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SYNOPSIS

This project outlines the design and fabrication
of a basic form of a low cost Digital storage front-enad
attachment to a general purpose oscilloscope. This
enhances the capabilities of the oscilloscope to analyze
transient events which are non-repetitive.The front-end
unit is based on a INTEL 8085 micro-processor trainer
with the interfacing of necessary A/D and D/A conversion
circuits and trigger circuifs. The necessary software
for the proper functioning of the uanit is alsc

developed.
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INTRODUCTION



CHAPTER 1
INTRODUCTION

The cathode ray oscilloscope is probably the most
versatile tool for the development of electronic
circuits and systems.It is widely used in servicing of
all types of electronic equipments. While it is capable
of displaying waveforms of events that take place over
periods of micro seconds to seconds, it has a number of
limitations. First, the accuracy of measurements
obtainable through oscilloscope is of the order of +3%
only. Then it can only display on the screen as a
stationary waveform if the event is a periodic one. The
non-periodic events will produce a trace on the screen
which will appear for a fraction of a second and then

disappear.

For analysing such events either we have to make &
photographic record of the waveform appearing on  the
screen or we have to use specially developed storage
type of oscilloscopes. The photographic recording of the
waveform and analysing it could be quite irksome to the

user since the time taken to process the film might



take several hours to days depending on the facilities
available. Whereas the storage type oscilloscope produce
a image due to the event on the screen as long as the
power supply is turned on and facilitates the analysis
of the electronic circuit without any delays,the cost of
the storage type of oscilloscope is very high and is not
within the reach of all service personnel of electronic
equipments. With the advent of VLSI technoliogy
development of microprocessor based systems are cheaper
and any dedicated system could be realized for a total
cost of a few thousand rupees only. The subsequent
chapters of the project outlines the design and
fabrication of a microprocessor based front end digital
storage attachment to a general purpose oscilloscope in
its basic form and it could be easily modified to
provide all the facilities available in a sophisticated

digital storage oscilloscope.
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CHAPTER 2

PRINCIPLE OF OPERATION

Two types of storage oscilloscope are available.
The earlier version is based on a special type of
cathode ray tube which can store the information written
on the screen of the scope by storing the information as
charges retained by the bi-stable action of the mosaic
of dots on the fluorescent screen. This type of
oscilloscope can retain the stored lmage as long as the
supply is on and if a permanent record of the waveform
is required a photograph of the same has to be taken.
such oscilloscope are known as analog storage

oscilloscopes.

The present day oscilloscopes are of the dig‘ital'
storage type. They sample the input waveforms at close
intersects and convert the data ints digital form and
stores them in consequtive memory locations. Then they
are outputed in the same sequence and converted into
analog form and displayed on the screen of a normal
oscilloscope repeatedly to produce a flicker free image

on the screen. The sampling, analog to digital



conversion, storing of digital data, outputting the
digital data and conversion back to analog form are
controlled by a microprocessor clocked by a qguartz
controlled oscillator. The schematic diagram of a
typical digital storage oscilloscope is shown in Figs.
2.1 and 2.2. Since the analog signal is converted into
digital form it is possible to provide suitable output

to digital plotter to produce a hard copy output.

The proposed front end digital storage attachment
to oscilloscope is based on INTEL 8085 microprocessor
trainer. ADC 0804, which is an 8 bit A/D converter with
a typical conversion time of 100 micro seconds is used
to convert the analog input into digital form. Since no
multiplexing is done only a single trace can be stored
through a port in the memory of trainer as 1024 x 8 bit
word in the user RAM area. The stored data is outputted
through a port to DAC 0806 D/A converter. The sampling
rate, storage mode, trigger armed condition, trigger
instant are fed to the processor through another port.
The unit can store transients of 100 milliseconds/ 200
milliseconds durations and could be further extended by
a factor of % through switches on the front panel. The
outputs from the unit to the CRO are analog signal,

which could be either from the input in the NORMAL MCDE

.
W



or from the D/A converter in STORAGE MODE and a
synchronizing pulse for triggering the time base of the
CRO through EXT.TRIG.INPUT. The schematic block diagram
with the varios switch selectable controls are shown ir

Fig 2.3.
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DESIGN OF HARDWARE



CHAPTER 3

DESIGN OF HARDWARE

The hardware of the digital storage unit consists
of four sections. They are A/D converter section, D/A
converter section, mode select and trigger select and
microprocessor trainer.The <first three sections

mentioned above are interfaced to a 8085 microprocessur

i

trainer it +through the three ports of a &1

o
¢

programmable pheripheral interface chip available on the
trainer. The sampled and digitized data input is given
to port B. Mode select, trigger armed, triggered and time
base selection inputs are given to port C. Port A is
used for outputting the stored data to D/A converter and
also the trigger flip-flop reset and synchronizing

pulse outputs.

3.1 A/D CONVERTER:

The A/D Sonverter shown in Fig.3.1 is based on ADC
0804 8 bit converter with a conversion time of typically
100 microseconds. It is preceded by LF 398A sample and

hold circuit and an input unity gain buffer amplifier L¥



741. Provision is made in the input amplifier for D.C

balance adjusment through 10k potentiometer.

The ADC chip is a microprocessor compatible one

which could be interfaced directly to the microprocessor
buses.But in this scheme the output and the control
signals are interfaced through the ports of the 81L%
chip available in the trainer. The input voltage of the
ADC is 0 to +5 Volts with Vcc at +5 volts and Vref/2 at
2.5 volts. In order to accomodate bipolar input of +iC V
a resistor network is connected at the input by 3
resistors as shown in the «circuit. It could be seen by
the principle of superposition for a +10 V change at the
output of S & H circuit the actual change at the Vin+
terminal of the A/D converter is only 0 to +5 V. The
chip is enabled by always connecting the CS pin to
ground. The WRITE (start conversion) and READ [data
latching] is done by a single pulse from the processor
which updates the digital data at the falling edge and
starts the next conversion at the rising edyge of <iae
pulse.This pulse is outputed at the,samplinq rate
required. The inverted version of the WR-RD pulse is
given to the control input of the S & H chip.The data is
sampled at the higa level of the pulse and held at low

level for the conversion.The 100 ohms potentiometer ir

A



the potential divider for Vref/2 supply is used for full
scale adjustment of the ADC. With the analog input at 0O
V the digital output is adjusted to be 7F HEX. The ASC
chip is self-clocked by an R-C circuit at approximately
1 MHZ so that the maximum conversion time will be about

80 micro seconds.
3.2 D/A CONVERTER :

The D/A converter circuit shown in Fig. 3.2 1is
based on DAC 0806 8 bit converter with 6 bit accuracy.
The stored digital data is fed to the converter through
the 6 most significant bifs of port A of 8155. The other
two bits are used to send out reset pulses to the flip-
flop and the external synchronizing pulses to the tine
base of the oscilloscope. The unipglar output of the DacC
chip (0 to 5 V) is level shifted and amplified <o
provide a bi-polar analog signal (+10 V) corresponding
to the analog input of the digital storage unit. A CMOS
switch CD 4066 enables the mode selection NORMAL/STORED

MODE by switching the analog signals to CRO.

3.3 TRIGGER CIRCUIT :

This circuit is shown in Fig. 3.3. The analog signail

11



at the output of the input buffer amplifier is compared
with the tigger level( variable from +10 V to =10 V)
through a 10k potentiometer at the front panel. An unity
gain inverter is provided to select the slope at which
triggering takes place. A sharp +Ve tigger pulse is
formed by the R-C high pass filter with the diode. The
STORAGE/NORMAL MODE is set by a switch with S-R flip-
flop to debounce the contacts and the command signal i=s
given to the processor through the bit 2 of port cC.
TRIGGER ARMED and TRIGGER instant signals are generated
by the J-K flip-flops and fed to the processor through
bit 1 & 0 of port C. The TIME/DIV and MULTIPLIER signals
which determine the sample rate is set by switches on
the front panel and fed through bits 3 & 4 of port C.
The complete circuit aiagram excluding the

microprocessor trainer is shown in Fig. 3.4.

3.4 MICROPROCESSOR TRAINER KIT:

The microprocessor trainer is based on INTEL &0&5
CPU at 3.072 clock rate. It has 22 parallel I/C lines
(PORTS of 8155). The three circuit sections described
above are interfaced through the 1lines. The circuit
diagram of the trainer and the specifications of the

systems are given in the APPENDIX. Also given in the

- e

P Sy



APPENDIX are the pin details and the relevant electrical

characteristics of the I.C.s used in the hard ware.

A power supply ( Fig. 3.5) is built into the unit
to provide the necessary +12 V and +5 V for the analcg
and digital circuits using <three terminal I.cC.

regulators.

e
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CHAPTER 4
DESIGN OF SOFTWARE

The algorithm of the program of the digital.
storage unit is shown in Fig. 4.1 and Fig. 4.2 as a
flow chart. The processor intially configures the ports
of 8155 with port A as output.port and port B and port C
as output ports. Then it reads the input from port ¢
and checks whether the bit 2 is set to 71’ level to
find out the MODE. If the switch is in STORAGE MODE, the
bit 2 of port C will be set to ‘1’through de-bouncing

circuits.

If in STORAGE MODE , the processor will output the
stored digital information (1024x8 bit words) from RAM
sequentially at 50 microseconds intervals to port A.The
time delay is generated through the software as a delay
sub-routine. The output is converted in to analog form
and given to the Y-input of the , oscilloscope
reproducing the stored wave form in about 50
miliiseconds. Thus repeatedly tracing the waveform at
20 hertz will produce a flicker free trace. At the end

of each cycle it checks whether the MODE SELECT is in



STORED MODE and also checks whether TRIGGER ARMED and
TRIGGER flip-flop’s are set to ‘1’ which 1is an
indication for refreshing the stored wave. On checking
the above stored bits 1 & 0 of port C, the program calls

a sub-routine for REFRESHING.

The processor generates’' through software saapling
pulses of duration slightly in excess of a input read
operation, which enables the sample and hold circuit,
latches the previous converted data of A/D convertier o
its output latches at the rising edge and starts the new
conversion at the falling edge. The processor alsoc reads
the data in the latches through port A and stores in the
RAM. This is repeated 1024 times at sample rates of 10
kHz/5 kHz /2 XHz /1 KkHz detemined by the delay
routines for storing transients of 100 m secs/ 200 m
secs/ 500 m secs /lsec depending on the switch setting,
on the front panel and are read through bit 3 & 4 of
port C. At the end of the routine (after storing 1024
sampled values in consecutive locations in the RAM )} the
processor displays the new stored waveform until the
MODE switch is changed to " NORMAL MODE" or another

REFRESH signal is recieved.

While outputting the first word stored in RAM the



processor sends out a SYNC. pulse through the LSB of of
port A so that it can trigger the time base of the
oscilloscope through the EXT.TRIGG. INPUT to synchronise
the waveform and the timebase. The processor while
refreshing sends out a pulse through bit 1 of port A to
reset the TRIGGER <circuit flip-flop’s. Two states of
STORAGE MODE, TRIGGER ARMED & TRIGGER signals are
checked at the begining of each cyclic time of the
processor while REFRESHING or displaying the waveform

stored in the memory. The program is listed in Appendix.

21
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CHAPTER 5

TEST RESULTS

The assembled instrument 1s tested <for ©D.C.
transient, A.C. transient and repetitive waveforms. The
circuit diagrams for the above tests are shown in Figs.
5.1 to 5.3. The waveforms are photographed and shown in
Figs. 5.4 to 5.6. It may be noted from the waveforms
photographed, that the instrument is capable of

displaying the A.C. and D.C. transients accurately.

24
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CHAPTER 6
CONCLUSION

The circuit of a Digital storage unit was
designed, assembled on a PCB and tested. It is found to
work satisfactorily. The total cost of the unit is

approximately Rs 2000/=.
There is lot of scope for improving the unit.

* By use of high speed ’‘FLASH’ type A/D
converters the unit can store fast

transients also.

* By incorporating multiplexing circuits
and de-multiplexing circuits, muitipile

trace storage and display is possible.

* Incorporating' additional pre-amplifiers
and caliberated attenuators at the
input,the input sensitivity (volts/div;
can be enhanced in the 1-2-5 sequence of

conventional oscilloscope input.

L)
ey



* ROLL & PRETRIGGER MODES of the st

can be implemented through software.

orage

A commercially viabile unit having all tha

features mentioned above can be fabricated for a

cost of less than Rs 5000/=.

total

95}
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PROGRAM LISTING

MAIN PROGRAM

ADDR CODE LABLE MNEMONICS COMMENTS

2000 3E MVI A, 41 ; CONFIGURE PORTS A-

2001 41 OUTPUT B&C -~INPUT

2002 D3 ouT 10

2003 10 LXT H,2C00 ;BASE ADDRESS FOR

2004 21 STORAGE AREA

2005 00

2006 2C

2007 3E REPEAT1: MVI A,80

2008 - 80 ;CLEAR STORAGE AREA

2009 77 MOV M,A

200A 00 NOP

200B 23 INX H

200C 7cC MOV A,H,

200D FE CPI 30

200E 30

200F C2 JNZ REPEAT 1

2010 07

2011 20

2012 DB SCAN: IN 13

2013 13

2014 5SF MOV E,A ; SAVE CONTROL STATUS
WORD

2015 Eé6 ANI 07 ;MASK TIME/DIV

2016 07

2017 FE CPI 07

2018 07 :

2019 CC CZ STORE ;CALL "STORE"

201A 80 SUB -ROUTINE

201B 20

201C Ee6 ANI 60 ; MASK TRIGGER BIT

201D O0e6

201E FE CPI 60 ; CHECK FOR TRIGGER

201F 06 ARMED

2020 CA JZ S5CAN JIJUMP TO SCAN

2021 12

2022 20

2023 Eeé ANI 04 ;MASK TRIGGER ARMED

2024 04 BIT

2025 CA JZ SCAN ; CHECK FOR MODE

2026 12

2027 20

2028 3E TRACE: MVI A,12

2029 12

202A D3 ouT 11 ; OUTPUT SYNC.PULSE

202B 11

202C 00 NOP

202D AF XRA A ;CLEAR ACC.

202E D3 ouT 11 ; TERMINATE SYNC. PULSL

’..l



202F
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
203A
203B
203C
203D
203E
203F
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
204A
204B
204C
204D
204E
204F
2050
2051
2052
2053
2054
2055
2056
2057
2058
2059
205A
205B
205C
205D
205E
205F
2060
2061
2062
2063

11
21
00
2C
7E
E6
FC
D3
11
23
7C
FE
30
CA
28
20
DB
i3
5F
E6
07
FE
07
ccC
80
20
E6
06
FE
06
CA
5D
20
E6
04
00
00
00
00
00
00
00
00
Cc2
33
20
3E
80
D3
11
C3
12
20

i

DISPLAY:

ERASE:

LXIH,2C00
MOV A,M
ANI FC
oUT 11
INX H
MOV A,H
CPI 30

JZ TRACE

IN 13

MOV E,A
ANI 07

CPI 07

CZ STORE

ANI 60
CPI 60

JZ ERASE

ANI 04

NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
JNZ DISPLAY

MV A,b80
ouT 11
JMP SCAN

;BASE ADRESS OF
STORAGE

;MASK Al & AC
;OUT DATA TO DAC
;NEXT DATA

; CHECK FOR COMPLETION
(1024 DATA)

; CONTROL STATUS IN R
;MASK TIME/DIV BITS

; CALL "STORE" 5UB~
ROUTINE

;MASK TRIGGER BIT
;CHECK FOR TRIGGER

; CLEAR OUTPUT

;MASK TRIGGER BIT

; CHECK FOR MODE

;CLEAR PORT A



2080
2081
2082
2083
2084
2085
2086
2087
2088
2089
208A
208B
208C
208D
208E
208F
2090
2092
2093
2094
2095
2096
2097
2098
2099
209A
209B
209C
209D
209E
209F
20A0
20A1
20A2
20A3
20A4
20A5
20A6
20A7
20A8
20A9
20AA
20AB
20AC
20AD
20AE
20AF

3E
80
D3
11
7B
E6
18
5F
16
21
21
00
2C
EB
4E
EB
41
81
D3
11
00
00
00
00
DE
12
77
3E
80
D3
11
23
76
FE
30
Cc8
05
c2
A5
20
00
00
C3
90
20

REPEAT2:

REPEAT3:

"STORE SUB-ROUTINE"Y

— - —— T _— o S " —— V"

ouT

MOV
ANT

MOV

E,A

MVID,21

LXI

H 2C00

XCHG

MOV

c,M

XCGH

MOV

ouT

NOP
NOP
NOP
NOP
IN

MOV
MoV

ouT
INX
MOV
CPI

R2

B,C

11

DCRB

JNZ REPEAT3

NOP
NOP

JMP REPEAT 2

; CLEAR OUTPUT

; CONTROL STATUS
;MASK TRIGGER BITS
& MODE BIT

;SAVE TIME/DIV IN E

;BASE ADDRESS
;COUNT TABLE ADDRESS

;DELAY COUNT IN C

;WR/RD PULSE

;READ ADC

; STORE DATA

; TERMINATE WR/RD
PULSE
; NEXT DATA

; CHECK FOR
COMPLETION
;RETURN TO SCAN
;DELAY



2100
2108
2110
2118

OE
24
66
D4

DATA IN COUNT TABLE

——— . T ———— 0" S - " - — —

100 MICRO SECONDS
200 MICRO SECONDS
500 MICRO SECONDS
1000 MICROSECONDS
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MICRC-65 SPECIFICATIONS

HARDWARE SPECIFICATIONS

1.CPU (Central Procesasing Univ)
Intel 8085 CPU at 3.072 Miz clock rats.

2.R0M (Read Only lemory)
A 4XB  EPROM (2732) provi
software to use Micro-—-85
configurationsa.

ing the powerful esystem
in minimuz  and maximus

Addresa : 06006 - OFrF

3.RAN (Random Accese Memo
T

¥
*2 Static RAM 6116, T

o~
otal & X bytes.

*Expandable To 16 K bytes using & & x & RAN {426«

1

Addresa : 2000
' : 30040

ZY¥Y¥ for 4 X bytes

3FFF

!

2000 - 3FFF for 16 X b
: 60060 - 7FFF

4.Input/Output :
Parrallel : 22 lines {(One 81553
i/0 Addrese : 10 - 13 (Hex)
Secial : RS 232 C (8251)
Baud rate azeleciable forwm 300 to 9600 baud
Timer : One programmable channel Timer (81i55)
Port Addresa :10 - 13 (Heax;

: Three programmable channel Timers (82333
{Channel O l& used ag baud rate cliock
generator for 8251 )

Port Addressz : FO-F5(Hex)

5.Diaplay :

6 dlgit,0.37,7- segment greenfyeliow LED Dlaplay
for ease of operation.

6 .Keyboard

21 Keys Including funciion keya and hexadecinal
Keys.

7.8peaker and Speaker Interface. (optional)
A, 2.25" diametar speaker 1ls provided fo

user
expanaion.

"

8.Audlo tape Interfaca.

9.5ystem power consumotlon.

V : 556 ma
: 200 ma
: 100 ma

+
-+

[
o W;

\
\%



Vi Microsystemas (P)

Ltd

 Paralliel I/0 port

Micro-865

conneCctor

Technical

Manual

J4 pin sasigomenis

Function

! |
1 i Rin ; Function
} ] i
] ! i
i { ;
| } |

1 | Port PC bit | i4 | Port PB bit O
i i |
| ! J
f i i

2 i Port PC bIit | 15 H Port PA it 7
| i i
| | |
| ; !

3 | Port PC bit i 16 ! Port PA bit 6
i i }
| ! |

& | Port PC bit i 17 j Port 2A bpit 5
| i !
i : !
| ; !

5 i Port PC bit i 16 ! Port PA bit 4
! i |
| i i
| . !

6 | Port PC bilt i 19 ; Port RPA Dit 3
i i |
! i .
| i !

7 | Port PB bit i 20 | Port PA Dlt 2
] { i
} H i
| | |

8 | Port PB Dbit i 21 } Port PA bit 1
| ; z
| i !
f i i

9 | Port PB bix H VA i Port PA bit O
| i i
{ f i
! i i

10 | Port PP bit i 23 { No connection
i i |
! | i
! | !

11 | Port PB bit H 24 | Nc connection
| i i
l ] i
i i i

12 | Port PB bl poo25 ) Ground
| { i
| J |
| i i

13 | Port PR b ; 26 i +5 Voit
| i |
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LM741/LM741A/LM741C/LM741E Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.

The amplifiers offer many features which make their appli-
cation nearly toolproof: overload protection on the input and

stead of 55°C to t 125°C.

output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

The LM741C/LM741E are identical to the LM741/LM741A
except that the LM741C/LM741E have their performance
guaranteed over a 0°C to 1 70°C temperature range, in-

Schematic and Connection Diagrams (iop views)

2 INVERTING
INPUT

NON=INVERTING 3 Qi
INPUT

o
~

03/{

l/4
Ho

N

R9
25K

41
il

"

82

h-]

-‘A
~ -~
-8 R
>x x

ouTPUT

L Q7
Q6 010
05
1
OFFSET NULL 5_OFFSET
NULL

R R3 R2 R4
1K 50K & 1K 5K

’\ﬂ R10
S0K
1 a7

I~

Qi Q22 l\ozo
L
RIZ S RNt
50K S0 K
4

Metal Can Package

OFFSET NULL

o
INVERTING INPUT (2) (6) ouTPUT

NON—-INVERTING INPUT e OFFSET NULL

v
‘ TL/H/Y34Y 2
Order Number LM741H, LM741AH,
LM741CH or LM741EH

See NS Package Number HO8C

® > v
W/H/9341 1

Dual-In-Line or S.0. Package

_/
OFFSET NULL —f 1 8l—nc
INVERTING INPUT —4 2 7Vt
NON-INVERTING —f 3 6 - OUTPUT
INPUT
v —{ 4 5 }—OFFSET NULL

TL/H/9341 -3
Order Number LM741CJ, LM741CM,
LM741CN or LM741EN
See NS Package Number JOBA, MOSA or NOSE




Electrical Characteristics (vote 3) (Continueq)

1
Parameter Conditions LM741A/LM741E LM741 LM7a1C Units
Min | Typ | Max | Min | Typ | Max [ Min | Typ | Max
Cutput Voltage Swing Vg = +20V
Ry 2z 10k +16 \Y
R~ 2k 115 v
Vg = 115V
Ry =z 10kQ2 +12 | +14 112 14 \
Ry 2 2kQ 110 | +13 +10] 13 v
Output Short Circuit Ta = 25°C 10 25 35 25 25 mA
Current Tamin < Ta < Tapmax 10 40 mA
Common-Mode Tamin < Ta < Tamax
Rejection Ratio Rg < 10k}, Vo = 12V 70 90 70 90 d8
Rg < 50k}, Vo = £12V 80 95 dB
Supply Voltage Rejection | Tamin < Ta < Tamax
Ratio Vg = +20VioVg = +5V
Rg < 5042 86 96 dB
Rg < 10k{} 77 96 77 96 dB
Transient Response Ta = 25°C, Unity Gain
Rise Time 0251} 08 0.3 0.3 pus
Overshoot 6.0 20 5 5 %
Bandwidth (Note 4) Ta = 25°C 0437 ] 15 MHz
Slew Rate Ta = 25°C, Unity Gain 03 0.7 0.5 0.5 V/us
Supply Current Ta = 25°C 1.7 2.8 1.7 2.8 mA
Power Consumption Ta = 25°C
Vg = +20V 80 | 150 mwW
Vg = +15V 50 85 50 85 mwW
LM741A Vg = +20V
Ta = TamiNn 165 mwW
TA = TAMA)( 135 mw
LM741E Vg = +20V
Ta = TAMIN 150 mwW
Ta = Tamax 150 mw
LM741 Vg = 115V
Ta = Tamin 60 | 100 mw
Ta = Tamax 45 75 mw

Note 1: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and T; max. (listed under “Absolute Maximum

Ratings”). T; = Ta + (6)a Pp).

Thermal Resistance Cerdip (J) DIP (N) TO-5 (H) S0-8 (M)
olA (Junction to Ambient) 100°C/W 100°C/W 150°C/W 195°C/W
0,(; {Junction to Case) N/A N/A B80°C/W N/A

Note 2: For supply voltages less than t 15V, the absolute maximum input voltage is equal to the supply voltage.

Note 3: Uniess otherwise specified. these spacilications apply for Vg -

specifications are hmited 10 0°C -. T . +70°C.
Note 4: Caiculated value from: BW (MHz) = 0.35/Rise Time(us).
Note 5: For military specifications see RETS741X for LM741 and RETS741AX lor LM741A.

115V,

55°C

L Ta

t 125°C (LM741/LM741A). For the LM741C/LM741E, these




LM741/LM741A/LM741C/LM741E

—

Absolute Maximum Ratings

if Military/Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for
availability and specifications.

(Note 5)

Supply Vollage

Power Dissipation (Note 1)
Differential Input Voltage
input Voltage (Note 2)

Output Short Circuil Duration
Operating Temperature Range
Storage Temperature Range

Junction Temperature

Soldering Information
N-Package (10 seconds)

J- or H-Package (10 seconds)

M-Package

Vapor Phase (60 seconds)

Infrared (15 seconds)

See AN-450 “Surface Mounling Methods and Their Elfect on Product Refiability” (Appendix D

surface mount devices.

LM741A
422V
500 mW
+ 30V
+ 15V
Indefinite
--55°Gto +125°C
-65°Clo +150°C
150°C

260°C
300°C

215°C
215°C

Electrical Characteristics (Noe )

LM741E
+22V
500 mW
+30V
+15V
indefinite
0°Cto +70°C

--65°G to + 1560°C

100°C

260°C
300°C

215°C
215°C

LM741
+22V
500 mW
+30V
+ 15V
indefinite
- 55°Clo +125°C
--65°Cto + 150°C
150°C

260°C
300°C

215°C
215°C

LM741C
+18V

500 mW
+30V
+ 15V
indefinite
0°Cto +70°C
--65°Cto +150°C
100°C

260°C
300°C

215°C
215°C

) for other methods of soldering

Parameter Conditions LM741A/LM741E LM741 LM741C Uni
Typ | Max | Min | Typ j Max Min | Typ | Max
Input Olfset Vollage Ta = 25°C
Rg = 10kQ 1.0 5.0 20 6.0 m!
Rg < 500 081 3.0 m
Tamin < Ta = Tamax
Ag < 500 4.0 m!
Rg < 10kl 6.0 75 m
Average Input Offset
Voltage Drift 15 pv/
= ° = +
lnp.ut Offsel Voltage Ta = 25°C, Vg = 20V ‘15 +15 m
Adjustment Range
Input Offset Current T~ 25°C 3.0 30 20 | 200 20 200 n
Tamin = Ta - Tamax 70 85 500 300 n
Average Input Ofiset
. A
Current Drilt 0.5 n
Input Bias Current Ta = 25°C 30 80 80 500 80 500 n
Tamin = Ta & TAMAX 0.210 1.5 0.8 !
Input Resistance Ta = 25°C, Vg = +20V 6.0 2.0 0.3 2.0
Tamin = Ta = Tamax: \
Vg =} 20V
Input Voltage Range Ta = 25°C +12 | +13
Tamin = Ta = Tamax +13
Large Signal Voltage Gain | Ta = 25°C, Ry =~ 2kN
Vg = +20V Vg = 1 I5V v
Vg = +15V,Vg = 10V 200 20 200 \
Tamin = Ta = TAMAX.
R - 2k,
Vg - +20V,Vpo - 15V v
Vg = +15V, Vo = +10V 15 Y
Vg -~ 15V, Vo L2V V
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LM78XX Series Voltage Regulators

General Description

The LM78XX series of three terminal regulators is available
with several fixed output voltages making them useful in a
wide range of appiications. One of these is local on card
regulation, eliminating the distribution problems associated
with single point regulation. The voltages available allow
these regulators to be used in logic systems, instrumenta-
tion, HiFi, and other solid state electronic equipment. Al-

of external components. It is not necessary 1o bypass the
output, although this does improve transient responsa. Input
bypassing is needed only it the regulator is located far from
the fiter capacitor of the power supply.

For output voltage other than 5V, 12V and 15V the LM117
series provides an output voltage range from 1.2V to 57V.

though designed primarily as fixed vollage regulators these  Faatyres
devices can be used with external components to oblain = Output 1in exce 1A
adjustable voitages and currents. . ‘:pu f:::;en :n xcl SZO tecti
e i
The LM78XX series is available in an atuminum TO-3 pack- - '::0 rns: : ma overeoz: ;:ro iec don
age which will allow over 1.0A load current if adequate heat externa 9°"‘"°" nis require i
sinking is provided. Current limiling is included to limit the ™ Output transistor sale area protection
peak output current to a safe value. Safe area protection for ™ Internal short circuil current limit
the output transistor is provided to limit internal power dissi-  ® Available in the aluminum TO-3 package
pation. If internal power dissipation becomes too high for
the heat sinking provided, the thermal shutdown circuit Voltage Range
takes over preventing the IC from overheating. LM7805C 5V
(?onsic:erable| Tltorl was etxpanded k(:; make the L::A?BXX :e— LM7812C 12V
ries of regulators easy o use and mininize the number o0, 15V
Schematic and Connection Diagrams
9— INrUT Metat Can Package
TO-3 (K)
Aluminum
ars aureur - GND
e
> /D )
5: : 1‘ N
2 eyt
[ TR {h]
4 TL/M/T746-2
i g Bottom View
L
P s Order Number LM7805CK,
LM7812CK or LM7815CK
See NS Package Number KC02A
Plastic Package
T0-220(T)
s -
p ouTPUT
GND — O GND
INPUT
TL/H/7746-3
Top View
No] ! Order Number LM7805CT,
= LM7812CT or LM7815CT

TUL/H/T746 See NS Package Number T03B




LM78XX

Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Input Voltage (Vo = 5V, 12V and 15V)

Internal Power Dissipation (Note 1)

35v
Internally Limited

Maximum Junction Temperature

(K Package)
(T Package)

Storage Temperature Range
Lead Temperature (Soldering, 10 sec.)

150°C
150°C

—65°Cto +150°C

Operating Temperature Range (Ta) 0°Cto +70°C TO-3 Package K 300°C
TO-220 Package T 230°C
Electrical Characteristics LM78XXC (Note 2) 0°C < Tj < 125°C unless otherwise noted.
Output Voitage 5V 12v 15V
Input Voitage (uniess otherwise noted) 10V 19v 23V Units
Symbol Parameter Conditions Min l Typ I Max | Min l Typ l Max | Min l Typ I Max
Vo Output Volitage Tj=25°C.5mA < lp < 1A 48 5 52115 12 125] 144 15 15.6 \'
Pp < 15W,5mA < lp < 1A 4.75 525} 114 12.6 { 14.25 15.75 v
Vamin € VIN € VMax (75<Vin=20)|(145<sViy<2n)| (175<ViN<30) | V
AVp Line Regulation Io = 500 mA|Tj = 25°C 3 50 4 120 4 150 | mV
AViN (7T<ViN<25) | 145<Vy<30)| (175 <Vin<30) | V
0°C < Tj< +125°C 50 120 150 mv
AViN (B<VNs20) | (15sVn<27) | (1B5<Vin<30) | V
lo 1A Tj = 25°C 50 120 150 mV
AVin 75<Vn<20)|(1a6sviys2an| (17.7<vins30) | V
0°C < Tj< +125°C 25 60 75 mv
AViN BxViN=12) | (165 Viys22) | (20 < Vi < 26) v
AVp Load Regulation Tj=25C |5mA <lp = 1.5A 10 50 12 120 12 150 | mV
250 mA = lg < 750 mA 25 60 75 mvV
SmA <lg < 1A, 0°C < Tj < +125°C 50 120 150 | mV
la Quiescent Current |l < 1A Tj = 25°C 8 8 8 mA
0°C =« Tj = +125°C 85 8.5 8.5 mA
Alg QuiescentCurrent  |5mA < lp < 1A 0.5 0.5 05 | mA
Change Tj = 25°C, 1o < 1A 1.0 1.0 10 | mA
Vmin < VIN £ VMAX (7.5 < Viy < 20) | (14.8 < Viy< 27) | (17.9 < Vi < 30) \
lo S 500mA,0°C = Tj = + 125°C 1.0 1.0 1.0 mA
VMmN = VIN € VMAx (7<ViNs25) | (145 <ViN<30) | (17.5 < Vi < 30) v
VN Output Noise Voitage] Ta =25°C, 10 Hz = f <. 100 kHz 40 75 90 nv
AVin | Ripple Rejection lo< 1A, Tj=25Cor | 62 80 55 72 54 70 dB
AVout f = 120 Hzy lp < 500 mA 62 55 54 dB
0°C < Tj < +125°C
VMIN € VIN € VMay 8 <Vin<18) (15 < iy < 25) | (18.5 < Vin < 28.5) Vv
Ro Dropout Voitage Tj = 25°C, loyt = 1A 2.0 2.0 20 \
’ Output Resistance  |f = 1 kHz 8 18 19 mN
Short-Circuit Current |Tj = 25°C 21 1.5 1.2 A
Peak Output Current | Tj = 25°C 2.4 24 2.4 A
Average TC of Voyrt {0°C < Tj < +125°C,Ip = SmA 0.6 1.5 1.8 mVv/°C
Vin input Voitage
Required to Maintain |Tj = 25°C,lp < 1A 7.5 14.6 17.7 v
Line Regulation

Note 1: Thermal resistance of the TO-3 package (K. KC) is typcaily 4°C/W junction to case and 35°C/W case to ambient. Thermal rasistance of the T0O-220

package (T) is typically 4°C/W junction to case and 50°C/W case to ambient.

Note 2 All characteristics are measured with capacitor across the input of 0.22 uF, and a capacitor across the cutput of 0.1uF. All characteristics axcept noise
voitage and ripple rejection ratio are measured using pulse techniques (L < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal
tomperatre must be taken into account separately.
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LM79XX Series 3-Terminal Negative Regulators

General Description

The LM79XX series of 3-terminal regulators is available with
fixed output voltages of -5V, — 12V, and —- 15V. These de-
vices need only one external component-—a compensation
capacitor at the output. The LM79XX series is packaged in
the TO-220 power package and is capable of supplying
1.5A of output current.

These regulators employ internal current limiting sale area
protection and thermal shutdown for protection against vir-
tually all overload conditions.

Low ground pin current of the LM79XX series allows output
voltage to be easily boosted above the preset value with a
resistor divider. The low quiescent current drain of

these devices with a specified maximum change with line
and load ensures good regulation in the voltage boosted
mode.

For applications requiring other voltages, see LM137 data
sheet.

Features

m Thermal, short circuit and safe area protection
m High ripple rejection

B 1.5A output current

| 4% preset output voltage

Typical Applications

1t 15V, 1 Amp Tracking Regulators

Wiy LM340T 15V

9O Vour (+) 15V

At
10k
%

o1
R* IN4D01

LU
%

F :I common
+
c2
corelt R3 Bk —y— 02
25,.F 5k
T OUTPUT TAIM — INgoe
10 -150v
-Vin LM7915CT o L Vour {(-)15v
Performance (Typical)
TL/H/7340-1
(- 15) {+15)
Load Regulation at Al ~ 1A 40 mv 2mV
Output Ripple, Cyy + 3000 pF, 1 = 1A 100 pVems 100 uVrms
Temperature Stability 50 mv 50 mV
Qutput Noise 10 Hz < f < 10 kHz 150 uVrms 150 uVims

*Resistor tolerance of R4 and RS determine maiching of (+) and (—)

oulpuls.

* *Necessary only if raw supply filter capacitors are more than 3 from regu-

fators.




Electrical Characteristics {Continued) Conditions uniess otherwise noted: loyt =

500 mA, Ciy = 2.2 puF,
Cout = 1 pF, 0°C < Tj < +125°C, Power Dissipation = 1.5W.
Part Number LM7912C LM7915C
Output Voltage 12v 15v Unit
nits
Input Voltage (uniess otherwise specified) —-19v -23V
Symbol Parameter Conditions Min I Typ l Max Min [ Typ l Max
Vo Output Voltage Ty = 25°C -115 —-120 -—-125{| -144 -150 —1586 v
5mA < louT < 1A, ~11.4 —126| —14.25 -1575| VvV
P < 15W (=27 < VN £ —14.5) (=30 < Vi < —17.5) v
AVo Line Regulation Ty = 25°C, (Note 2) 5 80 5 100 mV
(—30 < Viy < —14.5) (=30 < Viy< —~17.5) v
3 30 3 50 mV
—22 < iy £ —16) (—26 < Viy £—-20) \"
AVp Load Regulation Ty = 25°C, {Note 2) 15 200 15 200 mV
5mA < loyt < 1.5A 15 200 15 200 mv
250 mA < lgyT < 750 mA 5 75 5 75 mv
la Quiescent Current Ty = 25°C 1.5 3 1.5 3 mA
Alg Quiescent Current With Line 0.5 0.5 mA
Change (—30 € Viy < —14.5) {(—30 <Viy < —17.5) v
With Load, 5 mA < Igyt < 1A 0.5 0.5 mA
0 Output Noise Voltage | T = 25°C, 10Hz < f < 100 Hz 300 375 nv
Ripple Rejection f =120 Hz 54 70 54 70 dB
(=25 s Vjy < —15) (=30 s V|ys —17.5) v
Dropout Voitage Ty = 25°C, gyt = 1A 1.1 1.1 v
lomax | Peak Output Current | T; = 25°C 2.2 2.2 A
Average Temperature | oyt = 5 mA, —-08 -1.0 mV/°C
Coefficient of 0C < Ty <100°C
Output Voitage

Note 1: For caleulations of junction temperature rise due to power dissipation, thermal resistance junction to ambient (8 Ja) is 50°C/W {no heat sink) and 5°C/W
(infinite heat sink).

Note 2: Regulation is measured at a constant junction temperature by pulse testing with a fow duty cycie. Changes in output voltage due to heating affects must be
taken into account.

Typical Applications (continued)

- 1F
- 1
ol
INPUT LM7IXXCT

‘Required if regulator is separated from filter ca-
pacitor by more than 3“. For value given, ca-
pacitor must be solid tantalum. 25 uF aluminum

Fixed Regulator

-
-Io

TL/H/7340-3

electrolytic may be substituted.

tRequired for stability. For value given, capacitor
must be solid tantalum, 25 uF aluminum elec-
trolytic may be substituted. Values given may be

increased without limit.

For output capacitance in excess of 100 uF, a
high cument diode from input to output
(1N40G1, otc.) will protect the regulator from

momentary input shorts.

+
e

f ¢ INPUT

ouvTPyt

022.F

Dual Trimmed Supply

£M340 5

9—O *5.0v

o
1N4001

- INPUT

LnF____

LM7305CT

TU/H/7340-4




LM79XX

Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Input Voltage

(Vo = 5V) —-35v

input-Output Differential
(Vo = 5V) 25V
(Vo = 12V and 15V) 3ov
Power Dissipation (Note 1) Internally Limited
Operating Junction Temperature Range 0°Cto +125°C
Storage Temperature Range —65°Cto +150°C

(Vo = 12V and 15V)

- 40V

Lead Temperature (Soldering, 10 sec.)

230°C

Electrical Characteristics conditions unless otherwise noted: lout = 500 mA, Ciy = 2.2 uF, Coyt = 1 pF,
0°C < Ty < +125°C, Power Dissipation < 1.5W.

Part Number LM7905C
Output Voltage 5V
Units
Input Voltage (unless otherwise specified) -10V
Symbol Parameter Conditions Min [ Typ Max
Vo Output Voltage Ty = 25C -4.8 -5.0 ~5.2 \
5mA < gyt < 1A, —475 -5.25 v
P < 15W (-20< Viy < =7) \
AVg Line Regulation Ty = 25°C, (Note 2) 8 50 mv
(25 < Vins =7 \'
2 15 mV
(—12 < V)y < —-8) \
AVp Load Regulation Ty = 25°C, (Note 2) mV
5mA < lgyt < 1.5A 15 100 mV
250 mA < lgyt < 750 mA 5 50 mv
la Quiescent Current Ty =25C 1 2 mA
Alg Quiescent Current With Line 0.5 mA
Change (-25=Vin s —=7) v
With Load, 5 mA < gyt < 1A 0.5 mA
Va Output Noise Voltage Ta =25C,10Hz < f £ 100 Hz 125 nv
Ripple Rejection f=120Hz 54 66 dB
(—18 < Vi< —8) \
Dropout Voltage Ty =25C, oyt = 1A 1.1 \
lomax Peak Output Current T, =.25C 2.2 A
Average Temperature loutT = 5 MA, 0.4 mv/°C
Coefficient of 0C < Ty <100°C
Output Voitage

Typical Applications (continued)

Variable Qutput

+
—L c3*

250F R1

IS

c1 c2
2208 —4% B R
SOLID =g —71—S0t10
TANTALUM TANTALUM

3
INPUT O—@——=ef LM79XXCT

‘Improves transient response and ripple rejection. Do not increase beyond 50 uF.

~$—O ouTPUT

TL/H/7340-2

R1 + R2
Vout = V _
out SET ( R2 )
Select R2 as foliows:
LM7905CT 3000
LM7912CT 7500
LM7915CT 1k




LM79XX

Typical Applications (continued)

High Stability 1 Amp Regulator

- -

AT' Vour (#1

N LA I+ oot
r— 10.F

— LM7905CT Vour 1)
Load and line regulation < 0.01% temperature stability < 0.2% TL/H/7340-5
tDetermine Zener current
t1Solid tantalum
*Selact resistors to set output voitage. 2 ppm/*C tracking suggested
Preventing Positive Regulator Latch-Up
*Vour
Vin . 2 —Odq — ~1
+ 02 |
—l. C1 IN2001 |
-T— 25uF 1
T | common
| | | LoAD
i CURRENT
Loat
com 1 |
| A oo 03
(BmA 250F |
' b paad S INA0O1 l
Vi Ot — —1
-Vour

TL/H/7340-6
R1 and D1 allow the positive regulator to “start-up” when +Vyy is delayed reiative to ~Vn and a heavy load is drawn between the outputs. Without R1 and D1,
most three-terminal regulators will not start with heavy (0.1 A-1A) icad current flowing to the negativa regutator, even though the positive output is clamped by D2.

*A2 is optional. Ground pin current from the positive regulator flowing through R1 will increase +Voyt = 60 mV if R2 is omitted.

Current Source

= —_n
four ! ‘ :: 0.1uF
2. |+ r |
soLD 1
TANTALUM T ~
R1*

INPUT
ouTPUT

oyt = 1 MA + o
oyt = 1MA + =2 TL/H/7340-7




Typical Applications (continued)

Light Controflers Using Sllicon Photo Cells

"

é V- 15V
suLB

é <D 1.75A
MAX TURN ON

CURRENT

*Lamp brightness increase untii ij = ig (= 1 mA) + 5V/R1.
tNecessary only if raw supply filter capacitor is more than 2” from LM7905CT

TL/H/7340-8

—f P
| R2
1 100k
} a
N414
cit —-L—-+ 2
25uF —p—

+
C2
25uF ==

*Lamp brightness increases untii i = SV/R1 (J; can be sat as low as 1 pA)
tNeceossary only it raw supply filter capacitor is more than 2° from LM7905CT

Connection Diagrams
TO-3 Package

ouTeuT

GND/

Bottom View
Order Number LM7905CK, LM7912CK or LM7915CK
See NS Package Number KC02A
TO-220 Package

TL/H/7340-10

L
BV - 15V
BULE
L ) 154
MAX TURN.ON
CURRENT
TL/H/7340-9
> ourrur
INPYT ~— O :":_,_‘—_—'_> INPUT
[ ——>amw
TL/H/7340-11
Top View

Order Number LM7905CT, LM7912CT or LM7915CT
See NS Package Number TO3B

SORT M 2 AASEw
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DM54/DM74 Connection Diagrams/Gate

00 Quad 2-tnput NAND Gates

Voo Ba A4 Y4 Bl Al ¥3 v4 B& A4 GND 3] A) ¥
lN 1) l|1 ||| 10 I, Il il 13} 12 J" 10 9
Y = AB
' I 7 I 3 . Is l‘ 7 ) 2 ) ln s s
A BY \2) LT3 #2 Y2 GND Al ar Y Vg ¥z A2 L}

5400/7400(J), (N); S4H00/74H00(J), (N);
541.00/74L00(J), (N); 54L.S00/74L.S00{J),(N),{W);
74500(N)

See page 1-36 for electrica! tables.

5400/7400(W); 541.00/741L.00{W)

01 Quad 2-Input NAND Gates with Open-Collector Outputs

GND

~
-
-
-
-

Ir

¥i At L1] ¥z A2 2 oD

5401/7401{J), {N); 54L.S01/74L.S01(J}, (N), (W) ‘

Iu_ 1 Iu !n 0 Il lu

A

A [ 1] Yt LH B2 Yz GND

54HO01/74H01(J), (N)

See page 1-38 for electrical 1ables.

At

-
-

'n

Vee

5401/7401(W); 541.01/74L01(W)




M SSi DM54/DM74 Connection Diagrams/Gates
02 Quad 2-Input NOR Gates
1] 1} [24 1" Ilo |! ] 14 13 |II I" 1o L} l'

|

v Al L1} ¥? A7 L1 GND

5402/7402(J), (N); 54L02/741L02(J), (N);
54L.502/741L.502(J), (N), (W); 74502(N)

See page 1-40 for electrical tables.

At (1] " Ver Y2 az [}

5402/7402(W); 54L02/74L02(W)

03 Quad 2-Input NAND Gates with Open-Collector Outputs

See page 1-38 for electrical tables.

Veeo " L1} va LE] a3 Y2

) " vt a1 4] 3] GNo

5403/7403(J), (N); 541.03/740L03(J), (N);
54L503/741.S03(J), (N), (W); 74503IN)

04 Hex Inverters

ALl AS ve GNO Ys AS 4

ESY (PR OO RN O N

At Y1 A2 ¥? A Y3 GND

5404/7404{3}, (N); 54H04/74H04(J), (N);
54L04/741L04()), (N], 54LS04/74LS04(J),(N),(W);

74S04(N)
See page 1-36 for electrical tables.

R G O

A ¥2 A2 Vee A3 ¥) At

5404/7404{W): 541.04/74L04(W}
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DMb54/DM74

Connection Diagrams/Flip-Flops

76 Dual J-K Flip-Flops with Preset and Clear

See page 162 (76), 1-64 (H76), 1-68 (LS76) for electrical tables.

TRUTH TABLE TRUTH TABLE K o o N w2 w a 2
76, H76 LS76 16 15 " Iu 12 " W |!
INPUTS OUTPUTS INPUTS OUTPUTS |
PR CLR CLK J K a a PR CLR CLK J K a a — ,_J
L H X X X H L L H X X X Ho L
H L X X X L H H L X X X L H F-O Oy %
L L X X X H* R L L X X X H* H" o —4
H H M. v v Qo0 Qo H H i UL Q0 ao l rJ
H H L H H L H H ' H L H L
H H JL L H L H H H ! L H L H
H H L H H | TOGGLE H H I H H | TOGGLE N E G ¢ "
H H H X X Qo 60 LKy PR CLA Y n Ve K2 [} CLA2

5476/7476(4), (N), (W); 54H76/74H76(J), (N);
54L.876/74LS76()), (N), (W)

78 Dual J-K Flip-Flops with Preset, Common Clear, and Common Clock

TRUTH TABLE

H78,L78
INPUTS OUTPUTS
PR CLR CLK 3 K Q a
L H X X X oL
H L X X X L H
L L X X X H* H°
H H B U T Qo Qo
H " H B N H L
H H J. L wH Lt H
H H M. #H H | TOGGLE
TRUTH TABLE
LS78

INPUTS OUTPUTS

PR CLR CLK K a a

-y

L H X X X H L
L X X X L OH

L L X X X H* H*
H H ] LL Qo Qo
H H l H L H L
H H ] L H L H
H H 1 H TOGGLE
H H H X X Qo Qo

See page 1-64 (H78), 1-66 (L78), 1-68 {L.S78) for electrical tables.

Ve R CeR 0 PR2 oQx [¢]
" 3 " " 10 ] '
—
§ | I
\4
Lo b—4—of o~
1 2 3 ) 5 ] lr
(3] at o I a2 a2 GND

54H78/74H78(J),(N)

X o o GND n 02 [
" 13 %) Iu 10 ' '
— I
e PO -
B !
] [ N
' Iz Il ln 5 Is [

54L78/741.78(J), (N), (W);
‘541L.578/741.S78L4), (N), (W)

Notes:

J7E. = high-level pulse; data inputs should be held constant while clock is hign; data is transferred to output on the falting edge of the
pulse.

QO = the level of Q betore the indicated input conditions were established

TOGGLE: Each output changes to the complement of ns previous level on each active transition {pulse) of the clock.

*This configuration is nonstable; that is, it will not persist when preset and clear inputs return 1o their inactive (high} level.




" Semiconductor
s Corporation

e e e e e , :
LF198A LF308A LF185 | iFsee | e L unis
I ' : :
Accure I . ‘ e C e
Aceuracy 0.01 0.01 | 0.02 go2 ! 2.6z S Mk
Gamn/Olsut Lrror i '
Offsot Voltage  ~ 2 5 i 5 . i i § TR
T i ¢ .
Droop Rate (25°C) | | ¢ ;
Cg = 1000 pF 30 39 3¢ 30 5 o |y
Cg = 10000 pF 3 : 3 ; 5 i 3 ‘
N ! f
Acquisition Time (25°C) i ;
CS = 1000 pF 4 £ i &4 i & x e
Cg = 10000 pF 20 20 26 2C ! o
Apurturo Time (25°C) 25 Z5 ! 25 25 25 o
- P ! - e
Temparaturo Range ~5510 + 120 0:0+70 ; —55%0 125 | Qip+70 § —25ic 4.
. i . ] i T
Commuont ) ! Goneral Ganeral ,
Y Low Dritt S Low Detfi o ¢ i oral Low ot
! Purposs : Purpos H




‘ Semiconductor
i Corporation

LF198/LF258/LE
Monolithic Sampie

General Description

The LF198/LF298/LF398 are monolithic sample and hold
circuits which utilize BI-FET technology to obtain ulira-high
dc accuracy with fast acquisition of signal and low droop
rate. Operating as a unity gain follower, dc gain accuracy is
0.002% typical and acquisition time is as low as 6 us to
0.01%. A bipolar input stage is used to achieve low offset
voltage and wide bandwidth. Input offset adjust is accom-
piished with a single pin, and does not degrade input offset
dritt. The wide bandwidth aifows the LF198 to be included
inside the feedback ioop of 1 MHz op amps withoul having
stability probiems. Input impedance of 10100 aliows high
source impedances to be used without dagrading accuracy.
P-channel junction FET's are combined with bipolar devices in
tha output amplifier to give droop rates as low as 5 mV/min
with a 1 uF hoid capacitor. The JFET's have much lowaer
noise than MOS devices used in previous designs and do
not exhibit high tomperature instabilities. The overall design
guarantees no feaed-through from input to output in the hold
mode, even for input signals equal to the supply voliages.

=
= Operates from 5V to 218V suppies
2 Less than 10 s acguisition time

@ TTL, PMOS, CMOS compatible logic input

0.5 mV typicai hold step at Cy = 0.01 uF

Low input offset

0.002% gain accuracy

Low outpul noise in hoid mode

input characteristics do not change during n.d MuCo
High supply rojoction ratio In sample or holu

Wide bandwidin

2 . 3]

&

| 21 £

Logic inputs on the LF168 are fully ditforontal w.
current, allowing diract connection (o TTL, PMOS5, anc
CMOS. Differential threshold is 1.4V, The LETU8B will opor-
ato frora +5V 1o £ 18V supplios. It is availabio in an b-icad
TO-5 packaqa

An A" varsion is availabla with tightenoa ciocinca. spocii-
cations.

FRISIARIRTRLY

Typical Connection and Performance ©

BY e

BV —

Connection Diagrams

Dual-in-Line Package

#

1
v aed

i3
LOGIC

QFFseT
ADJUST

LOGIC
REFERLNCE

=T

3
INPUT et

k]
Vo mee— {‘—OUTPUT

TUP ViEw

»-—-ch

Grddar Numbar LFS93N or LF2Se
Seae NS Package Number r\Oﬁi;

Urve
Acguisition Time

Vig © 670 Ve
IRAAFER i

HOLD CAPACITOR (uFi LA hOne )

wictat Can Package

oo
" »./#\if\\ry\ Lo
)J = jrosie M\m;mmcz
<

QFFSE T
ADJUS!

TOP VILW

Créer :“éu mber LEVSEN, LF2uik
LE358H, LF198AH or LF3ISTAR
o w 35 ckage Rumber HG3C

L’?



Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
contact the Natlonal Semiconducior Sales Office/
Distributors for availabliity and specifications.

Supply Voltage
Power Dissipation (Package Limitation) (No‘te 1)
Operaling Ambient Temperaiuru Range
LF198/LF198A
LF298
LF398/LF398A
Slorage Temperature Range

+ 18V
500 mW

—=55°Cto +125°C
~25'C 10 +85°C
0°Cto +70°C
—65°Cto +150°C

input Voitage ARt

Logic To Logic Ruloronco Biflerurie i Viaiose
(Note 2}

Ouiput Short Circuit Duration

riold Capacitor Short Circuit Duraticr
Lead Tomparature (Soldering, 16 seco
Thermal Resistance (9,) (lysicals
215°C/W (Board moun. i slil; air,;

H package

85°C/W (Board mount in 4o0LE/ i

N package 115°C/W
Cuc (typical) 20°C/W
Electrical Characteristics (ot 3)
. {
) . LEI96/LF208 | LEEGE
Paramutor f Conditicns . ° , !
Win | Typ ! Max | g
A, ; , -
input Offsot Voltage, (Note 6) | T, = 25°C b 3 | ;
Full Temperature Rango ! 5 : e
i ' o
Input Bias Current, (Note 6) T, = 25°C 5 | 25 S <
Full Tomperature Rango ; Loys
Input Impedance  * T = 25°C 1010 : w0
Gain Error : ' T; = 25°C, R = 10k 0.602 | 0.005 ! v GLGE T 0
Full Tomporaturo Rango ] 0.G2 ' il
Foudinrough Atienuation Ratio | Tj = 25°C, Cp, = 0.01 uF AECIEE-C [ 80 L
at 1 ki ! ;
Output Impodance Tj = 25°C, "HOLD" mode | 05 P2 U
' Full Temperature Range 4 i 3
“HOLD" Step, (Note 4) Tj = 25°C, Cy = 0.01 uF, Vour = 0 0.5 | 20 | Lo 2
Supply Current, (Note 6) Tj225°C 4.5 55 | PR
T 7 T :
Logic and Logic Reterance Input T = 25°C [ 2 10| 2 1g %
Current i ; 5
Leakage Current into Hold T, = 25°C, {Note 5) i {30 100 | 500 a0 |
Capacitor {Note 6) Hoi. Mode i i i '
Acquisition Timo t0 0.1% AV g o= 1V, Gy, == 1000 pF ; 4
Ch == 0.01 uF { 20 i E
Hoid Capacitor Charging Current Vin “Vourt = 2V 5 l 5
Supply Voltage Rejection Ratio | Vg, ~ = 0 ;B3 110 ‘I SC T
Ditforential Logic Throshold T 25°G (08| 14 | 24 |08 ,
X




Flectrical Characierislics Continued) (Note 5
- ! LFUSBA 1 LFGEBA
Parameier Conditions ; , \ f 1 e
l‘ W ‘ -.“,""3’ Max 1 aAin ‘ T';' v
. X ' i | R ! b,
input Offset Voltage, (Note 6) Tj = 26°C i ; ; v b2 2
Full Temperature Range ! | b2 ! ! 3
! T ‘ R
input Bias Current, (Note 6) = 25°C , b5 ' 25 1 R S
Full Temperature Rango i L5 ‘
i T i H ~ -
Input impedance Tj = 25°C '{ 1010 | : Fopen
Gain Error T == 26°C, R = 10% | 0.002 | 0.005 L0004 1 0000
Full Tomparatuio Rango i ‘ Q.01 G
Fasdihrough Attenuation Ratio T 25°C, Cp - 0071 uf l 36 ‘ Y o6 } X
al 1 kHz { ! | l
¢ i I i i
Output Impedance = 25°C, "HOLD" mode e o s
Full Temperature Range 1 : R \
— ! T T i e
“HOLD" Step, {Note 4} = 25°C, Cp = 0.014F, Vour = 0 | L0511 g :
Supply Current, (Noto €) Tj=25°C E 4.5 E 5.5
| H : i :
Logic and Logic Reference Input | T} - 25 ! P2y o v
Currant , 1 ; ] o ‘

- -] i ,....,.‘_ S (‘ E Bmwm e m
Leakage Current into Hold ;= 25°C, (Nolo 5) i Loao |1 a0 s
Capacitor (Note 6) Hold M.ode E | ! !

- a : ‘\ ! N
Acquisition Time 10 0.1% ~AVoyt = 10V, Ch = 1000 p:— { o4 6 4 &
¢ 20 | o6 s i o
Hold Capacitor Charging Current | Viy—Voyt 2V | 5 50
o . _ g T
Supply Voltage Rejection Ratio VouTt = ; P10 90 10
Ditferential Logic Threshold Ty = 25°C ‘ 0.8 ' 1.4 ‘[ 2.4 0.8 1.4 ‘

Note 1: The maximdm junction temperaturae of tha LF198/LF158A is 150°C. for the LF294, 115°C, and for the LF398/LF398A, 100°C. Whan aporating 4l vioevst |

smhiant tomperature, the power dissipation must be derated basad on a tharmat rasistance (6a) of 1O C/W

Notae 2: Although the differential voltage may not exceed the limits given, the cormmon-mode vaitago on the lagic pins may be oguai (o e

negative supply,

Note 3: Unless otherwise spacifiad, the following conditions apply. Unitis in “sample” modo, Vg -
and R, ~ 10 kil Logic reference voltage = OV and logic voitage = 2.5V,

Note 4: Hold stop is sensitive {o siray capacilive rouo.mg betwoon input Jogic signais and tho hold capacitor, 1 pF, for inslanco, will croat

IRV, T, = 2

50, -

step with & 5V logic swing and a 0.01uF hold capamlor Magn:tude of the hold stop is inversaely proportional to hold capacitor vaius

gy G
ssusing damage to the circuit. For proper logic operation, however, one of tha logic pits must always Do at loast 2V bolow the pusiiva supad

can adaiennd

Nota 5: Leakage currenl s moasured at a junction lemperature of 20°C. The offucts of junction tampotstre se due o powas diisipation G davidea i
be calculated by doubling the 25°C value for each 11°C increz s in chip temperature. Loakaga is guarantoad ovor full input signal
Note 8: Thesa parametors guarantand over a supphe voltaae 7 noo of 50 1BV and anopus aoge o Ve 8 35V vy P

Typical Performance Charact

isielectric Absorption

Aperture Time* Errorin Hold Capacitor w,um

SR e It GUYPACRYLLNE iyl 10
GBIV e v e 18y - o1 MYL ND POLYSTYRENE
sVguT St MV 'V"‘TERE IS j TIMF CONSTANT 1)
o v - Nkt % _;;g;:\‘-qu -
360~ | | N M : 0 %
33 < m o
o WEIT NFOATIVE b 3 £
L INPUT STEP | A
g 150 fedt «; o
2 w0 9 oz
10 W Vs POSITIVE | : 1
Piivg INPUT STEP 1 il k3
160 el . vamcwunrm‘
el ZAND POLYSTYRENE!
0 l HysTERESIS | 1
1 l L 04
-0 -26 0 25 50 15 100° 125 160 ] X mi o0

JUNCTION TEMPERATURE (°C) SAMPLE TIME (ms)

[LRAVE BRTON

WHATL (Vs
*Ses Definition of Terms kt




Typical Performance Characteristics (Continuea)
Output Droop Rate Hold Step “Hoid” Settiing Vs

o — 2 a— v
! ; ,‘
' ﬂfmff‘* : L, LvtevTe v
ik a V{18 f g P GETTURG TO Y n Lo
w0t ! H‘llﬂ; - ’ o 1o 1 o , '
. R H% . ——
U ' i - H i
u e [ i w2
Bt s i o
ERY | { 4 2
- IR wa
1 t U o i - 08
» i &
Yooy }t ‘ = i C ek
W i i s
| = i 02 .
- auhad w1 1 i
1wt L .01 4 i [ At e
160 pF 1000 pF  Q.016F  GIuF 1uf 100 pF 1000 pF  O.81F  G1uF 1 T N 1 L ¥
HOLD CAPACITOR HOLO CAPATITGR SUNCTION TEMVERR T ol 2
*Soe deiinition
Leakage Current into Hold . Phase and Gain (input 1o
Capacitor Output, Smail Slgnai) R Gain Error
100 S—— 1y o ; £ ; S
EVg =1V et = i 1 i 3 = Y2t : o
-Vour - @ g 0T i i = 3’ 83 Ry iGs LT
1o jhgLaMaOL T . 5 - Iic"'”m oF a 5 T saueie Moo P
B sk ol SN I & a2 00LF o P N T O P S
. {_ B / ERRTE Rt ¢ o \L Comm
£ S8 b . e Lll c,,-wcupp\* ¥ 202 ™ :
v ' ' - . ‘ e 7 [ [ R ISR SO |
R s e t i &
B B : l / 5 Y !
B & o y o i
e , ) < < ua — : m— -
= o =
W b I = -8 - ; i
tols » 3 Z e —
‘ = SR ORI SRS RS U S
T A | ! Ag - [ .
-50 -25 ¢ 25 b0 5 100 126 150 I* W 100k i 1aM DT ST N Y T T R
JUNCTION TEMPERATURE { G FREQUENCY {Hs) IPUT VELTAGE (V]
Power Supply Rejoction Qutpui Short Circuit Current CSutput Nolea
148 T
160 r[ Pran 7 ) T
140} VT -y e anv b 4, 140
Yoyt - v i .
ERRPLY [ ! 129
é 100 -ET frq l. l n‘ 1 iE 100 )
FR R f
“ w0 bl T = 8
w NLGATIVEY i et
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Typical Performance Characteristics Contnueg
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General Description
The ADC0B01, ADC0802, ADCO803, ADCO804 and
ADC08B05 are CMOS 8-bit successive approximation A/D

} 3

Ditierential anaicg voltags inputs

Logic inputs and outpuis moet both MOS8 and 1o vl
converters that use a differential potentiometric [adder— age levei speciiicaiions

similar 1o the 256R products. Those converters are de- Works with 2.5V (LM338) voltege reierence

signed to allow oparation with the NSC800 and INS30304

B

A = On-chip ciock ganerator
. . . - s s . . S et
derwatwe'comrol bus with TRI-STATE output‘ latches Gi- s gV 1o 5V anaiog input voliags range wi sagis
ractly driving the data bus. These A/Ds appear like memaory SUpplY

- . R T TIrT 4 [
locations or 170 ports to tho mMICroprocessor and no intei & NO zero adjust required
Pulte | ) o < allow i a th o 0.2" siendard widtn 20-pin DIP packags

x‘ orential analog vollage inpuls allow increasing the ;on..t & 2G-pin molded chip carier of SMEl OULING BaCKaGD
mon-modo rojuction and otfseilng the analog zero inputl - Ooerates ratiometicaly of With 5 Ve, 0.5 Voo, o ea
voilage value. In addition, the voliage reterence inpui can P uomeincasy WO VGG e Vil e

g et uslad i £erGnCS
be adiusted to allow encoding any smaller analog vollage log span “f“““mu vollage roierancs
span 1o the full 8 bits of resolution.

s e o AT e S
Agy SRESLCaGono
Features & Resclution
-~ . . . . . . hecd a -1 ] R T L QI -
& Compalble with 8080 uP derivatives—no interfacing ™ Total error T L8B, 2k w55 Wil

logic needed - accass time - 135 ns 3 Conversion tms
w Easy interface 10 all microprocessors, of operales
“stand alone”

!
k\ facing logic is needed.
i
1
i
|
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Absolute Maximum Ratings notes142

i{ Miiltary/Aerospace specified devices aro requirad,
contact the National Semiconducior Sajes Offica/

Supply Voltage (Voe) (Note 3)
Voitage
Logic Control inputs

Surface Mount Package

Storage Temperature Hange —55°C 1o +150°C

Package Dissipation at Ta = 25°C G755 v
Distributors for availabliity and specifications. - ESD Suscepiibility (Not6 10) GOo
08V1o + 16V Operating Aatings (Notes 1 & 2)
At Other input and Outputs ~0.8V to (Veg +0.3V) Temperature Range
Lesd Temp. (Soldering, 10 seconds) ADgOBM; Ocis o
Dual-in-Line Package (plastic) 260°C ﬁgcggg?n /gg; gg; gg}gij
Dual-in-Line Package (cerami 00°C -
u ge ( i) 800 ADCOB04LCN
e ADC08B02/03/04L.CV
Japor Zh‘j‘;e (60 seoonds) e ADCOE02/03/04LCWM
nfrared (15 seconds) 220°C Fange of Vee

Electricail Cnaracteristics

The tollowing spaecifications apply for Voo =5 Vpg, Tmin< Ta< Tamax and forc =640 ikHz unless otherwise specifiec.

Parametor

Conditions fin Ty Hex Uni
ADCO0801: Total Adjusted Error (Note 8) With Fuli-Scale Adj. £ e
(See Section 2.5.2) S 4 -
t ADCO802: Total Unadjusted Error (Note 8) Vrer/2=2.500 Vpg FaUA L35
. ADCOB03: Total Adjusted Error (Note 8) With Full-Scale Ad]. ny LS
f (See Section 2.5.2} | N
ADCOBO4: Total Unadjusted Error (Note 8) Vagp/2=2.500 Vpo i =1 CoLsn
i ADCO0805: Tota! Unadjusted Error (Note 8) Vaer/2-No Connection 3 1 oLsh
Vaer/2 input Reslistance (Pin 9) ADC0801/02/03/086 2.5 8.0 K1
' ADC0804 (Note 9) 0.75 i1 he ¥
Analog Input Voltage Range {Note 4) V(-+} or V{-} Gnd-0.05 Ve +0.05
DC Common-Mode Error Over Analog input Volitage * Ve EA
Range K '
Power Supply Sensitivity Vee=5 Vpe 4 10% Over LtV Y% , -
Aflowed Vin(+) and Vin(—) ! ;
Voitage Range (Note 4) : |
AC Electrical Characteristics
The following specifications apply for Voo =5 Vpg and T = 25°C unless otherwise speciiied.
Symbol Parameter 5 Conditions ihin Typ ax Unilis
T Converslon Time foiK = 640 kiHz (Note 8) 103 114
Te Conversion Time {Note 5, 6) 66 73 i/
leik Clock Frequency Voo =5V, (Note 5) 100 840 1460 :
Ciock Duty Cycle Note 5} 40 50
CA Conversion Rate in Free-Running TR tied to WR with ! 8770 9708 comv/
Mods $=0Vpc. foLx =640 krz |
twREL Width of WH Input (Start Pulse Wi h) B=0 Vpg (Note 7) {100 ! !
tACc Accass Time (Delay from Falling SL=100 pF ©o485 1 200 A%
Edgs of RD to Output Data Valic) _ _ ‘ r
timy foM TRI-STATE Controt (Dolay b, =10 pF, R = 10k 125 | P00 nn
from Rising Edgo of RD to 260 TRI-STATE Tost ! ‘
Hi-Z Stata) Fouils) | |
twi 1R Delay from Falling Edge ; 300 | 450 o
ot WR or RD to Reset of INTR | § %
CiN Input Capacitance.of Logic ! 5 1 73
Control inputs ! :
SouT TRI-STATE Output '. , L5 v aF
Capacitance (Daia Bulters) | : ;
CONTROL INPUTS [Note: CLK IN (Pin 4} is th: aput of chrit trigger circuit and is thersfore specifiod soparately,
Vin (1) Logical “1” Input Voltage ' 5=58.25Vpg [ 20 P15 Vi
(Except Pin 4 CLK IN) ? g | 1




AC Eiecirical Characterisiics

The fallowing spacifications apply tor Voo

{Continusa)

= BVpg and Tan X YA 1 MAX unless CINAIWISE Spechiisi.

} : ‘ .,

Symbol [ Paramator : Conuitions Poodadr 0 s ]
CONTROL INPUTS |Note: CLK IN {Pin 4) is tha input of a Schmitt tnggor circuit and is thereiore specilie sipara
. T i R T
Vin (0} L.ogical “C" Input Voitage ' Voo=4.75Voe { ; <.
Uxeopt Pin 4 GUKINY ; ,
N Logical "1" input Current i Vin =5 Voc : VIR
(Al inpuls) } t . )
N (0) Logical 0" Input Current PoVin=0Voe | T o0t
(All Inputs) i } |
Cil.OTK IN AND CLOCK R
Vit CLK IN (Pin 4) Positive Going | 27 |3 25
Threshold Voltage i § )
Vi -CLK IN (Pin 4) Negative f 5 z
Going Threshold Voitage « i :
! .. L
Vi CLK IN {Pin 4) Hysteresis ‘ . 0.6 e LRl
N1+ )={Vr—) i .
Vout (0) Logical 0" CLK R Output | =350 uA § ! VRS
Voltage i Voe=4.75Vpe ! : o
i : 7
Vaur (1 Logical 1" CLK R Qutput | ig= —36C pA P24
| Voltage | Vep=475 Voo ; ;
DATA QUTPUTS AND INTR
VouT (0) Logical “0" Qulput Voltage ! : ‘
Data Outputs louT=13.6mA, Voec=4.75Vogs | [
INTR Output iouT = 1.0mA Voo =4.75Vps | ) G4
; | i | ;
Vour (1) Logical 1" Output Voltage o= =360 pA, Voo=475Vpc | 24 | | ;
Vout (1) _Lagical 1" Output Voltage o= ~10 uh, Voo =4.75 Voo I 45 ' oo
1 I 1
lout TRI-STATE Disabied Output Vout=0Vne -3 ! u
{.eakage (All Data Butfers) Vour=5Vpc : | : 3
lG00RcE Vout Short to Gnd, Ta=25°C : 4.5 ¢ i
¥
FSiNK VouT Shortto Voo, Tas 25°C ! 50 i L B
POWER SUPPLY
icc Supply Current {Inciudes é {oLK = 640 kiHz, ' |
Ladder Current} | Vgze/2=NGC, Ta=25"C : !
[ and CE=5V :
ADCOB01/02/03/04LCI/A5 | '§ : 1
ADCOBO4LCN/LCV/LCWi. L 1L T

Note 1: Absoiute Maximum Ratings Indicats hmiis be
Ihe device beyond its specitiod operating condition:
Note Z: All voitages are measured with rawpeci 1o

Mote $: A zener diode exisls, internally, I--m Veg -
Note 4 For Vint—~)2 Vin(+) the digital ©
conduct tor anaiog input voltages one di. 3 drop b
as high lavel analog inpuis (5V) can cau. his inpu
spec allows 50 mV forward bias of eiths. .iode. Tr

put cod

coae will be correct. To achieve an ahs: 18 0 Vix
vanations, imtal toierance and loading.

Mote 6: Accuracy 1s guarantend at te ., 840 ki
axtended $0 Jong as the minimum cloc:  «gh limo
dote 6: With an asynchronaus sturt pu up o d
start requast is nternally latched, see ¢ & 2 ani
Note 7: Thu CSinpul s assumed to b 1the WL
thu converter in a reset mode and thy tof con
Nole 8: None of these A/DS requies .. 70 Bajus’
Nota 8 Tho Ve /2 pin s the center 1 6f @ twc
rasistor s 16k. Tolal iudder inpul resist. v 18 the
Mote 18: Human body model, 100 pi « marged

2nc which damage to the device may occur, DC and AC olectrical specificalicns co nalnpey Wi,

1, unless ctherwise spacifiad. The separate A Gnd point Bhould aiways e witws W@ e o S0
ind and has a typical breakcown voilage of 7 Vpg.

il ba 0000 0030, Two on-chip iodes arg tiod o each analog inpul {(seu .02k

w ground of ono diode drop greater than iho Voo suppiy. Be carsful, dur

06 1o conduci—ospecially at aieviled temperaiures, and Cause oo for ania
~a@ns that as loag as the analog Vyy does not exceed the Supply voligge oy e .
5 Vpc input voliage range will therefore require a IMINIMWM BUPpiY voitage of 4.8L0 Vo v o

*nigher Clock reGUEeNCIGs acCurasy Can degrade. For Iower CiGeK Foquencius, Wis duly oyeis »

val or minimum clock low Ume intorvid is no loss than 275 ns.

« periods may 2@ required beioro e intarnal cIock PHases 676 Propur 1o glat NG LONVE TNy L.
sion 2.0,

“be input and tharsfore tminy iz depandent on tho WA pulss widihi. An RiGFanly Wits puivs Ve
a0 e initieisd by the iow 1o high transition of the Wi puise (406 Uming G

amis;.

+ seclion 2.5.1). To obtain zero code gt other analeg inpui vollages 3e¢ coCLon 2.8 end Figucs L.
.itor gividar cannected from Vg 10 ground. Each resistor s £.2K, exceai 1or s ASCOLLLCS Wiy
of the Two aqual resisiors.

= 4.5 kil resistor.
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TRI-STATE Test Circuits and Waveiorms

L tin, CL= 10 pF Sgn Lo CL= 10 57
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SAC0808, DALUSDY,

Cieneral Description
The DAC0B08 serias is an 8-bit monoiithic digilai-lo-aniiog MOCIALA/MC1408. For higher
converter (DAC) faaturing & fuli scale output curreny setling DACCS0U wala shoet.

time of 150 ns while dissipating only 33 mW with 15V sup-
piies, No reference current {Iggr) irimming ig required for
most applications since the full scaie cutput current is typi-

W
s Nimg” A Vo

atures

)

L Relalive accuracy: 1 0.59% &or makiIMLT Ll
cally £1 LSE of 255 igzg/ 256. Relative accuraciss of bet- :u!i scale current rmatch: £ LS5 =
ter than +0.79% assure 8-bit monotonicity and linearity ~d 6-bit BoCLracy availasic DACOEDT. SACSHE
while zero level output current of less thar 4 pA provides = _ ‘“l' oit aocuracy avaianls WWALUGIT, JACTE.
B-bit zero accuracy for IggF2 2 mA. The power suppiy cur- Fast seliing ime: ‘j") ns g
rents of the DACO0808 series are independent of Dit codes, = ~Nomnaverling cigital inpuis ars 771 and CMOS
and exhibits essentially constant device characterisiics over s
the entire supply voltage range. o High speed muitiplying input siew rator & mA/

w o s
!
VW

The DACQ808 will interface directly with popuiar TTL, DTL & ~OWSr SUpDly VOIlage range: £4.0V w0
or CMOS iogic levels, and is a direct replacement for the & LOW powar consumption: 88 il &

g1
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Ordering information

ACCURALY ORERATING TEMPERATURE ‘
RANQE : PARCK .QE [N
8-blt —55°C<Tas +125°C DACOGOuLJ MC1506L8 : 1
8-bit 0'CLTaAS +78°C DACOBGGLCJ MC1408L8; DAVOEOUgVN MC140528 |
7-bit 0°CLTAS +75°C DACOBO7LCJ | MC .HCS‘J DACOBO7LCN| I MC14C027!
8-bit O°CTaA< +75°C DACOB0ELC & MC1405.8] | DACOCGOBLEN I MT1408P3 ’

*Kote. Devices may be ordered by using #ither ctdsr number.




Absolute Maximum Ratings note 1)
It Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/
Distributors for avaiiablilty and specifications.

Power Supply Voitage

Vee
Vee

Digital Input Voitage, V6-V12
Applied Output Voitage, Vo

+18 Vpo
—18 Vpg
=10 Vpcto +18 Vp¢
=11 Vpgte +18 Vpo

Storage Temperature Range G300
Ltead Temp. (Soldering, 10 seconads)
Dual-In-Line Package (Plastic)
Duai-In-Lina Package (Ceramic)
Surface Mount Package
Vapor Phase (60 seconds)
Inirarod (15 seconds)

Operating Ratings

Reforance Curront, 114 5 mA ,

Reterence Ampilifier Inputs, V14, V15 Vee, Ve Tegfgg%‘géiﬁange
Power Dissipation (Note 3) 1000 mW DALC0808LC Series
ESD Susceptibility (Note 4) TBD

Eiectrical Characteristics
Vo = 8V, Vg = —15 Vg, VRer/R14 = 2 mA, DACO808: T4 = —55°C to + 125°C, DACO0808C, DACO807C, CACO30GS,
= 0°C to +756°C, and all digital inputs at high logic level unless otherwise noted.)

Symbol Parameter Conditions iin Typ By i
£, Relative Accuracy (Error Reiative (Figura 4)
to Full Scale ) !
DACO080BL (LM1508-8), ‘ IR
DAC0808LC (LM1408-8)
DAC0807LC (LM1408-7), (Note 5) 0.5 ‘
DACO0B06LC (LM1408-6), (Note 5) : w0748 :
Sattling Time to Within 1, LSB Ta=25°C (Note 6), 150 o I
(Includes tpy 1) (Figure 5) | B
teim, WL | Propagation Dolay Timo Ta = 25°C, (Figura 5) 30 06 1 o
TCig Qutput Full Scale Current Drift a £20 | cpm/*C
- - f
MSB Digital input Logic Levels (Figure 5) i
ViH High Level, Logic 1" 2 i B
Vi Low Level, Logic 0" | 0. W
MSB Digital Input Current (Figure 3} %
High Level | Vi = 5V 0 | 004 T
Low Level | Vi = 0.8V , —0.003 | o6 o me
g Relerance Input Bias Current (Figure 3) -1 3 ‘ al
Qutput Current Range i (Figure 3) /
i Vgg = —8V 0 2.0 a0 LomA
| Veg = —15V, Ty = 25°C 0 2.0 4.7 P
o Output Current # Vger = 2.000V, )
| R14 = 10000, |
| (Figure 3) L1 ] 189 2 o
Output Current, All Bits Low V' (Figure 3) ! o] ’
Output Voltage Compliance {Note 2 .| &, < 0.19%, Ta = 25°C i
Veg= —5V, [ggr=1mA i i i —C.35, +{.4
Ve Below — 10V i ; ! —5.0, +U.4



Elactrical Characteristics (Continuse)
(Voo = 5V, Veg = — 15 Ve, VRep/R14 = 2 mA, DACOE0S: T = ~55°C to + 128°C, DACO80BC, DAGREITC, DACULUET, &,
= 0°C to +75°C, and alt digital inputs at high logic level uniess otherwise neiad.)

Symiboi \ Parametor il Conditiens Wi ? Ty JaK B
SRiggr | Reference Current Slew Rate (Figure 6} | 4 i 3 i
J o\t | ! ~ : . .
[ Output Current Power Supply | —5V < Vee = —4B.5V ‘ 005 0 27 WA/
| Sensitivity 3 f : |
i Power Supply Current (All Bits + | (Figure 5) | '
l Low} il ‘ ) i
lce : 5 poes 2 M
ieg | T RO —0G ESTEN
Power Supply Voltage Rangs Ta = 25°C, (Figura 3) ; ;
Voo ! g ! 5.0 Moo
Vee ‘, bo—as | =15 Ve
Power Dissipation | f ;
All Bits Low Voo = 5V, Vgg = —&v | - 70
Voo = 5V, Vgg = — 15V : |0s 405 i
All Bits Hign Voo = 15V, Vgg = =3V = | Los0 | |
Vo = 15V, Vgg = =15V | L1680 |

Note 1: Absolute Maximumn Ratings indicate limits beyond which damage 1o the device may 0CTur. DG and AC clectrical specilications do nol apply whon Dpnis. g
the device beyond its specified operating conditicns.

Note 2: Range control is not required. .

aote 3: The maximum power dissipation must be dorated at elevated iemperalures and is dictated by T Max: a. and the ambient tamperature, Ta. ©
allowable power dissipation at any temperature is Pp = (Tymax — Tal/6yaor the number given in the Absoluts Maixmum Ratings, whichever
dovice, Tymax = 125°C, and the typical junction-to-ambient thermal resistance of the cuai-in-iine J packege when the board mountsd s 1 [l oA
iina N package, this number increases to 175°C/W and for the smail outline M pachkage this numbor i8 100°C/W.

Note 4: Human body modol, 100 pF discharged through a 1.5 kil reslstor,

Note 5: All current switches are tosted to guarantoe at loast 50% ol rated curront. -

Note 8: Al bits switched.

Note ¥ Pin-out numbers for the DALOBOX represent the dual-in-line package. The amaii outline pacsage pinout Giftors from (e Guai-m-ung saiangn.

Tynicai Application
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| Pericrmance Char
V, Vgg = —15V, Ta = 25°C, unlass othenwise nolod

Logic inpul Current vs
input Voltage
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Vi - LOGIC INPUT VOLTAGE (V)

Guiput Current vs Ouiput
Volirgo {Ouipul Valiage
Coinpllanca}
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General Description

The CD4066BM/CDA4066BC is a quad bilateral switch in-
1ended for the transmission of multiplexing of analog or digi-
tal signals. 1t is pin-for-pin compatible with CD40168M/
CD4036BC, but has a much lower “ON” rasistance, and
“ON" resistance is relatively constant over the input-signal
range.

Features

8 Wige supply voltage range 3V to 16V

@ High noise immunity 0.45 Vpp (typ}

& Wide range of digitai and + 7.6 VpEAK
analog switching

@ “ON” resislance for 15V operalion 800

Maltched "ON" resistance
over 15V signal input

“ON" resistance flat over peak-lo-peak signal range

High “ON"/"OFF" 65 g {typ.)
output voitage ratio @ fig=10 ¥Hz, R =10 KO
High degree linearity 0.1% distortion {typ.}
High gugrea knoarty @ fu 1 WHZ Vg ™ SVpan
Phght dugrow inoanty Voo~ Vs ™ 10V, Ry — 10 ki

ARgon= 5%t {typ.}

e 2 g e C Sl
Haterar sWHCh

@ Extremaly low “OFF” 0% ok e
switch leakagé @ Vpp—Vss =10V, Ta=25°C
& Extremely hign control input impecance Loy
@@ Low crossiaik — 53 68 {ypa
betweon swilcnes @ fig=0.8 wiidz, R =1 RO
@ Frequency response, switch “ON” 43 T Qs
Appilcaticns
& Analog signal switching/ multipiexing
o Signal galing
e Sguelch contral
e Chopps?
o Moduiator/Demogulator
e Commutating switeh
& Digital signal switching/muitiplexing
& CMOCS logic implementation
& Analog-io-digital/ digitai-to-anaiog CONVETsIun
w Digital control of frequency, impedance, phose, &NG 4t
alog-signal-gain

Schemaiic and Connection Diagrams

IN/OUT
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Duali-in-iina Package

Cavity Dual-in-Line Package {J}
Ordor Number CD4066BMJ Or

CD4066BCY Lt

See NS Package Number J14A ‘
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Small Outline Package
Order Number CL408
Soo NS Packago Nunlar «
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wMoided Duai-ln-Line Package (N) e H
Order Number CD40B6BMN or cor Ll —r"“:l.ur‘—{— OuTik
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