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Special Project Title Production Silicon from Thai rice hulls
Name Mr.Kridda Chuenguleam
Mr.Nipon Bunyawattanaporn
Special Project Advisor Asst.Prof. Anupong Srongprapa
Department Applied Physics
Academic Year 2001
ABSTRACT

Preliminary research and development on a process for producing solar-grade silicon from Thai rice
hulls has been done. It starts with alternate washes and digests raw material in DI water and acid, follows by
separate burning in nitrogen and in air using a medium temperature electric fumace to produce silica-carbon
mixture and silica respectively. An attempt has also been made for economic burning using focus sunlight.
Then carbothermic reduction is taken place in argon atmosphere at 1500°C using high temperature graphite
heating element furnace. X-rays fluorescent spectroscopic elemental analysis shows that the amount of silicon
in the end product are around 63% by weight. To provide complete reaction at higher temperature, an arc

furnace is also designed and constructed and will be operated in the second phase project.
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Element Ppm.
Al 10
B 1
Ca 1000
Fe 20
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Mg 300
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Na 20
P 50
S 20
Ti 1
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100°C endothermic reaction: pentosan

and formation of

Decomposition of

Volatile constituents and tar

200

300

400

700

800

270°C exothermic reaction:
decomposition of cellulose and
formation of volatile constituents(CQ)
360°C exothermic reaction:
decompaosition of lignin and formation
of volatile constituents(CO,CH,)
700-800°C exothermic reaction:
crystallization of SiO, and fixed C
residue

Black rice husk ash

230-500°C exothermic reaction:
Decomposition of cellulose and

Oxidation of the free carbon

700-800°C exothermic reaction:

crystallization of SiO,

White rice husk ash
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2.2.1. M3 Reduce FamAum3vou
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Si0, +2C—— Si +2C0O

(2.1)
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SiO9 + 2Mg —— Si + 2MgO 22)

2.23. msnanuuniiiFendaled (Magnesium silicide) uazlaau udhmsaaiw (decompose)

Tastau
Gududaensnasudunavdriiuuuniiderlusastou Tua sio, : Mg = 1 : 4 sz lduunilidoy

Fa lyAnwaunis
SiO9 + 4 Mg —— Mg2Si + 2MgO 2.3)
#ms Hydrolysis ttunii@oudaledes 18 lsau

Mg9oSi + 2H90 —— 2MgO + SiH 4 @24

¥ims arane'lanau lu Fluidized bed 93 1anynandanounmoums

SiH 4 ——Si +2H9 @5

2.2.4. MINANTANOUIANTIARE 137 (Silicon tetrachloride) UA reduce FILTINE
371 Chlorination figamgil 1000° iwader de unauididagn pyrolyse 9 1AFanouAns1AAE

156 auauns

SlOQ +C + 2Cl-“'—)SlCZ4 o7 CO2 (2.6)

SiO9 + 2C +2Clp—— SiCly + CO @7

¥n15 Reduce 3anoumasinas lsaaauledansdee 14 aneu

-
HnIo

SiCl4 +2Zn——> Si +2ZnCly @)
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3.1.1 apyaia lveamsiia arc discharge (General description of glow and arc discharge)
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Ui 3-1 msein szwdeda Iflwiaces

nserfaidiumsmetszyme inihsensreufomde Tesinda ndh Fushugma it
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current, A
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3.2 mATinMsAAIIEH Fga N

3’1’5'?;'1{'11&mﬁms1=ﬁﬁmﬁﬁwﬁuﬂmuﬁi U SIMS, Plasma Spectroscopy, X-ray Spectroscopy
inFesilouvedieiiianueminsags udlisnums Selitmieladedordnnd W lnsadimils
X-ray Spectroscopy L) X-ray Fluorescence Spectroscopy mawﬁaq'umu?ﬁuﬂszma llﬂ:lﬂumﬂﬁﬂ

a o < - - A - - o
AnTIA Faomnsadinsed IissgiReafiazsg nie nawnewieudu
3.2.1 1304 X-ray Fluorescence Spectroscopy fifuiu 2 52Uy [24] Ao

3.2.1.1 szunitiallunamienandu (Wavelength dispersion system) arnnsouan 1ddagilis-6
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ilh"l 3-6 llﬂﬂ\lllNNﬂ'IWENﬂIJSﬁﬂBU‘UBQﬂiSﬂB‘LIﬂ'N‘] YBAUNTOI XRFS YUY Wavelength dispersion
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X-Ray Generator Usznouday
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- X-ray power controller
- High voltage transformer
- X-ray tube cooling unit
- Filter
Spectrometer sznovdau
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- Analyzing crystals
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Data systems 132n0UA7Y
- computer
-+ Printer:
- Recorder {
Taolunsdnsssimsdaomadind Ae s l¥dsedond1demn X-ray Generator T&aesdanens
iy l¥iAans  Interaction NuTA 199 lum1s@e813 92ifR X-ray Fluorescence Fuuarn s
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Sefendfinuunanaudiig fuvzgniananduniendsiay Syntillation detector Lazti1dya a4
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3.2.1.2. szuundadlundanu (KeV)(Energy dispersion system) 915 £noVAIY

L 4

1. Wadadadhi si (Li) n3e Ge (Li)

Detector power supply

4
52UV Cooling Fathu luTnsisuivan

i - d o & - ..

UMINANDNFITU(X-ray Source) 01014 X-ray generator N30 radioisotopes

Preamplifier a2 amplifier MY Rvenudeyg o

AN I

, dox o
Multichannel analyzer (MCA) Faimhiidusiusmdye e idanfinames
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Collimator

- . Pulse Pileup
’ Detector Preamplifier =1 processor = Rejector
X-ray Si(Li)
Source
=1 Computer
Detector To ; l
Power Lig. N3 M‘ﬁ;ﬁ";’:}el — Data Output
Supply Dewar \
‘ l— Display

U7 3-7 UEAUHUAMIATEY XRES L1111 Energy Dispersive system

o 4 ) . . ‘e
NN9IAIATOINOVYDITEUY Energy dispersive %ti‘.lumgﬂ 3-8

DIRECT IRRADIATOR SOURCE=~TARGET

SOURCE SECONDARY  TARGET
SHIELD/
SAMPLE o SAMPLE
‘
Be
DETECTOR WO / B
DETECTOR WIHOOW
NN
gt
a b

o w o - )
317 3-8 uzraams dandeaiion143ins1zridrumniln XRFS IWLEnergy Dispersive system
a) Direct irradiation(‘fw)

b) Secondary target irradiation (721)
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3.2.2. nanmsnl¥udauazasadfiond
X-ray tube annsafuidafetiond TaovimsIdnseua IMfwd 1 lunaeassfiondin i 1dves
: J o ya d - -" 0 ] A e y: 3 ool i
daun Inafeuduilisidnaseufatuetanuidy  wazdion lidun Inauazdaue Tualininumia
[ L4 ¥y
find e i@ didnasoudadrvudue Tua suifassfonduasiumiviausadouesnin nasasaaili
» ¥
finawsiiaududrinvestalansiléiue Tua 19u Mo, W, Cr, Cu, Ag 130 Rh ifluduiidnyaizdiagy 3-9
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?Qﬁlﬂﬂ‘fﬁ‘lﬂmﬂ'ﬁ‘lﬂ]ﬁ‘uﬁuﬂﬂﬁ (Radioactive source) Taun2 ldou 11 1diAa X-ray

Fluorescence M1 19 uszun Energy dispersion system

ar

3.2.2.1. m3lennaoaiad
s

-

Tumsmisniidins1zviia X-ray Fluorescence 14A szdpaidiennisfiinesaag Iz
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- wisuvesiadiendfiezinlisigia X-ray Fluorescence 12@A8411ANT absorption

edge YOITWNILINIATIVAO
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3.2.2.3. AmAnes (Detector)
Amanein1Fluanves XRES Mol 3 upy fe
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& 2 & 0 a o aa o w v - o a d -
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2. Scintillation detector Tao1% TI w3e Nal thoiada Tasldudnnsfie weseFnudh
fiuwdin Nal (TD) eznenleTeAuszgandusatiendvilileTofussnousgluannynsedu uazezdim
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¥ ' ¥
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114 way discriminator D2 veulddyg MVIIA VI s udiiedygoudt 1l anticoincidence
circuit Foyget V1 szgndaly i lfansodaldeme v2 winfugagal fifendnnsi pulse high analyzer
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Energy dispersion system
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3.2.3. matiansdinied
3.2.3.1. MIMUNNIAIEH(Qualitative Analysis)
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3.2.32 MIiMYTnadingz¥(Quantitative Analysis)
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PID
Fix Range
Tamperature
1800 CelClus

Loop Control
Temperature By
Voltage Limit

Arc Process

High Current
Transtormer
220V to 30V

AC Current Hall
AMP Sensor

By
Cument And
Electrodes
Seperation

Seperation

Analog Loop Contiol Arc
toDigital Prooess By
Converter Electiodes
Sepaeration

Stepping Motor

Stepping Motor

Computer Driver Stepping

Monitor

Signal RS232C Microcontrollar

|

Motor

W 423 umasszuumsnuguliiAanse1sn (Loop Control Arc Process By Electrodes

Separation) ua:s:uumsmuf]uQmugmﬁ’mﬁ (Loop Control Temperature By Voltage Limit)
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42.2.1 S2UUMINUAUQUNYTINAIT (Loop Control Temperature By Voltage Limit)

o o =1 o ° [
wifhumdnms@eafulumninamdeunns wadegd 4-24

220VAC

Temperature Display

Controller Circuit

e s ]

PID N Firing - #

!
i
et ]

High Current Transformer

31t 424 szvumsRIURNQuMYTilFALT (Loop Control Temperature by Voltage Limit) Tumersn

sruumsaIunuenmMgiiasiazfudunain ndeaiafad8unsnsn. (infrared Thermometer)
ponniiuTramssuaendne 1yl PID (Proportional Integral Derivative) #2 PID ifedargamgiin
#oamsuda fezlinauge SCR (Silicon Control Rectifier) Pmsanafnde diaeliae udluld
nszumady swinlaomanadoanosy sine Wil guélaad Tav PID sz 4 ma Wiy SCR uda

SCR 9zfatayeagUdau Sine dhuguiinniiga (120 mA 1 hifaay)

42.2.2 ‘i:'lJUﬂ'l'Sﬂ'mf,]u'lﬁlﬁﬂn"l‘iﬂ'Ii'ﬂ (Loop Control Arc Process By Electrodes Separation)
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Sleppmng motor driver

Stepping motor

Microcontroler
89¢ch52 & AtoD7109 o e
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Pulse Cable
FC48D2

Operating 5G6100S
instructions ;

Cable FC48D2

DC24V
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Operating
Speed

Maovement

Acceleration S Deceleration
Period | Positioning Period Periad

s
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U 55 pan ldTnmnbnnasimaruesssndanenluussomevewia lulasieuuSgnd

LR dunawestaneilaeen i (Si0y) uay miveu ()

y (A e g A £ . o o -
wdwman Aneinsaas mamlueime  uazmatnamelaufa Nitogen himsTinaiziina lao

maRAuATWIRTIZ(Qualitative Analysis) InUiRTB xray thuorescence: pan aszihifans e 4-1

5I(Element) Kilo-Count per sec % by weight
ARRO3 06 | 0.0530
Si02 1041.0 97.9
P205 0.2 0.0295
SO3 1.4 0.155
Cl1 0.3 0.0156
K20 0.4 0.0135
Ca0O 0.9 0.0338
Cr203 0.4 0.00620
Fe203 8.0 0.0934
CoO 2.0 0.0172
CuQ 1.0 0.00562
Zn0O 0.5 0.00239
W03 22 0.0298
Comption=0.87 Rayleigh=1.24 Sum=98.37%

M1 5-1 ugawmad s Talsnamstizneu uwnaundeminiminmaans Fami( Si02 ))npunay
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50 -Fre: CASPECP.  HIISI1 - Fie; CASPECP  HUBH - Pl CASPECs  BlSI1 - FacCisPecp  HSi -FlercasPecy LS -Fieccaseecp  (Bl1e@h-S---- - [®h7()-Cl--- - - -

Operstions: Import [t Operations: import Qperatons: mport [ ‘Operstions: impart (1 Oparations: impert £ Opoecaiors: import({  [B]20(M-Ca- - - - - (W48 ()-K------
[Alstt - Fie: CASPEC | LAIStt - File: CASPECH - . - Flle: S
Operstions: Importfl __ Operations: fmport it
]t - Fie: CASPECR LI Si1 - File: CASPECD
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Opecations: Impert{(  Operutions: lmport [l Operssioos:importfl  Oparsbons:iport[|  Oporations: kot (SIT4@)-8i- - - - - (B4 ()P --a-+- 79()-Au- - - -

511 5-6 uarmenadi 1dnAT 94 X-ry Fluorescence Spectioscopy HImIMsdna Fam( $i02 )nnunay

HaM 3NN IR 1231 (Qualitative Analysis)lapmsuinanfigesaaionds muldussomn
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Sample: UAAVINTIHBINIA

Measuring Program: st-less-HS-Vac

(10F] KCps %

F 0.1 3.68
Na20 0.2 0.395
MgO 0.2 0.136

Al203 0.2 0.171
Si02 122.0 94.7
S03 03 0.112

Cl 0.5 0.135
K20 0.2 0.0333
Ca0 04 0.0658
TiO2 0.6 0.0744

Fe203 3.7 0.113

CuO 2)5 0.0527
Ru 0.3 0.0551
Rh 0.2 0.0426
Pd 0.4 0.0895

w03 1.3 0.0655

Pt 0.7 0.0202

Au 1.8 0.0210
Compton 0.79
Rayleigh 0.93
Sum 100.00%

15199 5-2 waaawan ldennisiadsnaasdseaeu lunnaviwm luens

HaMIRIRUAINAATIZH(Qualitative  Analysis)lan1sTHaruioufiguugiige (Pyrolysis)
QeI : 400-900 arusaiuar Mol&uFe Nitrogen 1901 : 10-30 w1fi vl Si0, uay € Tudadu 1 : 418

A9M13199 5-3



Sample: HRAUINTIU N,

Measuring Program: st-less-HS-Vac

57

13 KCps %

F 0.1 4.61
Na20 0.2 0.439
Al203 0.2 0.166

Si02 118.8 93.5
S03 b 0.171
Cl 0.9 0.226
K20 0.6 0.0863
CaO 0.6 0.0996
TiO2 0.6 0.0798
Fe203 3.4 0.0984
NiO 0.5 0.0119
CuO 2.3 0.0496
Zn0 0.5 0.00827
Rb20O 2.4 0.0147
SrO 3.9 0.0299
Y203 3.6 0.0330
Ru 0.3 0.0646
Pd 0.4 0.0806
Er203 0.4 0.0487
HfO2 0.5 0.0260
w03 1.1 0.0572
Pt 0.6 0.0163
Au 1.8 0.0233
ThO2 1.3 0.0176
Uuo2 2.7 0.0551
Compton 0.79
Rayleigh 0.91
Sum 100.00%

A15197 5-3 uetaawan 1dennsiadSinaensdsznouuunavienlu N,
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5.4 wamsnaasamsnwlasudanilviiudanou

nan1sR IR MIATIZH(Qualitative Analysis)Tﬂumsﬁwﬁiadwmﬂuw'unw!ai'&‘m“nauv?qﬁ"lﬁ

o as |
s TsanugaaMAsIIns ey iudns1ei 5-4

Sample: Si

Measuring Program: st-less-HS-Vac

[A)F] KCps %
Na20 2.0 2.56
MgO 03 0.143
Al203 0.4 0.250
5102 169.6 93.5
P205 0.4 0.132

S03 0.9 0.262

Cl 3.4 0.586

K20 N 0.260
CaO 1.7 0.187
Ti02 1.5 0.134

Fe203 4.1 0.0760

CoO 0.7 0.0172

NiO 67.4 1.23
CuO 23 0.0347

Ru 0.2 0.0301
Pd 0.4 0.0532
w03 14.5 0.536
Au 12.9 0.0267
Compton 0.91
Rayleigh 1.00
Sum 100.00%

15197 5.4 Leamait ldonmsiadiuumsszneylu Si
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o - ¢ ° P . 2
Nflf’l"ﬁﬂ"Iflﬁuﬂ'lﬂ'Jlﬂ7131’1(Qua|ilative AnalysisﬂﬂUﬂ']iu'lﬂ'l'iﬂ‘lﬁlﬁ'lﬂﬂ'li Pyrolysis ﬂ']Uﬁlﬁ’{llﬂﬂ

Nitrogen tazmsiwunaumoldeinme wiudnnauli1did sio, : c = 1:2 udni i dmnanees

A o g o H’ - 1 -l ot s ﬁ.
uns @ e IdvinI§As ety Agamgiiqend 1200 esmadue 14szuzinar 8 1wl iudanisiei 5-5

Sample: wamstnauneumMsUiuFam

Measuring Program: st-less-HS-Vac

(1N KCps %

F 0.1 3.98
Na20 0.4 0.768
MgO 0.2 0.155

Al203 13 1.14
Si02 111.0 92.3
S03 0.4 0.123

Cl 1.0 0.254
K20 1.5 0.227
CaO 0.9 0.142
Tio2 1.2 0.159

Fe203 6.5 0.271
NiO 0.5 0.0150
CuO 34 0.0769
ZnO 0.7 0.0123

Ru 0.3 0.0673
Pd 0.3 0.0562

Er203 0.5 0.0637
HfO2 0.6 0.0369
wO3 2.4 0.130

Compton 0.79
Rayleigh 0.93
Sum 100.00%

M13A 5-5 naradwad ldonmadatSinamnlszneulumswunaviounisduljum
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a = . . a H 5 ¥ o
HRATIARAINATIZH (Qualitative Analysis) lagmsthasf laenms  Pyrolysis mulanna

Nitrogen tagmanaumeldeins smbfudunali @i sio, : ¢ = 1 : 2 udnhldldmEnaes

ung MaRSmls el e vz miu Heamgigend 1500 essaadve THazoznm 30 wi
iludamaeit 56

Sample: HanwmanHaIn Tl yam

Measuring Program: st-less-HS-Vac

13 Conc.(%)
. - .
Si02 99.712
K20 0.056
Fe203 0.028
wo3 -
Al203 0.16
P205 <<
CaO 0.031
CuO 0.012
H3BO3 F 12.27

TN 5-6 uansnai lnnimaialsnamstszneulumsimmnaundimatinlsum

' i i [11]
T T
CENTIMETRES | 12_

gilit 57 gulmsildeinmsSirdaamaremsiven Tudadau $iop 1€ =11 2 igumgligand
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5.5 samainSnadinsnzilaens 193 5nSvumeunasg i (Comparison-Standard Methods)

wldgas
Coampte! Isamplc = Csro/lsmo (5.1)
NININIAN Cg,,y, MAZ gy, 910
- ¥Pags 1057 4510578 1-PE
ssis
BiKA
25
100+
25+
SisKA4
i 105 o ’ 10 J
N Phllpn PRL) sposrommeter 2Theta (")

L T

U7 5-8 uaAanTMYeINISAUATILHAY XRF Y89 Sample

id
waz I, 1éfail fAe

4 ; . :
§99In7171 5-8 ORI Cg,,, M2 g, 0

¥
°

90 Iniin Sample = 3.3873 AW
viwin Sample+H,BO, = 3.80202 N3}
¥1 Dimension Factor
D= ﬁv1ﬂﬂ‘ﬂ Samp[e/'ljmﬁﬂ Sample+H,BO,
= 3.3873N31/3.820203)

=0.8907
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nngUil oz'ld

[y, . =593.6226 Kcps

Sample

1A 141vims Correction 9214

/D

Sample(Correction) = lSamplc

=593.6226Kcps/0.8907

=666.4675 Kcps

o i o aa < o _aa - = - ¢ &
MMsmiA Cpy uaz L 90 anlnaiuddnewnasgudaiiu mahdaneuuignd indnsed ¥aldwn

Aeg1ii 5-7
. '“H'Fyg_sw 4510578 : 1.PE
¥ o5 E ST 1o !
Yl PR PR et - 2Theta (%)
U7 5-9 uerAansYeIN1T AR ILHAIU XRF 489 Standard
4 - o ' o o
991714 5-9 aunsofmnui Cgy uay Iy, 1Adal Ao
N UM Sample = 1.4120 N5U

¥

1miin Samplet+H,BO, = 6.0008 N3



¥1 Dimension Factor
D = fwnin Sampleatmtn Sample+H,BO,
= 1.4120n31/6.0008nFU
=0.2353
ningilit 0218

I =243.3581 Kcps

Sample

17 18313 Correction 92180

/D

Sample’

I I

Sample(Correction) a

= 243.3587Kcps/0.2353
= 1034.2461 Kcps

(330181 Cq, i Teumnes Compth0E I HAWNAITMIA Cy

Sample? “Sample?
910 CSa.mple/ISmplc= Csro/lsm
CSamplc g lSample o CSTD/ISTD
= 666.4675 * (2.328 g/cc)/1034.2461

wld Co. o = 1.5002 gloc

Sample
Audu 91V Standard = 2.328 g/ec
anududuues Sample = 1.5002 g/ce

whudnnanlesiSudsample 1 =63.797%
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MeasControl
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read() //form ICL7109

{

asm
asm
asm
asm
asm
asm
PO=0xfT;
delay(1);
a=P0;
c=a & 0x20;
c>>=4;
a &= 0x0f;
num =a;

num<<=§;

PO=0xff;
delay(1);

{ num?2=>5;

Loop();
}
iflnum/1000==0)
{ num2=1;
Loop();
}

}else{printf("-CCC%d-Distance, +",num2);}
printf{"%d.%03d ;mm",num/1000,num%1000);

delay(timeread);
}
"CLR P10 'f //ICE/LOAD
"SETB P1.3 o /RUN/HOLD
"IB-E30 5 i
"CLR P13 ' /IRUN/HOLD
" CLR:EV L % /HBEN
y'SETB"R.2 i, //LBEN
asm " SETB PI1.1 " //HBEN
asm "CLRPL2 e //LBEN



b=P0;

num|=b;
asm " SETB P1.0 ue /ICE/LOAD
asm " SETB P1.2 e /ILBEN
}
PulseCW()
{
asm " SETB P2.2 e
delay(1);
asm " GIFR B8 % //plus bollow
delay(1);
}
PulseCCW()
{
asm " SETB P2.3 x
delay(1);
asm "CLR P2.3 y Hplus bollow
delay(1);
H
Loop()
{char I;
switch(c)
{
case(0x00):for(1=0;1<num?2;1++)PulseCW(); printf{"-CW%d-Distance, -
" num?2);break; //plus bollow
case(0x01):for(1=0;1<num2;++)PulseCW(); printf("-CW%d-Distance, -
" num2);break; //plus bollow
case(0x02):for(1=0;1<num2;1++)Pulse CCW();printf{"-CCW%d-Distance,
+" num?2);break; //plus bollow
case(0x03):for(1=0;1<num?2;++)Pulse CCW(}; printf("-CCW%d-Distance,
+".num?2);break; /fplus bollow

}



getnum()
{
chars[6]; /* five characters plus terminator */
char c,i;
for (i = 0; (c =getch()) !="\n'; i++)
{slil=c;}
s[i] =04
if (i==0)

return (-1);

else

return (_atoi(s));
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LK CCD Laser Displacement Sensors

Disptacement
Sensors

|_426 REYENCE

‘Part Names and Functions

Controlier

Sensor head

Functions

1 DIP switches
Set alarm-hold function, key-lock function, and averaging
{unction.

2 Sensor heed connector

3 Sensitivity setting switch
Changes the received light sensitivity according to the .~
reflectance of the target.

4 Indicators
TIMING: Lights during synchronous (timing) input.
STABILITY: Lights yellow or green when a target is
measuring range. Lights red when a targat ia out of the
measuring range, or when the light quantity is hsumdatl
excessive.

BRIGHT: Lights when the light quantity is excessive.
DARK: Lights when he light quantity Is Insufficient.
LASER ON: Lights during laser emission.

SPAN adjustment key

Finely adjusts the inclination of the analog outpul.
AUTO ZERO/RESET key

Resats the analog output to 0V (12 mA) at any polnl.cqu'&
AUTO ZERO tunction.

SHIFT adjustment key

Finely adjusts the 0-point position of the analog output.
Operation Indlcator i
Lights yellow or green when a targel is within the mea!
range. Blinks yellow when a target is out of the meas
range, or when tha light quantity is Insufficient or M

@0

~

LFTC circult

The LK Series includes an LFTC (Laser Flash Time
Contral) circuit* that can automatically control the laser
emisslon time based on the target surface condition.

This function enables stable measurement of glossy metal
targets, low-reflective black rubber targets and targets of
various colors.

*Patent pending

Miror-suraced stool
(Large kpht quankity)

AUTO GAIN function

With a glossy target, the received light quantity Is large.
With a low-reflactive target, the received light quantity is
small. The AUTO GAIN function automatically adjusts the
amplification tactor of the light-receiving signal according
1o the received light quantity. This function enables stable
measurement regardless of the light-receiving characteris-
tics of the target.

Response speed selection function
This function switches the measurement averaging fime
between 0.5 ms and 4 ms.* When the LK Saries mea;
sures a target with a wide range of reflectivity or wﬁh a
large color difference, this function enables the LK
to Ignore sporadic changes in measurement data to
ensure slable measurement. This function enables tha L
Series to be used for various targets. e
*With the LK-081, LK-501 and LK-503, the measurement

averaging time can be switched between 1 ms and 8 ms.

ANALOG QUTPUT HOLD function in ala
condition

When the alarm output Is activated due to a large
of the target for an instant during measurement, the
Series holds the analog output (measured value) i
ately before the alarm output Is activated. When th
output is rasat, the LK Series continues measuremel




CCD Laser Displacement Sensors LK

iApplications

¢

t at a safe distance

Msmmnldmwo"d‘.ﬁd

ISpecifications o ’ : M D,
High-precision Standard Long-distance *
Yodel [sensor head LK-031 LK-081 LK-501/LK-503
]Contruller LK-2001 LK-2101 _LK-2501AK-2503
Measurement mode — — High-precislon mode “Long-range mode
 felerence dlstance 30 mm 1.18° 80 mm 4 15° 350 mm 13.78" 500 mm 19.66°
Measuring range 5 mm 0.20° +15 mm 0 597 £100 mm 3.94% +250 mm 9.84°
Light source Visible red semiconductor laser
Maximum output 0.95 mW 0.95 mW | LK-501: 15 mW, LK-503: 0.95 mW
[pulse  [FDA 3 Io 482 s 310 994 ps
|duration [IEC 310 482 pa 310 994 s
Wavelength 670 nm 650 nm
Cll..tt. FDA Class It | Class Il Class |IIb (LK-501), Class Il (LK-503)
> IEC Class 2 Class 2 Class 3B (LK-501), Class 2 (LK-503)
:‘ diameter ol L RU LR Ny e oa | Approx, 07 mm 0,03 | Apprex. 03mm 001"
Hsolution 1um ' 0.04 Mil 3 pm " 0.12 Ml 10 pim 0.99 Mil 50 pm 1,95 Mil
Unearity 20.1% ol F.§. 2
Sampling cycle 512 ps 1024 ps
Voltage output =5V (1 mm/V) > [ soV{iopmmV) [ 15V (50 pimV)
wiag output (Impedance 100 ©2
) Current output 410 20 mA (Applicable load; 350 £ max,)
Narm output NPHN: 100 mA max. (40 V max,) (N.C.), Residual volage: 1 V max.
Dther functions AUTO ZERQ, Rasponsa selection, Shift/Span adj W, Halding output in alarm condition
“Power supply 24 VOC £10%
fﬁmnl consumption 400 mA max,
 Tinperature | Sensor head 0.01% of F.§/°C 0.02% ol F.5./°C
 Bctustion  [Controller 0.01% of F.S./°C
Enclosure rating IP-67
- Amblent light Incandescont or fluorescent lamp: 10,000 lux max.
Anblent temperature 010 +50°C (32 lo 122°F), No freezing
Palative humidity 35 to 85%, No condensation
ﬁ""“ﬂ |Senaor head Aluminum die-cast
o Controller Polycarbonale .
mlng Sensor head Approx. 260 g I Approx. 385 g l Approx. 700 g
table) Controller Approx. 515 g

‘1. Rasolution was oblained using KEYENCE's analog sensor controlier (RD-50) with the numicer of averaging Measurements sel 1o 64,

‘Nate: The ripple of the analog output may be 1 mV or mora dut 10 common mode nolss when obsorvod with an oscilloacope o a high-speed AD
Jtenversion board.

‘ﬂ. Linearily was obtained using KEYENCE's standard target (Zicconia block gauge: LK-031/LK-081, WhHe ceramic block gauge: LK-501/LK-503).
A When measurement Is impossibie, 12V (31.2 mA) s output.

;&. The LK-501 and LK-503 can both ba used in High-precision mode or Long-range mode.

i
$
i
il
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:Description YRRy I

Highly accurate measurement
Utilizing a newly developed CCD as the light-receiving
32-bit ultra-high speed RISC processor for signal pro
Saries provides highly accurate measurament reg :
surface properties, The LK-031 delivars a resolution 1) {m

and linearity of £0.1% of ES. i d

Visible laser beam spot of

30 pm diameter

KEYENCE's unique oplical system
minimizes lens aberration ta give the
LK-031 a minimum spol diameter of 30
pm 1.2 Mil, This enables the surface
contour of a target 1o ba accurataly
measured.

Unbeatable maximum range of 750 mm 20.53
in long range mode, the measuring range of 500 mm £250 mm
+9.84" provides the capability for almost any application.

Stable measurement of various target su

The patent-pending LFTC circult enables measurame
or patterned targets. Low reflectiva targets, such as bladc bb
be measured without additional adjustment. :

Sensor head is rated IP-67

Measurement principle

The CCD lasar displacament sensor uses a inangulation
system. ¢
Conventional laser displacement sensors employ a PSD
Sansitive Datector) as the light-receiving element.
Serles uses a CCD as the light-recelving element.
The light reflected by a target passes through the receiver léng
focuses the light on tha PSD or CCD.
PSD-type sensars use the light quantity distribution of the B
spot on the PSD to determine the baam spot center and id

as tha target position. However, lhe distribution of light g
affected by the surface condition of the larget, causing v
measured values, The CCD detects lhe pixol at the peak
light quantity distribution of the beam spot and identifies
target position. Theretore, the CCD enables stable, highty 8
displacement measurement, regardlass of the light quantity tis
of the beam spot,

Lisar chioden -} £
Transeiae bers | (= ot
” Recorvor Vst
{ Lalid Carber ol




LK CCD Laser Displacement Sensors

LK-501/LK-2501+LK-503/LK-2503

High-precision mode Long-range mode
a1.2mm 0.7 mm #0.4 mm @12 mm #0.3 mm
Baam spol dameter *00.05" #0003 +00.02" Baam spot diameter ® a.05" » 00.01%
| Z5Q/m | Measiring ranga: 200 mm 7,87 i g e e
! 1 $ {
H ! H 1
: ! i ’
S i :
P : !
| | ! e e —— b
E Volage|o f
' outpud +
; ™ ;
; i
H H
o 0 2:‘3 800 1461 750
ey o s
H H
Displacement g = i
Sensors B 5 i
Nam output OH Aarm output ON '
NE) OFF NC) OFF
Mo OH Near output - ON
(“Jeum OFF- {NC) OFF
F oH i Farovpt  ON
w.d',;nw OFF (N.C) OFF
Characteristics
Angle characteristics
Changes in the span of the analog output when a white ceramic target Is tiited by 230° (Typlcal)
LK-031 LK-031 LK-081
Anslog Analog
@25l TJ2omv,
output ] : output
voliage (V) . %ﬂ'hv voltaga (V) $
Distance
o (mm)
25 % 35
(273 Al 194"
5 @ -30*
) -0
LK-081 ’ LK-501/LK-503 LK-501/LK-503
Ansiog Analog A1 my Analog
5 Jzomv| oot o} ] ot |
voRage (V) votiage (V) R vottage (V)
20mv
®
. (mem) 0 o
5 80 95 250 B0 750 1. 250 s0
T s FEC g 4% Distance (mm) HEe LA
5 £ 30r 5 B, il 30 5
e X 30"

428 KEYENCE




CCD Laser Displacement Sensors LK

AUTO ZERO key
Pressing the AUTO ZERO kay resels any output value to
0 V. Using a standard target, you can complete the zero
adjustment with a push of this key. The AUTO ZERO
function can also be activated by short-circuiting the
external input terminal.

cutput ounpul
lopul  (NC)  (HC) (NC)

i1 Disconnecting this terminal from the GND terminal (5, 8, 10)
i+ sops laser emission. Use this terminal in an emergency to
I3 stop laser amission.

§ Bynchronaus (timing) input

‘1‘ he analog output value just prior to the synchronous Input,
b and stops laser emission.

7 AUTO ZERQ Input
Connecling this terminal to the GND terminal (5, 8, 10) resels
{he analog oulput fo 0V (12 mA), The input is a one-shol
input.

9 Alarm output (N.C.)
The oulput contact opens when measurement is impossible
due 1o an insuficient or excessive light quantity, or due fo the
target being out ol the measuring range.

11 NEAR alarm output (N.C.)
The output contact opans when a targat is positioned closer
than the measuring ranga.

12 FAR alarm output (N.C.)
The output conlact opens when a larget is positioned further
than the measuring range.

14 Analog voltage output

. A voltage of £5 V relalive to the full measuring range is output.

+12 V I8 outpul when measuring is impossible,

15 Analog current output
A current of 4 to 20 mA relalive to the full measuring range is
output. 31.2 mA is output when measuring is impossible,

LK0311LK-2001

Boum o esEopm
v ) oL
Boan spot e § T a|.|ma 0075
H 1 Measuring. .+
i H range H
!o2smm o 10mm :
1o : Gl !
i ! H
i Analog :
H : output i
HE ™Y
omaf
: ;
S
tosv]. A
faomn A
: 1 i
: N i
25 i 5, Measuring
i 4 i distance (mm)
i ] i
A 7 dsv i
4 Juma i
i i ] i
A Alarm output ON
e M.C.) OFF : :
1 oN | i
. Near output H
N.C) OFF T
Faroutput ~ ON
(NC.) OFF .

LK-081/LK-2101

S eloim

PARBRALLI c&m Mi 0273
L]

! Moasuring |,
P i range

o

213065 1

L 30 mm
PR oy (RS

Analog
outpul

12V
(30 ma)

(NC)

Alarm output g’;F r—""L
i_

Nearoutpul O st
(N.C) OFF
Farouput ~ ON

(NG) OFF
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CCD Laser Displacement Sensors LK
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N
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BT A ERTER
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s er e e
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LK CCD Laser Displacement Sensors

Hints on Correct Use

Sensor head orientation

When a target consists of different colored portions or
different materials separated by a border, measurement
error may result depending on the orientation of the
sensor head. To minimize measurement deviation, install
the sensor head parallel to the border line, as shown
below.

Compatibility

The LK Series controlier and sensor head have heen
factory-calibrated in pairs. Be sure to use a sensor head
and controller having the same serlal number, otherwise
the values given in tha specifications cannot be attainad.

Displacement
Sensars

Cable extension

Keep the sensor head cable as short as possible ta
prevent noise interference. (Less than 35 m 114.8')
Do not connect the sensor head while the controller is
turned on or the sensor head may be damaged.

Noise interference
(The sensor head is case-grounded.)
Isolate the sensor power cable and connecting cable
from high-tension lines or powaer lines, othenwise
sensor may malfunction or the laser diode may d
due to noise interference.

It noise Is present at the surface whera the sensorh
Is mounted, install insulation between the mounti
surface and the sensor head. ’

.

Earth-ground the frame grounding terminal.

Do not connect the sensor head while the contr
turned on, The sensor head may be damaged.

Interference area

Mounting . N\ IS
sition I !
Eh e
Model 45 7 W
- LK-031 Conlaet mounting available (aéo, b=0, >
LK-081 Conlact mounting available (a=0, b=0, c=0}
LK-501, omm | 55mm2.17" [280mm
LK-503 omm | 55mm2.17" [ 280 mm 11l

* With the LK-081; a target must be in the measuring range.

Option

Warning
The LK Series conforms to FDA and |IEC standards as
follows:
_Model LK-031 LK-081 | LK-501 | LK-503
Class | FDA Class Il | Class!l | Class Ib| Class Il
e [Class2 “Class3 | Class 38| Ciasa2
LK-031/081
F DA Class Il IEG Class 2
ey E41mte 3] *
| cauTion |iFyead
'ﬂeu.F i _' v

LK-501
FDA Class Ilib

II_EC Class 38

LK-503

RD Series Analog Sensar Controller

RRIRRY

430 REYENCE

The RD Serles processes analog input signals fron
sensors. It can easlly perform various arithmetic opera;
tions such as tolerance limit differentialion and peak 02
peak hold.

For details on the RD Series, see the RD Series
tions,
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CCD Laser Displacement Sensors LK

{Dimensions 3 R

Unit: Inch
' Sensor head nit: mm  Inc
Li-031 LK-081 ':%E"--T.

2608

{mounting™

?92”:“';'
_4__"_ o l ) g/ m‘.“l. <
4 ok 4 ?\ a5 B
LRI T 72 548" Y ' ¥,

. 135057 051713t B el B R L Mg
| LK-501/LK-503

- *Data In { ) applies to at high-precision mode.

pY
|=478 —|

Displacemen
Sensors

245
neg
Controller

LK-2001/LK-2101/LK-2501/LK-2503

e

Extension cable (optional)

Cable length (m) " Model
2 6.6 LK-C2
5 16.4° LK-C5
10 32.8° LK-C10
FKEYENCE 431

|




B

o Canrny
RXOLA

O
ek

dy 3 dl Y o U £ d‘ = } 5 1 Y o ¥ ¢ Y ¥
wnanstluenansnanulidmsunisidnuienisfnwintu ldeyaslmiluldussloyisunisen

I = O L A Oy agve & Y Y a = v & A ° Y]
lel'J']ﬂiﬂﬂvﬂs] NG @ﬂ‘VN‘W']@JlIFL‘W@@LL‘U@QLH@VHLL@%W@Q@WQ@QQQL?\]'WJENL@ﬂaqﬁnﬂﬂiﬂmmﬂqiuqiﬂiﬂ



() 3 ey ZOOZ €Z Mnr_Aepseny B |
10 1000 | ev o e zr
i Jequin swnaog - INANMOOTYNY  ONNOHD DOTVNY zezsy
owiemeowsrs ]l ol g
5. = =
B [
o vy
! en  susa =
. aNo TLl
2 <
o NxY O Sinoxa
e ra T
< mu4—| o inox@ § wxd be—
A+ —s - hl_w
AS+
|—|“ 4oL
= T sar "
hY| ;A i 0Ky
V42099701 71 ]
) 0 “Noo
pi . Vd0099.701 T &in
201
=, - SR W o o |
0T & Ase Vo ¥ A ML o6y
e Ll _ I 2s047— I W — A —
Py b wll = £ U Mg s
FONVH S : o1 =) T zin
i 5 T sanr !
Ry, = | s
Jm P A = :
510 = 4NEE _ W 4 T un
1 Ry’ (=] HOLMS T SZNY
S | L
4nEE0 & B A “ 4058 L1
= Ags  BOLLTON wmoaUY b )
) I e+ l
e 2 0] |82 43 © As+ T oin ho
avovao  oaufl f Tk
TCiNgEH ddne g e isu oouamwy b LI I g < | ezoLzien
N3G LNO A3 gz — ZIviX L A 2 in
, == Ve o8] ¥ wax NELT) Sa— S S
ntnﬂma._.l_ 7| 135 050 250 408 [
o ooso  £1e owied [t — &
£ 71050 SMuvis [ LH BAVSEd o p— aNo
T Hsid TI/5'6d [ 1 sonr
| GIoHNNY  ¥0 | = rid oured for ¥ <
Tz 29on od ¢ § E'bd LINVE'Sd |y %= ~A z
—7{ NS z19 [ — ztd OLNVZtd |77 -~
e v 18 ez oxined [ o
5 i owa [ tlzinia axeotd [r — on e
== o L ]avosy  ea|F =z —
= T | e 89 [ 7o LOviLod SIVILZd | = oy [T
49 oy e xLyid Ire AT UITIONINGD
om BEEL] 98 [ ye-{ SAV/S0d EWISTd (o u.f) oL £y
S o +NI33Y 54 [or e FOViF 0d Zivrzd [oo - ot
P ¥VA HOLSISTY va [ 2% ST covieod T zd [ ¢
L NOWWOD €8 (47 e zoveod  owrzd oy ity H
%_o.oﬂ oin oz Hliowiod g ewizd [ £ L
MM F 18 [gr | GOvoOd §  svod (5 i H
e 107]
L = S131 T pHpE 1n Aw - ” m
sy [T = :
v
ive 25 %01 € diS HOLSISTY P i
S+ G o T
AS+




" Features

e Compatible with MCS-51™ Products

. * 8K Bytes of In-System Reprogrammable Flash Memory

-

¢ Endurance: 1,000 Write/Erase Cycles
Fully Static Operation: 0 Hz to 24 MHz
Three-level Program Memory Lock

256 x 8-bit Internal RAM

32 Programmable /O Lines

Three 16-bit Timer/Counters

Eight Interrupt Sources

Programmable Serial Channel
Low-power Idle and Power-down Modes

e 2 @ @ ° & _» O

Description

The AT89C52 is a low-power, high-performance CMOS 8-bit microcomputer with 8K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel’s high-density nonvolatile memory technology and is
compatible with the industry-standard 80C51 and 80C52 instruction set and pinout.
The on-chip Flash allows the program memory to be reprogrammed in-system or by a
conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU
with Flash on a monolithic chip, the Atmel AT89C52 is a powerful microcomputer
which provides a highly-flexible and cost-effective solution to many embedded control

gt adin it iR b

8-bit
Microcontroller
with 8K Bytes
Flash

- applications.
Pin Configurations 25
PQFP/TQFP (T2 P00 swfvee
(m2EX)P1102 39 [1P0.0 (ADO)
5 ST a® Pi203 38 [JP0.1 (AD1)
pE éggg PL304 37 [1P0.2 (AD2)
TNN=g Q0N P1405 36 [1P0.3 (AD3)
EZLie2SEERER PI5C]6 35 1P0.4 (AD4)
—'E-E-E'-Q-E-E-D-E-D-Dﬂ— rl.607 34 [1P0.5 (ADS)
IYYITTIRERES pr70s 33F1po.6 (A06)
P1.501 33 [0 P0.4 (AD4) RSTO9 32[1P0.7 (ADT)
P1602 32 [1PO.5 (ADS) (AXD) P3.0C 10 3 DEAVeP
P73 31 [1P0.6 (ADS) (TX0) P3.1 11 30 [JALEPRCG
RsTC]4 30 PO.7 (AD7) (iNT0) P3.2 O 12 29 I PSEN
(RXD) PA.0L]S 29 0 EAVPP (INT1)P3.30J13 28 0 P2.7 (A15)
ncds 28 NG (T0) P34 L] 14 27 [1P2.6 (A14)
(TXD) P3.1 O 7 271 ALEFPROG aurasgis 26 [1P2.5 (A13)
(INTO) P3.2 8 26 [AFSEN (W) P36 16 25 [IP2,4 (A12)
(INT1) mﬁ g 25 1 P2.7 (A15) (RO)Pa.7C]17 24[dP2.3(A11)
(T0) P3.40J 10 24 [1P2.6 (A14) XTAL20) 18 23[1P2.2 (A10)
T Pasd 11 231 P2.5(A13) XTAL1[] 19 22 [ P2.1(A9)
GND [ 20 21 [0 P2.0 (A8)
Sazusces gLy
oUUooooooogyg
BEligefiiis
IE.'“—C- EESE ] g
~E 8088
E b, LT
RN e e L
TaaaazSeRERR
O N TN o~ -
P1507 0¥ ¥ ¥ % Sghp0a any
PiLEC]8 38 [1P0.5 (ADS)
PL7e 37 [1P0.6 (AD6)
RSTC] 10 36 [1P0.7 (AD7)
(RxD) P3O 11 as 1 EAvPP
Ner 12 34 [INC
(TXD) P3.1 0 13 33 [0 ALEFROG
(NTo) P32 14 22 1 FSER
(iNT1) P33 15 31 [AP2.7 (A15)
(T0) P3.4 [ 16 30 [ P26 (A14)
MPstVe o o cypaneg &L
Grn-Boe-RaT
EEdZEEERREE
EEX g3g:yd
zT SEgx e

-

AT89C52

Rev. 0313H-02/00



Block Diagram

P0.0 - PO.7 P2.0 - P27

J

<<
8
>
[——p
>
PERG
—
>
>
|
PRIN
s
>
>
DEEG
DENC
—
>

: PORT 0 DRIVERS PORT 2 DRIVERS !
GND E A T A T !
; i
E \ :
B RAM ADDR. | [ R— PORT 0 PORT 2 Quick |
: REGISTER > LATCH LATCH FLASH :
E A y A A ;
: h 4 A \ 4 A E
] 'y X Fy :
v v ¥ '
] PROGRAM :
' B STACK i L :
i | recisten L POINTER REGISTER || ;
i Y Y ) :
: <4—>»| BUFFER [¢—P :
: TMP2 TMP1 ]
: .
N '
: PC PR
: ALU INCREMENTER !
i INTERRUPT, SERIAL PORT, :
! AND TIMER BLOCKS ;
i v :
: 4+ & PROGRAM [, .|
! PSW COUNTER ‘
e 5 :
PSEN <4+——| :
ALEFROG <= TIMIRG | \ysrrocTion [ A 4 L i
EA / Vpp —+P{ CONTROL REGISTER [ [ S F :
RST ——P
' A A A4 '
: PORT 1 PORT 3
: LATCH LATCH ;
: F y 7'y
: :
‘ .
' R A v ;
: PORT 1 DRIVERS | PORT 3 DRIVERS
P10 - P1.7 P3.0 - P37

2 ATE9C52 mrrwerrerrrr e m—— R
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= The AT89C52 provides the following standard features: 8K
bytes of Flash, 256 bytes of RAM, 32 I/O lines, three 16-bit

-timer/counters, a six-vector two-level interrupt architecture,

- a full-duplex serial port, on-chip oscillator, and clock cir-
cuitry. In addition, the AT8IC52 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port, and interrupt system to continue functioning.
The Power-down mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions until
the next hardware reset.

Pin Description

_vec
Supply voltage.

GND
- Ground.

_Port0

Port 0 is an 8-bit open drain bi-directional I/O port. As an
output port, each pin can sink eight TTL inputs. When 1s

-are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port O can also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode, PO has internal
pullups.

Port O also receives the code bytes during Flash program-
ming and outputs the code bytes during program
verification. External pullups are required during program
verification.

) Port 1

Port 1 is an 8-bit bi-directional 1/0 port with internal pullups.

- The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins, they are pulled high by
+he internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (1, ) because of the internal pullups.

“In addition, P1.0 and P1.1 can be configured to be the
timer/counter 2 external count input (P1.0/T2) and the
timer/counter 2 trigger input (P1.1/T2EX), respectively, as
shown in the following table.

RFort 1 also receives the low-order address bytes during
Flash programming and verification.

Port Pin | Alternate Functions )

P1.0 T2 (external count input to Timer/Counter 2),
clock-out

P1.1 T2EX (Timer/Counter 2 capture/reload trigger and
direction control)

-

Port 2

Port 2 is an 8-bit bi-directional I/0 port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong internal pul-
lups when emitting 1s. During accesses to external data
memory that use 8-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bi-directional /O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INTT (external interrupt 1)

P3.4 TO (timer 0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)

P33k RD (external data memory read strobe)
RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable is an output pulse for latching the
low byte of the address during accesses to external mem-
ory. This pin is also the program pulse input (PROG) during
Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external

AIMEL 3
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» timing or clocking purposes. Note, however, that one ALE
" pulse is skipped during each access to external data
memory.

_ If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
qﬁect if the microcontroller is in external execution mode.

PSEN
Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89C52 is executing code from external pro-

gram memory, PSEN is activated twice each machine

cycle, except that two PSEN activations are skipped during
_ each access to external data memory.

Table 1. AT89C52 SFR Map and Reset Values

EA/VPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V¢ for internal program
executions.

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming when 12-volt
programming is selected.

XTAL1
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

OF8H OFFH
OFOH B OF7H
00000000
OE&H OEFH
ACC
o o OE7H
0D8H ODFH
PSW
ODOH | S 0D7H
W T2CON T2MoD RCAP2L RCAP2H TL2 TH2 —
00000000 | XXXXXX00 | 00000000 | 00000000 | 00000000 | 00000000
0COH 0C7H
- 0B8H L 0BFH
. XX000000
Pa
BN 1 11 GReL
— 0A8H . OAFH
0X000000
P2
0AOH | 44911111 Qi
SCON SBUF
98H | 00000000 | XXXOXXX 2l
P1
9OH | 111111 F7H
_ TCON TMOD TLO TL1 THO TH1 il
00000000 00000000 00000000 | 00000000 | 00000000 | 00000000
- - PO SP DPL DPH PCON | o0
1111111 00000111 00000000 | 00000000 0XXX0000

-4 AT89C52 m—————————e—
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-'Special Function Registers

A map of the on-chip memory area called the Special Func-
. tion Register (SFR) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke

Table 2. T2CON - Timer/Counter 2 Control Registe

new features. In that case, the reset or inactive values of
the new bits will always be 0.

Timer 2 Registers Control and status bits are contained in
registers T2CON (shown in Table 2) and T2MOD (shown in
Table 4) for Timer 2. The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 16-bit cap-
ture mode or 16-bit auto-reload mode.

Interrupt Registers The individual interrupt enable bits are

in the IE register. Two priorities can be set for each of the
six interrupt sources in the IP register.r

T2CON Address = 0C8H

Reset Value = 0000 0000B

Bit Addressable
Bit TF2 EXF2 RCLK TCLK EXEN2 TR2 cfr2 CP/RL2
i 7 6 5 4 3 2 1 0
Symbol Function
4 TF2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either
RCLK=1o0or TCLK=1.
EXF2 Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and
EXEN2 = 1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt
routine. EXF2 must be cleared by software. EXF2 does not cause an interrupt in up/down counter mode
(DCEN = 1).
RCLK Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial
port Modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clock.
TCLK Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock in serial
: port Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock.
EXEN2 Timer 2 external enable. When set, allows a capture or reload to occur as a result of a negative transition on T2EX
if Timer 2 is not being used to clock the serial port. EXEN2 = 0 causes Timer 2 to ignore events at T2EX.
' TR2 Start/Stop control for Timer 2. TR2 = 1 starts the timer.
. CIT2 Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter (falling edge
triggered).
CP/RL2 Capture/Reload select. CP/RL2 = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/RL2
r = 0 causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXEN2
= 1. When either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.

Data Memory

The AT89C52 implements 256 bytes of on-chip RAM. The
upper 128 bytes occupy a parallel address space to the
Special Function Registers. That means the upper 128
bytes have the same addresses as the SFR space but are
physically separate from SFR space.

When an instruction accesses an internal location above
address 7FH, the address mode used in the instruction

specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct
addressing access SFR space.

For example, the following direct addressing instruction

accesses the SFR at location 0AOH (which is P2).
MOV O0AOH, #data

AIMEL 5
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- Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
. addressing instruction, where RO contains 0AOH, accesses
- the data byte at address 0AOH, rather than P2 (whose
aiddress is 0AQH).
MOV @RO, #data
Note that stack operations are examples of indirect
addressing, so the upper 128 bytes of data RAM are avail-
able as stack space.

Timer 0 and 1

Timer 0 and Timer 1 in the AT89C52 operate the same way
as Timer 0 and Timer 1 in the AT89C51.

" Timer 2

Timer 2 is a 16-bit Timer/Counter that can operate as either
. & timer or an event counter. The type of operation is
selected by bit C/T2 in the SFR T2CON (shown in Table 2).
= Timer 2 has three operating modes: capture, auto-reload
(up or down counting), and baud rate generator. The
modes are selected by bits in T2CON, as shown in Table 3.

" Timer 2 consists of two 8-bit registers, TH2 and TL2. In the
Timer function, the TL2 register is incremented every
machine cycle. Since a machine cycle consists of 12 oscil-
lator periods, the count rate is 1/12 of the oscillator
fn"equency.

Table 3. Timer 2 Operating Modes

(RCLK +TCLK | CP/RL2Z | TR2 | MODE
: 0 1 16-bit Auto-reload
2|l 0 1 1 16-bit Capture
1 X 1 Baud Rate Generator
. X X \p (Off)

“In the Counter function, the register is incremented in
response to a 1-to-0 transition at its corresponding external

-

input pin, T2. In this function, the external input is sampled
during S5P2 of every machine cycle. When the samples
show a high in one cycle and a low in the next cycle, the
count is incremented. The new count value appears in the
register during S3P1 of the cycle following the one in which
the transition was detected. Since two machine cycles (24
oscillator periods) are required to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the oscillator
frequency. To ensure that a given level is sampled at least
once before it changes, the level should be held for at least
one full machine cycle.

Capture Mode

In the capture mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 is a 16-bit timer
or counter which upon overflow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXEN2 = 1, Timer 2 performs the same operation, but a 1-
to-0 transition at external input T2EX also causes the cur-
rent value in TH2 and TL2 to be captured into RCAP2H and
RCAP2L, respectively. In addition, the transition at T2EX
causes bit EXF2 in T2CON to be set. The EXF2 bit, like
TF2, can generate an interrupt. The capture mode is illus-
trated in Figure 1.

Auto-reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16-bit auto-reload mode. This feature is
invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD (see Table 4). Upon reset, the DCEN bit
is setto 0 so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.

-6 ATB9CE? ey



: Figure 1. Timer in Capture Mode

AT89C52

H 0SC b 12 _
Cm2 =0
—o//o——>[ TH2 2 | TRz |
T | controL DVERFLRY
— R2 ——\ AR\
CT2 = 1
] M M
T2 PIN CAPTURE
RCAP2H | RCAP2L
TRANSITION
TIMER 2
DETECTOR — INTERRUPT
T2EX PIN [F——— ~ % oT o > EXF2
CONTROL
EXEN2

- Figure 2 shows Timer 2 automatically counting up when
DCEN = 0. In this mode, two options are selected by bit

"EXEN2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon overflow. The
overflow also causes the timer registers to be reloaded with

~the 16-bit value in RCAP2H and RCAP2L. The values in
Timer in Capture ModeRCAP2H and RCAP2L are preset
by software. If EXEN2 = 1, a 16-bit reload can be triggered
either by an overflow or by a 1-to-0Q transition at external
input T2EX. This transition.also sets the EXF2 bit. Both the
TF2 and EXF2 bits can generate an interrupt if enabled.

Seﬂing the DCEN bit enables Timer 2 to count up or down,
as shown in Figure 3. In this mode, the T2EX pin controls

the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16-bit value in
RCAP2H and RCAP2L to be reloaded into the timer regis-
ters, TH2 and TL2, respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer
underflows when TH2 and TL2 equal the values stored in
RCAP2H and RCAP2L. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.

The EXF2 bit toggles whenever Timer 2 overflows or

underflows and can be used as a 17th bit of resolution. In
this operating mode, EXF2 does not flag an interrupt.

AIMEL 7
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Figure 2. Timer 2 Auto Reload Mode (DCEN = 0)

- osC > +12 _
- 1’TEO= 0
o//o o TH2 | T2 |

i i .
[ conTROL CYERELCYY
T _ TR2 /\\ » /N
n Sol el RELOAD Y.
TIMER 2
bk INTERRUPT
RCAP2H | RCAP2L
4 M TF2
TRANSITION
DETECTOR
T2EX PIN [ |—— —\L o/o : »  EXF2
| conTroL
. EXEN2
Table 4. T2MOD - Timer 2 Mode Control Register
 T2MOD Address = 0C9H Reset Value = XXXX XX00B
! Not Bit Addressable
| - E 2 o i 4 T20E DCEN
Bit s 6 5 4 3 2 1 0
Symbol Function
I Not implemented, reserved for future
| T20E Timer 2 Output Enable bit.
'DCEN When set, this bit allows Timer 2 to be configured as an up/down counter.
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“ Figure 3. Timer 2 Auto Reload Mode (DCEN = 1)

AT89C52

(DOWN COUNTING RELOAD VALUE) TOGGLE
OFFH | OFFH 1= o
A—\  fa
osc [+ =+12 _ Y \/| overFLow
C2 =0
5 ; —— R
O— TH2 TL2 [ > > TE2
i »
| conTROL l
- e //\ﬁ/\
DJCHE = TIMER 2
: INTERRUPT
T2 PIN
RCAP2H | RCAP2L -
COUNT
. (UP. COUNTING RELOAD VALUE) ?ll:tJIEjCTION
a 0=DOWN
" T2EX PIN

Figure 4. Timer 2 in Baud Rate Generator Mode

TIMER 1 OVERFLOW

—— NOTE: OSC. FREQ. IS DIVIDED BY 2, NOT 12

g

e SMOD
osC [ =<2 .
. ce =0
] I1II IOI
. —O0" o——-{ TH2 TL2 B +—t
I Ao AL 1. RCLK o
I conta CLOCK
TR2 ([0 a / /N +16  |—
] CiT2 = 1 :
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RCAP2H | RCAP2L B Tx
TRANSITION oy | ol
DETECTOR
TIMER
T2EX PIN[F—— ™ W/O » EXF2 [—— \TERRAUPT
| conTROL
EXEN2
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" Baud Rate Generator

Timer 2 is selected as the baud rate generator by setting

= TCLK and/or RCLK in T2CON (Table 2). Note that the

baud rates for transmit and receive can be different if Timer
2 is used for the receiver or transmitter and Timer 1 is used
for the other function. Setting RCLK and/or TCLK puts
Timer 2 into its baud rate generator mode, as shown in Fig-
ure 4.

The baud rate generator mode is similar to the auto-reload
mode, in that a rollover in TH2 causes the Timer 2 registers
to be reloaded with the 16-bit value in registers RCAP2H
and RCAP2L, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer
2's overflow rate according to the following equation.

Timer 2 Overflow Rate
16

Modes 1 and 3 Baud Rates =

" The Timer can be configured for either timer or counter

operation. In most applications, it is configured for timer
operation (CP/T2 = 0). The timer operation is different for
Timer 2 when it is used as a baud rate generator. Normally,

. as a timer, it increments every machine cycle (at 1/12 the

oscillator frequency). As a baud rate generator, however, it

Figure 5. Timer 2 in Clock-out Mode

increments every state time (at 1/2 the oscillator fre-
quency). The baud rate formula is given below.

Modes 1 and 3 _
Baud Rate

_ Oscillator Frequency
32 x [65536 — (RCAP2H,RCAP2L)]

where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 4. This
figure is valid only if RCLK or TCLK = 1 in T2CON. Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXEN2 is set, a 1-to-0
transition in T2EX will set EXF2 but will not cause a reload
from (RCAP2H, RCAP2L) to (TH2, TL2). Thus when Timer
2 isin use as a baud rate generator, T2EX can be used as
an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in
the baud rate generator mode, TH2 or TL2 should not be
read from or written to. Under these conditions, the Timer is
incremented every state time, and the results of a read or
write may not be accurate. The RCAP2 registers may be
read but should not be written to, because a write might
‘overlap a reload and cause write and/or reload errors. The
timer should be turned off (clear TR2) before accessing the
Timer 2 or RCAP2 registers.

[ 4 &S o TL2 TH2
0sc o 2 —O1 0 "| (8-BITS) i (8-BITS)
/T ] RCAP2L | RCAP2H
- CfT2 BIT
piof i’\
™\ ) +2 oo
T20E (T2MOD.1)
TRANSITION
DETECTOR
P1.1 . i
i [ 070

EXEN2
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Programmable Clock Out

A 50% duty cycle clock can be programmed to come out on
P1.0, as shown in Figure 5. This pin, besides being a regu-
lar 1/0 pin, has two alternate functions. It can be
programmed to input the external clock for Timer/Counter 2
or to output a 50% duty cycle clock ranging from 61 Hz to 4
MHz at a 16 MHz operating frequency.

To configure the Timer/Counter 2 as a clock generator, bit
C/T2 (T2CON.1) must be cleared and bit T20E (T2MOD.1)
must be set. Bit TR2 (T2CON.2) starts and stops the timer.

The clock-out frequency depends on the oscillator fre-
quency and the reload value of Timer 2 capture registers
(RCAP2H, RCAP2L), as shown in the following equation.

Oscillator Fequency
536 — (RCAP2H,RCAP2L)]

Clock-Out Frequency= IX[65

In the clock-out mode, Timer 2 roll-overs will-not generate
an interrupt. This behavior is similar to when Timer 2 is
used as a baud-rate generator. |t is possible to use Timer 2
as a baud-rate generator and a clock generator simulta-
neously. Note, however, that the baud-rate and clock-out
frequencies cannot be determined independently from one
~ another since they both use RCAP2H and RCAP2L.

UART

The UART in the ATB9C52 operates the same way as the
UART in the ATB9C51.

Interrupts

The AT89C52 has a total of six interrupt vectors: two exter-
nal interrupts (INTO and INT1), three timer interrupts
(Timers 0, 1, and 2), and the serial port interrupt. These
interrupts are all shown in Figure 6.

Each of these interrupt sources can be individually enabled
or disabled by setting or clearing a bit in Special Function
Register |E. |E also contains a global disable bit, EA, which
* disables all interrupts at once.

Note that Table shows that bit position |E.6 is unimple-
mented. In the AT89C51, bit position |IE.5 is also
unimplemented. User software should not write 1s to these
bit positions, since they may be used in future AT89
products.

Timer 2 interrupt is generated by the logical OR of bits TF2
and EXF2 in register T2CON. Neither of these flags is
cleared by hardware when the service routine is vectored
to. In fact, the service routine may have to determine
whether it was TF2 or EXF2 that generated the interrupt,
and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at
S5P2 of the cycle in which the timers overflow. The values

- are then polled by the circuitry in the next cycle. However,

AIMEL 1

the Timer 2 flag, TF2, is set at S2P2 and is polled in the
same cycle in which the timer overflows.

Table 5. Interrupt Enable (IE) Register

(MsB)
ENE

(LSB)
IET2 |ES |ET1 |EX1 |ETO‘EXO|

Enable Bit = 1 enables the interrupt.

Enable Bit = 0 disables the interrupt.

Symbol Position Function

EA IE.7 Disables all interrupts. If EA=0,
no interrupt is acknowledged. If
EA = 1, each interrupt source is
individually enabled or disabled
by setting or clearing its enable
bit.

- IE.6 Reserved.

ET2 IE.5 Timer 2 interrupt enable bit.

ES IE.4 Serial Port interrupt enable bit.

ET1 IE.3 Timer 1 interrupt enable bit.

EX1 IE2 External interrupt 1 enable bit.

ETO =3 Timer 0 interrupt enable bit.

EXO IE.O External interrupt O enable bit.

User software should never write 1s to unimplemented bits,
because they may be used in future AT89 products.

Figure 6. Interrupt Sources

TFO >

INT1 ‘L IEA
x

TF1
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‘.osci"ator Characteristics is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and

XTAL1 and XTAL2 are the input and output, respectively, stabilize.

-of an inverting amplifier that can be configured for use as
an on-chip oscillator, as shown in Figure 7. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left c2
unconnected while XTAL1 is driven, as shown in Figure 8. XTAL2
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry 1
is through a divide-by-two flip-flop, but minimum and maxi-

mum voltage high and low time specifications must be C1| XTAL
observed.

Idle Mode

-In idle mode, the CPU puts itself to sleep while all the on- GND
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-

-cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
"interrupt or by a hardware reset.

Figure 7. Oscillator Connections

. Note:  C1, C2 = 30 pF £ 10 pF for Crystals
Note that when idle mode is terminated by a hardware =40 pF % 10 pF for Ceramic Resonators

reset, the device normally resumes program execution
‘from where it left off, up to two machine cycles before the ~ Figure 8. External Clock Drive Configuration
internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of NS TR
an unexpected write to a port pin when idle mode is termi-
nated by a reset, the instruction following the one that
invokes idle mode should not write to a port pin or to exter-

nal memory. EXTERNAL
OSCILLATOR ————1 XTAL1
Power-down Mode SIGNAL

A In' the power-down mode, the oscillator is stopped, and the

instruction that invokes power-down is the last instruction GND
executed. The on-chip RAM and Special Function Regis-
“ters retain their values until the power-down mode is =5

terminated. The only exit from power-down is a hardware K

reset. Reset redefines the SFRs but does not change the

on-chip RAM. The reset should not be activated before V¢

Status of External Pins During Idle and Powe-down Modes
Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 0 Float Data Data Data

12 AT89CH2 e
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rogram Memory Lock Bits
% 'lfhe AT89C52 has three lock bits that can be left unpro-

dditional features listed in the following table.

™ grammed (U) or can be programmed (P) to obtain the

L.ock Bit Protection Modes

Program Lock Bits

LB1 LB2 LB3 | Protection Type

1 U U U No program lock features.

2 P U U MOVC instructions executed
from external program
memory are disabled from
fetching code bytes from
internal memory, EA is
sampled and latched on reset,
and further programming of

the Flash memory is disabled.

. 3 P P U Same as mode 2, but verify is
also disabled.
4 P P P Same as mode 3, but external

execution is also disabled.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value and holds that value until reset is activated. The
latched value of EA must agree with the current logic level
at that pin in order for the device to function properly.

Programming the Flash

The AT89C52 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
" (Vge) program enable signal. The Low-voltage program-
ming mode provides a convenient way to program the
AT89C52 inside the user's system, while the high-voltage
programming mode is compatible with conventional third-
party Flash or EPROM programmers.
The AT89C52 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

VFF‘ = 12V Vpp = 5V
Top-side Mark AT89C52 AT89C52

XXXX XXXX - 5

yyww yyww

AIMEL

Vpp =12V Vpp =5V
Signature (030H) = 1EH (030H) = 1EH
(031H) = 52H (031H) = 52H
(032H) = FFH (032H) = 05H

The AT89C52 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

Programming Algorithm Before programming the
AT89C52, the address, data and control signals should be
set up according to the Flash programming mode table and
Figure 9 and Figure 10. To program the AT89C52, take the
following steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.
3. Activate the correct combination of control signals.

4. Raise EA/Vpp to 12V for the high-voltage program-
ming mode.

5. Pulse ALE/PROG once to program a byte in the
Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address
and data for the entire array or until the end of the
object file is reached.

Data Polling The AT89C52 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written data on PO.7. Once the write cycle
has been completed, true data is valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

Program Verify If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase The entire Flash array is erased electrically by
using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all 1s. The chip erase operation must be executed
before the code memory can be reprogrammed.

13



eading the Signature Bytes The signature bytes are
read by the same procedure as a normal verification of

- locations 030H, 031H, and 032H, except that P3.6 and
i F‘°3.7 must be pulled to a logic low. The values returned are

as follows.
(030H) = 1EH indicates manufactured by Atmel
| (031H) = 52H indicates 89C52
| (032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Flash Programming Modes

AET

Programming Interface

Every code byte in the Flash array can be written, and the
entire array can be erased, by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Mode RST PSEN ALE/PROG EANp P26 | P27 | P3.6 | P37

Write Code Data H H/i12v L H H H
_\_/_

' Read Code Data H H H by L H H

Write Lock Bit - 1 H E HH12v H H H H
v

Bit- 2 H L Hi12V H H L L
_\_.//_

| Bit- 3 H L H/i12v H L H L
‘ _\_//—-

| Chip Erase H L 1) H/12v H L L L

 Read Signature Byte H L 3 H L Y L L

‘Note: 1. Chip Erase requires a 10 ms PROG pulse.

14 AT89C52 e AR
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Figure 9. Programming the Flash Memory

Figure 10. Verifying the Flash Memory

~ +5V +5V
. AT87F52 AT8B7F52
ADDR. 20 ATyl by Vee ADDR. A0 ATl by Ve —T
OOOOHAFFFH PGM OOOOH/FFFH PGM DATA
! Ny P20 - P24 PO [¢—— paa T P2.0 - P24 PO —béuUsL[I:‘Jg;S()
—» P2.6 —p| P26
SEE FLASH | —»{ P27 ALE [«—— PROG SEE FLASH | —»{ P2.7 ALE
PROGRAMMING PROGRAMMING
MODES TABLE | —»| P36 MODES TABLE | —»| P3.6 9
—» P37 —»{ P37 "
T XTAL2 EA [¢—— VN T XTAL2 EA
3-24 MHz | 3-24 MHz
- }’1 -
) @ f XTAL1 RST fe—— Vv XTALT RST [—— Vi
GND PSEN GND PSEN
Y 1
Flash Programming and Verification Characteristics
T, =0°Cto 70°C, Vo = 5.0 + 10%
Symbol Parameter Min Max Units
Vipl? Programming Enable Voltage 115 125 v
lppt" Programming Enable Current 1.0 mA
1MecL Oscillator Frequency 3 24 MHz
taval Address Setup to PROG Low 48tg L
tamax Address Hold after PROG 48tg gL
tesis Data Setup to PROG Low 48tg, o,
M| [ A— Data Hold After PROG 48t o1
tensn P2.7 (ENABLE) High to Vpp 48BloioL
- | tshae Vep Setup to PROG Low 10 Hs
tans Vpp Hold after PROG 10 us
Ksiais PROG Width 1 110 ps
tavav Address to Data Valid 48t oL
teiay ENABLE Low to Data Valid 48to oL
by Data Float after ENABLE 0 48tg o1
tameL PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time 2.0 ms
Note: 1. Only used in 12-volt programming mode.
ATMEL E
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lash Programming and Verification Waveforms - High-voltage Mode (Vpp=12V)

. P1.0 - P1.7 PROGRAMMING VERIFICATION
W M- . ¥ N N
‘ P2.0 - P2.4 L ADDRESS ,j ADDRESS
’ — tavav
i PORT 0 4 DATA IN N ( DATA OUT p——m
i bver  terox [t
: tavgL [ N tanax
ALE/PROG N A
et [ e—tg qi—>!" " tanst
s AL Vb gee— N\LOGIC 1
EAN ol — o Vol [ I A
@
le— 1, t
P2.7 S teLav l— I+ YeHaz
(ENABLE)
taHaL —*
P3.4
: (RDY/BSY) BUSY READY
twe

Flash Programming and Verification Waveforms - Low-voltage Mode (Vpp=5V)

P1.0 - P1.7 PROGRAMMING VERIFICATION
- o . y \
P20 - Poa { ADDRESS A-—‘Jk ADDRESS >——
‘ — tavav
PORT 0 ¢ DATA IN b (DATA OUT p—
e tover  terox [
tavaL R *| tanax
ALE/PROG N
fsat [ toran—|
i — LOGIC 1
. EANwy LS TT NSNS ST OGS £ |
t t
P2 7 %_ EHSH tELQV A < EHQZ
(ENABLE)
taneL —*
P34
(RDY/BSY) BUSY READY
twe
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" Absolute Maximum Ratings*

| Operating Temperature..........cccceevverereerrnnnnn. -56°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute
“ Maximum Ratings” may cause permanent dam-
Storage TEMPErature ........ccoewvvueeeessieesssusenns -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any
Voltage on Any Pin other conditions beyond those indicated in the
with Respect to Ground .........cccereeeeereerereeeerenenn= 1.0V 10 7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
Maximum Operating Voltage .......ccccoveerernrmncnennnsnnincennnes 6.6V conditions for extended periods may affect
device reliability.
DE OUHUECHTeD vnmnmmpssmmsssnmsrmes 100 A

DC Characteristics
The values shown in this table are valid for T, = -40°C to 85°C and V-~ = 5.0V + 20%, unless otherwise noted.

) Symbol Parameter Condition Min Max Units
Vi Input Low-voltage (Except EA) -0.5 0.2 Vge-0.1 A
=| Vi Input Low-voltage (EA) -0.5 0.2 Vge-0.3 v
J Vi Input High-voltage (Except XTAL1, RST) 0.2 V+0.9 Vect+0.5 \
Ving Input High-voltage (XTAL1, RST) 0.7 Ve Vect0.5 v
VoL Output Low-voltage!" (Ports 1,2,3) lo,=1.6mA 0.45 v
i Vit Output Low-voltage!” loL = 3.2mA 0.45 v
(Port 0, ALE, PSEN)
Vou QOutput High-voltage lon =-60 PA, Voo =5V + 10% 2.4 \Y
/ (Ports 1,2,3, ALE, PSEN) Loy =25 /A 0.75 Vo v
lois = ~10 pA 0.9 Ve v
Voui Output High-voltage low = -800 PA, Vo =5V £ 10% 2.4 \
(Port 0 in External Bus Mode) loys = -300 A 0.75Voe v
] lon = -B0 PA 7 0.9 Ve v
n Logical 0 Input Current (Ports 1,2,3) | V= 0.45V -50 pA
I Logical 1 to O Transition Current Vin=2V, Vee =8V £ 10% -650 pA
N (Ports 1,2,3)
iy Input Leakage Current (Port 0, EA) | 0.45 < Vjy< Ve +10 pA
| RRST Reset Pulldown Resistor 50 300 KQ
Co Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
l lee Power Supply Current Active Mode, 12 MHz 25 mA
Idle Mode, 12 MHz 6.5 mA
Power-down Mode(" Vgg = 6V 100 HA
Vee =3V 40 pA
Notes: 1. Under steady state (non-transient) conditions, I, must be externally limited as follows:

Maximum lg,_ per port pin: 10 mA
Maximum lg,_ per 8-bit port:
Port 0: 26 mA Ports 1, 2, 3: 15 mA
Maximum total I, for all output pins: 71 mA
If |g, exceeds the test condition, Vg may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.
s 2. Minimum V¢ for Power-down is 2V.

; ATMEL 7
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C Characteristics

-Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
" outputs = 80 pF.

External Program and Data Memory Characteristics

12 MHz Oscillator Variable Oscillator
Symbol Parameter Min Max Min Max Units
ool Oscillator Frequency 0 24 MHz
i ALE Pulse Width 127 2ty -40 ns
tavie Address Valid to ALE Low 43 toLo~13 ns
tax Address Hold After ALE Low 48 toLoL-20 ns
i ALE Low to Valid Instruction In 233 45, 0 -65 ns
B ALE Low to PSEN Low 43 toc-13 ns
*| torpn PSEN Pulse Width 205 3tcc-20 ns
of toure PSEN Low to Valid Instruction In 145 3tg o -45 ns
trxix Input Instruction Hold after F’Sﬂ 7 0 0 ns
| texiz Input Instruction Float after PSEN 59 toro-10 ns
tavias PSEN to Address Valid 75 to B ns
taviv Address to Valid Instruction In 312 5tgLoL-55 ns
toiaz PSEN Low to Address Float 10 10 ns
b D Pulse Width ' 400 Bt ~100 ns
T WR Pulse Width 400 Btc, o -100 ns
b o RD Low to Valid Data In 252 5t o -90 ns
| tRuox Data Hold After RD 0 0 ns
tainz Data Float After RD 97 2tc o -28 ns
tLLov ALE Low to Valid Data In 517 8tg o -150 ns
tavov Address to Valid Data In 585 Mo o -165 ns
L ALE Low to RD or WR Low 200 300 Btc 50 Btg o +50 ns
tarwe Address to RD or WR Low 203 A 6 -75 ns
| tavwx Data Valid to WR Transition 23 toLo-20 ns
tavwh Data Valid to WR High 433 Ttg o120 ns
wmiax Data Hold After WR 33 toLo 20 ns
taiaz RD Low to Address Float 0 0 ns
twHLn RD or WR High to ALE High 43 123 toLc 20 to oL +25 ns

”
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" External Program Memory Read Cycle

AT89C52

- L —
ALE { R .
i * teLen
tavie [* i  ty
— tup [—
PSEN / * * teuy i
t
] Mt PXA
tax ke - toxiz
texix <
PORT 0 >~ A0-A7 K INSTRIN P > A0-A7 >
o taviv >
PORT 2 X A8 - A15 X A8-A15
- External Data Memory Read Cycle
Y hu—"
ALE N
5 twhin
PSEN
__/ | tLLDV _’] \_/
e— taLRH —»
ot —
S N L/
HD 4—tLLAx-—-—b &.—.—.—.-..t_..._._._._/ A
t & HLoV AHDZ
— tavLL— TR\ :
— RHDX
PORT 0 _ > A0 - A7 FROM RI OR DPLX ) KDATA INJIDKAO = A7 FROM PCL— INSTR IN
) < tavwL >
. f————— tavov
PORT 2 . 4 P2.0 - P2.7 OR A8 - A15 FROM DPH > AB - A15 FROM PCH

frmmmem—— A,
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=xternal Data Memory Write Cycle

tHL—
ALE N
— LA

PSEN N

— tw ——e—twiwn —
WR N V
A
WA 1 ax
“_tAVLL_’ tovwx = = tWHQX
— lavwn —
PORT 0 __ > A0 - A7 FROM RI OR DPL DATA OUT I XA0 - A7 FROM PCL—INSTR IN
4 T >
PORT 2 . P2.0 - P2.7 OR AB - A15 FROM DPH X A8 - A15 FROM PCH

External Clock Drive Waveforms

toten — < toneL

Voo - 0.5V

0.2 Vg - 04V

0.45V
=™ ool —7h
A teraL >
External Clock Drive

Symbol Parameter Min Max Units
1heLeL Oscillator Frequency 0 24 MHz
toLoL Clock Period 41.6 ns
teHex High Time 15 ns
teLex Low Time 15 ns
tolch Rise Time 20 ns
toHeL Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions

» The values in this table are valid for Vo5 = 5.0V + 20% and Load Capacitance = 80 pF.

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
e Serial Port Clock Cycle Time 1.0 12tg 0L Hs
tavxn Output Data Setup to Clock Rising Edge 700 10tg ¢ -133 ns
txnax Output Data Hold After Clock Rising Edge 50 2to o117 ns
txHox Input Data Hold After Clock Rising Edge 0 0 ns
tyHov Clock Rising Edge to Input Data Valid 700 10to o -133 ns

_ Shift Register Mode Timing Waveforms

INSTRUCTION | 0 | 1 | 2 | 4. B | N\ | 7 ' 8 |
ALE A 1 [ H A TINN LT L
}‘_—’tXLxL
CLOCK tI D7) N~y TR~ N\U_[ L[
QVXH
A t)(Hle
WRITE TO SBUF, P08 A B\ F4 A8 D/ IR Cs X \a < 7/
—_—— t
OUTPUT DATA txtiow ] [+ o SETTI
. CLEARRI
v
INPUT DATA

AC Testing Input/Output Waveforms'®

Vo~ 05V 02 Vg + 0.9V

TEST POINTS
0.2 Vg - 0V

. 0.45V

= Note: 1. AC Inputs during testing are driven at Vg - 0.5V
for a logic 1 and 0.45V for a logic 0. Timing measure-
ments are made at V|, min. for a logic 1 and V,_max.

for a logic 0.

ATmEL

oL 0V
V' Timing Reference
Ao Paints
Vi oan” VOL+ 0.1V
Note: 1. Fortiming purposes, a port pin is no longer floating

when a 100 mV change from load voltage occurs. A
port pin begins to float when a 100 mV change from
the loaded Vo/V, level occurs.
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* Ordering Information

Speed Power
_" (MHz) Supply Ordering Code Package Operation Range
12 5V £ 20% ATB9C52-12AC 44A Commercial
AT89C52-12JC 44) (0°C to 70°C)
AT89C52-12PC 40P6
AT89C52-12QC 44Q
AT89C52-12Al 44A Industrial
AT89C52-12JI 44] (-40°C to 85°C)
AT89C52-12PI 40P6
AT89C52-12Ql 44Q
16 5V + 20% ATB9C52-16AC 447 Commercial
AT89C52-16JC 44 (0°C to 70°C)
s AT89C52-16PC 40P6
AT89C52-16QC 44Q
AT89C52-16Al 44A Industrial
AT89C52-16JI 44) (-40°C to 85°C)
AT89C52-16P! 40P6
’ AT89C52-16Q) 44Q
20 5V + 20% AT89C52-20AC 44A Commercial
. AT89C52-20JC 44J (0°C to 70°C)
AT89C52-20PC 40P6
AT89C52-20QC 44Q
AT89C52-20Al 44A Industrial
AT89C52-20JI 44) (-40°C to 85°C)
AT89C52-20PI 40P6
AT89C52-20Ql 44Q
24 5V +20% AT89C52-24AC 44A Commercial
ATB9C52-24JC 44) (0°C to 70°C)
. ATB9C52-24PC 40P6
ATB89C52-24QC 44Q
ATBICH2-24Al 44A Industrial
- AT89C52-24.] 44 (-40°C to 85°C)
AT89C52-24PI 40P6
. AT89C52-24Q 44Q
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
444 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
| 44Q 44-lead, Plastic Gull Wing Quad Flatpack (PQFP)

. 22 AT89C52 reammwr=rreme TR I



Packaging Information

AT89C52

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Flatpack (TQFP)

Dimensions in Millimeters and (Inches)*

JEDEC STANDARD MS-026 ACB

12.21(0.478) sQ

PIN 11D 11.75(0.458)

0.45(0.018]

_{_ 0.30(0.012)

0.80(0.031) BSC L
._f

10.10(0.394) ¢
9.90(0.386)

z __II_‘O_TS,@;@L 0.15(0.006)

0.45(0.018) 0.05(0.002)

r 1.20(0.047) MAX

0. 20( ooa)

Controlling dimension: millimeters

44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-018 AC

045(1.14) X 45°  PINNO.1 [045(1.14) X 30° - 45°

.012(.305)
IDENTIFY
) L=t e
E B ) 630(16.0)
| Tss0(15.0)

032(813) | +

L l o .021(,533)
1026(.660) l% E gg:g ;3 x 1013(330)
=

.050(1.27) TYP _:n:n:n‘l":h:r\:'—
500(t2 7) REF SQ

043(1.09)
1020(.508)
.120(3.05)
1090(2.29)
.180{4.57)
.165(4.19)
.022(,559) X 45° MAX (3X)
%mmﬂ]%i
)

40P6, 40-lead, 0.600" Wide, Plastic Dual Inline
Package (PDIP)
Dimensions in Inches and (Millimeters)

" 2.07(52.6) |
2.04(51.8) Pm

—T
566(14.4)
530(13.5)
_L

I.._ oso(z 29)
1.900(48.26) REF

.220(5.59) 1005(. 127)
MAX _.-I I‘" MIN
w1 1
ELANE .065(1.65)
.161(4.09 015(.381)
125(3.18) 022(550)
,065(1.65) o1 4( 356)
.110(2.79) 041(1.04)
1090(2.29)

,630(16.0)
|—.590(15.o)

0 REF
,012(.305) 12
1008(:203)

l__ .690(17.5)
.610(15.5)

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-022 AB

13.45(0.525) o
12.95 (0.506)
PIN 11D

0.50 (0.020)

_{_ 0.35 (0.014)
| B

0.80 (0.031) BSC
1
T_.

10.10(0.394) o
9.90 (0.386)

r 2.45 (0.096) MAX

0.17 (0.007)

0.13 (G 005)
% __.] L. 1.03 (0.041) Eozs(o.om) MAX

0.78 (0.030)
Controlling dimension: millimeters

AIMEL
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General Description

The ICL7109 is a monolithic 12 bit A/D converter
designed for easy interface with microprocessors
and UARTS. The 12 bit binary plus polarity and over-
range outputs can be directly interfaced to a micro-
processor bus. In this mode the ICL7109 is controlled
by the microprocessor through the chip select and
two byte enable inputs. For remote data logging
applications the ICL7109 outputs are easily converted
to a UART handshake mode, working with industry
standard UARTS to provide serial data transmission.

This device offers high accuracy by lowering rollover
error to less than 1 count and zero reading drift to
less than 1 uV/°C. In many data acquisition systems
the ICL7109 is an attractive, low cost, one-per-
channel alternative to analog multiplexing due to
its low power consumption and input bias current.

Maxim has added a zero-integrator phase to the
ICL7109, eliminating overrange hangover, “crosstalk”
and hysteresis effects. Maxim has also increased the
current sourcing capabilities of the ICL7109, enabling
it to rapidly drive the large capacitances often found
on microprocessor busses.

- Applications

This device is used in a wide range of data acquisition
and control applications. Most applications involve
the measurement of analog data:

Pressure Speed Voltage
Resistance Flow Weight
Temperature Power Current

... Typical Operating Circuit

b ADORESS BUS !
T g8
[ CONTROL BUS 4?
l —[ liu ! l I
DATA BUS /
HBEN  LREN
00-812
poLon) ®
Afllc/z);,lolgw MICROPROCESSOR
B1-88
ANAOG T
N E L
CEloab
AUN.
MODE__ HOLD
GND (L4

DIRECT INTERFACE

/W AKX /W

12 Bit A/D Converter With

3-State Binary Outputs

Features

4. Improved 2nd Source! (See 3rd page for
“Maxim Advantage™").

¢ Zero Integrator Phase for Fast Overload
Recovery

Hysteresis and “Crosstalk” ElimInated
Enhanced Bus Driving Capability
Byte Organized Three-state Outputs

‘e o e '@

UART Handshake Mode for Serial Interfacing
True Differential Input and Reference
Up to 30 Converslons per Second

Significantly Improved ESD Protection

e o o o

Manolithic, Low Power CMOS Design

Ordering Information

PART TEMP. RANGE PA(;KAGE
ICL7109MJL  -55°C to +125°C 40 Lead CERDIP
ICL71091JL  -20°C to +B5°C 40 Lead CERDIP
ICL7108CPL  0°C to +70°C 40 Lead Plastic DIP
ICL7108CQH  0°Cto +70°C 44 Lead Plastic Chip Carrier
ICL7109C/D  0°C to +70°C _ Dice
Pin Configuration
Top View <> 1 40 Lead DIP
GNO[1] [0, v*
sTaTus (1] [39) REF IN -
poL [} | 38] REF CAP -
HIGH on. [T |37, REF CAP +
ORDER 12" s] (56, REFIN +
BYTE 8116 | 35 INHI
uITuTS 810 7] I3 nLo
89,4 ] [32. common
o4 (] ArAXIAM 32, T
er 0] (37 Az
LOW Be 1| ot s 0] BUF
ORDER 8s 17| [29) REF OUT
BYTE 84 13 78] v-
QHTRLILS: 83 [i] [37] seno
82 (15] [78] RUNHOLD
B1(% | 75] BUF OSC OUT
TesT (7] [21) osC SEL
ByrE | (BN (1] |73, oscouT
CONTROL HBEN [ 77) OSCIN
wputs | EELOAD [0} 71] MODE
See Las! Page for 44 Lead Chip Carrler Pin Conlfiguration.

The "Maxim Advanlage'"signifias an upgraded qualily level. Al no additional cost we olfar a second-source devica that is subfect lo the loffowing: guarantead
parlormance over lemperalture along with tighler tes! specilications on many key paramalers: and davice enhancements, whan neaded, thal result inimproved

perlormance without changing the functionality.

MAXLMN

Maxim Integrated Products 1

Call toll free 1-800-998-8800 for free samples or literature.
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ICL7109

12 Bit A/D Converter With

3-State Binary Outputs

ABSOLUTE MAXIMUM RATINGS

Positive Supply Voltage (GND to V*) ............ +6.2V
Negative Supply Voltage (GNDto V') ............ -V
Analog Input Voltage (Lo or Hi) (Note 1) ..... V¥ to V-
Reference Input Voltage (Lo or Hi) (Note 1) .. V¥to V"

DPicr;ita.l In?ut Voltag}e' ‘

ns 2-27) (Note GND - 0.3V < VIN € V* + 0.3V
ower Dissipation (Note 3)

Cerdip Package ............ v W @ +85°C
Plastic Package ....... . ve. 500mW @ +70°C
Plastic Chip (garrier (Quad) ....... 400mW @ +70°C

Operating Temperature
Cerdip Package (MJL) ........ -55°C = Ta < +125°C
Cerdip Package (CJL) ......... -20°C < Ta < +85°C
Plastic Package (CPL) ........... 0°C < Ta € +70°C

Plastic Chip Carrier

(Quad) Package (Q) .............. 0°C < Ta< 70°C
Storage Temperature ........... -65°C < Ta < +160°C
Lead Temperature (Soldering, 10 sec.) ..... ... =300°C

Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only.
and functional operation of the device at thesa or any other conditions above those indicated in the operational sections of the specifications

is not implied. Exposure to absalute maximum rating conditions for extended periods may alfect device reliability.

ELECTRICAL CHARACTERISTICS
{All parameters with V* = +5V, V= = -5V, GND = 0V, Ta = 25°C. unless noted.)

ANALOG SECTION

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Vin = 0.0V Octal
Zero Input Reading Full Scale = 409.6mV -0000g | *0000g +0000s Aeading
. . y Vin = VREF 37778 Octal
Ratiometric Reading VRer = 204 8mV 37778 40008 4000g Reading
Non-Linearity (Max deviation Full Scale = 409.6mV to 4.086V 1 G +1 Cothit
from best straight line fit) Ovar full operating temperature range. —
Roll-over Error (difference in Full Scale = 409.6mV t
i = d 0 4.086V
reading for equal pos. and & Lo -1 £2 +1 Counts
neg. inputs near full scale) Over full operating temperature range.
Common Mode Rejection Ratio | CMRR :E:i' ;J:r'eleazsl:zmv 50 W
| Input Common Mode Range VCMR | Input Hi, Input Low, Common V=18 vt -15 v
Noise (p-p value not - Vin - OV 15 v
exceeded 95% of time) & Full Scale = 409.6mV 4
Vin = 0 All devices 25°C 1 10 pA
ICL7109CPL 0°C < Ta < 4+70°C 20 100 pA
Leakage current at Input ik 1 {CL7109IDC -25°C < Ta < +BS°C 100 250 pA
ICL7109MDL -55°C < Ta =< +125°C 2 5 nA
Zero Reading Drift ViN = OV 0.2 1 uvrec
Scale Factor Temperature Vin = 408.9mV = > 7770 reading ) 5 meC
Coefficient Ext. Ref. 0 ppm/°C e
Supply Current V* to GND B Vin = @, Crystal Osc. 700 1500 KA
3.58MHz test circuit
Supply Current V* to V- Isupp Pins 2-21, 25, 26, 27, 29, open 700 1500 uA
g -
Al Out Voltage Vaer | R 23T 24 28 32 v
"Ref Out Temp. Coefficient 25k between V* and REF OUT 80 ppm/°C
vt -05
Input Common Mode Range Vem IN HI, IN LO, COMMON V=+15§ to v =10 v
V=+1.0

Note 1:
Note 2:

Input voltages may exceed the supply voltages, provided the input current is limited to =100 wA.
Due 1o the SCR structure inherent in the process used to fabricate these devices, connecting any digital inputs or outputs to

vollages greaterthan V* or less than GND may cause destructive device latchup. For thisreasoniitls recommended that no inputs

irom sourcas other than the same power su

multiple supply systems the supply to the ICL7109 be activated first,

Note 3:

This limit refers to that of the package and will not be obtained during normal operation.

ply be applied to the ICL7109 belore its power supply is established, and that in

The eleclrical characteristics above are a reproduction of a portion of Intersil's copyrighted (1983/1984} data book. This information does
not constitute any representation by Maxim that Intersil's products will perform in accordance with these specifications. The “Eleclrical
Characteristics Table" along with descriptive excerpts from the original manufacturer's data sheel have been included in this data sheet

solely for comparalive purposes.
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¢ Zero Integrator Phase ensures fast overload

recovery

VAKXV

12 Bit A/D Converter With
3-State Binary Outputs

¢ Bus Driving Capabllity Enhanced

4 Maxim Quality and Reliability

¢ “Crosstalk” and Hysteresis Eliminated

4 Signlficantly Improved ESD Protection (Note 4)

ABSOLUTE MAXIMUM RATINGS This device conforms to the Absolute Maximum Ratings on the adjacent page.

ELECTRICAL CHARACTERISTICS
(V' = #5V, V- = -5V, GND = 0V, T, = 25°C: Test Circuit Figure 1; unless noted,)

ANALOG SECTION

[symBoL

PARAMETER CONDITIONS MIN TYP MAX UNITS
Measure-
Overload Recovery Time 0 1 ment
Cycles
Vin = 0.0V y = Octal
Zero Input Readjig Full Scale = 409.6mV 0pa0s 0’07 00008 peading
. . . Viy = Vrer 3777s Octal
Ratiometric Reading VRer = 204.8mV 37778 40005 40008 . feading
P Full Scale = 409.6mV ta 2,048V ¢
Non-Linearity (Max deviation . @ A
from best straight line fit) Over full operaling temperature range. i ! =" " Counts
(Note 5) i
Roll-over Error (difference in Full Scale = 409.6mV to 2.048V :
reading lor equal pos. and Over full operating temperature range = =1 g +1 Counts
neg. inputs near full scale) (Note 5)
= 1
Common Mode Rejection Ratio  CMRR. | ¥CM ;fg:'e VIR 50 v
Input Common Mode Range Vemr  Input Hi, Input Low, Commen V=+1.5 V15 v
Noise (p-p value not b Vin =0V 15 v
exceeded 95% of time) n Full Scale = 409.6mV s
Vin = OV All devices, Ta = 25°C 1 10 pA
ICL7109CPL CQ 0°C = Ta = +70°C 20 100 pA
Leakage Current at Input K |CL71081IL ~20°C = Ta < 485°C ! 100 250 pA
ICL7109MJL -55°C < Ta < +125°C i 2 5 | nA
Zero Reading Drift VIN =0V : 0.2 1 l uw/°C
Scale Factor Temperature Vin = 408.9mV = 77708 reading
Coefficient Ext. Ref. 0 ppm/°C 1 5 1 ppm/°C
Supply Current V* to GND "* Vin = 0, Crystal Osc. 700 1500 KA
3.58MHz test circuit
Supply Current V* lo V= ISUPP  ping 2-21, 25, 26, 27, 29 open 700 1500 pA
) Referred to V*, _ .
Ref Out Voltage VREF 250} betwean V* and REF OUT | 24 e 3.2 i
Ref Out Temp. Coefficient _25k() between V* and REF OUT i 80 ppm/°C

Note 4:
Method 3015.1).
Note 5:
changed to 2.048V.

VIAXI VI

All pins are ‘designed lo withstand electrostatic discharge (ESD) levels in excess of 2000V (lest circuil per Mil Std 883,

A 4.096V full scale voltage exceeds the Common Mode Voltage Range of the device. The full scale voltage has therelore been
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ICL7109

12 Bit A/D Converter With
3-State Binary Ouiputs

ELECTRICAL CHARACTERISTICS

(All parameters with V* = +5V, V== -5V, GND

=0V, Ta = 25°C, unless noted.)

E)IGITAL SECTION
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Output High Voltage VoH :.fl'l‘_": ;_:20‘1": — 3.5 43 v
Output Low Voltage VoL lout = 1.6mA 0.2 0.4 v
Output Leakage Current Pins 3-16 high impedance +.01 1 A |
H - o B
Control I/0 Pullup Current = ! n‘pgdfg“'gﬁ*o‘ vr-av 5 uA
Control I/0 Loading HBEN Pin 19 LBEN Pin 18 50 pF
Input High Voltage ViH :ﬂ?;r::_j'zil' éile 2.5 v
Input Low Voltage ViL 2?:"::":;‘ éshiDZT 1 v
Input Pull-up Current i Pins 26, 27 Vout = V™ -3V 5 uVv
Input Pull-up Current Pins 17, 24 Vout = V* -3V 25 A
Input Pull-down Current Pin 21 Voutr = GND +3V 5 pA
i =22 1 A
Oscillator Output Cureent High Oo SdUr 30 1 4
Low QoL Vour = 2.5V 1.5 mA
Buffered Oscillatar High BOoH | Vour = 2.5V 2 \ 2 mA
Output Current Low BOoL | Vour =256V 5 mA_ |
MODE Input Pulse Width tw 50 ns

The elactrical charactaristics above are a reproduction ol a portion of Intersil's copyrighted (1983/1984) data book. This information does
not constitute any representation by Maxim that Intersil's products will perform in accordance with these specifications. The “Electrical
Characteristics Table" along with descriplive excerpts from the original manufacturer's data sheet have been included in this data sheet
solely for comparativa purposes.

HIGH
‘ORDER
BYTE
OUTPUTS

ORDER

QUTPUTS

OONOAE0ONOTL

.
@
<

BYTE
CONTROL
INPUTS

==

ﬁf'l[']ilﬁ

A
1GHD v

[—o0 -

2 STATUS REFIN-Hf }——————0O-

apoL ReFcap-aafl L DIFFERENTIAL
40R REF CAP» 37 ]_T" REFERENCE
512 REFIN+ X% [ _J———0O+

(1 31] INHI3S oF Ve ) INPUT HIGH
TB10 INLO 34 INPUT LOW

H

a8y COMMON 33

Cint
v T2 [ e
C, ASaF
1Y) ”IC’L‘?)'(I(I)S'IN aza [ -
-1 BUF 30

1285 REFOUT X
ned V28

GHD

LIUILILIL]

1483 SEND 27 +— OREFIN-
1582 RUN.HOLD 26

18 81 BUF OsCouT2s|_J— '

17 TEST osC seLze[_}—GNO 2awt!

W (BEN 0§C OUT 23 :}—-—-—-—-—-—_L

19 HBEN 0sCIN2T2 25795 MHz

20 CETOAD MODE 21 :;—-am:l ‘:lj_ TV CAYSTAC

"Hiwt  20k!) FOR 02V REF
‘At 1004(! FOR 1.0V REF

Figure 1. ICL7109 Test Circuit
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DIGITAL SECTION

VAKXV

12 Bit A/D Converter With
3-State Binary Outputs

ELECTRICAL CHARACTERISTICS Specifications below satisly or exceed all “tested" parameters on adjacent page.
(V* = =5V, V= = -5V, GND = 0V, Ta = 25°C, unless noted.)

PARAMETER ! SYMBOL CONDITIONS I MIN TP MAX UNITS
I Pins 2.16, 18-20. loyr = TmA | s 43 v
Oul[':l-l.l( High Voltage VoH loyr = 100.A a0 as v
Output Low Voltage VoL lout = -1.6mA 0.2 0.4 v
Out_put Leakage Current Pins 3-16 high impedance =01 +1 HA
Pins 18, 19, 20 Vour = V- -3V
{?ontrot 1/0 Pullup Current MODE inpt;tni GND 2 5 20 HA
Control I/O Loading HBEN Pin 19, LBEN Pin 18 50 pF
i Pins18-21, 26, 27
Input High Voltage ViH refarred 1o GND 2.5 v
Pins 18-21, 26, 27
Input Low Voltage ViL referred 1o GND 1 v
Input Pull-up Current Pins 26, 27 Vour = V* -3V ! 2 5 20 .y
| Input Pull-up Gurrent Pins 17, 24 Vour = V* -3V ! 5 100 300 pry
Input Pull-down Current Pin 21 Vour = GND +3V g 2 ] 20 uA
- ! N |
Oscillator Output |90 Lo STl 40y : 2 2 .24
Current ) Low Oot ' Vour=25V ‘ 15 3 mA
Bulfered Oscillator [ Hligh BOoH ; Vour =25V k : Lo
Ou_tput Current Low BOoOL | Vour= 25V 5 10 mA
MODE Input Pulse Width B tw (Note 6) 50 ns
Byte _E_nable Width LBEA (Note 6) 350 100 ’ ns
Data Access Time
_I'rgm Byte Enabla IDAB F(Notu 6) 150 350 ns
Data Hold Time
from Byte Enable toHB (Note 6) 100 300 ns
Chip Enable Width tcea (Note 6) 400 120 ns
Data Access Time
from Chip Enable toac. | (Note 6} 175 400 i
Data Hold Time
from Chip Enable tonc | (Note 6) 150 400 ns
Note 6: Guaranteed by design: sample tested only.
VIA XV

ln
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ICL7109

12 Bit A/D Converter With

3-State Binary Outputs

Table 1. PIN FUNCTIONS

PIN| FUNCTION TYPE DESCRIPTION PIN| FUNCTION | TYPE DESCRIPTION
1 |GND Ground return for digital 21 |MODE Input | LO = Converter in direcl
logic, OV output mode, Makes LBEN,
2 | sTATUS Output | HI = Converter in integrate & CE/LOAD act as
. inputs controlling byte
phase, or deintegrate phase b dlract
until data is latched ouipLisCiracHy:
= HI = Converter in handshake
LO = Converter in zero-
; mode. Makes LBEN, HBEN &
integralor phase, auto-zero E/LOAD act tput
phase, or deintegrate phase Belanouiputy;
after data Is latched. 22 |OSC IN Input | Oscillator input.
3 | POL Polarity — HI = Positive input. 23 |OSC oUT Output | Oscillator output.
4 |OR Overrange — HI = Overranged 24 | OSC SEL Input | Taking Oscillator Select
& R - high or leaving it open
5 |B12 Bit 12 = Most significant bit configures OSC IN, OSC
6 [B11 Bit 11 OUT & BUF QSC OUT as
7 | B1 T Bit 1 an RC oscillator. Clock
0 ngpe ' g frequency = BUF OSC OUT
8 |B9 state | Bitg frequency. Taking it low
9 |88 data | Bit 8 configures OSC IN & 0SC
5 QUT for crystal osciliators.
10|87 output | Bit7 Clock frequency = BUF OSC
11|86 bits Bit & QUT frequency + 58,
12 |B5 Bit S 25 |BUF OSC OUT| Output | Buffered Oscillator Output
13 | B4 Bit 4 26 | RUN/AOLD Input | HI = Continuous conversions
= every 8192 clock pulses.
14183 Bitd LO = Converter stops in
15 | B2 Bit 2 auto-zero after completing
16 |81 Bit 1 = Least significant bil. liin Lo efBidp in Goarogs.
17 | TEST Input’ | HI = Normal operation 27 | SEND Input Lndgcates ability of external
LO = All output bits high. R raglBgECept i wifhl
% converter is in handshake
MID = Counter output *
made. Connecl to +5V if
latches enabled. T usad
Cannect to +5V if not used. O vps
28 |V~ Negative supply. Nominally
18 | LBEN Input | Low Byte Enable.
When MODE is low and TEV from GND-
CE/LOAD is low, taking 29 | REF OUT Qutput | Reference voltage output.
Low Byte Enable low Nominally 2.8V below V-
p o pdiiaed 30 | BUFFER Output | Buffer Amplificr OutpuL.
Qutput | In handshake mode (when 31 | AUTO-ZERO Inside foil of Caz connects
MODE is HI) this pin hare.
becomes a low byle 32 | INTEGRATOR | Output | Outside foil of CinT connects
flag output. here.
19 | HBEN Input | High Byte Enable. MMO Anal
When MODE is low and od : 8 0? c°m",‘°"' —
CE/LOAD is low, taking 34 | INPUT LO Low side of differential input.
High BY‘?_]ET\“';”‘;‘ . 35 | INPUT HI High side of differential input.
activates high order e . 3 " .
outputs 59_%12. PDL); OR. 36 | REF IN- F‘c:mlwe input of differential
Qulput | In handshake mode (when reterence.
MODE is HI) this pin 37 | REF CAP- Positive side of reference
becomes a high byte capacitor.
flag output. 38 | REF CAP- Negative side of referonce
20 | CE/LOA Input | When MOODE is low, taking capacitor.
Chip Enable/Load high = - e
disables B1-812, POL & OR. 39 | REF IN Nr:gativo input of differential
Taking il low enables {01968nCe,
B1-B12, POL & OR it 40| V- Input | Positive supply. Nominally
HBEN and CBEN are low. +5V from GND.
Qutput | In handshake mode (when
MODE is HI) this pin becomes
a load strobe output. Note: All digital levels are positive true.
6 N AKX/




12 Bit A/D Converter With
3-State Binary Outputs

Crer

30 a8

Wh
L Caz "l'le
REF CAP - BUFFER
20

At

I

BUFFER

Zl

TO ZERO CROSS
DETECTOR
DIGITAL SECTION

—{COMPARATOR e

4

DEINT (-}

[

Az
INT
DEINT (o) =——
DEINT (-] =—
Zh—

FROM CONTROL
LOGIC
DIGITAL SECTION

INPUT LO ¢—®
(N

AAAXL
1CL7109

REF QUT v v

Figure 2. Analog Sectlion

Detailed Description

Analog Section

The equivalent circuit of the Analog Section of the
ICL7109 is shown in Figure 2. The circuit will perform
conversions at a rate determined by the clock fre-
quency (8192 clock periods per cycle) when the
RUN/ input is left open or connected to V*.
Each measurement cycle is divided into four phases
as shown in Figure 3. They are:

1. Auto-Zero (AZ)

2. Signal Integrate (INT)
3. De-integrate (DE)

4, Zero Integrator (Z1)

Auto-Zero Phase

Three events occur during Auto-zero. The inputs,
In-Hi and In-Lo, are disconnected from the pins
and internally shorted to analog common. The refer-
ence capacitor is charged to the reference voltage.
Lastly, a feedback loop is closed around the system
to charge the auto-zero capacitor Caz to compensate
for offset voltages in the comparator, bufferampilifier
and integrator. The inherent noise of the system
determines the A-Z accuracy. In any event, the offset
referred to the input is less than 10 uV.

Signal Integrate Phase

The internal input high (In-Hi) and input low (In-Lo)
are connected to the external pins, the internal short
is removed and the auto-zero loop is opened. The
converter then integrates the differential voltage
between In-Hi and In-Lo for a fixed time of 2048
clock periods. Note that this differential voltage must
be within the common mode range of the inputs. The

VAKXV

polarity of the integrated signal is determined at the
end of this phase.

De-Integrate Phase

The third phase is De-integrate, also known as refer-
ence integrate. Input high is internally connected
across the previously charged reference capacitor
and input low is internally connected to analog
Common. The polarity detection circuit connects the
reference capacitor with the polarity such that the
integrator output returns with a fixed slope to the
zero level established in the Auto-Zero phase. The
time required for the output to return to zero
(represented bY the number of clock periods counted)
is proportional to the input signal.

Zero Integrator Phase

Input low is shorted to analog Common and the
reference capacitor is charged to the reference
voltage. A feedback loop is closed around the system
to input high, causing the integrator output to return
rapidly to zero (See Figure 3). This phase normally
lasts between 16 and 32 clock pulses but is extended
to 1552 clock pulses after an overrange conversion.

This phase will remove any residual charge left on
the integrator capacitor after an overload reading.
This Zero Integrator phase virtually eliminates the
problem of interaction or “crosstalk” between the vari-
ous channels of a Maxim ICL7109 based multiple
channel data acquisition system. Without the zero
integrator phase, an overload on one channel would
leave charge on the integrator capacitor, which
would then be transferred to the autozero capacitor
during the autozero cycle, resulting in an erroneous
reading for the next channel that is measured after
the channel with the overload.
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Figure 3. Conversian Timing (RUN/HOLD Pin High)

Differential Input

Differential input voltages anywhere within the
common-mode range of the input amplifier can be
accepted (specifically from 1.5V below the positive
supply to 1.5V above the negative supply). The
system has a CMRR of 86dB typical in this range.
For optimum performance the input voltage at In-Lo
and In-Hi should not come within 2 volts of either
the positive or negative supply. Care must be exer-
cised to ensure that the integrator output does not
saturate, since the integrator also swings with the
common-mode voltage. A large positive common-
mode voltage with a nearfull-scale negative differen-
tial input voltage is a warst-case condition. When
most of the swing has been used up by the positive
common-mode voltage, the negative input signal
drives the integrator positive. The integrator output
swing can be reduced to less than the recommended
4V full-scale swing with little loss of accuracy in
these critical applications. The integrator output
can swing within 0.3V of either supply without loss
of linearity.

The ICL7109 has been optimized for operation with
analog common neardigital ground. Thisallows for a
4V full scale integrator swing positive or negative
which maximizes performance of the analog section
with +5V power supplies.

Differential Reference

The reference voltage can be generated anywhere
within the power supply voltage of the converter. The
main source of common-mode error is a roll over
voltage. This is caused by the reference capacitor
losing or gaining charge 1o stray capacitance on its
nodes. The reference capacitor can gain charge

(increase voltage) if there is a large common-mode
voltage. This is the result of a positive signal de-
integration. In contrast, the reference capacitor will
lose charge (decrease vo[ta?e) when de-integrating
a negative input signal. Roll over error defines this
difference in reference for positive or negative input
voltages. This error can be held to less than one half
count for worst-case condition by usin? an optimum
reference capacitor. (See component value selection.)

By having the reference common mode voltage near
arat analog COMMON, the roll-over error from these
sources is minimized.

Component Value Selection

Care must be exercised in the selection of values
for the integrator capacitor and resistor, auto-
zero capacitor, reference voltage, and conversion
rate for optimum performance of the analog sec-
tion. The optimum values must be selected for
each application.

integrating Resistor

Both the integrator and buffer amplifier have a class
A output stage with a quiescent current of 100 pA,
which can supply 20 pA with negligible non-linearity.
The integrating resistor should be small enough that
undue leakage requirements are not placed on the
PC board, but large enough to keep the output
current less than 40 pA. For 2.048 volt full scale,
100k(} is optimum and similarly a 20k{} is optimum
for a 409.6mV scale. For other full scale voltages, RinT
should be selected by the relation

full scale voltage (mV) ki)
20 pA

RinT =

VAKXV



Integrating Capacitor

CinT (the integrating capacitor) should be selected
for maximum integrator output voltage swing with-
out saturation of the integrator (at 0.3 volt from either
supply). A 3.5 to +4 volt integrator output swing is
ideal for the ICL7109 with a =5 volt supplies and
analog common connected to GND. Nominal values
for CinT and Caz are 0.15 uF and 0.33 uF, respectively,
for 7' conversions per second (61.44kHz clock
frequency). These values should be changed to
maintain the integrator output vol!ag_a swing, if
different clock frequencies are used. The value of
CinT is generally given by

(2048 x clock period) (20 pA)
Integrator output voltage swing (Vi

To prevent roll-over and linearity errors a low dielec-
tric absorption capacitor is required. Polypropylene
capacitors give undetectable errors at reasonable
cost up to 85°C. Teflon™ capacitors are recommended
for the military temperature range. Polypropylene
and Teflon™ capacitors should give less than 0.5
count of error due to dielectric absorption even
though their absorption characteristics vary some-
what from unit to unit.

CinT = F

Auto-Zero Capacltor

The Maxim ICL7109 has a zero integrator phase
which ensures that any charge left on the integrator
after an overrange reading is removed before the
autozero phase is started. This zero integrator phase
allows the use of larger values of autozero capacitors
than allowed with other manufacturer's ICL7109s.
Normally, the optimum value of the autozero capaci-
tor is between 2 and 4 times the value of the integrator
capacitor. The typical value of the autozero capacitor
i50.33 uF. Lower values of Cazincrease the noise inthe
autozero loop; very large values will take a longer time
to charge to the proper value after power-up.

The outer foil of Caz should be connected to the
RinT, CinT summing junction and the inner foil to
pin 31 for optimal rejection of stray pickup. Similarly,
the inner foil of CinT should be connected to the RC
summing junction, and the outer foil of CiNT should
be connected to pin 32. Above 85°C, Teflon™ or
equivalent capacitors are recommended for their
low leakage characteristics.

Reference Capacltor

Good results can be achieved in most applications
with a 1 uF capacitor. A larger value is required to
prevent roll-over error where a 409.6mV scale is used
and a large common mode voltage exists (i.e., the
reference low is not at analog common). The roll-
over error can generally be held to one half count by
10 uF in this case. Above 85°C, Teflon™, or equivalent
capacitors are again recommended for their low
leakage characteristics.

KV

12 Bit A/D Converter With

3-State Binary Outputs

Reference Voltage

An analog input of ViN = 2 x VREF generates a full
scale output of 4096 counts. For a normalized scale,
areference of 204.8mV should be used for a 409.6mV
full scale (100 pV per LSB), and 1.024V reference
should be used for a 2.048V full scale (500 uV per
LSB). There will exist a scale factor other than unity
between the absolute output voltage to be measured
and a desired digital output in many applications
where the A/D is sensing the output of a transducer.
In a weighing system, for example, the designer
could possibly want a full scale reading when the
voltage from the transducer is 0.682V. The input
voltage should be measured directly and a reference
voltage of 0.341V should be used instead of dividing
the input down to 409.6mV. 34k} and 0.15 uF are
suitable values for the integrating resistor and
capacitor. A divider on the input is thus avoided.
When a zero reading is desired for non-zero input,
another advantage of this system is realized. Examples
might include temperature and weight measurements
with an offset or tare. The offset may be introduced
by connecting the voltage output of the transducer
between common and analog high, and the offset
voltage between common and analog low, observing
polarities carefully. It may be more efficient, however,
to perform this type of scaling or tare subtraction
digitally using software in processor-based systems
using the ICL7109.

Raference Sources

A major factor in the overall absolute accuracy of
the converter is the stability of the reference voltage.
The resolution of the ICL7109 at 12 bits is 244 ppm
or one part in 4096, Therefore, a temperature differ-
ence of 3°C will introduce a one-bit error if the refer-
ence has a temperature coefficient of 80 ppm/°C (like
the onboard reference). Where the ambient tempera-
ture is not controlled or where high-accuracy absolute
measurements are being made, an external high
quality reference should be used.

To generate asuitable reference voltage, the ICL7109
provides a REFerence QUTput (pin 29) which may be
used with a resistive divider. This output will sink up
to about 20mA without a significant output variation.
A pullup bias device which sources about 10 uA is
also provided. The output voltage is nominally 2.8V
below V* and has a temperature coefficient of 80
ppm/°C typical. REF* should be connected to the
wiper of a precision potentiometer between REF
QUT and V+ and REF OUT (Pin 29) should be con-
nected to REF- (pin 39) when using the onboard
reference. Shown in the test circuit is the circuit for
a 204.8mV reference. The fixed resistor should be
removed for a 1V reference, and a 25k() precision
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potentiometer between REF OUT and V* should
be used.

Note that if pins 29 and 39 are tied together and pins
39 and 40 accidentally shorted (e.?.. during testing),
the reference supply will sink sufficient current to
destroy the device. By placing a 1k{}resistor in series
with pin 39, this can be avoided.

Detailed Description

Digital Section

The digital section (Figure 4) includes: 1) the clock
oscillator and divider circuit; 2) a 12-bit binary
counter with output latches and TTL-compatible
three-state output drivers; 3) control logic; and
4) UART handshake logic.

Note: The term "“clock cycles” as used in the follow-
ing discussion relates to the internal clock, which is
the oscillator output +- 58 when OSC SEL is low.

Three-State Outpults

The IICL7109 has 14 three-state outpu_t':sr; 12 dgta bits,
1 polarity bit, and 1 overrange bit. These bits are
enabled either by the CE?'I:C%U. CBEN and

control signals (see Table 2), or by entering the

Handshake mode,
CE/LOAD, LBEN, and HBEN

These three control pins can function as either inputs
or outputs. In the Direct interface mode (see “Inter-
facing” below), these three pins are Chip Enable and
Byte Enable inputs. In the Handshake mode these
three pins become outputs that load data into the

UART. These pins will be outputs while a handshake
transfer is in progress or at any time that the Mode
input is high.

Run/Hold Input

When the Run/Hold input is tied high, the ICL7109
continuously performs A/D conversions with a fixed
length of 8192 clock cycles per conversion. When
Run/Hold is taken low, the ICL7109 will complete
the conversion in progress, then wait in the autozero
phase. After the minimum autozero time has been
completed, a high-going pulse on Run/Hold of at
least 200 nanoseconds is required to start a new
conversion; but any pulses during a conversion or
up to 2048 clock cycles after Status goes low will
be ignored. If the ICL7109 is holding at the end of
the autozero phase, a new conversion will start and
Status_will go high within 7 clock cycles after
Run/Hald goes high.

In addition to starting and stopping conversians, the
Run/Aold pin can also be uvsed to minimize con-
version time. If Run/Hald is high, each conversion
takes a full 8192 clock cycles, with the De-integrate
phase taking 4096 clock cycles independent of input
voltage. On the other hand, if Run/Hold is low at any
time after Status goes low, the ICL7109 immediately
jumps to the Auto-Zero phase rather than taking a
full 4086 clock cycles for De-integrate. A simple way
to ensure minimum conversion time is to drive the
Run/Hold input with the Buffered Oscillator Output.
When this is done, the conversion time is dependent
on the input voltage: 4096 clock cycles for a zero
voltage input, rising to 8192 clock cycles for full
scale or overrange inputs.

HIGH ORDER
|"‘uvr:ourm1‘s
TEST PDLDI!‘!!"I‘GE%‘!!’?'?

A O C ch (101 D 0 L O S O

LOW ORDER
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-
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Figure 4. Digital Section
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The Mode input is used to control the converter
output mode. The converter is in its Direct output
mode, where the output data is directly accessible
under the control of the chip and byte enable inputs
when the Mode pin is low or left open. (To ensure a
low level when the pin is left open, this input is pro-
vided with an internal pulldown resistor.) When the
Mode input is pulsed high, the converter enters the
UART handshake mode and outputs the data in two
bytes, then returns to “Direct”" mode. The converter
will output data in the handshake mode at the end
of every conversion cycle when the Mode input
remains high. (See “Handshake Mode" section for
more details.)

Send Input

The Send Input is a handshake control input used
during handshake transfers, The use of Send to
control a handshake interface is discussed in the
“Interfacing” section, below.

The Maxim ICL7109 contains an improved power-up
reset circuit that ensures that the ICL7109 powersup
in the Direct mode if the Mode input is low, but other
manufacturer's ICL7109s may power up in the Hand-
shake mode even if the Mode input is held low.
Although the Send input on the Maxim ICL7109 can
be tied either high or low if only the Direct mode is
used, other manufacturer's ICL71089s require that the
Send input be tied high so that the ICL7109 will return
to the Direct mode in 7 clock cycles ifthe Handshake
mode is inadvertently entered on power-up.

CLOCK

The ICL7109 has a versatile three terminal oscillator
that may be operated as a crystal or RC oscillator, It
also may be overdriven by an external clock source.
To optimize it for crystal or RC operation, the Oscil-
lator Select input changes the internal configuration
of the oscillator. The oscillator is configured for RC
operation when the Oscillator Select input is high or
left open (the inputis provided with an internal pullup
resistor), and the internal clock will be of the same
phase and frequency as the signal at the Buffered
Oscillator Output. (See Figure 6 for the resistor and
capacitor connections.) Oscillation will occur in the
circuit ata frequency given by f = 0.45/RC. The oscil-
lator resistor should be 100k(). The capacitor value
should be chosen such that 2048 clock periods are
close to an integral multiple of the 60Hz period for
optimum 60Hz line rejection, but the capacitor value
should not be less than 50pF.

A feedback device and input and output capacitors
are added 1o the oscillator when the Oscillator Select
input is low. With no external components, the oscil-
lator will function with most crystals in the 1to SMHz
range. (See Figure 7.) A fixed + 58 circuit is inserted
between the Buffered Oscillator Output and the
internal clock by taking the Oscillator Select input
low. This division ratio provides 33.18ms integration
time, by using a 3.58MHz TV crystal.

58

T = (2048 clock periods) x ————
( clock peri )XS.SBMHz

= 33.18ms

BUFFERED

our

Figure 6. RC Oscillator
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Figure 7. Crystal Oscillator
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This time is quite close to 33.33ms or two 60Hz
periods. The error is lower than one percent, which
will yield better than 40dB of 60Hz rejection. If atany
time the oscillator is to be overdriven, the overdriving
signal should be applied at the Oscillator Input, and
the Oscillator Output should be left open. When
Oscillator Select is left open, the internal clock will
be of the same duty cycle, frequency and phase as
the input signal. The clock will be the input frequency
divided by 58 when Oscillator Select is at Ground.
The divide by 58 circuit will operate reliably up to
about 5MHz (Oscillator Select low), while the con-
verter itself will operate at clock rates up to 2 MHz
(Oscillator Select high). This implies a conversion
rate of 244 conversions/sec. To operate the converter
at these rates the auto-zero and integrating capaci-
tors must be scaled using the guidelines in the
Component Selection section. As the conversion
rate increases, the accuracy of the converter is
compromised, primarily due to noise and the delay
of the comparator. If the clock period is less than
the comparator delay (typically 1-3 usec.}, the low
order bits become meaningless. At 2 MHz, typical
readings with the inputs shorted may be 4-10 counts,
rendering the 4 LSBs meaningless.

Note: At 15 conversions per second, the integration
time of 2048 clock pulses equals one complete period
of 60 Hz. This is therefore the maximum conversion
rate that will provide 60 Hz naise rejection.

Stafus Output

Atthe end of a conversion cycle the Status output goes
low, one-half clock period after new data from the
conversion has been stored in the output latches.
Status goes high at the beginning of Signal Integrate
(Phase [l). Figure 3 shows the timing details. This
signal may be utilized as a flag indicating “data
valid” for monitoring the status of the converter or
to drive interrupts since data never changes while
Status is low.

Test Input

The counter output latches are enabled when the
Test input is taken to a level halfway between V* and
Ground, allowing the counter cantents 1o be exam-
ined. When the Test input is grounded, the internal
clock is disabled and the counter outputs are all
forced into the high state. The counter outputs will
be clocked to the low state when the input returns
to the 1/2 (V* -Ground) voltage (or to V*) and one

Table 2. DIRECT MODE TRUTH TABLE

B9-B12,

CE/LOAD LBEN HBEN B1-B8 POL,0OR
1 X X Hi-Z Hi-Z
0 1 1 Hi-Z Hi-Z
0 0 1 Data Out Hi-Z

0 1 Q0 Hi-Z Data Out

0 0 0 Data Out | Data Out

12

clock is applied. This facilitates testing of the counter
and the output drivers.

Although the Testpin has an internal pullup, it should
be tied high if not used. This ensures that high speed
transitions on adjacent pins (particularily LBEN)
do not inadvertently activate the test mode.

Interfacing
Direct Mode

The ICL7109 is in the Direct mode when the Mode pin
is low. In this mode the output interface is a simple
parallel interface with a Chip Enable (CE/Load) and
two byte enables (HBEN and ). As shown in the
truth table of Table 2, the least significant 8 bits of
data are enabled when both CEYEc%aE and LBEN are
low. The upper 4 bits of data, polarity, and overrange
are enabled whenever oad and HBEN are low.
The Maxim version of the ICL7109 has significantly
enhanced current sourcing capability, which enables
it to rapidly drive the large capacitances often found
on microcomputer busses.

In Figure 12, an approach to inlerfacing several
ICL7109s to a bus is shown. This is achieved by
using the CE/Load inputs (decoded from an ad-
dress possibly) to select the desired converter,
and tying the and [BEN signals to several
converters together.

The ICL7109 can also be controlled through 1/0
peripheral ports, as shown in Figures 14, 15and 16.
Figures 13 through 16 are some practical circuits
utilizing the parallel three-state oulput capabilities of
the ICL7109. Shown in Figure 16 s a straightforward
interface to the Intel MCS-48,-80 and -85 systems via
an 8255 PPl where the ICL7109 data outputs are
active at all times. The 8155 I/O ports may be utilized
in the same way, Although a read performed while
the data latches are undergoing updates will lead to
scrambled data, this interface can be used in a read-

r+icea
CELOAD |
AS INPUT
laca |=—
+HBEN ]
AS INPUT o i : !

BeR
AS INPUT

- tomy | |
WGHBYTE _ _ | oY) T L _
DATA vALID e

LOW BYTE

s e e — — DATA b ——
DATA e 'uuul

=== HIGH IMPEDANCE

Figure 8. Direct Moda Output Timing
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anytime mode. One way of solving this problem is to
read the Status output as well. If it is high, read the
data a second time after a delay of more than 1/2
converter clock period. If Status is still high, the first
reading is correct. If Status is now low, the second
reading is correct. On the other hand, the problem of
timing is completely avoided by using a read-after-
update sequence. (See Figure 14.) Data can be
accessed by the high to low transition of the
Status output driving an interrupt to the micro-
ﬂrocessor. Figure 14 also demonstrates the Run/

old input being used to initiate conversions under
software control.

Figure 15 shows a similar interface to 650X or 680X
systems. The transition of the Status output from
high to low generates an interrupt via the Controt
Register B CB1 line. Note that CB2 controls the
Run/Hold pin through Control Register B. This
application permits software-controlled initiation
of conversions.

Direct interfacing to most microprocessor busses is
allowed by the three-state output capability of the
ICL7109. (See Figure 13 and the typical operating
circuit on the first page.) It is important that the

12 Bit A/D Converter With
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re?uirements for setup and hold times, and minimum
pulse widths are met. There are also drive limitations
on long busses that should be noted. In general, this
type of interface Is favored only if the memory
peripheral address density is low so that simple
address decoding can be used. Interrupt handling
can mandate several extra components. The use
of interfacing devices will simplify the system in
many cases.

Handshake Mode

Handshake Mode permits the interface with a
number of external devices. For example, byte
enables may be used as load enables or as byte
identification flags, and external latches may be
clocked by the rising edge of CE/Load.

The handshake mode is specifically designed to
directly interface the ICL7109 to industry standard
UARTS, with no externallogic required. The ICL7109
is in the handshake mode whenever the Mode input is
high._In_the handshake mode the CE/Load, E)BEN
and HBEN pins are outputs and Send is an input, A
typical UART to ICL7109 interface is shownin Figure
18, with the interface timing shown in Figures 9
through 11.
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When Mode is continuously held high, a new UART
transmission will be started when Status goes low,
provided Send is high at that time. Asshown in Figure
10 the high byte of data will be written into the UART
by the first pulse of CE/Load. The TBRE signal of the
UART will momentarily go low upon receiving the
data, After the UART transfers the data to the
transmitter register, the UART's TBRE output drives
the ICL7109's Send input high. The ICL7109 senses
the high level on the Send input and loads the low
byte of data into the UART with a second pulse of
éb[oad. The ICL7109 continues its conversion
cycles while this handshake takes place, and if the
UART's TBRE has driven the ICL7109 Send input
high by the end of the next conversion, the data
transfer sequence will repeat. If the UARTs TBRE
(and therefore the ICL7109's Send input) is low when
the ICL7109 completes the next conversion, the
internal latch pulse is inhibited and the data from
that conversion is lost.

A handshake transfer can be initiated by a high-
going pulse on the Mode pin. Upon receiving a high
going pulse, the ICL7109 sets an internal Mode latch
and will start a handshake transmission when Status
goes low at the end of the next conversion. An alter-
nate method of controlling the ICL7109 is to leave
Mode high and initiate conversions via the Run/ Hold
input. With this method the ICL7109 will first make a
conversion then transmit the data. Another method
of initiating a transmission is shown in Figure 11.
Here Mode is pulsed high while Send is low. A UART
transmission is started when Send is taken high (at
least 2 negative clock edges later).

12 Bit A/D Converter With

3-State Binary Outputs

The UART mode is also useful in interfacing the
ICL7109 to I/O ports such as the 8255 and 6520.
Figure 17 is an example of such an interface. The
handshake operation with the 8255 is controlled by
inverting its Input Buffer Full (IBF) flag to drive the
Send input to the ICL7108, and using the CE/Load to
drive the 8255 strobe. The internal control register of
the PPl should be set in MODE 1. The next
conversion's result will be strobed into the port if the
8255 IBF flag is low and the ICL7109 is in handshake
mode. The strobe will cause IBF to go high (Send
goes low) which will prevent the ICL7109 from
loading the second byte of data. The PPl will
generate an interrupt. When executed, the result is
that the data is read. The IBF will be reset low when
the byte is read which causes the ICL7109 to
sequence into the nextbyte. Figure 17 shows the PC7
line of the PPl connected to the Mode input of the
ICL7103. If this input is tied high or left high, the data
from every conversion will be sequenced into the
system (provided the data access takes less time
than a conversion). The output sequence can be
obtained on demand by using the PC7 output todrive
the Mode input. Note that the 8255 can service
another peripheral device since only one port is
used. The 8155 can utilize the same arrangement.

The ICL7109 is not limited to the applications de-
scribed here. These examples show some of the
many interfaces and uses of the ICL7109 and merely
provide a point of departure for users to develop
appropriate systems. Many of the suggestions made
here may be combined. More specifically, the uses
of the Mode, Status, and Run/Hold signals may
be mixed.

Typical Applications
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Figure 12. Three-stating several 7109 s to a Bus
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12 Bit A/D Converter With
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Package Information

M [ INCHES MILLIMETERS
TMIN | MAX | MIN | MAX
e El—™ T - 0.232 - 5.89
E o B 0.014 | 0.023 | 0.36 | 0.58
A I o ‘ BT | 0.038 | 0.065 | 087 | 165
T I TT C | 0008 | 0015 | 020 | 0.38
7L - T € | 0.500 | 0.620 | 12.70 | 15.75
1 I — [ E1 | 0.580 | 0.630 | 14.99 | 16.00
‘ q 00 L o 0.100 2.54
L —L'; S g L_[0.120 | 0.200 | 305 | 5.08
} R ) |y o] L1 | 0.150 - 381 | -
L B1 0 [ 00150075 [ 038 | 191
B E - 0.100 - 2.54
S1_| 0.005 = 0.13 =
—-—}-— 51 —{ |5
CERDIP DI [pINS INCHES |MILLIMETERS
MIN | MAX | MIN | MAX
CERAMIC D l2a | = 1280 = 3297
DUAL-IN-LINE D [28 [ - lt4e0] - [378s
PACKAGE D | 40 = 2.096 - 53.24
21.004CA
(0.600 in.) ‘
o INCHES MILLIMETERS
s 2 MIN_ | max | MIN_ [ Max
A - 0.200 e 5.08
E1—— A1 '0015 | - 0.38 -
- A2 | 0.125 [ 0175 | 318 | 4.45
A3 | 0.055 | 0080 | 140 | 2.03

B | 0016 | 0.020 | 0.41 0.51
i L] 3 E: |

| o 015 ] B1 | 0.045 | 0.065 1.14 1.65
C | 0008 | 0.012 | 0.20 0.30

’ o C | Df | 0.050 | 0.090 1.27 2.29
eA ———p=| E | 0600 | 0.625 | 15.24 | 15.88

I = - Ei | 0.525 | 0575 | 13.34 | 14.61
e |o0100 | - 254 -
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: L ;0120 [0.150 [ 305 | a8
Plastic DIP 3
PLASTIC kG oin |pins|NCHES _[MILLIMETERS
DUAL-IN-LINE MIN | MAX | MIN | MAX
i P | D .24 [1.230]1.270]31.24|32.26
PACKAGE P | D | 28 |1.430 | 1.470 | 3632 | 37.34
P | D | 40 |2.025 | 2.075 | 51.44 | 52.71
(0.600 In.)

21.00444
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Package Information (continued}

INCHES MILLIMETERS
MIN MAX MIN MAX
A | 0.165 | 0.180 4.19 4.57
Al | 0080 | 0.120 | 2.29 3.05
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1 | D2 | 0,290 |0.330 | 7.37 | B.38

I___m___‘ ~A3 D3 0.200 REF 5.08 REF
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PLCC D4 0470] - [1194 [ -
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LEADED CHIP CARRIER | 02 | 68 | 0,890 [0.930 |22.61 | 23.62

D3 0.800 REF | 20.32 REF

DA 0625 - 1587 | -
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Ds275

DALLAS

SEMICONDUCTOR

DS275

Line-Powered RS-232 Transceiver Chip

FEATURES

® | ow—power serial
tery-backed systems

transmitter/receiver for bat-

e Transmitter steals power from receive signal line to
save power

e Ultra—low static current, even when connected to
RS-232-E port

& Variable transmitter level from +5 to +12 volts
e Compatible with RS—232-E signals

e Available in 8-pin, 150-mil wide SOIC package
(DS275S) and 14—pin TSSOP package

e Low—power CMOS

ORDERING INFORMATION

DS275 8—pin DIP
DS2755 8—pin SOIC
DS275E 14—pin TSSOP
DESCRIPTION

The DS275 Line—Powered RS-232 Transceiver Chip is
a CMOS device that provides a low—cost, very low=—
power interface to RS-232 serial ports. The receiverin-
put translates RS-232 signal levels to common CMOS/
TTL levels. The transmitter employs a unique circuit
which steals current from the receive RS-232 signal
when that signal is in a negative state (marking). Since
most serial communication ports remain in a negative
state statically, using the receive signal for negative

PIN ASSIGNMENT

Rxour L] 1 8] vee
Vory [ 2 7[] rxiN
T [ 3 6] NC
GNO E 4 5 ] TXout

DS275 8-PIN DIP (300 MIL)
DS275S 8-PIN SOIC (150 MIL)

RXout [] 1 14 [ Vee
NC [ 2 13 [ NC
Vorv [} 3 12 [] NC
NC [ 4 1 [ RX
™[] s 10 [1 NC
NC [ 6 9] NC
GND[] 7 8 [J ™our

DS275E 14=PIN TSSOP

PIN DESCRIPTION

RXouT — RS-232 Receiver Qutput
VDRV ~ Transmit Driver +V

R
TXIN — R8-232 Driver Input
GND — System Ground (0V)
TXout — RS-232 Driver Output
NC ~ No Connection
RXjn — RS-232 Receiver Input
Vee — System Logic Supply (+5V)

power greatly reduces the DS275's static power con-
sumption. This feature is especially important for bat-
tery—powered systems such as laptop computers, re-
mote sensors, and portable medical instruments.
During an actual communication session, the DS275's
transmitter will use system power (512 volts) for posi-
tive transitions while still employing the receive signal
for negative transitions.

OCcpww 303&5&“@«1 Corporation.

information regarding
pakarnsamfodmku property rights, piease refer lo
Daltas Semiconductor
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DS275 BLOCK DIAGRAM Figure 1
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OPERATION

Designed for the unique requirements of battery—
backed systems, the DS275 provides a low-power
half-duplex interface to an RS-232 serial port. Typical-
ly, a designer must use an RS-232 device which uses
system power during both negative and positive transi-
tions of the transmit signal to the RS-232 port, If the con-
nector to the RS—232 portis left connected for an appre-
ciable time after the communication session has ended,
power will statically flow into that port, draining the bat-
tery capacity. The DS275 eliminates this static current
drain by stealing current from the receive line (RXy) of
the RS-232 port when that line is at a negative level
(marking). Since most asynchronous communication
overan RS-232 connection typically remains in a mark-
ing state when data is not being sent, the DS275 will not
consume system power in this condition. System power
would only be used when positive—going transitions are
needed on the transmit RS-232 output (TXoyt) when
data is sent. However, since synchronous communica-
tion sessions typically exhibit a very low duty—cycle,
overall system power consumption remains low.

RECEIVER SECTION

The RXy pin is the receive input for an RS-232 signal
whose levels can range from £3 to £15 volts. A negative
data signalis called a mark while a positive data signal is

called a space. These signals are inverted and then lev-
el-shifted to normal +5volt CMOS/TTL logiclevels. The
logic output associated with RXjy is RXpyt which
swings from +V¢ to ground. Therefore, amark on RXy
produces alogic 1 at RXgyr; a space producesalogic 0.

The input threshold of RXy is typically around 1.8 volts
with 500 millivolts of hysteresis to improve noise rejec-
tion. Therefore, an input positive—going signal must ex-
ceed 1.8 volts to cause RXpyr to switch states. A nega-
tive—going signal must now be lower than 1.3 volts
(typically) to cause RXgyr to switch again. An open on
RXy is interpreted as a mark, producing a logic 1 at
RXour:

TRANSMITTER SECTION

TXnis the CMOS/TTL—compatible input for digital data
from the user system. Alogic 1 at TX|y produces a mark
(negative data signal) at TXg T while a logic 0 produces
a space (positive data signal). As mentioned earlier, the
transmitter section employs a unique driver design that
uses the RX)y line for swinging to negative levels. The
RXy line must be in a marking or idle state to take ad-
vantage of this design; if RX)y is in a spacing state,
TXout Will only swing to ground. When TXoyt needs to
transition to a positive level, it uses the Vpgry power pin
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for this level. Vpry can be a voltage supply between 5 to
12 valts, and in many situations it can be tied directly to
the +5 volt Vg supply. It is important to note that Vpgy
must be greater than or equal to V¢ at all times.

The voltage range on Vpry permits the use of a 9—volt
battery in order to provide a higher voltage level when
TXour is in a space state. When Vg is shut off to the
DS275 and VpRry s still powered (as might happenin a
battery—backed condition) , only a small leakage current
(about 50-100 nA) will be drawn. If TXgy is loaded dur-
ing such a condition, Vpry will draw current only if RXy
is not in a negative state. During normal operation
(Vce=5 volts), Vpry will draw less than 2 uA when
TXout is marking. Of course, when TXgyT is spacing,
Vpry Will draw substantially more current — about 3 mA
depending upon its voltage and the impedance that
TXouT sees.

The TXoyT output is slew—rate limited to less than 30
volts/us in accordance with RS-232 specifications. In
the event TXgyt should be inadvertently shorted to
ground, internal current-limiting circuitry prevents dam-
age, even if continuously shorted.

RS-232 COMPATIBILITY

The intent of the DS275 is not so much to meet all the
requirements of the RS~232 specification as to offer a
low—power solution that will work with most RS-232
ports with a connector length of less than 10 feet. As a
prime example, the DS275 will not meetthe RS-232 re-
quirement that the signal levels be atleast 5 volts mini-
mum when terminated by a 3KQ load and Vpry= +5
volts. Typically 4 volts will be present at TXgyr when
spacing under this condition. However, since most
RS-232 receivers will correctly interpret any voltage
over 2 volts as a space, there will be no problem trans-
mitting data.

APPLICATIONS INFORMATION

The DS275is designed as a low—cost, RS-232-Einter-
face expressly tailored for the unique requirements of
battery—operated handheld products. As shown in the
electrical specifications, the DS275 draws exceptionally
low operating and static current. During normal opera-
tion when data from the handheld system is sent from
the TXour output, the DS275 only draws significant
Vpgry current when TXgyr transitions positively (spac-
ing). This current flows primarily into the RS-232 receiv-

er's 3-7KQ load at the other end of the attaching cable.
When TXgyr is marking (a negative data signal), the
Vpry current falls dramatically since the negative volt-
age is provided by the transmit signal from the otherend
of the cable. This represents a large reduction in overall
operating current, since typical RS—-232 interface chips
use charge—pump circuits to establish both positive and
negative levels at the transmit driver output.

To obtain the lowest power consumption from the
DS275, observe the following guidelines. First, to mini-
mize Vpgry current when connected to an RS-232 port,
always maintain TX)yat alogic 1 when data is not being
transmitted (idle state). This will force TXgyr into the
marking state, minimizing Vpry current. Second, Vpry
current will drop to less than 100 nA when Vg is
grounded. Therefore, if Vpry is tied directly to the sys-
tem battery, the logic +5 volts can be tumed off to
achieve the lowest possible power state.

FULL-DUPLEX OPERATION

The DS275 is intended primarily for half-duplex opera-
tion; that is, RXy should remainidle in the marking state
when transmitting data out TXgyt and visa versa. How-
ever, the part can be operated full-duplex with most
RS-232-E serial ports since signals swinging between
0 and +5V will usually be correctly interpreted by an
RS-232-E receiver device. The 5-volt swing occurs
when TXgyT attempts to swing negative while RXyis at
a positive voltage, which turns on an internal weak pull—
down to ground for the TXgyt driver's negative refer-
ence. So, transmit mark signals at TXpoyr may have
voltage jumps from some negative value (correspond-
ing to RX;y marking) to approximately ground. One pos-
sible problem that may occur in this case is if the receiv-
er at the other end requires a negative voltage for
recognizing a mark. In this situation, the full- duplex cir-
cuit shown in Figure 3 can be used as an alternative.
The 22 uF capacitor forms a negative—charge reservoir;
consequently, when the TXD line is spacing (positive),
TXour still has a negative source available for a time
period determined by the capacitor and the load resis-
tance at the other end (3—7KQ). This circuit was tested
from 150-19,200 bps with error—free operation using a
SN75154 Quad Line Receiver as the receiver for the
TXout signal. Note that the SN75154 can have a mark-
ing input threshold below ground; hence there is the
need for TXguT to swing both positive and negative in
full-duplex operation with this device.
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HANDHELD RS-232-C APPLICATION USING A STEREO MINI-JACK Figure 2

( v ﬁil
|
| DS275 |
TTLCMOS ~ | | TEREO MINI-PHONO P
{ patAouT H———F—{] RXour Vcd RS-222IN | [ S SRS
————{] Vorv  RXm

| TTLCMOS
| DATAIN O (™ nol
GND TXour RS-232 OUT

| \— STEREOQ JACK (TO SAVE SPACE)

L________..— ___________ ._J CUSTOM CABLE
HAND-HELD INSTRUMENT

26-PIN TO RJ11 ADAPTOR

f=—1
[ % PC COM
e PORT
RJ-11
"S- .
FULL-DUPLEX CIRCUIT USING NEGATIVE-CHARGE STORAGE Figure 3
+5V
TTLCMOS ) ‘/
[(—S—
DATA IN | 3| LA
1N4148 2 Po gerL
< 7 TXO | (oB-25)
r GND
- \
TTLCMOS
oA OUT < ]

NOTE:

The capacitor stores negative charge whenever the TXD signal from the PC serial port is in a marking data state (a
negative voltage that is typically 10 volts). The top DS275's TXpyt uses this negative charge reservoirwhenitisina
marking state. The capacitor will discharge to 0 volts when the TXD line is spacing (and TXgyr is still marking) at a
time constant determined by its value and the value of the load resistance reflected back to TXgyt. However, when
TXD is marking, the capacitor will quickly charge back to —10 volts. Note that TXD remains in a marking state when
idle, which improves the performance of this circuit.
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ABSOLUTE MAXIMUM RATINGS*

Vee —0.3 to +7.0 volts
Vprv —0.3 to +13.0 volts
RX|N +15 volts

TXIN —0.3 to Vg + 0.3 volts
TXout +15 volts

RXout -0.3 to Vg + 0.3 volts
Storage Temperature —55°C to +125°C
Operating Temperature 0°C to 70°C

* Thisis astress rating only and functional operation of the device atthese orany other conditions above those
indicated in the operation sections of this specification is notimplied. Exposure to absolute maximum rating
conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Logic Supply Vee 4.5 5.0 55 A 1
Transmit Driver Supply VbRv 4.5 5-12 13.0 \ 1
Logic 1 Input Vi 2.0 Vgcot0.3 \ 2
Logic O Input Vi 0.3 +0.8 \'%
RS-232 Input Range (RXn) VRs -15 #15 v
Dynamic Supply Current
TXin = Vee lorv1 400 800 HA 3
lect 40 100 HA
TXin = GND lorv1 38 5.0 mA
lcct 40 100 pA
Static Supply Current
TXin = Vee IpRV2 1.5 10.0 HA 4
loc2 10.0 15.0 HA
TXiny = GND lDRVZ 3.8 5.0 mA
Icc2 10.0 20.0 1A
Driver Leakage IpRv3 0.05 1.0 HA 5
Current (V= 0V)
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DC ELECTRICAL CHARACTERISTICS (0°C to 70°C; Vg = Vprv = 5V + 10%)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
TXourt Level High VoTxH as 4.0 5.0 v 6
TXour Level Low VorxL -8.5 -9.0 \ 7
TXouyt Short Circuit Current Isc +20 +85 mA
TXour Output Slew Rate tsr 30 Vius
Propagation Delay tpp 5 us 8
RX;n Input Threshold Low VL 0.8 1.2 1.6 Vv
RXjn Input Threshold High ViH 1.6 20 ' 24 \
RXn Threshold Hysteresis VHYS 0.5 0.8 Vv 9
RXgut Output Current @ 2.4 V loH =1.0 mA
RXoyt Output Current @ 0.4 V loL 3.2 mA

NOTES:

1. Vpry must be greater than or equal to V.

Vee = Vpry = 5V £ 10%.

See test circuit in Figure 4,

See test circuit in Figure 5.

See test circuit in Figure 6.

TXin = Vi and TXgyt loaded by 3KQ to ground.

TXin = Vi, RXjy = =10 volts and TXgyT loaded by 3KQ to ground.
TXiN to TXouT — see Figure 7.

© B N oy o@D

VHys = Vry = Vi
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DYNAMIC OPERATING CURRENT
TEST CIRCUIT Figure 4

+ 5V  +12V
lcc | I + Iprv1
L i’v Vee  Vorv

—O TX|N TXOUT my
@ R=3 C = 2500PF

T

O RXoyut RXiN

GND VpuLse

v

VpuLse e =16V
I t—.l t = 100 usec
slew rate < 30V/j1sec

STATIC OPERATING CURRENT
TEST CIRCUIT Figure &

- +18V

'Ccﬂ oY +1|2i Iorv2

Vce - Vorv

——O—1 TXin TXout

O— RXour R¥inf[——— —15V

GND

DRIVER LEAKAGE TEST CIRCUIT Figure 6

+12V
¢lrmvz
Vee  Vorv
TXiN - TXour
v R= 3K

r RXoutr RXNF—0 -3 to-15V
GND
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PROPAGATION DELAY TEST CIRCUIT Figure 7

| + 5V + 5V
I
V, v TN
“ o 0.8V-
TXINO—] TXin  TXouT! =
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I TXout 10%  10%
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SEE NOTE 1
e D ——d
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1 i~ §2
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pooonil_———t SEE DETAIL A emM | o8 | o0
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DY __ -
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DETAIL A
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Application Note

Introduction

This application note describes a device originally designed
to solve the specific problem of needing a negative supply
when only a positive supply is available. This is very
common, and occurs, for example, in systems using
dynamic RAMs where the three-supply devices require a low
current body bias supply of around -5V. Negative supply
voltage is also desired in systems with a lot of digital logic (at
+5V) but containing a small analog section using A/O
converters, such as the ICL7107 or ICL7109 and/or op amps
and comparators, operating on ground referenced signals. In
all these cases, the current requirement and regulation are
not very demanding, but nevertheless, generating such a
-5V supply is usually expensive and inefficient, Typically, a
large number of discrete and integrated-circuit components
are needed to convert the common +5V line into a negative
one, or to add an extra output to the main supply, the
backplane wiring, etc.

This problem is solved by the ICL7660, a monolithic CMOS
power supply circuit offering unigue performance
advantages over previously available devices. With the
addition of only two noncritical capacitors (for charge pump
and storage), it performs the complete supply voltage
conversion from positive to negative for any input voltage
between +1.5V and +10V, and provides the complementary
output voltage of -1.5V to -10V. (An additional diode is
needed for voltages above 6.5V.) The device operates by
charging a pump capacitor to the input supply voltage and
then applying the capacitor across the output supply,
transferring the necessary charge to an open-circuit storage
capacitor.

The ICL7660 delivers an open-circuit output equal to the
negative of the input voltage to within 0.1%. Capable of
producing 20mA, the device has a power-conversion
efficiency of about 98% for load currents of 2mA to SmA.
The use of two or more ICL7660s extends the device's
capability, as will be shown later.

Principles of Operation

Since the ICL7660 multiplies either positive or negative
voltages by a factor of two, it can be considered a simple
voltage doubler. This basic voltage doubling operation is
shown in Figure 1, where S1 and S3 are the switches used
to charge C4, and Sy and Sy transfer the charge to Co. It
differs from most voltage doublers in that the usual blocking
diodes are replaced by on-chip active MOS transistor
switches.

Principles and Applications of the ICL7660

CMOS Voltage Converter

April 1994 AN051.1

Sy Sy
Vin o— oA O_TO(
1 I
1 - C4 i
1 I
o T T = 0
. . - L
= : . B =
s o
Vout =-Vin

FIGURE 1. IDEALIZED VOLTAGE DOUBLER

For a negligible load, clearly the voltage inversion will be
nearly perfect, with only a tiny charge being lost to stray
capacitance. With a significant load, the behavior is more
complex.

The amount of charge transferred from C4 to C, depends
upon the amount lost from C3 to the load, and this charge
must be made up by C4 from the basic power supply. The
switches themselves also have series resistance, leading to
further theoretical complications, but the net result is a
typical overall output impedance of around 55Q (100 Max),
provided that the capacitors are sufficiently large. For the
natural oscillation frequency of the built-in oscillator
(approximately 10kHz) values of 10uF are adequate.

The complete implementation of this function is achieved on
a single CMOS chip, as shown in Figure 2.

The ICL7660 contains all the necessary conversion
functions on-chip, except for the external pump and output
reservoir capacitors and is made with a low-threshold CMOS
technology using p- and N-Channel transistors that turn on
at 0.6V. The low power dissipation, simplicity, and small chip
size of CMOS make it a near-ideal technology for this
application.

The ICL7660 contains an RC oscillator, a series voltage
regulator, a voltage-level translator, and a logic network
(Figure 2). The logic network senses the voltage on the
sources and drains of the two output N-Channel transistors
Q3 and Q4 and ensures that their substrates are always
correctly biased.

Power Efficiency

In the case where a capacitor is charged and discharged

between two voltages, V4 and V5, the energy lost is defined by
C(V,2-V,2

e . 22)
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Application Note 051

| where C is value of the capacitor in farads and E is the lost
i energy. If V4 = Vo is very small compared with V4, the

| percentage energy loss is also small, given as:

100(V,2-V,2)
‘ 2(V42)

At the limit, when Vo = V1, no energy is lost. If the values of
| C4 and Cy in Figure 1 are made very large and their
impedances at the switching frequency are very low
compared with the load resistance, energy-conversion
efficiencies approaching 100% can be obtained. Energy is

OSCILLATOR

into and out of a capacitor.

Detailed Description

lost only by a change of voltage during the transfer of charge

Oscillator - Divider - Regulator

50% duty cycle output (at half the

counter requires a two-phase clock,
signal and its complement.

—o V4
g ’
Lt
OSCILLATOR VOLTAGE I—[
0SC o—| AND DIVIDE-BY- > LEVEL - o CAP+
7 2 COUNTER —» TRANSLATOR 2
_.l Q Gt
D
v o———9 1 3
6 —
—o CAP-
INTERNAL =N % 4
SUPPLY A § ¢
REGULATOR ‘ y T 1 B e
L2 %8 SUBSTRATE
=3 Ife < LOGIC
! | - NETWORK
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FIGURE 2. FUNCTIONAL DIAGRAM OF COMPLETE CHIP
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The ICL7660S oscillator (Figure 3) drives a conventional
divide-by-2 counter whose principal function is to supply a
input frequency) to the
voltage-level translator circuit. The conventional static
and supplies an output
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FIGURE 3. THE ICL7660S OSCILLATOR, DIVIDER AND INTERNAL REGULATOR
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When the output of inverter A1 is switched high, capacitor C
charges positively until inverter A2 (which has a high input-
voltage trip point) switches its output low, to turn on
transistor Q4. Q4 in turn forces the ratioed-inverter latch A4 -
A5 to switch its output low. C then discharges negatively until
inverter A3 (which has a low input-voltage trip point)
switches its output high, turning on transistor Q. The output
of Qp resets A4 - A5 and restarts the cycle.

Since the oscillator has a high input impedance of about 1M,
it may be driven from an external source such as a TTL gate
or equivalent, or its frequency may be lowered by the addition
of an external capacitor. At room temperature with a +5V sup-
ply and no external capacitor, the oscillator frequency will be
10kHz. The internal capacitance is about 10pF.

A series voltage regulator consisting of zener reference
diode Z4, resistor R4, and source-follower P-Channel
transistor Q3 provides a partially regulated supply for all the
low voltage circuitry on the chip. The regulator can supply up
to -5V (with respect to the positive power supply) for input
supply voltages of about 6V and higher. Because of the

V+

1

modest size of Q3, the voltage regulator not only reduces
power consumption at high supply voltages, but also limits
the maximum current taken by the oscillator and the divide-
by-2 counter.

The LV terminal can be used to short out the on-chip series
regulator for better operation at low supply voltages. With the
Low-Voltage terminal connected to ground, operation with
an input supply voltage as low as 1V is possible. At higher
voltages, however, it is mandatory that this terminal be open,
in order to allow the internal voltage regulator to stop device
latchup and avoid internal damage.

The Level-Translator and Output Switches

The level translators (Figure 4) provide switching signals to
the gates of the four output transistors, Q4 through Q4, with
amplitudes equal to the sum of the output and supply
voltages. They also ensure that a break-before-make
sequence takes place as switching alternates between
charge and pump configurations.

N L T I - e

FROM s -—IE
DIVIDE-BY-2
COUNTER a

Ikta
=
B CAP+
o + CHARGE
L PUMP
T CAPACITOR

oo

!

VH

VOLTAGE LEVEL TRANSLATOR

[} I " L ]
11 [ [
Q | |

] ot

Qi{ANDQ3;ON  Qz AND Q4 ON

|]|—:Ef Z
I\

B:

OUTPUT SWITCHES

e e e e e e e W e e B e R e e e e e e e e em oo e R e e e e e e e e e e

FIGURE 4. THE ICL7660S OUTPUT SWITCHES AND VOLTAGE LEVEL TRANSLATOR CIRCUIT
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The Substrate Logic Network

The substrate logic network (Figure 5) is the most critical
part of the converter chip. Its two main functions are to make
sure that the substrates of Q2 and Q4 (Figure 4) are never
forward-biased with respect to their sources and drains, and
to establish the most negative voltage of any part of the
circuit in either the charge or the pump cycles. This internal
negative supply, V~, is used to power the level translators. It
drives the gate of either Q3 or Q4 to a voltage similar to that
of the sources to ensure transistor turn off.

&

Vout

Ta A3 Qs4 v v
INPUTS s2 : E

FROM LEVEL l'%- ==
TRANSLATORS —«] SUBSTRATE

[Qs1 4 LOGIC
Q M
3 | qsﬂ?l—“ NETWORK

l
.
i

FIGURE 5. THE SUBSTRATE LOGIC NETWORK

Transistors Qg and Q4 require special drive considerations,
since the sources and drains are inverted on each device
during pump and charge phases. Consider Q3's operation,
for example. During the charge phase, the most positive
source/drain terminal is connected to the external charge-
pump capacitor. This terminal is then, by definition, the drain,
whereas the source which is more negative is connected to
ground. To minimize Q3's resistance, it is also desirable to
connect its substrate to ground and not to the output voltage
or to Vy, since reverse-biasing the substrate of an MOS
transistor with respect to its source increases its threshold
voltage, and therefore the ON resistance.

During the pumping phase, the external capacitor's negative
terminal is shifted negatively by a voltage approximately
equal to the supply voltage. In this case, the most negative
source/drain terminal is connected to the negative side of
the external capacitor (and thus becomes the source of Q3),
and its drain is connected to ground.

Similar source-drain reversals occur for Q4 except that here
conditions are different for output short-circuit operation than
during normal operation. Sensing circuitry monitors the
voltages on the external capacitors negative side and Voyr,
and compares them with ground. The substrate of Q4 is then
connected to the most negative of them. Figure 5 shows the
substrate steering transistors for Qz and Q4. The steering
transistors (Qg4.5 are relatively small N-Channel devices,
and share Q3 and Q4's substrates).

SCR Latch Up

A CMOS device is inherently a four-layer, or silicon-
controlled-rectifier (SCR), structure. This structure can be

turned on through the forward biasing of the inherent pn
junctions, and unless external current-limiting circuitry is
used, latchup and resultant failure can occur.

The N-Channel transistor source acts as the cathode of the
SCR, and the p+ source of the P-Channel transistor acts as
the anode. Either N- or P-Channel drains can act as the SCR
gate. With about 2V or more across the anode and cathode,
the SCR can have either a low-impedance (ON) or high
impedance (OFF) state. For the ON state to occur, three
things must happen: the product of the transistors' current
gains, or betas, must be at least unity, a current greater than
the holding current must be present, and a trigger pulse must
be applied to either gate of the SCR. Trigger signals may be
caused by static discharge on the gates or by connecting
either gate to the power supplies before connecting Power-
supply lines to other terminals of the SCR. Even extremely
high rates of voltage change across any two or more SCR pn
junctions can produce latchup.

Triggering a CMOS SCR causes it to present an extremely
low impedance (1€ to 100Q) across the power supply.
Unless the power supply is current-limited, the device
latches up and is often destroyed, usually by the
vaporization of one of the bonding wires.

Although ICL7660 output-section switching transients are
mainly capacitive, they inject currents into the substrate. At
high input supply voltages, these transients can forward-
bias junctions associated with the p- well or the Qq4
substrate. This in turn may trigger the inherent SCR in Qq
and the adjacent on-chip circuitry. The result is to rapidly
discharge the reservoir capacitor.

After the reservoir capacitor is almost totally discharged and
the current in the SCR has fallen below the holding value,
the device again operates correctly, until the output voltage
(reservoir capacitance voltage) reaches the same critical
value, and the latchup phenomenon starts again. Since this
effect occurs only during the start of the charge cycle, and
not during the pump cycle, isolating the reservoir capacitor
with an external diode at the VgyT terminal prevents
capacitor discharge. This is recommended when using the
device at higher voltage and temperatures. Otherwise the
substrate logic network prevents SCR triggering, which is
therefore not a problem for most operating conditions.

Basic Application

The applications of the ICL7660 are remarkably varied,
especially considering the rather narrow nature of the basic
device function.

The basic circuit is shown in Figure 6, and the output
characteristics for 5V inversion in Figure 7. For light loads,
the output voltage follows the input very precisely, while for
heavier loads, the output can be viewed as having perfect
inversion, plus an output resistance of about 55Q.
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FIGURE 6. SIMPLE NEGATIVE CONVERTER
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FIGURE 7. OUTPUT CHARACTERISTICS

Thus at 18mA load, the output voltage drops about 1V below
the input. Beyond around 40mA, the voltage drop becomes
very nonlinear, and the circuit self-limits, thereby protecting
itself against excessive power dissipation. The output ripple
is dependant primarily upon the output capacitor, since this
must hold up the load during half the cycle time (or one
oscillator period). In the steady-state case, this ripple is
made up during the other half cycle time, and enough pump
capacitance should be used to ensure that this is done
monotonically. The recommended values ensure this for the
internal oscillator frequency.

For operation at low voltages, the output impedance begins
to rise rather rapidly, as a result of reduced turn-on voltage
on the MOSFET switches (Figure 8). This effect can be
reduced by bypassing the internal regulator, tying LV to
Ground, as shown in Figure 9. This must not be done,
however, if the incoming supply an exceed 8V under any
circumstances, a the Internal logic oscillator and divider
stages will he damaged. Note also the use of a series diode
(Dx) at higher voltage and temperature, to protect the device
against SCR action.
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o
w |
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o 100 ~
g \
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SUPPLY VOLTAGE (V+)

FIGURE 8. OUTPUT RESISTANCE

Figure 9 also shows an external oscillator capacitor. This
can be used to reduce the oscillator frequency, giving a
slight improvement in efficiency; see Figure 10.
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FIGURE 9. VARIATIONS OF BASIC CIRCUIT
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FIGURE 10. EFFICIENCY CHANGE WITH OSCILLATOR
FREQUENCY

The dependence of the frequency on this external
capacitance is shown in Figure 11. This can also be done to
move the frequency away from a band of undue sensitivity to
EMI in a system. However the output ripple will be
increased, and the output impedance also unless the pump
and storage capacitors are correspondingly increased.
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Synchronization to an external clock can be readily
achieved, as shown in Figure 12. A TTL device can be used
with the addition of a pull-up resistor (10kQ to V+ s suitable),
as can any input swinging rail-fo-rail on the positive supply.
The series resistor prevents problems with overdrive on the
internal logic. Output transitions occur on the positive edge
of the external input.

|C|;7EGO
Cq 1

il

1
J_——I_?_
= 4

v+ v+
J
1 8

z = 1ka CMOS
I+ H ICL7660 GATE

10uF _EE EI —_

—4 E—._T_——c’vour

10uF
5

FIGURE 12. EXTERNAL CLOCKING

Wider (Parallel Connections)

For applications where the voltage drop due to load current is
excessive, several ICL7660s can be paralleled. Normally this
cannot be done efficiently with power supply circuits, since
each one has a different idea of where the “ideal” output
voltage would be and they usually end up fighting each other.
However, here they see equal input voltages, and the virtually
perfect inversion assures that each one does have the same
idea of where the output should be so load sharing is assured.
Each device must have a separate pump capacitor, since the
oscillators cannot be synchronized except with an external
drive, and even then the -2 will be in a random condition. The
connections are shown in Figure 13. Naturally the output
capacitor is common to each device. Running independently,
the ripple content will include components at the difference
frequency as well as the individual pumping frequencies. If
this is undesirable, a single exclusive NOR gate can be used
to put two ICL7660s into antiphase by comparing the outputs
on pin 2, and clocking one to maintain near synchronization
with the basic oscillator of the other, as shown in Figure 14.

ICL7660

Cz

I H

FIGURE 13. PARALLELING DEVICES
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FIGURE 14. SYNCHRONIZING TWO ICL7660S

| The concept can be extended to drive four devices in four
separate phases, using a single extra logic-gate package, as
shown in Figure 15. The duty cycle of the oscillator is
reasonably close to 50%, so driving two pairs, each in the
configuration of Figure 14, from opposite phases of the

.~ oscillator gives four separately-timed pumps per cycle. This
- circuit will give about 75mA output before the voltage drops
by 1V, or an output impedance of under 14€. The four phase
operation minimizes the ripple, while ensuring very even
load sharing. For even more parallel synchronous device, a
Johnson counter using Q and Q outputs should be
considered.

v+
v Y
[ E—1
osc
I QT il
ng__I:_E 5l
-1 —14] 51
1kQ —
114 GOAOTT) p—AA———
S 1M
o V+ 3
@ E—t | 1
cp4077
of (2] ciresn [HWF

C
I HE
Sl
=|?

= Iy
[0
{2} \cLze60

4 —
1kQ 200pF
10pF___|=_E g
Lol —]4 E
1kQ
114 GDAATT}) Yp—A——
J
[ B
{ 2] e [
R.=% S Vour

50uF ﬂ__

FIGURE 15. SYNCHRONIZING A QUAD

Deeper (Series Connection)

It is also possible to connect ICL7660s in series, cascading
them to generate higher negative voltages. The basic
connections are shown in Figure 16.

This technique can be extended to several multiplication
levels. However, the basic limitations of this technique must
be recognized. In line with the Laws of Thermodynamics, the
input current required for each stage is twice the load current
on that stage, plus the quiescent current required to operate
that stage.

Thus the load current is rapidly multiplied down the chain, as
shown in Figure 17. Note also that the quiescent current
increases the load current on each stage, though not as fast
as the ultimate load itself.
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NOTES:
1. Vout =-n+ for 1.5V £ V+ < 6.5V
2. Voyt =-n (V+ -VEoy) for 6.5V < V+ < 10.0V.
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FIGURE 16. CASCADING DEVICES FOR INCREASED OUTPUT VOLTAGE
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%P’:‘,D; l +3g 4 3 +3ig
L™ <a 6l + 5lg P 3
GND > 24 +21q v _Wgt
ATA " Vin
Vi 3L :- 2T “1 LOAD =
« 41+ 31 2l +1g
IL+1g < GND
VIN < >
R
LOAD = =] &y
I .y - Vout
Ltia T 2 '+ e
GND > LY
—f
L
Vour ~t IL

Vout =+(3Vp - Rg (14l =8lq))
Vci1=Ve-Ro (3lL=2lg)
Vcz2=Va - Ro (5l = 3lg)
Vc3=Ve-Ro (61L=3lg)

FIGURE 17. CURRENT FLOW FOR CASCADED DEVICES

Furthermore, the loss in voltage in early stages due to series
resistance is multiplied through all subsequent stages. Thus
the effective output impedance mounts rapidly with the
number of stages. (See Table 1.) This effect can be reduced
by paralleling devices in the lowest stages (see above.) If the
weighting corresponds to the square of the position, the
effective resistance to load current goes up only linearly with
the number of stages, but the cost quickly becomes
prohibitive. Nevertheless, for light loads and moderate
multiplication, useful performance can be achieved.

TABLE 1.
# STAGES RESISTANCE MULTIPLIERS
n Ro(L) Ro(Q)
1 1 0
2 5 2
3 14 8
4 30 20
5 55 40

A variation of this circuit, another form of series circuit, is
shown in Figure 18. This circuit can be used effectively to
generate -15V from +5V.in light load applications using only
two devices. The output impedance corresponds roughly to
n = 2 in Table 1, much better than if the previous circuit were
used with n = 3. In general, geometric increases, as in Figure
18, are better until the voltage limit is reached, at which time
arithmetic cascading as in Figure 16 must be utilized.

Upside Down (Positive Multiplication)

The ICL7660 may be employed to achieve positive voltage
multiplication using the circuit shown in Figure 19. In this
application, the pump inverter switches of the ICL7660 are
used to charge C1 to a voltage level of V+ -V (where V+ is
the supply voltage and V is the forward voltage drop of
diode D4) On the transfer cycle, the voltage on C4 plus the
supply voltage (V+) is applied through diode D5 to capacitor
Cop. The voltage thus created on C becomes (2V+) - (2VE)
or twice the supply voltage minus the combined forward
voltage drops of diodes D4 and Do.

The source impedance of the output (VoyT) will depend on
the output current, but for V+ = 5V and an output current of
10mA it will be approximately 60Q.
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FIGURE 18. GETTING -15V FROM +5V

V+
S
(1] 8 T° Vour =- ("Vin - VFpx)
Z 21 icrreso | Dy Ics
/7 L5 ] =
-

D2
Vour = (2V+) - (VEp1) = (VED2)
CZ +
iy

FIGURE 19. COMBINED NEGATIVE CONVERTER AND POSITIVE MULTIPLIER

Divide and Conquer supplies, or low voltage logic from 9V or 12V batteries. The
output impedance is extremely low; all parts of the circuit

The ICL7660 can be used to split a supply in half, as shown : i )
e o S5 cooperate in sharing the current, and so act in parallel.

in Figure 20.
For other division ratios, the series configurations of Figure
1] h EVLT i 16 can be driven backwards, to generate V|y/n, or even
m/n(V|n), for small values of m and n. Again, care must be
+J_—E ICL7660 7] taken to ensure start up for each device.
bk 61 L6}~ - = 1 yma opTIONAL One interesting combination of several preceding circuits is
{4] E" § Hout shown in Figure 21, where a +15V supply is converted, via
I _‘—;OUT Ve +7.5V and - 7.5V, to -1 5V using three ICL7660s. The output
J_ : %muF 2 impedance of this circuit is about 250

For cases where the output impedance of an ICL7660 circuit
is too high, obviously some form of output regulation can be
FIGURE 20. EFFICIENT SUPPLY SPLITTING used. However in most cases adequate regulation can be
achieved at high efficiency by pre-regulating the input. A
suitable circuit is shown in Figure 22, using the ICL7611 low
power CMOS op amp. Because of the large source-current
capability of this op amp, even on its lowest bias current
setting, very efficient operation is possible. An ICL8069
bandgap device is used as the reference generator for the
regulator. The output impedance can be reduced to 4%,
while maintaining a current capability of well over 10mA. In
designing circuits of this type, it is important to remember
that there is a switching delay averaging one oscillator cycle

Here the “basic” output connection and the “basic” negative
supply input are exchanged and the output voltage thus
becomes the midpoint. Start-up can be a problem, and
although careful capacitance and load balancing may
frequently be adequate, a simple resistor to LV will always
work. The circuit is useful for series-fed line systems, where
a heavy local load at low voltage can be converted to a
lighter current, at high voltage. Other useful applications are
in driving low voltage (e.g., +7.5V) circuits from 15V
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between the output of the op amp and the actual output
voltage. This can have substantial repercussions on the
transient response if the time-constants in the circuit are not
adequate. If multiple voltage converters are used,
synchronization schemes such as those of Figures 14 and
15 are probably advisable.

Vin
+15V o
20pF = L a—
2] cizeso |
3 6 1MQ
10pF
'I'_E 5
= 20pF

I:ILTJ
b
2
<

ICL7660
20uF

I:]"J‘L-LF
{

o
=
m

|

i

ICL7660

1|
i‘m uﬁlm

a
o
i

L
mpogs

+
(4]
o
E
m

FIGURE 21. +15V TO -15V IN THREE EASY STAGES
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3]
E S
. = [1 (8]
|1o_ 2] creee |
uF
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4 E}-———"—} Vour
- 100uF

FIGURE 22. REGULATED OUTPUT INVERTER

Messing About

The applications shown so far have corresponded to the use
of the ICL7660 as a sort of equivalent of single turns on a
power transformer, with paralleled turns to get more current,
series turns for more voltage, etc. However, there are some
other possibilities. By looking again at the block diagram
(Figure 2), it is evident that the device could be used as a
50% duty cycle high power clock driver, using either the
internal oscillator or an external signal, as in Figure 23. An
antiphase clock can also be derived from the circuit, as
shown, but the pull-up on this output, being an N-Channel
switch only, does not have as good a voltage swing. It is
adequate for TIC level operation, but for CMOS clocking may
require an external pull-up resistor or transistor.

V+ V+
0 -
TL D os
cMos
2 ICL7660 3 =i DRIVE
3 5]
W W ¢ T OUTE ' g} v

o LT

FIGURE 23. HIGH POWER CLOCK DRIVE

Another interesting class of applications comes from the
capability to synchronously detect the output of an AC driven
transducer, as shown in Figure 24, (This could be viewed as
a signial transformer application.) Although the circuit shown
utilizes a linear transformer type of transducer, any similar
device may be used. The output voltage, which is correctly
phased and of either polarity, may be fed into an A/D
converter for display or microprocessor interface as desired.

S
[ B v+
1 § =
| {z] 7]
= TRANSDUGER 3 = 6]
= Vour
a 5

L

FIGURE 24. TRANSDUCER DRIVER AND DETECTOR
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C SEMICONDUCTOR®

GENERAL PURPOSE 6-PIN

PHOTOTRANSISTOR OPTOCOUPLERS

- 4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5
DESCRIPTION

The general purpose optocouplers consist of a gallium arsenide infrared emitting diode driving a silicon phototransistor in a 6-pin dual

in-line package.

FEATURES

* UL recognized (File # E90700)

* VDE recognized (File # 94766)
-Add option V for white package (e.g., 4N25V-M)
-Add option 300 for black package (e.g., 4N25.300)

* Also available in white package by specifying -M suffix, eg. 4N25-M

except H11A2, H11A4 and H11A5
APPLICATIONS

* Power supply regulators
- ¢ Digital logic inputs
* Microprocessor inputs

= WHITE PACKAGE (-M SUFFIX)

~ BLACK PACKAGE (NO -M SUFFIX)

SCHEMATIC

10— —0 6
20—}%‘ —0 5
30-{-NC 5—04

PIN 1. ANODE
2. CATHODE
3. NO CONNECTION
4. EMITTER
5. COLLECTOR
6.BASE

6@ 6%1 )
; 6 i 6
1 i
6 6
1 1
ABSOLUTE MAXIMUM BRATINGS (T4 = 25°C unless otherwise specified)
Parameter Symbol Value Units
TOTAL DEVICE
| storage Temperature Tsta 0 B
Operating Temperature Topr -65 to +100 °C
.| Lead Solder Temperature TsoL 260 for 10 sec 2C
Total Device Power Dissipation @ T = 25°C 250
Derate above 25°C Po 3.3 (non-M), 2.94 (-M) mw
EMITTER
DC/Average Forward Input Current I Y0 {dien-ML., 8O M) i
Reverse Input Voltage Vg 6 Vv
Forward Current - Peak (300ps, 2% Duty Cycle) I=(pk) 3 A
LED Power Dissipation @ Ta = 25°C 150 (non-M), 120 (-M) mwW
Derate above 25°C Po 2.0 (non-M), 1.41 (M) MW/C
DETECTOR
Collector-Emitter Voltage Veeo 90 ¥
.| Collector-Base Voltage Veso 70 \
Emitter-Collector Voltage Veco 7 vV
Detector Power Dissipation @ Ty = 25°C 150 mw
. Derate above 25°C Po 2.0 (non-M), 1.76 (-M) mW/°C

© 2001 Fairchild Semiconductor Corporation
DS300197 - 7/25/01
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— GENERAL PURPOSE 6-PIN
=AIRCHILD  pyoTOTRANSISTOR OPTOCOUPLERS
o gEMlchDucTom

i e e e e e e s

. 4N25 4N26 4N27 4N28 4N35 4N36
4AN37 H11A1 H11A2 H11A3 H11A4 H11AS5

T e T e e e e

ELECTRICAL CHARACTERISTICS (T, = 25°C Unless otherwise specified.)
INDIVIDUAL COMPONENT CHARACTERISTICS

' Parameter Test Conditions Symbol Min Typ** Max Unit
EMITTER
Input Forward Voltage (ptbins Ve 118 13l v
" Reverse Leakage Current (Vg=6.0V) In 0.001 10 A
" | DETECTOR
Collector-Emitter Breakdown Voltage #E=1.0 XY BVeeo R 100 ¥
) " Collector-Base Breakdown Voltage (Ilc = 100 pA, Ig =0) BVego 70 120 A
" Emitter-Collector Breakdown Voltage (I = 100 pA, I =0) BVEeco 7 10 Vv
" | Collector-Emitter Dark Current (Veg=10V, [ =0) lceo 1 50 nA
Collector-Base Dark Current (Meg=10V) lceo 20 nA
_| Capacitance (Vee =0V, f=1MHz) Cee 8 pF

ISOLATION CHARACTERISTICS

Characteristic Test Conditions | Symbol Min Typ** Max Units
ﬁ: ) (Non-'M’, Black Package) (f = 60 Hz, t = 1 min) 5300 Vac(rms)*
| Iput-Output Isolation Voltage = 1 Nyiiie P askage) (f = 60 Hz, t=1 ec) ] 10 | 7500 Vac(pk)
' Isolation Resistance (V.g=500VDC) | Riso 10" 0
| ) ) £ Vo=@, T=1MHz) | 0.5 pF
| Isolation Capacitance (-M' White Package) Ciso 02 5 OF

Note
* 5300 Vac(rms) for 1 minute equates to approximately 9000 Vac (pk) for 1 second
** Typical values at T, = 25°C

www.fairchildsemi.com 20F12 7/25/01 ' DS300197




I—_ GENERAL PURPOSE 6-PIN
=AIRCHILD PHOTOTRANSISTOR OPTOCOUPLERS

R TR
SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

TRANSFER CHARACTERISTICS (1, = 25°C Unless otherwise specified.)

DC Characteristic Test Conditions Symbol | Device Min Typ** Max Unit
4N35
4N36 100
4N37
H11A1 50
H11A5 30
4N25
4N26
H11A2
y H11A3 .
_ | Collector to Emitter CTR aN27 Yo
4N28 10
Hi11A4
" 4N35
(lr =10 mA, Vg = 10 V, Ty = -55°C) 4N36 40
4N37
4N35
(I = 10.mA, Vgg = 10 V, T = +100°C) 4N36 40
4N37
4N25
4N26
4N27
4N28
4N35
Collector-Emitter 4N36 0.3 \"
Saturation Voltage Voe (sAn) | - 4Na7
H11A1
H11A2
H11A3 0.4
H11A4
H11A5
AC Characteristic 4N25
4N26
4N27
4N28
Ton H11A1 2 ys
H11A2
H11A3
H11A4
H11A5

(IF = 10 ITIA, VCE =10 V)

Current Transfer Ratio,

(I = 2 A, Ig = 50 mA)

i (lg =0.5 mA, I = 10 mA)

Non-Saturated (le =10 mA, Voo =10V, R = 100Q)
Turn-on Time (Fig.20)

** Typical values at T, = 25°C

DS300197 7/25/01 30F 12 www.fairchildsemi.com




S T S GENERAL PURPOSE 6-PIN
EAIRCHILD  pHOTOTRANSISTOR OPTOCOUPLERS

| SEMICONDUCTOR®
e e e T e e T e e O e e |
4N25 4N26 4N27 4N28 4N35 4N36
. 4N37 H11A1 H11A2 H11A3 H11A4 H11A5

‘TRANSFER CHARACTERISTICS (Cont.)

AC Characteristic Test Conditions Symbol | Device Min Typ** Max Unit
Non Saturated 4N35

Turn-on Time (g =2 mA, Voo - i et Ton 4N36 2 10 Hs
(Fig.20) ANS7
4N25
4N26
4N27
4N28
Torr H11A1 2 us
H11A2
H11A3
Hi1A4
H11A5
4N35
4N36 2 10
4N37

(I =10 mA, Vgg = 10V, R =100%)
(Fig.20)
Turn-off Time

(lc =2 mA, VGC =10V, RL = 100-0-)
(Fig.20)

** Typical values at Ty = 25°C

www.fairchildseml.com 4 0F 12 7/25/01 DS300197
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SEMICONDUCTOR®

GENERAL PURPOSE 6-PIN

PHOTOTRANSISTOR OPTOCOUPLERS

4N25
4N37

4N26
H11A1

4N27
H11A2

4N28
H11A3

4N35
H11A4

4N36
H11A5

TYPICAL PERFORMANCE CURVES

Fig.1 LED Forward Voltage vs. Forward Current

Fig. 2 LED Forward Voltage vs. Forward Current

(Black Package) (White Package)
18 18
1.7 1.7
e 1.6 g 1s
w o A
[}
£ 2 V1
5 o1s v 5 1s
e |1 ] 11 /
g 14 ‘ Q 14 Vi
[ o 3 P
< 4 Ta=85'C
z Ta=55C // y = / »
Ea I = 2 % 13 fo—e
o | |- T | 41T Tan2sc 1
> 2 | —— L. // 1 L= |1 /l’/ M
- 2 L4 I 1
1.1 T Taet00c 1.1 L4171 Ta=100C
B A= N
— 1 LT e
10 — 10 =
. 1 10 100 1 10 100
I - LED FORWARD CURRENT (mA) I - LED FORWARD CURRENT (mA)
Fig.3 Normalized CTR vs. Forward Current Fig.4 Normalized CTR vs. Forward Current
(Black Package) (White Package)
14 v 16
Vg =5.0V Normalized 1o chl = 5.0V Noulrrulludlln
Ta=25C Ig = 10mA N Ta=25C Ig = 10 mA
12 |
/— 12
1.0
e ] £ 0
Q ]
g 0.8 8 / o~
f / s
-
Zos E: / ~
UD: / x 06
f Z 04 g 0.4 /
g2 02
00 00
0 5 10 15 20 2 I 6 & 10 42 14 18 18 20
If - FORWARD CURRENT (mA) Ip - FORWARD CURRENT (mA)
Fig.5 Normalized CTR vs. Amblent Temperature Flg. 6 Normalized CTR vs. Amblent Temperature
(Black Package) (White Package)
.
16 14
1.4 lp=5mA 12
/—”—'—' ‘\\ /__.—-._,___ Ip=5mA
£ 12 yd E 10 — E— o
o
o 7 ] fF=ioma a e IF = 10mA \\
S // \ ]
5 e R
§ E | \
cr.' 5 —
2 os Z o8 I = 20 mA
Tl | P
06~ Normalized o o4 »
lp=20mA a— Ig = 10 mA
I w 10mA <
To=25C [~ Tpo=25C
0.4 L 02 I I
75 -50 25 0 2 50 s 100 125 0 40 20 0 20 “0 o 80 100
Ta - AMBIENT TEMPERATURE ('C) Ta - AMBIENT TEMPERATURE ('C)
DS300197 7/25/01 50F 12 www.fairchildseml.com




a
-

e e GENERAL PURPOSE 6-PIN
R mmmts  PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

Fig.7 CTR vs. RBE (Unsaturated) Fig.8 CTR vs. RBE (Unsaturated)
(Black Package) (White Package)
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Fig.9 CTR vs. RBE (Saturated) Fig. 10 CTR vs. RBE (Saturated)
(Black Package) (White Package)
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Fig. 11 Collector-Emitier Saturation Voltage vs Collector Current Fig. 12 Collector-Emitter Saturation Voltage vs Collector Current
(Black Package) (White Package)
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S e GENERAL PURPOSE 6-PIN
EAIRCHILD  pHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

Fig. 13 Switching Speed vs. Load Reslstor Fig. 14 Switching Speed vs. Load Resistor
(Black Package) (White Package)
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O T GENERAL PURPOSE 6-PIN
=D PHOTOTRANSISTOR OPTOCOUPLERS

" SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

Flg. 19 Dark Current vs. Amblent Temperature

lego - COLLECTOR -EMITTER DARK CURRENT (nA)

Ta - AMBIENT TEMPERATURE (*C)

TEST CIRCUIT WAVE FORMS

Voo = 10V
INPUT PULSE
1 1
| ]
]

Adjust IF to produce Ic = 2 mA

Flgure 20. Switching Time Test Circult and Waveforms
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S s sm GENERAL PURPOSE 6-PIN
EAIRCHILD  PHOTOTRANSISTOR OPTOCOUPLERS

Y SEMICONDUGCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

Black Package (No -M Suffix)

Package Dimensions (Through Hole) Package Dimensions (Surface Mount)

PIN1 0.350 (8.89)
MY ™y o F— t30(e38) —
9 . A A ha
0.270{6.86) 0.
0240 (6.10) I
| 0.270 (6.86)
1240 (6.10)
W oy s
5 0.350 (8.69) t
- TG
,g 0070(1.78) ]
5 U-D‘S(U‘J—l r' 0,070 (1.78) o.:mrrsz;
* | { ‘1 {‘ 0.045 (1.14)
gﬁ ‘:::;' [ 0.200 (5.08) F | ums on
il 0,165 (4.18) U U
- [
0.154(3.90) 0.020(0:51) 0" i f_m:! s mumm‘ ]—
0100 (2.54) Lo 0" b ;4 L ! oow(ow) Mm
] " i-r'_ul
0016 (040) & u 0.016(0.41) “‘WW‘} oms(umy
J L 0.008 (0.20) T~ 26081 MIN
0.022 (0.56) 3 l_
0016 (0.41) hEaley \/ g R0 i)
°-‘°$¢§—W Lead Coplanarity : 0.004 (0.10) MAX

Package Dimensions (0.4”Lead Spacing) Recommended Pad Layout for
5 IEI IJ}I ﬂl Surface Mount Leadform

azmieen j‘ T 0.070 (1.78)
AN, *
I | | 0.060 (1.52)
}

| oxsomsn | L
0330 (838)
00700178) 0.415 (10.54) | 0.100 (2.54)

- Bl - 0.205 (7.49) 0.030 (0.76)
0,135 (3:43) i

gﬁ%{g}; "'°°.‘,.‘,‘:"°’] z 0.008(0.20) I_I
. -
&mﬂl“ L L 0.400(10.16) j '
100 (2.54) TYP TYP
-" NOTE

All dimensions are in inches (millimeters)

SEATING PLANE

0.016 (0.40)
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S GENERAL PURPOSE 6-PIN
PHOTOTRANSISTOR OPTOCOUPLERS

CSEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5

White Package (-M Suffix)
Package Dimensions (Through Hole)

0.350 (8.89)
0.320 (8.13) 0.350 (8.89

AL A —

0390 (9.90
0.260 (6.60) 0332 (8.43)
0.240 (6.10) gjdsg (gffgl
0070 (1.77) 070 (177} 0

0.040 (1.02)

1040 (1.02
0.040 (1.02) 0014 (0.36) 0.320 (8.13) 0.014 (0.36)
0.010 (0.25) [~ 0.010 (0.25)
0.200 (5.08) I \ 1 / I \
1

0.115 (2.93) \_‘ 0.200 {5.08) 0.012 (0.30) |
0.100 (2.54) | | | [ |
0.015 (0.38)

0.115 (2 sz) 0.008 (o.au)
i
uzs 0.63)
il £ 0.100 [2.54)
0.020 (0.50) 18t 0.020 (0.50) 0.035 (0.86)
0.016 (0.41) QR0 2,58 - oma(u 41) 0.006 (0.16)

w44+ Recommended Pad Layout for
..+ Surface Mount Leadform

|=— 0.320 (8.13)

” . 0350 {B B9 W
[ 0320(8.13) |

F A

0.240(6.10)

0.070 (1.77]
0:425 (10.79
0.040 (1.02) | “' b 5k ) 0.100 (2.54) L

[ —w '-4 0.070 (1.78)
0.260 (6.60)

| J I 0050152}

0,010 (0.25)
0.305 (7.75)

l | \

0.200 (5.08)

0.115 (2.93) \_
0.100 (2.54)
0.015 (0.38)

T 0.030 (0.76)

0.012 (0.30)
0.020 (0.50) _J |__ gigoles 0.008 (0.21) ”“1 I"

0.016 (0.41)

0.425 (10.80)
0.400 (10.16)

_“NOTE
All dimensions are in inches (millimeters)

www.fairchildsemi.com 10 OF 12 7/25/01 DS300197
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© SIEMICONDUCTOR®

GENERAL PURPOSE 6-PIN
PHOTOTRANSISTOR OPTOCOUPLERS

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5
ORDERING INFORMATION
Order Entry Identifier
Black Package White Package .
(No Suffix) (-m Suffix) Qo
.S S Surface Mount Lead Bend
.SD SR2 Surface Mount; Tape and reel
W T 0.4" Lead Spacing
300 Vo Vv VDE 0884
.300W TV | VDE 0884, 0.4" Lead Spacing
.38 T 1 A Y ) VDE 0884, Surface Mount
.3SD SRav VDE 0884, Surface Mount, Tape & Reel

QT Carrier Tape Specifications (“D” Taping Orientation) (Black Package, No Suffix)

‘—4.85 +0.20

12.0+0.1

4.0£0.1

I_
s

4.0£0.1

21,65+ 0.05
/ l—1.‘.'5 +0.10

0.30 = 0.05
J/ 313 o, |8, JeruAse

-

I
132x02(0
I

-

_af’

User Direction of Feed

570 d|o EES R
Ik P j . tio.:s.o £0.3
E % E % 4 fi_ £0.20
\\
0.1 MAX 10.30 +0.20 \— ?1.6+0.1

QT Carrier Tape Specifications (“D” Taping Orientation) (White Package, -M Suffix)

12.0+0.1
—] 4.5+0.20
2.0£0.05 | &1.5 MIN
0.30 MAX 40041 -‘ / i—1.?510.10
o oo 0oo0o0o0bdoldo d|o —1—}—
115+ 1.0
o p(ldo pl|do | [ |
21.020.1 | ] il il i & & 24.0£0.3
i 0 i i i i 9.1+£0.20
L X
IR0, 4

0.1 MAX 10.1 £0.20 \‘01.510.1#0

User Direction of Feed
DS300197 7/25/01 11 OF 12 www.falrchildsemi.com
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GENERAL PURPOSE 6-PIN
FAIRCHILD PHOTOTRANSISTOR OPTOCOUPLERS

SEMICONDUCTOR®

4N25 4N26 4N27 4N28 4N35 4N36
4N37 H11A1 H11A2 H11A3 H11A4 H11A5
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO
ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME
ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED

HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF
OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component in any component of a life support
systems which, (a) are intended for surgical device or system whose failure to perform can be
implant into the body,or (b) support or sustain life, reasonably expected to cause the failure of the life
and (c) whose failure to perform when properly support device or system, or to affect its safety or
used in accordance with instructions for use provided effectiveness.

in labeling, can be reasonably expected to result in a
significant injury of the user.

www.fairchildsemi.com 12 OF 12 7/25/01  DS300197



dy 3 dl Y o U £ ﬁl = } 5 1 Y o ¥ ¢ Y ¥
wnanstluenansnanulidmsunisidnuienisfnwintu ldeyaslmiluldusslowisunisen

I = O L A Oy agve & Y Y a = v & A ° Y]
vLiJ’J']ﬂiﬁlﬂﬂs] NG E]ﬂVN’W']@JlII’W@@LL‘U@QLH@‘VNLL@%W@Q@WQ@QQQLf\]']GUENL@ﬂaqﬁnﬂ?’ﬁﬂwmﬂrﬁuqiﬂiﬁ




Data-Setting Controller

' $G6100S

4 0. B LG

]
5 PLLSE
o
£
n
3
»
z
ES

Simple Data Settings
m Simple data can be set with the digital switches on the
controllers’ front panel.

Loaded With Functions

m Packed with all the functions needed for positioning
control.
@ Positioning operation
@Return to electrical home
| @ Continuous operation
| @1-pulse operation
| @Return to home
@CW/CCW limit stop and release functions
@ Self-inspection function

T -

peagg Mo @SEYd-

‘Two Types of Positioning Data

 @The controller can set two types of positioning data.

| ®The controller can set and select up to 16 types of data
\Lwhen the optional unit DP61 0051 is added. /

»

— Example of Basic System Configuration

Programmable
logic controller
or OP1 00

DP6100S1

Operating
instructions

Cable FC48D2

The SG6100S is a high-performance controller
that can perform simple settings and operations
for the pulse count control and pulse speed con-
trol required for stepping motor Operating
instructions. It packs the functions needed for
stepping motor positioning into a compact unit.
The DC 24V power supply and photocoupler
interface needed for connection to a programma-
ble controller are built in. The programmable con-
troller output unit can be connected directly to
either open collector transistor output or relay
output.

H Maln Specn‘lcatlons

it Setting <= 2 steps, or up to 16 steps with the data pack expansion

- | Seffing rneﬁ'md Set data with digital switches on front panel

£ Incremental system (point to point)

1-999,999 pulses per step

Operating pulse speed 50Hz-100kHz

+. | Starting pulse speed 50Hz-100kHz

: Constant speed pulse rate 1-3000Hz or 2-6000Hz
-| Acceleration /deceleration rate 1-1000ms/kHz

Positioning operation (indexing)
. . '} Return to electrical home (returning)
Qperating mﬁdes ) ":': .. | Home detection operation (homing)
“0 125t ' |Continuous aperation (scanning)
s "'_:i “owws - M-pulse operation (jogging)

Input signals = 7. = = DC 24V photocaupler input, input impedance 4.7k 2
Rl ey e o “| Photocoupler transistor output, DC 24V max.,
Output signals’ =~ - <

: i o E v Ak 25mA max.

Power supply =~ = 2. | DC 24V£10%, 0.35A max.

Ambient temperature "+ - {0°'C ~+40°C

Ambient humidity:. . "."*120-85% (Non condensing)

Stepping motor driver

Stepping motor

Pulse Cable
FC48D2

SG61005

DC24Vv

!
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w The following section illustrates the procedures for positioning
with an operating pattern like the one shown in the figure.

¥ Speed
VR froseemeseees

signals.

2. Operation

After data is set, operate as described below using external

~

Numbre of Operaing
Pulses

EDSelect Operating Mode -+ Input the INDEX (CN2, A-24) signals. ]

VS|

Time

f

(@Select IND No. --- Enter the M0-M3 (CN2, A-15 to A-18) signals. )

Acceleration

Deceleration and Stopping

VS: Motor starting/stopping speed during acceleration/deceleration
TR: A constant (rate) for giving the acceleration/deceleration time

f

expressed as the acceleration/deceleration time per 1kHz.
VR: Operating speed during acceleration/deceleration

[@Select direction of rotation --- Enter the CW/CCW (CN2, A-19) signals. ]

1. Setting the Data

f

The PULSE, TR, VS and VR data can all be set using the
digital switches on the front panel. \

@Setting PULSE (number of movement pulses)

@START input ---

When the START (CN2, A-10) signal is input,
operation begins.

Set the number of movement pulses as a numeral between 1
and 999,999 in pulse units.

. For 5000 pulses

rJLSE
@Setting TR (acce!erationideceleration rate), VS
(starting pulse speed) and VR (operating pulse
speed)
Set the appropriate codes for the required data using switches
according to the speed data table.
Example: When set for a starting pulse speed of 300Hz (code: 03), operating pulse

speed 10kHz (code: 99) and an acceleration/deceleration rate of 40
ms/kHz (Cade: 2).

...

After operation ends,
performed by performing steps (@, @ and @.

Qutputs a BUSY signal
(CN2, B4) while operating

the next move is

TR=2 VS=03 VR=99
" ® Accessories
m OP100 m DP6100S1 u Cables

n-a
I R Mt ot
» " ‘w. T

A dedicated control unit for the SG6100S.
By connecting this control unit to the controller
with the flat cable (included with the OP100),
it can be used to perform operations such as
positioning and return to home manually.

A dedicated expansion positioning data pack
for the SG61005. Use it when the con-
troller's two types of positioning data are not
enough. Each data pack provides an additional
two types of positioning data. Up to seven
DP6100S1 data packs can be added to a
single SG6100S controller (for up to 16
types of data).

FC3201 FC48DI )

FC32D2 - FCAs|
Although connectars for the power supply. controller, driver
and limit switches are included, cable must be furnished
separately.
To connect the controller, driver and limit switches, use
twisted pair cable or these optional connection cables.

@Flat Cables for CN1

FC32D1 (1m long)

FC32D2 (2m long)
Dedicated flat cables (32 core, with connector) for connecting
the SG6100S, driver and limit switches.

@Flat Cables for CN2

FC48D1 (1m long)

FC48D2 (2m long)
Dedicated flat cables (48 core, with connector) for connecting
the SG6100S and programmable controller.

1996/97 ORIENTAL MOTOR GENERAL CATALOGUE
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® Input/Output Signals for SG Series

SHOLOW ONIdd3.

RANDOM Becomes “L" at time of return to home position when electrical return to home
(negative logic pasition is executed. Also becomes “L” when power is turned ON and when an
c " output) RTNCR or RESET signal is input.
©
& *HOME Becomes “L" level when HOMELS and TIMING signals are input simultaneously
) (negative logic (unrelated to operation mode).
; L output) - - During return to mechanical home paosition operation, the system stops when the
c mechanical home position is detected, but in other operation modes this stop
occurs only when a HOME signal is output; the motor does not stop.
g *BUSY Becomes “L" level when the controller receives START input. While BUSY output
* (negative logic is in progress, the system will not accept subsequent START input (only CWLS,
output) CCWLS, RESET and STOP inputs and, during continuous operation, S-DOWN
$ input are accepted).
*LS Becomes “L” level when a CWLS or CCWLS signal is input. When the LS signal is at
(negative logic “L" level, START signals are not accepted (START signals are only accepted during
output) continuous operation and when in return to mechanical home position mode).
TrOVERHEAT Becomes “L" level when an OVERHEAT signal, which is output from the driver
(negative logic when the driver is abnormal, is input.
= output)

paadg Mo @SEUd-Z OSEUd-S Er s

Output to PC

_ﬂ

Input from PC

Programmable Controller (external)
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-Signaliliné necessary for stepping motor control, for example in positioning operation and return to home position operation.

Signal line to be connected as necessary
- |

*CW-PULSE
*CCW-PULSE

PULSE
cw/ccw

7rHOLD OFF

Controller

Josuas woij induj

~ %CCWLS

-SUBLS ...+ This

This is the 2-pulse input mode driver negative logic pulse output.
CW-PULSE: clockwise pulse output
CCW-PULSE; counterclockwise pulse output

This is the 1-pulse input mode driver negative logic pulse output.
PULSE: pulse output
CW/CCW: rotation direction output

When at “L" level, shuts the motor current OFF, so that the motor shaft can be
turned by external force (used for example in manual positioning).

Output to Driver

Input from Driver

1 Jywy ve=rmEey

*TIMING {negauve This signal is input from the driver every time_the motor excitation sequence
logic mput) returns to relative home position.

: —'frﬂVERH_EAT (nega- ' This signal is input from the drwer when the driver mternal temperature exceeds -

tive logic input) ‘ 70°C {or 80 C)

i '.'- Thls |s !he counterclockW|se rotatxon lln-ut swnch

" '#GWLS: MRy 'ThIS |s1he clockmse rolatlon IJmlt swnch )
*HOMELS © - - ‘ThIS is ihe mechanscal hcme pasmon fimit smtch ,
IS the dlrecuon reversal I1m|t io qmckly detec1 mechamcal home :

<] posmon

1996/97 ORIENTAL MOTOR GENERAL CATALOGUE
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3l
- IWiring For Programmable Logic Controller

5G8030s Programmable Controller 5G6100S Programmable Controller
SG8030D Transisiter Outpul Relay Contact Qutput cN2 Transister Output  Relay Contact Output
v —]|-Ow Scan (M) R ! ' ThoneT
@ | cowsean
(T)—| Operatng Mode Switching | | INDEX
Stant RETURN (A-23
] € £ scan (a2
g @ mergency Slop
S HOME (A-21
= @ J0G
RO); :
m @ CWIETW
7
EEESMO) and (M1) are inputs for the SG8030D. Positioning Data Set
They are used for selecting the positioning dala.) (Binary Code)
z sy | e
= i DCR4V-E: Ghp (B9
L—GND_] Power Supply RESET (A-19)
A R HOLD OFF
Five output and one input points are avairable. onDOWN
They can be eliminated if required. RINGR
n START
0 sTOP
3 ¥ GND
+24v OUT
o
g’ RANDOM ( B-6
0 -
i HOME
5 3 3 Control
= Busy (B- 3oL Input
" v :
=
a

LS

OVER HEAT

| 16 output and 5 input points are available.
They can be eliminated if required.
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UPK Series

5-PHASE HIGH TORQUE
STEPPING MOTOR UNIT

Gtatlinte and Eeattiiesn. . e Frrtearsannsas o NV .o
i BTSN PR T R PR PR - Il (- /1)
Standard Type, High Speed Type «---..--.. ceeenineB-48
Electromagnetic Brake Type e B-60
TH Geared Type .......................... TR R RSP B-68
PL Geared Type «-«weressesssreses PSRN - iy 11
Harmonic Geared Type - e B-86
Motor & Driver Combinations «««eeeeevmvmmvmmnieeene --B-94
Wiring Diagrams -+ T B-G5
Description of Input/Output Signals«««+----+-+esv0e...B-96
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UPK Series

The UPK series yet packs more torque with less
vibration in a high-torque 5-phase stepping motor
— - and driver. The UPK series is as easy to use as
{ ever, but with a dramatic increase in torque with

less vibration and less noise. They provide power-
~ ful performance for any positioning application.

+

s




Higlh Torque
The UPK series of high-torque 5-phase stepping motor and
driver provide dramatically more torque than conventional 5-
phase stepping motor and driver with the same motor size. If

144 14
you ‘eed the same torque as before, this means a smaller =
motor size, so devices can be smaller and lighter weight. 124 12 §

. - = UPK566-NEC ||

; E 104 E 10 HHHH === o
= 2 L =
é 0.8 é 8 \ g
S 0645 6

Existing Product

o
-y
M
E=S
"
i

024 2 NG /
A
0 0
0.1 1 10 100
Speed|[kHz]
!
LO‘TJ Vibration
The I‘TIPK series does more than provide higher torque. It was
also desiamed so the motor produces less vibration, and a
new driver was developed that includas a vibration control
circuit to dramatically reduce vibration in the middle speed =
range (1~5 kHz). § PULLOUT
{ ,% 201 Iy
J % Exi‘s.tirfT’FIrodLict
: S
. f ‘ g 1.0 ’
Bl
. 2 eptl N L]
1

0 0.1 10 100
\ Speed|kHz)
|
|
|
|
|
[ i
Low Noise
The motor was designed on a new principle to produce
excellent sound performance. The motor components are
more rigid and the motor structure has been redesigned to 90
achieve a significant reduction in audible noise. 80
zn §
% LIJ/
“ ‘e B0 —— :
' a Existing Product | lueKsee-NBC
2 !
Z 50 I
40 PailllleA
. L1 LT
30 e
25 =
0 0.1 1 10 100

Speed|[kHz]



Driver with built-in vibration

control circuit A front panel ta centralize control functions

=

-1

2

c ]

z |

=

|
) ‘ High-torque 5-phase stepping mator — Combination connector:
: | No crimping required,
| . removable

(il'l 1

el .

T :

w

w0

™

i

o - i
-

Y]

w

o

g Strain relief cable:

ﬁ: ) ~~ Better environmental resistance.
(-9

| ¢ wiring is easier

The combination connector is an easy-to-use simple terminal
that has all the advantages of both terminal strips and
connectors, To connect signal lines, power lines or motor lead
lines, simply insert them into the combination connector and
tighten the screw. It has a special mechanism to prevent
loosening, so you get high reliability without having to crimp
the terminals. The connector can be removed with the leads
connected, so installation and maintenance are easier than
ever.




The UPK Series of
Dedicated Drivers. Filled

The UPK series have five driv;ers for combination with motors.
The functions below are common to them all. The example
described below is the UDK5114N-M driver, for motors with

With Functions for a Friendly et

Design.

Driver operating status is visible at a glance
[Signal monitor display]— o

Easy to confirm I/0 signals.

POWER:  Power input display

cw: CW pulse input display

CCw: CCW pulse input display

H.OFF: Output-current-off input display

M.B.F: Electromagnetic brake release input display
(only for electromagnetic brake type)

TIMING:  Excitation timing output display

OH.: Overheat output display

Control electromagnetic brake action with signals

[M.B.FREE (Electromagnetic brake release) input————— (7]
(only for electromagnetic hrake type)

* Reduces heat generation
3 Sa_ve energy

Built-in power supply for electromagnetic brake
MVI.BRAKE (Electromagnetic hrake) power supply nutplﬂ—
(only for electromagnetic brake type)

- DC 24v
* U SEpaidle powen Suppiy nesded, reducing cosis and savas space
'

e 3 = Vi
famoie osabratioed ma asls i meeis
VALY 10 VU UL UL, U TN 1 ot

Can be used anywhere

For any power supply]—
Can be used with AC 100V £15% (50/60Hz) or AC 115V £15% (60Hz).

= o ([

El

A full range of driver functions are
on the front panel.

Motor operating current adjustment switch|
Motor stop current adjustment switch E

Easy to adjust the motor current with digital switch-
es. No ammeter necessary. )

|Automatic current-cutback function switch|——[g]

This function automatically lowers current when the
motor is at rest in order to suppress heat genera-
tion. The function can be set and defeated with this
switch.

[Automatic output-current-off function switch——(7)

When the level of heat within the driver reaches
abnormal levels, this function automatically switch-
es the motor current off. The function can be set
and defeated by this switch.

Step angle switch 3]

Switches the motor's step angle.
FULL: 0.72/step, HALF: 0.36°/step

|Pulse input mode switch| 8
Switches between 1-pulse input and 2-pulse input.
{Self-inspection function switch—————— @

This function inspects and checks the connection
between driver-and motor using the driver's built-in
oscillator.

Note: This should normally be set to NORM.
[Overheat output logic switch —————————[1

Switches the overheat alarm output logic.
SNO: Normal open
SNC: Normal closed

Match the setting to the device.

(Electromagnetic brake function switchF——7
(only for electromagnetic brake type)

Switches the method of electromagnetic brake action.

MBF: Always released, warks when not conductive

OFF: Always activates, released when M.B.FREE is
input
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Product Line of UPK Series

“Motor Size - ||

42

I

E

TH : Holding Torque

TH :1.3kgem (0.13N-m)

TH : 1.8kgcm (0.18N-m)

TH @ 2.4kgem (0.24N-m)

TH * 4.2kgem (0.42N-m)

Standard Type
Singla_—Phase 100V Input

UPK543-NAC
UPK543-NBC

UPK544-NAC
UPK544-NBC

UPK545-NAC
UPK545-NBC

UPK564-NAC
UPK564-NBC

j‘iigh—Speed Type
Single-Phase 100V Input

TH ! 4.2kgem (0.42N - m)

Standard Type
Single-Phase 100V Input

Electromagnetic

UPK564-NACM

Brake Type

High-Speed Type
| Single-Phase 100V Input

m:S.Skgcm(ﬂ,SSN-m) TH: 7kgom (0.7N+m) TH : 10kgem (1.0N-m) TH : 15kgem(1.5Nm) TH * 15kgem(1.5Nm)| TH : 12.5kgem (1.25N-m) TH : 25kgem (25N

|
1
\TH Geared Type

Single-Phase 100V Input

UPK543B-TG3.6

UPK543A-TG3.6  UPK543A-T57.2  UPK343A-TGI0
UPK543B-TG7.2 - UPK543B-TG10

fimirmam s
UrRo4JA-

UPK543B-1G20

UPK543B-TG30

UFR304A-133.0 UFRI04A-1G7

UPK564B-TG3.6 UPK5648-1G7

TH © 40kgem (4.0N-m)

L Geared Type

|
ingle-Phase 100V Input i

|~ w7 i

UPK566A-PG7.2
UPK566B-PG7.2

TH : 55kgem (5.5N - m)

Harmonic Geared Type

iSingle-Phase 100V Input |

UPK564A-HG50
UPK564B-HGS50




60

|

85/ 90 (PL,Harmonic Geared Type)

]

| TH : 8.3kgem (0.83N - m)

TH : 16.6kgem (1.66N - m)

TH : 21kgem (2.1N+-m)

TH : 41kgem (4.1N-m)

TH : 63kgcm (6.3N-m)

UPK566-NAC
UPK566-NBC

UPK569-NAC
UPK569-NBC

UPK596-NAC
UPK596-NBC

UPK599-NAC
UPK599-NBC

UPK5913-NAC
UPK5913-NBC

TH - 16.6 kgom (1.66N-m)

TH : 21kgem(2.1N-m)

TH : 41kgecm (4.1N-m)

TH 1 63kgem{E.3N m)

UPK569H-NAC
UPK569H-NBC

UPK596H-NAC
UPK596H-NBC

UPK599H-NAC
UPK599H-NBC

UPK5913H-NAC
UPK5913H-NBC

TH : 8.3kgem (0.83N -m)

TH : 16.6kgem (1.66N-m)

TH : 21kgem(2.1N+-m)

TH : 41kgem(4.1N-m)

TH : 63kgcm (6.3N+-m)

UPK566-NACM

UPK569-NACM

UPK596-NACM

UPK599-NACM

UPK5913-NACM

TH * 16.6kgem (1.66N - m)

TH 1 21kgem (2.1N-m)

TH : 41kgem (4.1N-m)

TH : 63kgcm(6.3N+m)

| UPK569H-NACM

UPK596H-NACM

UPK599H-NACM

UPK5913H-NACM

e bl o

TH * 30kgem (3.0N-m) TH - 35kgem(3.5N-m) — TH  40kgem (4.0N+m) | TH : 45kgem(4.5N-m) TH * 90kgem (9.0N-m) TH 2 90kgem (9.0N-m) TH : 120kgem (12.0N-m) TH : 120kgcm (12.0N-m)

UPK564A-TG10 UPK564A-1G20 UPK564A-TG30 |UPK596A-TG3.6  UPK596A-TG7.2 UPK596A-TGI0 UPK596A-TG20  UPK596A-TG30

UPK564B-TG10 UPK564B-TG20 UPK564B-TG30 |UPK596B-TG3.6 UPK596B-TG7.2  UPK596B-TG10 UPK596B-TG20 UPK596B-TG30

TH : 80kgcm (8.0N - m)

TH : 200kgcm (20N m)

TH 2 370kgem (37N -m)

- |UPK564A-PG36
|UPK564B-P636

UPK599A-PG7.2
UPK599B-PG7.2

UPK596A-PG36

UPK596B-PG36

TH : 80kgem (8.0N-m)

TH : 250kgem (25N -m)

TH : 370kgem (37N~ m)

|UPK564A-HG100
UPK564B-HG100

UPK596A-HG50
UPK596B-HG50

UPK596A-HG100
UPK596B-HG100
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UPK Standard Type
UPK High Speed Type

The UPK series consists of a high torque step
motor and a high performance driver with new

vibration control circuitry to minimize mid-fre-

quency resonance.

The UPK series can satisfy thie requirement of
any applications requiring compact, smooth and
quiet operation.

FEATURES

@ Standard Type

The UPK standard types come in a large variety of
performances and 3 types of mounting sizes.

Motor size: 42mmsg. 60mmsgq. 85mmsq.

Holding Torque: 1.3kgcm (0.13N-m)~ 63kgem (6.3N - m)

& High Speed Type

This product is suitable for applications requiring “higher
speed operation” and “smaller sized equipment”.
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High Power Stepping Motor

Units: UPK series

Stancard Type

UPK$43-NAC (Single Shaft)
UPK$43-NBC (Double Shaft)
eHolging Torque 1.3kgcm (0.13N+-m)

Standard Type
UPK564-NAC (Single Shaft)
WUPK564-NBC (Double Shatt)

Holding Torque 4.2kgcm (0.42N-m)

Standard Type

UPK596-NAC (Single Shait)

UPK596-NBC (Double Shaft)

High.Speed Type

UPK596H-NAC (Single Shaft)

UPK596H-NBC (Double Shaft)
Holding Torque 21kgcm (2.1N-m)

Standard Type

UPK544-NAC (Single Shaft)
UPK544-NBC (Double Shaft)
eHolding Torque 1.8kgcm (0.18N-m)

Standard Type

UPK566-NAC (Single Shaft)
UPK566-NBC (Double Shaft)
+Holding Torque 8.3kgcm (0.83N-m)

Standard Type

UPK599-NAC (Single Shatt)
UPK599-NBC (Double Shait)
High Speed Type
UPK599H-NAC (Single Shaft)
UPK599H-NBC (Double Shaft)
-Holding Torque 41kgcm (4.1N-m)

Standard Type

UPK545-NAC (Single Shaft)
UPK545-NBC (Double Shaft)
eHolding Torque 2.4kgcm (0.24N-m)

Standard Type

UPK569-NAC (Single Shaft)
UPK569-NBC (Double Shaft)

High Speed Type

UPK569H-NAC (Single Shaft)
UPK569H-NBC (Double Shaft)
eHalding Torque 16.6kgcm (1.66N-m)

Standard Type

UPK5913-NAC (Single Shaft)
UPK5913-NBC (Double Shait)
High Speed Type
UPK5913H-NAC (Single Shaft)
UPK5913H-NBC (Double Shaft)
eHolding Torque 63kgcm (6.3N-m)

salas Mdn



# PRODUCT NUMBER CODE

PK569[]

1—Type No Letter: Standard
H: High Speed

N A C

—[Cabtyre cable

Shaft Type A: Single Shaft
B: Double Shaft

=

Motor Case Length
Motor Frame Size 4: 42mm sq.
5-phase 6: 60mm sq.
5-phase High Torque Motor Unit % 89MM SG.
UPK series

New Drive System

m SPECIFICATIONS Standard Type

Unit Mode! Single Shaft |[UPK543-NAC | UPK544-NAC UPK545-NAC|UPK564-NAC|UPK566-NAC UPK569~P1A£
_ Double Shaft |UPK543-NBC | UPK544-NBC| UPK545-NBC UPK564-NBC | UPK566-NBC UPK569-NBC
Holding Torque o o7 e 05 o 08.633 1652
2
Retor et kg e 35351 0-7 54 k :e-f 68 . ?o-? 1751: ?0-7 zaezf?O"f 5605><B ?o-?
“Rated Current A/phase 0.75 1.4
- masic Step Angle 0.72° _ K
insulation Class Class B (180°C)
_Flnwer nput S?ngleﬂPhasewDV +15%  50/60Hz 1.1A or S?ngle-Phase1 00V*15% 50/60Hz 4.8A or
. Single-Phase115V£15% 60Hz 1.1A Single-Phase115V+15% B60Hz 4.8A
" Qutput Current Alphase 0.75 1.4 -

‘ e Full Step (4 phase excitation): 0.72%step
Excitation Mode e Half Step (4-5 phase excitation): 0.36%/step
\ (Switch selectable)

7 : Phatocaupler Input (optically isolated), Input Impedance: 2200 B
Input Signal Circuit p put (optically isolated), Input Impedance: \
Rtk stagh aleaul Input Current 20mA. H: 4~5V L: 0~0.5V )
| GW Sten Cammand Inniit (Stnn Cammednd innnt at 1-Periea Innut Madol

-EI ® CW Pulse Input (Pulse Inpu!) ! Pulse viidth: 5 i SeC. mirlmum Pulns gonfaubustylidine 34 ey maviminm

_(%? : Motor moves at pulse rising edge. (*egative logic pulse input)

‘gJ CCW Step Command Input (Direction Command Input at 1-Pulse Input Mode H:CCW,L:CW)

£ | o CCW Pulse Input Pulse width: 5 i sec. minimum, Pulse rise/pulse fall time 2 p sec. maximum.

(Direction-of-Rotation Input) Moter moves at pulse rising edge. (Negative logic pulse input)

At L level, the current to the motor is cut off and the shaft can be rotated by hand.

* Output-Gurrent-Off Input AAl H level, the current set by RUN potentiometer is supplied to the motor.

Photocoupler, Open-Collector Output (Emitter common)

) Output Signal Circuit External use condition: 24V DC maximum, 10mA maximum

2 Signalis output every time the excitation sequence returns to step 0.
& | ® Excitation-Timing Output (Photocoupler is ON)

* g Full step: Signal is output every 10 pulses, Half step: Signal'is output every 20 pulses B
2 The overheat signal is output when the internal temperature of the driver rises abnormally (with the photocouple-
2| . Overheat Output ON or OFF. Automatic return available).

The motor stops automatically by the output-current-off function.
The output logic of the photocoupler is based on the setting of the overheat output logic switch.
Functions Automatic current-cutback, output-current-off, self-inspection, pulse irnut switch, step angle switch, overhez:
] o output logic switch = ‘
Display (LED) Power source input, CW input, CCW input, output-current-off input, excitation timing output, overheat output

Convection Cooling

gooling Method -
Motor kg

s : 025 | 03 0.4 l 0.6 0.8 13
Driver kg N 0.45 f 0.9 B
Mot 100M © or more under normal ambient temperature and humidity when the megger reading between the wind-
_ ' oar ings and frame is DC 500V,
Insulation Resistance ; ;
ori The value is 100M Q or more measured by a 500V DC megger for the case to power source input terminal, case
HvEr {0 signal /0 terminal, and power source input terminal to signal I/0 terminal at normal temperature and humidity.
Mot Under normal ambient temperature and humidity, sufficient to withstand 1.0kV at 50Hz (0.5kV for UPK54
otor type) applied between the windings and the case for one minute following a period of continuous operation.
+ Dielectric Strength o : . ; : - <
No abnormality is recognized when 1.0kV at 50Hz is applied for one minute to the casé to power source input ter-
Driver minal, case to signal I/0 terminal, and power source input terminal to signal I/0 terminal at normal temperature
and humidity.
. el Motor -10"C ~+50°C
Ambient Temperature Driver 0°C~+50C

oThe value giyen for holding torque is the value when operated with the dedicated driver with rated current and 5-phase excitation,
eThe current indicated in power input is the maximum current drawn by the driver. The current drawn by the driver varies with pulse speed.
Note : Do not attempt to measure insulation resistance and/or dielectric strength while motor and driver are connected for UPK54 [ type.
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Unit Model Single Shaft UPK596-NAC UPK599-NAC UPK5913-NAC
Double Shaft UPK596-NBC UPK599-NBC UPK5913-NBC
. kgem 21 41 63
Holding Torque N-m 24 41 63
) gem? 1400 2700 4000
Rotor Inertia kg+m? 1400%10-7 2700%10-7 4000X10-7
Rated Current A/phase 14
Basic Step Angle 0.72°
" Insulation Class Class B (130°C)
Pawerliput Single-Phase100V+15% 50/60Hz 4.8A or
ower fnpu Single-Phaset15V=15% 60Hz. - 4.8A
" Output Current A/phase 14
@ Full Step (4 phase excitation): 0.72°/step
Excitation Mode ® Half Step (4-5 phase excitation): 0.36°/step
(Switch selectable)
y - Photocoupler Input (optically isolated), Input Impedance: 22042,
Input Slgnal Ciroutt Input Current 20mA. H: 45V L: 0~0,5V
CW Step Command Input (Step Commdnd Input at 1-Pulse Input Mode)
= | ®CW Pulse Input (Pulse Input) Pulse width: 5 p sec. minimum, Puise rise/pulse fall time 2 J sec. maximum,
=3 Motor moves at pulse rising edge. (Negative logic pulse input)
w
= CCW Pulse Input CCW Step Command Input (Direction Command Input at 1-Pulse Input Mode H:CCW,L:CW)
1" o t'ur?-e fr-lgut okt Pulse width: 5 p sec. minimum, Pulse rise/pulse fall time 2 i sec. maximum,
(Direction-of-Rotatiort Input) Motor maves at pulse rising edge. (Negative logic pulse input)
® Output-Current-0ff Input At L level, the current to the motor is cut off and the shaf_l can be rotated by hand.
At H level, the current set by RUN potentiometer is supplied to the motor.
) —— Phatocoupler, Open-Collector Qutput (Emitter common)
a Output Signal Circuit External use condition: 24VDC maximum, 10mA maximum
& Signal is output every time the excitation sequence returns to step 0.
S| *® Excitation-Timing Output (Phatocoupler is ON)
L2 Full step: Signal is output every 10 pulses, Half step: Signal is output every 20 pulses
-
£ The overheat signal is output when the internal temperature of the driver rises abnormally (with the photocoupler
= ON or OFF. Automatic return available).
* Pverneat uipul The motor stops automatically by the output-current-off function.
The output logic of the photocoupler is based on the setting of the overheat output logic switch,
i Automatic current-cutback, output-current-off, self-inspection, pulse input switch, step angle switch. overheat
Funictions output logic switch
Display (LED) Power source input, CW input, CCW input, output-current-off input, excitation timing output, overheat outpet
Cooling Method Convection Cooling
Motor kg 1.7 2.8 3.8
55
f Driver kg 0.9
100M Q or more under normal ambient temperature and humidity when the megger reading between the wind-
. A Motor ings and frame is DC 500V,
Insulation Resistance
‘ The value is 100M ©Q or more measured by a 500V DG megger for the case to power source input terminal, case
Driver to signal I/0 terminal, and power source input terminal to signal /0 terminal at normal temperature and humidity.
Under normal ambient temperature and humidity, sufficient to withstand 1.0kV at 50Hz applied between the wind-
(octli Riremi Motor ings and the case for one minute following a period of continuous operation,
Dielectric Stren
. i’ No abnormality is recognized when 1.0kV at 50Hz is applied for one minute to the case to power source input ter-
Driver minal, case to signal I/0 terminal, and power source input terminal to signal I/0 terminal at normal temperature
and humidity.
. Motar —10°C~+50°'C
- Ambient Temperature
P Driver 0°C~+50°C

eThe value given for hol
eThe current indicated i

ding torque is the value when operated with the dedicated driver with rated current and 5-phase excitation,

n power input is the maximum current drawn by the driver. The current drawn by the driver varies with pulse speed.,

TR T TN TTIST
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SPECIFICATIONS

High Spead Type

Unit Model Single Shaft UPK569H-NAC UPK596H-NAC UPK599H-NAC UPK5913H-NAC
Double Shaft UPK569H-NBC UPK596H-NBC UPK599H-NBC UPK5913H-NBC
; kgem 16.6 21 41 63
Holding Torque N-m 166 2.1 41 6.3
2
Rotor Inerti gem 560 1400 2700 4000
i kg-m? 560 %107 14001077 2700107 4000% 107
Rated Current A/phase 2.8
Basic Step Angle &J2°
Insulation Class Class B (130°C)
Single-Phase100V+15% 50/60Hz 7.5A or
Fower Input Single-Phase115V=15% 60Hz . 7.5A
Output Current Aphase - 2.8 N
e Full Step (4 phase excitation): 0.72°/step
Excitation Mode ® Half Step (4-5 phase excitation): 0.36%/step
) (Switch selectable)
: : Photocoupler Input (optically isolated), Input Impedance: 220,
Input Signal Circuit
Rt Signal Sl Input Current 20mA, H: 4~5V L: 0~0.5V
= CW Step Cornmand Input (Step Commdnd Input at 1-Pulse Input Mode)
B | = CWPueinput (Pufio oo . m, Pulse rsafpulss Bl ime 2 ¢ sec. maximum,
Z - - by gedie (nleaatng 10GIC pUISE INput)
El 1 cow Step Command Input (Direction Command Input at 1-Pulse Input Mode H:CCW,L:CW)
£ | » COW Pulse Input | Pulse width: 5 p sec. minimum, Pulse rise/pulse fall time 2 1 sec. maximum,
! (Direction-of-Rotation Input) Mator moves at pulse rising edge. (Negative logic pulse input) .
: ¥ At L level. the current to the mator is cut off and the shaft can be rotated by hand.
* O0tput-Current:Off (lpey At H level, the current set by RUN potentiometer is supplied to the motor.
‘ S, Photocoupler, Open-Collector Qutput (Emitter commaon)
® Output Signal Circut External use condition: 24V DG maximum, 10mA maximum
%= Signal is output every time the excitation sequence returns to step 0.
S| * Excitation-Timing Output (Photacoupler is ON)
‘% ANN thl step: Signal is output every 10 pulses, Half step: Signal is output every 20 pulses
g The overheat signal is output when the internal temperature of the driver rises abnormally (with the photocoupler
[ | Overheat Output ON or OFF. Automatic return available).
The motor stops automatically by the output-current-off function.
B The output logic of the photocoupler is based on the setting of the overheat output logic switch.
Einctions Automatic current-cutback, output-current-off, self-inspection, pulse input switch, step angle switch, overheat
N output Ic gic switch
Display (LED) Power source input, CW input, CCW input, output-current-off input, excitation timing output, overheat output
Cooling Method Convection Cooling .
ass _ Motor kg 1.3 17 2.8 \ 3.8
Driver kg 1.2 -
| Mot 100M @ or more under normal ambient temperature and humidity when the megger reading between the wind-
: aot ings and frame is DC 500V.
nsulation Resistance :
Bl The value is 100M © or more measured by a 500V DC megger for the case to power source input terminal, case
river to signal I/0 terminal, and power source input terminal to signal 1/0 terminal at normal temperature and humidity.
Mot Under normal ambient temperature and humidity, sufficient to withstand 1.0kV at 50Hz applied between the wind-
otor ings and the case for one minute following a period of continuous operation.
Dielectric Strength
: No abnormality is recognized when 1.0kV at 50Hz is applied for one minute to the case to power source input ter-
Driver minal, case to signal I/0 terminal, and power source input terminal to signal I/0 terminal at normal temperature
and humidity.
il Motar . —10°C ~+50°C
mbient Temperature Diver 0°C~ +50°C

eThe value given for holding torque is the value when operated with the dedicated driver with rated current and 5- -phase excitation.
eThe current indicated in power input is the maximum current drawn by the driver. The current drawn by the driver varies with pulse speed.



@ SPEED - TORQUE CHARACTERISTICS

eStandard Type

UPK543-NBC

UPK564-NBC c
=
External Load Inertia: JL=40gcm? (40X 1077kg-m?) External Load Inertia: JL=185gem? (185 10 7kg-m?) o
Clean Damper D4CL-5.0 Clean Damper D6CL-8.0 2
oo ] e | W o] [T TTTOTIIOM TTOO0] &
\ 0 75 L | : Power Input: AC100/115V ~—— Full step 0.727/step
Gurrent: 0.75A /phase (4 phases on) | — "yl step 72 /slep | Current: 1.4A/phase (4 phases on)_| | - - - Half step 0.367step |
Zo5 --- Half step 0.367/step .18 0.6 6
Z25| o3| 10 z | N W[ ]
8 | = =107 057 E 5 e G B AR A
Sa0|€ |[E E | = ) T RO e T T T4
S : =] E &l 2 i -4--]- 443
S = |2 38 04 4
5. . |502]{520 2 3 g |
£1518 S =2 g o =
3 = & £ 6 S 031 5 3
2 s e PULLOUT TORQUE ____:_I_R IS} N N
210 =t < LU FA Al 5 47 2] - s
8 01{ 10 | AN it § s "y Jlivg® \
L1~ 1 _ il -
05 CURRENT =T NN | 29, 017 i IC]ll.llTFiEI‘IJT -
S N sy | s
ol ol oy L] b il [N 07 o™ 0.1 1 ; 10 100
0.1 1 10 100 3
Speed [kHz] Speed [kHz)
UPK544-NBC UPK566-NBC
External Load Inertia; Ju=d0gem?® (40 1077kg - m?) External Load Inertia. Ju=185gem? (185 10 7kg-m?)
Clean Damper DACL-5.0 Clean Damoer D&CL-R.0
041 4O o ekathcionov) > F = T T e o O L |
' “| Power Input: AG100/115V iR 1§, 34\ 149 Vo'd ! Bai L
0 Current: 0.75A/phase (4 phases on) 'L Fullste 0‘71‘,.,“8 Power Input: AC100/115V — Full step 0.72step
T - rullstep 0.72/step i | Current: 1.4A/phase (4 phases on)_| | = - - Half step 0.36/slep |
Zo5 Rl ‘ === Half step 0.36step EAIA 1.2 12 DI b -
25 03{ 30/l ikl B T S S = PULLOUT TOROUE
50l ke |1 I L <] = 1048104 F1o ROUE 1l —+ -
SME |§ |l | ey T s T N
5 [Soo{ael LIS RO TORGUE g e SR STt \ i
-':5-‘15 ES 3 e = | ! ‘ S 64 =7 af- S
a7 [E 5 [ HI ‘ } 3 a1 i
= S =] | I i =] 2= “
0 i | N 5 4+ 04 4 =i
5 0 10| Hr—a e 2 s LA TN
05 Ll oume NT____E__/__/,f e 24 874 (2 CURRENT -HHIL L i
LT TN R _ o8 (o5 9 L IR s s )
04 0d 0y 0.1 ] i 106 0.1 1 10 100
Speed [kHz] Speed [kHz)
UPK545-NBC UPK569-NBC
External Load Inertia: Ju=40gcm? (4010 7kg- m?) External Load Inertia J_=185gcm? (185 10" kg -m?)
Clean Damper DACL-5.0 Clean Damper D6CL-8.0
PR | O O 1 O R O 304 30 T (7 0| R 5 i 1
sof Y 4 E""’e""g‘;‘é:f‘tuo”zgv ) ! P " PE)I H\L!”x Aclmo"1‘1|5\‘rm J H“IFl I tl [oLa"Jfli”
; urrent; 0. phase (4 phases on) | Full step 0.72°/s J vier Input: ) | | — Full step 0.72"step |
| | p 0.72'/step 25 25 . 1 --- g
= P ‘“:‘ ' | | ||| == Hall step 0.367step 127 Current: ‘1‘.:1'A.’phlasrf ff‘."?ﬁ’?f‘*‘ on) Half slep 0.36"/step
=25 o3f agf—phi—LiiL T vy = PULLOUT TORQUE
s = | 1PULLOUT TORQUE = intat | |t = 10 B 204 20 1 =TT
S0 [§ |||t v L] E £ |8 L LR TR
e =2 i I 584 | = LHAHE - .
2. :l502{520 ' us| e z 157 ¢ 15 .
S1518 |87 E g & g B
<) g g | E] ] 2 b
T 2 2 <] 1.0 10 =
210 5 4+ S| S
5 0.1 1.0 2 . AN
05 S o 0. 5 CURRENT [ T TTITH=T-1" \\\ ]
0- 0- oL I | fs I?" N k
0 0 oA 0.1 1 10 100
Speed [kHz] Speed [kHz]
Notes:

1.‘ Pay attention to heat dissipation from motor and driver. In particular, remember that the mot

Be sure to keep the temperature of the motor case under 100°C.
2. The holding torque is reduced by the automatic current cutback function at motor standstill.

or will produce a considerable amount of heat under certain conditions.



A SPEED - TORQUE CHARACTERISTICS

] ‘
L5

| "UPK596-NBC
External Load Inertia: JL=870gcm? (870 x 107kg-m?)
Clean Damper DOCL-14 -
3‘0». 30 LITIIT L TTIITT 1 TTTTT LT ITTIT
14_‘ Power Input: AC100/115V —— Full step 0.72"/step
Current: 1.4A/phase (4 phases on) - - - Half step 0.36%step
124 1 2 (Wit forave LA <]
= LA+ i
= 10 T20HF20
8 : S ]
= = =3 \
53'515-515 \
RPN 10 A
: 5 LA \ o
S 2 957 5 TTicuRRent THIH = :
N = T‘ —‘ is fs _\L ]
o o) o LT ] 8
0.1 1 10 100
Speed [kHz)
UPK599-NBC
External Load Inertia: Je=870gcm? 870%107kg-m?)
. Clean Damper D9CL-14
| | 1 M T 71 INGERL ISR B L
4 I S Saes HipUL AG U 10 T — Full step 0.72'/step 4
L_Cirrentr 1.4A/phase (4 phases on) - - - Half slep 0.36step
124 61 60 [—+HHH——t '
= PULLOUT TORQUE .|
= 104 E 54 E 50 (I 5
= = = |
a 84 S4{=a
s L g ‘
§ 64 E 34 E 30 ‘
S 44 24 20 =
- [~
S ounment [HEP1HRON
24 14 10 T — :
e T
0 o4 oLy 1=
0.1 1 10 100
: Speed [kH:)

UPK5913-NBC

External Load Inertia: J.=870gcm?  §70 % 1077kg-m?)
Clzan Damper D9CL-14

w6l wad e LU T T T T
Power Input: AC100/115V — Full step 0.72"/step
124 124 urrent: 1.4A /phase (4 phase on) _! | - --Ha step 0.367/step
B W BTN T
<<
£ 109 § 107E 100 LU R
5 = 2 PULLOUT TORQUE | ||| __ |
3 895 84T 80 - t
e -] 5l We—"T" b
a3 g =] s
g 6" E G-E 60
g4 4 SNBSS
S L, ol CURRENT| L1}~ N L--
. _J T T NS Nl I . R
ol ol ola i e
0.1 1 10 100
Speed [kHz]
Notes:
1. Pay|attention to heat dissipation from motor and driver. In particular, remember that the motor will produce a considerable amount of heat under certain conditions.
Be 4ure to keep the temperature of the motor case under 100°C.

2. The holding torque is reduced by the auto

matic current cutback function at motor standstill,
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_eHigh Speed Type

UPKS569H-NBC
External Load Inertia: Ji=185gcm? (185 %10 7kg-m?2)
Clean Damper D6CL-8.0
3.0_ 30 T 1T70T T T TTT0TT ] NN 1 TITTHAT
14- LTI T T
_ Power Input: AC100/115V 1| = Full step 0.72'/step _|
124 25 25 Currenf: 2.8A/phase (4 phases on) - - - Half step 0.36%step
= - 1II
g 101 E 291 § 20 TTRuiiouT Tomoue L=t SRR
5 gd = = L EHHA = - -f- kg "‘,\ I
S s 154 g 15 A
E‘ 6 :'5’ g 1 Sy T
= =104 7 10 2 L
5’ 4 A | ] \ i
=E L~lab Y
s 0.5+ 5 o REN_A__.P-—'"'_"'] : \“
J o oL LTI RLLE }
0.1 1 10 100
* Speed [kHz]
Notes:

UPK596H-NBC

External Load Inertia: JL=870gcm? (870 % 107kg-m2)
Clean Damper D9CL-14

30_ 3 rrrTrTmT T T TTITTIT TTTTT T TTTTT _
: Power Input: AC100/115V —— Full step 0.72°/step
144 Current: 2.8A/phase (4 phases on) - - - Half step 0.367step
254 25 HHHH——— S Y
124 PULLOUT TORQUE | | Li11= [k
= " - cale s AT %
‘é 10 i 2.0 gZO ‘
S 81 T isde 15 B
e | & i \ 1,
. an o J
S =a1.04=0 4
2 4 o k
/o 057 5 RENT | [ LHT=
‘m ' T fs | is
04 ~04 1 \
0.1 1 10 100
Speed [kHz)
UPK599H-NBC
) 8702107 %)

Lt Lathiper YL

HH!HI LTI L[ [T T

14 74 70
Power Input: AC100/115V — Full step 0.72%/step
124 6+ 60 c""ﬁnﬁﬁ]smana?el(ﬁ {.\hases 0n)—{—- - - - Half step 0.36'/step-
= q st
il = siF 50 P LLOUT TOROUEL !
2 ) =) I e A 1
3 81 = 4= 4 NI
= 2 3 FTRHLS
g 615 3 E !
g £ 2 \ ‘.‘
g 4 2 20 [= i \ N
2, - y 10 CURREE\'I_" HTE- "
M Is| fs] N
04 ol ol l ANERS
0.1 1 10 100

Speed [kHz|

UPK5913H-NBC

External Load Inertia: JL=870gcm? (870:< 10 7kg- m?)
Clean Damper D9CL-14

Wl 1ef veo LTI T T TIO0C
Power Input: AC100/115V — Full step 0.727/step
12 124 120 | Current: 2.8Alphasie|(4!l phases on)-{-- - - - Half step 0.367/step
<z
T [ ]|
Y1 E M E I
3 81 % aﬂfao PULLOUT T UE -.\_
el el 1T R
3 = S N
E 44 491 40 [ / =
o 21 o0 H-CERRENT T LN
8 O 0 RO N2
A 1 10 100
Speed [kHz]

1. Pay attention to heat dissipation from motor and driver. In particular, remember that the motor will produce a considerable amount of heat under certain conditions.

Be sure to keep the temperature of the motor case under 100°C.

2. Thie holding torque is reduced by the automatic current cuthack function at motor standstill.
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# DIMENSIONS

¢Motor (Standard and High Speed Type) unit=mm
UPK543-NAC (Single shaft)

Motor Model : PK543-NAC Mass 0. 25kg/Driver Model : UDK5107N
UPK543-NBC (Double shaft)
Motor Model : PK543-NBC Mass 0.25kg/Driver Model : UDK5107N
48+2 20 4—M3 P0.5 4.5 Deep min.
15+1 331 | 0421
15+02s! | | 15+0.25
’ S '
n it
| 9 e T
3 22 2159
<[12.2 600 50 #|5|&
m < .
Cabtyre Cable ¢5.4 | 5-Motor Leads -
UL Style 3265, AWG26
UPK544-NAC (Single shaft)
Mlotor Model : PK544-NAC Mass 0.3kg Driver Model = UDK51 07N
UPK544-NBC (Double shaft)
Mlotor Model : PK544-NBC Mass 0.3kg/Driver Mode! : UDK5107N
5dxa  gex 4=M3 P0.5 4.5 Deep min.
LN o e =N
15025 ¢ 150,25 f 31+o1 |
= e
5 4
\ ‘&;.w.,i'ftz D - }Z”T 5 ]
= ) i jao
1| - g S|=ie
$l12z. Lﬁ 50. :A@g‘
=r b=

Cabtyre Cable ¢5.4 5-Motor Leads

UL Style 3265. AWG26

UPK545-NAC (Single shaft)
Motor Model : PK545-NAC Mass 0.4kg/Driver Model :
UPK545-NBC (Double shaft)
Motor Model : PK545-NBC Mass 0.4kg/Driver Model

UDK5107N

- UDKS107N

4—M3 PO.5 4.5 Deep min.
\ 042"1
\Fr31 o1

=5
-Motor Leads
L Style 3265, AWG26

* These dimensions are of a double-shaft models. For single shaft models
ignore the colored areas.

See page [B-32] for information on motor installation.

UPK564-NAC (Single shaft)
Motor Model : PK564-NAC Mass 0.6kg/Driver Model : UDK51 ldN
UPKS564-NBC (Double shaft)
Motor Model : PK564-NBC Mass 0.6kg/Driver Model : UDK5114N
21%1 48.5i1 241 504035
7(15 | 20+0.25
=
| als

[.#36 (hg
601

5-Motor Leads AWG22
Cabtyre Cable ¢7

Q
2
5 Shaft Cross
o Section A-A'
~

UPK566-NAC (Single shaft)
Motor Model @ PK566-NAC Mass 0.8kg/Driver Model!
UPK566-NBC (Double shaft)
Motor Model : PK566-NBC  Mass 0.8kg/Driver Model

* UDK5114N

: UDK51 14N

] R ed.Sfr, 2457
715

l”"- |

_50+0.35
4—¢45°

20025 20+0.25
e e

CD

aT“

Shaft Cross
Section A-A'

UPK569-NAC (Single shaft)

Motor Model @ PK569-NAC Mass 1.3kg/Driver Model : UDK51 14N
UPK569-NBC (Double shaft)
Motor Model @ PK569-NBC Mass 1.3kg/Driver Model : UDK5114N
UPK569H-NAC (Single shaft)
Motor Model : PK569H-NAC Mass 1.3kg/Driver Model : UDK51 28N
UPK569H-NBC (Double shaft)
Motor Model : PK569H-NBC Mass 1.3kg/Driver Model : UDK5128N
glx1  89%1 24w 504035
20%02s 7115 |20%0.25

r—‘“ﬁ"_ _4—¢45

5-Motor Leads AWG22

Cabtyre Cable ¢7 S . 75%0.15
)
. -
bt Shaft Cross
H Section A-A’
~



UPK596-NAC (Single shaft)
Motor Model : PK596-NAC Mass 1.7kg/Driver Model : UDK5114N
UPK596-NBC (Double shaft)
Motor Mode! : PK596-NBC Mass 1.7kg/Driver Model : UDK5114N

32+1 68+1 37+1 70+0.35
25+0.25 10 : 2 25:+0.25 4—¢6.5
= ] -~ A"
= | |/l
: r_/_ﬂfs -
A A AN 5 8
] == 58 1+ i
'y AT 210 / R
I—— 2 &
L
n
—
5-Motor Leads AWG22 <i
Cabtyre Cable ¢7
UPK599-NAC (Single shaft)
Motor Model : PK599-NAC Mass 2.8kg/Driver Model : UDK5114N
UPK599-NBC (Double shaft)
Motor Model : PK599-NBC Mass 2.8kg/Driver Model : UDK51 14N
321 98=1 . 3741 " U 700.35p0000
25025 | | A02 | io5kgas L 4—dR 5
g N LLEE]
<| LA\ Fiil N
s A [ A o %
B - e
A A fé’]
T |
15 7T 600 50
Fi g - ]

; /. 5-Motor Leads AWG22
/_Cabtyre Cable ¢7

UPK5913-NAC (Single shaft)

Motor Model : PK5913-NAC Mass 3.8kg/Driver Model : UDK51 14N

UPK5913-NBC (Double shaft)

Motor Model : PK5913-NBC Mass 3.8kg/Driver Model : UDK5114N

321 128 _ 374
25."—_'9_25\! 10 2 | 25+0.25
N\ e ¥
| ) W—
£ D
5| A
b A C pAle E b
=41 {=5158
= RS0

__70=035

Camtes

UPK596H-NAC (Single shaft) ,
Motor Model @ PK596H-NAC Mass 1.7kg/Driver Model : UDK5128N
UPK596H-NBC (Double shaft)

Motor Model : PK596H-NBC Mass 1.7kg/Driver Model : UDK5128N

" Shait Cross
Section A-A'

UPK599H-NAC (Single shaft)
Motcr Model : PKS99H-NAC Mass 2.8kg/Driver Model : UDK5128N
UPK599H-NBC (Double shaft)
Motor Model : PK599H-NBC Mass 2.8kg/Driver Model : UDK5128N

132015

132045

UPK5913H-NAC (Single shaft)

Motor Model : PK5213H-NAC Mass 3.8kg/Driver Model : UDK5128N

UPK5913H-NBC (Double shaft)

Motor Model : PK5913H-NBC Mass 3.8kg/Driver Model : UDK5128N

=
\ 5-Motor Leads AWG22
Cabtyre Cable ¢7

* These dimensions are of a double-shaft models. For single shaft models,

ignore the colored areas.

2
- £l
o -
M~
| 13015
ﬁ ﬂ Shaft Cros

Section A-

See page [B-32] for information on motor installation.
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rDriver unit=mm

Il

Standard Type
For UPK543-N[]C, UPK544-N[]C, UPK545-N[]C For UPK564-N[JC, UPK566-N[]C, UPK569-N[JC,
Driver Model : UDK5107N Mass 0.45kg UPK596-NIC, UPK599-N[]C, LIPK5913-N[IC
- Driver Model : UDK5114N Mass 0.9kg
H
y= 80 10
P& 15__ 45
! vl o i
80 10 ol = /
g 5. 45]] 6-M3POS5 e
% i S _..g_.-_/‘::l w0 1 H :_—”:JJ'-‘\ 12—M3 P05
_D,_,% i S = - Slit
ig [ L <~
17 .
wn
3 sit | LA s R []
P& \ N ® o
8 %‘ = g ©
3] "
zv "é‘ J ***** . D 1
i 8 ” j 1

f
— H00 o) { Aroniakcsrodx| 35\ ]

240
®

Pitch 5 HIQS

= 7 Mees

LR I o L g VA et deds o Sl
[SleH e =5
vl P ]

00000
]

=

\

= ]

L ¥4 0.3 e ) ]
N

/1

20max. 2max. 40

- Mounting Bracket A (2Pieces.included) = Mounting Bracket B (2Pieces,included) ~Mounting Bracket A (2Pieces included) ~Mounting Bracket B (2Pieces,included)

15803 2-$35 Countersink _2f)to_a1
2= S
e 7
w' T [ @@
1 2o:os"=ﬂ 1" 2-435 Countersink
-ég_" - . _15%03

S%e page [B-34] for information on driver installation.



@ MOTOR ACCESSORIES

oMotor Mounting Brackets: Page B-172

High Speed Type
For UPK569H-N[]C,

UPK596H-N[]C, UPK599H-N[]C, UPK5913H-N Lle
Driver Model : UDK5128N Mass1.2kg

— 110 10
10—1 f 25 55
: «Clean Damper; Page B-175
{——-‘t,__f;- SHAS S Effective at suppressing motor vibration and
& ﬂ = I improving high-speed performance.
J—.—._ — & . . | . s 4 e e 1 ’R
+12—M3 P05
- /Slit (No slit on the bottom)
=
| ®
o b
! ® D @)
U-1&
il il =
a Flexible Coupling : Page B-176
] e o A
| o i (8Ll | LdMEing et
il i - ; : Sel Surees fyne
6 - 5
82 v
r=W\ = A
pa 8 — == A :
Slit - ’
22 : 13008 T | Toumaw 2dlax. sdsn )|
- Mounting Bracket A (2Pieces.included) Mounting Bracket B (2Pieces.included)
25203 25208
. ] _._4 5 -
1 C" N — 1 =
87 =
2—$3.5 Countersink Zi
45 . ol[@ @
[R=1 = 25=03 2—¢35 Countersink
g = I Dk | L..45 |
{ 19N [ 2l
25203,
45

See page [B-34] for information on driver installation.
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