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Abstract

Being analog signal, the nature of almost quantities, is complicated to process ,
such as storing or modifying the data .Conversion of analog to digital signal can
improve the data processing not only in speed but also accuracy .Now , ability to
convert analog to digital signal is greatly developed and has many kinds of operations
which can be used to suit any system . According to this project , analog to digital
conversion is used for video signal processing which play an important role at present ,
such as communication and advertisement , on both displayed boards and the theaters
or the televisions . This project also studied about the performance of video signal, the

interesting field of study.
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fryryrauiaianidudtyyrondeguunu Iud
B Successive approximation convertion

B Counter and Servo type
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3.2 290 sudsedygrandegilinuliudygradianuunisdssanus
( Successive approximatation converter )
quuanum"wmmﬂwmm A9 mmw‘l‘fi‘lun'mﬂaﬂuuﬂawam (conversion
time ) umﬂqwhmunumuﬁmﬂﬂqﬁmty'numﬂﬂmu Fhurvartiion Qv Q . Q.,Qp
uas Qg sialyu Modulo - ring counter WTaaAdad U@ aL ( shift register ) %\u'i
fynoeenidy 1 Wendaifen  uasAn 1 desideullides 1 lﬂuwumunnﬂ%ﬁ'
fyarauuniing (clock ) Waauandn 1 flu o dou Q. Q,. Q, WunfiWaaldwmiy
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89U Qg , Qz, Q. Qg (T 0 A Q, a3 ( reset) Wataauliaf 1 uaz 2 vl
Q,,Q, o tﬂaﬁryty'\tumﬁmtﬂﬁﬂummn 0w 191 J seaALnaesafi 3
1 iligrnimidu 1 fuane ua“ryty']mmwmw Q,Q,Q, = 100 mm’luﬁryrquﬂan V,
dhanuFaudendy v, mtﬂufﬁymmmw’lmmn S/H MV, deand1 v, (uung
AN MSB '1u11tu~uum'lmymu°lﬂ ) Cp azilintu 1 Wadtynnamnfniwlfens
a1 181 0 v W Q asgni 21 U saeWELiWaaLlsaf 3 = Co* Qg =1 thualit Q,
gnmmLuﬂﬁ’rqummﬂmtﬂﬂﬂummn 0 1 1 3nA%a wsidluseyuusn V, 8nndn v,
i C, i o Aldin  seadiMaedsait 3 1y o uazbigriaviledygn
mﬂmtﬂaﬂummno i 1 dm’luﬁrymmmﬁmmmnmummnu C, azithisia
andanetl v, inmvizatiannda v, mmmnmﬂuﬁ”mmwmmﬂmm'lﬂ Q, ArgnAY
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323 awsuladygrandalinuiudygrondeiasuuuualadg
( Dual slope converter )

Whdnuunmitaitien 4 uazmnzdmin i hurisadausesiWinGaiae
( Digital voltmeter ) el lussashoanliifnauluninwlas neideiiaunsaas
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A
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0 Tesugadtuyraninifasdnlloeaniy alg
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' -3 (PR dd‘ - <l ] 1 1 L3 ‘ al ¥ .
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. Qi v N { o \)
Memory ) uwiite RAM uinfianldlaeviall Aussnimdulilaudasesii Aeamam
o <R

J - -~ 1 i ; - 4
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o ar é ° ° @ [l .
ANAR R/ W uadtunnoaAuEnganiAeafi sl  ( Address line )

4
]

o o ' ) o -J 0 hod e 1
FanuUARIUMRAINULEIA NS LAY daenmueaime 8 1duss
t 8 &
gurraiuAn 1 2 = 256 A4
wdatAndndtivuuugualsazainamluingimeuisaines
( BJT : Bipolar Junction Transistor ) 78 uegmn( MOSFET : Metal Oxide
Semiconductor field effect transistor ) TINAZFaNdY “ Mo “ TNTIUT Q8 FULIL
'\ e Ay ald @ Ny o Ay o o o o 4 aa
Tulwanf ideRnanufaoge uiildedenld ddeanu gauariuilenresdanauluigas
< 0‘ 1 1 o o c‘ - X A “;;‘
PAHNIN RIUUUL HBR  ANIEIAINGT wi idndsuRuasiwidentesianewluogas
v ' 1 c
saugand lulwanfuan
Wluwdrmsudamesarldaeas awguuudu (Cross - coupled inverters )
vre Waunaey Geilldisesaniazie 1 uas 0 dounaall 2 wuy Aa
3.3.1 uulaAnusIuuugnag (Static MOS RAM ) mdagianuan e
wamanaed duFsaiinbisacnd I luindrmendamed ol 36 usaunisg

L3 L] 4 ° 1 ° :’/ 4 o a v 1 . =
m'm'-mmewuﬂummunmammmmwumﬂﬂu‘m'lnﬂg'lugﬂmm X-y matrix e
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3.4 aasurlaedtygransssiuaniiudygnonBeguanu ( DAC : Digital to
Analog Converter )

Lﬂmq'wﬁmﬁ’fytyﬁmﬁqﬁqLa‘nue’a’quﬂmnﬁmﬂumﬁiqqﬂuﬂu Felaevdnns
uf’i’qq:a%’ﬁq‘lﬁdwndﬁLﬁﬂLﬁﬂuﬁ’mqq?uﬂmﬁrytyﬂmlﬁqqﬂmutﬂuﬁryry']ml.%qﬁqLa'nfn
arwlaedryanaudeiasuiudygindegUumiivane 'Tilq'luﬁfzqznd'mﬁquuuﬁ
d1ATY 7 atwge fais

The weighted - register DAC  dudnnnisaasasassandnyyrnulnefisnsm
weasieiudmiudyyoudasei [sTfmtiNmquﬁuﬂm'lugﬂs.Sﬁ’tyty'lmv‘ﬁwaJsz
A 1 axtlAuaInTigaundtidwdadn e lusasuandygrndasieainesw
uaus] ﬁmmﬂmﬂmqumonﬁmmﬂmfa:é“m‘l‘ﬂﬂmﬁaﬁ']umutﬁﬁﬁﬁm”uuwia:é@rywm

-

v o < A ] ) d‘ ar = dd' 1
Widnsenavaeling 1 Huseswinedvil 0 sasniraenereeding 2 Wugeavinze
= d' 1 A’ Ilﬂ. oY ar <
inf 1 uilhites - avnifminseedinlussuy LAUFIUEDY

The R - 2R Ladder DAC U weighted - register DAC wuLmikde e

1] 1 A ] 1 [ o

AMUFUNILEE ABNAN AR R LAY 2R ANZLN3.8 Tegmnranraaseulddrdnmeiaas
wnusesd il dygrnudeianaiihfdwoydvau 1 on

The current - driven DAC azithiuuulalugeeuundradudly  uildnsoua
dedaumunsaiudngs i linemiageiuaasiuandlugl 3.3 Inverted -

a” A 1] i1

ladder DAC lunistlfinljaiieanuazesnismisaaanliunas R - 2R mashuandly

7u3.10
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|
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2R 2R
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"
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o
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' a 3 s
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Decembler 1993

CA3318C

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

]

Features

. C!@OS Low Power with SOS Speed (150mW Typ.)
Parallel Conversion Technique

15MHz Sampling Rate (67ns Conversion Time)
8-Bit Latched Tri-State Output with Overflow Bit
+1 LSB Accuracy (Typ.)

Single Supply Voltage (4V to 7.5V)

2 Units in Series Allow 9-Bit Output

2 Units in Parallel Allow 30MHz Sampling Rate

Applications

. T\{ Vidso Digitizing (Industrial/Security/Broadcast)
¢ High-Speed A/D Conversion

« Ultrasound Signature Analysis

* Transient Signal Analysis

« High Energy Physics Research

. High Speed Oscilloscope Storage/Display
¢ General Purpose Hybrid ADCs

* Optical Character Recognition

* Radar Pulse Analysis

* Motion Signature Analysis

* pP Data Acquisition Systems

r

Description

The CA3318C is a CMOS parallel (FLASH) analog-to-digital
converter designed for applications demanding both low
power consumption and high speed digitization.

The CA3318 operates over a wide full scale input voltage
range of 4V up to 7.5V with maximum power consumption
depending upon the clock frequency selected. When oper-
ated from a 5V supply at a clock frequency of 15MHz, the
typical power consumption of the CA3318 is 150mW.

The intrinsic high conversion rate makes the CA3318 ideally
suited for digitizing high speed signals. The overflow bit
makes possible the connection of two or more CA3318s in
series to increase the resolution of the conversion system. A
series connection of two CA3318s may be used to produce a
9-bit high speed converter. Operation of two CA3318s in par-
allel doubles the conversion speed (i.e., increases the sam-
pling rate from 15MHz to 30MHz).

256 paralleled auto balanced voltage comparators measure
the input voltage with respect to a known reference to pro-
duce the parallel bit outputs in the CA3318.

255 comparators are required to quantize all input voltage
levels in this 8-bit converter, and the additional comparator is
required for the overflow bit.

Ordering Information

4

PART NUMBER LINEARITY (INL) SAMPLING RATE TEMPERATURE RANGE PACKAGE
[CA3318CE 1.5 LSB 15MHz (67ns) ~40°C to +85°C 24 Lead Plastic DIP
CA3318CM +1.5LSB 15MHz (67ns) -40°C to +85°C 24 Lead Plastic SOIC
CA3318CD +1.5LSB 15MHz (67ns) -40°C to +85°C 24 Lead Ceramic DIP
Piqaut
CA3318C (PDIP, CDIP, SOIC)
TOP VIEW
€ (Ls8) 81 [T ~ 24] Vaa+ (ANA. SUP)
; B2 [2] 23] 3/4R
83 [3] 2] Vagr+
" 84 [ 27] vin
t 85 [5 20] p
86 [6] 19] PHASE
' 87 [7] 18] cLK
0 (MsB) 88 8] 17] Vaa- (ANA. GND)
; OVERFLOW E 18] Vin
i 1/4R [i0 [75) Viee -
i (DIG. GND) Vgs [11] [14) C&T
: (DIG. SUP) Vpp [12] 73] ce2

+

[

CAUTIO}!: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Prdcedures.

CopyrlgtSt © Harris Corporation 1993
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Functional Block Diagram

Vask
[24]

r
Vi

VRef+ 11, R

ANALOG
suppy 22 @1

E-w
4
R=2Q

1

V¥

<
<

%4

AAA
vVV
]

3Rl
1+
R ]-{

{6~
®_

AAA
vy

AAA
LA A4

AAA
Yy
I

AAA
A A A4
x

AA
v

44

=50K

AA

L -

PHASE

AAA L

ANALOG
GND

15—

o1 o1 o1 o2
COUNT
256
D Q D Q ’
LATCH LATCH
256 1 256
COUNT
193
D Q D Q -
lLatcH | T LATCH
COUNT
129
D Q D Q >
P LateH] ] LarcH
COUNT
65
D Q D Q
L}
LarcH | T LarcH
cogmr
D Q D Q >
CAB
(NOTE 1)
COMPARATOR #1 LATCH LATCH
—1 1 1 n

——3i——3 01 (AUTO BALANCE)

—D—v 92 (SAMPLE UNKNOWN)

NOTE 1. CASCADED AUTO BALANCE (CAB)

ENCODER

Voo
o gm
OUTPUT _STATE
REGISTER DRIVERS QVER-
Ege
H CLK
BIT8
(MSB)
D Q n
L] ok ?—.
BIT?
DaQ
WETIEY
BIT6
DaQ
WETI N
BITS
DQ
b Jok] |
BIT4
D Q
Lok
BIT3
D Q
$-fok] ||
BIT2
DQ
¢+ CLK
(Lse)
D Q
R [T ‘?—m

DIGITAL
GND

E1

vt

6-32




-

Specifications CA3318C

Absolute Maximum Ratings Thermal Information

DC Supply Voltage Range (Vpp Of Vaa+). . ..o vn -0.5Vto +8V  Thermal Resistance 63a 60
(Referenced to Vgg or Vaa- Terminal, Whichever is More Ceramic DIP Package............... 58°C/W  11°CW
Negative) Plastic DIP Package ................ 60°C/W -

Input Voltage Range Plastic SOIC Package............... 75°C/W -
CE2andCET........cccvvinnnn.. Vaa- 0.5V 10 Vpp + 0.5V Maximum Power Dissipation. ................covvoun. 0.67W
Clog;k. Phase, Vggg-, o Ref......... Vaa- 0.5V 10 Vau+ + 0.5V Operating Temperature Range (Ty) ............. -40°C to +85°C
Clock, Phase, Vggg-, s Ref.......... Vgg- -0.5V to Vpp + 0.5V Junction Temperature
Vi, 4 REF, Vgt oo Vaa- -0.5V 10 Vpu-+ 7.5V CeramicPackage .............. .o, +175°C

Output Voltage Range, ... ............. Vgg - 0.5V to Vpp + 0.5V PlasticPackage..............civiiiieieiiienna, +150°C
Bit§ 1-8, Overflow (Outputs Off)

DCinputCurrent ... ...t 120mA
Clock, Phase, CE1, CE2, Vi, Bits 1-8, Overflow

Operating Voltage Range (Vpp or Vaa+) ...... 4V Min to 7.5V Max

Recofmended V,,+ Operating Range .. ............. Vpp £ 1V

Recommended Vaus- Operating Range ............... Vgs 1V

Storage Temperature Range ................. -65°C to +150°C

Lead Temperature (Soldering 108). ... .....cvvvnnnnunn +265°C

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

Electrical Specifications At +25°C, Vaa+ = Vpp =5V, Vpge+ = 6.4V, Vgge - = Vpa- = Vgg, CLK = 15MHzZ,

B All Reference Points Adjusted, Unless Otherwise Specified.
" PARAMETER | TEST CONDITIONS | mn | TYP | mAx | uNITS
SYSTEM PERFORMANCE i
Resolution i 8 - - Bits
Integral Linearity Error - - +1.5 LSB
Difterential Linearity Error - - +1,-0.8 LSB
Offset Error, Unadjusted Vin = Vger + 1/2LSB 0.5 4.5 6.4 LSB
Gain Error Unadjusted Viy = Vet - 1/2 LSB 15 0 15 (sB
DYNAMIC CHARACTERISTICS
Maximum input Bandwidth (Note 1) CA3318C 25 5.0 - MHz
Maximum Conversion Speed CLK = Square Wave 15 17 - MSPS
Sighal to Noise Ratio (SNR) Fg = 16MHz, f;y = 100kHz - 47 - dB
.. BMS Signal Fg = 15MHz, fiy = 4MHz - 43 - dB
t RMS Noise
Sigr;;l to Noise Ratio (SINAD) Fg = 15MHz, ) = 100kHz - 45 - dB
. ___RMSSignal Fg = 15MHz, fyy = 4MHz A 5 35 - dB
' RMS Noise+Distortion
Total Harmonic Distortion, THD Fg = 15MHz, f,y = 100kHz - -46 - dBc
i Fg = 18MHz, fy = 4MHz - -36 - dBc
Effective Number of Bits (ENOB) Fg = 15MHz, f\, = 100kHz - 7.2 - Bits
, Fg = 15MHz, f)y = 4MHz - 55 - Bits
Differential Gain Error Unadjusted - 2 - %
Difterential Phase Error Unadjusted - 1 - %
ANALOG INPUTS
Full Scale Range, V,y and (Vger+) - (Vage-) Notes 2, 4 4 - 7 v
Input Capacitance, Vy - 30 - pF
Inp[ut Current, Vi, (See Text) Vin = 5.0V, Vgept+ = 5.0V - - 3.5 mA
REKFERENCE INPUTS
Ledder Impedance ] [ 270 [ 500 ] 800 ] Q

' 6-33




' Specifications CA3318C

p

Electrical Specifications At +25°C, Vaz+ = Vpp = 5V, Vgep+ = 6.4V, Vggg - = Vaa- = Vgg, CLK = 15MHz,

. All Reference Points Adjusted, Unless Otherwise Specified. (Continued)

‘ PARAMETER | TEST CONDITIONS | mn | Tty | max | uniTs

DIGITAL INPUTS
Low Level Input Voltage, Vg

C§1. CE2 Note 4 - - 0.2Vpp A

Phase, CLK Note 4 ! - - 0.2Vaa \'
High Level Input Voltage, Viy

CET1, CE2 Note 4 0.7Vop - - v

Phase, CLK Note 4 0.7Van - - \
input Leakage Current, |; (Except CLK input Note 3 - $0.2 15 pA
linJt—Capacitanoe. C - 3 - pF
DIGITAL QUTPUTS
Output Low (Sink) Current Vo = 0.4V 4 10 - mA
Output High (Source) Current Vo =4.5V -4 -6 - mA
Tri-State Output Off-State Leakage Current, loz - 0.2 5 HA
Out{)ut Capacitance, Cqo - 4 - pF
TIMING CHARACTERISTICS
Aut? Balance Time (¢1) 33 - o0 ns
Sanple Time (¢2) Note 4 25 - 500 ns
Aperture Delay - 15 - ns
Aperture Jitter ! - 100 - ps
Data Valid Time, Tp Note 4 - 50 65 ns
Data Hold Time, Ty Note 4 25 40 - ns
Output Enable Time, Tgy - 18 - ns
Output Disable Time, Tpis - 18 - ns
POWER SUPPLY CHARACTERISTICS )
Device Cirrent (Ipp + 1) (Excludes Igge) Continuous Conversion (Note 4) - 30 60 mA

v Auto Balance (¢1) - 30 60 mA
NOTES:

1. Afull scale sine wave input of greater than Fe; ock/2 o the specified input bandwidth (whichever is less) may cause an erroneous code.
'[The -3dB bandwidth for frequency response purposes is greater than 30MHz.

2. V\y (Full Scale) or Vgee+ should not exceed Vau+ + 1.5V for accuracy.

3. The clock input is a CMOS inverter with a 50kQ feedback resistor and may be AC coupled with 1Vp._p minimum source.

4. Parameter not tested, but guaranteed by design or characterization.

e
~T

Timing Waveforms

COMPARATOR DATA IS LATCHED DECODED DATA IS SHIFTED
/ TO OUTPUT REGISTERS

¥ CLOCK (PIN 18
IF PHASE (PIN 19
Is Low
I3
CLOCK IF SAMPLE AUTO AUTO
PHASE IS HIGH N BALANCE BALANCE

* T XOXCEOXCF XX

FIGURE 1. INPUT TO OUTPUT TIMING DIAGRAM
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Titning Waveforms (Continued)

§
}

CE1 / s\ '

e g T———

Tois Ten
e e
Tois Ten

BITS1-8 DATA DATA DATA
HIGH HIGH
{MPEDANCE IMPEDANCE [ro——
OF DATA >

FIGURE 2. OUTPUT ENABLE TIMING DIAGRAM

HIGH
IMPEDANCE

e L I e .

AUTO AUTO
BALANCE
SAMPLE
N

CLOCK

e

NO MAX 25ns
LIMIT MIN

oy

-

DATA X

FIGURE 3A. STANDBY IN INDEFINITE AUTO BALANCE (SHOWN WITH PHASE = LOW)

I

E

k AUTO AUTO

¥ BALA! BALA

E CLOCK SAMPLE AL SAMPLE SAMPLE
N N+1 N+2

' 500ns 25ns

* MAX MIN TYP

E ¥ L L} L)

,

¢ DATA DATA

E DATA X JN-1 N

'

FIGURE 3B. STANDBY IN SAMPLE (SHOWN WITH PHASE = LOW)

FIGURE 3. PULSE MODE OPERATION
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Typical Performance Curves
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FIGURE 4. DEVICE CURRENT vs SAMPLE FREQUENCY FIGURE 5. DEVICE CURRENT vs TEMPERATURE
8.0
: Fg = 15MHz, F{ = 1MHz A< Fg = 15MHz
7.8 0.90
7.6 0.80
7.4 § 0.70
- St ’
@ 72 r 060 INI7,¢
€ 70 c P gt
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]
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FIGURE 6. ENOB vs TEMPERATURE FIGURE 7. NON-LINEARITY vs TEMPERATURE
1.20
‘1.08 e Fg = 15MHz
: 1.80 4
0.96 / 1.60 \

2 o084 / B 140 \

o 1 INy g - \

E 072k S 120 \'

o |

g ,0.60 E 1.00 L L
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& o036 - 2 os0 \ \k

z ONL L~ 2 - N —
0.24 : 0.40 e — DNL
0.12 0.20 |
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FIGURE 8. NON-LINEARITY vs SAMPLE FREQUENCY FIGURE 9. NON-LINEARITY vs REFERENCE VOLTAGE
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Typical Performance Curves (Continued)

8.0
; 7.6
7.2 J4Fg = 15MHz
E 6.8 \
t § 6.4
. = 60
8 [ —
E 5.6 \
' 5.2 —
4.8
4.4
4.0
00 05 10 15 20 25 30 35 40 45 50
F{ (MHz)
f
J FIGURE 10. ENOB vs INPUT FREQUENCY
k
Pin Descriptions CHIP ENABLE TRUTH TABLE
PIN NAME DESCRIPTION CE1 CE2 B1-B8 OF
1 B1 Bit 1 (LSB) Output Data Bits 0 Al Valid Valid
2 B2 Bit 2 16ah £ .S 1 1 Tri-State Vaiid
z 3 B3 Bit 3 X 0 Tri-State Tri-State
4 B4 Bit 4 X =Don't Care
\ 5 B5 Bit5
6 B6 Bit6 Theory of Operation
7 B7 Bit7 A sequential parallel technique is used by the CA3318 con-
"8 B8 Bit 8 (MSB) verter to obtain its high speed operation. The sequence con-
9 OF Overflow sists of the “Auto-Balance” phase, ¢.1, gnd. the “Sample
2 5 TR = T Unknown” phase, ¢2. (Refer to the circuit diagram.) Each
1 4 SfRoNce ¥agRer /o Roigt conversion takes one clock cycle*. With the phase control
11 Vss Digital Ground (pin 19) high, the “Auto-Balance” (¢1) occurs during the high
12 Vop Digital Power Supply, +5V period of t.he clock cycle., and the “Sample Unknown” (¢2)
3 Ceo Tr-State Output Enable Input, Actve occurs during the low period of the clock cycle.
Low, See Truth Table. * The device requires only a single phase clock The terminology of
14 CE1 Tri-State Output Enable Input Active ¢1 and ¢2 refers to the high and low periods of the same clock.
i High. See Truth Table. During the “Auto-Balance” phase, a transmission switch is
T3 Vege- Reference Voltage Negative Inpul used t.o connect 'each of. the first set of 256 commutating
T v Aradon ST capacitors to their associated ladder reference tap. Those
IN nalog Signal Input tap voltages will be as follows:
Al Vax | Analog Ground Vrap (N) = [(N/256) Vage] - (1/512) Vige]
TAP \N) = REF) - REF
, 18 CLK Clock Input = [(2N - 1)/512] Vger
i 19 PHASE Sample clock phase control input.
. When PHASE is low, “Sample Un- Where:
known™ occurs when the clock is low Vrap (n) = reference ladder tap voltage at point n.
and “/.\utq Balance” occurs when the Vper = voltage across Vpgg- t0 Vgp+
X clockiis high (see text). N = tap number (1 through 256)
20 R Ref Ladder Midpoint . . .
: 2 © erenc.e er Vidpomn The other side of these capacitors are connected to single-
. 21 Vin Analog Signal Input stage amplifiers whose outputs are shorted to their inputs by
22 Viert Reference Voltage Positive input switches. This balances the amplifiers at their intrinsic trip
23 . R Reference Ladder ¥, Point p?ints. which is approximatelyh(YM+ - \(AA-)IZ. The first set
23 Vot Anaiog Powar Supply. 25V of capacitors now charges to their associated tap voltages.
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At the same time a second set of commutating capacitors
and amplifiers is also auto-balanced. The balancing of the
secofd-stage amplifier at its intrinsic trip point removes any
tracking differences between the first and second amplifier
stages. The cascaded auto-balance (CAB) technique, used
here; increases comparator sensitivity and temperature
tracking.

In the “Sample Unknown” phase, all ladder tap switches and
comparator shorting switches are opened. At the same time
V) i§ switched to the first set of commutating capacitors.
Since the other end of the capacitors are now looking into an
effectively open circuit, any input voltage that differs from the
previous tap voltage will appear as a voltage shift at the
comparator amplifiers. All comparators that had tap voltages
greater than Vjy will go to a “high” state at their outputs. All
comparators that had tap voltages lower than Vy willgoto a
“low” stats.

The status of all these comparator amplifiers is AC coupled
through the second-stage comparator and stored at the end
of this phase (¢$2) by a latching amplifier stage. The latch
feeds a second latching stage, triggered at the end of ¢1.
This delay allows comparators extra settling time. The status
of the comparators is decoded by a 256 to 9-bit decoder
array, and the results are clocked into a storage register at
the end of the next ¢2.

A 3—§tagc- buffer is used at the output of the 9 storage regis-
ters which are controlled by two chip-enable signals. CE1
will independently disable B1 through B6 when it is in a high
state, CE2 will independently disable B1 through B8 and the
OF buffers when it is in the low state.

To facilitate usage of this device, a phase control input is pro-
vided which can effectively complement the clock as it enters
the ci'lip.

Continuous-Clock Operation

One complete conversion cycle can be traced through the
CA3318 via the following steps. (Refer to timing diagram.)
With the phase control in a “low” state, the rising edge of the
clock input will start a “sample” phase. During this entire
“high;" state of the clock, the comparators will track the input
voltage and the first-stage latches will track the comparator
outplits. At the falling edge of the clock, all 256 comparator
outputs are captured by the 256 latches. This ends the “sam-
ple” phase and starts the “auto-balance” phase for the com-
parators. During this “low” state of the clock, the output of the
latches setlles and is captured by a second row of latches
when the clock returns high. The second-stage latch output
propagates through the decode array, 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-
put registers and appears with time delay tp as valid data at
the output of the tri-state drivers. This also marks the end of
the next “sample” phase, thereby repeating the conversion
process for this next cycle.

{

i

Pulse-Mode Operation

The CA3318 needs two of the same polarity clock edges to
complete a conversion cycle: If, for instance, a negative
going clock edge ends sample “N”, then data “N” will appear
after the next negative going edge. Because of this require-
ment, and because there is a maximum sample time of
500ns (due to capacitor droop), most pulse or intermittent
sample applications will require double clock pulsing.

If an indeﬁr'ﬁte standby state is desired, standby should be in
auto-balance, and the operation would be as in Figure 3A.

If the standby state is known to last less than 500ns and low-
est average power is desired, then operation could be as in
Figure 3B.

Increased Accuracy

In most cases the accuracy of the CA3318 should be suffi-
cient without any adjustments. In applications where accu-
racy is of utmost importance, five adjustments can be made
to obtain better accuracy, i.e., offset trim; gain trim; and !/,
'/, and %/, point trim.

Offset Trim

In general, offset correction can be done in the preamp cir-
cuitry by introducing a dc shift to Vy or by the offset trim of
the op amp. When this is not possible the Vgeg- input can be
adjusted to produce an offset trim. The theoretical input volt-
age to produce the first transition is 1/, LSB. The equation is
as follows:

Vin (0 to 1 transition) = '/, LSB = 1/, (VRee/256)
= Vgee/512

If Vi for the first transition is less than the theoretical, then a
single-turn 50Q pot connected between Vgge- and ground
will accomplish the adjustment. Set Vy to 1/2 LSB and trim
the pot until the 0-to-1 transition occurs.

If Vg for the first transition is greater than the theoretical,
then the 50Q pot should be connected between Vggg- and a
negative voltage of about 2 L.SB's. The trim procedure is as
stated previously.

Gain Trim

In general, the gain trim can also be done in the preamp cir-

-cuitry by introducing a gain adjustment for the op amp. When

this is not possible, then a gain adjustment circuit should be
made to adjust the reference voltage. To perform this trim,
Vn should be set to the 255 to overflow transition. That volt-
age is '/5 'SB less than Ver+ and is calculated as follows:

Vin {255 to 256 transition) = Vgeg - Vgee/512
= VREF(51 1/512)

To perform the gain trim, first do the offset trim and then
apply the required V) for the 255 to overflow transition. Now
adjust Vreg+ until that transition occurs on the outputs.
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LR

+10V TO 30V > - .
INPUT }
31, = 180
W
8 o VREF*
CA3085E 3 > )
E 6] (NOTE 1)
a7 5KS. .
10T cw 4.7yF,
) p TANAOV
10pF, TAN i
(NOTE1)
| 1.5K_JL_

NOTE: Bypass Vgeet to analog GND near A/D with 0.1uF ceramic
cap.' Parts noted should have low temperature drift.

FIGURE 11. TYPICAL VOLTAGE REFERENCE SOURCE FOR
! DRIVING Ve INPUT

1/4 Point Trims

The '/, '/, and 3, points on the reference ladder are
brought out for linearity adjusting or if the user wishes to
create a nonlinear transfer function. The '/, points can be
driv:en by the reference drivers shown (Figure 12) or by 2-K
pots connected between Vgeg+ and Vggg-. The Y/, (mid-)
point should be set first by applying an input of 257/512 x
(VRer) and adjusting for an output changing from 128 to 129.
Similarly the '/, and ¥/, points can be set with inputs of 129/
512 and 385/512 x (Vggr) and adjusting for counts of 192 to
193 and 64 to 65. (Note that the points are actually /",
and %/, of full scale +1 LSB.)

510Q +10V TO +30V
VRer+ S AA— 4
(PIN 22) 1K sl = 10Q
. LS N 1 J0Q, o4 REF
3 Tcw 2|~ WA—> (piN 23)
; b
S 5
' 1K 3 7 109 4 ReF
5 10T <’t cw 6 —WA—> (PIN 20)
S 10
1K < 10Q
b 8 1/4 REF
107 m cW g |; >_—"—‘W\"""> (PIN 10)
51093: |

NOTES:
1. All Op Amps = ¥/, CA324E

2. éypass alt reference points to analog ground near A/D with 0.1 F
cerarric caps.

3. Adjust Ve, first, then '/y, %/, and '/, points.

FIGURE 12. TYPICAL 1/4 POINT DRIVERS FOR ADJUSTING
I LINEARITY (USE FOR MAXIMUM LINEARITY)

9-Bit Resolution

To obtain 9-bit resolution, two CA3318's can be wired
together. Necessary ingredients include an open-ended lad-
der network, an overflow indicator, tri-state outputs, and chip-
enable controls—all of which are available 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
absolute resistance value of each ladder may vary, externa!
trim of the mid-reference voltage may be required.

The overtiow output of the lower device now becomes the
ninth bit. When it goes high, all counts must come from the
upper device. When it goes low, all counts must come from
the lower device. This is done simply by connecting the
lower overtlow signal to the CE1 contro! of the lower A/D
converter and the CE2 control of the upper A/D converter.
The tri-state outputs of the two devices (bits 1 through 8) are
now connected in parallel to complete the circuitry. The com-
plete circuit for a 9-bit A/D converter 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
digital ground noise out of the analog data to be converted.
Reference drivers, input amps, reference taps, and the Vy,
supply should be bypassed at the A/D to the analog side of
the ground. See Figure 15 for a block diagram of this con-
cept. All capacitors shown should be low impedance 0.1uF
ceramics and should be mounted as close to the A/D as pos-
sible. If Vaa+ is derived from Vpp, a small (10Q resistor or
inductor and additional filtering (4.7pF tantalum) may be
used to keep digital noise out of the analog system.

Input Loading

The CA3318 outputs a current pulse to the Viy terminal at
the start of every sample period. This is due to capacitor
charging and switch feedthrough and varies with input volt-
age and sampling rate. The signa! source must be capable
of recovering from the pulse before the end of the sample
period to guarantee a valid signal for the A/D to convert.
Suitable high speed amplifiers include the HA-5033,
HA-2542; and CA3450. Figure 16 is an example of an ampli-
fier which recovers fast enough for sampling at 15MHz.

Output Loading

The CMOS digital output stage, although capable of driving
large loads, will reflect these loads into the local ground. It is
recommended that a local QMOS buffer such as
CD74HC541 E be used to isolate capacitive loads.

Definitions
Dynamic Performance Definitions

Fast Fourier Transform (FFT) techniques are used to evaluate
the dynamic performance of the converter. A low distortion sine
wave is applied to the input, it is sampled, and the output is
stored in RAM. The data is then transformed into the frequency
domain with a 4096 point FFT and analyzed to evaluate the
dynamic performance of the A/D. The sine wave input to the
part is -0.5dB down from fullscale for all these tests.
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Effective Number of Bits (ENOB)
SNR is the measured RMS signal to RMS noise at a speci- The effective number of bits (ENOB) is derived from the

fied input and sampling frequency. The noise is the RMS  SINAD data. ENOB is calculated from:

sum.of all of the spectral components except the fundamen- B
tal a?d tha first five harmonics. ENOB = (SINAD - 1.76 + VcoRp)/6.02

Sigr}al-to-Noise + Distortion Ratio (SINAD)

SINAD is the measured RMS signal to RMS sum of all other
spectral components below the Nyquist frequency excluding

Signal-to-Noige (SNR)

where: Vgopp =0.5dB
Total Harmonic Distortion (THD)

THD is the ratio of the RMS sum of the first 5 harmonic com-
ponents to the RMS value of the measured input signal.
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FIGURE 13. USING TWO CA3318s FOR 9-BIT RESOLUTION
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CA3318C
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i T —

PP O W ot

4.7uF/[ 10V TANTALUM | +
# —)}——&—< 45V (ANALOG SUPPLY)
A 3} Vaa+ BIT1 f——> ]
B 3t 3/4 REF BT2—>
+4V TO +6.5V o
REFERENCE > VRer+ BIT3 F——>
s BI—I r Vin BIT4 }—>
} 1/2 REF BITS f——3 3 DIGITAL
OlZTIOEN.lI_\é.X%AP 4 ! f OUuTPUT
SE H BIT6 fey
0.01uF - PHASE
CLOCK o T = BT7 fy
SOURCE ~ L CLK
VAA' BITS8 —)
INPUT SIGNAL > l'> Vin OVF ey |
AMP(LSIEIEE%BXI:II_E;FER VRer 1/4 REF —]€
Al bppr——fCHE "Vss E— _I_A
= = CE2 Voo b - 3
—
CA3318C &.70F
TANTALUM/ 10V

0—-—{(1__

+5V (DIGITAL SUPPLY) A

FIGURE 14. TYPICAL CIRCUIT CONFIGURATION FOR THE CA3318 WITH NO LINEARITY ADJUST
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s VRer+
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REFERENCE
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J VRer-
Vaa- V.
:: -‘- B AA SS
9 T T T T . SYSTEM
> DIGITAL
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© anALoG * Vaa Vop
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FIGURE 15. TYPICAL SYSTEM GROUNDING/BYPASSING
750 —m——» +8V
Vp.p )
VIDEO 14
7 0.001pF
INPUT 750 - J . '
I 6 = 10Q 16
SpF 9 cA3450 A“'A' A’D FLASH
- — I INPUT
3 13 i 21
. 12 "_—_l S 390
4 l0.00IpF 9
S100 S 750 S 110
T ? S
—t—e
NOTE: Ground-planing and tight tayout -1 0V 70 -10v
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are extremely important
FIGURE 16. TYPICAL HIGH BANDWIDTH AMPLIFIER FOR DRIVING THE CA3318
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CA3318C

TABLE 1. OUTPUT CODE TABLE

ol L E R T

INPUT VOLTAGE
(NOTE 1) BINARY OUTPUT CODE
Vrer Veer
CODE 6.40V | 5.12V MSB LSB | DECIMAL
} DESCRIPTION ) ) oF | B8 | B7 | Bs | B5 | B4 | B3 | B2 | BI1 COUNT
E Zero 0.00 0.00 0 0 0 0 0 0 0 0 0
k
'1LsB 0.025 0.02 0 0 0 0 0 0 0 0 1 1
:' 21SB 0.05 0.04 0 0 0 0 0 0 0 1 0 2
* L ] * [ ] L ]
E ° . ° .
E * ® L ] *
1/4 Full Scale 1.60 1.28 0 0 1 0 0 0 0 0 0 64
l L ] L ] ! [ ] *
* L ] L ] [ )
t L ] L ] L ] L ] L J
L4
1/2 Full Scate- 11.SB | 3.175 2.54 0 0 1 1 1 1 1 1 1 127
[ 4
t 1/2 Full Scale 3.20 2.56 0 1 0 0 0 0 0 0 0 128
1/2Full Scale + 1LSB | 3.225 258 0 1 0 0 0 0 0 0 1 129
i L ] [ ) [ ] [ ]
' * L ] [ ] *
4 3 . ° 3 °
t
1 34 Full Scale 4.80 3.84 0 1 1 0 0 0 0 0 0 192
b . £
[ ° Y
L] L ] L ]
13
f Full Scale - 1 LSB 6.35 5.08 0 1 1 1 1 1 1 1 0 254
f Full Scale 6.375 5.10 0 1 1 1 R 1 1 1 1 255
Over Flow 6.40 5.12 1 1 1 1 1 1 1 1 1 511

NOTE: 1. The voltages listed above are the ideal centers of each output code shovin as a function of its associated reference voltage.

J

¥

R:;ducing Power

M;ost power is consumed while in the auto-balance state.
When operating at lower than 15MHz clock speed, power
can be reduced by stretching the sample (¢2) time. The con-
straints are a minimum balance time (61) of 33ns, and a
maximum sample time of 500ns. Longer sample times cause
droop in the auto-balance capacitors. Power can also be
reduced in the reference string by switching the reference on
only during auto-balance.

A e

P —— oy e

Clock Input

The Clock and Phase inputs feed buffers referenced to Va+
and Vpa-. Phase should be tied to one of these two poten-
tials, while the clock (if DC coupled) should be driven at least
from 0.2 10.0.7 x (Vaa+ - Vaa-). The clock may also be AC
coupled with at least a 1 Vp.p swing. This allows TTL drive
levels or 5V QMOS levels when Vaa+ is greater than 5V.

sx

T e

6-42

o




%

k
% 5EMICONDUCTOR
4

k
December 1993

CA3338, CA3338A

CMOS Video Speed
8-Bit R2R D/A Converter

Featt{res
] CMO§ISOS Low Power
R2R Output, Segmented for Low “Glitch”
CMOS/TTL Compatible Inputs
* Fast Settling: 20ns (Typ) to '/, LSB
. Feecithrough Latch for Clocked or Unclocked Use
¢ 10.5 LSB Accuracy (Typ)
. DataF Complement Control
. Higﬁ Update Rate 50MHz (Typ)
* Unipolar or Bipolar Operation
L3

Applications

* TV/Video Display

o Hig:h Speed Oscilloscope Display
* Digital Waveform Generator

* Direct Digital Synthesis

Description

The CA3338 family are CMOS/SOS high speed R2R voltage
output digital-to-analog converters. They can operate from a
single +5V supply, af video speeds, and can produce
“rail-to-rail” output swings. Internal level shifters and a pin for
an optional second supply provide for an output range below
digital ground. The data complement control allows the
inversion of input data while the latch enable control pro-
vides either feedthrough or latched operation. Both ends of
the R2R ladder network are available extemnally and may be
modulated for gain or offset adjustments. In addition, “glitch”
energy has been kept very low by segmenting and thermom-
eter encoding of the upper 3 bits.

The CAS3338 is manufactured on a sapphire substrate to
give low dynamic power dissipation, low output capacitance,
and inherent latch-up resistance.

3

Ordering Information

= w aw e,

T B e o e

el

Pinout
| CA3338, CA3338A
(PDIP, CDIP, SOIC) LINEARITY | TEMPERATURE
d TOP VIEW NUMBER | (INL,DNL) RANGE PACKAGE
E
. IR A CA3338E +1.0LSB -40°C t0 +85°C | 16 Lead Plastic DIP
o7 [1] [16] Voo
! os[Z] 5] Le CA3338AE | $0.75LSB -40°C 10 +85°C | 16 Lead Plastic DIP
ps 3] 14] comp CA3338D +1.0LSB -55°C 10 +125°C | 16 Lead Ceramic DIP
i D44 13] v,
C : REF* CA3338AD | +0.75LSB | -55°Cto+125°C | 16 Lead Ceramic DIP
i o[ 3 vor '
.40° 0 :
: 2 [¢] 7] Vaer- CA3338M +1.0LSB 40°C 10 +85°C | 16 Lead Plastic SOIC (W)
; o1 [7] [10] Vee CA3338AM | 10.75LSB -40°C to +85°C | 16 Lead Plastic SOIC (W)
Vss 8] 9] po

, ;
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures.
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i
Functional Diagram
4
16 13
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{ 1 I r . t R
. 15 _|
Lg o &R
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DiF Characteristics

DIE DIMENSIONS:
2.050pm x 2.200um x 530 + 50um

L3
M%TALLIZATION:

Type: Al with 0.8% Si

Thickness: 11 kA +1

GLASSIVATION:
Type: 3% PSG
hicknuss: 13kA +2.6kA

£

3

- e

-~
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. Specifications CA3338, CA3338A

Absolute Maximum Ratings

DC Supply-VoltageRange . . .................... -0.5V to +8Y
(Voo - Vss Of Vpp - Vg, whichever is greater)
fnput Voltzge Range
Digital Inputs (LE, COMP DO - D7)..... Vgs - 0.5V to Vpp + 0.5V
Analog Pins (VREF+' VREF" VOUT) ...... VDD -8Vto VDD + 0.5V
DC Ipput Current
Digital Inputs (LE, COMP,DO-D7)..................... +20mA
Recommended Supply Voltage Range. ............. 4.5V to 7.5V
Storage Temperature Range, Tgyg -« cvvvvrnn. -65°C to +150°C
Lead Temperature (Soldering 10s). ................... +300°C

Thermal Information

Thermal Resistance 6, 0,c
Ceramic DIP Package............... 77°C/W  12°C/W
Plastic DIP Package ................ 100°C/W -
SOICPackage.......covvvenennnn.. 100°C/W -

Maximum Power Dissipation, Pp
Ta=-55°C10455°C ...\t 315mw

Operating Temperature Range (T,)

Ceramic Package, Dsuffix .................. -565°C to +125°C
Plastic Package, E suffix, Msuffix.............. -40°C to +85°C

Junction Temperature
CeramicPackage ............ciieiiinvinnnnn.. +175°C
PlasticPackage....................ociivvii... +150°C

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

Electrical Specifications T, = +25°C, Vpp = 5V, Vage+ = 4.608V, Vgg = Veg = Vg~ = GND, LE clocked at 20MHz, R 21MQ,

Unless Otherwise Specified

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

ACCURACY
Resolution 8 - - Bits
Integral Linearity Error See Figure 4

L CA3338 - - +1 LSB

+ CA3338A - - +0.75 LSB
Differential Linearity Error Seé Figure 4

f CA3338 \ - - +0.75 LsB

CA3338A - - 0.5 LsB

Gain Error Input Code = FF gy, See Figure 3

d CA3238 - - £0.75 Ls8

73A3338A -, - 0.5 LSB
Offset Error Input Code = 00ey; See Figure 3 ; - 10.25 LsSB
DIGITAL INPUT TIMING
L!pdate Rate To Maintain '/, LSB Settling DC 50 - MHz
L{pdale Rate Vger- = Vg = -2.5V, Vgt = +2.5V DC 20 - MHz
Set Up Time Tgy, For Low Glitch - -2 - ns
Set Up Time Tgy, For Data Store - 8 - ns
l-:lold Time Ty For Data Store - 5 - ns
Lfatch Pulse Width Ty For Data Store - 5 - ns
Llatch Pulse Width Tyy Viee- = Vgg =-2.5V, Vet = +2.5V - 25 - ns
OUTPUT PARAMETERS R Adjusted for 1Vp.» Output
Output Delay Tpy From LE Edge - 25 - ns
Output Delay Tp, From Data Changing - 22 - ns
.%{ise Time Tg 10% to 90% of Output - 4 - ns
Settling Time Tg 10% to Settling to '/, LSB - 20 - ns
Output Impedance Vgep+ =6V, Vpp =6V 120 160 200 Q
Glitch Area - 150 - pV-s
Glitch Area Vger- = Vgg = -2.5V,Vpee+ = +2.5V - 250 - pV-s
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CA3338, CA3338A

E

F
Electrical Specifications T, = +25°C, Vpp = 5V, Vgt = 4.608V, Vgg = Vig = Vger- = GND, LE clocked at 20MHz, R 21MQ

Unless Otherwise Specified (Continued)

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
REFERENCE VOLTAGE ,
Vrep+ Range (+) Full Scale, Note 1 VRer- + 3 - Vop
Vger- Range (-) Full Scale, Note 1 Vee - Vgert - 3
Vgep+ Input Current Vgeg+ = 6V, Vpp = 6V - 40 80 mA
SUPPLY VOLTAGE
Static Ipp or fgg LE = Low, DO - D7 = High - 100 220 pHA
LE = Low, DO - D7 = Low - - 100 A
Dynamic Ipp or g Vouyr = 10MHz, 0V to 5V Square - 20 - mA
Wave
Dyﬁamic Ipp or lge Vour = 10MHz, +2.5V Square Wave - 25 - mA
Vop Rejection 50kHz Sine Wave Applied - 3 - mvyv
Vet Rejection 50kHz Sine Wave Applied - 1 - mVv/NV
DIGITAL INPUTS DO - D7, LE, COMP
High Level Input Voltage Note 1 2 - - \
Low Level Input Voltage Note 1 i - 0.8
Leakage Current - +1 15
Capacitance - 5 - pF
TEMPERATURE COEFFICIENTS
Output Impedance l I R I 200 I d l ppMPC
NOTE:
1..Parameter not tested. but guaranteed by design or characterization.
Pin Descriptions Digital Signal Path
13
PIN | NAME DESCRIPTION The digital inputs (LE, COMP, and DO - D7) are of TTL com-
y — " patible HCT High Speed CMOS design: the loading is
! D7 _ | Most Significant Bit essentially capacitive and the logic threshold is typically
, 2 D6 Input 1.5V.
3 D5 Data The 8 data bits, DO (weighted 2°) through D7 (weighted 27),
P D4 Bits are applied to Exclusive OR gates (see Functional Diagram).
The COMP (data complement) control provides the second
5 D3 (High = True) input to the gates: if COMP is high, the data bits will be
6 D2 inverted as they pass through.
§
;7 D1 The input data and the LE (latch enable) signals are next
— applied to a level shifter. The inputs, operating between the
, 8 Vss | Digital Ground levels of Vpp and Vgg, are shifted to operate between Vpp
"9 Do Least Significant Bit. input Data Bit and Vge. Vge optionally at ground or at a negative voltage,
- o v Analos Ground - will bé discussed under bipolar operation. All further logic
. EE nalog Groun elements except the output drivers operate from the Vpp and
M VRer- { Reference Voltage Negative Input Vee supplies.
12 Vour | Analog Output The upper 3 bits of data, D5 through D7, are input to a 3-to-7
" line bar graph encoder. The encoder outputs and DO through
13 Vgee+ | Reference Voltage Positive Input -
REF 9 P D4 are applied to a feedthrough latch, which is controlled by
14 COMP | Data Complement Control input. Active High LE (latch enable).
15 LE Latch Enable Input. Active Low
16 Vpp | Digital Power Supply, +5V
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INPUT DATA

‘ Tsu1

l k
|—— —
| Ty ———>=f Ty le—

LATCHED

T DATA
LATCH LATCHED FEEDTHROUGH
ENABLE |

«  FIGURE 1. DATA TO LATCH ENABLE TIMING

Tsu2

INPUT
DATA
'
CE—
LATCH
ENABLE
T
1 D1
s I Ts ]
F l<— Tpa —»iec—TR 1,188
ﬁ
! oumpur 90% /
VOLVAGE 10%
! 1,188

FIGURE 2. DATA AND LATCH ENABLE TO OUTPUT TIMING

thch Operation

Data is fed from input to output while LE is low: LE should be
tied low for non-clocked operation.

Non-clocked operation or changing data while LE is low is
not recommended for applications requiring low output
“glitch” energy: there is no guarantee of the simultaneous
changing of input data or the equal propagation delay of all
bits through the converter. Several parameters are given if
the converter is to be used in either of these modes: Tp,
gives the delay from the input changing to the output chang-
ing (10%), while Tgy, and Ty give the set up and hold times
(referred to LE rising edge) needed to latch data. See
Figures 1and2.

Cl?)cked operation is needed for low “glitch” energy use.
Data must meet the given Tgy, set up time to the LE falling
edge, and the Ty hold time from the LE rising edge. The
delay to the output changing, Tp4, is now referred to the LE
falling edge.

There is no need for a square wave LE clock; LE must only
meet the minimum Ty, pulse width for successful fatch oper-
atjon. Generaily, output timing (desired accuracy of settling)
s?ts the upper limit of usable clock frequency.

Qutput Structure

The latches feed data to a row of high current CMOS drivers,
which in tumn feed a modified R2R ladder network.

The “N” channel (pull down) transistor of each driver plus the
bottom “2R™ resistor are returned to Vgee- this is the (-) full-
scale reference. The “P” channel (pull up) transistor of each
c{ﬁver is returned to Vgep+, the (+) full-scale reference.

In unipolar operation, Vgeg- would typically be returned to
analog ground, but may be raised above ground (see speci-
fications). There is substantial code dependent current that
flows from Vgep+ to Vgeg- (see Vgee+ input current in spec-
ifications), so Vper- should have a low impedance path to
ground.

In bipolar operation, Vggg- would be returned to a negative
voltage (the maximum voltage rating to Vpp must be
observed). Vgg, which supplies the gate potential for the out-
put drivers, must be returned to a point at least as negative
as Vggg-. Note that the maximum clocking speed decreases
when the bipolar mode is used.

Static Characteristics

The ideal 8-bit D/A would have an output equal to Vggg- with
an input code of 00.ey (zero scale output), and an output
equal to 255/256 of Vgeg+ (referred to Vggg-) with an input
code of FFygy (full-scale output). The difference between
the ideal and actual values of these two parameters are the
OFFSET and GAIN errors, respectively; see Figure 3.

If the code into an 8-bit D/A is changed by 1 count, the
output should change by 1/255 (full-scale output-zero scale
output). A deviation from this step size is a differential linear-
ity error, see Figure 4. Note that the error is expressed in
fractions of the ideal step size (usually called an LSB). Also
note that if the (-) differential linearity error is less (in abso-
lute numbers) than 1 LSB, the device is monotonic. (The
output will always increase for increasing code or decrease
for decreasing code).

if the code into an 8-bit D/A is at any value, say “N”, the out-
put voltage should be N/255 of the full-scale output (referred
to the zero-scale output). Any deviation from that output is
an integral linearity error, usually expressed in LSBs. See
Figure 4.

Note that OFFSET and GAIN errors do not affect integral lin-
earity, as the linearity is referenced to actual zero and full-
scale outputs, not ideal. Absolute accuracy would have to
also take these errors into account.

GAIN ERROR

| (SHOWN -) i
w 255/256
=
: wmmes = IDEAL TRANSFER CURVE
lL 254/256 -~ = ACTUAL TRANSFER CURVE
=
i
O 253/256 ==
Z
o
=
g 4 J&==
< ~
w
< 1. OFFSET
@ 3258 T caror
o (SHOWN +)
fé_’ 21256
s f
>
E  1/256 -
e}
=
2 0 T —t ] 22—}

ol o1 o2 03 FD FE FF

INPUT CODE IN HEXADECIMAL (COMP = LOW)

FIGURE 3. D/A OFFSET AND GAIN ERROR

r
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/

STRAIGHT LINE
FROM “0" SCALE

E

E

ame = IDEAL TRANSFER CURVE
=== ACTUAL TRANSFER CURVE

INTEGRAL LINEARITY
ERROR (SHOWN -)

OUTPUT VOLTAGE

A = IDEAL STEP SIZE (1/255 OF FULL
SCALE -“0” SCALE VOLTAGE)

B - A = +DIFFERENTIAL LINEARITY ERROR

C - A = -DIFFERENTIAL LINEARITY ERROR

oo | INPUT CODE

FIGURE 4. D/A INTEGRAL AND DIFFERENTIAL LINEARITY
ERROR

3
Dynamic Characteristics

Keeping the full-scale range (Vrer+ - VReg-) @s high as pos-
sible) gives the best linearity and fowest “glitch” energy
(referred to 1V). This provides the best “P” and “N" channel
gate: drives (hence saturation resistance) and propagation
delays. The Vgep+ (and Vigee- if bipolar) terminal should be
well bypassed as near the chip as possible.

“Glitch™ energy is defined as a spurious voltage that occurs
as the output is changed from one voltage to another. In a
binary input converter, it is usually highest at the most signif-
icant bit transition (7Fyex to 80yex for an 8 bit device), and
can be measured by displaying the output as the input code
alternates around that point. The “glitch” energy is the area
between the actual output display and an ideal one LSB step
voltage (subtracting negative area from positive), at either
the positive or negative-going step. It is usually expressed in
pV-s.

The CA3338 uses a modified R2R ladder, where the 3 most
significant bits drive a bar graph decoder and 7 equally
weighted resistors. This makes the “glitch” energy at each 1/8
scale transition (1 FHEX to 2OHEX' 3FHEX to 40HEX' etc.)
essentially equal, and far less than the MSB transition would
otherwise display.

For the purpose of comparison to other converters, the out-
put should be resistively divided to 1V full-scale. Figure 5
shows a typical hook-up for checking “glitch” energy or set-
tling time.

The settling time of the A/D is mainly a function of the output
resistance (approximately 160Q in parallel with the load
resistance) and the load plus internal chip capacitance. Both
“glitch” energy and settling time measurements require very
good circuit and probe grounding: a probe tip connector
such as Tektronix part number 131-0258-00 is recom-
mended.

H CA3338
! 15 ———f Dt +5V
.cLock 3|
¢—b5——— 425V
P
§ 17,9 2.5V
8 DATA BITS >- Do-D7 12 R1
; vom """ =J
& \ REMOTE
% V. [[4 VOUT
5V 16 Vob REF+ e :t R3
PROBE TiP <
+ OR BNC
T | CONNECTOR
t 14 1 $h2 .
g comp VRer- 50—
‘ 8 : 10 oL
E Vss Ve o + '
’ ?
DIGITAL ® d ANALOG
GROUND ‘L GROUND
} —
FUNCTION CONNECTOR R1 R2 R3 V;)uT {PK-PK)
Y ———— — —
Oscilloscope Display Probe Tip 82Q 62Q N/C 1V
Match 93Q Cable BNC 75 160 93 1V
Match 75Q2 Cable BNC 18 130 75 1V
Match 50Q Cable BNC Short 75 50 079V
NOTES:

&

1. Vour(PK) is approximate, and will vary as Rqyyy of D/A varies.

2. All drawn capacitors are 0.1uF multitayer ceramic/4.7uF tantalum.

3. Dashed connections are for unipolar operation. Solid connecti

on are for bipolar operation.

FIGURE 5. CA3338 DYNAMIC TEST CIRCUIT
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CA3338, CA3338A
;
+6V
' 4.7uF TAN
+
! CA3338 — P%;’;F UP TO 5 OUTPUT LINES
' Ble E/ | CER. FOR R =750, 3 LINES
crock - Vourli2 FOR R =500
8 DATA 17,9 ouT 7.8 spF
BITS] :>' Do - D7 +3.00V AT 25mA | 4, =
16 392Q 6
+5V} Vob 13 1% 5 |cA3ast
N VRer+ *t—o M .
- TAN 14 1 .L 1KQ (4,5,12,13
COMP Vges- 10KQ
0.1uF > AAA
CER, Hvss  Vee| ST
) l_ 3920 0.1uF
' = == = = 1% $—t——
NOTES: > <
1. Both Vpge+ pin and 392Q resistor shouldbe & 8 ADJUST I
bypassed within '/, inch. ',‘51 w OFFSET A =
s g 6V

2. Keep nodal capacitance at CA3450 pin 3 as
loy as possible.

3. Vgur Range = 3V at CA3450.

FIGURE 6. CA3338 AND CA3450 FOR DRIVING MULTIPLE COAXIAL LINES

i
TABLE 1. OUTPUT VOLTAGE vs INPUT CODE AND Vpgr

Operating and Handling Considerations

Vees+ 5.12v | 5.00V | 4.608V | 256V | 2.50V {4 Handling
- 0 0 0 -2.56V | -2.50V : ;
+ REF All inputs and outputs of CMOS devices have a network
STEP SIZE 0.0200V ] 0.0195V | 0.0180V | 0.0200V | 0.0195V for electrostatic protection during handling. Recom-
Input Code mended handling practices for CMOS devices are
111111112 = FFey | 5.1000V | 4.9805V | 4.5900V | 2.5400V | 2.4805V described in AN6525. “Guide to Better Handling and
111111102 FEHEX 5.0800 | 4.9610 | 4.5720 | 2.5200 { 2.4610 Operation of CMOS |ntegrated Circuits.”
. 2. Operating
.. Operating Voltage
i During operation near the maximum supply voltage limit,
10000001, = 81ex | 2.5800 | 2.5195 | 2.3220 | 0.0200 | 0.0195 care should be taken to avoid or suppress power supply
10000'0002=SOHEX 2.5600 | 2.5000 | 2.3040 | 0.0000 | 0.0000 turn-on and turn-off transients, power supply ripple, or
0111#111;, = 7Fyex | 2.5400 | 2.4805 | 2.2860 |- 0.0200 | -0.0195 ground noise; any of these conditions must not cause the
. absolute maximum ratings to be exceeded.
3
[ : Input Signals
00000001, = 01,gx | 0.0200 | 0.0195 | 0.0180 | -2.5400 | 24805 | T© p’fvegt dlamage t% the input Fr"mte\‘;m” cireuit, '"hp”t
00000000, = 004ex | 0.0000 | 0.0000 | 0.0000 | -2.5600 | -2.5000 |  Signals should never be greater than Vpp nor less than
. Vgg. Input currents must not exceed 20mA even when
. . the power supply is off.
Applications

The output of the CA3338 can be resistively divided to
match a doubly terminated 50Q or 75Q line, although peak-
to-peak swings of less than 1V may result. The output mag-
mtyde will also vary with the converter's output impedance.
Figure 5 shows such an application. Note that because of
thé HCT input structure, the CA3338 could be operated up
to'+7.5V Vpp and Vpee+ supplies and still accept OV to 5V
cMOSs input voltages.

If ]arger voltage swings or better accuracy is desired, a high
speed output buffer, such as the HA-5033, HA-2542, or
CA3450, can be employed. Figure 6 shows a typical applica-
tion, with the output capable of driving 2V into multiple 50Q
términated lines.

Unused Inputs

A connection must be provided at every input terminal. All
unused input terminals must be connected to either Ve
or GND, whichever is appropriate.
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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 sync NTSC, PAL*, and SECAM video signals with
amplitude from 0.5V to 2V p-p. The integrated circuit is also
capable of providing sync separation for non-standard, fast-
er horizontal rate video signals. The vertical output is pro-
duced on the rising edge of the firs{ 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.

&National Semiconductor

LM1881 Video Sync Separator

February 1995

Features

m AC coupled composite input signal

B >10 kQ input resistance

& <10 mA power supply drain current

| Composite sync and vertical outputs

m Odd/even field output

8 Burst gate/back porch output

m Horizontal scan rates to 150 kHz

® Edge triggered vertical output

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

Connection Diagram

COMPOSITE
SYRC QUTPUT

COMPOSITE '”‘/_/\&1
VIDED INPUT

COMPOSITE j l
SYNC OUTPUT

LM1881N
Vee
| 1 =0 5-12V
0.1 pF
COMPOSITE
VIDEO mme*———"—— 2 -—-—-am_—o ODD/EVEN OUTPUT
VERTICAL
sYNe ourpyr O————1 3 Rsgr
680 kN
BURST/BACK PORCH
! - = ourpPuT

| | |

VERTICAL

SYNC OUTPUT

JEE

BURST OUTPUT ]

ODD/EVEN

U Ul

QuUTPUT

Order Number LM1881M or LM1881N
See NS Package Number MO8A or NOSE

“PAL in this datasheet refers to European broadcast TV standard “Phase Afternating Line", and not to Programmabie Array Loglc.

TL/H/9160-1

Jojesedas ouhs oapiA 188LINN

©1995 National Sericonductor Corporation TL/H/9150
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Absolute Maximum Ratings
if Mihtary/Aerospace specified devices are required, Storage Temperature Range —65'Cto +150°C
plegse contact the Natlonal. Semiconductor Sales ESD Susceptibility (Note 2) 2kV
Office/Distributors for availabllity and specifications. Soldering Information
Supply Voltage 13.2v DuakIn-Line Package (10 sec.) 260°C
Inpyt Voltage 3 Vpp (Vog = 5V) Small Outline Package
3 6 Vpp (Voe 2 8V) Vapor Phase (60 sec.) 215°C
ut 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
5 o Product Reliability” for other methods of soldering surface
Package Dissipation {(Note 1) 1100 mW mount devices.
Op?rating Temperature Range 0°C — 70°C

3 . . e
Electrical Characteristics
Vc& = 5V, Rset = 680 k); T = 25°C; Unless otherwise specified

§ - Tested Design Units
R Parameter Conditiong TYP | Limit (Note 3) | Limit (Note 4) (Limits)
Su;;ply Current Outputs at Logic 1 Vee = 5V 5.2 10 mAmax
¥ Vee = 12V 5.5 12 mAmax
DC Input Voltage Pin2 1.3 Vmin
s 1.5
) 1.8 . Vmax
L3
input Threshold Voltage Note 5 55 mVmin
70
i 85 mVmax
Ingut Discharge Current Pin2; Vi = 2V 6 nAmin
11
16 pAmax
Input Clamp Charge Current Pin2;Viy = 1V 0.8 0.2 mAmin
Rger Pin Reference Voltage Pin 6; Note 6 1.10 Vmin
: 1.22 e v
i . max
Composite Sync. & Vertical lout = 40 pA; Voo = 5V 45 4.0 Vmin
Outputs Logic 1 Vog = 12V 11.0 Vmin
louytr = 1.6 mA Vcg = 5V 3.6 2.4 Vmin
Logic 1 Veo = 12V 10.0 Vmin
Burst Gate & Odd/Even lout = 40 pA; Veg =5V | 45 40 Vmin
Qutputs Logic 1 Vg = 12V 11.0 Vmin
C§mposile Sync. Output lout = —1.6 mA; Logic 0; Pin 1 0.2 0.8 Vmax
¥
Vertical Sync. Output lout = —1.6 mA; Logic 0; Pin 3 0.2 0.8 Vmax
Burst Gate Output lout = —1.6 mA; Logic 0; Pin 5 0.2 0.8 Vmax
Odd/Even Output lour = —1.6 mA; Logic 0; Pin 7 0.2 0.8 Vmax
Vertical Sync Width 230 190 usmin
N 300 psmax
Bfurst Gate Width 2.7 k) from Pin 5 to Voo 7 2.5 usmin
} 4.7 usmax
\/fertical Default Time Note 7 5 32 psmin
90 psmax

&ole 1: For operation In ambient temperatures abova 25°C, the device must bg derated based on a 150°C maximum junction temperature and a package thermal
teslstance of 110* C/W, junction to ambient.

Note 2: ESD susceptibifity test uses the “human body model, 100 pF discharged through a 1.5 ki resistor”.

Note 3: Typlcals are at T, = 25°C and represent the most likely paramatric norm,

hole 4: Tested Limits are guarantesd to Natlonal's AOQL {Average Outgoing Quality Level).

No'e 5: Relative differenca between the input clamp voltage and the minimum input voftage which produces a horizontal output pulse.

Nolo 6: Careful attertion shouid be made to pi P apacitance pling from any output pin (Pins 1, 3, 5, and 7) to the Reer pin (Pin 6).

!Note 7: Delay time between the start of vartical sync (at input) and the vertical output pulse,

]
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Typical Performance Characteristics

Rget Value Selection Vertical Default
vs Vertical Serration Sync Delay Time Burst/Black Level
Pulse Separation vs Rset Gate Time vs Rset
1400 . "8 w0
o o /
1200 t t } o8 A 08
ABSENCE OF - y
‘g 1900 I veRmicaL /
- PULSE = 08 A a 06
g 2 g |
2 s [=1
>t: §00 A 04 & 04
& a0 >
0.2 02
200
DOUBLE VERTICAL PULSE
4 1 1 L 00 0.0
5 10 15 20 25 30 0 20 4 60 80 00 [} 2 4 6 8 10
VERTICAL SERRATION VERTICAL DEFAULT SYNC BURST/ BLACK LEVEL
PULSE SEPARATION DELAY TIME GATE TIME
(ps) {n9) (us)
Vertical Pulse Vertical Puise Supply Current vs
Width vs Rset Width vs Temperature Supply Voltage
1.0 / 400 ]
08 / K »
E s
s s ke =
o
0.4 - 4
ol 4 % 200 [ 1
=
0.2 § 2
00 B )
'] 100 200 300 400 500 o 20 40 €0 70 0 3 4 L) 3 10 12
VERTICAL PULSE WIDTH TEMPERATURE (°C) Ve
(us)
TLH/9150-2
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Application Notes

The LM1881 is designed 1o strip the synchronization signals
from composite video sources that are in, or similar to, the
N.T.S.G. 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 LM 1881 operates from a single supply voltage between
svs'c;% and 12V DC. The only required external components
beside power supply and set current decoupling are the in-
put coupling capacitor and a single resistor that sets internal
curreht levels, allowing the LM1881 to be adjusted for
source signals with line scan frequencies differing from
15.734 kHz. Four major sync signals are available from the
1/C: ¢omposite sync including both horizontal and vertical
scan'timing information; a vertical sync pulse; a burst gate
or befck porch clamp pulse; and an odd/even output. The
odd/even output level identifies which video field of an inter-
laced video source is present at the input. The outputs from
the [M1881 can be used to gen-lock video camera/VTR
signals with graphics sources, provide identification of video
fields for memory storage, recover suppressed or contami-
nated sync signals, and provide timing references for the
extraction of coded or uncoded data on specific video scan
|ine’

To better understand the LM1881 timing information and
the type of signals that are used, refer to Figure 2fa-e)
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

Thé 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-
tained by clamping the video signal sync fips to 1.5V DC at
Pin 2 and using a comparator threshold set just above this
volfage 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
}ev;el of 0.5V (p-p}, the clipping level is close to the halfway
point on the sync pulse amplitude (shown by the dashed
1iné on Figure 2(a) ). This threshold separation is indepen-
deht of the signal amplitude, therefore, for a 2V (p-p) input
thé dlipping level occurs at 11% of the sync pulse ampii-
tude. The charging current for the input coupling capacitor is
0d mA, whereas the discharge current is only 11 pA, typi-
cagly. This allows relatively small capacitor values to be
used—0.1 uF Is generally recommended,

Normally the signal source for the LM1881 is assumed to be
cleah and relatively noise-free, but some sources may have
e)gcéssive 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 pres-
egl throughout the vertical blanking period so that the burst
actually appears on the sync tips for three line periods in-
sfead of at black level. A clean composite sync signal can
be generated from these sources by filtering the input sig-
nal. When the source impedance is low, typically 75, a
6209 resistor in series with the source and a 510 pF capaci-
tor to ground will form a low pass filter with a corner fre-
ency of 500 kHz. This bandwidth is more than sufficient to
pass the sync pulse portion of the waveform; however, any
subcarrier content in the signal will be attenuated by almost
8 dB, effectively taking it below the comparator threshold.
Filtering will atso help if the source is contaminated with
thermal noise. The output waveforms will become delayed

from between 40 ns to as much as 200 ns due 1o this filter.
This much delay will not usually be significant but it does
contribute to the sync delay produced by any additional 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 internally integrating the
composite sync waveform (Figure 3). To understand the
generation of the vertical sync pulse, refer to the lower left
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 refer-
ance called V, going to one of its inputs. Both comparators
have a common input at their noninverting input coming
from the internal integrator. The internal integrator is used
for integrating the composite sync signal. This signal comes
from the input side of the composite sync buffer and are
positive going sync pulses. The capacitor to the integrator
is internal to the LM1881. The capacitor charge current is
set by the value of the external resistor Rgeq. The output of
the integrator is going to be at a low voltage during the
normal horizontal lines because the integrator has a very
short time to charge the capacitor, which is during the hori-
zontal sync period. The equalization pulses will keep the
output voltage of the integrator at about the same level,
below the V4. 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 integrator output
should be between V4 and Vy. 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, dnd sets the R/S flip-
flop. The output of the R/S flip-flop enables the internal
oscillator and also clocks the ODD/EVEN “D" flip-flop. The
ODD/EVEN field pulse operation is covered in the next sec-
tion. The output of the oscillator goes to a divide by 8 circuit,
thus resetting the R/S flip-flop after 8 cycles of the oscilla-
tor. The frequency of the oscillator is established by the
internal capacitor going to the oscillator and the external
Rset- The “Q" 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 the first serration pulse
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 Rget affects the integrator and the internal oscillator is
shown under the Typical Performance Characteristics. The
first graph is “Rge Value Selection 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% of a full horizontal line). A vertical sync pulse from
any standard should meet this requirement; both NTSC and
PAL do meet this requirement ftha serration pulse is the
remainder of the period, 10% to 15% of the horizontal
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Application Notes (continued)

haif &e). 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
BbOVé V1.

WITH Rset too large the charging current of the integrator
will he 100 small to charge the capacitor above V4, thus
there. will be no vertical synch output pulse. As mentioned
above, Rget also sets the frequency of the internal oscillator.
It the oscillator runs 100 fast its eight cycles will be shorter
than the vertical sync portion of the composite sync. Under
this condition another vertical sync pulse can be generated
on one of the later serration pulses after the divide by 8
circuit resets the R/S fiip-flop. The first graph also shows
the minimum Rgeq Necessary to prevent a double vertical
'puis@', assurning that the serration pulses last for only three
full horizontal line periods (six serration pulses for NTSC).
The actual pulse width of the vertical sync pulse is shown in
the “Vertical Pulse Width vs Rget”" graph. Using NTSG as an
exarthple, lets see how these two graphs relate to each oth-
er. The Horizontal line is 64 ps fong, or 32 us for a horizon-
tal Kalf fine. Now round this off to 30 ps. In the “Rgey Value
Selection vs Vertical Serration Pulse Separation” graph the
minimum resistor value for 30 us serration pulse separation
is about 550 k). Gooing to the “Vertical Pulse Width vs Rget”
graph one can see that 550 k(2 gives a vertical pulse width
of about 180 pus, the total time for the vertical sync period of
NTSC (3 horizontal lines). A 550 k) will set the internai
oscillator to a frequency such that eight cycles gives a time
of 180 us, just long enough to prevent a double vertical
sync pulse at the vertical sync output of the LM1881.

Thd LM1881 also generates a default vertical sync pulse
the vertical sync period is unusually long and has no
sedfation pulses. With a very long vertical sync time the inte-
grajor has time to charge its internal capacitor above the
vollage level Va. Since there is no falling edge at the end of
a derration pulse to clock the “D" flip-flop, the only high
sigpal going to the OR gate is from the default comparator
when' output of the integrator reaches Vy. At this time the
R/B flip-flop is toggled by the default comparator, starting
the vertical sync pulse at pin 3 of the tM1881. 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-
tivé pulse at the “D” flip-flop) will clock the high output from
th‘ comparator with V4 as a reference input. This will retrig-
ger the oscillator, generating a second vertical sync output
pulse. The “Vertical Default Sync Delay Time vs Rget"
graph shows the relationship between the Rget value and
the delay time from the start of the vertical sync period be-
fore the default vertical sync pulse is generated. Using the
NTSC example again the smallest resistor for Rget is 500
ke}. The vertical default time delay is about 50 ps, much
lohger than the 30 us serration pulse spacing.
A common question is how can one calculate the required
Riet with a video timing standard that has no serration puls-
eg during the vertical blanking. If the default vertical sync is
t% be used this is a very easy task. Use the “Vertical Default

§
i
:
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Sync Delay Tifne vs Rge' graph to select the necessary
Rget 10 give the desired delay time for the vertical sync out-
put signal. If a second pulse is undesirable, then check the
“Vertical Pulse Width vs Rge" graph to make sure the verti-
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 the first serration pulse. A VGA standard is to be
used as an example to show how this is done. In this stan-
dard a horizontal line is 32 us long. The vertical sync period
is two horizontal lines long, or 64 us. The vertical default
sync delay time must be longer than the vertical sync peri-
od of 64 ps. In this case Rge must be larger than 680 ko).
Rget must still be 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 to confirm that Rggq
is small enough for the integrator. Instead of using the verti-
cal serration pulse separation, use the actual pulse width of
the vertical sync period, or 64 ps in this exariple. This graph
is linear, meaning that a value as large as 2.7 M} can be
used for Rgey (twice the value as the maximum at 30 ps).
Due to leakage currents it is advisable to keep the value of
Rget under 2.0 MQ. In this example a value of 1.0 MQ is
selected, well above the minimum of 680 kQ. With this value
for Reet the pulse width of the vertical sync output pulse of
the LM 1881 is about 340 ps.

ODD/EVEN FIELD PULSE

An unusual feature of LM1881 is an output {evel from Pin 7
that identifies the video field present at the input to the
{M1881. 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 each video frame or
picture must have a half 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 “field 2" has a complete horizontal scan line at the 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 between sync pulses and dis-
charged when the sync pulse is present. The period be-
tween normal horizontal sync pulses is enough to allow the
capacitor voltage to reach a threshold leve! 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 pulses prevents this
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} Application Notes (continued)

Mhreshold 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 differ-
ent polarity on successive fields. Thus by comparing the Q
polarity with the vertical output pulse, an odd/even field in-
dex is 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 chroma burst is located on
the backporch of the horizontal blanking period. This period,
approximately 4.8 us long, is also the black level reference
for the subsequent video scan line. The LM1881 generates
a pulse at Pin 5 that can be used either to retrieve the chro-
ma burst from the composite video signal (thus providing a
subcarrier synchronizing signal) or as a clamp for the DC
restoration of the video waveform. This output is obtained
simply by charging an internal 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 circuit times 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 require high horizontal scan rates in combina-
tion with normal (60120 Hz) vertical scan rates.

APPLICATIONS

Apart from extracting a composite sync signal free 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 aflows DC restoration of
the original video waveform for display or remodutation on
an R.F. carrier, and retrieval of the color burst for color syn-
chronization and decoding into R.G.B. components. For
frame memory storage applications, the odd/even field lev-
el allows identification of the appropriate field ensuring the
cotrect read or write sequence. The vertical pulse output is
particularly useful since it begins at a precise time—the ris-
ing edge of the first vertical serration in the sync waveform.
This means that individual lines 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 waveform 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 normal T.V. re-
celver screen. Data can be inserted beginning with line 10
(the first horizontal scan line on which the color burst ap-
pears) through to line 21. Usually lines 10 through 13 are
not used which leaves fines 14 through 21 for inserting sig-
nals, which rhay be different from field to field. In the U.S,,
line 19 is normally reserved for a vertical interval reference
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signal (VIRS) and line 21 is reserved for closed caption data
for the hearing impaired. The remaining fines 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 line 20 can be
used for Videotex/Teletext data. Several institutions are
proposing to transmit financial data on line 17 and cable
systems use the available lines in the vertical interval to
send 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 negative transitions later will be the start of line
14 in either field. At this point simple counters can be used
to select the desired line(s) for insertion or deletion of data.

VIDEO LINE SELECTOR

The circuit in Figure 4 puts out a single video line according
to the binary coded information applied to line select bits
b0-b7. A line is selected by adding two to the desired line
number, converting to a binary equivalent and applying the
resuit to the line select inputs. The falling 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 line. The
falling edge of this signal also resets the start count latch,
thereby terminating the counting.

The circuit, 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 field of an interlaced video signal is desired, the odd/
even field index output must be used Instead of the vertical
output pulse (invert the field index output to select the odd
field). A single counter is needed for selecting lines 3 to 14;
two counters are needed for selecting lines 15 to 253; and
three counters will work for up 1o 2046 lines. An output buff-
er is required to drive low impedance loads.

MULTIPLE CONTIGUOUS VIDEO LINE

SELECTOR WITH BLACK LEVEL RESTORATION

The circuit 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 output
of the LM1881 is used to gate the video input's black level
through a low pass filter (10 k1, 10 uF) providing biack level
restoration at the video output when the output selected
line(s) is not being gated through.
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Typical Applications
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LM1881 Video Sync Separator

LK

e R e e

Physical Dimensions inches (mitimsters)

Lit. # 107636

1080197

H e
'l T &8 8
! TIAANBA
; 0.720-8 244
SN} Q 0t s
; i )IMS‘I
lmkﬁ?L' ? ‘-—;;T
i ENT [
¥ s
L3
— £.150-0 187 .—
i 30030 T
0100020 , za. -
4 pry Ri-175y
e N R S s
) 4 )] \ i §F | SEATNG
] pryy f Y et
0.008-0.6%0 s 8 e Ineaen .
3 q‘:.mm e —* ;2::3, o0 41'—1;1_0')—“ eu 9356 -0.008)
TYP MLLLEADS mnr . ——
E Molded Small Outline Package (M)
Order Number LM1881M
1 NS Package Number MOSA

913 -0.400
[T

! 0032 0008
i u"%t‘."“ 2 zn o s Eaizn) >
A » anp
) PH KD, 4 1DERT a‘%ﬁ, o
TN 1
' | EE T ;:'—:ﬁ;ﬂr——l b oPmN 2
f emoe | o o S0 Lus-em
i ™ et | | e any 10.069—3.0801
- TINF i Yy i 0129+ 0.08
‘_F [LL 1 Batam |y
z Wy 1‘ }: 1im-016 &
oo | _ | =TI
0.008-0 013 oy :,"":a ] PRy s
' Wz e A w T
£.01919.003
i oxs::';,‘: s - T RAvT =0 0T
S T Eilets g
8030015
¥ iazesnn A
b l.m_—. __m
i (‘T-m NOIE MY Fy
Molded Dual-In-Line Package (N)
Order Number LM1881N
NS Package Number NOSE

lUFE SUPPORT POLICY
gNATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR U

DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the tabeling, can
be reasonably expected to result in a significant injury
¥ to the user.

3
é systems which, (a) are intended for surgical implant

SE AS CRITICAL COMPONENTS [N LIFE SUPPORT

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effecliveness.
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HM628128Series
131072 - Word x 8 - Bit High Speed CMOS Static RAM
; The Hitachi HM628128 is a CMOS static RAM organized 128 kwords x 8 - bit . 1t realize
lhigher density , higher performance and low power consumption by employing 0.8 flm Hi - CMOS
‘process technology .
: It offers low power standby power dissipation : therefore , it is suitable for battery back - up
systems . The device , packaged in a 525 mil SOP (460 - mil body SOP ) ora 600 - mil plastic
¥ DIP, is available for high density mounting .
Features

® High speed : Fast access time 70/85/100/120 ns ( max .)

® | ow power

Standard : 10 AW (typ ) ( L-/ L- SL version )
Operation : 76 W (typ )

W S e A e By v

® Single 5V supply

Completely static memory

No clock or timing strobe required

Equal access and cycle times

ko e g
®

® Common data input and output : Three state output

Directly TTL compatible : All inputs and outputs

Yy s
[

® Capability of battery back up operation (L - L - SL version )

b

2 chip selection for battery back up

;
3
1 Pin Description
f Pin Name Function
i AD- A16 Address
i f /00 - 1107 Input/Output
! Cs1 Chip select 1
; Cs2 Chip select 2
E WE N Write enable
E OE Output enable
NC No connection
b Vee Power supply
» Vs; Ground




——— - e € wm W v am

W

TR ey o o

e e ™ e« o

o TR gmEm e b M wwr moweR

L o

- e

. T o

wilifaaneds

1. John Watkinson , " Television Fundamentals “, Focal Press, 1996

2. Andrew F.Inglis , " Viseo Engineering ", McGraw - Hill , Inc , 1993

3. Walt Kester, " High Speed Design Seminar*, Analog Devices , Inc. ,
1989

4. Thomas M.Adams , " T.V. sync and Deflection circuits *, Foulsham
Sams

5. Thomas M.Adams , " T.V. Video and séund circuit", Foulsham Sams

6. suANAdarsTuan M szmAng TunszususgUdun | Annasans
sAfnmeaiing *, TNANNQMIAINTRAMIANENSE , PN 4,W.71.2539

7. §riun §39R8THq0 ,  STULLUALT Lﬂm:ﬁﬂqamﬁu@nga" , M
Anusrzdt Byyatn | nadtadnseting , AnscAdansTuAgnT

¥ v

anniumalulatinszasningaagumuisaiansaly , w.A 2537





