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TDM via Optical Fiber Cable
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Abstract : ‘

This Project is an experiment to study the basic of digital communication system through
coaxial cable and optic cable which is experimented about neccessary basic component. Example :
time division multiplexing system (TDM.) ; analogue to digital conversion: encoding for appropriate
transmitting, in any transmission line such as coaxial and optic cable. Format of signal : synchronization
system. By analogue singal is transmitted in the range voice signal of 8 channels telephone system
(Frequency between 300-3400 Hertz.) To be converted in digital signal signal combing with data (8 bits
digital signal 4 channels} By time division multiphexing technigue and reformatt signal then sending
throught 2 types of transmission line coaxial and optic cable. For receiving side : detection and clock
rocovery must be synchronized with the transmitting side. Decoding technique to be used for
distribuilted signal from each other, then convert to analogue signal.

For this Project : receiving side was designed for recsiving 2 channels (1 channel for analogue
and the other for digital signal ) This objective for experimental of point to multipoint transmitting. By

the receiving side any channel was be selected.
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National
Semiconductor

ADC0820 8-Bit High Speed uP Compatible

microCMOS

A/D Converter with Track/Hold Function

General Description

By using a half-flash conversion ‘te¢hnique, the 8-bit
ADC0820 CMOS A/D offers a 1.5 us conversion time and
dissipates only 75 mW of power. The half-flash technique
consists of 32 comparators, a most significant 4-bit ADC
and a least significant 4-bit ADC.’

The input to the ADC0820 is tracked and heid by the input
sampling circuitry efiminating the need for an external sam-
ple-and-hold for signals moving at less than 100 mV/ps. -
For ease of interface to microprocessors, the ADC0820 has
been designed 10" appear as a memory location or 170 port
without the need for external intertacing logic.

Key Specifications
® Resolution
u Conversion Time

8 Bits
2.5 us Max (RD Mode)
1.5 'ps Max (WR-RD Mode)
B Inpul signals with slew rate of 100 mV/us converted
without external sample-and-hold to 8 bits
8 Low Power
8 Total Unadjusted Error

75 mW Max
+ % LSBand £ 1LSB

__Featur;es

w Built-in track-and-hold function

® No missing codes

u No extemal clocking

& Single suppiy—S Vo

® Easy interface to all microprocessors, or operates
stand-alone

u Latched TRI-STATE® output

lLogickputsmdoutputsmeetbohMOSu‘ldT?LvoR-
age level specifications

® Operates ratiometrically or with any reference value
equal to or less than Vco

lOVtoSVanaloglnputvolhgomngewimmIesv
supply

B No zero or full-scale adjust required

B Overflow output available for cascading
= 0.3" standard width 20-pin DIP

® 20-pin molded chip carier package

® 20-pin small outline package

Connection and Functional Diagrams

Dual-In-Line and Small
Outline Packages

\J
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See Ordering Information




ADC0820

Absolute Maximum Ratings Motes182) .

it Military/Acrospace specified devices are required,
please contact the National Semiconductor Sales

Otfice/Distributors for avallability and specifications.

Supply Vottage (Vcc) 1ov
Logic Control Inputs —0.2Vio Vg +0.2V
Voltage at Other Inputs and Output  —0.2V to Vg +0.2V '
Storage Temperature Range —65°Cto +150°C
Package Dissipation at Ty =~ 25°C ’ 875 mW
Input Current at Any Pin (Note 5) 1mA
. Package Input Current (Note 5) 4 mA
1200V

ESD Susceptability (Note 8)

.

Lead Temp. (Soldering, 10 sec.)

Dual-in-Line Package (plastic) 260°C
Dual-in-Line Package (ceramic) 300°C
Surfacs Mount Package
Vapor Phase (60 sec.) 215'C
Infrared (15 soc.) 220°C

Operating Ratings (Notes 14 2)

Temperature Range TMINSTAS TiAX
ADC08208D, ADC0820CJ -55°C<Ta< +125°C
ADC068208CD, ADC0820CCJ —40°C<TAL +85°C
ADC08208CN, ADC0820CCN 0*C<TAL70°C
ADC0820BCV, ADC0820CCV 0*CSTASTOC
ADC08208CWM, ADC0O820CCWM 0"C<TA<70°C

45Vio 8V

Vcc Range

Converter CharacteristiCs The following specifications appty for RD mode (pin 7=0), Vog =5V,
VRer(+)= 5V, and VRer(—) = GND unless otherwise specified. Boldface limlts apply from Ty to Tyax: all other limits

To=T|=25C.
ADCO8208D, ADC0820CJ ADC0O820BCN, ADC0O820CCN
ADC0820BCD, ADC0820CCY ADC0820BCV, ADC0820CCV
3 ADC0820BCWM, ADC0820CCWM Lient
Parameter Conditions
s Typ Tested Design Typ Tested Design Units
(Note®) | Lt Limit (No“'. o | | Hmit Limit
(Note7) | (Note8) (Note 7) (Note 8)
Resolution 8 8 8 Bits
Total Unadjusted Error | ADC0820B8D, BCD % LS8
(Note 3) ADC0820BCN % % LSB
ADC0820CD, CCD t1 LSB
ADC0820CCN 1 E3 LS8
Minimum Reference 2.3 1.00 2.3 1.2 J k0
Resistance
Maximum Reference 2.3 6 23 5.3 6 kQ
Resistance '
Maximum Vpep(+) Vee Vee Vee \
Input Voltage
Minimum Vger(—) GND GND- GND v
input Voltage
Minimum Vper(+) VRer(—) Vrer(=) | VRer(—) v
Input Voltage
Maximum Vagr(~) VRer(+) Veer(+) | VRer(+) v
Input Voltage
Maximum Vyy nput Voc+0.1 Vog+0.1 | Vec+01 | V
Volitage
Minimum Vy Input GND-0.1 GND-0.1 | GND-0.1 \
Voltage
Maximum Analog CS=Vee
input Leakage Current | ViN=VcC 3 0.3 3 pA
Vin=GND -3 -0.3 -3 pA
Power Supply Vog=5Vi6% E 27 LA +Vie Y, E A LsB
Sensitivity




e

DC Electrical CharacteristiCs tne following specifications apply for Vo =, unless otherwise specified.

Boldface mits apply trom TN to Tagax: ali other imits To =T ;= 25°C.

ADCO820BCN, ADCO820CCN
ADC08208D, ADC0820CJ
ADC06208CV, ADC0820CCV
Parameter Conditions | Yested | Design T Tested Design |{Units
T | Umit | et Yo | Lmit Linit
| Mote ) | e )| Notesy | M (NoteT) | (Notes)
Vingry. Logical “1" Voo =5.26V TS, WH, RD 2.0 20’ 20 v
input Voltage Mode 35 35 35 v
Vino). Logical “0" - [Voo=4.75V €S, WR, RD 0.8 0.8 0.8 v
Input Voltage Mode 1.5 1.5 15 v
1), Logical “1” | Vingsy=5V; TS, RD 0.005 1 0.005 1 pA
tnput Current Vingy=5v; WR 0.1 3 0.1 0.3 3 BA
Vingy = 5V; Mode 50 -200 50 170 200 gA
Iingoy. Logical *0” | Vinoy=0V: TS, RD, WR, -0005| -1 —0.005 ' -1 pA
input Current Mode .
VouT(i). Logical “1” | Vec = 4.75V, lout = —360 pA; 2.4 28 24 v
Output Voitage D80-DB?, OFL, INT
Vec=4.75V, loyr= — 10 pA; 4.5 46 45 v
DB0-0B7, OFL, INT
VouT(oy. Logical “0” | Voo =4.78V, lour = 1.6 mA; 04 0.34 0.4 v
Output Voltage D80-DB87, OFL, INT, RDY
louT: TRESTATE | Vour=5V; DBO-DB7, RDY 0.1 3 0.1 03 3 BA
Output Current Vout=0V; DB0-DB7, RDY . -0.1 -3 —-0.1 -0.3 ~-3 A
lsouRce. Output | Voyr =0V; DB0-DB7, OFL -12 -6 -12 -72 -6 mA
Source Current iNT -9 -4.0 -9 -5.3 -4.0 mA
tgink, Output Sink | Vour =5V; DBO-DB7, OFL, 14 7 14 8.4 7 mA
Curront INT, RDY
loc. Supply Cuent |CS=WR=RD=0 75 16 75 13 15 mA

AC Electrical Characteristics The foliowing specifications apply for Vog = 5V, tr=1y=20 ns, VRgr(+)=5V,
Vrer(—)=0V and T5 = 25°C unless otherwise specified.

T Tested Design
Parameter Conditions N '{: 8) Limit Limit Units
(No (Note7) | (Note8)
tcpp, Conversion Time for RD Mode Pin7 = 0, (Figwre 2} 1.8 2.5 WS
tacco. Access Time (Delay from Pin7 = 0, (Figure 2) tcro+20 tcrp + 50 ns
. Falling Edge of RD to Output Valid)
town-Ro- Conversion Time for Pin7 = Vo twp = 600 ns, 1.62 us
WR-RD Mode trp = 600 ns; (Figures 38 and 3b)
twr, Write Time Min Pin 7 = Vg (Figures 3a and 3b) 600 ns
Max (Note 4) See Graph 50 1S
tpp, Read Tima Min Pin 7 = Vg (Figures 3a and 3b) 600 ns
(Note 4) See Graph
tacct, Access Time (Delay from Pin7 = Voo, tro <t
Falling Edge of RD to Output Valid) (Figure 3a)
Cy=15pF 190 280 ns
Cp =100 pF 210 320 ns
taccz, Access Time (Delay from Pin 7 = Vcc, trp> &, (Figure 3b)
Falling Edge of RD to Output Valid) CL=15pF 70 120 ns
C =100 pF 90 150 ns




AC Electrical Characteristics (Continued) The following specifications apply for Vog =5V, &=t =20 ns,
VRer(+) =5V, VRee(—) = 0V and Ta =25°C unless otherwise specified. -

ADC0820 .

Typ Tested Design
Parameter Conditions (Note 8) Umit Limit Units
{Note 7) (Note 8)
4, Internal Comparison Time Pin 7=Vcg: (Figures 30 and 4) 800 1300 ns
Cy =50 pF
tyH. toH. TRI-STATE Control Ry=1k C_=10pF 100 200 ns
(Delay from Rising Edge of RD to -
HE-Z State)
L, Delay from Rising Edge of Pin7 = Vgg, CL™= 50 pF
.WR to Falling Edge of INT tpp> \; (Figura 3b) Y ns
tap <t (Figure Sa) tpp+200 tp+200 ns
TN, Delay from Rising Edge of (Figures 2, Sa and 3b) 125 225 ns
RD to Rising Edge of INT CL =50 pF
RTHWR. Delay from Rising Edge of (Figure 4), C =50 pF 175 270 ns
WR to Rising Edge of INT
tpoy. Delay from TS to RDY (Figure 2), =50 pF, Pin7 =0 50 100 ns
tp. Delay from INT to Output Valid (Figure 4) 20 50 ns
tqy, Delay from RD to INT Pin 7=Vce. tao<t 200 290 ns
(Figure 3a) /
tp, Delay from End of Conversion (Figures 2, 3a, 3b and 4) 500 ns
1o Next Conversion (Note 4) See Graph
Slew Rate, Tracking 0.1 V/ps
Cyin. Analog Input Capacitance 45 pF
Cour, Logic Output Capacitance I3 pF
Cin. Logic Input Capacitance 5 pF -

Nohl:MnoMudemRalinoshdedcMWMWMNMMW.DCWACWW&MMMWM
the devics beyond its specified opecating conditions.
muzummmmmbmemmmmw

Note 3 Total unadjusted smor includes offset, full-acale, and knearity errors.
Noh4:Acancymym&ﬂmamhmmmmmmanmwm’wnhom
m&mmmwwwnwwmmmmmwm<v-uvm>v+)wmmdmnmwmmumw
\olMumm4mwmmtmnmdmmmmmmwwm-1mwmwm.

Note & Typicais are at 25°C and represent most likely parametric norm.

Note 7: Tested limits are guarameed o National's AOQL (Average Outgoing Quasity Level).

Noukoodw\im“wmbodmmlw%mﬁmmmmwbmummm
Note 9: Human body model, 100 pF discharaged through & 1.5 k(3 resistor.

TRI-STATE Test Circuits and Waveforms

Vee tH Ly C = 10 pF
Y
Vee =
1] wX
e "
u
v
oara ¥ ox

TL/H/5501-3

TU/H/5501-8

TUH/S501-4

TL/H/5501-6
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Timing Diagrams
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Node: On power-up the state bl INT can be high or low.
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FIGURE 2. RD Mode (Pin 7 ls Low)
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FIGURE Sa. WR-RD Mode (Pin 7 Is High and tgp <ty)
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FIGURE Sb. WR-RD Mode (Pin 7 Is High and tap>t)
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FIGURE 4. WR-RD Mode (Pin 7 Is High)
stand-Alone Operation
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Typical Performance Characteristics .
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Description of Pin Functions
Pin Name Function

Pin Name Function
1 Vwn Analog input; range =GND<ViNSVoc o WT WR-RD Mode
2 D80 TRI-STATE data output—bit 0 (LSE) INT going low indicates that the conver-
3 DB TRI-STATE data output—bit 1 sion is completed and the data rosuitis in
4 DB2 TR{-STATE data output—bit 2 the output latch. TNT wil go fow, ~800 ns
§ -DB3 TRI-STATE data output—bit 3 (the preset intemal time out, t) after the
6 -WI/ROY WR-RD Mode rising edge of WR (see Figure 3b); o INT
WR: With TS low, the conversion ig start- will go low after the falling edge of RD, ¥
ed on the failing edge of WR: Approx- D goes low prior to the 800 ns time out
mately 800 ns (the preset intemal time (see Figure 3a). INT is reset by the tising
out, 1) after the WR rising edge, the result odgeofﬁﬁotl%(mﬁgwesamd
of the conversion will be strobed into the . 3b). .
output latch, provided that RD does not RD Mode
occur prior to this time out (see Figures TNT going low indicates that the conver-
3a and 3b). doniscompletedlndmodaureaunlsh
RD Mode the output latch. TNT is reset by the rising
RDY: This is an open drain output (no in- ) edge of RD or TS (see Figure 2).
ternal pull-up device). RDY will go low of- 10 GND Ground
ter the falling edge of TS; RDY will go 11 Vpgr(—~) The botiom of resistor ladder. voltage
TRI-STATE when the resuit of the conver- range: GND<VRer(—) <Vger(+) (Note
sion is strobed into the output latch.’It is 5)
used to simplify the interface to & micro- 12 Vger(+) The top of resistor ladder, voltage range:
processor system (see Figure 2. VggF(—)ngEF(HSVoc (Note 5) 7
7 Mode  Mode: Mode selection input—it is inter- 13 T8 TS must be low in order for the RD or WH,
nally tied to GND through a 50 pA current to be recognized by the converter.
sOurce. 14 DB4 TRI-STATE data output—bit 4
RD Mode: When mode is low 15 085 TRI-STATE data output—bit 5
WR-RD Mode: When mode is high 16 DB6 TRI-STATE data output—bit 6
8 RD WR-RD Mode 17 D87 TRI-STATE data output—bit 7 (MSB)
With C3 low, the TRI-STATE data outputs 18 OFL . Overflow output—if the analog input is
(DBO-DB7) will be activated when RD : higher than the VRer(+). OFL will be tow
goes low (see Figure 4). RD can also be at the end of conversion. it can be used to
used 1o increase the speed of the con- cascade 2 or more devices to have more
verter by reading data prior to the preset resolution (9, 10-bit). This output is always
internal time out (, ~800 ns). If this is active and does not go into TRI-STATE
done, the data result transferred to output as DBO-DB7 do.
latch is latched after the falling edge of 19 NC No connection
the RD (see Figures 3a and 3b). 20 Voo Power supply voltage

RD Mode

with T3 low. the conversion will start with
HD going low, also RD will enable the
TRI-STATE data outputs at the comple-
tion of the conversion. RDY going TRI-
STATE and INT going low indicates the
completion of the conversion (see Figure

).

. 1.0 Functional Description

1.1 GENERAL OPERATION

The ADC0820 uses two 4-bit flash A/D converters to make
an 8-bit measurement (Figure 1). Each flash ADC is made
up of 15 comparators which compare the unknown input to
a reference ladder to get a 4-bit resuilt. To take a full 8-bit
reading, one flash conversion is done to provide the 4 most
significant data bits (via the MS flash ADC). Driven by the 4
MSBs, an Internal DAC recreates an analog approximation
of the input voltage. This analog signal is then subtracted
from the Input, and the difference voltage is converted by a
socond 4-bit flash ADC (the LS ADC), providing the 4 least
significant bits of the output data word.

The intemal DAC is actually a subsection of the MS flash
converter. This is accomplished by using the same resistor
ladder for the A/D as well as for generating the DAC signal.
The DAC output is actually the tap on the resistor ladder
which most closely approximates the analog input. In addi-
tion, the “sampled-data" comparators used in the ADC0820
provide the ability to compare the magnitudes of several
analog signals simultaneously. without using input summing
amplifiers. This is especially useful in the LS flash ADC,
where the signal to be converted is an analog ditference.




ADC0820

1.0 Functional Description (Continued)

1.2 THE SAMPLED-DATA COMPARATOR
Each comparator in the ADC0820 consists of a CMOS in-
vertor with & capacitively coupled input (Figure 5). Analog
swﬂchesoonnectthetwooomparatorinp\mwmmn
capacitor (C) and also connect the inverter's input and out-
putﬂ\isdewceineﬁoctnowhasomdiﬁofenﬁalhputpﬁ.
A comparison requires two cycles, one for zeroing the com-
parator, and another for making the comparison.
In the first cycle, one input switch and the inverter's feed-
back switch (Figure 5a) are closed. in this interval, C is
charged to the connected input (V1) less the inverter's blas
voltage (Vg, approximately 1.2V). In the second cycle (Fig-
msm.mesemoswnchesareopenedmdtmw;er(va
input's switch is closed. The input capacitor now subtracts
its stored voltage from the second input and the diflerence
is amplified by the inverter's open loop gain. The inverter's
input (Vg') becomes

. Cc
Vg—(V1-V2) Cice
andmeoutputwillgohighorlowdependingonﬁmsignof
Vg'—Ve.

TU/H/$801-12
'VO"VB
eVonC = Vi-Vg
© Cg = stray input
node capacior
o Vg = inverter input
bias voltage

FIGURE 5a. Zeroing Phase

mlcnmwaiiﬁyusodlﬁmeADOOBZOlsadmpbw
important expansion of the basic comparator described
.bove.Bynddhgasocondenpacitorandanoﬁms’oto{
Mtdmtomehpcn(Fans).ﬂnschemomnbecxpand-
odtomakewaldiﬂmweompaﬁsom.lntmsmm
leoduckswitd\mdonelnpm:umchonoachcapadwr(z
swﬂdm)mdosedhthszerohgcyde.Aoompadsonh
uwnmadobyconnocﬁngmsocondlnpmonenohcapad-
bru\doponk\galolUwoMMtchet(stms).The
d\angohvouaqoatmeirweﬂo(shput.uaresdtonho
dmnoolndwgeoneachhpdcapacitot,wﬂlnowdepond
on both Input signal differences.

1.3 ARCHITECTURE
InmoADOOBZO.onebankoHSwmparatorslsusedm
each 4-bit flash A/D converter (Figwe 7). The MS (most
slgrﬂﬁcant)ﬁashADCalsohasoneaddiﬁona! comparator to
doucthputovomngaThesetwosetsofoompmtomop-
eorate aliernately, with one group in its zeroing cycle while
the other is comparing.

o

Y

TU/H/5501-13

¢
C+Cs

{cve—ovii ~_

wp'-Vg = (V2-V1)

-A
C+Cs
V' is dependent on V2—V1

'Vo' -

FIGURE 5b, Compare Phase

FIGURE 6. Sampied-Data Comparator

[0 ct 4

v 2 o

Vv, -
O~ Ci+Ca+Cy
S
C1+C2+Cg

(C1(v2-V1)+Cava—-Va)l

a0y + 4Qc2)

TU/H/E501=-14

FIGURE 6. ADC0820 Comparator (from MS Flash ADC)
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ADC0820

1.0 Functional Description (Continued)
When a typical conversion is started, the WH line is brought
Jow. At this instant the MS comparators go from zerolng o
comparison mode (Figure 8). When WH is returned high af-
ter at least 600 ns, the output from the first set of compara-
tors (the first flash) is decoded and latched. At this point the
two 4-bit converters change modes and the LS (least signifi-
cant) flash ADC enters its compare cycle. No less than 600
ns later, the RD line may be pulled low to latch the lower 4
data bits and finish the 8-bit conversion. When RD goes low,
the flash A/Ds change state once again in preparation for
the next conversion. .
‘Figwe 8 also outlines how the converter's interface timing
relates to its analog input (Vin). In WR-RD mode, Vin Is
measured while WR is low. In RD mode, sampling occurs
during the first 800 ns of RD. Because of the input connec-
sions to the ADC0820's LS and MS comparators, the con-
verter has the ability to sample Vjy at one instant (Section
2.4), despite the fact that two sepasate 4-bit conversions are
being done. More specifically, when WRis low the MS flash
is in compare mode (connected to Vin), and the LS flash is
in zero mode (also connected to V|N). Therefore both flash
ADCs sample Vi at the same time.

1.4 DIGITAL INTERFACE

The ADC0820 has two basic interface modes which are se-
lected by strapping the MODE pin high or low.

RD Mode

With the MODE pin grounded, the converter is set to Read
mode. In this configuration, a complete conversion is done
by pulling AD low until output data appears. An INT lino is
provided which goes low at the end of the conversion as
well as a RDY output which can be used to signal a proces-
sor that the converter is busy or ¢an also serve as a sysiem
Transfer Acknowledge signal.

RD Mode (Pin 7 is Low)
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- TL/H/8501-18

When in RD mods, the comparator phases are internaity
triggered. At the falling edge of RD, the MS flash converter
goes from zero to compare mode and the LS ADC's com-
parators enter their zero cycle. Afer 800 ns, data from the
MS flash is latched and the LS flash ADC enters compare
mode. Following another 800 ns, the lower 4 bits are recov-
ered.

WR then RD Mode

With the MODE pin tied high, the A/D will be set up for the
WR-RDmdo.Hero.aconvorsionhswhdwlmuwWﬁ
hput:howcver.ﬂwearemoopﬂonslorroadngttnouw
duuvlmehn!ate\olntedaooﬁmlng.lianummddvm
scheme I desired, the user can wait for TNT to go low be-
fore reading the conversion resutt (Figue 5). TNT wil typi-
cally go low 800 ns after WH's rising edge. However, if a
shorter conversion time Is desired, the processor need not
wakt for INT and can exercise a read atter only 600 ns (Fig-
we A). If this Is done, INT will immediately go low and data
will appear at the outputs.
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FIGURE A. WR-RD Mode (Pin 7 is High and trRo<ty)
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TU/H/5501-18
FIGURE B. WR-RD Mode (Pin 7 is High and tap> 1)

Stand-Alone

For stand-alone operation in WR-RD mode, TS and RD can
be tied low and a conversion can be started with WR. Data
will be valid approximately 800 ns following WR's rising
edge.

WR-RD Mode (Pin 7 is High) Stand-Alone Operation

T3 Low

D Low
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o M3 COMPARATORS ZERD o LS COMPARATOR QUTPUTS
TO REFERENCE LADOER. « MS COMPAATOR QUTPUTS ARE LATCHED AND CAN

© LS COMPARATORS FLOAT,| | © MS COMPARATORS COMPARE ARE LATCHED. M;IS € READ.
Ve TO THEIR REFERENCE  * BAC IS SET. THE M
LADOER TAP, THE COMPRRATOR COMPAATOR FLDATS. . :‘gw RETUR
OUTPUTS DIGITALLY TRACK o LS COMPARATORS COMPARE -
Vot-VLAooER TAP LS SECTION OF REFERENCE

+ L3 COMPARATORS ZERO 10 LADDER.
Vi THE COMMAATOR"S
WPUT CAPACITORS TRACK Vi
TU/H/BS01-20
Hote: MS means most significant
LS means leest significant
. FIGURE 8. Operating 8equence (WR-RD Mode)
OTHER INTERFACE CONSIDERATIONS 2.2 INPUT CURRENT )

In order to maintain conversion accuracy, WR has a max-
mum width spec of 50 ps. When the MS flash ADC's sam-
pled-data comparators (Section 1.2) are in comparison
mode (WR is low), the input capacitors (C, Figure 6) must
hold their charge. Switch leakage and inverter bias current
can cause erors if the comparator is left in this phase for
too long. z

Since the MS flash ADC enters its zeroing phase at the end
of a conversion (Section 1.3), a new conversion cannot be
started until this phase is complete. The minimum spec for
this time (tp, Figures 2, 3a, 3b, and 4) is 500 ns.

2.0 Analog Considerations

2.1 REFERENCE AND INPUT

The two VRer inputs of the ADC0820 are fully differential
and define the zero to full-scale input range of the A to D
converter. This allows the designer to easily vary the span
of the analog input since this range will be equivalent to the
voltage difference between Vin(+) and Vin(—). By reducing
Vrer(Vrer = VRer( +) — VRer(—)) to less than 5V, the sen-
sitivity of the converter can be increased (i.e.,'if Vrep=2V
then 1 LS8=7.8 mV). The input/reference arangement
also facilitates ratiometric operation and in many cases the
chip power supply can be used for transducer power as well
as the VRrer source.

" This reference flexibility lets the input span not only be var-
jed but also offset from zero. The voltage at VRer(—) sets
the input level which produces a digital output of alt zeroes.
Though Vyy is not itself differential, the reference design
affords nearly differential-input capability for most measure-
ment applications. Figure 9 shows some of the configura-
tions that are possible.

Due 10 the unique conversion techniques employed by the
ADC0820, the analog input behaves somewhat differently
than in conventional devices. The A/D’s sampled-data com-
parators take varying amounts of input current depending
on which cycle the conversion is in.

The equivalent input circuit of the ADC0820 .is shown In
Figure 10a. When a conversion starts (WR low, WR-RD
mode), all input switches close, connecting Vi to thirty-one
1 pf capacitors. Although the two 4-bit flash circuits are not
both in their compare cycle at the same time, Vy still sees
all input capacitors at once. This is because the MS flash
converter is connected to the input during lts compare inter-
val and the LS fiash is connected to the input during its
zeroing phase (Section 1.3). In other words, the LS ADC
uses V| as its zero-phase input.
mmpmcapacitonmstdwqetomehpmw
through the on resistance of the analog switches (about 5
K0 to 10 k). In addition, about 12 pF of input stray capaci-
tance must also be charged. For large source resistances,
the analog input can be modeled as an RC network as
shown in Figure 10b. As Rg increases, it will take longer for
the input capacitance to chasge.

In RD mode, the input switches are closed for approximately
800 ns at the start of the conversion. In WR-RD mode, the
time that the switches are closed to allow this charging is
the time that WR is low. Since other factors force this time
to be at least 600 ns, input time constants of 100 ns can be
accommodated without special consideration. Typical total
input capacitance values of 45 pF allow Rg to be 1.5 k2
without lengthening WR to give Vi more time to settle.




ADC0820.

2.0 Analog Considerations (Continued)

External Reference 2.5V Full-Scale Power Supply as Referente tnput Not Referred to GND
p—— pr— F
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. FIGURE 9. Analog Input Options
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2.3 INPUT FILTERING

It should be made clear that transients in the anaiog input
signal, caused by charging current flowing into VN, will not
degrade the A/D’s performance in most cases. In effect the
ADC0820 does not “look” at the input when these tran-
sionts occur. The comparators’ outputs are not latched
while WH Is low, so at least 600 ns will be provided to
charge the ADC's input capacitance. It is therefore not nec-
essary lo filter out these transients by putting an external
cap on the ViN terminal.

2.4 INHERENT SAMPLE-HOLD

Ancther benefit of the ADC0820's input mechanism is its
ability to measure a variety of high speed signals without the
help of an external sample-and-hoid. In a conventional SAR
type converter, regardless of its speed, the input must re-
main at least ¥ LSB stable throughout the conversion pro-
cess if full accuracy Is to be maintained. Consequently, for
many high speed signals, this signal must be externally
sampled, and held stationary during the conversion.

TUH/§501-25

FIGURE 10b

anlod—dataoomparators.bynamreo(meirinpmswitd\-
ing, already accomplish this function to & large degree (Sec-
ﬁm12).Nﬁm:ghﬁwoomersionﬁmetorn\ercoezols
1.5 ps, the time through which ViN must be 1/2 LSB stable
bmudlsnull@f.SinoemMSﬂashADCusestuns
“compare” Input and the LS ADC uses V|n &s its “zero”
input, the ADC0820 only “samples” Viy when WHR is low
(Sections 1.3 and 2.2). Even though the two flashes are not
done simultaneously, the analog signal is measured at one
instant. The value of Viy approximately 100 ns after the
rising edge of WR (100 ns due to internal logic prop delay)
will be the measured value.

Input signals with slew rates typicaily below 100 mV/us can’

. be converted without error. However, because of the input

time- constants, and charge injection through the opened
comparator input switches, faster signals may cause erors.
Still, the ADC0820's loss in accuracy for a given increase in
signal slope Is far less than what would be witnessed in a
conventional successive approximation device. An SAR
type converter with a conversion time as fast as 1 us would
stil not be able to measure a 5V 1 kHz sine wave without
the aid of an extemnal sample-and-hold. The ADC0820, with
no such help, can typically measure 5V, 7 kHz waveforms.
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ADC0820

3.0 Typical Applications (Contiued)
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ADC0820

Ordering Iﬁformatlon

Total - Temperature
Part Number Unadjusted Error Package R
ADC082080 ;DzoA—CMIyDIP —55°Cto +125°C
ADC08208CD D20A—Cavity DiP —~40°Cto +80°C
ADC0820BCV +1%4 LS8 V20A—Moided Chip oCto +70°C
Carrier
ADC08208CM M208—Wide Body Small 0*Cto +70°C
. Outline ,
ADC0820BCN N20A—Molded DIP 0°Cto +70°C
ADC0820CJ J20A—Cerdip -565°Gto + 125°C
ADC0820CCJ J2OA—Cerdip ~40°Cto +85°C
ADC0820CCV +1L88 V20A—Molded Chip 0*Cto +70°C
Carvlor
ADC0820CCM MJ20B—Wide Body Small | 0°C'to +70°C
Owtfine
ADC0820CCN N20A—Moided DIP 0*Cto +70°C




DAC0830/DAC0831/DAC0832

National
Semiconductor

DAC0830/DAC0831/DAC0832 8-Bit P

Compatible, Double-Buffered

General Description

The DAC0830 is an advanced CMOS/Si-Cr 8-bit multiplying .
DAC designed to -interface directly with the ‘8080, 8048,
8085, Z80™®, and other popular microprocessors. A deposit-
ed silicon-chromium R-2R resistor ladder natwork divides
the reference current and provides the circuit with excellent
temperature tracking characteristics (0.05% of Fuil Scale
Range maximum linearity error over temperature). The cir-
cuit uses CMOS current switches and control logic to
achieve low power consumption and low output leakage
current errors. Special circuitry provides TTL logic input volt-
age lavel compatibility,

Double butfering allows these DACs to output a voltage cor-
responding to one digital word while holding the next digital
word. This permits the simultaneous updating of any num-
ber of DACs.

The DACO0830 series are the 8-bit members of a family of

D to A Converters

Features

® Double-buffered, single-buffered or flow-through digital
data inputs

® Easy interchange and pin-compatible with
DAC1230 series

| Direct interface to all popular microprocessors

® Linearity specified with zero and full scale adjust only—
NOT BEST STRAIGHT LINE FIT.

® Works with 1 10V reference-full 4-quadrant
multiplication

® Can be used in the voltage switching mode

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

8 Operates “STAND ALONE" (without uP) if desired

8 Available in 20-pin small-outline or molded chip carrier
package

12-bit

microprocessor-compatible DACs (MICRO-DACT™). For ap- e :
plications demanding higher resolution, the DAC 1000 series Key Spe?lflqatlons 1
(10-bits) and the DAC1208 and DAC1230 (12-bits) are avail- ~® Current settling time 1
able aiternatives. ® Resolution 8 bits
® Linearity 8, 9, or 10 bits
{guaranteed over temp.)
u Gain Tempco 0.0002% FS/°C
| Low power dissipation . 20mW
® Single power supply 5to 15 Vpo
Typical Application
A= f»"’"gl ws ‘Aflows easy upgrade to 12-bit DAC1230, "
p———————————y See appfication hints
wA
i +¥eC 1e 180}
AFER
-
H . |
. o1 W o211y jout s
Y B anE 0ACON30/6831/0832 b—o Yout
$ )
133
E... 2000 BuS
TL/H/5608-1
Connection Diagrams (rop views)
Dual-in-Line and Molded Chip Carrler Package
Smali-Qutline Packages T T 01, g O
- 20— wec tThis is necessary for the
W —1 19— g v T 12-bit DAC1230 serias to =01, (ws8)
o —{3 1"p— i permit interchanging from —loum
oy —J¢ - ve an 8-bit 1o a 12-bit DAC B
"8 N with No PC board changes [~ oo
o, —{¢ 13— Oy R
o3t —1 7 o and no software changes, b
voer —J{0 1 p— o1y 1usm See applications section.
[ S 7] S——— o5 Dy Oy Dy Vegr
oo —— 10 N tguns TU/H/5608-22
TUH/5608-21
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package Dissipation

storage Temperature Range

Absolute Maximum Ratings (otes 1 2 2
If Mliltary/Aerospace specified devices are required,
lease contact the National Semiconductor Sales
office/Distributors for avallabllity and specifications,

Supply Voltage (Vc) 17 Voo
voltage at Any Digital Input Vec to GND
voltage at Vger Input ta5v

—65°Cto +150°C

at Ta=25"C (Note 3) 500 mw
DC Voltage Applied to

louT1 of loyTz (Note 4) —100mV to Vee
£SD Susceptability (Note 14) soov

Lead Temperature (soldering, 10 sec.)
Dual-In-Line Package (plastic)
Dual-in-Line Package {ceramic)
Surface Mount Package

Vapor Phase (60 sec.)
Infrared (15 sec.)

Operating Conditions
Temperature Range
Part numbers with 'LCN" suffix
Rart numbers with 'LCWM" suffix
Part numbers with ‘LCV" suffix
" Part numbers with 'LCJ" suffix
Part numbers with 'LJ’ suffix
Voltags at Any Digital input

260°C
300°C

215°C
220°C

TMINS TA< Tmax
0*Cto +70°C
0°Cto +70°C
0*Cto +70°C

—40°Cto +85'C

—~55°Cto +125°C
Ve o GND

ture, Tmin Z T < Tyax. For all other limits Ta=25C.

Electrical Characteristics VREF = 10.000 Vpc unless otherwise noted. Boldface limits apply over tempera-

4

;

H

i Vee = 5Vpe £5%

i - cc oc

| ‘;’CC_ 1‘5;7755‘(I°° Vee = 12Vpe 5%

| See | "CC ™ OVDC I o 15 vpe £5% | Limit
Parameter Conditions

. Note Tested Units

! Typ Pyptd Design Limit

! (Note 12) (Note 5) (Note 6)

CONVERTER CHARACTERISTICS

i Resglution 8 8 8 bits

Linearity Error Max Zero and full scale adjusted 4,8

' —10V<VRer< + 10V

' DACO830LJ & L.CJ 0.05 0.05 % FSR

1DAC0832LY & LCJ 0.2 0.2 % FSR

;0ACO830LCN, LCWM & LCV 0.05 0.08 % FSR

-DACOB31LCN 0.1 0.1 % FSR

DACO832LCN, LCWM & LCV 0.2 0.2 % FSR
' Diferential Nonlinearity Zero and full scale adjusted 4,8 o

Max —10V<VRep< + 10V ’

LACO830LJ & LCJ 0.1 0.1 % FSR
'DACO832LJ & LCJ 0.4 0.4 % FSR
.DACO830LCN, LCWM & LGV 0.1 0.1 % FSR

DACO831LCN 0.2 0.2 % FSR |

CACO832LCN, LCWM & LCV 0.4 0.4 % FSAR

Yonotonicity — 10V <Vpgr LaLey 4 8 8 bits

<+ 10V LCN, LCWM & LCV 8 a bits

Gain Error Max Using Internal Ry, 7 i

+ + %
—10VSVRgr< + 10V g £ £1 *FS
L-7A
S3in Error Tempco Max Using internal Ry, 0.0002 0.00086 FS';'C
Sawer Supply Rejection All digital inputs latched high
Veo=14.5V10 15.5V 0.0002 | 0.0025 %
11.5Vto 12.5V 0.0006 FSR/V
4.5V 10 5.5V 0.013 0.015
*lerence Input Max 15 20 20 kN
Min 18 10 10 kn
““tut Feadthrough Error VRer = ?0 Vp-p, =100 kHz 3 mVp-p
All data inputs latched low

4-39
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DAC0830/DAC0831/DAC0832

Electrical CharacteristiCs Vagr = 10.000 Vo unless otherwise noted. Boldtace limits apply over tempers.

ture, Ty < Ta < Taax. For alf other fimits Ta >= 25°C. (Continued)

5

.

Voo = 5Vpc £5% | |
“,’°° 1‘5'7,,55‘<I°° Vee = 12Voo £5% | It
cc= 13Y0C | "4 15Vpe £5% !
Parameter Conditions See to 15 Voc Ui
Note Yested Unity
Typ Umit Design Limit 3
Note 6 i
{Note 12) (Note 5) ( ) g
CONVERTER CHARACTERISTICS (Continued)
Output Leakage | lourt | Alldatainputs  LJ& (ReN] 10 ’ 100 100
Current Max latched fow  LCN, LCWM & LCV 50 100 "
loyt2 | Al datainputs - LJ&LCJ 100 100
fatched high  LCN, LCWM & LCV 50 100 M
Output loutt | All data inputs . 45
Capacitance lout2 latched low 115 PE
loytt | Alldata inputs 130
louT2 latched high 30 o
DIGITAL ANO DC CHARACTERISTICS
Digital Input Max Logic Low [ ] 4.75V 0.6
Voltages LJ 15.75V 0.8
(oY) 475V 0.7 Ve
LCJ 15.75V 0.8
LCN, LCWM, LCV 0.95 0.8
Min Logic High L &LCS 2.0 2.0 v
LCN, LCWM, LCV 1.9 2.0 be
Digital Input Max | Digitalinputs <0.8V
Currents LaLcd -50 -200 -200 pA
LCN, LCWM, LCV ~160 -200 A
Digital inputs > 2.0V
L&y 0.1 +10 +10 A
LCN, LCWM, LCV +8 +10
Supply Current | Max LJI&LCY 1.2 3.5 3.5 mA
Drain LCN, LCWM, LCV 1.7 2.0

4-40
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Electrical Characteristics vaer=10.000 Vpc untess otherwisa noted. Boldface fimits apply over tempera-
ture, TMINS Ta <Tnax. For all other limits Tp = 25°C, (Continued)
—]
Vec=12Vpc 5% Vee=5V
Vee=15.75Vpc | SC .« o " O€ Vee=4.75 Vpe |Vcc™5 Voc
' See to 15Vpe 5% +5% Limit
gymbol]  Parameter Conditions |y e T Tested Design T Tested| Design |Units
P 1 umit Limit Pl umit | umit
(Note 12) (Note 12)
(Note 5) (Note 6) (Note 5)| (Note 6)
AC CHARACTERISTICS
ent Setti Vit =0V, Vig=5V
y  [CurrentSetting Vi =0V.Vye=5 1.0 1.0 ps
Time
W Write and XFER  {V)_ =0V, Viy=5V| 11 100 250 375 600
Pulse Width Min 9 320 320 2900 900
1§ Data Setup Time [V =0V, Viy=5V 9 100 250 375 600
Min 320 320 900 900
o1 Data Hold Time Vi, =0V, Vjy=5V 9 30 50 ns
Min 30 50
s Control Setup Time|V)_ =0V, Vijy=5V 9 110 250 600 900
Min 320 320 1100 1100
o C(.)ntrol Hold Time [Vig =0V, V=5V 9 0 0 10 0 0
Min o [0}
Note 1: Absolute Maximum Ratings indicate fimits 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 voltages are measured with respect to GND, untess otherwise specified.
Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by T uax, 854, and the ambient temperature, Ta. The maximum
la power dissh at any P is Pp = {Tymax — Ta)/8 4 of the number given in the Absolute Maximum Ratings, whichever is lower. For this
dovice, Tyuax = 125°C (ptastic) or 150°C (ceramic), and the typical junction-to- thermal of the J ge when board mountad is 80°C/W. For
the N package, this number incroases to 100°C/W and for the V package this numbar is 120°‘C/W.
Note 4: For cummant swilching applications, both lgyry and Iyt must go to ground or the “Virtual Ground” of an operational ampfifier. Tha finearity error is
degraded by approximately Vog + Vipgr. For exampla, if Vagr = 10V then a 1 mV offsel, Vgs. on loyty 0f loytz will introduce an additional 0.01 % linearity arror.
Note 5: Tostod limits are quarantoed to National's AOQL (Average Outgoing Quality Level).
Note 6: Guaranteed, but not 100% production tested. These fimits are not used to calculate outgoing quality levels.
Note 7: Guaranteed at Vpge = t 10 Vpg and Vpegr= t1 Vpc.

Note 8: The unit "FSR™ stands lor “Full Scale Range." "Linearity Error” and *“Power Supply Rejection” specs are based on this unit 1o eliminate dependence on a
particular Vagr value and to indicate the true performance of the part. The “Linearity Error” specification of the DAC0830 is “0.05% of FSA (MAX)". This
guarantees that after porforming a zero and full scale adjustment (see Sections 2.5 and 2.6}, the plot of thd 258 anslog voitage outputs will each be within
0.05% “Vagg of a straight ine which passes through rero and full scale.

Note 9: Boldface tested limits apply 1o the LJ and LCJ suffix parts only.

Note 10: A 100nA laakage curvent with Rp, = 20k and Vrgp = 10V cofresponds 10 a zero error of (100X 10—%x 20 x 10%) x 100/10 which is 0.02% of FS.

Note 11: Tha entire write putse must occur within the valid data interval for the specified by, tpg. lpn. and tg to apply.

Note 12: Typicals are at 25°C and represent most fikely parametric norm,

Note 13: Human body model, 100 pF discharged through a 1.5 k) resistor,

4-41
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DAC0830/DAC0831/DAC0832

Switching Waveform .
g —————d1t—len
Vin
HE. €5, (71 0%
¥
y ——=
Y k____—__ )
R 113 5%
= -
thi
DATA 8ITS
Wi
R~ :
lours tourz S:TLLSEIU 10

Definition of Package Pinouts

Control Signals (All control signals level actuated)

Cs:
iLE:
WR1:

WR3:

XFER:

Chip Select (active low). The CS in combina-
tion with ILE will enable WH,

Input Latch Enable (active high). The ILE in
combination with CS enables WRj.

Write 1. The active low WRj is used to load the
digital input data bits (DI) into the input latch.
The data in the input latch is latched when WRy
is high. To update the input latch—CS and WR;
must be low while ILE is high.

Write 2 (active low). This signal, in combination
with XFER, causes the 8-bit data which is avail-
able in the input latch to transfer to the DAC
register.

Transfer control signal (active low). The

- XFER will eriable WRj.

Other Pin Functions

Dig-Dly:

lours:

lout2:

Ry

Digital Inputs. Dlg is the least significant bit
(LSB) and Dy is the most significant bit (MSB).
DAC Current Qutput 1. loyty is a maximum
for a digital code of all 1's in the DAC register,
and is zero for all 0's in DAC register.

DAC Current OQutput 2. lgyrz is @ constant
minus loyTs. or oyt + louT2 = constant (1 full
scale for a lixed reference voltage).

Feedback Resistor. The feedback resistor is
provided on the IC chip for use as the shunt

VRer:

GND:

TL/H/5608-2

feedback resistor for the external op amp which g
used to provide an output voltage for the DAG,
This on-chip resistor should always be used (ny
an external resistor) since it matches the resistors
which are used in the on-chip R-2R ladder ang
tracks these resistors over temperature.
Reference Voltage Input. This input connects an
external precision voltage source to the internal R.
2R ladder. Vrer can be selected over the range of
+10 to ~10V. This is also the analog voltage in-
put for a 4-quadrant multiptying DAC application.
Digital Supply Voltage. This is the power supply
pin for the part. V¢ can be from +5 to +15Vy,
Operation is optimum for +15Vpc.

The pin 10 voltage must be at the same ground
potentiat as oyt and ioyTa for current switching
applications. Any ditference of potential (Vog pin
10) will result in a linearity change of

Vos pin 10
3VRer
For example, if Vrer = 10V and pin 10 is SmV
offset from loyry and loyrz the linearity changs
will be 0.03%.

Pin 3 can be offset +100mV with no lineardly
changs, but the logic input threshold will shift.
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Linearity Error

ACTUAL

* LS9 ERROR

ANALOG QutPUT
ANALOG OuUTPUY

1DEAL MESPONSE

DIGITAL INPUT

ACTUAL

IDEAL RESPONSE

£HLIE ERAOR BAND

1130 ERROR

ANALOG QUTPUT

DIGITAL INPUT DGITAL INPUT
TL/H/5608-3
a) End point test after b) Best straight line c) Shifting s ad]. to pass
zero and {s adj. best straight line test

Definition of Terms

Resotution: Resolution is directly related to the number of
switches or bits within the DAC. For example, the DAC0830
has 28 or 256 steps and therefore has 8-bit resolution.
Linearlty Error: Linearity Error is the maximum deviation
from a straight line passing through the endpoints of the
DAC transter charactenistic. It is measured after adjusting
for zero and full-scale. Linearity arror is a parameter intrinsic
to the device and cannot be externally adjusted.

National's finearity “end point test” (a) and the “best
straight line™ test (b,c) used by other suppliers are iltustrated
above. The "end point test” greatly simplifies the adjust-
ment procedure by oliminating the need for multiple itera-
tions of checking the linearity and then adjusting full scale
until the linsarity is met. The “end point test” guarantees
that lingarity is mat after a single full scale adjust. (One ad-
justment vs. muitiple iterations of the adjustment.) The *“end
point test” uses a standard zero and F.S. adjustment proce-
dure and is a much more stringent test for DAC linearity.
Power Supply Sensitivity: Power supply sensitivity is a
measure of the effect of power supply changes on the DAC
fuli-scale output.

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

Full-Scate Error: Full scals error is a measure of the output
error between an ideal DAC and the actual device output.
Ideally, for the DAC0830 series, full-scale is VRgg — 1LSB.
For Vpeg=10V and unipolar operation, VFyLL.SCALE=
10.0000V —39mV = 9.961V. Full-scale error is adjustable to
26r0.

Difterentlal Nonllnearity: The difference between'any two
consecutive codes in the transfer curve from the theoretical
1 LSB is differential nonlinearity.

Monotonlc: If the output of a DAC increases for increasing
digital input code, then the DAC is monotonic. An 8-bit DAC
which is monotonic to 8 bits simply means that increasing
digital input codes will produce an increasing analog output.

ul e
{8 01y Ot (] [ ] [ =0V
o o—4——o 0 J . I
015 O " o a Y ] $——0'ount
ITH - W
014 O $ 2 so1 9 o M 9 MULTIPLYING |
[H mrut 0AC /A AL
00 - DREGISTER T ° e CONVERTER ——0lm
01y 0—0t ° 0 9 (] ::“'J,
O L3 o ] o q 1‘—l——-0'¢|
sm otg 0—1 ] L] L L :
(15 |
13
r——om
|
|
|
| .
|
I
0 ¥
1

|
10
Q OUTPUTS FOLLOW 0 INPUTS: =0 GND
SATA AT 0 18 LATCHED.

TU/H/5808-4

FIGURE 1, DAC0830 Functlonal Diagram
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Hex Inverter

5404 /7404

0]

GND 5Y SA 4y

[T M

nPyY

WINT ¥

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package . Package Package . Package 3 Packsge
Device Type Device Type Device Type Device Type Device Type
C{P|MCF CiP|MKCF C|P[MKF C{PMCF].. C|P{M[CF
SNSAS04 [G3 w e § GNSEHOL [N W if SNSAL S04 3T w3| SNS40d 1@ wif SNSAL 1 DIND| TD
Tl SNTES04 S LINT SN Ter0e J{NL SNTAL S04 DTN SN0 1T IND SNTALM 3 DD T
AIRCHILD FVSES0L ‘FMISO4[0 L FMSAr04 F MSHO4 10 ¢ F 2] rusassc, o o 1 | F MS404/F MNOs  |OD| &
F FCISO4-FCISCe [0 [T F C 11404 -FCIHO4 (01 1PT 13/ FOUISM oD | "D Q| FMI404'FCINGs  [OT
£:C3108 L Fy M C5404 LQ F
MOTOROLA ™G 1008 Lifey F 3] snL s P14 MCTIL jLoPol |
OM 54104 JUINY OMS4L S04 DM 44 3 QIND DMSALO4 4 T F
NS.C. DMIESO4 N [ ) rING OM74L S04 OM 1404 3D OM 4L 04 1D{NCY F
PHILIPS NS0 4. NI4HO () ﬁ NML S04 4 [FCOR [0)] .
554504 F.|at W i'] SS4r04 F AT w. 55404 FO[AD
SIGNETICS N14S0¢ Fh[al] [wa]NTeHoe Fylat| ~{. ]| N1 sod A<l NTOH FO|AD
SIEMENS FLH2 @
| .
FUNTSY i 4L S04 ] MB4Is DD
HITACH HOTES04 [Py HO LS04 @ HDT404/HD2522 . PO
MITSUBISHI M5S004 P ML S04 P MS1204 PO
NEC 14504 cJ LS04 D, uPB23S 0D :
TOSHIBA TDMOA (o
Electrical Characteristics SN54L504/SN74L 504
absolute masimum ratings over operating iree-air lemperature range
Swoon vouse VCC ~ Orerateg ot Tsnaacs S8C to 125C B
e i RS RS oerers o /e T Schematics (each gate)
Sege temoriatue W 65T I
ded operating i
SNS4LS04 SN74L504
| e NOM WAz | N NOM v e
Suory voltage, VO 5 3 38 an S (%] v
Hogharvel etpt astent 10n - - a0¢ Da
Lae ool outout w0iend 10y N ] s
Deeatng hee 0e wmoeratse Va %S ) ] 0 ©
electrical characteristics over recommended operating uTPUT ¥
free-air temperatuie range
PARAME TER TEST CONDITIONS ! MiIN TYP § max fumit
Vi H:xgh level dput volidge 2 v
Vi Low keve! npul voilage 08 v
v Iput camp volta \ =MIN. i = -ikmA -158| v
1 - = VCC=W~ \: - — |_cmcuny Ri| R2[ Ry A4
VoH  Higreeve: outoul voltage cc DU i B SR WY v o4 <% [ian|i30] 1«
| lgn = MAX \: Tlod | 40%| 70 [500 112K
. VCE TMIN.  Vig= 2V, Inpot Clamp dicdes not en
voL  Lowcievel outpul vollage (o = 4mA o4l v SHSAL 73NT4L * circuits. S04 CIRCULT
W frout eurrent 3t vegsMax, V= 0.1 ma ‘04. "LO4 CIRCUITS
maumum npul_woitage
LT High-level wput current Voo SMAX L vig=2 v 20| A
Iy Low-tevel wput Swrent VCC=MAK. Vi =0 eV -0.4| mA
Shortcwewt [ S4L S Fanuly 20 =100
1 v =MAX
05 ouiput curemt 8 [TCs Famin [ -20 Tiw] ™
\CCH__ Suppy current Veo=Max Total. outputs mgh 12 2.4 mA
| 'cer_ Supely curent Tota! puituts low 3.6 6.6] mA
_ Average per gale
icc Supply cuereat Yoo =Y (50% Stieycie) 0.4 mA
. Pmolqam‘r delay Lme, 9 15
PLH 10w -10-Righ-level oulpu! vgo %Y fa-25C i
Propagation delay vme, Cyp = 15PF A, xQ
o
PrL rugn-1o-low-fevel ouipul l ' ' ns
Pin Assignments (Top View)
Ve

L
Hoa CiRCUNT ‘LS04 CIRCUNT
4 av 74 2v 1A )Y GND -
positive 0g<
CE Resistor values shown ace nominal and w ohms.

1. rometbons shown 38 MIN G MA T Jhe ¢ 4NV AIn 2t NY usd wFder eCom mended 0peralng CONGiLoNns

120t .alues are a1l VOC SV Ta 7

. wr A i ulput AR M) Dé e e 3 N flaee and Ghudy SNIES Ouration of short it 3houtd MOt 020080 | Yo




5400,/ 7400 Quadruple 2-Input Positive-NAND Gate

Schottky TTL High- Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package Package A Package
Device T Device Type Device T Device T Device Typé
YPe IcTP]mcH clPImlcF ype TP MlcH Yee rcTpM[eH clPImIcH
Tl SNS54500 ) OINTX Wil SN34H00 37N wiisnsaesoe . J@®Y D) 585400 o, SNSALW 1 DINDLT
i SN14500 s ENTY SNT4HOD 3 DINTS SNTELS00 I G SN1400 1IN ISN"Lw P ONDITY |
FAI L FMSE500 F M9500 [0 F MS4M00 'F M3+00 /0 . [F - 2 Farsasm0.- rarsoe ol 10| Pu sa00/F mengs 10D F 2
RCHI FC14500°F C9500 (0T} rd F C 74100 C 31400 INDIPA FCT4.300 < KON 900 QT @[ Fcroo¥Conoe  JOOPD
MC1I00 it 3 ir 73 MC 5200 4 iF 21
MOTOROLA MC 3000 LDPD]  FIIsnrsn P MC 1400 D) F 2y
s DM54H00 )N DM54L 500 DMS400 TUNGY, W2 OMseL00 Teloimd
NS.C DOM14500 INGEY OMYH0 3 TN DM74. 500 01400 1 DN DML 0 o Jo _L
PHILIPS NY502 [ GIHI3L/T4HO0 fo, ~14L S00 R F 1311400 [0
N$4500 FDIAG] Wit ssaHoo FUAQ] | IwQ 55400 F O]
SIGNETICS  [isan F QA N14H00 IF Al N14L 500 [a:Z] N0 IF D)
SIEMENS oo @
FUITSU MB60I DMD 4L 500 T MB400 DIvO)
HITACH! HD 24500 [0 J0| HO 4L S00 o HD1400.HD2503 | P Q)
MITSUBISH! oo PO ML 500 pa 53200 PO
NEC uPB2500 DY 4L 500 fed] weB 20t loDIC
TOSHIBA 703400 A PO
Electrical Characteristics SN541.500/SN74LS00
sbsolute manimum retings over operaling free air temperature reng e
Saoh e Vee Y Opwraieg #owee | SHSALS HE, B Schematics (each gate)
input_wohage v semperaie renge [snrs e v Wt .
e — § v Storage lemoerature “enge -85T 10 18C
SNS4L 500 SN744,S00 [
e oW MAK | WIN wou wax | M7 Va
Swoety vofiage, VCC as s $s o -5 X2 v 3
Mg tuvs’ OADRH OTeM. IO - — 400 -h
Low Nvel aiput oot IgL 4 ] 4
Dperaieng kee-ar temperatwe. Ty —s8, 28 ] ) 3
- X3 £ INPUTS
electrical characteristics over recommended operating CTRUT
{ree-air temperature range A —4
PARAMETER TEST CONDITIONS ¢ MIN TYP} MAX | UNIT 8
ViH High-lavel mout voitage 2 v
Vig Low-leve! mput voltage 0.8} Vv j
vy 1nput clamp voliage Voo =MIN,  1p= —18mA -5 v
) 2 VEE =MIN, - Vi = Vi max,
vor High-tevel cutpul voliage \om = MAX 2 34 v GND
VOL  Low-evel output voltage vCC::MN‘ =gV 02 04} v
for = tmd TIRCUIT] R, | Ra] Ay | Ra
tnout current at 0o 4k frin] 138 | Ix
1 = vi= A
; maxmum mout vottage Vet aiax. VIRV o My “100_ | a0k 70w | 300 [ 12K
L] Hogh-level input current Ve =MAX, Vi=2.7v 20| wA Input clamp diodes not on .
[ Low-level nput current Vog mMAX, Vi =0.4V —~0.4| mA SNS54( / SNT4L circuits, S00 CirCuIT
3 [ssLs Famay] -20 100 ‘00, 'L00 CIRCUITS
108 Short-circurt Qutpul curcent @ Voo =MAX LS Famiy | =18 pyres mA
toCoH | Suooly current Vee =MAX T olal, outputs fgh 4 8] mA
tcct,  Swpply curcent Totat, outputs low 12 22| mA
_ Average per gate
Iec Supply cwrrent Voo =5v (50% uty cyole) 04 mA
Propagation dglay time,
=5V T =257
'PLH low-10-hrn-tevel oulout vee=sv. A=T, : i
Propagaton delay time, . -
PHL high-10-low-level oulput N C= i =24 10 '® "
Pin Assignments (Top View)
O @
INPUTS
A4
" 8 4A GwD I8 A Iy
e Lz ) (6] 9] e U
ol 1)
il 1
{ i
) |
@ 18 1Y vee 2v 14 18
HOO CIRCUIT pn BN
positive lagic - B LS00 CIRCUIT
v 28 Resistor values shown are Aominal and wn ohms

FF e ona.ons $nawn as MIN oF MAX e [0e apur00nate value SPECehed under r2Commended OGaratng condilions
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5432 /7432 Quadruple 2-lInput Positive-OR Gate

Schottky TTL High-Speed TTL | Low-Power Schettky TTL Standerd TTL Low-Power TTL
| Package Package | _° Package Packege | . Packag
Device T Device T Device T' Device T o Type
. Yo [eTPIM[eH Yoo IcTpImIcH e [P M[cH Jd (B0 T jelpim
- 0 SNUSR 10| v SNSLS32 1o Wiq SKsas2 10 |
T.L SN [T D) SNILSIZ [0} T SNIG2 [3) T4 1
[ ARCHLD | o =) ) Aesas st %0 70 | FWs432/F WaN32_ 0D F o
Fi OISR/ POREKY oD "D ) OISR/ ORI o | r® | FC132/F CINI
MOTOROLA SNTELSI * x
s.C. DMMLSR [ DWS432 JOND DMS4L 32
NS. . OMSeL 532 - . [5) oMz 1OIND! oM7aL32
PHLUIPS N14S32 [ NIeLS R [) NI4R2 0]
SIGNETICS ze ] o
NILSR s @) wa F D a0
- .
SIEMENS FLHE []
ham o
FUATSU 512 D)
HITACH HONLSX2 3 HD 432 [0) )
MITSUBISHI T T
v
NEC LS T
TOSHIBA
Electrical Characteristics SN54LS32/SN74LS32 ’
ebsolute maximum ralings over oparating free-sir lemperature range
Seown rotepe. VCC ™ Pysope— Tsnwcs The w T Schematics(each gate)
oot vorage ™ temversture range | swreLs 6w we
" Stoage Semewatws (g 61T _te 1aC S
d 4 tid o B 980 1908 ® o
[ SNS4LSI2 SN74LS32 wuts
[ oM MAR_| wiN WO wax ] YT A
Suschy vonegs. VCC (R} s LR n $ s h v
N tevel @ARA arem. oM - 400 - 600 »h
Low-tevel autia turrent, 10y 4 1 - ]
| Orerateg Wetae twmowatirs, T, -3 s 0 » 3 .
electrical charactecistics over recommended operating 3
free-air tempecature range ud
PARAMETER TEST CONDITIONS { MIN TYP t MAX [unT
Vigg Heh-level wout voitege ? v 32 CIRCUIT -
Vi Low-level noul voitage 08| Vv
Vi Input clamp voltage VOC =MIN, 1) = —igmA —~1.5] Vv

VEe SMIN. V=2V,

VoW High+evel output voltage low =MAX 2.1 4 ™ m
VCo =MIN, Vi =V, !
VoL  Low-avel output voltage cG oo e 025 0.4] v
IOL = dma
tput ourrent at
Ll Vee=MAX. vy =1y 0.t | ma
mazmyum nputl voliage TS
i Hwgn-evel wput current Vog = MAX, Vi=2.1v 20 [ »a A
[N Low-lersl nput_current VCC=MAX, Vi =0.4V 0.4 | mA
L cC L
[seLs Famay | =20 ~100
i0s Shortcorout outdut currenl ¢ VEC TMAX F‘LSFIM' 2 00 mA [}
ty | - -
3

-
-
<

iccH  Suply ourrent Total, outputs hgh 3.t 6.2 | mA
ce vee TMax
iCCy  Swoply currenl * | Total, outputs low 49 3.5 | mA
Average pergate
[ Suoply current Voo TSy A
cc Y cc (50% ouly cycle) =0 2
. Propagation delay time. $32 CRCUY
PLH 10w 10-gh Jevel output vee S Ta=25C. ' i
Propagsicon delay hime, Cy  t3fF AL =0
[t '
PHL  pontodow-tevel outut ¢ il T Ve
Pin Assignment (Top View) 20k 320
I
S wuls
e,
[ L S LI .
13} [z} Ml fio] 8 fe
f T sl J*
e l e
i b
> WD
I L 4 kO ¥
. — 1 it
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- L
I alaby
K3 X v ONC
L$37 CIRCWUIY
positve logic Reyislor valugs SNOwn are NOMINSL ang e dnmy
AR
VI e el tems Stumr @8 MEN VAR E e e AN R dlr LdNe SIRCTe S Lokt e cemmeaded poer3hing Conditions
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54138,/7T4138 3-Line-to-8-Line Decoder :
Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package . Packsge Package Package N Package
Device Typs Device Type Device Type Device Type Device Type
c| P|M|CF| C| P|MICF] C| P|M|CF] C|{ P[M|CF] C|P|M|CF]
T SNSES130 1@ W) snsaLsiw 140 wi
- SNHUSIN 1 OIND; SNTALSI3 J QN
sanmin §od masin i | K ]
FAIRCHLD OGN/ s | W@ crcin /o | 0] < 9
MOTOROLA SN LS8 PO
OMILS I3 [
NS.C DMNMSIN D OMS4LS138 . [}
PHUPS NIS138 [ NULSIR [1}]
SS4S1M FI{ed [wdy -
SIGNETICS NT4S 38 B NT4LS 138 A
SIEMENS
FUNTSU TaLS138 MO
HTACH HDTALS I3 P O]
MTSUBISH M74S 133 PO M14LS 138 POl
mc LS 138 IC Dy
TOSHBA
Electrical Characteristics SNS4LS | 38/SN74LS138 Pin Assignment (Top View)
sbsolute maximum ratings over operating ® DATAQUTPUTS
free-air Wmpersture range Voo Ye Y ¥I Y3 1t v3 Y&
Suooly votuge. Ve i v Opsratmg teean | smels]  —SSCio 125°C 161115 hal 3 fi2)[al{i0} 5
nput voltage ™ temporature range [ suIes 0°Ca 70°C T
b t
: Storage temperslure range -$§5°Cto 150°C l 1 l l l |
- s 8t ] Y2 i8] Y4 3
recommended operarating conditions ! W " p—J
A Té
SNS4LS 138 SNT4LS 138
WIN NOM MAX | MIN  NOM MAX Sl 8 ¢ G2acr8 G1 Y7 positive logic:
Sueply votage. VoG s 5 ss|e1s 5 sas| v T | T l T 08 hunction tadle
Fhgn-level ouiput curent, lon 400 w00 | A 1
Low-tevel outout current, ¢ [ ¢ ma yfl23afiefisfleli7iLe
Operating free-aw temperatwe, Ty -55 1251 0 0| C A [ C\G2AG2B G oJrLquNo
electrical characteristics over crecommended operating SELECT ENABLE
free-air temperature range Function Table
PARAMETER & TEST CONOITIONS { MIN TYP§ MAX [ UNIT “5138°LS138
ViH High-level nput voltage 2 v
Vi Low-tevel wput vollage 0.8t Vv INPUTS S QUTPUTS
Vi wout chmp voitage VoG =MM, 4= - 1amA 5| v ENABLE | SELECT
N e oeat oot o VCoeMIN Va2V, |oeus | 25 34 5 Tl Gz € .8 A ] Yo Y1 Y2 Y3 Ya¥sVeY?
oH age Vim0, IV.I0H = w00 a[SOIE | 27 Y4 X WX X X|H H H H H H H K
Ve =WN, V=2V L xlx x xlH H H H H K HH
VoL  Low-tevel outpul voitage % < : 0.35 05| V H el L tlu www v RoH
v =08V gy =BmA
LY Inout current at mammum v o vZE o A H L t L H H L H H HHHH
- = m
wput_voltage cc - L H L]t # L|H H L HHHHEH
™ Hgh-tevel nput current VogIMAK, Vi=2.1V A B LIt H HiH H H L HHHMH
L Low-tevel wput current Voo EMAR, V=0 4V 04| ma 4 LiH L L[H HHHLHHKH
‘os Snort-crout outpul current ¢ Voo =MAX 20 - 100 ma o t HoL H H H H H H L HH
e Suooly current Voe ¥ MAX  Outputs enadled 63 0| ma H L H o oH oL H H H H H H LK
ang apen M  LiH H H|H #H H HH K HL
-IW. ] ? BN + G2:GZA+G28
1PHL | f.om Binary sctect 2 4 H=hun level, L =tow level, X = relevant
PLH |t Any output vee SV e 21 . .
lent Ta=28C evets| 2 e ™ Functional Block Disgram
of Y
oL R W PR =D
PHL Ry = ¥ u 2
———=-— trom Enable t e
BLH e s 11 w1 R O—F—_.—Ea}—n
L 10 y Oulpy | L ) L 2% » ENABLE G.——{ >o‘ ' i .
NPYTS Cl“‘ Y2
G228
- § 'll'l
DATaA
2 o] outeuts
A L
SELECT 8 2 Wiy
whyTS
o
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/ ¢ 13
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/ -§138 'L 138 DECODER  DEMULTIPLEXER
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54164 /74164

8-Parallei-Out Serial Shift Register

Schottky TTL High-Spoed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Device Type ]cP::k::‘cr Device Type cP:k::[.cr Device Type P:k;';r Devica Type cP::k:«“cr Device Type CP::"::: =
I JonsaLsta JQ w§ SNS4164 Moy Wil SNSAL 164 O INEITY
TL SNILSI .. 1IDMND SNTI6 JOINT SKL 164 1einare
FAIRCHLD e e et fouP
MOTOROLA SNTALS164 a MCI8L Fo
DMTALS 164 [} DMSAL 164 ) D
NS.C. OMSAL S 164 [ DMIGI64 o Jomreisa 1 DND|
PHLIPS " NTLS 164 ) NI D
SIGNETICS TG I T o :
SIEMENS FL et [
an TALS 164 MO
HTACH HO LS 164 PO HO 14164 oPC
MITSUBISH MIEL S 164 [ M$3364 (el
NEC EMMLS CO! »PB2164 o0
TOSHIEA TDI5034 . PO !
AMD g { I H

Electrical Characteristics SNS4L.S164/SN74LS164

absolute maximum ratings over operating free-air temperature range

Swohy voltags. VGG TV | Operatig Wee-aw [SNSE" | —56°C 10 125°C
Ingut voitage w 18mperature Fange ISNH‘ oC 1 WCe

Storage temperalure rance —~6'C 1w I150C

recommended oporating conditions
SNS4LS 1684 SN74LS 164

MIN NOM MAX [ MIN  NOM MAX_4 vkl
Swely voltesg. VCC .5 s ssf4r 5 s v
Hogh devel outpul ourrent, 1oH - 400 —400 | uA
Low-tevel outpul ourrent, log 4 8] ma
Clock trequency. lolock 0 2] 0 25| MH2
Wigth of clock or Clear mput prise, Ly 20 20 ns
Oata 010 tme, lagnp (Lt 15 ns
Oats hoid Lme. thold 5 5 as
Ooerating tree-an temperatire, Ty -55 1] 0 0| °C

slectrical characteristics over recommended operating
frea- air temperature range

Function Table
‘164,°LL.S164,'L164 (see Note 2)

INPUTS OUTPUTS
CLEAS jCtoCK | A B QA QB - OH
L X X X L L L
H L X X (Qap Qo Owe
H 1 H H H Qan  QGn
" l 1 fux |t O0an Qe
] | 3 K L N L Qan OGr

Functional Block Diagram

PARAMETER TEST CONOITIONS MIN  TYP § MAX]UNT Dl outeut  euteut  auteut 'u.,w w;:m ot
Vi High-evel_woul_vollage 2 S g ~ e m’“ ~
Vi Lowdevel mout voitage el v 164, LS14, LI B-BIT PARALLEL-OUT SHFT REGS
Vi tnput clamp voitage, VoG =MIN. 1= —18mA ~1.51 Vv
v rochievel outpul ol Ve =MIN,  Vip=2V, ey , typical cloar. shift. and clear sequences
vel ouf ] f
ou o 1age Vi =08V,  lgp= —400xA N ,U.‘_lr
v oot ot VCC=MIN, V=2V, v e W H
oL owevel output voltage Vi =08V, toL =tma 03 05 ", —:"_’]_____r_—]_ﬂ
Tout Current maxsmum v y
Iy Voo =MAY, V=1V 01| mA -—.————r
o ; U
T High-evel rput current VCC=MAX, V(=2 IV 20| wa 5
[N Low devel nput ourrent VoE =MAX, V=04V 04| mA oo [ 1
TSNsaLS | 2e 100 — H
[ o {v MAX v A
0s Shoricwowt output currfent cCc* WNU ey ol ™ “ H — [ -
v, MAX, - [ L 1
Icc  Swoety currenat SE.C:O_. \ 3 21| mA ®o.d S e
; 1 D R DU R U S
traz Macsmum clock  frequency Ve =S C =15oF s % MHz oot ~
Tooagation Jelay Time. negh todow T o .‘.._}
= f | ) DO,
P ovel O oulpuls trom Clear inOut RA» o C = 1%F 2u 3§ ns o h
—— Dropigation Jelay e Bw oG = - Aol - ~o.a - L
WOLH ° N Cy =1%0F 17 2| 0 - s
tevel Q ouputs from clock wout _ | Il
Prooagation delay time. hygh-todow i
ot ‘evel 0 OUIDULS rom cloch DUt Cu =t50F 1 o L L ‘m——_—_
Pin Assignment (Top View) il o
wcc o CHRTAATIES
® nininiglEio
| \;I NOTES 1 icC 19 measwed with gulpuls 0Den Sorial wouls grounded. and 8 momentary
T e i round. ther 4 SV, applwd 1o Clear
A J vl 2 H =ngh tevet {steady state). L= Lowleve! (s10a0y stale)
r‘ A A X =wrelovant (#ny wout, mchding Iransitions}
B oile oo oo oo 1 =transrvon trom low 1o g leve!
- i 1 T 1 . 050, ORO, OHQ=1he tevel ot Oa O, o Op rfewrectivoly, belore the
.‘1 Inzn ']1 ! u MOt A mOCated S168dY-SIElE 1nOUI CONGHTIONS were 051ablisned
Pl e N Qan, OGn =1he Jevel of 04 o OG petore the mostvecsat 1 transtion of
Dositve fogic, SEC hnChon 1adle [ —— the Ulock, nCales @ ong-bit st
WAL S CHL VY N t
TE o (ongiinng shown 8 MIN OF MAX  y3s The apraie vehs e noecating tor the appl Gevioe type

Taw tvpcat vatwes e a1 Voo =5V, Ta 25°C

S nps Toee 1hen Two OVIDULS ShOAD De Shor 8¢ 8t & hime



54165/74165

Parallel-Load 3-Bit Shift Register

Schottky TTL High-Speed TTL Low-Power Schottky TTL Stendard TTL Low-Power TTL
Packsge Package Package Peackage Package
Device Type Device Type Device Type Device Type 1 Device Type
C|P|MICF] C|P|MICF] C|P[M|CF] P |M|CF] C{P|M[CF]
T SNSALS 16 10 SNSAIES @ Wil
A SN1LS I JOND SN1L16S JOIND,
F M54165/F M9316S 10D
FAIRCHILD FCIL1ss/FC9216S_JoDIPD!
MOTOROLA WCTT63 PO
MS C OMS4L 1654 OO F O
i e oMII6S RO! OM74L 165A 1 OIND! (]
PHILIPS - NI [
- S4168 FO|ed
SIGNETICS NIAI6S Fopa| I
SIEMENS FLs! %)
FUJITSU
HITACH!
MITSUBISHI M53%S5 PD
NEC
TOSHIBA
- - - 12 . - -
Electrical Characteristics NS54LS165/SN74L.S165 Pin Assignment (Top View)
sbsolute maximum ratings over operating free-air temperature range ®
Swoply voltage, VcC TV | Operatmg hecae  [SIS&S] ~SSC 1o 125°C PaRA gty
; cLock e TS seaucouteut
nput  voltage w temparature (ange SNIALS| 0C 1o MWC Vep mousit D€ Y A aeuT
Storage lemperature 1ange ~65°C w0 ISHC
- recommended cperating conditions
SNS4LS 165 SN74LS 165 T
MIN  NOM MAX] MIN  NOM MAX .
Supoly voltage. VcC 4.5 § S5]4& $ S|V
High-tevel oulgut cwrrent. lon 400 00 ] uA
Low-ievel output current, for 4 $| mA H
Clock frequency. foioek 3 20 0 20 | MH2 l l
Wedth of clock nput puise 1 {(clock) ) e s 6117
Widin ot load wout puise. ty (l08¢) 1s 15 ns SHIF 1/ CLOCK E H, 00
Crock vrabie setup me, lsanp » » o i | e PARALLEL meuTs oM
Paratier wpul st time, lspiyp 10 10 ns
Senal nput Telup time, lserup 20 20 as positive logic:
Shifi setw Lrme. tsarug 45 45 ns
HOI time at any nput. tholg [ ] ns
Operatuxy free-ax temporature. T ~S5 125 0 nic .
A Function Table
electrical charactecistics over recommended operating £
free-air temperature renge 165 (see Note 3)
L —
PARAMETER ¢ TEST CONDITIONS | MIN TYP t MAX [UNIT INPUTS INTERNAL
oUTPUT
Vi Tighlever inpul voltage 7 v SHIFT/ [ CLOCK cx.ocx' sErIaL | PARALLEL OUTPUTS o
ViL Low-ievel wpul voltage c3| v LOAD | iNHIBNT A .H Q e
vy froul clamp vollage Voo MIN 1 = —igmA -1.Sf v L x x x a . n a » I
Voo =MIN V=2V,
VOr  Hghdevel output voltage cc o 21 £ v " L L x X Qao %p0 Qo
VL0 BV, oK™ ~ 400 A H L 1 H x H  Oan QGa
v, AN, Vg =2V,
VoL  Lewsevel output voltage ce - H 03 08t v i L 1 L x L Oan | 9Ga
) Vi 20 8V. gy =8mA — i { « H 1 x X Qa0 Ogo Ono
r Ingul Lrrent 8t SR, tead 10pw 03
" woul vee MAN ¥ WV ———— . mA
- rotage onees | - . L -
Tip Haghleve! Load mout | vogTMAX v 2 e — LI
_ Shutt, oo d mput Other wouts . S 20,
f Low-level Lodd 1npul Vee sMAX, Vv, 04V - IJ! mA
Shit1, toad mput Otrer nouts 04
- Ty -0
ws Shv tacuit current @ vee =Max [5"5“‘5 10 ma \
- JSniLs -2 - 100 N
i Swoohy current [VEG = HAX See Note 2 21 W[ mA N
:""'_ ru"'m"m clock hevenc/ 30003 MHIE (0TES . 1. THs 3 the voitage between two emiters of & mullolewuller Lransistor. For
'“511 tom Lad 1o Any output fom—m 2 ! ns s Cwcut, g rating agphes o the sh.ft/iosd wewt n oonjunction wrth the olock
!fl"L B o Voo =Sy . 22 - 3% CIOCK Of CIOCK SIWDIt MPULS.
[T N i Ta=25C | 21 W 2 With the outputs  open, Clock wwubit and smufr/losd 8t 4.5V, and & Clooh
oy {tom Gt to Aey outou: Cy = I1YPF ST aw, ™ pulse apphed 10 the Clock wput. IGC 'S meassed frst with the parafisl wputs
) - — - L A e ; m at 4 SV, then wih the paraliel wouts (rounded.
L2003 2 gm v 10 output O, Ry 2 : o1 3 K =ngn ievet (steady state). L =lowlevel (stoady state)
Ra _ - X =urelevant (any wOut. chang iransitions)
Rl { om0 wiout 5 o _I}_ 0 . 1 =uwanuion from low 10 gh level
Wy | b 10 utpul Oy L 13 » a =1he level Of steady-state «out 8l mpuls A thru H, respectreety.”
o R - - 0a0 Qg0 Cwp =the hevel of 04 Og o On, respectively, betore the
ngcaled steady 3lale MEUl 0ONIIONS werd estabtished.
Oan OGn, = the tevel of Qao Qg respectively, Defore INe mosT recent
1 uwansion of the clock
10 0 aeuntans shown as MIN O MAX, use ife auivior ate ke unoe ‘& coeratny tor the Sevece vpe

FES
.
e

By

mge TN one QUIPUt SMOuK] De SN 1eC 8T« v

ma  cenms dve At VOO RSV

Ta 25¢C

D Oagataon  GEDY Bme  Kow 10NGh tevel Ui

P Lodzalam OClay time  Migh 1040w iever wulgn!
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64166./74165(CONTINUED)

r..

. Functional Block gisgem
PARALLEL
. NPUTS
A
/a [ ¢ ° € 3 . "M
il L LI ] e m
< = .‘; PRESET 8 guTeuT
" ]’D (P rox poc bex bex > 0!7 AL“ » ™
e et T et T e M Tees T e Tt HH e el T &
L0A0
.-ﬂ
cLock ¥

165 PARALLEL-LOAD $-8(T SHIFT REGISTER

typical shift, and load, inhibit sequences

DATA ¢

SERUL SHE T




6474 ,/T474

Dual D-Type Positive-Edge- Triggered Flip-Flop with Preset and Clear

Schottky TTL High-Speed TTL Low-Power Schottky TTL Stendard TTL Low-Poweér TTL
- | Package Package Package . Package | . Peckage
Device Type Device Type Device.Type Device Type Device Type
C|P |M|CF] clp[mjcr] ) clpimjcd P [MicF c|P|Mm|cF
T SNS4SH O DY SNS4H J D] W SNSAL S ‘] 0 SNSAT4 o] - W2y ShSAL [ ONDITD|
.l SNHSN 5 OND SNMHN 1 DD SNHLSNM 1 OND SN JON SNILK D U
FAIRCHILD F MS4S T4/F 35 140D JF MS4AHIC/F MIH M DD, F D AnesH/ 1 ] 0] F MO /FusNTe JOD l
FCUS 1/ FCIST [OD] 1D fF Cun/rF e IoDIPD] I @ Frasi/masn i D 0] Feun/Femn_ o@iPpd
MOTOROLA IR 3 -
NS.C OMS4HI ) OD DMS4L 524 = [T O DMSAL ¢ JOINDL _FO
g OM NS ND OM M 1 BIND OMTELS ¢ OM 1N JOMN OMT4L M JOIND] O
PHIUPS NT4STe P G JI13L/TaH I [5) NLSH T €374 [5|
SIGNETICS $5457¢ SSAHM FOAD Wy SSe1e FDAD]  fwd
NI4S T NTeHT¢ FQIAD NT4LSTL A T NT4 AULIY
SIEMENS T
FUSTSU T4 SN A MB420 Latl
HTACH HOMS T [DEY HDT4LS P9 HO14/HDS10 | DfPO)
MITSUBISHI MIUSTL PO MNULSH ¥ O] MS121/M5374 Py s
NEC US c HLSNH .4 «P8214 DD|C O
TOSHIBA TONA PO
Electrical Charscleristics SNS4ALS74/SNT4LS74
sbsoluta ratogs over ing free-sir range .
Cawey shop Ve ™ Sowriy eer | SNSELS ~¥C W T . . View
o — N R Pin Assignments (Top )
S Wmarelrs g ~88C W 1we
recommended eparating cenditions @ *
SNS41 574 SNT4LST4 i P WR 0 10 GNO X0 X A
I WM Lo A e e T ulfw]l {3].[s] t¢] fra} Tzl fuc} fel ol {s
S reteqs VCC .S s 33 lans s sn v [T l 1
o e e r i | | J
[y — o 0 5 @
" 4 4 - g
- -1, F = Led 23 ® PR CLA cLa pﬂ:r-]
Nowt o claer we » 5 i cx
Hogh -4 ce! 0ata 751 Y AN l LAY %o
¢ . - teas
Lowilevet dats n* 20: ~$ Y.
— et e o D s s BaBalaRananah
Orwoing Yosor topmrstrs T4 s EN D | x 1 0 Cx PR IG 10 GND e 0 1 vee 1w K
cLa CLR anl
eloctri istics- i ;
oct Fcl characteristics-over reacommended operating Functional Table
frea-air temperature range
PARAMETER TEST CONDITIONS ! MIN TYP 1 MAX [UNIT 74.°H74. 1574, °574 (See Note 2)
Vi High-level mout voltage 2 v ST T} T3 OUTPUTS
Vit Lowrevel mpul voitage 08| v PRESET CLEAR CLOCK D | @ @
vy frout clamp voitage VCC=MIN, 1= IfmA -5 v [N H X X Nl L
VOH  Hgn-evel output voluge Vee =M. V= 2v. o v " L x x [ voow
Vi =08V, lgy=MAX P L X x H H°
o = N
VoL Lowdevel oupul voitage | g SN W2y, 025 04 v v p ! e
[ViL =08y gy =dma ” H 1 L Lt W
Input current at e o, & H L X | Q O
1y maomum nout vee MEroow 1y [ 4 0d nA
voltage .
I oy Functional Block Diagram
Hign-leve! -
fim rout curtent veg Maroov 2 e
- g Fas
Lowevel . 0
e Ul Current oM AN 0t
L e . L
Stwv 1 G cud P20 100 ; ~
N =l [ [ - - = =4 ma
outbut cwrent ¢ (S 29 190 '
p— L oM g2 - 4. . AL
Suddy cwrent . I ‘
‘ee 18 e12ge per Hp tige POC TR Ser Bete | ¢ 8, ma
- - g€ ¥ BT 1 - P
. 0B T ] e raoua B e wie L EAE AND PRESE!
. A :
ot rear preset 2 I8 ) 2
- 4 . " o
Can apon v .
e, ! RS 16
. .
" a ¥ cala 23 ICC S Medsurcd wilh the U 30G § Outfus Ty L dure
b} - * seswement (e CINC Wy 13 G Junded
« - e <ceady s1886) L lew ever (31234 state) X arelevant
PRI T W O U
- T e 1T W ] WKl (a3l 05 were e SIAN el
PR MCC I YA LI L 1R Al mh dacl DSl when (weSei
. o e e O e nac e TRl et
b < L L T R 2

.
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5493 /7493 o 4-Bit Binary Counter

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standerd TTL Low-Power TTL
Package R Package Package . Package ico T Package
Device Type Dovice Type Device Type Device Type Device Type
C (P {M|CF] CPlMCH y CiP|M|CF] C|P{M|CF] C|PiM|CF
p—" SNSL S b1 ¥ | SNS49 A i iw 1.] SNSAL 33 | AN TIT 2
Tt : SNIUL 593 by e SN1E8) A I SNIMLS3 paNeTy]-
s AR 51 FuqFMSa9IFMIII P 1 - Fi ]
FAIRCHILD , e FCIe3 FC9I93 PP -
FCIUI KRIS7 i)
MC49) L ¢
MOT(ROLA SNT4LS3 e 7 MC149) LTF Y
OMS4L 595. . DM$493 [ UNA| Wy oMsaL sl PENT F e
NS C DMILS9) [ DM} man OM14.33 o2 Fi
PHILIPS . N S43 [ F 11221 193 1
GNETH $549) TR M
St cs N1 S$3 X N163) FOAD
‘.
SIEMENS FLIg T
| —
FUNTSY
HITACHI HO 14 593 P HD7493A HD2520 | BP T
MITSUBISHI MILSYY P i M53294 £
—
PEC «»PB21 &7 o4
—
T 1BA 1034932 P i
Electrical Characteristics SNS4LS93A 'SN74LS93A Pin Assignments(Top View)
absolute maximum ratings over operating free-air temperature range @ @ 3
' weut INPUT
0 . A’ ©a Op gmnp Oc Ca
Sy vooge VEG B il o =8 S F . TAC IninSmimininint
Woul_voltage w temperature range | suies oC to 70C !
Intereewtior voitage (see Note 1) 5.5V Stcrage temperatire range ~§5C 10 I50°C l I ]
. o 0s Op Oc Og
recommended oprating conditions LA
ad
4 A |”s fo
SNS4LS93 SN74LS93A | o — o1
MIN' NOM MAX | 8N NOM  MAX 02
S
Supoly vollage. VCC 4.5 5 $5{4 15 £ 52| ¥
Hughlovel output curcent. ion 400 400 ] ub e s HeHsHs 7 g s g
Low-evel autput ourrent. lgy ‘. 4 8] mA WNELTS, Rgp € Voo NC NG 1 Rg2 NC Voo NC MC- NC
Count frequency. |, 2 fout o P2 9 1 My A positive logic: see function tables
¥ foount B npul o 6] o 16 » NC  No internal connect:on
o, r & Function Table
h, e COUNT SEQUENCE i .
Pusse wh tw = ud B > i BIALEII LI (See Note 3.4 Functiona! Block Diagram
feset inpuls 15 15 -\
Reset nactive-siate Sotu. Typiup 23 2 s COUNT OUTPUT
Operating free-aic lomperature, Tz -85 125 0 | C Qp Q¢ Qg Qa see Notes
- . i P’ [t
electrical characteristics over recommended operating o\_\ s
. 1 L= —Y "aiin)
free-air temperature range > K
= L -
PARAMETER o TEST CONDITONS t MIN TYP3 MAX [UNIT 3 Lt HOH
Vil Highdev wput valtage 2 Wy « O
ViL Low-tevel wput vollape 0.8 v 5 LMoL M
vy Input clamp voltage VCC=MIN, gz (8mA -1y v N LW e g
Ve =MIN v,
Vo High-tevel output voliage cer Vin=2 21 14 v 1 L H H H
Vi =0 V. g = 4004 AR L
Voo =MIN, V| v,
VoL Lowelevt output valtage ce =1 03 08| Vv S e LU
Vil =0 BV, igL = dma o L
Any feser | VOC “MAL, Vi TV o 1
g — c:'t'..‘l :‘on o [-a—mov! v, MAX v, 55V T2 2 | TR LT L HH
oacimym ingul a9 owl cC i 3 _T v g I 2 [N LoL
'] Any resat 0 13 i LI B S Y
g
i wout current A out fVECEMAX. V=2V $0f wa e
8 mout L] 8 L} lal " H
Any reset 04 —
Low-level y
s ot currront Ul JVEC =MAX. V=0 4V 24 ma RESET COUNT oA
8 movt 16 ‘934 LS93.1.93 (See Note ¢) "on
Short-crrast [ snsees [ -20 160 - =
‘o oulpul current @ vee =Max [Swies = peali FESET INPUTE (;ur:u " . 93A°LS93.'L93
Ry 2.
Toc  Swoply crrent Voo mWA L See Wote 7 D fo1 92 1% Q¢ Qs A 4.BIT BINARY COUNTER
. tom A 1o outlput Oy 32 42 * LoLL
mas [om B 1o oulpnt Op 3 MH . ® COUNT
x L COUNT
+:L!- trom A 10 output Qa :: :: ns —
'P”: © 0] nores
- 4 tom A v SV .
20y o™ A 10 output Qp ,iizs.c 46 0 _" ©TRy ¢ e vniage Lelween Lwo emviters Il & mubple em-ter lransisier Forgltms Circus
om B o s vof 10 i ——1 es caing apphes Detween the two R mouls
g BT om B lo outost O CL-tse 1" Iil N 7 'ce s measued enih ah oulpuls open, boih Rg wnouts grounded 10Mlowng momentary
3 Ay =2 71 T2 Sornecion 10 4 SV, and Al other nguts grounded
o wom B 10 nviput O¢ 3] 3 ns 1 Jutpe! Og 3 connecied to mput B
[ = o 4 = gt vel L 10w 1ovel K =errelevant
. 1 hom 8 10 anput [s1,) " o ns § Tre :and & oguls SROwn withoul Connechion are tor reference only end are tunC tronatty
oy | Wom Sel-(o-0 10 Amy oulpul TR T Tw T BT e
1 Fuor condtions shown as MIN o MAX, use the aADV OO e value SPeatiad yider 00ALB1NG £ ta e e tyde
T AN yorcal values are al Voo = SV, T4 25°C
S NOt mire than one Oulpul shoutd DE shorled at 3 Lme
10,4 oulputs are tes1ed a1 (gL = (6mA Dlus the Fmi valux for 11 100 the B Ao Tms pemnd gy e B n" =fee Mants wag 1 18000l Capalitiy
A lmgy & MMM COUNt Tleuency 1P| 1 FF00A0A° 0N Jeily 1M 'On 10 NGD e Wil 10 YOOI L I e Wgh t e teand Oulpul




5493 ,/7T493 4-Bit Binary Counter -
[ Schottky TTL High- Speed TTL L.ow-Power Schottky TTL Standard TTL Low-Power TTL
Packsge . Package Package Package . Package
Device T. —1=- Device Type |-—y—y—~1—-] Device T Device Type Device Type —
e TP imicH cir]m]cH veercTeImlc c[plmcrF clPiMicF
SNSAL ST P 1 (Wt | SNS49la J 1.} SNSAL 93 [ LN2IT T
T.1 B S I R T nE SNNIa P SNMLYI papzlt
e TeRY ol Py Fmsass FMeNl o - " -
FAIRCHILD —1 T 11 Tecam w131 |71 TCTN FCHN P If .
(3713 | ¢
MOTOROLA - ——r TN ol M B G Xkl
Omset S93- ' nDmsesy P 1N W,{ DML 93 b F:
NS C —q-- =TT T Towa s V I 8 I oI, TR
| ———— g
PHIUPS ISR : i1 sy 7]
"™ S5493 KX
SIGNETICS - 1 NTeLSY) A N1133 2
SIEMENS o H
L
FUJITSU — 1 -1 .
HITACH! - HO 4 593 P HD7493AH02520 | WP L
MITSUBISHI MIaLSYt e i MS329d P
 —
R -
NEC »PB822) CL)CT
TOSHIBA TDA Pi
" L
Electrical Characteristics SNS4L.S93A SN74LS93A Pin Assignments(Top View)
_ - : ®© @
absolute maximum ratings over operating free-air temperature range L
NPy - " . . b wRytT o 0 0, G INPYT
Swoly vollage, Veg v Orerating teear | SHSKS $5°C 10 125°C o BA DL i e HC JALJW
out voltage v temperalre <anoe [ NS 0°C 1o 10°C g Bt ,)—il)a LIS (11 (1)
Interemtter voltage {see Note 1} S SV Siceage Temperature 1angs -65°C 10 150°C L . :: [ l 1 ] ]
R ; Ts O; 1 | I | Ta Op [T
recommended opraling condilions L. | | W Py
[2 a4
v SNS4LS93A snN74Lssoa [ o [ ¢ |I 01
MIN NOM MAX | MIN NOM MAX LTRSS | Roz
Supely voltage. Yoo 45 8 ssles s sl v i H I
Sghiers oup o e g ) ) R ; 3050 020000 0
Low-lovel nuiput current, g i 8l A Py A TR ne. o1 gy NC Voo MG KC. NC
L - B e o Fer Rar € vge NC c.
A input [} hre 0 R posslive Sogic: see funchon tables
Count lrequenty. feg,nt - MHg
B nout '] "% 0 " 24 Function Table NC  No internal connecton
A v
il s > ] COUNT SEQUENCE
Puise widih. 1w Barrout ¥ ¥ 3 BIALSIILID (Sen Note 340 Functional Block Diagram
Reset nputs 5 195
Resel nactive stale 3atw. lsptg 25 25 ns COUNT __OU___""E_._‘
Operating frec-an lemperature, Ty s 125 [] 0| c _l°o Oc Qg Oa | see Notes
" = i o il
electrical characteristics over recommended operating ?\ 0, :
free-sir temperature range 4 LG Mk |
PARAMETER o TEST CONDTONS { MIN_ TYP$ MAX JUNIT v Sl |
T e |
ViK High-levl inpul voltige { o LU T B —— O
Yig Low-tavel gt volisge 5 & ML H |
M} nout amg voltage VCC =MIN Iy thma J RN |
VoK Hghilevel oulpul voitege vog TMIN Vg 2V 1 L H o ono oyt oL 1
Vi =0 8V Igy= =400 & Y L |
v aM v v
VoL  Low-levt outpat votage cc =2 ] (VRS M |
Vi =0 8V g = Ima 0 [ TR &
. Any tever [ veg -V Vo
t noutl current ot z .""' VJ:C \': - ) B ;_\'_ " AL MM !
e cmam input vottage fg—aos cC MEv o R - * O |
High tevel ,_‘:L'frl_ [} I L i
e oot current Awnout  |Veg WAy v 2w e o ow
B _inowt - - L] [} MOH MK
Any reser —
\ L ow-tevel v wer . aESET COUNT ,
" ;! cCTMaY Il
oul currrent - \.,‘
Brot 4o_ I 8] 93 Ls93 183 (Ser toe 0 hetea B o
Shart-crcut VYRS -
105 oulput current o vee v BOTTIES « "93A.'L.593.'L93
e Swooty cwrent T T T {vge wae ver twte 1 4 BIT BINARY COUNTER
Wom A 1o outtul Qa -
' Sn 2 1o ovinul DA ?
e om B 1o oulput Og
el | count
wom A 10 outpul Oy \ . —
ey i -
0 S . NOTE S
- [ 4
ong om 4 1o ouent G0 ¢ U TN i ot cntage Letaresn fwa emlle y 11 4 Mt (le con e HANSIRIEC €07 oties Sern
Pl L :
lp! H . Ies ratng dpotes belween Ine 1wo AQ miuits
""'L-1 o B 10 e O8 et 2 1GC '8 Teaswred min o ouipuls open, both A ials arended foltowng mhmentary
oy nl - oo Lonecl-on 10 € SV ang att oiber weuls arounord
tovy ] VO™ @ 10 nuieut O¢ 3 Outtut Op +s connacted to rout 8 !
o
7 - —— 4 Hzngr davet | tna tever X cwietevant
}L-'! wnm 8 10 ostput On I S Tne 1 ant K inguts shown wiihasd conacinw 4 W raterence only end are funchonamy
16r4y om Set 100 lo Amy oulpal 1 poang e

170 condtons shown as MIN 0 MOL uss ™v 3 o0 2% of & N Sl Wi 1A Ommantan ADATRTNG FONG10NS 'r @ BN Catne iy

L a4 yvca values are at vee =9V Ta 081 .

¢ NO1 mare 1han one output SAOUO De ShOVied At & -

$O4 outnuts dre tested ot gL = IBMA (s e = L2ttt e Bogt T s preng the B ot e e mamtacsg G an oot Sagant by
el N PUDAGATON 0PNy T MmE Agn 1t tae teased oulpet

O lnge B TEUMUT GOUNL heReAC)  TEg e £ D w3 o feas | ome toe et





