curamic CASE: Kuvar, Nickul platvd - e i o PES
- ~ MATING CONNECTOR: 2302MC | MATING CONNECTOH: 2002MC - - -
3 A0 sABIC 364 DapiC ') Lie o) b.84 %
Py s | 15 3w | aae | S0t of wo 18-pin atrips Sol of two 10-pin atrips o 00 SABIC 284 Betic
e se | w90 | Sa1 | aoe | WEIGHT: 13 grams (0.46 a2.) . | WEIGHT: 13 grams 10.46 az.3 poy 00 | e | aes | Ses
: 00 8-81C 33.04 damiC . : ® 00 | oo " aev | ey
wdao | o0l cos | o H . 00 B n8iC I Y
] e | e oo 330 » 360 ICE YR ET

A D Comener banuly

“ORDERING INFORMATION L

XX XX .

- Groge ‘Kesulutapn,

ADCES Blank (-25°C, + 83 CXADCES Wiily) 10+ 10 hits
ALCH 06, T0CRADCYS unly) 1212 by
AG WG, £ Cn ALY unly)
¢ \
k] i
- b .o . - "wop. .
e % AT v Lt
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NITTW LF 398

National ' = - Sampleand Hold
Semiconductor
LF198/LF298/LF398, LF198A/LF398A .
Monolithic Sample and'Hold Circults '
General Description Features

The LF198/LF298/LF398 are monolithic sample and 8 Operates from 26V to 218V supplies
hold circuits which utitize BI-FET technology to obtaln a ime.- . - .n
ul;ra-high dc accurscy with fast scquisition of signal and Less than 10us ecquisition time.-
low droop rate, Operating as a unity gsin follower, d¢ ® TTL, PMOS, CMOS compatible logic i"P“t
9ain accuracy Is 0.002% typical and acquisition time is s 05 mv typlcal hold step at Ch = 0.01uF |,
as low as 6us to 0.01%. A bipolar input stage Is used to ) - t
achievé low offset voltage and wide bandwidth. Input ® Low input offset.. -
offset adjust Is sccomplished with a single pin and does ® 0.002% gain aacumv
n'cln 'deg:‘udeL;r:g\;t c:fft::tldr'ifi1 Edﬂ'\e I;vldeh ba{nd:/l::: ® Low output noiu in hold mode
allows the to nclu nside the fee .
loop of 1 MHz op amps without having stability ® Input clpfactcrinlcs do not change durlng hold mode
problems. ‘Input impedsnce of 101002 atlows high » High supply rejsction ratio in sample or hold
source lmpedlncet to be ‘uted without !  degrading - WIdo bandwld!h ‘ H .
sccuracy. e .
P<channe!l junction FET’s are combined with ‘blpolur 'k:ou?'?ngptu::r(r’:ntm:ll:;::ngga d.n::c:uc':'gn::c::nm;;l #‘:
devices in the output smplifier to give droop rates ss N Y
low 85 5 mV/min with 2 1uF hold capacitor. The JFET's ) t':%sa' m?l CMOS. Df'"em:g:} th';:h;\lld is 1i.‘v' ITh .’ .
have much lower noise than MOS devices used in pre- “ blm opsejat; T'S’; " to supplies. 1t is )
vious designs and do not exhibit high temperature available in 8n B-lea package.
instabilities, The oversll detign guarantres no foed-
through from Input to output in the hold mode sven An “A" version is wnlloblo with tightened electrical
for input sipnals equal to the supply voltages, . specifications,
- 7

Functional Diagram ' orenr

. : , '

1 Y !
I .
. |
- | ,
.|
. 5 .

|
—FOOIHWT
I
|
|
1
1
|
|

Loeit o—'{-—J ,/
| ./ .
LOGIC "I
REFERENCE °‘| -
S G I |
© HOLD
. . . CAPACITOR .
Typical Applications
L .
Typles! Connection ' Acguisition Time
ViN =0 T0 210V
Tee
" 1 11T T
1"

- R 1~

3 | |

g Y x_ I N

]
0 == X
§
nesl
1
1000
1.3 ] X

HOLD CAPACITOR {uF)

V86e41/ve6L41 ‘86641/86241/861d1
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Aupply Voltsge

‘Absolute Maximum Ratings

1]

LF198/LF298/LF398, LF198A/LF398A

118v input Voltage Bqusl to Bupply Vo'
Power Dissipation (Package Limitstion) {Note 1) 800 mW Logic To Logic Referonce Differentisl Voltage 07V.-JJ_
Opsrating Ambient Temparature Range - {Now 2) . . J -
LF198/LF188A ~55°C to +175_C, Output Short Circuit Duration Indet
Lroon’ ~26"C 10 4856°C Hotd Capacitor 8hort Circuit Duration 104
LF308/LF308A 0°Cto+70°C Lestd Tempersture (Soldering, 10 seconds) 3071
Storsge Tamparsturs Range —85°C 10 +150°C ! : \ad
. “y . n
‘Electrical Characteristics - (vote 3) ¢
. LF108/LF208 LIS . f
PARAMETER ) CONDITIONS MIN TYe: | max MIN TYe MAX v
Input Offsat Voltags, (Note 8) Tj=28°C . v 3 2 7 3 It
Full Temperature ’mnw , [ ] R 10 L
tnput Biss Current, (Note 6) Tj=28c’ 5 25 10 0. - o
’ s Full Temperstiire Range 7 , 100 LY 2
Input Impedance =28 ' 1010 1010 ) n
Gain Error Tj~ 25°C, R = 10k 0002 | 0.006 0.004 0.0 1
Ful! Tempernturs ngl_ 0.02 0.02 )
Fosdthrough Attenusilon Ratlo T)= 28°C, Cp » 0.0147 ! 1] 20 .1 w0 L] L]
ik ! e . . - ,
Outpa Impadance T} = 26°C, “"HOLD" mods “ | os 2 o8 . 0
Full Tempersture R!np ) g 1 a N e o
“HOLD" Step, {Note 4) Tj=25°C, Cy = 0.014F, VouT = 0 o5 20 \ 10 '] 28 v
Supply Current, (Note 6} T225°C 45 85 . : Th (X3 ™
Logic and Logic Referenes Input | Tj=25°C 2 0 2z | 1w » i
Current o R N :
Lesksge Current into Hold Tj = 26°C, (Note 81 2 100 3 200 »
Capacitor (Note 8} Hold Mode ,
Acquisition Time to 0.1% AVoyrT = 10V, Cp = 1000 pF - 4 4 L
) " Cn=0.01uF ) 20 - ,11
Hold Capscitor Charging Current VIN ~VouT =2V . 6 5 mA f
Supply Voltage Rejection Retio Vour =0 10 80 110 e’
Diffarentis! Logic Threshold T~ 28°C o8 | 14 24 08 | 14 24 \
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Electrigal Characteristics (continued) (Note 3)

. .

e = e e e e ¢ et e e

LF198A LF398A ;
RAMET )
PARAMETER CONDITIONS . MIN VP MAX rTY TYP MAX UNITS
Input Offset Voltage, {Note 6) Tj=25°C 1 . 1 1 ’ 2 2 mv
Full Temperawure Range ' 2 . N 3 mV
Input Biss Current, {Note 6) Tj=25°C 5 25 0 25 nA
! R Full Temperature Range : 75 . 50 nA
tnput tmpedance ’ Tj=25°C b 1010 C 1010 a
Gain Frror Tj=25"C, AL - 10k '0.002 0.005 i1 ooos | 0pog %
Full Temperature Renge 0.01 0.01 %
Feedthrough Attenustion Ratio | Tj=25°C,Cp = 0.010F -~ 86 28 : 85 %0 ]
" 1kHr - '
Output impedence Ty~ 25°C, “"HOLD" mude 08 1 08 t n
Fuli Tempersture Rangs 4 8 . n
“HOLD" Step, {Note 4} ’ Tp= 28°C, Cp = 0.014F, Vo150 . 0B 1 X M ERE ] | mV
Supply Current, (Note 6) Tj225°C . . - . 45 55 . 45 85 mA
B PR A .
Logic and Logic Meference Input Ty= 25"(2 ' 2 10 - 2 10 HA
Current ’ . Lo, . cr
Leskoge Currentimo Mold | Tj=25°C, (Note ) .-, ) 100 £ 100 A
Capacitor (Note 8) FRL Hold Mode . i, .
Acquisition Time to 0.1% AVQyT * 10V, Cp, = 1000 pF K ' 4 0 4 ] 2]
" Ch=0.01uF ¢ . 20 25 20 25 [
/ ! ‘ . . .
Hold Capacitor Charging Current VIN~-NouT=2v .’ L 5 5 - mA
Supply Voltage Rejection Ratio Vout -0 90 110 80 110 . daB
Differentis! Logit Threshold Tj= 25°C B 0.8 14 24 08 14 24 v

Note 1: The meximum junction tempersture of the LF188/LF198A is 150°C, for the LF288, 116°C, and for the LF398/LF398A, 100°C. When
operating at elevated ambient temperature, the power dissipstion must be derated based on s thermai resistance (94) of 150°C/W.

Nots-2: Although the differential voltage may not exceed the limits given, the common-miode voitage on the logic pins may be equal to the
supply voltages without causing damage to the circuit. For proper logic operation, however, one of the logic pins must siways be st least 2V below
the positive supply end 3V sbove the negative supply. , . .

Note 3; Unless otherwise specified, the following conditions spply. Unit is in “semple” mode, Vg = 15V, Tj = 25°C, —115V < Vi < +11.5V,
Ch = 0.01uF ond R = 10 k02, Logic reference voltage = OV and logic voltage = 2.5V. , .

Note 4: Hold step is sensitive to stray capacitive coupling between input logic signals and the hotd capacitor, 1 pF, for Instance, will create an
sdditional 0.5 mV step with a 5V logic swing end a 0.01uF hold cepacitor. Magnituda of the hold step is inversely proportional to hold cepaci-
tor velue, i .

Note B: Leakage current is mesured ot » junction tempersture of 26°C. The affects of junction temperature rise due to power dissipation or
vlevated ambient can be caleulated by doubling the 25°C vatue for ssch 11°C incresss in chip temperature. Leakege it guaranteed over full input
signat range. ’ L

Nots 8: These paramieters guaranteed over a supply voltage range of 25 to 118V,

Typical Performance Characteristics - h :

Apsrturs Time® Capacitor Hysterssh Dynamic Bampling Error
808 e spomep ey oy C] : 100
v evee v
an} SVour 1 mv
.1
aso) AVim - 1V H
. s "~ s
g W NECATIVE S x s
= el wrursres | 1 g 8 =
fom 2 2 &
150 o POSITIVE | = = -
INPUT STEP
100 )l L
L~
1]
L . I
5 -2 I T) S 188 128 196
SUNCTION TEMPERATURE (C) SAMPLE TIME (me) : INPUT SLEW RATE (Vimd

“Sen Definition of Terms i -
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Typical Performance Characteristics (continued)
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Application Hints
Hold Cepacitor

Hold step, acquisition time, and droop rste sre the
major trade-offs In the selection of a hold capscitor
value. Size and cost may siso become important for
Iarger values., Use of the curves included with this data
shaot thould be helpfu!l in selecting 8 reasonable value
of capacitance. Keep in mind that for fast repetition
rates or tracking fast signals, the capacitor drive currents
may caute » tignificant temparsture rite in the LF108,

A significent source of error in an accurate sample and
hold circuit is dinlectric absorption in the hold capacitor,
A mylar cap, for instance, may *'sag back” up to 0;2%
aftor a quick changa In voltage, A long “soak’ tima It
required before the circuit can be put back Into the
hold mode with this type of capecitor. Dielectrics with
very low hysteresis are _pwty_r_\el_polyprop_ylene,_-nd
Teflon, Other types such st mica and polycsrbonate
sre not nearly s good. Ceramic is unusable with > 1%
hysteresis. The advantage of polypropylene over poly-
styrene is that it extends the maximum smbient tempars-
ture from 85°C to 100°C. “NPO” or COG” capscitors
are now avallable for 126°C operation and also have low
dielectric absorption. For more exact data, see the
curve (abeled dialactric absorption arror vs sampls time,
The hystarasis numbers on the curva ers final valuag,
taken after full relaxation. The hysteresis error can be
significantly reduced if the output-of the LF198 is
digitized quickly after the hold mode is Initiated, The
hystaredls ralaxation time eomstant In polypropylans,
for instance, is 1060 ms, i A-to-D convarsion csn ba
made within 1 ma, hystaresis error will be reduced by a
factor of ten.

DC and AC Zeroing

DC zeroing It accomplished by tonnecting the offset
sdjust pin to the wipar of a 1 k2 potantiomater which
has one end tied to V* and the other and tied through s
resistor to ground, The resistor thould be selected to
give 0.6 mA through the 1k potentiometer.

AC 2eroing (hold step zeroing) can be obtsined by
adding an inverter with the adjustment pot tied input
{o output. A 10 pF capacitor from the wiper to the
hold capacitor will give 14 mV hold step adjustment
with a-0.01uF hold capacitor and 5V logic¢ supply.
For larger logic swings, a smaller eapacitor (<2 10 pF)
may be used. ’

Logie Rise Time

For propsr operation, logic signals into the LF 198 muat

have &8 minimum dV/dt of 1.0 V/us. Slower signals will *

cause excessive hold step. If a R/C network is used in
front of the logic input for signal delay, calculate the
slope of the waveform at the threshold point to ensure
that it is at least 1.0 V/us.

Ssmpling Dynamic Signals

Sample error due to moving input signals probably
cautnt mora eonfution smong sampla-and-hold users
than any other psrameter. The primary reason for this
is thet many Users make the assumption that the sample
and hold &mplifier is truly locked on to the input signal
while in the ssmple mode. In sctuality, there are finite

phase delays through the circuit creating an input-output
differentisl for fast moving signals, In addition, although
the output may have settied, the hold capacitor has an
additionsl lag due to the 30012 series resistor on the chip.
This means that at the moment the ‘hold”’ command
arrives, the hold capacitor voltage may be somewhat
different than the sctus! snatog input. The effect of
these delays is opposite to the effect created by delays
in. the logic which switches the circuit from sample to
hald, For exampla, considar an analog Input of 20 Vp-p
et 10 kHz, Maximum-dV/dt 1s 0.8 V/us. With no analog
phase delay and 100 ns logic deley, one could expect
up to (0.1u1)(0.6V/us) = 60 mV arror If the “hold”
signal arrivad nasr maximum dV/dt of the input. A
positive-going input would glve a8 +80 mV error, Now
sssume & 1 MHz (3 dB) bandwidth for the overall analog
foop. This generates a phase delay of 160 ns. If the hold
capscitor sees thit exact delay, then error due to snslog
detay will be (0.16us){0.6 V/us) = ~98 mV. Total out-
put error is +80 mV (digital) ~96 mV (anslog) for a
tots! of —36 mV. To add to the confusion, analog delay
is proportional to’'hold cepacitor value while digitsl
delay remains constant. A family of curves (dynamic
sampling error) .is included to help estimate errors.

A curya labeled Aperture Timg has been included for
sampting conditions whare tha input Is steady during

the sampling perlod, but may experience 8 sudden
change nesrly -coincident with the “hold” commend.
This curve Is based on a 1 mV error fed into the output.

A second curve, Hold Settling Time Indicates the time
requited for the output to settle to 1 mV after the
"hold"” command.

Digitel Feedthrough

Fast rise time logic signals can cause hold errors by
freding externslly into the ansiog Input st the same
time the amplifier is put into the hold mode. To mini-
mize this problem, board layout should keep logic lines
as far as possible from the analog input. Grounded
guardngraces may_also_be used agdnd_m,e__npm
hne especially if it _is _driven from a high impedance
sourco. Reducing high amplitude Togic signals to 2.5V
will also help.

Guerding T-uhqlquc
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BUARD TOP AND
8011000 37 B0ARY
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LF198/LF298/LF398, LF198A/LF398A

. . . . . .
Logic Input Configurations TTL & CMOS oo ‘.
3V <V (HiState) < 7V v
A .
. 1 . T b 2,
- HOLD L R AN “ ' | 1&1\:
e . e : o Coleww oo Sy
Threthold = 1.4V ;. ‘ - . Threshoid « 1.4V ¥ A
Lo . Tt % *Salect for 28Vetpin8 =
. T vV Miswmigisy e
. . v T |'. v ot “
. L L
S .
N 28 . Lo
SAMPLE Lo b Wowm . .. ) .
| | EE - - . I | . T "
. HOLD . .. SAMPLE . < W
Y Thrashold =08 (VH 414V 0 "7 Thrahold = 08 (V') = 1.4V -.JJ.- v
. e . O"‘Amp Drive o . .o
- D . :
"V sawn . :
" HoLD ,
- - .
m “oLD ) " . '
. Thrashold » +4V 1 ) . B -1y L] an .
o - L Threthold = -4V —
Typical Applications (continues)
X1000 Sample & Hotd . .
a Sample end-Oifference Circuit
{Output Follows Input in Hold Mode)
1nesT ~
< .
Smax D

O Your

-
Vout * Vs * 3Vix (HOLD wORt)

.
Vin

*For lowsr gains, the LM 108 must be frequency compenssted ' - -
100

Use » — pF from comp 2 to ground
Av
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Typical Applications (continved)

Ramp Qenerstor with Varisble Reset Level

*fletent lisr ramp rate

R > 10k AT (R2ICH)

Output Holde st Average of
Sampled input

Select (Ry)(Cp) >>
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INTTIU 8279

inte
8279/8279-5

PROG RAMMABLE KEYBOARDIDISPLAY INTERFACE

» Simultaneous Keyboard Display a Single 16-Character Display
Operatlons . . = Right or Left Entry 16-Byte Display

= Scanned Keyboard Mode ’ ‘RAM

= Scanned Sensor Mode

= Strobed Input Entry Mode

m 8-Character Keyboard FIFO

n 2-Key Lockout or N-Key Rollover with

= Mode Programmable from CPU
(] Programmable Scan Timing

w Interrupt Oulput on Key Entry

@ Avallable in EXPRESS
Contaci Debounce —Standard Temperature Range
a Dual 8- or 16-Numerical Display —Extended Temperature Range

The Inte!™ B279 Is a general purpose programmable keyboard and display I/O interface device designed for use with
Intel® microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix. The
keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the hall effect and
ferrite variaty, Key dapressions can be 2-key lockout or N-key rollover, Keyboard entries are debounced and strobed in

an B-character FIFO. If more than 8 characters are entered, overrun status is set. Key entries set the interrupt output
lina to ths CPU,

The display portion provides a scanned display interface for LED, |ncandescenl, and other popular display
technologles. Both numeric and alphanumeric segment ¢Jisplays may be used as well as simptle indicators. The 8279

has 16x8 display RAM which can be organized into dual 16x4. The RAM can be loaded or interrogated by the CPU. Both

right entry, calculator and left entry typewriter display formats are possible. Bath read and write of the display RAM
can be done with auto-increment of the display RAM address,

T Vee . . .,
Rl,s 1 ~  wv,,
- im0 ny, <Z LI%Ys EJ » ey
ax{]1 LYSLIN
DAtA il LLE PLLIINE 3] )
<:I> sus s»:rrr . ktvpata s 3 Pysairr
. Ki . A []e » sty
(1) B 1" = ) 2 [I81,
aa(]s s
wy CNTUSTRje———— | (11134 [} - 2051,
[=21] - ho ([ o nJout e,y
INTERFACE ] ‘ . Wl ‘whouts,
e Stoy i> SCAN M,E 2 »houre,
os,[]n 2 [Jout s,
e————i 4 - o8, (J1e | 2 Poura,
oUT Ags :‘——_> os, ] s 2 jc?r Ay
— Jeeser oe, ] 1 noura,
. pe, (] 17 24 [JouT ay
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1y . . vw(» na,

T

Figure 1, Logle Symbot Flgure 2. Pin Configuration
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HARDWARE DESCRIPTION

The 8279 is packaged in 8 40 pin DIP. The following is
a functional description of each pin,

Table 1. Pin Descriptions

Pin Pin .
Symbol No. Name end Function Symbol No. Name and Function
DB,-D8, 19-12{ Bi-directiona! dats bus: All dsta SHIFT ' 36 | Shift: The shift input status is
and commands between the CPU . stored along with the key position
and the 8279 are transmitied on on key closure in the Scanned Key-
these linas. board modas. It has an active in-
CLX 3 | Clock: Clock tfrom system used to ternal puflup to keep ,“ high until a
generate internal timing. switch closure pulls it low.
RESET 9 1 Reset: Ahigh signa!on thispinre- CNTL/STB 37 .| Control/Strobed Input Mode: For
. sots the 8279, Altar being reset the . keyboard modes this. line is usod
8279 is placed in the following as a control input and stored I!ke
mode: status on a key closure. The line
, 1) 16 8-bit character display /, 13 also the strobe line that enters
T —teft entry. P the data into the FIFO in the
2) Encoded scan keyboard—2 Strobed Input mode.
key lockout. . .
Afong with this the program clock - (Rising Edge).’t has an active in-
prescaler is set to 31, - ternal pullup to keep it high untit
8 switch closure pulls it low.
CSs 22 | Chip Select: A low on this pin en-
sbles the interface functions to OUT A,-OUT Ay 27-24] Outputs: These two ports are the
receiva or transmit. QUT Bo-OUT By |[31.28] outputs for the 16 x 4 display re-
. ]tresh registers. The data from
Ao 21 | Buffer Address: A high on this k these outputs is synchronized to
_| line indicates the signa's in or out the scan lines (SLo-SLy) for multi-
are intarpreted as A command or plexerd digit diapiays. The two 4
atatus. A low Indicates that thay bit ports may be bisnked inde-
are data. pendently. These two ports may
AD. WA 10-11] Input/Output Read and Write: also Be considered as one 8-bit
" | 7hosn aignais anabla the data port.
buffers to either send data to the BD 23 | Blank Display: This output is
externs! bus or receive it from the used to blank the dispiay during
T T Ll ats dight awiiching or by A diaplay
IR0 4 [interrupt Request: in a koy- | blanking command.
board mode, the interrupt line is
high when there is data in the \
FIFO/Sensor RAM. The interrupt
itne goes low with each FIFO/
Sensor RAM read and returns
high if there i still information in
the MAM. In a sansnr mode, the FUNCTIONAL DESCRIPTION
Interrupt line goes high whenever . -
a change in a sensor is detected.
Vss. Vee 20.40{ Ground and power supply pins, Smnce data iInput and display are an integral part of many
SLevSLy 235/ Scan Lines: Scan lines which are microprocessor designs. the system designer needs an
used to scan the key switch or interface that can control these functions without placing
sensor matrix and the display a large load on the CPU. The B279 provides this function
digits. These lines can be either for B-bit microprocessors. .
:;‘i?ded (1 ot 16) or decoded (1 The AB279 has twn gectiont keyhnard and diaptay The
-1 keyhoard soction can interface to requiar typewrniter style
RLe-AL, 38. | Return Line: Return line inputs keyboards or random toggle or thumb switches The
J9. { which are connected to the scan X .
1.2. | lines through the keys or sensor d|sPlay section drives alphanumeric q:splays br a bank of
5.8 | switches, They have active internal indicalor ights Thus lh‘e CPU 1s relieved from scanning
pullups to keep them high untit a the keyboard or refreshing the display
switch closure pulls one low. They The B279 is designed to directly connect to the
also serve as an B-bit input in the microprocessor bus. The CPU can program all operating
S"g_bed Input mode. modes for the 8279. These modes include:
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8279/8279-5

. WAVEFORMS (Continued)

SCAN - N
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. | | | . | l | I |
evegees
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" L] L] | =)
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NOTE: SHOWN I8 ENCODED SCAN LEFT ENTAY
B85 ARL MOT SNOWN BUT THEY ARE SIMPLY 8, DIVIDED BY 2 AND 4

RETURN LIMES ARE SAMPLED ONE AT A TIME AS SHOWN,
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CHAPTER 4
THEORY OF HARDWARE CIRCUIT

4. 1 PRT-MPF-IP Hardware Circuit
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