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ABSTRACT

This project presents digital video signal via fiber optic transmitter with
the intention of to getting clear picture. The technique wuse for data
transmission is serial mode witch laser diode is used to drive datas in the,
photo diode is to used receive datas. This project consists of two part, the
first part is the transmitter which convert electrical signal to optical signal and

the second part is the receiver which convert optical signal to electrical signal
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Input Output

(Volt) BO Bl B2 B3 B4 BS B6 B7
0.0 0 0 0 0 0 0 0 0
0.5 0 0 0 1 1 0 0 0
1.0 0 0 1 1 0 0 0 1
2.0 0 1 1 0 0 0 1 1
3.0 1 0 0 1 1 0 1 1
4.0 1 1 0 1 1 0 1 1
5.0 1 1 1 1 1 1 1 1
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1993

CA3318C

" CMOS Video Speed
8-Bit Flash A/D Converter

Feam‘lres

» CMOS Low Power with SOS Speed (150mW Typ.)
» Parsilel Conversion Techniqus

+ 15MHz Sampling Rate (§7ns Conversion Time)

+ 8-Bit Latched Tri-Stats Output with Overfiow Bit
o =1 LSB Accuracy (Typ.)

« Single Supply Voitage {4V to 7.5V)

¢ 2 Units In Series Allow 0-Bit Output

¢+ 2 Unhs In Parsllel Allow 30MHx Sampling Rats

Applications

"+ TV Video Digitizing (incusiriaUSecurity/Brosdcast)

» High-Speed A/D Converslon -
» Ultrasound Signature Analysls

» Translent Signal Anatysls

» High Energy Physics Ressarch

* High Speed Oscilloscope Storage/Display

* Geners! Purpose Hybrid ADCs

Description

The CAJ318C is a CMOS paraliel (FLASH) analog-to-digitat
convarter designed lor applications. demanding both low
powsr consumption and high spesd cigiization,

The CA3318 operales over a wide full scale input voltage
range ol 4V up to 7.5V with maximum power consumption
depending upon the clock fraquency salected. When cpar-
ated from & SV supply at a clock frequancy of 1SMHz, the
typical power consumption of the CA3318 is 150mw,

The intrinsic high conversion rate makas the CA3318 idaally
sulted for digitizing high speed signeis. The ovarfiow bt
makes possble the connection of two o more CA3318s in
series to increase the resolution of the conversion system. A
saries connection of two CA3318s may b used to produce a
9-bit high spesd converter. Operation of two CA32318s in par-
aliel doubles the comversien speed @i.0.. increases the sam-
pling rate Irom 15MHz lo 30MHz), :

256 paralieled auto balanced volage comparators measure
the input voltaga with respect 1o a known raferance 10 pro-
duce the paralie! bit outputs In the CA3318.

* Optical Character Recognition
* Radar Puiss Anaiysis
¢+ Motion Signature Analysis

255 comparaiors are required to quantize all input voltage
lavels in this 3-bit converter, and the adcitional comparator is

A/D CONVERTERS
FLASH

© Hama Corporason 1993

R

D Users should iow preper 1,.C, Hanaling Procacures.

Filo Number 3103

- 1P Data Acquisition Systsms required for the overtiow bit
Crdering Information
l PART NUMBER LINEARITY {INL) SAMPUING RATE TEMPERATURE RANGE PACKACE
CA3SIBCE +1.51S8 15MH2 (87ns) ~4°C 1o +85°C 24 Coad Pastic DIP
CAJI15CM z151S8 1SMHZ (87ns) ~0°Clo «85°C 24 Laad Plastic SOIC
CA3318CD *1.51S8 15MHZ (67ns) -40°C to +85°C 24 Laad Ceramic DIP
Pinout
CA3318C (PDIP, COIP, SOIC)
TOP VIEW
(sayn 3 -V 2] vau e (AN SURY
= g 3] va
n[3] 23] Vpgre
3¢ 4] 23] Voo
as (5] 0] »
2 7] 7] Prase
3] mE .
sy 38 3] 7] Vau- (aia, oy
ovERFLOW [[7] 1€} Ve
van 10 15] Vogr-
(DI GND} ¥4 [11] e} TE7
(DL SUP) Vag [12] 73] ce2
Thase devi are ahe o &
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Specifications CA3318C

Absoluts Maximum Ratings Thermal Information
oC Supply Vokage Range (Vop of Vaut) ce oo ve.n .. . 0.5V 10 48V Thermnal Reslatance '
(Raloranced 10 Veg of Yy, Terminal, Whichever i More Ceramic DIP Package
Negatve) Range
Voitege

wcézw&‘ .......... s Vars 0S5V 10 Voo 4 0.5V

Ciock, Phase, Voeg-, I,Rol. ..... er e Vig- 0.5V 0 Vgt + 0.5V
Clack, Phass, Vagg-, '/, Rel. « Vage 05V 10O Vg + 0.5V

vos Varr 05V ia V4o ¢ 7.5V
w\hhooﬂmg-..,..............V,.—D.thoVoo¢o.5V

0C Inpat Current . .. ... Ceseremiecesttrattastnatocnnanss 220mMA
Ciock, Phase, CET, CE2, v...azui-s.mum
Operating Voitage Range (Voo of Vaut) ... 4V Man 1o 7.5V Max
Axcommandad Vo, + Oparating Rangd . ........... ves Voo 21V
- Recommended V- Operating Rangs . ..... teereenss Vg2 1V

Siorags TompIralse Ramss .. .voeivenren,. .. 50 22 415000
Lead Tamparatre (Sokdaning 108). . .o vvvveninnrennnnn +265°C

CAUTION: Stresses abeve hove Jsted v MMWM“mmbuw M‘D.tmm.‘ymivwm

of he device st heee cr any cifer condions above IFoee i i the ummhmm

8¢
1°CW

Electrical Specifications At+25°C,V,,+aVp, =5V, Vnert = 8.4V, Vg = Voo w Vg, CLX = 1SMHz,
ANl Ralerance Poinis Adjusted, Unlass Otherwise Specified,

PARAMETER I TEST CONDITIONS [ N ] T | wax [ onms
[SYSTEM PEAFORMANCE
Reschution [ - Y. . Bits
integra) Unearky Eror - - | ti5 tss
Ditterontial Linaarity Estor - - +1,08 s8
Crtsst Errer, Unacfustad Vin = Vag- + 12158 Y3 45 6.4 S8
Galn Error Unadjusted Vi = Vpess - 12 LS8 45 0 15 LS8
OYNAMIC CHARACTERISTICS
Maximum input Bandwidth {Note 1) CA3318C 25 s.0 - MHz
Manmum Comversion Speesd CLX = Square Wave 15 17 - MSPS
3gnal to Noise Ratio (SNR) Fg = 15MHZ, t,  100kH2 - 47 . 8
- BMS Signal Fy = 15MHZ, Ty @ 402 T o - B
BMS Noise
Signal to Noisa Ratio (SINAD) Fg = 1SMHZ, f, = 100k - [ . o8
- ——M’E_— Fy = 15MHZ, §yy = 4MHz - 35 . 68
RAMS Nolse+Distortion ,
Total Hammonic Distortion, THD Fg = 1SMHZ, {yy = 100kHz - 48 . %ec
Fg® 1SMHE, fyy = 4MHZ - -38 - oBe
Ztectve Numbes of Bits (ENCB) E, = 1SMHZ, fiyy = 100KHZ - 72 - Bits
Fg = 15MHEZ, fyy = 4MHZ - 5.5 . Bits
Sitterantial Gain Error Unacjusted - 2 . %
Cintarontial Phase Error Unacjusiad . 1 - -~
ANALOG INPUTS
Full Scale Range, Vi and (Vage+) - (Vge-} | Notes 2, 4 4 . 7 Vv
input Capacitance, Vi, . - 30 - pF
Input Crrent, Vi, (See Text) Voo = 5.0V, Vpere = 5.0V - B a5 A
REFERENCE INPUTS
Ladoer Impedance | l 27 I 500 l 800 [ o)

o

£
22
sz
(3]
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Specifications CA3318C

Electrical Specifications At +25°C, Vius = Voo = 5V, Vagr+ = 8.4V, Vigr-=Vau- @ Vg, CLK = 15MHz,
Al Reference Points Adustad, Uniess Otherwiss Specified, {Continueq)

PARAMETER | TEST CONDITIONS [ Mn T 7 T wax [ unrs

DIGITAL INPUTS

Low Level Input Voltage, Ve,
CEi1, ce2 Noto 4 - . 0.2Vp0 v
Phase, CLX Note 4 - - 02V, v
High Leved Input Vokage, Vix
CEl, Cce2 Nots 4 G7Vpo . . v
Phase, CLX Nots 4 IV, - . v
1npt Loakage Current, I, (Except CLX input Nots J . 202 *5 A
input Capacitancs, C, . 3 .- ‘oF
DIGITAL OUTPUTS .
Output Low (Sink) Curent Vo = 0.4V 4 10 - mA
Output High (Souwrce) Current Vo = 4.5V - -8 - mA
Tr-State Output Off-State Leakage Current, loz - £0.2 5 pA
Outut Capacitance, Co - 4 - oF
TIMING CHARACTERISTICS i
Auto Balance Time (¢1) k] . - ns
Samole Time ($2) Note 4 25 . - 500 ns
Aperire Delay - 15 . ns
Apadire Jitter - 100 - pe
Oata Vaid Time, Tp . Note 4 . 50 65 ns
Data Hold Time, Ty Note 4 25 40 . ns
Ouiput Enable Time, Tey - 18 . ns
Output Disable Tums, Ty - 18 . ns
POWER SUPPLY CHARACTERISTICS
Device Cusrent (loo + 1)) (Excludes Ingy) Condnuous Convecsion (Nole 4) - 0 80 mA
Auto Balance (1) . 20 80 mA
NOTES: -
1. A Rl scale sine wave Input of groaler than Foy ooy'2 or the specified Input bandwidth (whichever is las5) may cause an erroneaus cods.
The -308 bandwidth for freq! y purp: s groater than 30MMH2.

2. Vi (Fult Scale) of Vagrs $houkd not excsed Vi« + 1.5V for accuracy.
a ThodoatlnwlsACMOShwmwwimaSOmtmmwmyboACcouolodelv”mhicmmsowcu.
4. Paametsr not tested, but guarantsed by design or characterizatlon,

Timing Waveforms
COMPARATOR DATA IS LATCHED DECOOED DATA IS SHIFTED

) TO OUTPUT REGISTERS
CLOCK (PN 18]
IF PHASE {PS“I‘.;?}

cLocx
PHASE IS HIGH

FAGURE 1. INPUT TO QUTPUT TIMING DIAGRAM
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Timing Waveforms (Coatinued)

aTs1-9 DATA i
HGH WK
| napepance IMPEDANCE

Toss Ten
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DATA
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DATA
T men
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FIGURE 2, QUTPUT ENABLE TIMING DIAGRAM
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Net
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DATA
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FIGURE 38. STANDBY IN SAMPLE (SHOWN WITH PHASE » LOW)
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EEEES

r-'/"yplr:.al Performance Curyves
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FIGURE 4. DEVICE CURRENT vs SAMPLE FREQUENCY
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Typlcal Performance Curves (Continued)
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Pin Descriptions CHIP ENABLE TRUTH TABLE
PIN NAME DESCRIPTION CEl Ce2 B1-88 OF
1 a1 BR 1 (LSB) Qutput Data Bits 0 1 Vald . Vaild
2 B2 | Brz2 | Geeh=Tre) 1 1 Tr-Stats Vaid
3 83 8’3 X 0 Tr-State TrState
4 B84 aa4 X = Dont Care
S BS BrSs
8 [ BR6 Theory of Operation
7 B7 BR7 A sequential parallel technique is used by the CA3318 con-
8 B3 81 8 (MSB) verier to oblain its high speed opeation. The sequence con-
P oF Ovortiow sists of he "Auto-Balance” phase, #1, and the “Sample
> - Unknown” phase, ¢2. (Refr to the circuit diagram.) Each
10 /sR | Refsrance Laccer '/, Point conversion 1akes one cock cycle”. With the phase control
1" Vss Digita) Ground {pin 18) high, the “Auto-Balance® (§1) occurs during the high
12 Voo Digita) Power Suoply, »5V period of the clock cycle, and the “Sample Unknown™ ($2)
13 CEZ | TrState Output Enable Input, Active | OCCUFS during the fow pariod of the clock cycla.
Low, See Tnah Table. 'mmwuw:mmmmma
e ﬁ Ti-Stale OUDU Enable Input Aciive #1 and 42 refecs 10 the high and low periods of the same clock,
High. See Truth Tabla, During the *Auto-Balanco® phass, a transmission switch is
Vagr- | Polerence Vorage Negatve usad to connect each of the first set of 256 commutating
15 ner i foout capacitors 10 their associaled ladder reference tap, Those
6 Vi Analog Signal inout 125 volages will be as follows:
17 Vaar Analog Ground
e Vrap (N) = [(N/256) Veg] - (1/512) Vigg]
13 X Clock input =[(2N - l)IS'lZ)VqE;
19 PHASE Sample dock phase control Input. )
When PRASE is low, *Sample Un- Where:
knows” cocurs when the clock ks low Vrap (n) = reforonce ladder tap voltage at point n.
and “Auto Balance® occurs when the VRep = voltage across Vagg- 1o Vpep+
clock is high (see laxt). N = tap number {1 through 255)
: = : -
20 LR . Midpoint The other side of these capacitors are connected o single-
21 Vo Analog Signal inout 5tage ampifiors whose outputs are shartad to their inputs by
2 Vagsr | Relarance Voitsge Positive input switches. This balances the amplifiers at their intrinsic trip
P! 3R Releronce Ladosr °/, Point points, which is apgroximstely (Vaa+ = Vaa- V2. The first sed
i K i iat ht
N Voo s e of capacilors now charges 10 their associated tap ol ages.
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greater than Vi, will 9o to & "high” state at their ocutputs. Al)
comparators that had tap vokages lower than Vi will goto a
“low” state.

The status of all these comparator amglifiers is AC coupled
through the second-stage comparator and stored at the end
of this phase ($2) by a latching amplifier stape. The laich
feads a second latching stage, triggered at the end of 91.
This dalay allows comparators exira settling lime. The stalus
of the comparators is decoded by a 258 o 9-bit decoder
array, and the results are clocked inlo & storage registsr at
the end of the next ¢2.

A 3-stage butfor is usad at the output of the 9 storge rogis-
ters which are controlied by two chip-enabie signals. CET
wil independently disable B1 through B8 when it is in a high
state. CE2 will independsently disabie B1 through B8 and the
OF butfers when i i3 in the low siate.

To facilitate usage of this device, 2 phass control input is pro-
vided which can etfectively complement the clock as it snters
the chip.

Continuous-Clock Operation

One complete conversion cycle can be traced through the
CAJ3318 via the following stecs. (Refer to timing dlagram.)
With the phasa control in a “low” state, the rising edge of the
clock input will stant a “sample” phase. During this entire
“high” state of the dlock, the comparators will track the nput
voltage and the first-stage latchaes will track the comparator
outputs. At the falling edge of the clock, all 256 comparator
outputs ase captured by the 256 latches. This ends the “sam-
ple® phase and starts the “auto-balance” phase for the com-
garators. During this Tow” stata of 19 clock, the output of the
laiches settles and is captured by a2 second row of lalches
when tha clock returns high. The sacond-stage latch output
propagates through the decode amay, and a 9-bit code
appears at the D inputs of the output registers. On the next
falling edge of the clock, this 9-bit code is shifted into the out-
£ut registers and appears with time delay tp as vakid data at
the output of the tri-state drivers. This alsa marks the and of
the next "sampie” phass, theseby repealing the conversion
process for this naxt cycle.

Increased Accurscy

In most cases the aéu:racyofma CA3318 should be sufh-
ciont without any adjustments. In spplications where accy-
racy is of utmost importence, five adjustments can be mede
1o obtain bettar accuracy, i.e., offset trim; gain trim; and '/,
17 and ¥, poiat trim.

Btisst Trim

In genaral, offset comection can be done in the preamp cir-
cuitry by Introducing a de shift to Vi or by the offset trim of
the op amp. When this ts not possidie the Vies- input can be
adksuodtopmwcomoﬂsummommdalhwval-
aqmrodm the first trnsition is '/, LSB. The equation is
es s

Ve (010 1 transition) = ¥y LSB m 'y (Vags/255)
= Vagr/512

It Voy for the first transition is less than the theoretical, then a
singla-turn S0Q pot connectod botween Vaer- and ground
will accomplish the adjustment, Set Viy 10 1/2 LS8 and trim
the pot uatil the O-1o-1 transition occcurs.

It Vi for the first iransition is greater than the theorstica),
lnenthcsonpolshouldbocmmsdb«weonvgg;-anda
negative waltage of about 2 LSB's. Tha trim procadura is as
stated proviously.

Galn Teim

In general, the gain trim can also be done in the preamp sir-
cuitry by introducing a gain adjustment for the op amp. When
this is not possible. then a gain adjustment cireuil shoue be
made o adjust the reference voltage. To peciorm this ¥m,
Viy should be set to the 255 to overflow transition. That voit-
age is '/, LSB less than Vier + and is calculated as follows:
Vn (255 10 256 transition) = Veg - Vaer/512
2 Ver(511/512)
To parom the gain trim, first do the offset trim and then

apply the required V,, jor the 255 to overflow transition. Now
adjust Vg + until that transition occurs on the outputs.

6-38
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NCTE: Bypass Vagp+ 1o analog GNO near AD with §.1uF ceramic

can. Pasnts noted should have low temperature drift

FIGURE 11. TYPICAL YOLYAGE REFERENCE SOURCE FOR.
DRIVING Vpgpr INPUT

$1; Point Tims

The Y, Yy and Y, poinis on Tw reloroncs ladder are
brought out for Inearily adjusting of i the user wishes to
create a nonlinear transfar function. The '/, points can be
driven by the reforence drivers shown (Figure 12) or by 2.K
cots connected between Vpge+ and Vage- The Y, (mid-)
coint should be sat first by applying an input of 257/512 x
¥age) and adjusting for an oulput changing from 128 to 128,
Simifarty the '/, and ¥/, points can be set with inputs of 129/
512 and 385/512 x (Vaer) and acjusting for counts of 192 to
193 and 64 10 65. {Not¢ thal the points are actually '/, ',
and ¥, af fulf sca'e +1 LSB.)

100 +10V TO «30V

' 18
M s mauand
s <
NOTES:
1. A) Op Amps = ¥, CAJ24E
2. Bypass al relerence points o anaiog pround near AD with 0, 1nF
carame caps.

3. Acjust Vagp. first, then 'y, %, and ¥/, ponis.
FIGURE 12 TYPICAL 1/4 POINT DRIVERS FOR ADJUSTING
UNEARITY (USE FOR RAXIMUM LINEARITY)
9-8it Resolution
To obtain 9-bit resolution, 'wo CAX18s can be wired
together. Necessary ingredients inctuoe an open-ended fad-

der network, an overflow indicalor, Iri-state outputs, and chip-
enable controts—all of which are availatie on the CA3318.

The first step for connecting a 9-bit circuit is to totem-pole
the ladder networks, as illustrated in Figure 13. Since the
absoluts resistance value of each lacdae may vary, axternal
trim of the mid-selerence voltage may be required.

The overtiow output of the lower device now becomes the
ninth bil. When & goes high, alt counts mus? come from the
upper device, When il goes low, all counts must come trom
tha lower devica. This is done_simply by connecting the
lower overtiow signal to the CE1 control of the lower AD
converier and the CE2 control of the upper A/D comerter.
The tri-state outputs of the two devices (bks 1 throuch 8} are
now connected in paraliél to completae the circuitry. The com-
plate clrcuit for a 9-bit AD conwerter is shown in Figure 14,

Grounding/Bypassing

The analog and digital supply grounds of a system should be
kept separate and only connected at the A/D. This keeps
dighal ground nolsa out of the analog data 1o be converted.
Reterencs drivers, input amps, reference taps, and the V,,
supply shouki be bypassed at the A/D 10 the analog side of
the ground. See Figure 15 for a block diagram of this con-
capl. All capacitors shown should be low impedance 0.1F
ceramics and shouks be mounted as ¢iosg to the AD as pas-
sible. If V.« is derived from Vg, a small (100 resistor or
Inductor and sdditional fitering (4.7uF tantatum) may bte
used to kasp digital noise out of the analog system,

Input Loading

The CA3318 cutpuls a current puise 10 the Vyy, terminal at
the start of every sample period. This is-due to capacitor
charging snd switch feedthrough and varies with input vo-
age and sampling rate. The signal source must be capable
of recoverng from the pulse balore the end of e sample
period 10 guarantee a valid signal for the A/D 0 convert
Suitable high speed amplifiars include the HA-5033.
HA-2542; ana CA3450. Figure 16 is an example of an ampi-
fier which recovers fast enough for sampling at 15MHz.

Output Loading

The CMOS digital output stage, aithough capable of driving
targe loads, will reflect these loads inlo the local ground. R is
recommended that a local GMOS buffer such as
CO74HCS41 E be used lo isolate capaciive loads.

Definitions
Dynamic Performance Detinitlans

Fast Fourer Translorm (FFT) technicues are used 10 evaluate
the cynamic performance of the converter. A low Gistorion sine
wave is applied to the input, it is sampled, and the output is
stored in RAM, The data is then transiomed into the frequency
domain with a 4096 point FFT and analyzed 10 evaluale the
dynamic parormance of the AV/D. The sine wave input to e
part is -0.508 down from fuliscale or all thesa tasts.

A/D CONVERTERS
FLASH
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Signal-to-Noise (SNR)

SNR is the measured RMS signal to RMS noise at a spaci-
fied input and sampling trequency The noiss is the RMS
sum of alf of tha spectral components axcept tha fundamen-

13} and the first five harmonics.
Signai-to-Nolse + Distartion Ratlo (SINAD)

SINAD is the measursd RMS signal to RMS sum of all other
spectral componants below the Nyquist frequency excluding
DC.

Effective Number of Blts (ENOB)

The elective numbaer of bils {ENOB) is derived from the

SINAD data. ENOS 1s calculated from:
ENCB = (SINAD - 1.78 + Vepaq)/6.02

where: Vg = 0.5d8

Total Harmonie Distortion (THD)

THO is the ratio of the RMS sum of tha first § harmonic com-
ponents to the RMS value of the measured Input signal.

+8.4Y REF Dmmemmeed
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FIGURE 13. USING TWO CA33138¢ FOR 9-BIT RESOLUTION
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LIuFNOV TANTALUM |, o
—JI-—T—-< +6V (ARALOG SUPPLY)
“___1: 3t Vaar ur > )
- 3k 24 RES wra b——>
+4V TO 485V o
REFERENCE 7 Yrere WY p——p
h-J}--I ~f Ve T 4 ey
3} | DIGITAL
om%uuc» 3} 12 REF BTS I » DCHTAL
aotuF L rase BT
SSUACE (3 = ax KT T ped
Vaur TS f——p
INPUT SIGNAL > Vl¥ ™ OVF ey j
URERBUFFER Vaer AREF
{$68 TEXT) A p_r— T Vs ______1—0 A
= = ct2 . —

. il

CAMYIBC A7
Ymn;.a:mw
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FIGURE 14, TYPICAL CIRCUIT CONFIGURATION FOR INE CA3J18 WITH NO UNEARITY ADJUST
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Vaar Voo
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Var-  Vas
% o % % o ' =
. . SYSTEM
A GROUND
° AuALOG ¢ Vaa Yoo
SUPPUIES supsLY SUPPLY
FIGURE 15. TYPICAL SYSTEM GROUNDING/BYPASSING
v
a 100
e
VIDEO 18 —.1
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FIGURE 16 TYPICAL HIGH BANDWIOTH AMPLIRIER FOR DRIVING THE CA331tS

FLASH

’ A/D CONVERTERS



T i il e O 7 e rre— g

Rl N

" eI R TS e el

CA3318C
TABLE 1. QUTPUT CODE TABLE
INPUT VOLTAGE
{NOTE 1) BINARY QUTPUT CODE
Vaze Vaer
CODE 6.40V S.12v MS8 S8 | DECIMAL
DESCRWPTION (A4} (W) OF B8 :14 BS - B4 ):5] 82 1] COUNT

Zato .00 0.00 0 9 /] 0 0 0 0 0 0 0

1188 0.028 0.02 Q 4] [ 0 0 4 0 1 1

2158 0.05 0.04 0 0 0 0 [} 1] 1] 1 0 2

' . L] . .

» . - . »

. L4 '. »

1/4 Full Scaje 150 128 0 0 1 0 0 0 0 0 [¢] 64

L . . »

- - . .

- - . - -
172 Fult Scale - 1LSB 3175 234 0 0 1 1 1 1 1 1 1 127
1/2 Full Scale .20 258 1 0 [¢) 0 Q2 128
172Full Scale + 1LSB | 3225 258 [\ 1 0. 0 0 1 129

. . . .

- Ld * L]

- - L] .
V4 Full Scale 4.80 384 0 1 1 1} 0 0 0 0 0 192

3 L4 - . .

3 L] . - .

. * . -
Fui Scale - 1LSB 535 s.08 ¢ 1 1 1 1 1 1 1 0 254
Full Scale 678 5.10 0 ' 1 1 1 1 ' 1 1 255

QOver Flow 5.40 512 1 1 1 1 1 1 1 1 t 511
NOTE: 1. The vollagas kstad above are the ideal centers of each outUt code shown as a function of its jatod rafe vohage.

Reducing Power Clock nput

Most power is consumed while in the auto-balance state,
When operating at lower than 1SMHz clock speed, power
can be reduced by streiching the sample (62) ims. The con-
straints are a minimum balance time (91) of 33ns, and a
maxirnum sampie time of 500ns. Longer sample limes cause
droop in the auto-balance cagacitors. Powar can also be
reduced in the reference string by switching tha reference on
only during auto-bakinca.

The Clock and Phase inputs feed bullers referenced to Vaa+

-and Vy,-. Phase should be tied to one of these two poten-

lials, while the clock (i DC courlad) should be driven at leas
from 0.2 19 0.7 x (V,,+ - Vau). The clock may also e AC
coupled with at least 3 1 Vp_p swing. This allows TTL drive
levals or 5V QMOS laveis whan V, ,+ is greatar than SV,
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&National Semiconductor

LM1881 Video Sync Separator

General Description

The LM1881 Video sync separator extracts timing informa-
tion Including composite and vertical sync, burst/back porch
timing, and odd/even field information from standard nega-
tive going synic NTSC, PAL®, and SECAM video signals with
amplitude from 0.5V to 2V p-p. The integrated clrcuit is also
capable of providing sync separation for non-standard, fast-
er horizontal rate video signais. The vertical output is pro-
duced on the rising edge of the first serration in the vertical
sync period. A default vertical output is produced after a
time delay if the rising edge mentioned above does not oc-
cur within the externally set delay period, such as might be
the case for a non-standard video signal.

Features

m AC coupled composite input signal

B >10 kN input resistance

B <10 mA power supply drain current

u Composite sync and vertical outputs

B Odd/even field output

m Burst gate/back porch output

m Horizontal scan rates to 150 kHz ~

m Edge triggered vertical output

®» Default triggered vertical output for non-standard video
signal (video games-home computers)

Connection Diagram

LM1881N
COMPOSITE
SYNC OUTPUT [ 1
- 0.t uF
COMFOS
VIGEO INPUTO—_”__ 2

vERTICAL |
SYNC OUTPUT

Pt

Vee

o0
I 00D/EYEN OUTPUT

Rser
630k0
. BURST/BACK PORCH
"0 oytPUT

COMPOSITE _WIA'L U
VIDEO INPUT
1

COMPOSITE ]J L
SYNC OUTPUT

YERTICAL
SYNC OUTPUT

BURST OUTPUT U U U U

00D/EVEN

ouTPUT

TL/H/P150- ¢

Order Number LM1881M or LM1881N
See NS Package Number MOSA or NOBE

ting Line™, and not 1o Programmable Array Logic.

‘PAL in this

refers to Europ broad: v “Phase A
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LM1881

Absolute Maximum Ratings

it Military/Aerospace speclfied devices are required,
please contact the Natlonal Semiconductor Sales
Office/Distributors for avallabllity and epecifications.

Storage Temperature Range —65'Cto +150°C

ESD Susceptibility (Note 2) 2kv

Soldering Information

Supply Vollags 13.2v Dual-In-Line Package (10 sec.) 260°C
Input Voltage 3Vpp (Vec = 5V) Smalf Outline Package

6 Vpp (Ve 2 8V) Vapor Phase (80 sec.) 215°C
Output Sink Currents; Pins 1, 3,5 5mA Infrared (15 sec.) 220°C
Output Sink Current; Pin 7 2mA See AN-450 Surface Mounting Methods and their Effect on
Package Dissipation (Note 1) 1100 MW :gu":fssvz‘:g""y for other methods of soldering surface
Operating Temperature Range 0'C - 70°C

Electrical Characteristics
Ve = 5V; Rset = 680 kQY; Tp = 25°C; Unless otherwise specified

Tested Design Units
Parameter Conditions T
YP | umit(Note3) | Limit(Noted) | (Uimits)
Supply Current Outputs at Logic 1 Ve = 5V 52 10 mAmax
Veg =12V | 858 12 mAmax
DC Input Voltage Pin2 ) 15 1.3 Vmin
. 1.8 Vmax
input Threshold Voltage Note 5 “ 70 55 mVmin
85 mVmax
Input Discharge Current Pin2; V)N = 2V 1 6 pAmin
16 pAmax
Input Clamp Charge Current PinZ, iy = 1V 0.8 0.2 mAmin
Rsgr Pin Reference Voltage Pin 6; Note 6 1.22 1.10 Vmin
" 1.35 Vmax
Composite Sync. & Vertical louTr = 40 pA; Voo = 5V 4.5 4.0 Vmin
Outputs Logic 1 Ve = 12V 11.0 Vvmin
lour = 1.6mA Ve = 5V 3.6 2.4 Vmin
Logic 1 Vee = 12V 10.0 Vmin
Burst Gate & Odd/Even lout = 40 pA; Veg = 5V 4.5 40 Vmin
Outputs Logic 1 Vee = 12V 11.0 Vmin
Composite Sync. Output lour = =~ 1.6 mA; Logic 0; Pin 1 0.2 0.8 Vmax
Vertical Sync. Output loutr = — 1.6 mA; Logic 0; Pin 3 0.2 0.8 Vmax
Burst Gate Output lour = — 1.6 mA; Logic 0; Pin 5 0.2 0.8 Vmax
Odd/Even Output loyr = ~1.6 mA; Logic O; Pin 7 0.2 0.8 Vimax
Vertical Sync Width 230 190 psmin
300 psmax
Burst Gate Width 2.7 k2 from Pin § to Voo 4 25 psmin
4.7 psmax
Vertical Default Time Note 7 32 psmin
65
90 usmax
Nots 1: For operation in ambi abova 25°C, the device must be deraled based on a 150°C Junction temp anca ge thermal

resistance of 110° C/W, junction o .:nbﬁem.

Note 2 ESD suscoptibility test uses the “human dody model, 100 pF discharged through a 1.5 k) resistor”,

Note 3: Typicais are at T = 25°C and represent the most Sikely parametric nomm. .

Note 4&: Tested Limits are guaranteed to National's AOOL (Average Outgoing Quatty Lovel).

Note & Relative differance botwsan the input clamp voltage and the minimum input voltage which produces a horlzonlal output puisa.

Note 6: Careful atisniion should be made to pravent parasiic capacitance coupling trom any output pin (Fins 1, 3, 5, and ?) to tho Rggy pin (Pin 6),
Note 7: Detay tima batwcon the stast of vertical sync (at input} and the vertical output pulsa.

2-196




T R AT DT ST RS T e e el

—

Typical Performance Characteristics
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LM1881

Application Notes

The LM1881 is designed to strip the synchronization signals
from composite video sources that are in, or similar to, the
N.T.S.C. format. Input signals with positive polarity video (in-
creasing signal voltage signifies increasing scene bright-
ness) from 0.5V (p-p) to 2V (p-p) can be accommodated.
The LM1881 operates from a single supply voltage between
5V DC and 12V DC. The only required extemal components
beside power supply and set current decoupling are the In-
put coupling capacitor and a single resistor that sets internal
current levels, allowing the LM1881 to be adjusted for
source signals with line scan frequencies diffedng from
15.734 kHz. Four major sync signals are available from the
1/C: composite sync including both horizontal and vertical
scan timing information; a vertical sync pulse; a burst gate
or back porch clamp pulsa; end an odd/even output. The
odd/even output level identifies which video fisld of an inter-
laced video source is present at the input. The outputs from
the LM1881 can be used to gen-lock video camera/VTR
signals with graphlics sources, provide identification of video
fields for memory storage, recover suppressed or contaml-
nated sync signals, and provide timing references for the
extraction of coded or uncoded data on spacific video scan
fines.

To better understand the LM1881t timing information and
the type of signals that are used, refer to Figure 2(a-o)
which shows a portion of the composite video signal from
the end of one field through the beginning of the next field.

-.COMPOSITE SYNC OUTPUT

The composite sync output, Figure 2(b), is simply a repro-
duction of the signal waveform below the composite video
black level, with the video completely removed. This is ob-
talned by clamping the video signa! sync tips to 1.5V DG at
Pin 2 and using a comparator threshoid set just above this
voltage to strip the sync signal, which is then butfered out to
Pin 1. The threshold separation from the clamped sync tip Is
nominally 70 mV which means that for the minimum input
level of 0.5V (p-p), the clipping level is close to the halfway
point on the sync pulse amplitude (shown by the dashed
line on Figure 2(s)). This threshold separation Is indepen-
dont of the signal amplitude, therefors, for a 2V {p-p} input
the clipping level occurs at 11% of the sync pulse ampli-
tude. The charging current for the input coupling capacitor is
0.8 mA, whereas the discharge current is only 11 pA, typl-
cally. This allows relatively small capacitor values to be
used—0.1 pF is generally recommended.

Normally the signal source for the LM1881 is assumed to be
clean and relatively noise-free, but some sources may have
excessive video peaking, causing high frequency video and
chroma components to extend below the black level refer-
ence. Some video discs keep the chroma burst pulse pros-
ent throughout the vertical blanking perfod so that the burst
actually appears on the sync tips for three line periods in-
stead of at black level. A clean composite syn¢ signal can
be generated from these sources by filtering the input sig-
nal. When the source impedance is low, typically 750, a
6201 rosistor in series with the source and a 510 pF capaci-
tor to ground will form a low pass filter with a comer fre-
quency of 500 kHz. This bandwidth is more than sufficient to
pass the sync pulse portion of tha waveform; however, any
subcarrier content in the signal will be attenuatod by almost
18 dB, effectively taking it below the comparator threshold.
Filtering will also help if the source is contaminated with
thermal noise. The output wavelorms will become detayed

from between 40 ns to as much as 200 ns due to this filter,
This much delay will not usually be significant but it does
contribute to the sync delay produced by any additiona sig-
nal processing. Since the original video may also undergo
processing, the need for time delay correction will depend
on the total system, not just the sync stripper.

VERTICAL SYNC OUTPUT

A vertical sync output is derived by Intemally integrating the
composite sync waveform (Figure 3). To understand the
generation of the vertical sync pulse, refer to the lower lott
hand section Figure 3. Note that there are two comparators
In the section. One comparator has an internally generated
voltage reference called V4 going to one of its inputs. The
other comparator has an internally generated voltage reter-
ance called V2 going to one of its inputs. Both comparators
have a common input at their naninverting input coming
from the internal integrator. The intemal integrator is used
for integrating the composite sync signal. This signal comes
from the input side of the composite sync butfer and are
positive going sync pulses. The capacitor to the Intoegrator
Is Intemal 1o the LM1881. The capacitor chargs current is
set by the valus of the extemal resistor Rgot. The output of
the Integrator Is going to be at a low voltage during the
normal horizontal ines because the integrator has a very
short time Yo charge the capacitor, which is during the hori-
zontal sync period. The oqualization pulses will keep the
output voltage of the integrator at about the same level,
below the Vy. During the vertical sync period the narrow
going positive pulses shown in Figure 2 is called the serra-
tion pulse. The wide negative portion of the vertical sync
period Is called the vertical sync pulse. At the start of the
vertical sync period, before the first Serration pulse occurs,
the integrator now charges the capacitor to a much higher
voltage. At the first serration pulse the intogrator output
should be between V; and V. This would give a high level
at the output of the comparator with V4 as one of its inputs.
This high is clocked into the D" flip-flop by the falling edge
of the serration pulse (remember the sync signal is Inverted
in this section of the LM1881), The “Q" output of the “D"
flip-flop goes through the OR gate, and sets tho R/S flip-
flop. The output of the R/S fiip-flop enables the intarnal
oscillator and also clocks the ODD/EVEN "D flip-flop. The
ODD/EVEN field pulso operation is covered in the next sec-
tion. The output of the oscillator goes 10 a divide by 8 circuit,
thus resetting the R/S flip-flop after 8 cycles of the oscilla-
tor. The froquency of the oscillator is established by the
Internal capacitor going to the oscillator and the external
Ryer. The "G output of the R/S flip-flop goes to pin 3 and is
the actual vertical sync output of the LM1881. By clocking
the “D" flip-flop at the start of tho first serration puise
means that the vertical sync output pulse starts at this point
in time and lasts for eight cycles of the internal oscillator as
shown in Figure 2.

How Ry affects the integrator and the internal oscillator is
shown under the Typical Performance Characteristics. The
first graph is “Ryq; Valuo Seolection vs Vertical Serration
Pulse Separation”. For this graph to be valid, the vertical
sync pulse should last for at least 85% of the horizontal half
line (47% ot a full horizonta line). A vertical sync pulse from
any standard should moot this requiroment: both NTSC and
PAL do moet this requiroment (the sorration pulse is the
romainder of the poriod, 10% to 15% of the horizontal
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Application Notes (continued)

half Jine). Remember this pulse is a positive pulse at the
integrator but negative in Figure 2. This graph shows how
long it takes the integrator to charge its internal capacitor
above V).

WITH Rgqt 00 large the charging current of the integrator
will be too small 1o charge the capacitor above Vy, thus
there will be no vertical synch output pulse. As mentioned
above, Ryt also sets the frequency of the internal osclilator.
If the oscillator runs too fast its eight cycles will be shorter
than the vertical sync portion of the compasite sync. Under
this condition another vertical sync pulse can be generated
on one of the later semation pulses after the divide by 8
circuit resets the R/S fiip-flop. The first graph also shows
the minimum Rgg Necessary to prevent a double vertical
pulse, assuming that the serration pulses last for only three
full horizontal line periods (six serration pulses for NTSC).
The actual pulss width of the vertical sync pulse is shown in
the “Vertical Pulse Width vs Reey"-graph. Using NTSC as an
example, lets sea how these two graphs relate to each oth-
er. The Horizontal line is 64 us long, or 32 ps for a horizon-
tal half line. Now round this off to 30 ps. In the “Rgg Value
Selection vs Vertical Serration Puise Separation” graph the
minimum resistor value for 30 us serration puise separation
is about 550 k2. Going to the “Vertical Puise Width vs Ry
graph one can see that 550 k0 gives a vertical pulse width
of about 180 ps, the total time for the vertica! sync period of
NTSC (3 horizontal lines). A 550 k3 will set the internal
oscillator to a frequency such that eight cycies gives a time
of 180 pus, just long enough to prevent a double vertical
sync pulse at the vertical sync output of the LM1881.

The LM1881 also generates a default vertical sync pulse
when the vertical sync period is unusually long and has no
serration pulses. With a very long vertical sync time the inte-
grator has time to charge its intemnal capacitor above the
voltage level V,. Since there is no falling edge at the end of
a serration pulse to clock the “D” flip-flop, the only high
signal going to the OR gate is from the default comparator
when output of the integrator reaches Vj. At this time the
R/S flip-flop is toggled by the default comparator, starting
the vertical sync pulse at pin 3 of the LM1881. if the default
vertical sync period ends before the end of the input vertical
sync period, then the falling edge of the vertical sync (posi-
tive pulse at the “D" flip-flop) will clock the high output from
the comparator with V4 as a reference input. This will retrig-
ger lhe oscillator, generating a second vertical sync output
pulso. The “Vertical Default Sync Delay Time vs Rgg”
graph shows the relationship between the Rge value and
the delay time from the start of the vertical sync period be-
fore the default vertical sync puise is generated. Using the
NTSC example again the smallest resistor for Rgq is 500
k2. The vertical default ime delay is about 50 ps, much
longor than the 30 ps seration pulse spacing.

A common question is how can one calculate the required
Rget with a video timing standard that has no serration puls-
s during the vertical blanking. If the defauit vertical sync is
to be used this is a very easy task. Use the “Vertical Default

Sync Delay Time vs Fggy” graph 1o select the necessary
Rsat 1o give the desired delay time for the vertical sync out.
put signal. If a sacond pulse is undesirable, then check the
“Vertical Pulse Width vs Fiser graph to make sure the vert.
cal output pulse will extend beyond the,end of the input
vertical sync period. In most systems the end of the vertical
sync period may be very accurate, In this case the preferred
design may be to start the vertical.sync pulse at the end of
the vertical sync period, similar to starting the vertical sync
pulse after tha first serration pulsa, A VGA standard is to be
used as an exampls to show how this is done. In this stan.
dard & horizontal ino Is 32 ps long. The vertical sync period
is- two horizontal fines long, or 64 ps. The vertical default
sync delay time must be longer than the vertical sync peri-
od of 64 ps. In this case Ree must b larger than 680 k.
Rset must still bo small enough for the output of the integra.
tor to reach V4 before the end of the vertical period of the
input pulse. The first graph can be used 1o confirm that Reat
is small enough for the integrator. Instead of using the verti-
cal serration pulse saparation, use the actual pulse width of
the vertical sync period, or 64 s in this example. This graph
is linear, meaning that a value as large as 2.7 MQ1 can be
used for Rge; (twice the value as the maximum at 30 us).
Due to leakage currents it is advisable to keep the value of
Rsat under 2.0 MQ, In this example a value of 1.0 M is
selected, well above the minimum of 680 k), With this value
for Rsey the pulse width of the vertical sync output pulse of
the LM1881 Is about 340 ps.

ODD/EVEN FIELD PULSE

An unusual feature of LM1881 is an output level from Pin 7
that identifies the video field present at tho input to the
LM1881. This can be useful in frame memory storage appli-
cations or In extracting test signals that occur only in alter-
nate fields. For a composite video signal that is interlaced,
one of the two fields that make up oach video frame or
picture must have a halt horizontal scan line period at the

“end of the vertical scan—i.e., at the bottom of the picture.
This is called the “odd field” or “field 1", The “even field"
or “fiald 2" has a complete horizontal scan fine at tho end of
the field. An odd field starts on the leading edge of the first
equalizing pulse, whereas the even field starts on the lead.
ing edge of the second equalizing pulse of the vertical re-
trace interval. Figure 2(a) shows the end of the even field
and the start of the odd field.

To detect the odd/even fields the LM1881 again integrates
the composite sync waveform (Figure 3). A capacitor is
charged during the period betwsen sync puises and dis-
charged when the sync pulse is present The period bo-
tween normal horizontal sync pulses is enough to allow the
capacitor voltage to reach a threshold level of a comparator
that clears a flipflop which is also being clocked by the sync
waveform. When the vertical interval Is reached, the shorter
integration time between equalizing pulsos prevents this
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threshold from being reached and the Q output of the flip-
flop is toggled with each equalizing pulse. Since the half line
period at the end of the odd field will have the same effect
as an equalizing pulse period, the Q output will have a ditfer-
ent polarily on successive fields. Thus by comparing the Q
polarity with the vertical output pulse, an odd/even field in-
dex Iis generated. Pin 7 remains low during'the even field
and high during the odd field,

BURST/BACKPORCH OUTPUT PULSE

in a composite video signal, the-chréma burst is located on
the backporch of the horizontat blsnking period. This period,
approximately 4.8 ps long, Is also the black leval raterence
for the subsequent video scan fine. The LM1881 generates
a pulse at Pin 5 that can be used either to retrieve the chro-
ma burst from the compostite video signa! (thus providing a
subcarrfer synchronizing signal) or as a clamp for the DC
restoration of the video waveform. This output Is obtained
simply by charging an Intemal capacitor starting on the trail-
ing edge of the horizontal sync pulses. Simultaneously the
output of Pin 5 is pulled low and held until the capacitor
charge clrcuit imes out—4 us later. A shorter output burst
gate pulse can be derived by differentiating the burst output
using a series C-R network. This may be necessary in appli-
cations which raquire high horizontal scan rates in combina-
tion with norrhal {60120 Hz) vertical scan rates.

APPLICATIONS

Apart from extracting a composite sync signal tres of video
information, the LM1881 outputs allow a number of interest-
ing applications to be developed. As mentioned above, the
burst gate/backporch clamp pulse allows DC restoration of
the original video waveform for display or remodulation on
an R.F. carrier, and retrieval of the color burst for color syn-
chronization and decoding into R.G.B. components. For
frameo memory storage applcations, the odd/aeven fiold lev-
ol allows identification of the appropriate lield ensuring the
correct read or write sequence. The vertical pulse output is
particularly usefu! since it begins at a precise time—the ris-
ing edge of the first vertical serration in the sync waveform.
This means that individual fines within the vertical blanking
period {or anywhere in the active scan line period) can easi-
ly be extracted by counting the required number of tran-
sitions in the composite sync wavetorm following the start of
the vertical output pulse.

The vertical blanking interval is proving popular as a means
to transmit data which will not appear on a norma! T.V. re-
celver scroen. Data can be inserted beginning with line 10
(the first horizontal scan line on which the color burst ap-
poars) through to line 21, Usually lines 10 through 13 are
not used which leaves lines 14 through 21 for inserting sig-
nals, which may be different from field to field. in the U.S.,
fine 19 Is normally reserved for a vertical interval reference

signal (VIRS) and line 21 is reserved for closed caption data
for the hearing impaired. The remaining lines are used in a
number of ways. Lines 17 and 18 are frequently used during
studio processing to add and delete vertical interval test
signals (VITS) while lines 14 through 18 and fine 20 can bs
used for Videotex/Teletext data. Several institutions are
proposing to transmit financial data on fine 17 and cable
systems use the avsilable lines in the vertical intervat to

‘sond decoding data for descrambler terminals.

Since the vertical output pulse from the LM1881 coincides
with the leading edge of the first vertical serration, sixteen
positive or nagalive transitions later will be the start of fine
14 In elther field. At this point simple counters can be used
to select the desired fine(s) for insertion or deletion of data.

VIDEO LINE SELECTOR

The circuit in Figure 4 puts out a single video iine according
to the binary coded information applied 1o line select bits
b0-b7. A line is selected by adding two to the desired kine
number, converting to a binary equivalent and applying the
result to the line select inputs. The faliing edge of the
LM1881's vertical pulse is used to load the appropriate
number into the counters (MM74C193N) and to set a start
count latch using two NAND gates. Composite Sync tran-
sitions are counted using the borrow out of the desired num-
ber of counters. The final borrow out pulse is used to turn on
the analog switch {CD4066BC) during the desired fine. The
falling edge of this signal atso resets the start count latch,
thereby terminating the counting.

The circult, as shown, will provide a single line output for
each.field in an interlaced video system (television) or a
single line output in each frame for a non-interlaced video
system (computer monitor). When a particular fine in only
one fleld of an intertaced video signal is desired, the odd/
aven fleld index output must be used instead of the vertical
output puise (invert the field index output to select the odd
field). A single counter is needed for selecting lides 3 to 14;
two counters are needed for selecting lines 15 to 253; and
three counters will work for up to 2046 lines. An output buff-
er is required to drive low impedance loads.

MULTIPLE CONTIGUOUS VIDEO LINE

SELECTOR WITH BLACK LEVEL RESTORATION

The clrcuit in Figure 5 will select a number of adjoining lines
starting with the line selected as in the previous example.
Additional counters can be added as described previously
for either higher starting line numbers or an increased num-

ber of contiguous output lines. The back porch pulse oulput

of the LM1881 is used 1o gate the video input's black level
through a low pass filter (10 kq, 10 uF) providing black level
restoration at the video output when the output selecled
line(s) is not being gated through.

2-20%
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D/A Converter Selection Guide

&National Semiconductor

D/A Converter Selection Guide

Linearity | Settling Temperature
Part “9(’;":"‘)'“ @25C |. Time s“'(’";;"' Range* Package Comments
0. % (Max) | (+%LSB)
. X M i c
'DAC, Comparator;
ADC0852 8 0.19 5 . ¢ | 8PinDIP Serial Input
j . . DAG, Comparator,
ADC0854 - 8 0.19 5 . ¢ | 14-PinDIP Serial Input
. i 16-PnDIP | High-Spoed ; -
DAC0800 8 0.19 100ns | t5to£15 ] 16PnS0. | Multiplying
16-PinDIP | High-Speed
DAC0801 8 0.39 100ns |} 5t0415 * | 16-PinS.0. | Multiplying
16-PInDIP | High-Spéed
DAC0802 8 .l 010 100ns £510 215 * | 16Pinso0. Multiplying
16-Pin DIP
DAC0806 8 0.78 150 ns £510 £15 * | 16Pins0, | Multpling
) 16-Pin DIP .
DAC0807 8 0.39 .150ns 1510 15 . 16-PinS.0. | Multiplying
16PinDIP |
DAC0808 8 0.19 150 ns £51t0 £15 * | 16Pins0. | Mutplyng
- ‘ 20-PinDIP | nP Compatible
DAC0830 8 0.05 1pus 5t015 . . 20-Pin S.0. | 4-Quadrant
20-Pin PCC™ | Multiplying
. 2P Compatible
DACD831 8 0.10 1ps 51015 e | 20-PinDIP | 4-Quadrant
Multiplying
20-PinDIP | pP Compatiblp
DACO0832 8 0.20 1pus 51015 . ® | 20-PinS.0. | 4-Quadrant
20-Pin PCC | Multiplying
Quad Seriat
DACO854 8 0.19 27ps 5 .| . R i DIP | DACwi
" | Readback
. Dual Voltage
DAC0890 8 0.18 27ps 5t015 . 20PnDIP | & it DAC
1P Compatible
DAC1001 10 0.1 500 ns 51015 e | 24-PinDIP Double Butfered
By rP Compatible
DAC1002 10 0.2 500 ns 510 15 . 24-Pin DIP Double Butfered
. rP Compatible
DAG1008 10 0.05 500 ns 5115 © | 2PnDIP | ttered
g kP Compatible
DAC1007 10 0.1 500 ns 51015 * | 20PnDIP | b ble Buffered
" 1P Compatible
DAG1008 10 0.2 500 ns 51015 * | v | 2PnDIP | ble Bufiered
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p/A.Converter Selection Guide (continued)
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: Linearity Settling : Temperature .
Part Resolution @25°C Time Su;(:s;les Range* Package Comments ~
No. @its) | % (Max) | (+%LSB) ,

3 T . R 1 . 1 46 » 4-Quadrant

DAC1020 10 0.05 500ns: 5t015 . 16-Pin DIP Multiplying
: > | 4-Quadrant
DAC1021 10 0.1 500 ns S5t015 . 16-Pin DIP Multiplying
4 i d i|. 4-Quadrant
DAC1022 10 '0.2 500 ns S5to15 . TB-PIP Dip Multiplying .
. 24-PinDIP | Quad Serial DAC
DAC1054 10 0.02 . 3Tps 5 * 24-Pin SO | - with Readback
: 1P Compatible
C1208 12 0.018 1ps 5t015 . 24-PinDIP | 4-Quadrant
. . Multiplying
. uP Compatible
DAC1209 12 0.024 1ps 5t015 - 24-PinDIP | 4-Quadrant
) L - Multiplying
* AP Compatible
DAC1210 12 0.05 1pus 5to 15 . 24-PinDIP | "4-Quadrant
Multiplying
.| 4-Quadrant
DAC1218 12 0.012 tpus 51015 . 18-Pin DIP Multiplying
ok : 4-Quadrant
DAC1218 12 0.024 1us 51015 4 18-Pin DIP Multiplying
4-Quadrant
DAC1220 12 0.0‘.3' 500 ns S5t015 L 18-Pin DIP Multiplying
DAC1222 12 0.2 500ns | 51015 . 18-PiaDip | #Quadrant
1P Compatible
DAC1230 12 0.018 * ins 51015 . 20-PinDIP | 4-Quadrant
Multiplying
u#P Compatible
DAC1231 12 0.024 1us 5t015 . 20-PinDIP | 4-Quadrant
Multiplying
uP Compatible
DAC1232 12 0.05 1pus 5t015 . 20-PinDIP | 4-Quadrant
Multiplying

*Ambient lomperature range for “M” Is - 55°C to +125°C, “I"Is ~25°C 1o +85°C or ~40°C 1o +85°C, "C" ¢C to + 70°C.
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DAC0800/DAC0801/DAC0802

NNational Semicondu

ctor

DAC0800/DAC0801/DAC0802 8-Bit Digital-to-Analog

Converters

General Description -

The DACO800 sexies are monolithlc 8-bit high-speed cur-
rent-output digital-to-analog converters (DAC) featuring typi-
cal sstiiing times of 100 ns. When used as a multiplylng
DAG, monotonic perforniance over a 40 to 1 reference cur-
rent’range is"possible. The DACOBOO series also features
high compliance complementary current outputs to aliow
differential output voltages of 20 Vp-p with simple resistor
loads as shown In Figure 1. The reference-to-full-scale cur-
rent matching of better than 1 LSB eliminates the need for
full-scale trims in most applications while the nonlinearities
of better than +0.1% over temperature minimizes system
efror accumulations. -

The notse immune inputs of the DAC0800 series will accept
TTL levels with the logic threshold pin, V¢, grounded.

The DAC0800, DAC0802, DACO0800C, DACO0801C and
DAC0802C are a diract replacament for the DAC-08, DAC-
08A, DAC-08C, DAC-08E and DAC-08H, respectively.

Features

u Fast settling output current 100 ns
a Full scale error’ +11L88
= Nonlinearity over temperature +0.1%
» Full scale current drift 110 ppm/*C
u High output compliance =10V to +18V

= Complementary current outputs
® Interface directly with TTL, CMOS, PMOS and others
® 2 quadrant wide range multiplying capabliity

Changing the V| ¢ potential will allow direct interface to oth- W Wide power supply range +4.5V to £18V
er logic familles. The performance and characteristics of the m Low power consumption- 33 mW at £5v
devico are essentially unchanged over the fullt4.5V to g | ow cost
+ 18V power.supply range; power dissipation is only 33 mwW
with +5V supplies and Is independent of the logic input
states. Lo ’
Typical Applications
0y
DIGITAL INPUTS 4
- = {
B2 BI B4 05 30 B2 B8 <
T297777 w"§ $°
tour <
- Sk "l DN IR TR TINTN®
DACONDS Vour 70 20 vpp
[ 3
"
I 3 1% 1 1 2 )
= F l H i:i,r__r Tour
'-:L-{ ‘c =
LAl T ] v
TU/H/56868-1
FIGURE 1. £20 Vp_p Output Digital-to-Analog Converter {Note 4)
Ordering Information
N nearity Ter;;;:u;un Order Numbers
9 J Package {J16A)* N Package (N16A)* SO Package (M16A)
+0.1% FS 0"C < Ty £ +70°C DACO0802L.CJ | DAC-08HQ | DAC0802LCN | DAC-08HP DAC0802LCM
10.10% FS | —55°C < Tp < +125°C | DACOBOOLJ | DAC-08Q
10.19% FS 0°C<Tp < +70°C | DAC0OBOOLCY | DAC-08EQ | DACOBOOLCN | DAC-08EP DACO0800LCM
+0.39% FS 0°'C<Tp < +70°C DACOB01LCN | DAC-08CP DACO801LCM

*Devices may be ordered by using either order number.
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Absolute Maximum Ratings (ote 1)

H Miitary/Aerospace specified devices are required,
se contact the National Semiconductor Sales

—Dtiicé/Distributors for avallabliity and specifications.

«Supply Voltage (vV+ — V=) _£18Voragv
Powef Dissipation (Note 2) 500 mW
ﬁafenence Input DIﬁerenual Voltage ,
(Y14 toV15) - V- tovt
nderenco Input COmmon-Mode Range .

R "k.-(V14 V15) V-tov+
Relerence Input Current 5mA
Logic inputs - V- to V- plus 36Y
Analog Curent Outputs (Vg~ = —15V) 4.25 mA
ESD Susceptibility (Note 3) TBOV
Storage Temperature -65'.C to +150°C

Lead Temp. (Soldering, 10 seconds)

Dual-In-Line Package (plastic) 260°C
Dual-In-Line Packege (ceramic) 300°C
s Sudaoe Mount Package
7 Vapor Phass {60 seconds) 215°C
" Infrared (15 soconds) 220°C
Operating Conditions not 1)
o Tt Min Max Units
Temperatura (Ta)
DACO800L. - 5 +125 - ‘C
DACO800LC o +70 ‘c
.DAC0801LC 0 +70 (]
DAC0802LC 0 +70 *C

Electrical Characteristics Tne following specifications apply for Vg =
Taax unless otherwise specified. Output characteristics refer to both loyr end loyt.

215V, tiper = 2mA and Ty < Ta <

Coso2 DAC0800L/ .
Symbol Parameter Conditions DA Lc DACOS00LC DACOBOILC Units
Min | Typ | Max|Min]| Typ | Max | Min{ Typ | Max
Hesotution -3 ] 5 [8] 8 B[ 6 8 ] T3
Monotonicity 6| 8188 8|8 )8| s a | ens
N 04| F £0.19 $0.30) %FS
% Sonﬂng’ﬁme To + 7, LSB, AR Bits Switched 100 | 135 100 | 150 | ns
“ON" orOFF™, Ta = 25'C .
DACO800L 100 | 135 ns
DAC0800LC 100 | 150 ns
tPLH, |Propagation Deldy Ta=25C .
tPHL | EachBit : 35 | 60 35 | 6o 35 | 60| ns
Al Bits Switched 35 80 35 60 35 80 ns
TCleg  |Full Scale Tempco 10 | £50 .210 |} +50 210 | +80 jppm/*C
Vi Output Voitage Compliance] Full Scale Cusrent Changs -10 18 |-10] 18 |-10 18 v
¢ : <% LSB, Royy>20 M0 Typ
less Full Scale Current YRer™ 10.000V, R14=5.000 k1| 1.984] 1.892 |2.000|1.84] 1.09 | 2.04 {1.94] 1.99 204 | mA
R15=5.000 k), To=25°C
legs  IFull Scals Symmetry lesa—lesz +0.5[+4.0 +1 | +80 2 | 16| pA
Izs Zoro Scale Cusront ‘ - 0.1 | 1.0 02 | 20 0.2 4.0 pA
t Current Range V- = -5V 0 20 211 0] 20 | 21 0| 20 | 21 mA
s Outpu V== —8Vio ~18V 0|20 42/ 0] 20j42[ 020 42] ma
Logic Input Leveis
Vi Logic “0” Vig=0V 08 08 o8 | v
Vi Logic "1 2.0 2.0 2.0 - \'4
Logic Input Current Vie=ov .
, e 0" ~10VSVinS +0.8Y -20]-10 ~20f —10 =20| ~10| pa
™ Logic "1” VSViy< +18V 0002} 10| ‘Jooo2{ 10 0002 10 | uaA
Vis Logic Input Swing V= =~15V ~10 18 §—10] 18 {10 18 v
Vn@_ |Logic Threshold Range [V =+15v -10 13.5|—10 135 |- 10 135] v
hs Reference Bias Current -1.0[-3.0 ~1.0] ~80 =10} -30] uA
dt/dt Referance Input Slew Rate | (Figuwre 12) 40 ] 80 40] 8.0 40] 8.0 mA/us
PSSigg + [Power Supply Sensitivity  [4.5V<V+ <18V 0.0001} 0.0 0.0001} 0.01 0.000%| 0.01 | %/%
PSSles.. - |-45vev-<i8v 0.0001] 0.01 0.0001| 0.0 0.0001] 001 | %/%
lngr=1 mA
Power Supply Current Vg= £5V, Igpp=t mA
1+ 23 {38 23 | 38 23 {38 ma
. —4.3]|-58 —-43] -58 ~43[ -58] mA
Vg =5V, ~16V, Iggr =2 mA
1+ 24 | 38 24 3.8 24 3.8 mA
i— —64]{~78 ~841-78 =641 —-78] mA
Vg= 15V, Iggr=2 mA
1+ 25 | 38 25 38 25 3.8 mA
f— —-8.5]|~78 -851-78 —851 781 mA
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DAC0800/DAC0801/DAC0802

Electrical Characteristics (continueq)

——

The following specifications apply for Vg = t15V, lgg;: = 2mA and Ty < Ta < Tyax unless othemise; spocified. Omm

characteristics refer to both oyt and Igyt.

R

Unity

N ' 0802 DAC0800L/ " “ .
Symbot Parameter “Conditions = DACOBO2LC DAC0806LC DACOSOILC
: i Min | Typ | Max | Min | Typ | Max | min - Typ |-Max |-
Pp Power Disslpation | +5V, lngr=1mA 33 48 33 48 © | nas 48 | mw
5V,~15V.lpegp=2mA | . | 108 7] 136 | 108 | 136 108 | 138 | mw
15V, Ipgp=2mA 135 | 174 135 | 174 1354 174§ mw

Note 1: mmmmmwmwwnwmm mammmwwmmaommmm

the device beyond its apecified operating conditions. |

Note 2: The maximum junction temperature of the DACO800; DAC0801 and DAC0802 Is 125°C. For g &t ok

J package must be derated basad on & thormal resistance of 100°C/W, function-to-ambient, 176°C/W for the molded DuaHn-Line
&MWMW

mtmmmmutoowmwmnnsmrm

3, devicos in the
Nmowlmlw,luh

NohrMWMWDMXWMNWWMWWWMMnMNWW

Connection Dlagrams

. Duaktn-Line Package ' Smali Outline Package
contaoL VLo~ & U g-cmmllnn v ~ 1618y LS8
DUI'L .'lv.m_, ° Veer(*) {2 151—8;
v-_’. -‘—‘-Vn:m) vm}'(')—‘ 3 14 —'l‘
ot u COMPENSATION—] 4 13f-8y
out ~1 . =V
. N THRESHOLD CONTROL, Vo = 3 12}-8,
30 B o . s it .
\ w, o= 11}y
“'T . N -7 10}-8,
" i bur—{ 8 85, use
n- DR LI : .
TL/H/5686-14
U 9 Top View
Top View

See Ordering Information

Block Diagram Note 4)

[
v e ” o

Wt %R
1

(D~ 17

-0

1 1
s
wETWOAK
CURRENY
l mTCHLY [
Yaerith O

P SRILTRILTE
i SRS IS I

N 1o
o4
o

\.oa_w .

ol
-1

ol
O~4

-0
LR ~er)

(L] <
>
<
(4 s
ot
" 3
o o
Cowr v~
TL/H/5686-2
R
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DAC0800/DAC0801/DAC0802

Typical Performance Characteristics (contined)

Power Supply Current Power Supply Current Power Suppty Cutrent
vs +V: vs ~V .. V8 Temperature
' T3 WGH OR LOW ' ﬁLmnvumnuw "
; , ALLBITS 0 3 'x-\%mv'v,,;',-'r-f\““'{ E » ":::f.";‘:.lm[“u
- s 0T unnyy
£ .. . £ 3 . » Ve -y
st HE s i e = ! -1
P 5 ! 1 i T .
§ s - E N n-mlm-du ] g .
s = J‘ﬁ_. ! 3 Yo 1ty
5 H 3 g 3 : vl ]
£ | - ! 1 £y 3:
£ [ : ' l £ I
'c T4 s TN U R R BRI R - L I ]
Veg - POSITIVE POWER SUPPLY (V) ¥~ NEGATIVE POWER TUPPRLY (V) Ta - TEMPRRATURE 0
’ TUH/3600-4
Equivalent Circuit
Ve .? 7 . . " . [
¢ fi 3 s ' P e 1
" o
? ? ? )"l? ? ? ?
ES z S E S Z Lo
W ¥ 14 1 1 ) ) 4
h -d_‘f} A 'y a A )‘i‘;k ._.G
~vags ol '
come nl . J“ Ju‘ Jvu ljlll JIII JIIH! e
“ 113 o) m_ A ;Ja
‘h rd
TN TR
L
3 - N - AL
-.‘
TUH/5886 - 15

Typical Applications (Continued)

DISITAL INPOTE

s -2ma
ryvai
@ =
[
‘.. -1y
= nigy e
= _ij-
o— -
t

FIGURE 2

TU/H/5688-5

s ="'VREF 255
Rper 258

lo+ 15 = legfor ak

fogic states

For fued reference, TTL operation,

typicat yalues are:

Vaer = 10.000V

RARgp = 5.000%

R15 = Rper

Cc = 0.01 uF

Vi « OV {Ground)

FIGURE 3. Basic Positive Reference Operation (Note 4)

TU/H/5888-21

FIGURE 4. Recommended Full Scale Adjustment Clrcuilt
(Note 4)

il

an
“¥gp OO AAAS—

= ZVReE 255 Now. ootn lpgs R1S e
¥ ® e ¥ for bias e e s

B4

TL/H/S886-16

FIGURE 5. Basic Negative Reference Operation (Note 4) :
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Pl Seald Curtant™
vs Réferdncé Curtent

L1 T 70 Tuax 41—

L ALL HTS HIGR, oyt g2

U LIMIT FOR

: ¥ 15V I

2
£
>
=
H
®.
3
=
£
5
E

[ A T 1
Ings = MEFERENCE CURRENT (mA)

ReferenceAmp . . . .
_Common-Mode Range -~

BEE YR R i B A IR IR
V18 - REFERENCE COMMON-MOOE VOLTAGE {v)

Note. Posltive common-mode range is
ahlways (V+) — 1.5V

Typlcal Performance Characteristics - .

4

: Ta=Tum IO Taax | % .

'32' [ ALL TS “ON™ ~ 3 -
3 iy , i
B - =
w L S B
En + T
5 | vetisv ~vaogv v § 18y

I T T wer-1mal -
E 1 — r
2 2 IREE "1 mA L .
T .
oW ) !
- Ingf 202 mA g
Y e - | '

ar

PR lEatt .

- LSB Propagation Delay Vs irs
Tm ;1
3 =TT
a_m
§ oy BN 111

Py RsRINyT 13 LT
§ M:T F o | . I
E LYY 1] {lleesn 280
£.n !

ks =0 &8
P 1

ek 2 1
3., QUTPUT FULLICALE CURRENT (ah)

g
-
. . .
. -Loglc Input Current
*.. "« .velnputVoltage - -
: ;W'E:':" ek
ST - & 1P N )
RN o
po5 kL
-] T
:,3,, L & - =

i o L -
- ~12-10-8-8-8+207 4 6 BIOI21410 18
Vi~ LOGIC INPUT VOLTAGE (V)

“*Reference Input
Frequency Response
) IS
RS S8 .
FALLYITS “on
[VRig * WV

LLLL.,...::

\ \.gé.:

°X

RELATIVE DUTPUT (¢8)

Y B TR T S ST
PRERUENCY [Ny
Curve 1: Co= 15 pF, Viym=2 Vp-p
contored at 1V,
Curve 2: Cg= 15 pF, Vg =50 mVp-p
centered at 200 mV.
Curve 3:Cc~0 p}". Yin= 100 mvpp
OV and apphed through 50 0 con-
nected to pin 14.2V applied 1o At4,

2 Y=~ Vie vs Tomperature
L 24 B
-2

Vin-Yie v
-

-5 9 % R I
T - TOMPERATURE 1 €)

Output Current vs Output
Voltage (Output Voitage "Output Voitage Compliance Bit Tranafer
Compliance) . » vs Temperature , Characteristics
z ALCHITS -0 T = Thag 10 Tauax * . T
z 20— } s " B 3 12 [Hings2mA
L Ve 1V -Ve-§V | =0 »
5t ——n < “JEHADED AREA INDICATE g
- ] ner * 2 s, PERMISHIBLE OUTPUT - ]
T 1 4 e '3 VOLTAGE AANGE FOR = s
8 § & g -ve-18¥iagp $2mA. 31— 3
12 - - . "
H Ince-iod £ ¢ -Jronomta-voningy 3—— B LA 2]
2 utf 8 SZE FICURE § RPN Sl I 8
' 1 o 4 - ) + (. 'J,. 5 il i
-2y 2 RN 2 e
Res - 02 wA - — Ll PAREAY CRavl
o (L I 1.1 1 o L o WY T
14 298 <4 -2 2 ¢ W w9 . -5 ] ] 10 150 =12-10-0-8-4-20 24 8 8 P IN4IEND
Vp - QUTPUT YDLTAGE V1 Ta ~ TEMPERATURE (°C) ¥y - LOGIC INPUT VOLTAGE (V)
TUH/S636-3
Nota. 8188 have ldentics! transfer charactoris-
tica. Bits are fully swilchod with tess than 1}, LS8
- orror, at less than 2100 mV from actual thrash-
5 old. These switchihg points are ¢ 10 lie
“ LA Td betwoen 0.8 and 2V over the operating tempora-
ture tange (Vic = OV).
———
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Typical Applications (continued)

IGITAL INPUTS

(I w
nnunsnes, L

© g e T A Omaned

—

TU/H/5888-17

B

B1 B2 B3 B4 B5 B8 B7 Bs|lomA|lomA| Ep Eo
Full Scale 11 1 1 1 1 1 111992]0.000|-9.960] 0.000
FullScale—LSB {1 1 1 1t 1 1 1 011.984]0008[-9.920{ —0.040
HalfScale+lSBj1 0 0.0 0,0 0 1]1.008]|0.984]|—5040| 4920
Halt Scale 1 0 0 0 0 O 0 0]1000/0992}-5000{—4.860
HalfSeale—LSB | 0 1+ 1 1 1 1 1 10992} 1.000| —4.960{ —5.000
ZoroScale+LSB| 0 02 0 O O O O 1]0.008][1084|~—0.040]| —9.920
Zoro Scale 0 0 0 0 0O O O .0{0000] 1992} 0.000 | —9.960
FIGURE 6. Baslc Unipolar Negative bpcnllon (Note 4) .
[ Py —
e TL/H/5886-8
81 B2 B3 B4 BS Bs8 BY B8 Eo Ea
Pos. Full Scale 1 1 1 1 1 1 1 1] -0.920]+10.000
Pos. FullScale—LSB{ 1 1 1 1 1 1 1 0] —9.840| +9.920
ZeroScale+1SB [1 0 0 0 0 0 0 1| -0.080] +0.160
Zero Scale 1 0 0 0 0 0 O 0] 0000 ! +0.080
ZoroScale—LSB |0 1 1 1 1 1 1 1} +0080]| 0.000
Neg.FuliScalo+LSB| 0 0 0 0 0 0 0 1] +9.920| ~9.840
Neg. Full Scale 0 0 0 0 0 0 0 0]+10.000f —98.920

FIGURE 7. Basic Bipolar Output Operation (Note 4)

»
N
Vln-lwo—‘\/’:ﬂ"— " ‘
: sacse Oty oy (18, 12
" o "'( 7% m)
2 where X 18 the Inpet code and
'[-: P =R = Regr
" .
LY
= ° TUR/5686-13
1t Ry = R within 20.05%, output Is symmetrical about ground
B1 B2 B3 B4 B5 B6 B7 B8| _Ep
Pos. Full Scale 11 1 1 1 1 1 1]|+9960
Pos.FultScale—-tSB{ 1 1 1 1 1 1 1 O] +9.880
(+)Zero Scate 1 0 0 0 0 0 O 0]}+0040
(—)Zero Scale 0O 1 1 1 1 1 1 1]|-0040
Neg. FulilScale+LSB] 0 0 0 0 0 0 O 1 {-9880
Nog. Full Scale 0 0 0 0 0 0 o0 O0]-9980

FIGURE 8. Symmetrical Offset Binary Operation (Note 4)

20803YvQ/10800vQ/00800va



DAC0800/DAC0801/DAC0802

Typical Applicafions (continued)

Ay
"‘V‘V
oy lg 1
s
€
DACOS0S O 21D +1p5- My,
2 - lee 265 '
'E = = FS 256 REF
i fogic DAC), connect invert-
mtunolopwbla(phz).eambhhd)tom
FIGURE 9. Positive Low Impedance Output Operation (Note 4)
ty
O vty ng
1 -El
FS 758 REF
. v v TLIH/5686-20
For y ot (¢ tion as & logic DAC) connect non-in-

verting input of op am 1o g (pin 2); connect Lo (pin 4) o ground,
FIGURE 10, Negative Low impedance Output Operation (Note 4)

V= Vg + 1.4V

15V CMOS, HTL, HMIL
Vi = 7.8V
™os
Yino ¥
™. on

|.L
1TV 0 08v kY l
I
I

Yo t4v }
oacn l
I | N
’ nEY
e l nen ”" l ?
1. I “4PTO 16V

——r e e e _..._...._L._....._. LT 3 Pty roderidhls
v Cos + TV (a3 b L34} bkl
Vw23V ] Yrne sV l Vrn e -1V 1
BACToSS
Ve
14348
e

Typical values: Fyy = 5k, + V= 10V
TL/H/5884-9 Pon ™

Note. Do not excead negative logic inpul range of DAC,

FIGURE 11. Interfacing with Varlous Logic Famliies FIGURE 12. Pulsed Reference Operation (Note 4)

3-12
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Typlcal Applications (continued) ;) -
(a) Irer = peak negative swing of iy ) .
Vrer R
Intr (b) +Nper must be above pesak positive swing of vy
Rgzp
.- Ve O—'VW-—-J
——.
m
=" Vin O o—vw-—— "
NIBHINPUT - Rpgr~ B8
DACDI38 ; IWPEOANCE .
. TLH/5688-12

L’

TU‘W“BG—H
FIGURE 13, Aecommodatbng Bipolar Rcferencu (Note 4)

'1-.-1 yF

FOR TURN “ON", ¥{ = 2.1V
$OR TURN "DFF Vi =BTV Vlo"‘

!IJF =

1
oy ) §
v MIxBIuR 1: "
c”‘m‘lc‘\ X

—
-

" HPSOR2. 2008 - - | -
SCHOTTXY DIODES (_*.’ [ | —I— LAl
Ver Hj wg = ,._? vour o
oy > 1:F 9 unou_[: W

Vi aman 11% ,_{ l
(o] 'I‘ : = ~34V
. . T Sk
|m - b3 = 3
. < n S L1
<
ol IO e o
*Vaer O—AA— 14 4 TO—— WA
DACONS aur o)
{D.LT) ~15¥
RIS T00.U.T
1 2
1 18
= "‘L'm oF
-.E-—<j r ’%
LiF LIF
L -
= 1wV i =

TU/H/5606-7
FIGURE 14. Settling Time Measurement (Note 4)

20800Vva/10800va/00800vaA
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DAC0800/DAC0801/DAC0802

Typical Applications (continued) A T

fLoex FAEE

v-  come  Vic
3 " ¥

4T

-1y * by reduding R1, R2 and RJ t0 2.5 kN and R4 1o 2 MA1.

(374

FIGURE 15. A Complete 2 us Conversion Time, 8-Bit A/D Converter (Note 4)

Note. For 1 us conversion time with 8-bR resoiution and ?-bit accuracy, an
- LM3681 comparator replaces the LIM319 and the referance curent s doubled

TL/H/S686-8
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“ 1 1A IY 3Aa 3Y GND A TY 2 vcc A 3v A

pasitive logic
LYY

5404 /7404 Hex Inverter
Schottky TTL High-Speed TTL Low-Powsr Scholtky TTL Standard TTL Low-Power TTL
Package . Package . Package Packsge P
Device Typa Device Type Device T Devica T Devi ackage
YPe IETRTMIEF CTP[MKF] P S TPTMGH Yo rCTRTMICH Device Trpe C]P]MIGF]
T.L EN5AS04 IRa 5 BT I SNSeLSed 5 R 30 Voo SNSILEA AR
: SHNSH s SNTinga QN SNMLSH 1PN N7 R SRIeLEL M CEID N
FARGELD jLMstswrMsoilod) F MSAMOATF M3HOU [0 F 2] Teswmc ramme n{n_ D | F LA0A/F NGNS [O%0 Fa
FCTiB0/F TI5ed grc FCIangare CYnde [0 [T O C L T ) N e
M08 ol F UCTed o F 3|
MOTOROLA MCX08 PG| IFY snacsed = MC1a44 Cp]
NS.C DS IDINT OM34LSO4 OMEagh I 0 M O I INE
DMNSH N DM I O[T DM7ALS 04 [ NG| cuvi e N NE ]
|
PHUPS 14800 [ NI ) ] |"asa i F 147108 ]
SIN FOAT] S5anse Fo) w3l 55404 F
SIGNETICS NISON Ir DA NIaMDA FTIAT] N7 804 X3 NTtde  ~ F@AD|
SIEMENS FLH2i )
FUXTSU o804 v P [0
HTACH KOS ¥, WD T4, S04 o HOH/HDIIT | TIPO|
MITSUBISH aenry 0 WS & M33z08 &
NEC ™jisel cry] LS04 3 «PB2Yy &)
OSH 4 1}
TOSHIBA { TOUSA ] Pfri I
Electricat Characteristics SNS4LSO4/SNT74LS04
sbsslute marimum ratings evar esersting fre fomporature rengy
Sucow rommr VCE HIEON | e——r— Swsis 26T _w % .
e T B IR e = Rt Schematics (each gate)
| ¥ Siwoge Wrpsnse tioge SO W HET
reconmendsd opersting Cantbens
ShB4LSOs SN74L504
{an NOM__ GAN | MW o ] '
By diagr Voo (A3 3 33 “n i + \d
l‘s'b-— WARE A, iy frad d b [
Low et Rt Wrond, Ty, . [ -~ N n
Drarghong Surrps toagursiwa |y -9 s » » Al
1 ristics over d operating A wrrvE v
free-air tempesature rangs
PARAMETER TEST CONDITIONS 1 | MIN_TVR § MAX] umIT .‘f
Vigy  Mchdevel wput voliage ? v |
Vil tredeval woul votage vaj v L4
vy IO Cienp xoage Voo kMK, 1w <~ tmA —1af v
N VOCTMIN, Vi %V max,
VoM FwARe oumpd wdtape 1gpg = MAK . 14 v
VECmMIN, Vi 2V, input clamp disdaes rot an
VoL Lowdal ovian votge tor o 4w i SHIALTINIAL S crcuitn 304 CIRCOIT
N nout euren) st vooEMAR, Vi iy il =a 04, LOS CIACLITY
. efut w300
ty Fagvieval npu) currand NppsnMAR L Vel iy [ d L)
n Lowevel wpul Jerent VEGEMAY vy ey =08l ma
Shrtereunt [sasrames [ -2 ~10¢
08 oyt cumrent * Voo A S Famer [ =20 = el
._MQL Supohy cw e Voo s MAX Toral, outputs e .2 2.4] ma
) S0ty curem e Tosal, ovtouts Erw 16 6.6l mA
. Average put gave
‘cg Swony etran vop=sy (S0% dutg cyeser LX] =-A
. Provagainer deldy teme. 3 Is
PLH towtomprieml sutput _ JUgew sV, Taenve. o
Procagaron deiay bme, | CL=#SPF, M vmQ P
PR pgnrto demriavel ostret b
Pin Assignments (Top View)
[0) @ .
YEZ AA BT $A SY A 4Y 1Y 44 67 OND SV 3R &Y whu
LG fi 5151 fal R G .

Hed QRIUITY

‘L4 CimcurY

Reustor vakres shown are nominal and wi ohmg

1Fw conaloas showh £ MING MAX, wie T apironrels vese Wecsied uwtdw 50Commentsd ape-aiig CONGARNS.
TAD iywoel venas are 8] VEQ@ VY, TAvRNC,
SHol @Oy hen 0 DulDut Shadd ba SROCIN0 2Y & e, 3nd kv SNAAMISNAH Bag SNSIST SRS, 2aaton of $hort DIV Wanad DO Saceed | gend,
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5408,/7408  Quadruple 2-Input Positive-AND Gate
Schottky TTL High-Spead TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
A Package . Package . Package Package Pack.
Device T' Dovico Type D T age
- P I TR IMICH e IcTrImlcH PV TP [cTpimicH clPImic CTPIMIcH
T SNUSOS ¥Ed wit ShseLSes MEREC 4G Wi
il SM1ES08 AL a | SNIL3OS 2 i3] J DN
ebagas” Honion - 4 [FMSaH6L T MSHOY 04 £ frosusnn, nmios " ) ot il
FARCHLD 1o o FEIFCrares - Conot 100 1P NS Fouse [ [ A][ o s} -
MC3I01 Lo Ff;
MOTOROLA ] T FEL [FE snresos Y o
NS.C. DMsoos SN I TTRYTY P 3 UM Wi
DM Tos 3N DMI 508 a2 1DiNG:
ms NIL308 1] NI4R0S P NI S08 » "
854404 Fpjaipl  jwit] FOlAR]  wh
SIGNETICS NS0 m N1aHet FQ]AL] NS08 (A ¥ IF]ad:
SIEMENS [ .
FUNTSU T So8 n
HITACH HOLS0Y = a.ln_'E*
Mma' . ML SES g I’D—Q._y
Ec - 4L 508 1 ady
TOSHIBA 3

Electrical Cherecteristics SNS4L508/SN74LS08

To arv VCE I r
B [
e mtirs v I s» 1
rocommanded speraling conditions
SH5ALS0R SNT4L308
N NOW WAk [ wN oW war] v
Sumrn Wi, VOO 0 [ D “n [ (Y -
o eves it St bose S T | o
Lano owtped Aerret by [ 1] »h
e e K T T 8 N o v » ]
alectrical ch t lics over ded op ing
free-air temperaturs range
PARAMETER TEST CONDITIONS t MIN TYP 3 MAX jUNIT
ViN Highdevel wput vohtage 2 v
Vil Cow-ievel wput voltage - esl v
Vi inowt_clemp voitagr VEnaMIN,  lpu ~thmA st v
VeewMING vye v .
vau Hghiewe ovip voltage 1om *MAX L2 BN 4 v
VECTMIN vyiiey
VoL Low-evel ouipul voltape tgr_ = ama o1t 04! v
" et gorrent 1 Veg=MAX, ¥y w o] -
L il
hyy High-level mput cuwrram VLo =MAR Y=V i wa
e Low-evel #put Current VOGmMAR vy B 5.4v ~0.4{ mA
Short orast S4LS Famdy | ~20 =100
'03 ot cumrent veomMAR 0.8 Famey | <20 o) ™
g XY
'gon, Suonly curent veemMAY Total, ouiwls Prgh Z, nd
) Suwooly turrem 1otsl, otouts low 44 B8 mA
Avarsga pergate
ce Sucphy ourrent veomIv. (50% oty mycie) 0.3 "a
Prooughtion geey hine, . ) s
PLH | peiongtrievel outpul Vogw S, TARTSC.
L dray tene, CL~15pF, R adnil
e pagaton ey L L w20l e
gneto-kiwaevel outowt

Pin Assignment (Top View)

0]

YeE £ 4 Y WM W
! )

IVRESY
©7 D
2 2]

m oNd

positive Jogu:
Y 12A8

Schematics (each gate)

*S08 CIRCUIT

£ ¥

Reslstor values shown are nominal and in chms

PP contiona MRown a3 MEH or MAX, 132 the MXFOIVItS wsues Bpe0itmd Lndor 9CORMnced CDWng condsnond.

Al wpat valuos Mo 3 Voo ™SV, Tas2C,

%01 mcve UM One DUl Should DR Bhoriet ot A fimo, and lr SNBAS/SNTASS, Aration ol cumnt Wt Setwt Shoukd not Sscesd one Second
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54164/74164

8-Parallel-Out Serial Shift Register

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package . Package . -~ Packege Package
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*166 8-BIT SHIFT REGISTER
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5432,/TA32 Quadruple 2-Input Positive-OR Gats
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54374 /74374

Octal D-Type Transparent Latches and Edge-Triggered Flip-Flops.
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Electrical Characteristics SNB4LS374/SN74LS374
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5474 ,/T4T4 Dual D-Type Positive-Edga- Triggered Flip-Flop with Preset and Clear
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