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Abstract

This Report concerns about inventing and design of Data Logger that is controlled
by microcontroller family MCS-51. It can record data automatically and is portable to
outdoors . A physical data ,that in this thesis is temperature, is detected and transferred
to 0-5 volt analogue signal by sensor. ADC convert signal to 8 bits digital data. Then
they are store in 32 Kbytes RAM before will be sent to microcomputer via serial port .

The recorded data can be displayed on monitor in graph characteristics
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November 2000

National Semiconductor

LM135/LM235/LM335, LM135A/LM235A/LM335A
Precision Temperature Sensors

General Description

The LM135 series are precision, easily-calibrated, integrated
circuit temperature sensors. Operating as a 2-terminal zener,
the LM135 has a breakdown voltage directly proportional to
absolute temperature at +10 mV/'K. With less than 1€ dy-
namic impedance the device operates over a current range
of 400 pA to 5 mA with virtually no change in performance.
When calibrated at 25°C the LM135 has typically less than
1°C emor over a 100°C temperature range. Unlike other
sensors the LM135 has a linear output.

Applications for the LM135 include almost any type of tem-
perature sensing over a -55°C to +150°C temperature
range. The low impedance and linear output make interfac-
ing to readout or control circuitry especially easy.

The LM135 operates over a =55°C to +150'C temperature
range while the LM235 operates over a —40'C to +125'C

temperature range. The LM335 operates from —40°C to
+100°C. The LM135/LM235/LM335 are available packaged
in hermetic TO-46 transistor packages while the LM335 is
also available in plastic TO-92 packages.

Features

u Directly calibrated in “Kelvin

® 1°C initial accuracy available

s Operates from 400 pA to 5 mA

® |ess than 1Q2 dynamic impedance
a Easily calibrated

8 Wide operating temperature range
® 200 C overrange

8 Low cost

Schematic Diagram
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LM135/LM235/LM335, LM135A/LM235A/LM335A

Connection Diagrams

TO-92
Plastic Package

DS005698-8

Bottom View
Order Number LM335Z
or LM335AZ
See NS Package
Number Z03A

SO-8
Surface Mount Package

1
NC —

2 7
NC — — NC

L
3 6
NC —] —— NC
4 5
- — — ADJ
DS005698-25

Order Number LM335M
See NS Package
Number MO8SA

8

*

TO-46
Metai Can Package*

DS005698-26

*Case is connected to negative pin

Bottom View
Order Number LM135H,
LM135H-MIL, LM235H,
LM335H, LM135AH,
LM235AH or LM335AH
See NS Package
Number HO3H
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Absolute Maximum Ratings (Note 4) Specified Operating Temp. Range

If Military/Aerospace specified devices are required, Continuous Intermittent

please contact the National Semiconductor Sales Office/ A {Mote 2)

Distributors for availability and specifications. LM135, LM135A  -55°C to +150°C 150°C to 200°C

LM235, LM235A -40°C to +125°C 125°C to 150°C

Reverse Gument 15mA | 335, LM335A —40°C to +100°C  100°C to 125°C

Forward Gt O e Lead Temp. (Soldering, 10 seconds)

Storage Temperature TO-92 Package: 260°C
TO-46 Package -60°C to +180°C TO-46 Package: ) 300°C
TO-92 Package -60°C to +150°C SO-8 Package: ¢ 300°C
S0-8 Package —65°'C to +150°C Vapor Phase (60 seconds): 215°C

Infrared (15 seconds): 220°C

Temperature Accuracy (Note 1)

LM135/LM235, LM135A/LM235A

Parameter Conditions LM135A/LM235A LM135/LM235 Units
Min Typ Max Min Typ Max
Operating Output Voltage Tc=25C,1g =1 mA 2Ol 2.98 2.99 2.95 2.98 3.01 \
Uncalibrated Temperature Error Tc=25C,lg =1 mA 0.5 1 1 3 ‘C
Uncalibrated Temperature Error Tun € Te € Tpaxs Ik = 1TMA 1.3 2.7 2 5 ‘C
Temperature Error with 25°C Tun $Te € Tuaxe g = 1T mMA 0.3 1 0.5 1.5 ‘C
Calibration
Calibrated Error at Extended Te = Tuax (Intermittent) 2 2 'C
Temperalures
Non-Linearity lg = 1mA 0.3 05 0B 1 ‘C
Temperature Accuracy (Note 1)
LM335, LM335A
Parameter Conditions LM335A LM335 Units
Min Typ Max Min Typ Max
Operating Output Voltage Tc=25C,lg =1 mA 2.95 2.98 3.01 2.92 2.98 3.04 \%
Uncalibrated Temperature Error To=25C, g =1 mA 1 3 2 6 C
Uncalibrated Temperature Error Tun € Te € Tyax, |k = 1 MA 2 '5) 4 9 C
Temperature Error with 25 C Tun € Te € Tpaxs Ir = 1T MA 0.5 1 1 2 &
Calibration
“Calibrated Error at Extended Tc = Tuax (Intermittent) 2 2 ‘C
Temperatures
Non-Linearity le = 1mMA 0.3 1.5 0.3 1.5 ‘C
Electrical Characteristics (Note 1)
LM135/LM235 LM335
Parameter Conditions LM135A/LM235A LM335A Units
Min Typ Max Min Typ Max
Operating Output Voltage 400 pA<lg<s mA 28 10 3 14 mV
Change with Current At Constant Temperature
Dynamic Impedance 1g=1 MmA 0.5 0.6 Q
Output Voltage Temperature +10 +10 mV/°C
Coefficient
Time Constant Still Air 80 80 sec
100 fYMin Air 10 10 sec
Stirred Oll 1 1 sec
Time Stability Te.=125C 0.2 0.2 “Clkhr

3 www.national.com
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Typical Applications (Continued)

Simple Temperature Controller

10V -30v P
%Zk
< HEATER

2
LM329C 8 j
.01 uF M
o 0.01 4 M3 LM395

g
& LM335

DS005698-5

Simple Temperature Control

1M335

HEATER [
IN ouT

5V 40V __LJ_L_I_L] LM350 ¢ l

ADJ

SET
TEMPERATURE
Lm329C

-10v
DS005698-21

Ground Referred Fahrenheit Thermometer

15v
k 5
LM308

15V

Centigrade Thermometer

12k

DSNNH698-22

15V
%G
ouTPUT
1mV/F
(M336 5
n*
J

*Adjust R2 for 2.554V across LM336.
Adjust R1 for correct output. “Adjust for 2.7315V at output of LM308

ouTPUT
10 mV/“C

DS005698-23
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November 1999

National Semiconductor

ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit uP Compatible A/D Converters

General Description

The ADCO0801, ADCO0802, ADCO0803, ADC0804 and
ADCO0805 are CMOS 8-bit successive approximation A/D
converters that wuse a differential potentiometric
ladder — similar to the 256R products. These converters are
designed to allow operation with the NSC800 and INS8080A
derivative control bus with TRI-STATE® output latches di-
rectly driving the data bus. These A/Ds appear like memory
locations or |/O ports to the microprocessor and no interfac-
ing logic is needed.

Differential analog voltage inputs allow increasing the
common-mode rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can be
adjusted to allow encoding any smaller analog voltage span
to the full 8 bits of resolution.

Features
® Compatible with 8080 uP derivatives —no interfacing
logic needed - access time - 135 ns

u Easy interface to all microprocessors, or operates “stand
alone”

m Differential analog voltage inputs

B Logic inputs and outputs meet both MOS and TTL
voltage level specifications

u Works with 2.5V (LM336) voltage reference

On-chip clock generator

0V to 5V analog input voltage range with single 5V

supply

No zero adjust required

0.3" standard width 20-pin DIP package

20-pin molded chip carrier or small outline package

Operates ratiometrically or with 5 V¢, 2.5 V¢, or

analog span adjusted voltage reference

Key Specifications

a Resolution 8 bits
= Total error tv4 LSB, £ LSB and £1 LSB
s Conversion time 100 ps

Connection Diagram

ADCO080X
Dual-In-Line and Small Outline (SO) Packages
s—1 20f—Vee (OR Vpgr)
P—2 19—CLKR
WR—3 18}—DEO (LSB)
CLKIN—]4 17 |—DB1
INTR—{5 16 {—DB2
Vi) —6 15}—083
()7 141—DB4
AGKD—{8 13}—D8S
Veer/2—9 12|—DBE
DeND—{10 11}—DB7 (MSB)
£CS795671:30

See Ordering Information

Ordering Information

TEMP RANGE 0°C TO70°C 0°C TO70C -40°C TO +85°C
4 Bit Adjusted ADCO0801LCN
ERROR 115 Bit Unadjusted ADCO0802LCWM ADCO0802LCN
15 Bit Adjusted ADCO0803LCN
11Bit Unadjusted ADC0804LCWM ADCO0804LCN ADCO0805LCN/ADC0804LCJ
PACKAGE OUTLINE M20B — Small N20A — Molded DIP
Outline

TRI-STATE® is & registerec racemark of Natoral Senvcorcucior Con.
2-80 is a regisierec racemark of Zilag Com

© 1999 National Semiconductor Corporation DS005671
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ADCO0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications

sv
N . T
1 20
9 [ veo
F———0| fd ol jj . l
CLK
——+]q WR § T TRANSOUCER
_ 150 oF
5w CLKIN o L
< il 08? ;‘
“w 12 >
Al E 086 6
,Pnnc"s\;suu g : 13 A/D Vints ]
o fe o ; >u|rr INPUTS
< 084 Vini-
15 f I )
<+ . 083 AGND
G £ 062 9 SPAN ADJ _
« v VRer 2 —OSEE SECTION = =
< o081 241
18 10 -
LN: 080 oG 7
8080 Interface
& b———0
A0 f——s
NSCBO0,
8080, WR }—f
80, AID
8048,
ETC e T
£S005671-31

| s-aim esoLuTion

OVER ANY DESIRED
ANALOG INPUT
VOLTAGE RANGE
SEE SECTION 24.1

DS005671-1

Error Specification-(Includes Full-Scale,
Zero Error, and Non-Linearity)
Part Full- Vgeer/252.500 Voo Vrer/2=No Connection

Number Scale (No Adjustments) (No Adjustments)

Adjusted
ADC0801 | £%LSB
ADC0802 v LSB
ADC0803 | *%:LSB
ADC0804 +11SB
ADC0805 +1LSB
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Absolute Maximum Ratings (Notes 1, 2) Infrared (15 seconds) 220°C
If Military/Aerospace specified devices are required, Storage Temperature Range -65'C to +150°C
please contact the National Semiconductor Sales Office/ Package Di;sipation at T,=25°C 875 mW
Distributors for availability and specifications. ' ESD Susceptibility (Note 10) - 800V
\S,’g,‘:;’;yevonage Vel (Nets] ® " Operating Ratings (otes 1, 2
Logic Control Inputs -0.3V to +18V Temperature Range TMNSTaS<Tmax
At Other Input and Outputs -0.3V to (Vct0.3V) ADCO0804LCJ -40°C<T,<+85°C
Lead Temp. (Soldering, 10 seconds) ADC0801/02/03/05LCN -40'C<T,<+85°C
Dual-In-Line Package (plastic) 260°C ADCO0804LCN . 0°C<TA<+70°C
Dual-In-Line Package (ceramic) 300°C ADC0802/04L.CWM 0°C<TA<+70°C
Surface Mount Package Range of V¢ 4.5 Vpc 10 6.3 Ve
Vapor Phase (60 seconds) 215°C

Electrical Characteristics

The following specifications apply for V=5 Ve, TrminsTa<Tmax and fo =640 kHz unless otherwise specified.

Parameter Conditions Min Typ Max Units

ADCO0801: Total Adjusted Emor (Note 8) With Full-Scale Adj. tva LSB
(See Section 2.5.2)

ADCO0802: Total Unadjusted Ermor (Note 8) Vrer/2=2.500 Ve E3%) LSB

ADCO0803: Total Adjusted Eror (Note 8) With Full-Scale Adj. k7] LSB
(See Section 2.5.2)

ADC0804: Total Unadjusted Emor (Note 8) Vrer/2=2.500 Ve 1 LSB

ADCO0805: Total Unadjusted Error (Note 8) Vrer/2-No Connection T LSB

Vrer/2 Input Resistance (Pin 9) ADC0801/02/03/05 25 8.0 kQ
ADCO0804 (Note 9) 0.75 1.1 kQ

Analog Input Voltage Range (Note 4) V(+) or V(=) Gnd-0.05 Ve t10.05 Ve

DC Common-Mode Error Over Analog input Voltage 11/16 v LSB
Range

Power Supply Sensitivity Vee™5 Vpe £10% Over t1/16 % LSB
Allowed V,(+) and V (-)
Voltage Range (Note 4)

AC Electrical Characteristics

The following specifications apply for V=5 Ve and Tyn<Ta<Tuax Unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Units
Te Conversion Time fck=640 kHz (Note 6) 103 114 Us
Te Conversion Time (Notes 5, 6) 66 73 ek
ferx Clock Frequency V=5V, (Note 5) 100 640 1460 kHz
Clock Duty Cycle 40 60 %

CR Conversiun Rate in Free-Running INTR tied to WR with 8770 9708 conv/s
Mode CS =0 Vpe, fo =640 kHz

twwryL Width of WR Input (Start Pulse Width) CS =0 Vpe (Note 7) 100 ns

tace Access Time (Delay from Falling C_ =100 pF 135 200 ns
Edge of RD to Output Data Valid)

tan, ton TRI-STATE Control (Delay C_ =10 pF, R =10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)

twi tre Delay from Falling Edge 300 450 ns
of WR or RD to Reset of INTR

Cin Input Capacitance of Logic 5 75 pF
Control Inputs

www.national.com
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ADCO0801/ADC0802/ADC0803/ADC0804/ADC0805

AC Electrical Characteristics (continued)

The following specifications apply for Voc=5 Ve and Ty n<Tas<Tuax Unless otherwise specified.

Symbol Parameter Conditions Min Typ Max | Units

Cour TRI-STATE Output 5 75 pF
Capacitance (Data Buffers)

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately]

Vin (1) Logical “1” Input Voltage Vee=5.25 Vpe 20 15 Voe
(Except Pin 4 CLK IN)

Vi (0) Logical “0" Input Voltage Vee=4.75 Vpe , 0.8 Vbe
(Except Pin 4 CLK IN)

Iin (1) Logical “1" Input Current Vin=5 Vpe 0.005 1 HALG
(All Inputs)

Lin (0) Logical “0" Input Current Vin=0 Vpe =1 -0.005 ¥Apc
(All Inputs)

CLOCK IN AND CLOCK R

Vit CLK IN (Pin 4) Positive Going 27 3.1 3.5 Voe
Threshold Voltage

V- CLK IN (Pin 4) Negative 1.5 1.8 21 Vo
Going Threshold Voltage

Vy CLK IN (Pin 4) Hysteresis 0.6 L %) 20 Voe
(V1+)=(V1-)

Vour (Q) Logical "0" CLK R Output 15=360 pA 04 Voe
Voltage Vee=4.75 Vpe

Vour (1) Logical 1" CLK R Output 16=-360 pA 24 Ve
Voltage Vee=4.75 Vpe

DATA OUTPUTS AND INTR

Vour (0) Logical "0" Output Voltage
Data Outputs lour=1.6 MA, V=475 Vi 04 Ve
INTR Output lour=1.0 MA, Vcc=4.75 Vpe 04 Voe

Vour (1) Logical "1" Output Voltage 16=-360 pA, Vee=4.75 Vpe 24 Vioe

Vour (1) Logical “1" Output Voltage l6==10 pA, Vec=4.75 Ve 4.5 Voc

lout TRI-STATE Disabled Output Vour=0 Vpe =3 PApRc
Leakage (All Data Buffers) Vour=5 Vpe 3 HApc

lsource Vout Short to Gnd, T,=25C 4.5 6 mApc

laini Vour Short to Vg, To=25C 9.0 16 mMApc

POWER SUPPLY

lee Supply Current (Includes fclk=640 kHz,
Ladder Current) Veer/2=NC, To=25C

and CS =5V

ADC0801/02/03/04LCJ/05 1.1 1.8 mA
ADCO804LCN/LCWM 1.9 2.5 mA

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. OC and AC electrical specifications do not apply when operating
the device beyond its specified operating condttions.

Note 2: All vottages are measured with respect to Gnd, unless otherwise specified. The separate A Gnd point should always be wired to the D Gnd.

Note 3: A zener diode exists, internally, from V¢ to Gnd and has a typical breakdown vottage of 7 Vpg.

Note 4: For Vin(=)> Vin(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see block diagram) which will forward conduct
for analog input voltages one diode drop below ground or one diode drop greater than the V¢ supply. Be careful, during testing at low Vg levels (4.5V), as high
level analog inputs (5V) can cause this input diode to conduct-especially at elevated temperatures, and cause errors for analog inputs near full-scale. The spec allows
50 mV forward bias of either diode. This means that as long as the analog Vy does not exceed the supply voltage by more than 50 mV, the output code will be correct.

lo achieve an absolute 0 Vo to 5 Vp¢ input voltage range will therefore require a minimum supply voltage of 4.950 Vpc over temperature variations, initial tolerance
and loading

Note 5: Accuracy is guaranteed at fo i = 640 kHz. At higher clock frequencies accuracy can degrade. For lower clock frequencies, the duty cycle limits can be ex-
tended so long as the minimum clock high time interval or minimum clock low time interval is no less than 275 ns.

Note 6: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process. The
start request is internally latched, see Figure 4 and section 2.0
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Functional Description (continued)

“17= RESET SHIFT REGISTER
0" = BUSY AND QUIESCENT STATE

INPUT PROTECTION
FOR ALL LOGIC INPUTS
INPUT cLK
TO INTERNAL
CIRCUITS
BY =30V cu
FIF
START F/F a .
LK E_l
4 START CONVERSION
MSB
e
1& < le—
< =i IF RESET = 0"
9 LADDER |- SAR le— seiT
VREFR2 ANOD P LATCH SHIFT
DECODER (noTE2) [¢— ReGisTer | RESET
<+ le—
<+ <——
> INTR F/F
DAC i LsB
8 Vigut) I 7y
-—G - [
A GND cLKA
= Veo I ]
LE D
LATCH 1
5
Ving-) O 1 rvdvv ey 1
XFER
7 TRISTATE® 1 G2 SET
Vine-) O QUTPUT LATCHES
—=] bt x 11 )
bl LAl 8 £ L
| 5
1M 1213 18 15 16 17 18 —LI_ WNTR
CONV. COMPL.
DIGITAL QUTPUTS =
- 1 TRISTATE™ CONTROL — quxmc,_,(
Ts (NOTE ljm 1" = OUTPUT ENABLE
o % RESET
0S005671-13

Note 13: TS shown twice for clarity
Note 14: SAR = Successive Approximation Register.

FIGURE 4. Block Diagram

After the 1" is clocked through the 8-bit shift register (which
completes the SAR search) it appears as the input to the
D-type latch, LATCH 1. As soon as this “1" is output from the
shift register, the AND gate, G2, causes the new digital word
to transfer to the TRI-STATE output latches. When LATCH 1
is subsequently enabled, the Q output makes a high-to-low
transition which causes the INTR F/F to set. An invertirig
buffer then supplies the INTR input signal.

Note that this SET control of the INTR F/F remains low for 8
of the external clock periods (as the intemal clocks run at %
of the frequency of the external clock). If the data output is
continuously enabled (CS and RD both held low), the INTR
output will still signal the end of conversion (by a high-to-low
transition), because the SET input can control the Q output
of the INTR F/F even though the RESET input is constantly
at a “1" level in this operating mode. This INTR output will
therefore stay low for the duration of the SET signal, which is
8 periods of the external clock frequency (assuming the A/D
is not started during this interval).

When aperating in the free-running or continuous conversion
mode (INTR pin tied to WR and CS wired low— see also
section 2.8), the START F/F is SET by the high-to-low tran-
sition of the INTR signal. This resets the SHIFT REGISTER

which causes the input to the D-type latch, LATCH 1, to go
low. As the latch enable input is still present, the aoutput will
go high, which then allows the INTR F/F to be RESET. This
reduces the width of the resulting INTR output pulse to only
a few propagation delays (approximately 300 ns).

When data is to be read, the combination of both CS and RD
being low wiil cause the INTR F/F to be reset and the
TRI-STATE output latches will be enabled to provide the 8-bit
digital outputs.

2.1 Digital Control Inputs

The digital control inputs (ﬁ, RD, and W) meet standard
T2L logic voltage levels. These signals have been renamed
when compared to the standard A/D Start and Output Enable
labels. In addition, these inputs are active low to allow an
easy interface to microprocessor control busses. For
non-microprocessor based applications, the CS input (pin 1)
can be grounded and the standard A/D Start function is ob-
tained by an active low pulse applied at the WR input (pin 3)
and the Output Enable function is caused by an active low
pulse at the RD input (pin 2).

www.national.com
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Functional Description (Continued)

2.2 Analog Differential Voltage Inputs and
Common-Mode Rejection

This A/D has additional applications flexibility due to the ana-
log differential voltage input. The V (-) input (pin 7) can be
used to automatically subtract a fixed voltage value from the
input reading (tare correction). This is also useful in 4 mA-20
mA current loop conversion. In addition, common-mode
noise can be reduced by use of the differential input.

The time interval between sampling V y(+) and Vi (-) is 4-V2
clock periods. The maximum error voltage due to this slight
time difference between the input voltage samples is given
by:

4.5
AV(MAX) = (Vp) (27rfcm) (a )

where:
AV, is the error voltage due to sampling delay
Vp is the peak value of the common-mode voltage
fom is the common-mode frequency

As an example, to keep this error to % LSB (~5 mV) when
operating with a 60 Hz common-mode frequency, f,, and
using a 640 kHz A/D clock, fo k, would allow a peak value of
the common-mode voltage, Vp, which is given by:

Ve = [AVe(uax) oLk
(27fem) (4.5)

or

(5 X 109) (640X 10%)

i (6.28) (60) (4.5)

which gives
Vp=1.9V.
The allowed range of analog input voltages usually places

more severe restrictions on input common-mode noise lev-
els.

An analog input voltage with a reduced span and a relatively
large zero offset can be handled easily by making use of the
differential input (see section 2.4 Reference Voltage).

2.3 Analog Inputs
2.3 1 Input Current

Normal Mode

Due to the internal switching action, displacement currents
will flow at the analog inputs. This is due to an-chip stray ca-
pacitance to ground as shown in Figure 5.

60w

R
TIME

| s e |

£S005671-14
ron of SW 1and SW 2 = 5 kQ
r=ron CsTray = 5 kQ x 12 pF = 60 ns

FIGURE 5. Analog Input Impedance

The voltage on this capacitance is switched and will result in
currents entering the V (+) input pin and leaving the V y(-)
input which will depend on the analog differential input volt-
age levels. These current transients occur at the leading
edge of the intemal clocks. They rapidly decay and do not
cause errors as the on-chip comparator is strobed at the end
of the clock period.

Fault Mode

If the voltage source applied to the V(+) or V() pin ex-
ceeds the allowed operating range of Voc+50 mV, large in-
put currents can flow through a parasitic diode to the Ve
pin. If these currents can exceed the 1 mA max allowed
spec, an external diode (1N914) should be added to bypass
this current to the Ve pin (with the current bypassed with
this diode, the valtage at the V (+) pin can exceed the V¢
voltage by the forward voltage of this diode).

2.3.2 Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
and cause a DC current to flow through the output resis-
tances of the analog signal sources. This charge pumping
action is worse for continuous conversions with the V (+) in-
put voltage at full-scale. For continuous conversions with a
640 kHz clock frequency with the V (+) input at 5V, this DC
current is at a maximum of approximately 5 pA. Therefore,
bypass capacitors should not be used at the analog inputs or
the Ve(/2 pin for high resistance sources (> 1 kQ). If input
bypass capacitors are necessary for noise filttering and high
source resistance is desirable to minimize capacitor size, the
detrimental effects of the voltage drop across this input resis-
tance, which is due to the average value of the input current,
can be eliminated with a full-scale adjustment while the
given source resistor and input bypass capacitor are both in
place. This is possible because the average value of the in-
put current is a precise linear function of the differential input
voltage.

2.3.3 Input Source Resistance

Large values of source resistance where an input bypass ca-
pacitor is not used, will not cause errors as the input currents
settle out prior to the comparison time. If a low pass filter is
required in the system, use a low valued series resistor
(< 1 kQ) for a passive RC section or add an op amp RC ac-
tive low pass filter. For low source resistance applications,
(< 1kQ), a0.1 pF bypass capacitor at the inputs will prevent
noise pickup due to series lead inductance of a long wire. A

]
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ADCO0801/ADC0802/ADC0803/ADC0804/ADC0805

AC Electrical Characteristics (continued)

The following specifications apply for Voc=5 Ve and Ty nSTasTuax unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Units

Cour TRI-STATE Output 5 75 pF
Capacitance (Data Buffers)

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately]

Vin (1) Logical “1" Input Voltage Vee=5.25 Vpe 2.0 15 Vpe
(Except Pin 4 CLK IN)

Vi (0) Logical “0" Input Voltage Vec=4.75 Vpe , 0.8 Vbe
(Except Pin 4 CLK IN)

I (1) Logical “1" Input Current Vin=5 Vpe 0.005 1 PAcc
(All Inputs)

i (0) Logical “0" Input Current Vin=0 Ve -1 -0.005 ¥ADe
(All Inputs)

CLOCK IN AND CLOCK R

Vit CLK IN (Pin 4) Positive Going 27 3.1 35 Vpe
Threshold Voltage

Vo= CLK IN (Pin 4) Negative 15 18 2.1 Voc
Going Threshold Voltage

Vy CLK IN (Pin 4) Hysteresis 0.6 %3 20 Ve
(ViH)=(V1)

Vour (0) Logical “0” CLK R Output 16=360 pA 0.4 Vpe
Voltage Vee=4.75 Ve

Vour (1) Logical 1" CLK R Output I6=-360 pA 2.4 Voe
Voltage Vec=4.75 Vpe

DATA OUTPUTS AND INTR

Vour (0) Logical “0" Output Voltage
Data Outputs lour=1.6 MA, V=475 Ve 04 Ve
INTR Output lour=1.0 MA, V=475 Vpe 0.4 Vpe

Vs i1} Logical “1" Output Voltage 16=-360 pA, Vec=4.75 Vpe 24 Voe

Vour (1) Logical “1" Output Voltage lo==10 pA, Vcc=4.75 Ve 4.5 Voe

lout TRI-STATE Disabled Output Vour=0 Vpe =3 vApc
Leakage (All Data Buffers) Vour=5 Vpc 3 HAGc

Isource Vour Short to Gnd, T,=25C 4.5 6 mApc

laini Vour Short to Ve, To=25C 9.0 16 mApe

POWER SUPPLY

lee Supply Current (Includes feLk=640 kHz,
Ladder Current) Vrer/2=NC, T,=25C

ard CS =5V

ADCO0801/02/03/041.CJ/05 11 1.8 mA
ADCO0804LCN/LCWM 19 2.5 mA

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions

Note 2: All vottages are measured with respect to Gnd. unless otherwise specified. The separate A Gnd point should always be wired to the D Gnd
Note 3: A zener diode exists, internally, from V¢ to Gnd and has a typical breakdown vottage of 7 Ve

Note 4: For Viy(-)2 Vin(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see block diagram) which will forward conduct
for analog input voltages one diode drop below ground or one diode drop greater than the Ve supply. Be careful, during testing at low V¢ levels (4.5V), as high
level analog inputs (5V) can cause this input diode to conduct-especially at elevated temperatures, and cause errors foranalog inputs near full-scale. The spec allows
50 mV forward bias of either diode. This means that as long as the analog Vg does not exceed the supply voltage by more than 50 mV, the output code will be correct.

To achieve an absolute 0 Vp o 5 Vg input voltage range will therefore require a minimum supply voltage of 4.950 Vp over temperature variations, initial tolerance
and loading

Note 5: Accuracy is guaranteed at fo x = 640 kHz. At higher clock frequencies accuracy can degrade. For lower clock frequencies, the duty cycle limits can be ex-
tended so long as the minimum clock high time interval or minimum clock low time interval is no less than 275 ns.

Note 6: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process. The
start request is internally latched, see Figure 4 and section 2.0

www.national.com 4




Functional Description (continued)

“17 = RESET SHIFT REGISTER

“0” = BUSY AND DUIESCENT STATE

B
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Note 13: TS shown twice for clarity
Note 14: SAR = Successive Approximation Register.

FIGURE 4. Block Diagram

After the “1" is clocked through the 8-bit shift register (which
completes the SAR search) it appears as the input to the
D-type latch, LATCH 1. As soon as this “1" is output from the
shift register, the AND gate, G2, causes the new digital word
to transfer to the TRI-STATE output latches. When LATCH 1
is subsequently enabled, the Q output maxes a high-to-low
transition which causes the INTR F/F to set. An inverting
buffer then supplies the INTR input signal.

Note that this SET control of the INTR F/F remains low for 8
of the external clock periods (as the internal clocks run at &
of the frequency of the external clock). If the data output is
continuously enabled (CS and RD both held low), the INTR
output will still signal the end of conversion (by a high-to-low
transition), because the SET input can control the Q output
of the INTR F/F even though the RESET input is constantly
at a “1" level in this operating mode. This INTR output will
therefore stay low for the duration of the SET signal, which is
8 periods of the external clock frequency (assuming the A/D
is not started during this interval)

When aperating in the free-running or continuous conversion
mode (INTR pin tied to WR and CS wired low— see also
section 2.8), the START F/F is SET by the high-to-low tran-
sition of the INTR signal. This resets the SHIFT REGISTER

which causes the input to the D-type latch, LATCH 1, to go
low. As the latch enable input is still present, the C_Joutput will
go high, which then allows the INTR F/F to be RESET. This
reduces the width of the resulting INTR output pulse to only
a few propagation delays (approximately 300 ns).

When data is to be read, the combination of both CS and RD

being low will cause the INTR F/F to be reset and the
TRI-STATE output latches will be enabled to provide the 8-bit

digital outputs.

2.1 Digital Control Inputs

The digital control inputs (CS, RD, and \—N_R_) meet standard
T2L logic voltage levels. These signals have been renamed
when compared to the standard A/D Start and Output Enable
labels. In addition, these inputs are active low to allow an
easy interface to microprocessor control busses. For
non-microprocessor based applications, the CS input (pin 1)
can be grounded and the standard A/D Start function is ob-
tained by an active low pulse applied at the WR input (pin 3)
and the Output Enable function is caused by an active low
pulse at the RD input (pin 2).

www.national.com
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Functional Description (continued)

2.2 Analog Differential Voltage Inputs and
Common-Mode Rejection

This A/D has additional applications flexibility due to the ana-
log differential voltage input. The V,\(-) input (pin 7) can be
used to automatically subtract a fixed voltage value from the
input reading (tare correction). This is also useful in 4 mA—20
mA current loop conversion. In addition, common-mode
noise can be reduced by use of the differential input.

The time interval between sampling V,n(+) and V () is 4-75
clock periods. The maximum error voltage due to this slight
time difference between the input voltage samples is given
by:

4.5
AVe(MAX) = (Vp) (27rfem) (E; )

where:
AV, is the error voltage due to sampling delay
Vp is the peak value of the common-mode voltage
fem is the common-mode frequency

As an example, to keep this error to ¥4 LSB (~5 mV) when
operating with a 60 Hz common-mode frequency, f,,, and
using @ 640 kHz A/D clock, e, would allow a peak value of
the common-mode voltage, Vp, which is given by:

S [AVemax) (foLk)]
p = ——e(MAX) TCLK)!

(27rigm) (4.5)
or
_ (5 X 1073) (640 103)
P T (6.28)(60) (4.5)
which gives
Vp=1.9V.

The allowed range of analog input voltages usually places
more severe restrictions on input common-mode noise lev-
els.

An analog input voltage with a reduced span and a relatively
large zero offset can be handled easily by making use of the
differential input (see section 2.4 Reference Voltage).

2.3 Analog Inputs
2.3 1 Input Current

Normal Mode

Due to the intemal switching action, displacement currents
will flow at the analog inputs. This is due to on-chip stray ca-
pacitance to ground as shown in Figure 5.
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FIGURE 5. Analog Input Impedance

The voltage on this capacitance is switched and will result in
currents entering the V,(+) input pin and leaving the V,(-)
input which will depend on the analog differential input volt-
age levels. These current transients occur at the leading
edge of the intemal clocks. They rapidly decay and do not
cause errors as the on-chip comparator is strobed at the end
of the clock period.

Fault Mode

If the voltage source applied to the V|\(+) or V,y(-) pin ex-
ceeds the allowed operating range of Vc+50 mV, large in-
put currents can flow through a parasitic diode to the Vcc
pin. If these currents can exceed the 1 mA max allowed
spec, an external diode (1N914) should be added to bypass
this current to the V¢ pin (with the current bypassed with
this diode. the voltage at the V,(+) pin can exceed the V.
voltage by the forward voltage of this diode).

2.3.2 Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
and cause a DC current to flow through the output resis-
tances of the analog signal sources. This charge pumping
action is worse for continuous conversions with the V,(+) in-
put voltage at full-scale. For continuous conversions with a
640 kHz clock frequency with the V,(+) input at 5V, this DC
current is at a maximum of approximately 5 pA. Therefore,
bypass capacitors should not be used at the analog inputs or
the Vie£/2 pin for high resistance sources (> 1 k<), If input
bypass capacitors are necessary for noise filtering and high
source resistance is desirable to minimize capacitor size, the
detrimental effects of the voltage drop across this input resis-
tance, which is due to the average value of the input current,
can be eliminated with a full-scale adjustment while the
given source resistor and input bypass capacitor are both in
place. This is possible because the average value of the in-
put current is a precise linear function of the differential input
voltage.

2.3.3 Input Source Resistance

Large values of source resistance where an input bypass ca-
pacitor is not used, will not cause errors as the input currents
settle out prior to the comparison time. If a low pass filter is
required in the system, use a low valued series resistor
(s 1 kQ) for a passive RC section or add an op amp RC ac-
tive low pass filter. For low source resistance applications.,
(€ 1kQ), 2 0.1 pF bypass capacitor at the inputs will prevent
noise pickup due to series lead inductance of a long wire. A
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Functional Description (continued)
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FIGURE 8. Self-Clocking the A/D

Heavy capacitive or DC loading of the clock R pin should be
avoided as this will disturb normal converter operation.
Loads less than 50 pF, such as driving up to 7 A/D converter
clock inputs from a single clock R pin of 1 converter, are al-
lowed. For larger clock line loading, a CMOS or low power
TTL buffer or PNP input logic should be used to minimize the
loading on the clock R pin (do not use a standard TTL
buffer).

2.7 Restart During a Conversion

If the A/D is restarted (CS and WR go low and return high)
during a conversion, the converter is reset and a new con-
version is started. The output data latch is not updated if the
conversion in process is not allowed to be completed, there-
fore the data of the previous conversion remains in this latch.
The INTR output simply remains at the “1" level.

2.8 Continuous Conversions

For operation in the free-running mode an initializing pulse
should be used, following power-up, to ensure circuit opera-
tion. In this application, the CS input is grounded and the WR
input is tied to the INTR output. This WR ard INTR node
should be momentarily forced to logic low following a
power-up cycle to guarantee operation.

2.9 Driving the Data Bus

This MOS A/D, like MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry, which is tied to the data
bus, will add to the total capacitive loading, even in
TRI-STATE (high impedance mode). Backplane bussing
also greatly adds to the stray capacitance of the data bus.
There are some alternatives available to the designer to
handle this problem. Basically, the capacitive loading of the
data bus slows down the response time, even though DC
specifications are still met. For systems operating with a
relatively slow CPU clock frequency, more time is available
in which to establish proper logic levels on the bus and there-
fore higher capacitive loads can be driven (see typical char-
acteristics curves).

At higher CPU clock frequencies time can be extended for
I/0 reads (and/or writes) by inserting wait states (8080) or
using clock extending circuits (6800).

Finally, if time is short and capacitive loading is high, external
bus drivers must be used. These can be TRI-STATE buffers

(low power Schottky such as the DM74LS240 series is rec-
ommended) or special higher drive current products which
are designed as bus drivers. High current bipolar bus drivers
with PNP inputs are recommended.

2.10 Power Supplies

Noise spikes on the V¢ supply line can cause conversion
errors as the comparator will respond to this noise. A low in-
ductance tantalum filter capacitor should be used close to
the converter V¢ pin and values of 1 pF or greater are rec-
ommended. If an unregulated voltage is available in the sys-
tem, a separate LM340LAZ-5.0,.TO-92, 5V voltage regulator
for the converter (and other analog circuitry) will greatly re-
duce digital noise on the V. supply.

2.11 Wiring and Hook-Up Precautions

Standard digital wire wrap sockets are not satisfactory for
breadboarding this A/D converter. Sockets on PC boards
can be used and all logic signal wires and leads should be
grouped and kept as far away as possible from the analog
signal leads. Exposed leads to the analog inputs can cause
undesired digital noise and hum pickup, therefore shielded
leads may be necessary in many applications.

A single point analog ground that is separate from the logic
ground points should be used. The power supply bypass ca-
pacitor and the self-clocking capacitor (if used) should both
be returned to digital ground. Any Vrge/2 bypass capacitors,
analog input filter capacitors, or input signal shielding should
be returned to the analog ground point. A test for proper
grounding is to measure the zero error of the A/D converter.
Zera ermars in excess of ¥4 LSB can usually be traced ta im-
proper board layout and wiring (see section 2.5.1 for mea-
suring the zero error).

3.0 TESTING THE A/D CONVERTER

There are many degrees of complexity associated with test-
ing an A/D converter. One of the simplest tests is to apply a
known analog input voltage to the converter and use LEDs to
display the resulting digital output code as shown in Figure 9.

For ease of testing, the Vgee/2 (pin 9) should be supplied
with 2.560 V¢ and a V¢ supply voltage of 5.12 Vi should
be used. This provides an LSB value of 20 mV.

If a full-scale adjustment is to be made, an analog input volt-
age of 5.090 V¢ (5.120—-1%2 LSB) should be applied to the
Vin(#) pin with the V(=) pin grounded. The value of the
Vreg/2 input voltage should then be adjusted until the digital
output code is just changing from 1111 1110 to 1111 1111.
This value of Vgee/2 should then be used for all the tests.

The digital output LED display can be decoded by dividing
the 8 bits into 2 hex characters, the 4 most significant (MS)
and the 4 least significant (LS). Table 1 shows the fractional
binary equivalent of these two 4-bit groups. By adding the
voltages obtained from the “VMS” and “VLS" columns in
Table 1, the nominal value of the digital display (when
Vger/2 = 2.560V) can be determined. For example, for an
output LED display of 1011 0110 or B6 (in hex), the voltage
values from the table are 3.520 + 0.120 or 3.640 V. These
voltage values represent the center-values of a perfect A/D
converter. The effects of quantization error have to be ac-
counted for in the interpretation of the test results.
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ADCO0801/ADC0802/ADC0803/ADC0804/ADC0805

Functional Description (continued)
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FIGURE 9. Basic A/D Tester

For a higher speed test system, or to obtain plotted data, a
digital-to-analog converter is needed for the test set-up. An
accurate 10-bit DAC can serve as the precision voltage
source for the A/D. Errors of the A/D under test can be ex-
pressed as either analog voltages ordifferences in 2 digital
words. ‘

A basic A/D tester that uses a DAC and provides the error as
an analog output voltage is shown in Figure 8. The 2 op
amps can be eliminated if a lab DVM with a numerical sub-
traction feature is available to read the difference vonage,
“A-C", directly. The analog input voltage can be supplied by
a low frequency ramp generator and an X-Y plotter can be
used to provide analog error (Y axis) versus analog input (X
axis).

For operation with a microprocessor or a computer-based
test system, it is more convenient to present the errors digi-
tally. This can be done with the circuit of Figure 11, where the
output code transitions can be detected as the 10-bit DAC is
incremented. This provides V4 LSB steps for the 8-bit A/D un-
der test. If the results of this test are automatically plotted
with the analog input on the X axis and the error (in LSB's)
as the Y axis, a useful transfer function of the A/D under test
results. For acceptance testing, the plot is not necessary and
the testing speed can be increased by establishing internal
limits on the allowed error for each code.

4.0 MICROPROCESSOR INTERFACING

To dicuss the interface with 8080A and 6800 microproces-
sors, a common sample subroutine structure is used. The
microprocessor starts the A/D, reads and stores the results
of 16 successive conversions, then returns to the user's pro-
gram. The 16 data bytes are stored in 16 successive
memory locations. All Data and Addresses will be given in
hexadecimal form. Software and hardware detaifs are pro-
vided separately for each type of microprocessor.

4.1 Interfacing 8080 Microprocessor Derivatives (8048,
8085)

This converter has been designed to directly interface with
derivatives of the 8080 microprocessor. The A/D can be
mapped into memory space (using standard memory ad-
dress decoding for CS and the MEMR and MEMW strobes)
or it can be controlled as an I/O device by using the /0 R
and /O W strobes and decoding the address bits A0 — A7
(or address bits A8 — A15 as they will contain the same 8-bit
address information) to obtain the TS input. Using the /O
space provides 256 additional addresses and may allow a
simpler 8-bit address decoder but the data can only be input
to the accumulator. To make use of the additional memory
reference instructions, the A/D.should be mapped into
memory space. An example of an A/D in I/O space is shown
in Figure 12.
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Inverting Octal 3-STATE Buffer « Octal 3-STATE Buffer

General Description

The MM74HC540 and MM74HC541 3-STATE buffers uti-
lize advanced silicon-gate CMOS technology. They pos-
sess high drive current outputs which enable high speed
operation even when driving large bus capacitances.
These circuits achieve speeds comparable to low power
Schottky devices, while retaining the advantage of CMOS
circuitry, i.e., high noise immunity, and low power consump-
tion. Both devices have a fanout of 15 LS-TTL equivalent
inputs.

The MM74HC540 is an inverting buffer and the
MM74HC541 is a non-inverting buffer. The 3-STATE con-
trol gate operates as a two-input NOR such that if either G1
or G2 are HIGH, all eight outputs are in the high-imped-
ance state.

In order to enhance PC board layout, the MM74HC540 and
MM74HC541 offers a pinout having inputs and outputs on
opposite sides of the package. All inputs are protected from
damage due to static discharge by diodes to Vo and
ground.

Features

M Typical propagation delay: 12 ns

M 3-STATE outputs for connection to system buses

M Wide power supply range: 2-6V

B Low quiescent current: 80 pA maximum (74HC Series)
B Output current: 6 mA

Ordering Code:

Order Number | Package Number Package Description
MM74HC540WM M20B 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300" Wide
MM74HC540SJ M20D 20-Lead Small Outline Package (SOP), EIAJ TYPE Il, 5.3mm Wide
MM74HCS40MTC MTC20 20-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
MM74HCS540N N20A 20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
MM74HC541WM M20B 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300" Wide
MM74HC541SJ M20D 20-Lead Small Outline Package (SOP), EIAJ TYPE I, 5.3mm Wide
MM74HCS541MTC MTC20 20-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
MM74HC541N N20A 20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter “X” to the ordering code.

Connection Diagrams

Pin Assignments for DIP, SOIC, SOP and TSSOP
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Philips Semiconductors

QOctal D-type transparent latch; 3-state
ﬁ

FEATURES

e Inputs and outputs on opposite
sides of package allowing easy
interface with microprocessors

Useful as input or output port for
microprocessors/microcomputers

3-state non-inverting outputs for
bus oriented applications

e Common 3-state output enable
input

Functionally identical to the “563"
and “373”

e Output capability: bus driver

e |cc category: MSI

QUICK REFERENCE DATA
GND=0V;Tamp=25°C; t,=t=6ns

GENERAL DESCRIPTION

The 74HC/HCT573 are high-speed
Si-gate CMOS devices and are pin
compatible with low power Schottky
TTL (LSTTL). They are specified in
compliance with JEDEC standard no.
TA.

The 74HC/HCT573 are octal D-type
transparent latches featuring
separate D-type inputs for each latch
and 3-state outputs for bus oriented
applications.

A latch enable (LE) input and an
outputenable (OE) input are common
to all latches.

The “573" consists of eight D-type
transparent latches with 3-state true
outputs. When LE is HIGH, data at

Product specification

74HC/HCTS573

the Dy, inputs enter the latches. In this
condition the latches are transparent,
i.e. a latch output will change state
each time its corresponding D-input
changes.

When LE is LOW the latches store the
information that was present at the
D-inputs a set-up time preceding the
HIGH-to-LOW transition of LE.
When OE is LOW, the contents of the
8 latches are available at the outputs.
When OE is HIGH, the outputs go to
the high impedance OFF-state.
Operation of the OE input does not
affect the state of the latches.

The “573" is functionally identical to
the “563" and "373", but the "563" has
inverted outputs and the “373" has a
different pin arrangement.

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
tpHy tPLH propagation delay CL=15pF;Vgc =5V
D, to Q, 14 17 ns
LE to Q, 15 15 ns
C input capacitance 3.5 35 pF
Cpp power dissipation capacitance per latch | notes 1 and 2 26 26 pF
Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in W):
Pp = Cpp x VCCZ X f+2 (Cp x VCC2 x fo) where:
fi = input frequency in MHz; f, = output frequency in MHz

2 (Cp x Vg2 x f,) = sum of outputs

C = output load capacitance in pF; V¢ = supply voltage in V

N

ORDERING INFORMATION

See “74HC/HCT/HCU/HCMOS Logic Package Information”.

December 1990

For HC the condition is V| = GND to V¢c; for HCT the condition is VV, = GND to Vec- 1.5V
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Product

specification

Qctal D-type transparent latch; 3-state (4HC/HCT573
FUNCTION TABLE
OPERATING INPUTS INTERNAL | OUTPUTS
MODES OE | LE | Dy |LATCHES Qg to Qy
enable and read L H L L L
b ool register L H H H H
: D‘o : : e (transparent mode)
4|02 | - Q217 latch and read L L | L L
5103 S R T p— :3 16 register L | L h H H
D,
" — '"° — Aol latch register and H| L I L z
o108 : I Q6|13 disable outputs H L h H Z
9{09 Q112
Notes
nfte {
1]5e j 1. H=HIGH voltage level
w4 h = HIGH voltage level one set-up time prior to the HIGH-to-LOW
LE transition
L = LOW voltage level
I = LOW voltage level one set-up time prior to the HIGH-to-LOW
LE transition
Z = high impedance OFF-state
Fig.4 Functional diagram.
0g 0, 0, 03 D4 Og Og 0,
D Q D a B) 0 0O o a o 3o D Qph 0o a
LATCH LATCH LATCH LATCH LATCH LATCH LATCH LATCH
1 2 3 4 S 6 o4 8
e LE E LE [ e CE CE
LE —Dc
3 —Dc [ [ I
Qg Q, Q, Q, Q, Qg Q Q,

Fig.5 Logic diagram.
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= DALLAS DS1307

® SEMICONDUCTOR 64 X 8 Serial Real Time Clock

FEATURES PIN ASSIGNMENT
= Real time clock counts seconds, minutes,
hours, date of the month, month, day of the

week, and year with leap year compensation
valid up to 2100

= 56 byte nonvolatile RAM for data storage

= 2-wire serial interface

=  Programmable squarewave output signal

x1 1~ 8 3 Ve

X2 ) 2 7 [ sQw/ouT
Vear ] 3. epscL
oND 4 5 [IsDA

DS1307 8-Pin DIP (300 mil)

R . i X1 | ! 8 [ Ve
= Automatic power-fail detect and switch aitz. 7 kmsawsour
circuitry ‘ Vear@}{3 6 [ SCL
= Consumes less than 500 nA in battery backup onomls s mspa

mode with oscillator running

; ) : DS1307Z 8-Pin SOIC (150 mil)
= Optional industrial temperature range

-40°C to +85°C

= Available in 8-pin DIP or SOIC PIN DESCRIPTION

= Recognized by Underwriters Laboratory 5. - Primary Power Supply
X1, X2 - 32.768 kHz Crystal Connection
VBAT - +3V Battery Input

ORDERING INFORMATION GND S (irathd

DS1307 8-Pin DIP SDA - Serial Data

DS1307Z2 8-Pin SOIC (150 mil) SCE - Serial Clock

DS1307N 8-Pin DIP (Industrial) SQW/OUT - Square wave/Output Driver

DS1307ZN 8-Pin SOIC (Industrial)

DESCRIPTION

The DS1307 Serial Real Time Clock is a low power, full BCD clock/calendar plus 56 bytes of
nonvolatile SRAM. Address and data are transferred serially via a 2-wirc bi-directional bus.  The
clock/calendar provides seconds, minutes, hours, day, date, month, and year information. The cnd of the
month date is automatically adjusted for months with less than 31 days, including corrections for lcap
year. The clock operates in either the 24-hour or 12-hour format with AM/PM indicator. The DS1307
has a built-in power sense circuit which detects power failures and automatically switches to the battery
supply.

lof 11 081800



DS1307

OPERATION

The DS1307 operates as a slave device on the serial bus. Access is obtained by implementing a START
condition and providing a device identification code followed by a register address. Subscquent registers
can be accessed sequentially until a STOP condition is executed. When V¢ falls below 1.25 x Vatthe
device terminates an access in progress and resets the device address counter. Inputs to the device will
not be recognized at this time to prevent erroneous data from being written to the device from an out of
tolerance system. When V¢ falls below Vpat the device switches into a low current battery backup
mode. Upon power up, the device switches from battery to Ve when Vecis greater than Var +0.2V and

recognizes inputs when Vcc is greater than 125 x Vgat. The block diagram in Figure 1 shows the main
elements of the Serial Real Time Clock.

DS1307 BLOCK DIAGRAM Figure 1

OSCILLATOR RTC
AND DIVIDER

|

SQUARE WAVE

SQW/OUT ~=—— ouT o

RAM
(56 X 8)
CONTROL
LOGIKC

Vec T T
e R
GND ——— L
SCL —

SERIAL BUS ADDRESS ————">
INTERFACE REGISTER =
SDA <+—

SIGNAL DESCRIPTIONS

Vcee, GND - DC power is provided to the device on these pins. Ve is the +5 volt input. When 5 volts is
applied within normal limits, the device is fully accessible and data can be written and ‘rcad. When a
3-volt battery is connecied to the device and Ve is below 1.25 x Vgar, reads and writes arc inhibited.
However, the Timekeeping function continues unaffected by the lower input voltage. As V¢ falls below
Vgat the RAM and timekeeper are switched over to the external power supply (nominal 3.0V DC) at
VBar.

Vgar - Battery input for any standard 3-volt lithium cell or other energy source. Battery voltage must be
held between 2.0 and 3.5 volts for proper operation. The nominal write protect trip point voltage at which
access to the real time clock and user RAM is denied is set by the internal circuitry as 1.25 x Viar

nominal. A lithium battery with 48 mAhr or greater will back up the DS1307 for morc than 10 ycars in
the absence of power at 25 degrees C.
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DSI1307

SCL (Serial Clock Input) - SCL is used to synchronize data movement on the serial interface.

SDA (Serial Data Input/Output) - SDA is the input/output pin for the 2-wire serial interface. The SDA
pin is open drain which requires an external pullup resistor.

SQW/OUT (Square Wave/ Output Driver) - When enabled, the SQWE bit set to 1, the SQW/OUT pin
outputs one of four square wave frequencies (1 Hz, 4 kHz, 8 kHz, 32 kHz). The SQW/OUT pin is open
drain which requires an external pullup resistor. SQW/OUT will operate with either Vee or Vbat applied.

X1, X2 - Connections for a standard 32.768 kHz quartz crystal. The internal oscillator circuitry is
designed for operation with a crystal having a specificd load capacitance (CL) of 12.5 pF.

For more information on crystal selection and crystal layout considerations, please consult Application
Note 58, “Crystal Considerations with Dallas Real Time Clocks.” The DS1307 can also be driven by an

external 32.768 kHz oscillator. In this configuration, the X1 pin is connccted to the external oscillator
signal and the X2 pin is floated.

Please review Application Note 95, “Interfacing the DS1307 with a 8051-Compatible Microcontroller”
for additional information.

RTC AND RAM ADDRESS MAP
The address map for the RTC and RAM registers of the DS1307 is shown in Figure 2. The real time
clock registers are located in address locations 00h to 07h. The RAM registers arc located in address

locations 08h to 3Fh. During a multi-byte access. when the address pointer reaches 3Fh, the end of RAM
space, it wraps around to location 00h, the beginning of the clock space.

DS1307 ADDRESS MAP Figure 2

O00H & § 7 i AL i
SECONDS

MINUTES
HOURS
DAY
DATE
MONTH
YEAR
07H CONTROL

08H RAM
56 x 8
3FH

CLOCK AND CALENDAR

The time and calendar information is obtained by reading the appropriate register bytes. The real time
clock registers are illustrated in Figure 3. The time and calendar arc set or initialized by writing the
appropriate register bytes. The contents of the time and calendar registers arc in the Binary-Coded
Decimal (BCD) format. Bit 7 of Register 0 is the Clock Halt (CH) bit. When this bit is set to a 1, the
oscillator is disabled. When cleared to a 0, the oscillator is cnabled.

Please note that the initial power on state of all registers is not defined. Therefore it is important to
enable the oscillator (CH bit=0) during initial configuration.
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DS1307
The DS1307 can be run in cither 12-hour or 24-hour mode. Bit 6 of the hours register is defined as the
12- or 24-hour mode sclect bit. When high, the 12-hour mode is sclected. In the 12-hour mode, bit 5 is
the AM/PM bit with logic high being PM. In the 24-hour mode, bit 5 is the second 10 hour bit (20-
23 hours).

On a 2-wire START, the current time is transferred to a second set of registers. The time information is
read from these secondary registers, while the clock may continue to run. This eliminates the need to re-
read the registers in case of an update of the main registers during a read.

DS1307 TIMEKEEPER REGISTERS Figure 3

lev [ | | | | | [sm]
00H | CH 10 SECONDS SECONDS 00-59
X 10 MINUTES MINUTES 00-59
12 10 HA 01-12
X T | OHR HOURS s
X X X X X DAY 1-7
01-28/29
01-30
X X 10 DATE DATE o1
10
X X X MONTH MONTH 01-12
10 YEAR YEAR 00-99
o7H | ouT X J x | sawe| x X RS1 I RS(L]

CONTROL REGISTER

The DS1307 Control Register is used to control the operation of the SQW/OUT pin.
BIT 7 BIT 6 BITS | BIT4 | BIT3 BIT 2 BIT 1 BIT 0
ouT X X SQWE X X RSI RS0

OUT (Output control): This bit controls the output level of the SQW/OUT pin when the square wave
output is disabled. 1f SQWE=0, the logic level on the SQW/OUT pinis 1 if OUT=1 and is 0 if OUT=0.

SQWE (Square Wave Enablc): This bit, when sct to a logic 1, will enable the oscillator output. The
frequency of the square wave output depends upon the value of the RS0 and RS1 bits.

RS (Rate Select): These bits control the frequency of the square wave output when the square wave
output has been enabled. Table 1 lists the squarc wave frequencics that can be sclected with the RS bits.

SQUAREWAVE OUTPUT FREQUENCY Table 1

RS1 RSO SQW OUTPUT
FREQUENCY
0 0 1 Hz
0 1 4.096 kHz
| 0 8.192 kHz
1 1 32.768 kHz
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2-WIRE SERIAL DATA BUS

The DS1307 supports a bi-dircctional 2-wire bus and data transmission protocol. A device that sends
data onto the bus is defined as a transmitter and a device receiving data as a receiver. The device that
controls the message is called a master. The devices that are controlled by the master are referred to as
slaves. The bus must be controlled by a master device which generates the serial clock (SCL), controls
the bus access, and generates the START and STOP conditions. The DS1307 operates as a slave on the
2-wire bus. A typical bus configuration using this 2-wire protocol is show in Figure 4.

TYPICAL 2-WIRE BUS CONFIGURATION Figure 4

” ’ Ve
Rp % Rp

SDA @
2-WIRE
SERIAL DATA
BUS

SCL T

DS1307 OTHER
MICRO-

REAL TIME PERIPHERAL
PROCESSOR CLOCK DEVICE

Figures 5, 6, and 7 detail how data is transferred on the 2-wire bus.

® Data transfcr may be initiated only when the bus is not busy.
* During data transfer, the data line must remain stable whenever the clock line is HIGH. Changes in
the data line while the clock line is high will be interpreted as control signals.

Accordingly, the following bus conditions have been defined:
Bus not busy: Both data and clock lines remain HIGH.

Start data transfer: A change in the state of the data line, from HIGH to LOW, while the clock is HIGH,
defines a START condition.

Stop data transfer: A change in the state of the data line, from LOW to HIGH, while the clock line is
HIGH. defines the STOP condition.

Data valid: The state of the data line represents valid data when, after a START condition, the data line
is stable for the duration of the HIGH period of the clock signal. The data on the line must be changed
during the LOW period of the clock signal. There is one clock pulse per bit of data.

Each data transfer is initiated with a START condition and terminated with a STOP condition. The
number of data bytes transferred between START and STOP conditions is not limited, and is determined
by the master device. The information is transferred byte-wise and each receiver acknowledges with a
ninth bit.  Within the 2-wire bus specifications a regular mode (100 kHz clock rate) and a fast mode
(400 kHz clock rate) are defined. The DS1307 operates in the regular mode (100 kHz) only.
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DS1307
Acknowledge: Each receiving device, when addressed, is obliged to generate an acknowledge after the
reception of each byte. The master device must generate an extra clock pulse which is associated with
this acknowledge bit.

A device that acknowledges must pull down the SDA linc during the acknowledge clock pulse in such a
way that the SDA line is stable LOW during the HIGH period of the acknowledge related clock pulse. Of
course, setup and hold times must be taken into account. A master must signal an end of data to the slave
by not generating an acknowledge bit on the last byte that has been clocked out of the slave. In this case,
the slave must leave the data line HIGH to enable the master to generate the STOP condition.

DATA TRANSFER ON 2-WIRE SERIAL BUS Figure 5

. | Co
sbA 1\ ] l 1 { X‘ \, 1 ¢
- (.o o Sl
: st SLAVE | i
o ADDRESS - = .,
RW :
. DIRECTION ACKNOWLEDGEMENT
. 81T SIGNAL. FROM b
‘ —.,l RECEIVER

ACKNOWLEDGEMENT .
! ' SIGNAL FROM q .
' . RECEIVER ' .
j ; (| =
sct W\ [2 6\ (7\ [8\ [9 W\_ﬁ\_/ s\ |/ «
i ACK ACK -

START STOP CONDITION

CON REPEATED IF
DITION OR REPEATED
MORE BYTES ARE — ™| START CONDITION
TRANSFERRED

Depending upon the state of the R/W bit, two types of data transfcr arc possible:

1. Data transfer from a master transmitter to a slave receiver. The first byte transmitted by the
master is the slave address. Next follows a number of data bytes. The slave returns an acknowledge
bit after each received byte. Data is transferred with the most significant bit (MSB) first.

2. Data transfer from a slave transmitter to a master receiver. The {irst byte (the slave address) is
transmitted by the master. The slave then returns an acknowledge bit. This is followed by the slave
transmitting a number of data bytes. The master returns an acknowledge bit after all received bytes
other than the last byte. At the end of the last received byte, a "not acknowledge’ is returned.

The master device generates all of the serial clock pulses and the START and STOP conditions. A
transfer is ended with a STOP condition or with a repcated START condition. Since a repeated START
condition is also the beginning of the next scrial transfer, the bus will not be released. Data is transferred
with the most significant bit (MSB) first.
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The DS 1307 may opcrate in the following two modes:

1.

Slave receiver mode (DS1307 write mode): Scrial data and clock are received through SDA and
SCL. After cach bytc is received an acknowledge bit is transmitted. START and STOP conditions
are recognized as the beginning and end of a serial transfer. Address recognition is performed by
hardware after reception of the slave address and *direction bit (See Figure 6). The address byte is
the first byte reccived afler the start condition is gencrated by the master. The address byte contains

the 7 bit DS1307 address, which is 1101000, followed by the *direction bit (R/W) which, for a write,
isa 0. After receiving and decoding the address byte the device outputs an acknowledge on the SDA
line. After the DS1307 acknowledges the slave address + write bit, the master transmits a register
address to the DS1307 This will sct the register pointer on the DS1307. The master will then begin
transmitting each bytc of data with the DS1307 acknowledging cach byte received. The master will
generate a stop condition to terminate the data write.

DATA WRITE - SLAVE RECEIVER MODE Figure 6

A
H
<Slave Address> v <Word Address (n)> <Data(n)> <Data (n+1)> <Data (n+X)>

[s ] 1101000 [0 | A [ xooxooooc | & [ xoouxooox | A [ o000 | 4 [xxxoooxx [ a [P |

S - START ((

A - NOWLEDGE )
i DATA TRANSFERRED
P - STOP (X+1 BYTES + ACKNOWLEDGE}

“R/W — READ/WRITE OR DIRECTION BIT. ADDRESS = DOh

2. Slave transmitter mode (DS1307 read mode): The (irst byte is received and handled as in the slave

receiver mode. However, in this mode, the *dircction bit will indicate that the transfer direction is
reversed. Serial data is transmitted on SDA by the DS1307 while the serial clock is input on SCL.
START and STOP conditions arc recognized as the beginning and end of a serial transfer (See
Figure 7). The address byte is the {irst byte received afier the start condition is generated by the
master. The address byte contains the 7-bit DS1307 address, which is 1101000, followed by the

*direction bit (R/W ) which, for a rcad, is a 1. After receiving and decoding the address byte the
device inputs an acknowledge on the SDA line. The DS1307 then begins to transmit data starting -
with the register address pointed to by the register pointer. If the register pointer is not written to
before the initiation of a read mode the first address that is rcad is the last one stored in the register
pointer. The DS1307 must receive a Not Acknowledge to end a read.

DATA READ - SLAVE TRANSMITTER MODE Figure 7

A
2
<Slave Address>

['s [ 1101000 [ 1 [ A 0000000 [ & | 300000xx | A | 0000000 [a oo | a P |

‘ {{ l

)/
— START
DATA TRANSFERRED
—- ACKNOWLEDGE (X+1 BYTES + ACKNOWLEDGE); NOTE: LAST DATA BYTE IS
- sTOP FOLLOWED BY A NOT ACKNOWLEDGE ( A ) SIGNAL)
~  NOT ACKNOWLEDGE

<Data(n)> <Data(n+1)> <Data (n+2)> <Data (n+X)>

>0

*R/W — READ'WRITE OR DIRECTION BIT ADDRESS =D1h
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ICL232

June 2001 +5V Powered, Dual RS-232 Transmitter/Receiver
Features Description
+ Meets All RS-232C and V.28 Specifications The ICL232 is a dual RS-232 transmitter/receiver interface
- Requires Only Single +5V Power Supply cirCU}t that me-etsI all E5IC RS-232C andI V.28 Zpe;c:ﬁtclzjauoni;v It
. requires a single + power supply, and features two
Onbioand Valtage Doub.lerllnverter onboard charge pump voltage converters which generate
* Low Power Consumption +10V and -10V supplies from the 5V supply.
* Z0rivers . The drivers feature true TTL/CMOS input compatibility, slew-
- 9V Output Swing for +5V Input rate-limited output, and 300Q power-off source impedance.
- 3002 Power-off Source Impedance The receivers can handle up to +30V, and have a 3k to 7kQ
- Output Current Limiting input impedance. The receivers also have hysteresis to
- TTUCMOS Compatible improve noise rejection.
- 30V/us Maximum Slew Rate 5 .
- Ordering Information
* 2 Receivers
- 130V Input Voltage Range TEMP. PKG.
- 3kQ to 7k Input Impedance PART NUMBER | RANGE (°C) PACKAGE NO.
- 0.5V Hysteresis to Improve Noise Rejection
« All Critical Parameters are Guaranteed Over the Entire | 'C-232CPE Qo70  1MQLRPDIP E163
Commercial, Industrial and Military Temperature Ranges
. . ICL232CBE 0to 70 16 Ld SOIC M16.3
Applications
* Any System Requiring RS-232 Communications Port ICL232IPE 401085 |16 Ld PDIP E16.3
- Computer - Portable and Mainframe
- Peripheral - Printers and Terminals ICL232IBE 401085 |16LdSOIC M16.3
- Portable Instrumentation
- Modems ICL232MJE 5510125 |16 Ld CERDIP  |F16.3
- Dataloggers
Pinout Functional Diagram
ICL232 (PDIP, CERDIP, SOIC) o
TOP VIEW b2
1-°¥‘Fi 16 l
E ~ :| 1 > \ J, :
Ci+]1 16| v, P cc 1uF
o 14F N bl +5V TO 10V ve [*
v+ E 15] eno T_3];,. VOLTAGE INVERTER
ad rorm
bt K- 14] Ttour wEL* “ovto-ov  lg
& 2
Cae E 1—3_| - T_S]c, VOLTAGE INVERTER ——-%3 AF
ol =
c2- E E Rigut Ti M D‘ LI
V16 EI TN +5V T2
10 7
T2y 2] L » T20u7
T2 T2
out E E N - 12 13 R1
ourt < N
Rz | 8 9 | R2gut R<]I1 ism
= 8
R2oyT < aq R2in
R2 5kQ
T
CAUTION. These dev are sensitive (0 electrostalic discharge, follow proper IC Handling Pracedures. R
1-888-INTERSIL or 321-724-7143 l Intersil and Des?gr'\cevssa :aderr‘:ar:eoi Intersil Americas Inc. | Copyright © Intersil Americas Inc. ;001 File Number 3020'6
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Absolute Maximum Ratings

VectoGround .. ............ ... ... .. (GND-0.3V) < Ve < 6V
V+toGround ........... ... ... ... .. (Vee -0.3V) < V+ < 12V
V-toGround.................... ... -12V < V- < (GND +0.3V)
Input Voltages

TN T2Ne oo (V--0.3V) < V) < (V+ +0.3V)

R1IN: R2|N ...................................... +30V
Output Voltages

Tlour. T20uT - -+ oo ov - . (V--0.3V) < Vrxour < (V+ +0.3V)

Rlout. R20yt. .- ... ... (GND -0.3V) < VrxouT < (Ve +0.3V)
Short Circuit Duration

TloUT, T20UT « - oo oo Continuous

R1oUT. R20UT- - Continuous

Operating Conditions

Temperature Ranges
HOL232C ;o s a5 05 55 555 mn o vmm e i v m s s 3 2 5 0 0°C to 70°C
ICL2B21 . i v 5 s e 2 mie s vomm e e i v s -40°C to 85°C
......-55°C 10 125°C

Thermal Information

Thermal Resistance (Typical, Note 1) 8,34 (°CW) 8¢ (PCW)

CERDIP Package ................ 80 18
PDIPPackage................... 100 N/A
SOICPackage. . ................. 100 N/A

Maximum Junction Temperature

PlasticPackages............................. .. .. 150°C
CeramicPackage .................. ... ... ... .. 175°C
Maximum Storage Temperature Range . ... ... ... -65°C to 150°C
Maximum Lead Temperature (Soldering 10s). .. .... ... ... 300°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

1. 8 is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications
Unless Otherwise Specified

Test Conditions: Ve = +5V +10%, Ta = Operating Temperature Range. Test Circuit as in Figure 8

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Transmitter Output Voltage Swing, ToyT T1oyTtand T2gyt Loaded with 3kQ +5 +9 +10 \%
to Ground
Power Supply Current, Icc Outputs Unloaded, Tp = 25°C - 5 10 mA
Tin. Input Logic Low, V) - - 0.8 \
Tin, Input Logic High, Viy 2.0 - - \%
Logic Pullup Current, Ip TN, T2y = OV - 15 200 pA
RS-232 Input Voltage Range, Vy -30 - +30 A\
Receiver Input Impedance, Ry Vin = 23V 3.0 5.0 7.0 kQ
Receiver Input Low Threshold, Vy (H-L) Voo =5V, Ta = 25°C 08 12 - \%
Receiver Input High Threshold, Vi (L-H) Vee =5V, Ta = 25°C - 1.7 2.4 \"
Receiver Input Hysteresis, ViyygT 0.2 0.5 1.0 v
TTL/CMOS Receiver Output Voltage Low, Vo, | loyt = 3.2mA - 0.1 0.4 \
TTL/CMOS Receiver Output Voltage High, Vou | loyt = -1.0mA 35 46 - \
Propagation Delay, tpp RS-232 to TTL - 0.5 - s
Instantaneous Slew Rale, SR €L = 10pF, Ry = 3k1), T4 = 25°C = 2 30 Vs
{Notes 2, 3)
Transition Region Slew Rate, SRy R, = 3kQ, C_ = 2500pF Measured - 3 - Vius
from +3V 1o =3V or =3V to +3V
Output Resistance, Royt Vee = V+ = V- =0V, VoyT = 2V 300 - - Q
RS-232 Output Short Circuit Current, Isc TlouTt or T2pyT Shorted to GND - +10 - mA

NOTES:
2. Guaranteed by design.
3. See Figure 4 for definition.
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Test Circuits

+4.5V TO

+5.5V INPUT

—\J
v+ GND |15 }j
o Tour[iUp—d—y
T1 OUTPUT =
P 4 |C2+ Rin (13 RS-232
122 130V INPUT
:LE ks Riour |12 OUTPLN:? N
1uF C4
_.IE“_E V- Thy [11 ] LICMOS
ol TIL/ICMOS
7 | T20ut T2iy |10
L r2oUteur <] 7] 1 INPUT
RS-232 9 TTL/CMOS
130V INPUT Rz R2out } OUTPUT

FIGURE 1. GENERAL TEST CIRCUIT

—

Vee

GND

C1-

Tiour
C2+ R1y

C2- Rioyur

V- TN

7 | T20ut T2y

Ry R2out

c l-nll.a,l.all.;l Py =y -
-4 © o - N w Lb (3} o

Rout =Vinl T2

Hwe | [x
>—.—

TiouTt

FIGURE 2. POWER-OFF SOURCE RESISTANCE
CONFIGURATION

Typical Performance Curves

550 . :
1 1
500 [ —— ! 1
e} = 1 |
p = 950 \ V- SUPPLY
g 450 | Ta=25°C : ‘
z EXTERNAL SUPPLY LOAD | \ 2
S 400|1kQ BETWEEN V++GND — —
w OR V-+ GND | i
E  350| rRANSMITTER OUTPUT ;
E OPEN CIRCUIT : .
o 300 | GUARANTEED T
? , OPERATING
gn, 4 V+ SUPPLY T« RANGE -
+
P——— !
> 200 == == =
| I A\
150
3 4 5 6

FIGURE 3. V+, V- OUTPUT IMPEDANCES vs Ve

INPUT SUPPLY VOLTAGE V¢ (V)

liLoapl (mA)

10
e S
9 —
~ v I~ V+ (Vee = 5V)
Z 8N V+ (Ve = 4.5V)
w \ I~
3 - ™S D
g g BN ~—
> .
5 6 V- (Voe = 4.5V) \ V- (Ve = 5V)
o
o q N
33 N \
o |Ta=25°C N\
TRANSMITTER OUTPUTS N
OPEN CIRCUIT \
3 e A Y .
0 1 2 3 4 s 6 7 8 9 10

FIGURE 4. V+, V- OUTPUT VOLTAGES vs LOAD CURRENT

Pin Descriptions

PDIP, CERDIP Soic PIN NAME DESCRIPTION
1 1 C1+ External capacitor “+" for internal voltage doubler.
2 2 V+ Internally generated +10V (typical) supply.
3 3 C1- External capacitor “-" for intemal voltage doubler.
4 4 C2+ External capacitor “+" intemal voltage inverter.
5 5 C2- External capacitor “-" internal voltage inverter.
6 6 V- Internally generated -10V (typical) supply.
7 7 T20ut RS-232 Transmitter 2 output 10V (typical).
8 8 R2)n RS-232 Receiver 2 input, with internal 5K pulldown resistor to GND.
9 9 R2out Receiver 2 TTL/CMOS output.
10 10 2N Transmitter 2 TTL/CMOS input, with internal 400K puilup resistor to V.
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