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ABSTRACTS

In 1line process of industrial factory wanted to automatic
working. Because of many complex in process. That make sure popular
methode of Data Acquisition and Control system (DA&CS) and cetianry
very grow-up in industrial line next future.

Data Acquisition and Control with Serial Communications System
(DA&C with SCS) 1is like supported for data communication method.
Recomment standard (RS~232,RS-422,RS-485),MODEAM etc. are develop
and application to industrial able absolute level now. Summation many
part of computer ability too. That can make a good application to
processing customer/user need, and response many data base managment
of new process industrial methode Then system base are flexibled
itself more than other methode as the same line. Other ability to
configurate a small and expansion. to larg system in customer/user

needed.
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Asynchronous Adapter Connector:
Male 25-Pin D-Sub, cable requires female.

Pin 11O Description

1 NC (Shield Gnd. Other End)
2 > TX (Transmit Data)

3 < RX (Receive Data)

4 > RTS (Request to Send)

5 < CTS (Clear to Send)

6 < DSR (Data Set Ready)

7 GND (Signal Ground)

8 < DCD (Data Carrier Detect)

9 > +Transmit Current Loop Data
10 NC ,

1 P -— -Transmit Current Loop Data
12 NC

13 NC

14 NC

15 NC

16 NC

17 NC ~e

18 < +Receive Current Loop Data
19 NC

20 > DTR (Data Terminal Ready)
21 NC.

22 < Rl (Ring Indicator)

23 NC

24 NC .

25 < -Receive Current Loop Data

To wire a 25-pin connector to a 9-pin connector, use the following tabie:

DBS DB25 Description

Pin Pin

1 8 DCD (Data Carrier Detect)
2 3 RX (Receive Data)

3 2 TX (Transmit Data)

4 20 DTR (Data Terminal Ready)
5 7 GND (Signal Ground)

6 6 DSR (Data Set Ready)

7 4 RTS (Request To Send)

8 5 CTS (Clear To Send)

9 22 RI (Ring Indiéator)

3R 4.4 UARYUMTYINYB RS-232
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Geneoral Description

The MAX680 Family of supervisory circuits reduce the
complexity and number of components required for
power supply monitoring and battery contro! functions in
microprocessor systems. Thess include uP reset and
- backup-battery switchover, watchdog timer, CMOS
RAM write protection, and power-failure warning, The
MAX690 Family significantly Improves system reliability
and accuracy compared to {
ICs or discrete components,

The MAX680, MAX692 and MAX694 are supplied in

8-pin packages and provide four functions:

1) A Reset -outpul during power-up, power-down and
brownout conditions.

2) Battery backup switchin? for. CMOS RAM, CMOS
microprocessor or other low power logic.

3) A Reset pulse if the optionat watchdog timer has not
been to%gled within a specified time.

4) A 1.3V threshold detector for power fail warning, low
t;\auer}_ d\e/tection. or to monitor a power supply other
than +5V.

The MAX691, MAX693 and MAX695 are supplied in
16-pin packages and perform all MAX690/692/694
functions; plus: }
- 1; Write protection of CMOS RAM dr EEPROM.
2) Adjustable reset and watchdog timeout periods.
3) Separate outputs for Indicating a watchdog timeout,
backup-battery switchover, and low Vee.

Applicatiens
Compulers
Controllers
Intelligent Instruments
Automotive Systems
Critical 4P Power Monitoring

Pin Configuration

at obtainable with separate’

% A
STl LK 2
Microprocessor
Supervisory Circuits
' : Features

& Precision Voltage Monitor .
4.65V In MAX690, MAX691, MAX694 and MAX695
- 4,40V In MAX692 and MAX893 :

¢ Power OK/Reset Time Delay - 50, 200ms, or
adjustable

¢ Watchdog Timer - 100ms, 1.6 sec, or
adjustable

4 Minimum Component Count

¢ 1pA Standby Current

¢. Battery Backup Power Switching

¢ Onboard Gating of Chip Enable Signals

$ Voltage Monitor for Power Fail or Low Battery
Warning

Ordering Information
PARY TEMP. RANGE PACKAGE

MAXBS80CPA  0'Cto +70°C___ 8 Lead Plastic DIP.
MAXBO0EPA_ —40°Clo +85°C 8 Lead Plastic DIP
MAXSQ0EJA ~ —40°Clo +85°C___ 8 Lead CERDIP
MAXGI0MJA 565G lo +125°C 8 Lead CERDIP
MAX681C/D 0'Clo +70°'C__ Dice .
MAX68ICPE___ 0°'Clo +70°C___ 16 Lead Plastic DIP
MAXGIICWE ~_ 0°Cto +70°C 16 Lead Wide SO
MAX691EPE _ —40°Cto +85°C 16 Lead Plastic DIP |
MAXBI1EJE _ —40°Cto +85°C . _ 16 Lead CERDIP

[ _MAX691EWE  —40'Cto +85C 16 Lead Wida SO
MAX69IMJE _—55°Cto +125°C__ 16 Lead CERDIP

(Ordering information is continued on last page.)
___Typical Operating Circuit
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Microprocessor

Supervisory Circuits

ABSOLUTE MAXIMUM RATINGS

Terminal Voitage (with respect to GND) Power Dissipation
Voc ..... creeseresens . veess =03V t0 6.0V 8 Pin Plastic DIP
VBATT +vveevecasasssessvssssonass= 0.3V to 6.0V (Derate 5SmW/°C above +70°C) ......... . 400mwW
Al Other Inputs (Note 1) VZ03Vio (Vout +0.5V) 8 Pin CERDIP
lnput Current - (Derate 8mW/°C above +85°C) ..........500mW
VCC sovenss ceee 16 Pin Plastic DIP
VBATT «+» (Derate 7mW/°C above +70'C) ..........600mW
ND 16 Pin Small Outline )
Output Current Derate 7TmW/°C above +70°C) verrnnnnnn 600mW
...................... short circuit protected 6 Pin CERDIP
All Other Outputs ,..cveevnnrreancess Ceasas 20mA (Derate 10mW/°C above +85C) cevunnnn .600mW
Rate-of-Rise, VeaTT, VEC tvvrertcrecenenes 100V/us. Storagre Temperature n'? ..... —~65'Cto +1so*c
Operating Temperature Range - Lead Temperature (Soldering, 10 seconds) .... 300°C
CSUHIX couvvevnoeenanases w 0°C to +70°C
Esuffix viiiieiiisnens g, -—40‘0 to +85°C

MSUlIX tovvineernssenennnnss —55'C to +125°C
Stresses above those ksted under “Absolute Muhummlmgs"myc:usopommntdamgo Iothadm These are strass ratings only, and functional

opam.onollhodm‘coallhosoounyotlw conditions abova thos op
conditions mcndodpubdsmycﬂmdcvbomﬁaw!y.

btoluu maximum ratings

————t s n

ELECTRICAL CHARACTERISTICS
(Voe = full operating range, Veart = 2.8V, Ta = 25°C, unless otherwise noted.)

ections of the specifications Is not implied. Exposure to

TP

PARAMETER ] CONDITIONS MIN "MAX | UNITS
BATTERY BACKUP SWITCHING AT
Oparating Voltage Range i
MAXE90, MAX691, MAX694, MAX695 Vo 475 55
MAX680, MAX691, MAX694, MAX635 Vaary 20 4.25 v
MAX692, MAX693 Veg 45 55
MAX692, MAX693 Vaarr 20 . 4.0
. lour = 1A Vec—-03  Veo=~01
Vour Output Voltage lour = SOMA ‘Veo~05 Vo025 v
Vour in Battery Backup Mode lour ® 250pA, Vee < Vaarr—0.2V Vearr—0.1 Vearr—0.02 v
<4
lour = 1mMA 2 5
Supply Oungnt {excludes loyr) lour = 50mA 35 10 mA
Supply Current in Battery Backup Mode Ve = OV, Vaarr = 2. sv 0.6 1 A
6.5V> Vee> Yearr+0.2V .
Battery Standby Curmrent Ta = 25°C -0.1 . +0.02 1A
(4 = Discharge, ~ = Charge) Ta = Full Operating Range -1.0 . +0.02 ’
Battery Switchover Threshold Power Up 70 mv
Veg = Vearr Power Down 50
Battery Switchover Hysteresis 20 mv
BATT ON Output Vollage Itk = 3.2mMA 0.4 V.
BATT ON Output Short BATT ON = Voyr = 4.5V Sink Current 25" mA °
Circuit Curront BATT ON = 0V Source Current 0.5 ¥ 25 sA
RESET AND WATCHDOG TIMER .
. Ta = Fult Operating Range .
Reset Vollage Thveshold MAX690, MAXB91, MAX694, MAX695 45 4.65 475 v
: N MAX692, MAX693 425 44 45 v

" Note £: The input voltage fimits on PF1 and WOI may be exceaded provided the input current is limited to less than 10mA,

VAKXV
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ELECTRICAL CHARACTERISTICS (continued)
(Voo = full operating range, Vearr = 2.8V, Ta = 25°C, unless otherwise noted.)

- Microprocessc
Supervisory Circuit

) PARAMETER CONDITIONS MIN TYP MAX UNITS
Resat Thrashold Hysteresis 40 myv
Reset Timeout Delay (MAX690/91/92/93) Figure 6, OSC SEL HIGH, Veg = 5V * 35 50 70 ms

_[Reset Timeout Delay (MAX694/95) Figure 8. OSC SEL HIGH, Vog = 5V 40 . 200 280 | ms
s e e k| SN ¥ 8 | =
Watchdog Timeout Period, External Clock i a7 97864: pre g‘;fe"s

-~ Minimum WO! Input Puise Width Vi = 0.4,V = 35V . 200 . ns
RESET and TOW LINE Output Voltage :S‘SONSR; ‘-GT:'A.VVG; -;4;15\1 35 04 \
RESET and WO Outpit Voltage S o o A
Output Short Circuit Current RESET, RESET, WOO, LOWUNE | , 1 3 25 A
WDI Input Threshold Vee = 5V (Note 2)

Logic Low 08 v

Logic High 2 3.5

WOI Input current Wg: L g\‘;‘" _50 _2‘% S0 HA
POWER FAIL DETECTOR

PFI Input Theeshold Voo = %5V, T = Full 12 13 14 v
PFi Input Current £001 125 nA

| PFO Output Voitage ::Z‘:H; :’_2':‘:A 35 ' 04, x

BEO Short Circuit Sourca Current PFl = OV, PFO = OV 1. 3 25 A
CHiP ENABLE GATING ~

GE IN Thresholds Yo & 08 v
CE IN Pullup Current 3 #A

lgink = 3.2mA : 0.4
CE OUT Output Voltage Isounce = 3.0mA Vour—15 ’ v
Isounce = 1pA, Voo = OV Vour-0.05

[T Propagation Delay Voo = 5V 50 200 ns
OSCILLATOR -

OSC IN Input Current +2 HA
OSC SEL Input Pullup Current 5 pA
OSC IN Frequency Range OSC SEL = OV 0 250 KHz
QSC IN Frequency . OSC SEL = OV KHz
with External Capacilor Cosc = 47pF 4

Note 1: The input voltage fimits on PFI and WDI moy be exceeded provided the input current Is iimited to loss than 10mA.
Note 2: WDI s guarantecd to be in the mid-level (inactive) state il WD is lloating and Ve is in the operating voltage range. WOL is internally bit
10 38% of Vg with an impedance of approximately 125 kilohms.

ViV 4V ]




~ Microprocessor -
Supervisory Circuits

FMAX680/21/92/93/24/95

Pin Description

PIN

NAME

. MAX690/

692/694

MAXe9Y/

693/695 -

FUNCTION

Vee

The +5V input,

Backup battery Input. Qonnect to Ground if a backup battery is not used.

Vour

The higher of Vg or Vaarr I8 Internally switched to Viour. Connect Vour 10 Vg if
Voutr and Vearr are not used. . .

GND

OV Ground reference for all signals.

15

RESET goes low whenever Vcc falls below either the reset voitage threshold or
the Vaary input voltage. The reset threshold Is typically 4.65V for the MAX690/
691/694/695, and 4.4V for the MAX692 and MAX693. %EEET remains low for
50ms alter Ve returns to 5V, (except 200ms in MAX694/695), RESET also goes
low for 50ms if the Watchdog Timer is enabled but not serviced within its timeout
period. The RESET pulse'width can be adjusted as shown in Table 1.

WDI

1

The watchdog input, WD, Is a three level input. If WDI remains either high or
fow for longer than the watchdog timeout period, RESET pulses low and

goes low. The Watchdog Timer is disabled when WD Is left floating or is driven
1o mid-supply. The timer resels with each transition at the Watchdog Timer
Input.

PF1 is the non-inverting input to the Power Fail Comparator. When PFI Is less
than 1.3V, PFFO goes low. Connect PFl to GND or Vour when not used. See
Figure 1.

" 10

PFO Is the output of the Power Fail Comparator. it goes low when PFl is less than
1.3V. The comparator is turned off and goes low when Vee is below Vaarr.

13

The input to the CE gating circuit, Connect to GND or Vour if not used.

L A2 D

.| TE OUT goes low-only-when TE IN Is low and Ve is above the resbt threshold

(4.85V for MAX691 and MAX695, 4.4V for MAX893). See Figure 6,

BATT ON goes high when Vour Is internally switched to the Vaary input. It goes
low when Vour s internally switched to Vce. The output typically sinks 25mA
and can directly drive the base of an external PNP transistor to increase the
oulput current above the 50mA rating of Vouyr. .

TOWTINE

LOW LINE goes low when Vcc falls below the reset threshold. It returns high as
soon as Vg rises abova the reset threshold:-Gee Figure 6, Reset Timing.

RESET

18

RESET Is an active high output. It is the inverse of RESET.

OSC SEL

When OSC SEL Is unconnected or driven high, the internal oscillator sets the
reset time delay and watchdog timeout period. When OSC SEL is low, the
external oscillator input, OSC IN, is enabled. OSC SEL has a 3uA internal

.pullup. See Table 1.

OSC IN

When OSC SEL is low, OSC IN can be driven by an external clock to adjust
both the reset delay and the watchdog timeout period. The timing can also be
adjusted by connecting an external capacitor to this pin. See Figure 8. When
OSC SEL is high or floating, OSC IN selects between fast and slow Watchdog
timeout periods.

14

The Watchdog Output, WDO, goes low if WD} remains either high or low for
longer than the Watchdog timeout period. WDO Is set_high by the next
transition at WDI. It WDI is unconnected or at mid-supply, remains high,
WOO also goes high when goss low.* :

sNAXI/V]




T}pigal Applications

* Vour ¢an supply &

_Internal 200Q MOSFET connects the backup ba

MAX691, MAX693 and MAX695

A tzrplcal connection for the MAX691/693/695 is shown
inFigure 1. CMOS RAM s powered from Voyr. Vour I8
internally-connected to Vo when 5V power is present,
or to Vgary When Ve is less than the battery voltage.
OcmA_ from Veps but if more current
is required, an external P transistor can be
added. When V¢ is higher than Vgar, the BATT ON
output goes low, providing 25mA ol base drive for the
external transistor. When Vg is lower than Veﬁ , &n
gryto
Vour- The quiescent current in the battery backup
moda s 1zA maximum when Vg Is between OV and
Vearr-700mV.
Resot Output

ge detector monitors Vcc and geperates &
RESET output to hold the microprocessor's Reset line
low when Vcc is below 4. 4V for MAX693). An
internal monostable holds RESET low for 50ms* after
Vcgrisgs above 4.65 for MAX693). This prevents
repeated toggling of RESET even if the SV Fower drops
out and recovers with each power line cycle, .

. The crystal-oscillator normally used to- generate the

clock for microprocessors takes several milliseconds to
start. Since most_microprocessors need -several clock
cycles to reset, RESET must be held low until the
microprocessor clock oscillator has starled. The

*200ms for MAX695

Microprocessor
Supervisory Circuiss

MAX690 Family power-up RESET pulse lasts 50ms* tc
allow for this osciltator start-up time. The manual rese:
switch and the 0.1xF capacitor connected to the rese:
bus can be omitted if manual reset is not needed. Ar
inverted, active high, RESET output is also supplied.

Power Fall Detoctor

The MAX691/93/95 issues a non-maskable Interrup:
(NM1) to the microprocessor when a power failure
occurs, The +5V power line I8 monitored via twc
external resistors connected to the Power Fall Inpu
PF1). Wian the vo at PFl falls below 1.3V, the
ower Fail Output g ) drives the processor's NM
lnfwt low. if a Power Fail threshold of 4.8V is chosen, the
microprocessor will have the time when Vec fails from
4.8V to 4.65V t0 save data Into RAM. An earlier power
fail warning can be generated if the unregulated DC
input of the 5V regulator is available for monitoring.

RAM Write Protectior.

The MAX691/93/95 CE OUT line drives thg Chip Selec
inputs of the CMOS RAM. CE OUT follows CE IN as lon¢
as Vcg is above the 4.65V (4.4V for MAX693) _rese
threshold. If Ve falls below the reset threshald, CE QU1
goss high, independent of the logic level at CE IN. Thi:
prevents the microprocessor from writing erroncou:
data into RAM during power-up, power-dowr
brownouts, and momentary power. interruptions. The
LOW LINE output goes low when Ve falls below 4.65\
(4.4V for MAX693).

Vee
o > A )
WPUT L QIF N/ Y .I.
L !
3 1] l
AL ™"V BATTON 2 =
BN L ‘,:J Vaarr Your
L N & our ———-I'z . 209
) : | [ aooness |
2 CEWF—{ oecoxe [
MAXiMm
= MAX691 n .
L] P MAX693 Wol [ vp M-AS .
I MAX695 1w
= 7 PFO gl
—t0se 15 N
X0 COXNECTION 8] 0o ™ RESET L FEEE
—osc sr uszﬂ T
OWURE  W0d aF RICROPROCESSOA
' M -.]_: l
1 auiste
\ ALARH OTHER SYSTEM RESET SOURCES
. SYSTEM STATUS INGICATORS

Figwre 1. MAX591/693/695 Typical Application
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SN75176A
DIFFERENTIAL BUS TRANSCEIVER

D2019, JUNE 1984 —REVISED AUGUST 1989

¥ Mests EIA Standards RS-422A and CCITT,
. Iloeommondmom V.11 and X.27

4 Designed for Multipoint Transmission on
by Long Bus Lines in Nolsy Environments

‘ {;Mmo Driver and Receiver Outputs
§; Individus! Driver and Receiver Enables

9! Wide Positive and Negative Input/Output
biy Bus Voltage Ranges

[0 Oriver Output Capabliity. . . £60 mA Max
g9 Thermal Shutdown Protection

E0 Driver Positive and Negative Current
Receiver Input Impedance . . . 12 k@ Min
5. Mecatver Input Sensitivity ., . . £200 mV
BY: ocotver Input Hysteresis . . . 50 mV Typ

.

9 Operates from Single 5-V Supply

l The SN76176A differential bus transceiver is a
¥ monolithic Integrated circuit designed for
K bidirectional data communication on multipoint
¥ bus transmission lines. It is designed for
 balsnced transmission lines and meets
EIA Standard RS-422A end CCITT
£ Recommendations V.11 and X.27.

£ The SN75176A combines a 3-state differential
£ fne driver and a differential-input line receiver
- both of which operate from a single 5-V power
b supply. The driver and receiver have active-high
[ and active-low enables, respectively, that can be
b externslly connected together to function as
. dirsction control, The driver differential outputs
+ and the receiver differential inputs are connected
i Intemally to form differential input/output (I/O
. bus ports that are designed to offer minimum
& loading to the bus whenever the driver Is disabled
k orVoe = 0. These ports feature wide positive
¥ ind negative common-mode voltage ranges
£ making the device suitable for party-line

DORP
DUAL-IN-LINE PACKAGE
{TOP VIEW)

r[y U e[Jvee
- RE(]2 Qs

pel]s eDA

o[ds s[iGND

FUNCTION TABLE (DRIVER)

INPUT ENABLE OUTPUTS
D DE =" A° B
H H H L
L H L H
X L k4 2

FUNCTION TABLE-RECEIVER)

DIFFERENTIAL INPUTS ENABLE UTPUT
A-8 RE R
Vip> 02V L H
~0.2vV<Vip<o02Vv L ?
Vip<-02v L L
X H F4
H = high level, L = low level, ? = indeterminate,
X-= jrrelevent, 2 = high impedance (off)
logic symbol
DE L ENY
RE 12 _n EN2
1
<8
o > e cptd s
19 ol

&

4
n il o do2 .zr[

logic diagram (positive logic)

3

DE

{8) A
BUS

POST OFFICE BOX 653303 » DALLAS, TEXAS 78288 -
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SN75176A -
DIFFERENTIAL BUS TRANSCEIVER

— e

description (continued)

schematics of inputs and outputs

The driver is designed to handle loads up to 80 mA of sink or source current. The driver features posith
and negative-current limiting and thermal shutdown for protection from line fault conditions. The
shutdown is designed to occur at a junction temperature of approximately 150°C. The receiver fostung
a minimum input impedancs of 12 kf}, input sensitivity of +200 mV, and a typical input hysterasis of 50 a¥,

The SN75178A can be used in transrhission line applications employing the SN75172 and SN7517§
quadruple differential line drivers and the SN75173 and SN75176 quadruple differential line recelvis

EQUIVALENT OF EACH INPUT TYPICAL OF X AND B 1/O PORTS TYPICAL OF RECEIVER OUTAUT 3
Vee - + == Vvee IARtaERE ek K
< h
R ) Inom
— " 168 kn -
v sim b NOM }es0n 1
—— [ NOM - -
260 0
NOM
T j ——- -
- e ; GND
Driver Input: Req =340 NOMm INPUT/OUTPUT
Enable Inputs, Req = 8 k52 NOM PORT
TeExas ‘Q’
INSTRUMENTS
2-678 POST OFFICE BOX 655303 + DALLAS, TEXAS 76208




SN75176A
- DIFFERENTIAL BUS TRANSCEIVER

‘Sackite maximum ratings over operating free-air temperature range {uniess otherwise noted)

Supply voltage, Ve (see Note 1) ... vvenienvinnen e r et re e A"
Voltage st any bus terminal. . .........ceiiientn e e eaaerer e . -10Vtoi6V
L Enable DUt VORBEO . . . . oo it vttt ittt e ST MR e i Creeeaan 66V
Continuous total dmlpntlon st {or below) 25°C fres-air tompouture {see Note 2)

Dpackage ....... e sasenssessenaretenee et as s e tane s 725 mW
v Ppackage. e i re et Cereeean 1000 mW
- Operating free-gir tcmporature raNge ... ... i e Ceeerrsis e esasans 0°C to 70°C
2 S10rage temperature ranNge . ...... ..o i 000 v P PN .. =65°C to 160°C
% Lead temperature 1,6 mm (1/186 inch) from case for 10seconds. . ....ovvvvivnt i 2680°C

i 1. All voltage values, differentlal input/output bus voitage, ere with respect to network ground terminal.

2. For operation sbove 2s'c fros-alr temperature, derste the D packsgs to 464 mW at 70°C st the rate of 6.8 mw/°C and
dorste the P package to 640 mW at 70°C at the rate of 8.0 mW/°C.

nded operating conditions

MIN NOM MAX | UNIT
fpely voitage, Ve 4.75 8 B5.25 v
1 Yoltage at any bus terminal {separately or common-mode), Vj or Vi -7 12 \
Rgrievel Input voltage, Vir D. DE, and RE 2 - v
Wedersl Input voltags, VjL D. DE, and F&_ 08| V
| Ottarentisl input voltage, Vip (see Note 3) x12 v
Driver -80 mA
v put current, IoH Receiver -400 A
. X Driver 80
Uw-level output current, tog Recelver 3 mA
Opatsting (ree-sir temperature, TA 0 70 *C
*m 3 Dih fal-input/output bus voltage Is ad at the noninverting terminal A with respect to the inverting terminal B,
!
~ -

b TEXAS”

b INSTRUMENTS
POST OFFICE BOX 808303 « DALLAS, TEXAS 78268 : 2-579
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SN75176A

DIFFERENTIAL BUS TRANSCEIVEB

DRIVER SECTION

driver electrical characteristics over recommended ranges of supply voltago and operating M
temperature (unless otherwise noted).

PARAMETER TEST CONDITIONS MiN TYP!  MAX L
ViK input clamp voltage I} » -18 mA -1.8 | ¥V
ViH=2V, ViL = 08V,
VOH High-fevel output vomge IoH = ~33 mA 3.7 v
ViH=2V, ViL =08V, ;
VoL Low-leve! output voltage loL = 33 mA 1.1 v
[Vopil  Ditferential output voltage lo=0 2Vop2 | V-
. o N Ry = 100 G, See Figure 1 2 2.7 g
IVopal  Differentlal output volteg AL = 64 0, Ses Figure 1 16 24 v
¢ Change in magnitudé ot
4ivool ditferential output voltage$ $02 | V
voc Common-mode output voltage§ R, = 64 Ror 1000,  See Figure 1 IV
Changs in magnitude of-
0.
ANocl — common-mods output voltage® 02
. Output disabled, Vg =12V 1
lo Outoutourem Ses Note & Vo= =7V =8| ™
[T¥] High-leve! input current Vp= 24V 20 | ¥
I, Low-level input current V= 04V -400 | &
Vo= -7V <260 |
los Short-circuit output current Vo = Vcc 260 | mh
. Vg = 12V 500
Outputs ensbled 35 60
ice Supply current (total package) No load Outputs disabled ED m DA

T Al typical values are at Vo = 5 V and Tp = 25°C.
$a|Vop| and 4lVoc! ere the changes in magnitude of Vop snd VOC respectively, thet occur when the input is changed from Mg

leve! to a low level.
$n EIA Standard RS-422A, Vog, which is the aversge of the two output voltages with respect to ground, is cafled output offutvoiup,V'
NOTE 4: This applies for both power on and power off. Refer to EIA Standard RS-422A for exact conditions.

driver switching characteristics, Vcc =BV, TA = 25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX |
tpp  Differential-output delay time 40 60 | w
, Fi

tTD Diff isl-output ition time B4 00 ol 2 4 86 Biw
tpzH Output enable time to high level Ry = 1100, Seo Figure 4 65 LRI
tpzL  Output enable time to low level Ry = 1100, 8ee Figure 6 W i
tpHz  Output disable time from high level AL = 1100, See Figure 4 88 1301w
tprtz  Output disable time from low level RL =~ 1100, See Figure 5 20 40w

&

i

("’

3
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. SN75176A
DIFFERENTIAL BUS TRANSCEIVER

) RECEIVER SECTION

slectrical characteristics over recommended ranges of common-mode Input voltage, supply

m and operating free-air temperature (unless otherwise noted)
:
PARAMETER TEST CONDITIONS MIN_TYP? MAX ] UNIT
m Ditferential-input high-threshold voitage| Vo = 2.7 V, lg = -0.4 mA 02| v
n Ditferentisl-Input low-threshold voltage | Vg = 0.6 V, o = 8 mA -0.2°% \
Q
s = V7 Hysteresis} 50 my
Ensble-input clamp voitage If = =18 mA -1.8
. Vip » ~200mV, IoH = -400 sA,
L High-level output voitage See Figure 2 2.7
Vip = -200mV, gL = 8 mA,
& .4
Yo Low-lsvel output voitage Ses Figure 2 0.45 v
! High-imped sjate outp t Vo = 04Vt 24V 20 | pA
. Otherinput = OV, [V = 12V 1
\ Line Input cusant Soe Note 4 Vi= -7V -0.8 mA
[ High-level enable-input current ViH = 27V 20 | pA
[\ Low-fevel enable-input current ViL = 04V -100 | A
Input resistance 12 L3
n Short-circuit output current -13 -86 | mA
. Outputs enabled 35 60
- Supply current {tots! packags) No load Ot datied 76 m mA

oo garre v o

08 pical values are st VGG = BV, TA = 26°C.
'hlumlc convention, where the less-positive (more-negative) limit is designated minimum, is used in this dats sheet for common-
. bede lnput voltage and threshold voltage m.u only

hmll is the ditterence b b ' the p g input threshoid voltage, VT 4, and the negative-going input threshold voltage,
ih. See Figure 4.
M’!O: This spplies for both power on and power off. Refer to EIA Standard RS-422A for exact conditions.

&m switching characteristics, VCC = 5V, TA = 26°C

j PARAMETER TESYT CONDITIONS MIN  TYP MAX | UNIT
JRH  Propagstion delay time, low-to-high-level output Vip = ~1.6VtwoibV, 21 36 ns
K .ﬁ Propagation delay time, high-to-low-fevel output Cy, = 15 pF, See Figure 6 23 35 ns
! Ouiput enable time to high level 10 30 ns
g Duput snable tme to Tow Tevel T Y P 50 12 30 | ns
w2 Oviput disable time from high level z 20 35 ns
Wz Dutput dable time from Tow level A I 17 36 | ns
i
"‘n -
<., ]
§
14
Texas Q’
INSTRUMENTS
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SN75176A
DIFFERENTIAL BUS TRANSCEIVER

PARAMETER MEASUREMENT INFORMATION

£
e
3 voc
+

FIGURE 1. DRIVER Vop AND Voc

Vobz

AAA el AAA

Vio

FIGURE 2. RECEIVER VOH AND VoL

: —— i

< ) -

o S0\ I 2600 ouTPUT i g E

GENERATOR .

{Ses Note A) 50.0) top—je-H Jedt—to0
PS i L gyt

5 R T

By €L CL=18pF °"m ;

= T (See Note B} Vo

¢ s = tyo - e » h—cm

TEST CIRCUIT VOLTAGE WAVEFORMS 3
.FIGURE 3. DRIVER DIFFERENTIAL-OUTPUT DELAY AND TRANSITION TIMES Y.

OUTPUT  p—————— sv =
lmm :
OVor3av i | ov il

éLx le—sl-tpzn | 8V 3

i T 1O XD ] ——
GENERATOR| ¢ o OUTPUT | X- k:

{Ses Note A} 8o 23v |

tpuz —j8 = Von ol
= R _>

TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 4. DRIVER ENABLE AND DISABLE TIMES ¥

5. e e -3

R =100 INPUT

'

OuTPUT : |

3Vorov ‘PZL—N—-D! l

CL =60 pF ! je—b-t02 §

) {Ses Note B) ' :
GENERATOR \ 23V

(See Note A) = °”"‘"_U
"1

VOLTAGE WAVEFORMS 3§

TEST CIRCUIT
FIGURE 8. DRIVER ENABLE AND DISABLE TIMES
NOTES: A. The input puise is supplied by a generator having the following characteristics; PRR = 1 MHz, 50% duty cycle, | o

ty <8 ns, Zoyy = 50 0.

B. C includes probe and jig capacitance.
TeExas
INSTRUMENTS
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SN75176A
DIFFERENTIAL BUS TRANSCEIVER

PARAMETER MEASUREMENT INFORMATION

MNERATOR
eten A ne 15V
CL=15pf
{See Note B)
N ov
¥
R
T TEST CIRCUIT VOLTAGE WAVEFORMS
-“:‘ FIGURE 6. RECEIVER PROPAGATION DELAY TIMES
-4 :
FERTL &
| s2
2‘ =18V —O 2xn -

R,

1N916 OR EQUIVALENT

-L <
I CL :; 8kn

&
3 %
A GENERATOR CL = 18 pF :
2 | e Nowal % 50 0 {Sse Note BI &

3 : TEST CIRCUIT

———-—3V

————18V

INPUT
. 1 S1t0~18V
o OV $2closed
| 83 open
tpzL—ie-|
+ —— a8V
VoL
——— 3V o — 3V
S1t0 18V $1t0~15V
82 closed INPUT $2 closed
83 closed $3 closed
ov | ov -~
1
il trLz~de—b|
1 VoH : ——— ™13V
" . . ouTPUT % 08V \
e e e %13V VoL
VOLTAGE WAVEFORMS

" FIGURE 7. RECEIVER OUTPUT ENABLE AND DISABLE TIMES
{ A. The Input pulse is supptisd by a generstor having the following characteristics: PRR = 1 MHz, 50% duty cycle, t; <6 ns,

) ty <8 ns, 2o = 50 0.
* 8 Cy includes probe and jig capacitance.

: TEXAS ¢
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SN75176A :
DIFFERENTIAL BUS TRANSCEIVER

TYPICAL CHARACTERISTICS

;: DRIVER HIGH-LEVEL QOUTPUT VOLTAGE DRIVER LOW-LEVEL OUTPUT VOLTAGE .
vs vs
DRIVER HIGH-LEVEL OUTPUT CURRENT DRIVER LOW-LEVEL OUTPUT CURRENT.
5 I 5 T
, Vee=6V | Vee=8V <
b ; 46 Tas26°C ] > 45 ram28'C
;i 2 '\\ Z - I
e‘ 3 38 <] S 1
: 3 3 =~ i 3
; v\./‘ 2 \\ [
: S 25 8 25
] - \ ®
o & 2 _ s 2
g bt ‘ 3 ) !
i % .
i 2 15 Z 15 1
X o ———
5 ] 1 | 1 '//
" z 3 h
;‘} " > 05 >o 05 4
p 0 ;
I’ 0 -20 -40 -60 -80 -100 -120 0 20 40 60 80 100 14
if loH—High Level Output Current—mA loL — Low Level Output Current~mA
1, .
‘!1.. FIGURE®™ - FIGURES - 4
H
{fll DRIVER DIFFERENTIAL OUTPUT VOLTAGE RECEIVER LOW-LEVEL OUTPUT VOLTAGE
i vs vs ;
" DRIVER OUTPUT CURRENT RECEIVER LOW-LEVEL OUTPUT CURRENT
bo - e o .6 v - “
I 3 T 1 % Vec-sv
' > Vec=5V o
: 1 38 g == >l TA=25C /
: : N Ta=25°C 05 e
§ e 5,3 ~ s
pol \ = N 2 04
N § 25 ‘\ 3
‘. 3 NN | 5
d o N /]
i 5 \2 S 03
4 % E /
i T 3 /]
; ;5" 3 0.2
{?: a 1 -? /
. \ 4
‘:;E =] \ (<] 0.1
5 05
i >° \ >
i 0 0
e 0 10 20 30 40 50 60 70 80 90 100 0 5 10 15 2 2 %
i,' 10 — Output Current—mA 10t.—Low Level Qutput Current-mA 4
3l R
i FIGURE 10 FIGURE 11
i
HE
]
i
i .
: %
i Texas
; INSTRUMENTS
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SN75176A
DIFFERENTIAL BUS TRANSCEIVER

TYPICAL CHARACTERISTICS

RECEIVER LOW-LEVEL OUTPUT VOLTAGE RECEIVER QUTPUT VOLTAGE

vs vs
FREE-AIR TEMPERATURE ENABLE VOLTAGE
L] T 5 LS T L
Vec=5V Vip=02V
Vip=-02V = Load = 8 k2 to ground -
i
L ioL=8mA 4l-Ta=25°C — Vee = 6.25 V—]
1 | -
Vee=6V
_§ 3 G Vee =475V
- >
5
§ e
S
1
0 20 30 40 50 60 70 80 0

0 0.5 1 15 2 25 3

TA—Free-Alr Temperature—"C
Vj—Enable Voltage—-V

0 05 1 16 2 28 3
Vi~Enable Volitage~V

FIGURE 14

FIGURE 12 FIGURE 13
. RECEIVER OUTPUT VOLTAGE
vs
ENABLE VOLTAGE
J T T T T k
Vec=5625V Vip=-02V
1 Load = 1 kQ2 to V¢

o T Ta=25°V
5 Vec=475V {
é 4 Vee =6V
3
% 3
3 A Y
9 2 PR
$

1

0

Texas ‘t’?
INSTRUMENTS
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SN75176A .
DIFFERENTIAL BUS TRANSCEIVE

TYPICAL APPLICATION

SN756176A

4 1a \ 4B 4

AAA
YWy
AAA

\Ads

£

— 55

UP TO 32
TRANSCEIVERS
o0 0

NOTE: Thae line should be terminated at both ends in its characteristic impedsnce. Stub lengths off the main fine should be kept 8 »
88 possible. . '

EXAS Q’
INSTRUMENTS
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ICL7109
12-Bit pP-Compatible
A/D Converter

GENERAL DESCRIPTION

The ICL7109 is a high performance, CMOS, low power
integrating A/D converter designed 10 easily interface with
mMicTOprocessors.

The output data (12 bits, polarity and overrange) may be
directly accessed under control of two byte enable inputs
snd 8 chip select input for & simple paraliel bus interface. A
UART handshake mode is provided to sliow the ICL7109 to
work with industry-standard UARTS In providing serial data
wansmission, ideal for temote data iogging applications.
The RUN/HOLD input and STATUS output allow monitoring
and control of conversion timing.

Tne ICL7108 provides the uset with the high accurecy,
low noise, low drift, versatility and economy of the dual-
slops integrating A/D converter. Features like true differen-
fial input and reference, oritt of less than 1uV/*C. maximum
input bizs current of 10pA, and typical power consumption
o! 20mW make the ICL7109 an attractive per-channe! s'ier-
netive 10 anaiog multiplexing for many data acquisivon ap-
plications.

ORDERING INFORMATION

BINTERSIL

-

FEATURES

¢ 12 Bit Binary (Plus Polarity and Overrange) Dual
Slope integrating Analog-to-Digital Converter

¢ Byte-Organized TTL-Compatible Three-State Outputs
and UART Handshake Mode for Simple Paraliei or
Seris) Intertacing to Microprocessor Systems

® RUN/HOLD Input and STATUS Output Can Be Used
to Monitor and Contro! Conversion Timing

¢ True Ditierentlal Input and Difterentiai Reference

* Low Nolse — Typlcally 15uV p-p

® 1pA Typlca!l input Current

® Operates At Up to 30 Conversions Per Second

¢ On-Chip Osclitator Operates With Inexpensive
3.58MHz TV Crystal Glving 7.5 Conversions Per
Second for 60H2 Rejection May Also Be Used With
An RC Network Osciliator for Other Ciock
Frequencies

8OLLIDI

Part Number Temp. Range Package
ICL7109MDL -55'Cto +125°C 40-Pin Ceramic DIP
ICL7109!DL ~25°Cto +85'C 40-Pin Ceramic DIP
ICL71081L -25'Cto + 85°C 40-Pin CERDIP
ICL7109CPL 0'Ct070°C 40-Pin Plastiz DIP
0P VIEW
GND 1GND W v® a0 48V
:E ; :;tws A é— T OIFFERENTIAL
REF CAF =38
ondEn _5r son aer cas - p- 7 REFERENCE
»YTE 3912 REF ine 38 e
ouTPUTS I35 N M1 38 - AAAS INPUT HIGH
170 LD X e INBUT LOW
[(Tax N 1) COMMON 3) 5—_::12:“9
g ee ey T 320 et T ¢
I Jwer YR o
Low e BUF 30
OADER o 172 08 REF OUT REF IN—
YIE 1384 V-
outrurs | Jaams SEND 37 — RN
l- 1882 AUNHOLD 26
:g ' 8 SUF OSC OUT 28 v+
+5v W TESTY OSC SFL 24 GND 2484}
eyte m{} (BTN osc ouUt 23
CONTADL g» wETR 0SC v 22 2.579¢ MKy
weuTs Lo 20 CEADRT MODE 31 Tv CAYSTAL
' "Rt s 2001 FOR 0.2V AEF
* 200811 FOP 2.0V AEF
033¢-1
(See Figure 2 1or typical connaction 10 8 UART or Microcomputer)
Figure 1: Pin Configuration and Test Circuit

ST=4HLT SOLE AND EXCLUBIVE WARRANTY OBLIGATION Wit RESPECT TO TiE PRODUCT $HALL BE THAT STATED M THE WASRANTY ARTICLE OF 1T CONTXTION OF SALT
" WARRANTY SwALL BE EXCLUSVE AND GnALL BT IN LIEU OF ALL DTWER WARRANTIES, EXPRESS, WPLIED OR STATUTOHY, INCLUDING TRl ASC.IED WARBANTIES OF
VERSHANTABILITY AND FITHESS FOR A PARTICULAR UST 30M€55-~003

NITE A iiacas veams heve Duan cheracwazed Bt o%0 NN Woted.

s
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ICL7109

ICL71089

ABSOLUTE MAXIMUM RATINGS

Positive Supply Voltage (GNDto V+)
Negative Supply Voltage (GNDto V=) .
Anglog Input Voltage (Lo or Hi) (Note 1)
Reference Input Voltage (Lo or Hi) (Note 1)
Digital Input Voltage

(Pins 2-27) (NO182) ....0vvvvvvvnnnnnn..

NOTE: Srresses above those ksted under “Absolne Maximum Ratings*
operaion of the Davice 81 1hese or eny Ol LONHIONS above those

[ S n.
24
........ +6.2V Power Dissipation (Note 3) .
......... . -8V Ceramic Package reereeeneen e IW Gy
s VH V- Plastic Package ................. o 500mwe+7(;s
..... V+ioV- Operating Temperature 3
v+ 40,3V Ceramic Package (MDL) ........... =55C10 44
... GND -0.3v Ceramic Package (iDL) .............. =25Cto + (Y0
Plastic Package (CPL) .................. 0"Cto + yprx
Storage Temperature .............. 65°Cto + 150'E
Lead Temperature (Soldering, 10sec) .......... - +300¢
Mmay Cause permanert Gamape 1> i oevice. These are swess ratings only angy Ancioy,
in the operati -uwmm&wwmwb%

maximum rating conoiions 1or extenced periods may aflect device rekabiny.

ELECTRICAL CHARACTERISTICS (v+=+5V,V=-w=~5v,GND=0V, Ta=25°C,

otherwise indicated,) Test circult as shown on first page of this data sheet.

ANALOG SECTION

Lk = 3.58 MHz, unies;

Symbol Parameter Test Conditions Min Typ Max unt
Vin= 0.0V - Oyt
Zero nput Reading Full Scale = 409.6mV 0000g | £00005 | + 0000 Reacng
iometri . Vin*" VRer 3777y Octal
Ratiometric Reading. VREF = 204.8mV 3777g 40004 40005 Raading
Non-Linearity (Max deviation | Full Scale= 409.6mV 10 2,048V = Y 42 -1
.| tfrom best straight line fit) Over {ull opersting temperature : " Couny
range. (Npte 4), (Note 6)
Roll-over Error (ditierence Full Scale = 408.6mV 10 2.048Y -1 4.2 . i Counts
in reading tor equal pos. and (Note 5), (Note 6)
neq. inputs near full scale)
. . [Vem 21V V=0V
CMFR Common Mode Rejection Ratio Full Scale = 409.6mV 50 PV
VCMR_ | Input Common Mode Renge | inpul Hi, Input Lo, Common (Note 4) V=415 V+-10] v
e Noise (p-p value not Vin=0V 15 v
n exceeded 85% of time) Full Scale = 409.6mV s
V)n= 0 All devices at 25°C 1 10 pA
k[ Leakage cument et Input ICL7108CPL 0°CS TAS + 70°C (Note 4) 20 | w0 | p
ICL7109IDL —25°C<Tx < +85°C (Note 4) 100 250 pA
ICL7109MDL ~55°Cs To 2 4+125°C 2 5 na
2Zero Reading Dritt Vin= 0V Ry = 00 (Note 4) 0.2 1 pv/rt
Scale Factor Temperature ViN®= 408.9mV = > 7770,
Coefficient reading 1 5 ppmre
Ext. Rel. 0 ppm/°C (Note 4)
Supply Current V+* to Vin= 0, Crystal Osc
+
! GND 3.58MHz test circult 700 1500 rA
Isupp | Supply CurremtV+ to vV~ Pins 2.21, 25, 26, 27, 29; open 700 1500 ph
Referred to V+, 25kn
. - - - %
Vrer | Ref Out Voltage betwssn V* and REF OUT 2.4 2.6 3.2 Vo
Ael Out Temp. Coetiicient 25k batween V+ and REF QUT 86 ppmr |

INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITk RESPE
THE WARRANTY SWALL BE EXCLUSIVE AND SHALL BE W LIEV OF AL

HERCHANTABLLITY AND FITNESS FOR A PARTICULAR USE.

NOTE. AN ypocs! vokms have bonn CRamcurued bt 819 Pt Iaied.

3-40
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jCL7108 BINTERSIL

8OLLID

ELECTRICAL CHARACTERISTICS (v+ = +5V,V~ = 5V, GND= 0V, Tp = 25°C, unless otherwise
indicated.) Test circuit as shown on first page of this dats sheel. (Continued)
DIGITAL SECTION

symbol Parameter Test Conditions Min Typ Max Unlt
Vo Output High Voliage ';5?5: 2' 1’ 201”‘8{‘19' 2 a5 | a3 v
VoL Cutput Low Voltage oyt = 1.6mA 0.2 0.4 v
Output Leakage Current Pins 3-16 high impedance . .01 21 pA
Control I/0 Pullup Pins 18, 18, 20 Voyr=V+ -3V : 5 A
Current MODE input at GND L
Contro! 170 Loading HBEN Pin 19 UBEN Pin 18 (Note 4) 50 pE
Vi Input High Voltage 2;‘:;;’":; '62:':7 25 v
Vi Input Low Voltage :?:r::éf;'g 3027 1 v
Input Pull-up Current Pins 26, 27 Vo= V+* =3V 5 pA
Input Pull-up Current Pins 17, 24 Vpoyr=V+ -3V 25 BA
input Pull-down Current Pin 21 Voyt=GND + 3V 5 BA
OoH -Osciilstor Output High Vour = 2.5V 1 mA
Coy Current Low Vour=2.5V 1.5 mA
BOoH Butiered Oscillator | High | Vour=2.5V 2 A
B0ot Output Current Low Voutr ™ 2.5V 5 mA
tw MODE Input Pulse Width {Note 4) 50 ns

NOTES: 1. Input voltapes may exceed the supply volages provided the input current is kmited 10 2 100A

2. Due 10 the SCR struciure inharent i the process used 10 fabri thase devices, ing 8ny Gigital INpUtS or OUTPUTS 10 voltapes preater than Y+’
o less nan GND may cause Oestructve device latchup. For this reason it is recommended that no Inputs from sources Other than the same pows:
suoply be apphed 1o the ICL 7109 befors Its powe’ supply is %3, 3nd that in muttipie suply Fysiems Pw supply 10 9 ICL7100 be activated hrst
This umit refers 10 ths? of the package snd will no: be obiained Guring normat operation.
Trvs parsmeter B not production tested, but is guaraniesd by Oesign.
Rol-ovet erro- tor Ta® =85°C 10 + 125°C Is 2 3 counts maximum.
A TR acale voltspe ©f 2.04B8V is Uaedt because » full s2ale vohage of 4.096Y excesds the Bevices Common Mode Volspe Rengs.

,osw

'Y’"Eksr.'! SOUE AND EXCLUSIVE WARRARTY OBLIGATION WITi RESPECT TO Tris PRODUCT SHALL BE THAY STATED N THE WARRANTY ARTICLE OF THE CONDITION OF SALE
' waRRANTY SHALL DE EXCLUSIVE AND SMALL BT IN LIEV OF ALL OTHER WARRANTIES. EXPRESS, MMLED OR STATUTORMY, NCLUDING TWE WPLIED WARRANTIES OF
VERCHANTABILITY AND FITNESS FOR & PARTICULAR USE
NOTE AL iypacer varms Rave hoon chersrrwed Dot ave Aol tosind
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ICL7109 BINTERS],

TABLE 1: Pin Assignment and Function Description

Pin | Symbo! ) Description Pin Symbo! Description
1 | GND Digital Ground, OV. Ground return for sil Oigital 2V { MODE Input Low — Direct output mode where
togic. TE7LOAD (Pin 20), HBEK (Pin 16) ang [BER
2 | STATUS | Output High durng integrate and Usintegrate (Pin 18) act as inputs directly controling bty
unil ata is latched. ::ggtu::md High — Causes immediate o try
Outpin Low when snalog section is in Auto- - nf )
2ero configuration. :::J?::g’h'“ moge and output of data as in
3 | POL Folarity — Hi for Positive input. tnput High ~ Enables TE7COAD (Pin 20),
¢ |OR Overrange — M il Overranged. HBEN (Pin 19), and LBEN (Pin 16} as
< y e outputs, handshake mode will be entered sng
5 [ B2 Bit12 | (Most Sgnifican: Bit . data output as in Figures 8 and § af
6 | B B 1y tonversion completion.
7 | B1O Bt 10 Al 22 | OSCIN Osciliator Input
& BY Bit o three 23 fOSCouT QOscittator Output
$ | B3 Bit§ state 24 | OSC SEL Oscillalor Select — Input high configures
10 | 57 BT | Hi=true output OSC IN, OSC OUT, BUF OSC OUT a3 RC
2 » osciligiot — ciock will be same phase ang
11 Bs Bit€ dsia duty cycie a5 BUF OSC OUT.
12 | BS Bins blis ~— Ir.put low configures OSC IN, OSC OUT for
3 | Be Bre crystal osciliator — clock frequency will bs
. 1758 of frequency at BUF OSC OUT,
\ i .
s Za 2 25 | BUF OSC OUT | Buttered Oscillator Output
1 2 e
Sis 26 | RUN/RDLD Input High — Conversions eontinuously
16 | Er Bk {Leas! Signdicant Bil) performed every 8182 clock pulses,
17 | TEST Input High — Norma! Operation. Input Low — Conversion in progress
Input Low = Forces & bit outputs high. completed, converte: will s10p n Auto-2ero 7
Note: This input is used for test purposes only. » Counts before integrate.
Tie high I not used. 27 | SEND Input = Used in hancshake mode to indicate
1 | [BER Low Byte Enable — With Mode (Pin 21) low, #bitity of an external device 1o accept data.
anc TETTOAD (Pin 20 low, teking this pin low | Connec: 1o + 5V i notused.
| sctivates iow order byte outputs B1 - B3 28 v~ Analog Negative Supply — Nominalty, =8y
o> with respect 10 GND (Pin 1). |
— With Mode {Pin 21) high, this pin serves as a % B .
low yte fiag output used in handshake mode. 29 | REFOUT Reference V?n;oe OM — Nominatty ¢.8V
Ses Fipures 8, 8, 10. Pown trom V* (Pin 40},
15 | ABEN | High Byre Enable — With Mode (Pin 21) low, 30 | BUFFER Butter Amplifier Output
anc TE7TDAD (Pin 20) fow, taking this pin low 31 [ AUTO-ZERD | Auto-2ero Node = Inside foil of Cap .
;g_"'g: high order byte outputs B§ ~ B12, 32 | INTEGRATOR | Intagrator Output — Dunside foil of Cint
o .
33 j COMMON Analog Common ~ System is Auto-Zeroed 10
~V¥th Mode {Pin 21} high, this pin serves ass | COMMON
high byte flag output used in handshake mode. 3¢ {INPUTLO Ditierennat input Low Sile
See Figures 8,89, 10. 35 [ INPUT H) Difterentia! Input High Sids
20 | CEVLOAD | Chip Enable Load ~ Wiih Mods (Pin 21) low. " " -
t |
TETTOMD serves o5 s master output enable. 36 { REF IN + Ditierential Reference input Positive
When high, B1 — B12, POL, OR outputs are 37 | REF CAP + Reference Capaciior Poshive
disadled. 38 | REF CAP ~ Refarence Capachor Negative
« With Mode (Pin 21) high, this pin serves as o 39 | REFIN - Ditterentia! Reference input Negative
load sirobe used in handshake mode. See 40 | v+ Posttive Supply Vohage — Nominatly + 5V
Figures 8, 9, 10, with respect to GND (Pin 1).

Note: Al digitai lovels are positive true

INTEARLL'S SOLE AND EXCLUSVE WARRANTY OBLIGATION WITst RESBECT T0 THIS PRODUCT BMALL BE THAT STATED W THE WaSIeANTY ARTICLE OF TwE CONDITION OF Sa2
THE WARRANTY S-ALL BE EXSLUBIVE AND BWALL BE Iv LIEU OF ALL OTHER WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INCLUDING TMHE IMPLIED WARRANTIES O

MERTHANTABILITY AND FITNESS FOR A PARTICIL AR USE.
NOTE. AL tymacs’ varset AOve oot Crarscienred I o0 N Jesind
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R
¥ 80 f= w8V
opy——qi v* XAl 60— ONO =1 Y OND LA Akl = ==0OND
2 osccowmaer  XTAL W -} BOUrOICOUT MICA =Ny y LITEANAL
ond 3 OND 18] Y —{18TAv08 AEP CAP o 37 RETEAENCT
gyt § RRD & w0 pf RET e 5 B
333 ahnin —f 19 HOLK » M3 * T
~4 ABRYS [ 21 ] w0 M NO .
13 f- OND > cou » e
- cn mbe ooy Il,l-.wumou »‘g:a—-g———-l
La AL R I )
s ot o y (151 9 i
vV emed 30 $FD TAL 2¢ - e B 1314 NLF VT 23 b~ Rayy S0 03V AEF
DAR W w» (IR V'3 |- 4V 20000 3V AEF
et 30 AR o 1 21 MODE AURRDLD 3¢ b= ~$V OR OPEN
SERAL TOAL ) » 03 881 3¢ = OND
weuT - TORE 32 27 8END 03C OUT 33
o m—— A n
O:#":L A 21~ ONOD oK m é::m
POR LOWESTY POVER T
' w6433 TRRLTOA! mAUTE BOULD perdvo i KL
Cwdt UART PALYP SEMETONS TO o8V CMO3 ATD CONVERTER
0336-2

Figure 2A: Typical Connection Diagram UART Interface - To transmit [atest result, send any word to UART

2 ] v
gy =40 ¥ Y] == OND
w ?:ou FTALY . OND =1 KU CAP + 3 p=—pe 1§ EXTEANAL
oSV =117 TESY REF CAP » 37 p== ALPEAENCE
: E‘!n'l N _# [T 2% ] i .
%3¢ " .
(X v oA ) R 2wt
Ll I ] Kng CON 33 ==t 0"Q
OND = ? 14p 187
i »r R
-1 a2 93—y
-y AN ”3 0 2 AUNRDTD st 20
=411 ALL. "o 2 8TATUS AL OUT 29 = Rt 30412 0.7Y REF,
Sy =i2% PROG PU M (1% (283 e 200m11 IV RES.
oSV =12 VDO "~ v STR SEND 37 }= o SV
—sv—:n I W OBC OUT 2o |~
By ={ @ vCC g s-313.p0L.08 O3 $LL M b OGN
; s "SEh
8188 XT]
SN0 o] 30 e 510 ) Al w COTOIS BODL 31 :;uv:vx

Figure 2B: Typical Connection Diagram Paralie! Interface With 8048 Microcomputer

0336-3

DETAILED DESCRIPTION

Analog Section

) Figure 3 shows the equivalent circuit of the Analog Sec-
tion of the ICL7109. When the RUN/RDLD input s lett open
or connected fo V+ , the circuit will perform conversions sl &
1ate determined by the clock frequency (8182 clock periods
per cycle). Each messurement cycle is divided into three
phases as shown in Figure 4. They are (1) Auto-Zero (AZ),
(2) Signal Integrate (INT) and (3) Deintegrate (DE).

:ﬂ'tlsm's SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO This PRODUCT
HE WARRANTY $MALL, BE EXCLUSIVE AND SHALL BE W LIEU OF ALL OTWER WARRANTIES. EXFRESS, WIPLIED OA STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF

MERCHANTABRITY AND FITRESE FOR A PARTICULAR USL.
NOTE A2 typica’ vokms tave buen Crarscrensed i 8ve ROt lesied

3443

Auto-Zero FPhase

During auto-zero three things happen. First, input high
and low sre disconnected from their pins and internally
shorted to analog COMMON. Second, the reference capaci-
for is charged to the reference voltage. Third, a feedback
loop is closed around the system to charge the auto-zero
capacitor Caz 1o compensate for offset voltages in the butf-
er amplifier, integrator, and comparator. Since the compara-
tot is included in the loop, the AZ accuracy is limited only by
the noise of the sysiem. In any case, the ofisel referred 10
the input is less than 10uV.

SHALL BE THAT STATED IV THE WARRANTY ARTICLE OF THE CONDITION OF SALL

6OLLTO1
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—
Catr Rt
;” [
[ ALY LA AEF N - | wrr cap . WIIORATOR . -
;"_""’:7 A D
az az Y0 ZENO CA
’ pevECTON on
DIGITAL BE
Nt AAYO P CTion
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wT PROM CONTROL

o7 o0
DEWNT ‘0).—
BEINT g e PIOTTAL S2CTION

————er e -

e s 0 e v o G . o e - ——

REF OUY v v*
4
- 03384
__ Figure 3: Analog Section
POLARITY ZERO CROSSING
DETECTED OCCURS
mTEGRaTON | ) ] ./>‘l\ , / ZERD CROSSING |
ouTPUT ] 'l - | Nv _/DETECTED )
b—az prase §——eT INT PHASE flmeto———teyl DEINT PHASE Nl ~eetom A7
wremas cvoex (L LML UL, UL LA
| [ 1
INTERNAL LATCH ! 1 1 h i
i | | i 1
STATUS OUTPUT | I ] 1 1
! 2042 ! FIXED | ! |
o COUNTS IR 2043 : : 0% COUNTS___)
} MIN, | COUNTS MAX |
l 7 ' NAFTER ZERO CROSSING,
NUMBER OF COUNTS YO ZERD CROSSING ::?‘a‘;:gga%" witt
PROPORTIONAL TO V. "
OV CONFIGURATION
0334

Figure 4: Converslon Timing (RUN/HOLD Pin High)

Signal Integrate Phase

During signal integrate the auto-zero loop is opened, the
internal short is removed and the internal high and low in-
puts are connected to the externa!l pins. The converter then
integrates the ditierential voltage between IN Hi and IN LO
for 8 fixed time of 2048 clock periods. Note that this ditfer-
entisl voliage must be within the common mode range of
the inputs. At the end of this phase, the polarity of the inte-
grated signal is determined.

De-integrate Phase

The final phase is de-intagrate, or reference integrate. In-
put low is internally connected 10 analog COMMON end i>
put high is connected across the previously cherged (durin)
auto-zero) reference capacitor. Circuitry within the chip o7
sures that the capacitor will be connecied with the comes
polarity 10 cause the integrator output to return 10 280
crossing (established in Auto Zero) with a fixed slope. This
the time for the output 1o return to zero (represented by ""
number of cloch periods counted) is proportional to the
put signal.

INTERSH'S BOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SMALL BE THAY STATED N THE WARRANTY ARTICLE OF THT CONDITION OF 9;"
THE WARRANTY $xaLl BE EXCLUSIVE AND SWALL BE IN LIEU OF ALL OVHER WARRANTIES, EXPRESS, MPLIED OR STATUTORY, INCLUDING THE IWPLICD WARRANTES

MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE
NOTE® A typess! vBirs Aove DOOn CrErBITetIad Pul 81 NOt Nesie?
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pifferential input

Tne inptt can accept ditferential voltages anywhere with-
in the common mode range of the input amplifier; or specifi-
cslly from 1.0 volis below the positive supply to 1.5 volis
above the negative supply. In this range the system has a
CMRR of 86dB typical. However, since the integrator also
wings with the common mode voltage, care must be exer-
cised to assure the integrator output doas not saturate. A
wors! case condition would be a large positive common
mode voltage with & near full-scale negative ditferential in-
put vottage. The negative input signal drives the integrator
positive when most of its swing has besn used up by the

sitive common mode voltage. For these critical applica-
tions the integrator swing can be reduced 1o less than the
resommended 4V full scale with some loss of accuracy. The
integrator output can swing within 0.3 volts of either supply
without Joss of linaarity.

The ICL7100 has, however, been optimized for operation
with analog common near digital ground. With power sup-
plies of +5V and —5V, this allows 8 4V full scale integrator
swing positive or negative thus maximizing the performance
of the analog section.

Ditferential Reference

The reference voitage can be generated anywhere within
the power supply voitage of the converter. Thé main source
of common mode error is a roll-over voltage caused by the
reference capacitor losing or gaining charge to stray capaci-
ty on its nodes. If there is & large common mode voliage,
the reference capecitor can gain charge {incroase voltage)
whan called up to deiniegrate a positive signal but lose
charge (decrease voltage) when calied up to deintegrate &
negative input signal. This ditference in reference for (+) or
(~) input voltage will give 8 roil-over error. However, by
selscting the reference capacitor large enough in compari-
son 10 the stray capachance, this error can be held 1o less
than 0.5 count for the worst case condition (see Component
Values Selection below).

The roll-over error from these sources is minimized by
having the reference common mode voltage nesar or 8t ana-
log COMMON,

Component Value Selection

For optimum performance of the analog section, care
must be taken in the selection of values for the integrator
capacilor and resistor, sulo-zero capacitor, reference volt-
806, and conversion rate. These values must be chosen to
suit the particula: application.

The most important consideration is that the integrator
output swing (for full-scale input) be as large as possible.
For example, with =5V supplies snd COMMON connected
16 GND, the nominal integrator output swing st full scale is
2 &V. Since the integrator output can go to 0.3V from elther
supply without significantly atecting linearity, a 4V integra-
tor output swing allows 0.7V for variations in output sving
Gus to componsnt value and osciliator tolerances. With
=5V supplies and 8 common mode range of = 1V required,
the component vaiues should ba selecied 1o provide =3V
integrator output swing. Noise and roliover errors will be
slightly worse than in the =4V cass. For larger common
mode voltage ranges, the integrator outpul swing must be

BINMERSIL

reduced further. This will increase both noise and roliover
errors. To Improve the performance, supplies of 6V may
be used.
Integrating Resistor

Both the butier amplifier and the integrator have a class A
output stage with 100.A of quiescent current. They supply
20pA of drive current with negligibie non-finearity. The inte-
grating resistor shouid be large enough to remsin in this
very linear region over the input voltage range, but small
enough that undue leakage requirements are not plsced on
the PC board. For 4.086 volt full scale, 200k Is nest opti-
murn and similarly a 20kQ for a 408.6mV scale. For other
values of full scale voltage, Ryt should be chosen by the
relation
full scale voltage

. 20pA
Integrating Capacitor

The integrating capacitor Ciyt should be selected 10 give
the maximum integrator output voltage swing without satu-
rating the integrator (approximately 0.3 volt from either sup-
ply). For the ICL7108 with =5 voli supplies and analog
common connected 1o GND, &8 £3.5 to 24 volt integrator
output swing is nominal. For 7-%; conversions per second
(61.72kH2 clock frequency) as provided by the crystal oscil-
lator, nominal values for iyt end Caz are 0.15xF end
0.33uF, respectively. If ditferent clock trequencies are used,
these vaiues should be changed to maintain the integrator
output voltage swing. In general, the value of Cint is given
by

RiNT™

(2048 x clock period)(20uA)
integrator output voltage swing

An additiona! requirement of the integrating capacitor Is
that it have low dielectric absorption to prevent roll-over er-
rors. While other typas of capacitors are adequate for this
application, polypropylene capacitors give undetectable er-
rors at reasonable cost up to 85°C. For the military tempera-
ture rangs. Tellon® capacitors are recommended. While
their dielectric absorption characteristics vary somewhat
trom unit to unit, selecied devices should give less than 0.5
count of error due to dielectric absorption.

Auto-Zero Capacitor

The size of the suto-zero capachor has some influence
on the noise of the system: the smalier the capacitor the
lower the overall system noise, However, Cxz cennot be
increased without limits since it, in paralie! with the integrat-
ing capactior forms en R-C time constan: that determines
the spead of recovery trom overioads and more impornant
the error that exists 2t the end of an auto-zero cycle. For
409.6mV full scale whare noise Is very imponant and the
integrating resistor small, 8 value of Caz twice Cint is opti-
mum. Similariy for 4.096V {ull scale where recovery is more
important than noise, a vaiue of Cxz equa! 10 hali of Ciny is
recommented.

For optimal rejection of stray pickup, the outer foil of Caz
should be connected to the R-C summing junction and ‘he
inner foil to pin 31, Similarly the outer foil of Cint should be
connected 1o pin 32 and the inner foil 1o the R-C summing
junction. Teflons, or equivalent, capachors are recommend-
ed above 85°C for their low leakage characteristics.

CiNt=
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Reference Capacitor

A 1uF capacitor gives good results in most applications.
However, where a large reference common mode voltage
exists {i.e. the reference low is not at analog common) and
8 409.6mV scale is used, a larger value is required 10 pre-
vent roll-over error. Generally 10uF will hold the roll-over
error 10 0.5 count in this instance. Again, Tefion$, or equiva-
lent capacitors should be used for temperatures above 85°C
for their low leakage characteristics.

Reference Voltage

The analog input required 1o generate a full scale output
of 4096 counts is Viy= 2Vper. Thus for a normalized scale,
a reference of 2,048V should be used for a 4.096V full
scale, ahd 204.8mV should be used for & 0.4096V full scale.
However, in many applications where the A/D is sensing
the output of a transducer, there will exist & scale factor
other than unity between the absolute output vohage 10 be
measured and & desired digital output. For instance, in a
weighing system, the designer might like 10 have a tull scale
reading when the voltage from the transducer is 0.682V.
instead of dividing the input down to 409.6mV, the input
voltage should be measured directly and a reference volt-
ege of 0.341V should be used. Suhable values for integrat-
ing resistor and capacitor are 33k and 0.15uF. This avoids
s divider on the input. Another advaniage of this system
occurs when 8 zero reading is desired for non-zero input.
Temperature snd weight measurements with an ofiset or
tare sre examples. The ofiset may be introduced by con-
necting the voliage output of the transducer between com-
mon and analog high, and the ofiset voltage between com-
mon and analog low, observing polarities carefully. Howev-
er, in procassor-based systems using the ICL7108, it may
be more efficient to parform this type of scaling or tare sub-
traction digitally using software.

Reference Sources

The stability of the reference voltage Is 8 major factor in
the overa!l absolute accuracy of the converter. The resolu-
tion of the ICL7109 at 12 bis is one part in—4096, -or
244ppm. Thus i the reference has a temperature coefficient
of 80ppm/°C {(onboard reference) 8 temperature ditference
of 3*C will introduce a one-blt absolute error,

For this reason, it is recommended that an external high-
quality reference be used where the ambient temperature is
not controlied or where high-accuracy absolunte measure-
ments are being made.

The ICL7109 provides 8 REFerence OUTput (pin 29)
which may be used with a resistive divider 10 generate a
suitable reference voltage. This output will sink up 10 about
20mA without sigrilficant variation in output voltage, and is
provided with & pullup bias device which sources about
10pA. The output voltage is nominally 2.8V below V+, and
has 8 temperature coetiicient of £ 80ppm/*C typ. When us-
ing the onboard reference, REF OUT (Pin 29) should be
connecied to REF~ (pin 39), and REF+ should be con-
necied 10 the wiper of a precision potentiomeier between
REF OUT and V+, The circuit for 8 204.8mV reference is
shown in the test circuit. For a 2.048mV reference, the fixed
resisior should be rtemoved, and a 25kl precision potenti-
ometer between REF OUT and V+* should be used.

EINMERSIL

Note that if pins 29 and 39 are tied togethes and pins 39
and 40 accidentally shorted {e.g.. during testing), the refer.
ence supply will sink enough current to destroy the device.
This can be avoided by placing a 1k resistor in series with
pin 39.

DETAILED DESCRIPTION

Digital Selection

The digital section includes the clock oscillstor and scal- *
ing circult, 8 12-bit binary counter with output laiches ang
TTL.-compatible three-state outpul drivers, polarity, over.
range and control logic, and UART handshake logic, as
shown in Figure 5.

Throughout this description, logic levels will be referred to
as “low” of "high", The actual logic levels are defined in the
Electrical Characteristics Table. For minimum power con-
sumption, all inputs should swing from GND (low) to v+
(high). Inputs driven from TTL gates should have 3.5kn
pullup resistors added for maximum noise immunity,

MODE Input

The MODE Input is used to control the output mode of the
converter. When the MODE pin is low or left open (this Input
is proviged with 8 pulidown resistor to ensure a low leve!
when the pin is left open), the converter s 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 input is pulsed high, the converier enters the
UART handshake mode and outputs the data in two bytes,
then returns to “direct”-mode. When the MODE input is left
high, the converter will output data in the handshake mode
at the end of every conversion cycle. (See section entitled
"Handshake Mode" for turther details).

STATUS Output

During & conversion cycle, the STATUS output poss high
at the baginning of Signal integraie (Phase Hi), and goes low
one-half clock pariod atter new dats from the conversion
has been stored in the output laiches. See Figure 4 for de-
tails of this timing. This signal may be used 2s a “osts valid”
flag (cata never changes while STATUS is low) to drive in-
ferrupts, ot {or monitoring the status of the convener.

RUN/HOLD Input

When the RUN/ROLD input is high, or lett open, the cir-
cull will continuously perform cbnversion cycies, updating
the output laichas stier zero crossing during the Deinte-
grate (Phase Ill) portion of the conversion cycie (See Figure
&). In this mode of operation, the conversion cycle will be
performed in 8182 clock periods, tegardiess of the resulting
value.

1 RUN/FIOLD goes low at any time during Deintegrate
(Phase Iii) atier the 2ero crossing has occurred, the circult
will immadiately terminate Deintagrate and jump 10 Auio-
Zero. This feature can be used 10 eliminate the time spant in
Deintegrete stier the zaro-crossing. H RUN/ROLD stays of
goes low, the tonverter will ensure minimum Auto-Zero
time, and then walt in Auto-Zero until the RUN/ROLD input
goes high. The converter will begin the Integrate (Phase Il
portion of the next conversion (and the STATUS output will
00 high) seven clock periods atier the high level is detected
a1t RUN/HOLD. See Figure 6 for details.

WTERSHLS SOLE AND EXCLUSIVE W2RRANTY OBLIGATION WITH RESPECT TO THIS PAODUCT SMALL BE THAT STATED IN THE WARRANTY ARTICLE OF Tuf CONDYTION OF Satt
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Figure 6: Run/Hold Operation

Using the RUN/HOLD input in this manner allows an
easy “convert on demand” interface to be used. The con-
verier may be held at idie in auto-zero with RUN/ROLD low.
when RUN/FOLD goes high the conversion is started, and
when the STATUS output goas low the new dats is valid (o7
transferred 1o the UART ~ see Handshake Mode). RUN/
FOLD may now be taken low which terminatas deintegrate
and ensures a minimum Auto-Zero time befors the next
conversion.

Ahernstely, RUN/HOLD can be used to minimize conver-
sion time by ensuring that it goes low during Deintegrate.
atier zero crossing, and goes high atier the hold point is
teached. The required activity on the RUN/HOLD input can
be provided by connacting it 10 the Butiersd Oscitiator Out
put. In this mode the conversion time is dependent on the
input value measured. Also refer 1o Intersil Application Bul-
letin AD32 for a discussion of the effects this will have on
Auto-Zero periormance.

It the RUN/FDLD input goes iow and stays low during
Auto-Zero (Phase 1), the converter will simply stop &t the
end of Auto-2ero and walt for RUN/HOLD 1o go high. As
sbove, integrate (Phase Il) bagins seven clock periods after
the high leve! is detected.

Direct Mode

Whan the MODE pin is left at a low level, the datz outputs
(bits 1 through 8 low order byte, bits § through 12, polarity
and over-range high order byte) are accessible under con-
trol of the byle and thip enable terminals as inputs. These
three inputs ere all active low, and are provided with pullup
resistors t0 ensure an inactive high level when left open.
Wher. the chip enable input is low, taking"s byte enable

-input low will aliow the outputs of that byte to become sctive

(three-stated on). This aliows a variety of paraliel daia ac-
cessing 1echniques 10 be used, as shown In the section enti-
tled “Interiacing.” The timing requirements for these out-

puts are shown in Figure 7 and Table 2.

INTERSK'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO Ths PRODUCT SMALL BE YHAT STATED IN THE WARRANTY ARTICLE OF YTHE CONDITION OF SALE
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MICRO-DAC™ DAC1208, DAC1209, DAC1210, DAC1230,

DAC1231, DAC1232 12- Blt wP Compatxble,

-

Double-Buffered D to A Converters

General Description

Tne DAC1208 and the DAC1230 senes are 12-bit multipiy-
ing D 10 A converters designed to intertace directly with a
wide vanety o! microprocessors (8080. 8048. 8085, ‘2.80,
etc.;. Double buffering input reqisters and associated con-
tro! hnes allow these DACS to appear as a two-byte.""stack”
in the system’'s memory or /0 space with no additiona! in-
terfacing logic required.

The DAC1208 seres proviges all 12 input lines 10 allow sin-
qle butfering for maximum throughput when used with 16-bit
processors. These input lines can aiso be externatly config-
ured to permit an 8-bit data intertace. The DAC1230 senes
can be used with an 8-bit data bus directly as it internally
formutates tne 12-bit DAC data from its 8 input hines, All of
these DACs accept left-justified data trom the processor.

The analog section is a precision silicon-chromium (Si-Cr)
R-2R iadder network and twelve CMOS current switches.
An inverted R-ZR ladder structure is used with the binary
weighted currents switched between the lgyts and loytz
maintaining a constant current in each ladder leg indepen-
dent of tne switch state. Special circuitry provides TTL logic
input voltage level compatibility.

The DAC1208 series and DAC1230 series are the 12-bit
members of i. tamily of microprocessor compatible DACs
(MICRO-DACs™), For applications requiring other resolu-
tions, the DAC1000 series for 10-bit and' DAC0830 series
for 8-bit are available aliernatives.

Features
8 Linearity specitied with zero and {ull-scaie adjust only
& Direct interface to alt popuiar microprocessors

® Double-bultered, single-buttered or tiow through digital
data inputs

® Logic inputs which meet TTL voltage level specs (1.4V
logic threshold)

B Works with + 10V reference—tull 4.quadrant
multiplication

m Operates stanc-alone (without uP) it desired

» All parts guaranteed 12-bit monotonic

[ DAC1230 series 1S pin compahble with the DACOBGO
series 8:bit MICRO-DACs -

Key Specifications
® Current Settling Time . 1 us
s Resolution 12 Bits

B Linearity (Guaranteed
over temperature)

® Gain Tempco
B Low Power Dissipation
@ Single Power Supply

10, 11, or 12 Bits of F§
1.3 ppm/°C

20 mwW

5 Vpg to 156 Vpg

.

Typical Application
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Absolute Maximum Ratings

It Miiitary/Aerospace specified devices are required,
contact the Nationa! Semiconductor Sales Office/
Distributors tor availability and specifications.

Operating Conditions
Lead Temperature (Soldering, 10 seconds)
Temperature Range

300°C
Tamin = Ta v Tuaax

DAC1208LCJ, DAC1209LC, .
(Notes 1 and 2) DAC1210LCJ, DAC1230LCJ, :
Supply Volitags (Vee) 17 Vpe DAC1231L0J, DAC1232LCY -40°C = Tap 5 +85C
voltage at Any Digital input Vee to GND DAC1208LCJ-1. DAC1209LCJ-1.
sty e DAC1210LCJ-1, DAC1230LCJ-1,
9 . REF Inp 1o 150 DAC1231LCJ-1. DAC1232LCS1  0°C & Tx & +70°C
itorage Demc.»era.ture R:nge " -65'Cto 0:) 5 " Range of Voo 4.75 Vpc 1o 16 Vpe
ackage Dissipation at T = 25 500 m Voitage at Any Digital input Vee to GND
{Note 3)
DC voltage Applied to igyT1 of louTs
{Note 4) -100 mV to Vg
k> ESD Susceptability 800V
Electrical Characteristics
Vaer = 10.000 Vipc, Voo = 11.4 Vpg 1o 15.75 Vpg unless otherwise noted. Boldface limits apply from Tun 10 Tiax (see
Note 13); all other fimits T4 = Ty = 25°C. i
T Tested | Design i
Parameter . Conditions Notes (N ot);p1 0) Limit Limit Units i
(Note 5) | (Note 6) |
Resolution 12 12 . 12 Bits ’
Linearity Error Zero and Full-Scale 4.7.13
{End Point Linearity) Adjusted
: DAC1208, DAC1230 0.012 0.012 % of FSR
- DAC1209, DAC1231 0,024 0.024 % of FSR
DAC1210, DAC1232 %] 0,050 0.08 % of FSR
Ditferential Non-Linearity Zero and Full-Scale 4,7,13
Adjusted
DAC1208, DAC1230 0.018°| 0,018 % of FSR
. DAC1208, DAC1231 0.024 | 0,024 % of FSR
DAC1210, DAC1232 0.080 0.03 % of FSR
Monotonicity 4 12 12 12 Bits
Gain Error (Min) Using Internal Rep 7 ~0.1 0.0 % of FSR
Gain Error (Max) Vier = 210V, 21V 7 —0.1 ~0.2 % of FSR
Gain Error Tempco 7 213 +86.0 ppmof FS/°C
Power Supply Rejection All Digital Inputs .
Latched High 7 +3.0 +30 ppm of FSR/V
Reference Input Resistance (Min) 13 15 10 10 kO
Reterence Input Resistance (Max) 3 2 15 20 20
Output Feedtnrough Error VRer =20 Vp-p, {= 100 kHz
All Data inputs Latched 9 3.0 mvp-p
Low
Output Capacitance All Data Inputs  loyts , 200" pF
Latched High  loyt? : 70 pF
. AliData'inputs gyt i 70 pF
LatchedLow  loyre : 200 pF
Supply Current Drain ) 13 | 20 ;| 28 mA
Output Leakage Current :
touTs Al Data Inputs Latched 11.13 0.1 18 18 nA
. Low { :
iouT? All Data Inputs Latched 1°.13 ! 0.1 : 15 i 15 nA
High i : i A
: Dignal input Threshold Low Tnreshold 13| : 08 | 08 |  voc ;
L High Threshold 13 ! 22 | 22 - Vps ;
Osgial input Currents Dignat inputs <0.8v 13, i —200 : - 200 | pAOC '
- Dignal Inputs >2.2V 13 10 10 . uhzg

i
|
i
i
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Electrical Characteristics (continued)

Vree = 10.000 Vpe, Voo = 11.4 Vpg 10 15.75 Vpg unless otherwise noted. Boldtace limits apply trom Ty to Tuax (see
Note 13); ak otner imits To = T, = 25°C,

: | See T Tested '[ Design
Symbol Parameter Conditions | Note (Not?m) Limit i Limit Unlits
: i (Note 5) (Note 6)
AC CHARACTERISTICS
1 . CumentSettingTime | Vi = OV.Vys = 5V | 1.0 ! 18
w © Write and XFER Vi = OV. Vi = 8V | 8 50 L 320
. Pulse Width Min. " 320
ips " Data Setup Time Min. ViL= OV.Viy = 5V ° 70 320
’ i 320
\pH ., Data Hold Time Min, VL= 0V.Vjy = v | 30 90
: ns
: : 90
1cs i Control Setup Time Min. ViL = OV, Vg = 5V ‘ 60 320
' % [ 320 |
oK . Control Hold Tme Min. | Vy = OV.Vjyy = 5V | 0 i 10 i

Note 1: Absowte Maximum Raungs indicate limits bevona which damage 10 the Savice may dceur, OC ang AC lmmcursmuimtlons 00 Not apply when operating
ihe 0evice bevona its specmed operating conchtions.

Nots 2: Al voliages are messured with resoect 1o GND, uniess otnerwise speciied

Note 3: Thus 500 mw i tor ali packages. The low power arssipation of this part tand the tact that there 1S no way to significantly modity
the power 31S81paucn) removes concern 10r Neat sinking
Note 4; Both ., .71 anG ipy12 Mus! go 1o grouna or the virtual around of an operational ampkiier. The y ector is gegraded by aop y Vos + Vags. For

exampie. f Vage = 10V then 2 1 mV oftset. Vos. on ioyty of lgyts will Introguce an aaditionat 0.01% kneanty ertor.
Note §: Tesiec ang guaranteed to Navonal's AOOL (Average Oulgoing Quality Level).

Note §: Design imas are guaranteed but not 100% tested. These umits are not usea 1o calculate outgoing qualty leveis. Guarantesd for Veg = 11.4V 10 15.75v
and Vpgr = = 10v 10 + 10V

Note 7: Tne unit FSR stands tor fulk-scale range. Linganty trror ang Power Supoly Rejection specs are based on this unit to ehminale dependence on a particular
VRgr value 10 noicste the true performance of the part. The Lineanty Error spacificaton of the DAC1208 is 0.012% of FSRimax). Tius guarantees that atier
pertorming & 260 and full-scaie sdjustment, the plot of tne 4036 analog voitage outputs will each be within 0.012% « Vagr of a siraight hne which passes through
2ero ana fuil-scate The unit ppm of FSR{parts per mulion of fuli-scale range) and ppm of FS(parts per million of tus-scais) are used for convenience 10 dehne specs
of very small percentage values, typical of fugher accuraCy converters. In ttus instance, 1 ppm of FSR= Vaes/106 18 the conversion 1acior 10 provide an actual
output voltage quantty. For . the gan error tempeo spéc of + 6 ppm of FS/°C represents a worsi-case lull-scale gain error change with 1emperature from
-40°C 10 +85°C of 2 (B}(VRgr/108)(125°C) of % 0.75 (10-3) VRge which 1s =0.075% of Vagg.

Note §: Thus spec imphas that ait parts are guaranteed 10 oparale with @ wnte puise or iransier puise width {lw) of 320 ns. A typical part will operate with w of only
100 ns. The eni e wnie pulse must occur within the valid data interval for the specitied ty. Ips. ton and ig 10 apply.

Nots 8: To achieve this low teedthrough in the D packags. the user must ground the maetal k. It the kd is leh hoatng the teedthrough 18 typically 6 mV.
Note 10: Typicais are at 25°C and represent the most likely parametnc norm.

Note 11: A 10 nA 10akage curtent with Ry = 20k and Vpgr = 10V comrasponos 10 a 2610 error of (10x 10=9x 20> 103):2 100% 10V or 0.002% of FS.
Note 121 Human pody model, 100 pF discharged through a 1.5 ki resistor.

Note 13: Tested hmit for =1 suflix parts apphes only at 28°C.

Connection Diagrams
Dual-in-Line Package : Dual-in-Line Package
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Switching Waveforms
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DAC1208/DAC1209/DAC1210/DAC1230/DAC1231/DAC1232

Definition of Package Pinouts
CONTROL SIGNALS (alt controt signals are level actuated)
ES: Cnip Seiect (active 1ow). The TS will enable WR1
WHA: Write 1. Tne acuve low WR1 is used to load the digital
data bits (D) into the nput latch. The data in the input laich
1s latched when WA is hign. The 12-bit input latch is split
into two latches. One holds the first 8 bits, whiie the other
noios 4 bits. Tne Byte 1/B8yt@ 2 control om is used to select
poth latches when Byte 1/Bytc 2 is high or 1o overwnte the
4.bit input latch when in the 1ow state.

Byte 1/Byte 2: Byte Sequence Control. When this control 1
nigh, @kt 12 locations of the input lateh are enabled. Wnen
tow. only the four least significant locations 2f the input tateh
are 2nabled .

WHRZ: wnite 2%acuve low). The WRZ will enable XFER
XFER: Transter Controt Signal (active low). This signal. i
combination with WR2. causes the 12-bit data which 15
available in the input latcnes to transfer to the DAC register.
Ol to Diyy: Digital inputs. Dig is the least significant digital
mout (LSB) and Dlyy 1s the most significant digital input
(MSB).

loutst DAC Current Output 1, lgyT: is @ maximum for 2
digital code of all 1s in the DAC register. and is zero tor all
0s in the DAC register.

ioutz: DAC Current Outout 2. gyt2 1s @ constant minus
1ouTs- Of lout +lout2=constant (tor a fixed reterence
voltage). This constant current is

1)

Y- —
Vaer - ( 4096/
divided by the reference input resistance.

Rpp: Feedback Resistor. The tesdback resistor is provided
on the IC chip tor use as the shunt feedback resistor for the
external op amp which is used to provide an output voltage
for the DAC. This on-chip resistor should always be used
1not an external resistor) since it matches the resistors in
the on-chip R-2R ladder and tracks these resistors over
temperature.

Vrer: Reference Voitage input. This input connects an ex-
ternal precision voltage source 1o the internar R-2R 1adder.
VaEF can be selected over the range of 10V to — 10V, This
15 also the analog voltage input for a 4-quadrant muitiplying
DAC application.

Vec: Digita: Supply Voltage. This is the power suppiy pin for
the part. Voo can be from 5 Vpg 1o 15 Vpg. Operation is
optimum for 15 Vpc.

GND: Pins 3 and 12 of the DAC1208, DAG1209, and
DAC1210 must e connected t¢ ground. Pins 3 and 10 of

{
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a) End Point Test After Zero
and FS Adjus!

tne DAC1220, DAC1231, and DAC1232 must be connectes
to ground. It is important that ioyt. and IgyT, are at ground
potential for cutrant switcring appications. ‘Any difterence
of potential (Vos on these pins) wili result in a lineanty
change of

Vos

3VRer
For example, if vger = 10V and these ground pins ars 3
mV oliset from loys, and igyt,. the linearily change will e
0.03%

Definition of Terms

Resolution: Resolution ig defined as the reciprocal of the
number of discrete steps in the DACT output. It is diresty
retated 10 the number of switches or hits within the DAC. For
exampie, the DAC1208 has 212 or 4096 steps and theretore
has 12-bit resolution.

Linearity Error: Linearity error is the maximum deviatior
trom a straight kine passing through the endpoints of the
DAC transter charactenstic. It is measured after adjusting
for zero and fult-scale. Linearity error is a parameter intrinsic
10 the cevice and cannot be externally adjusted.

National's linearity tes! (a) and the best straight line test (b}
used by otner supphers are iliustrated below. The bes!
straight line (b) requires a soacial zero ¢ 1d FS adjustment
for each part, which 1s almost impossible for the user tc
determine. The end point test uses a standard zero FS ad-
justment procedure and Is @ much more stringent test for
DAC linearity.

Power Supply Sensitivity: Power supply sensitivity is &
measure of the effect of powar supply changes on the DAC
full-scale output.

Settiing Time: Full-scale current settling time requires zero
to full-scale or tull-sgale to zero output change. Settling time
is the time required from a code transition until the DAC
output reaches within = %, LSB of the final output value.

Full-Scale Error: Fuli-scale error is a measure of the output
error between an ideal DAC and the actual device output.
ideally, for the DAC1208 or DAC1230 series, {ull-scaie 1s
Vagr—1 LSB. For Vper=10V and unipolar operation.
VEULL-SCALE = 10.0000V ~2.44 mV=9.9976V. Full-scale
error is adjustable to zero.

Difterential Non-Linearity: The diference between any
two consecutive codes in the transfer curve from the theo-
retical 1 LSB is difterential non-linearity.

Monotonic: li the output of a DAC increases for increasing
digital input code. then the DAC is monotonic. A 12-bit DAC
which is monotonic to 12 bits simply means that input in-
creasing digital input codes wiit produce an increasing ana-
log output.

| ol 7

Rt ] IIIOI A%

Al‘l sEovIrn

(AR YT HEETRI TS
b) Shitting FS Adjust to Pass
Best Straight Line Test

I
~3



Application Hints

1.0 DIGITAL INTERFACE

Tnese DACs are designed :0 prowvide ali of the necessary
digital input circuntry 10 permit a direct interface 10 a wide
variety of microprocessor systems. Tne timing anatogic igv-
et convention of the input control signals allow the DACs 1o
pe treated as a typical memory gevice of 1/0 penpheratl with
no external 1dgic required n most systems. Essentially
these DACs can be mapped as a two-byte stack in memory
tor 1/0 space) to receive ther 12 bits of input data in twe
successive 8-bit oata writing sequences. The DAC1230 se-
nes 1s mended 10r use I systems with an 8-bit data bus.
Tne DAC1208 senes provioes all 12 digitai input hnes which
can be gaxternally configured 1o be controlled from an 8-bit
bus or can be driven directly from a 16-bit data bus.

All of the digita! inputs 1o these DACs centain & unique
threshole requlator circut to maintam TTL vontage leve!
compatibilty independent of the apphed Voo 1o the DAL
Any Input can also be driven trom higher voltage CMOS§
logic levets in non-microprocessor basea systems. To pre-
vent oamage 10 the chip from statc discnarge. ai unused
dignatl inputs should be ted to Ve or ground. As a troubte-
shooting aid. if any digtal input 18 inaavertently le!t tioaung.
the DAC will interpret the pin as a logic 1"

Double buffered digital inouts aliow the DAC to internally
format the 12-bit word used to set the current switching -
2R ladder network (see section 2.0) from two 8.bit data
write cycles. Figures 1 and 2 snow the inernal datz regs-
ters and their controlling logic circuntry. The tirming diagrams
tor updating the DAC output are shown in sections 1.1, 1.2
and 1.3 for three possible contror modes. The metnod used
depends strictly upon the particular application.
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DAC1208/DAC1209/DAC1210/DAC1230/DAC1231/DAC12;,,

s

Application Hints (Continues)

1.1 Automatic Transfer
The 12-bit DAC word is automatically transferred 10 the DAC regrster and the R-2R ladder when the second write (the 4 LSBs of

the data) occurs.
B \ /—'_—\—_/—

sYTE \/WT!T
AN XTTR
ANALDG DUTPUTY
UPDATED
ANALOG QUTPUT
WK} anp WA _—_\__/ . / :mcntn
. LOAD 41T INPUT OVEAWRITE THE 4011
LATCH (BIT 1HPUT INPUT LATCK AND TRANSFEA
LATCH ALSO CHANGED) ALL 12 TS T0 THE O/A

TL/H/5680-7

1.2 Independent Processor Transter Control

in this case a separata address is decoded to provide the XFER signal. This allows the processor to foad the next required DAC
word but not change the analog output untit some time later, mos} useful 1or the simuitaneous updating of several DACs in a
system where their XFER lines would be tied together.
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LOAD 8-B17 INPUT OVERWRITE 417 TRANSFER 12-017 0AC
LATCM (4317 INPUT INPUT LATCH WORD TO THE 0/A
LATCH ALSO CHANGED) p

TL/H/8690-8
1.3 Transfer via an Externat Strobe

This method is basically the same as the previous operation except the XFER signal is provided by a device other than ths
processor. This allows the DAC 10 hold the code for a conditional analog output signal which will be required on demand from an
external monitoring device (an analog voltage comparator for instance).
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