"‘-,-v%h.‘%w

el

el ek’

ssuuifiurInAsnen

VIDEO DIGITIZER SYSTEM

Tny
wefndiiy  lvesmd

WWOUUA  WITUAND

1 4
-~ ~ 1 4* L [l < LS -
s ganiinusiidudiumilesmsinnanmdnganiTygimnrsumansiudia
a ad a o
tvInddnnseiind
aonumn Tulagwszesundudgunmisaiansels

Tasfinu 2539



ot

sTULINUNINAIABY
VIDEO DIGITIZER SYSTEM

Tne
wwndiy  lwesml  swaisesidn 37.013267

wisauen  wssaana  svayssida 37.013269

2191565 nE

A% q5na  auedswdlyd

Ju @au o

~1.61@ 2511 \

038366

wwunsiiu P

wySuaniads 15959 398

UTygniinusdmivlSygnimnssumansiudia
awindidanseiind
nuzimnssumany
aaifuma TuTag wsseonindudgummsaranszala
V5o 2539

038368



USgygiiwuildnisdnm 2539
maindidnnseiing

- 4 o -] o
ausdmnssumani ganfumaluladwizseundudiqummsaianseis
H

& aq
59 szuuduamAdaea
fiah

L wefndiu  lyesal

. 2. Wgauee wIsuana

PR
9191580 e

(Psginm  dumTmsiyd )

e

™



suufiuninAtnea

wwdndriy  lyeFmi

WA WITBUANA

argine unasmded ermsdiTnm
1n1sfnw 2539

L 4
UnARbs

i d

o o - . an
Tuilegiudiaunawdu miuerdygrauuueudenuunlasiludeyaniedtaea
fnaedetnlumslfon wu vunndudumedmage)  muneduanifion HDTV
t 1 4

' « J *

A (RADAR) sruunsneasiuvenfusud dudu Smiuilieriuendygrusuidienun
Wumninausdeyadygranm senuilgmlummiuaegqu msldtaidulunnh

- - 1 J L)
duguBY (Zoom in) FUBTN (Zoom out) MINgANTH MatRAmaTHh IR TATIY
ad
Hun

a & [ ° ot 4 d aa o

TueAmiumizsanuimazgunsain lfudoudygrunneurdeniludireaiu
° y o 4 A o L] L4 J ~
o ldduazlisnumann fegiuiimaTulad ssnadni lddacnvunn uazsagnas
Y4
daunilsvesInseannlszneudies lod ca3sis, 62saMi28 Wudu ca3zis Huunawedd

1 4 )
(flash ADC) Tasaamutlezihdaygaifle (video signal) nidsuiludygrudtnca Taoled
1 o ® (-3 ‘ ." - c’t
cA3318 uasdalfamizennud 628EM128) efudeyanmiiunisdings nassimiu
[ ] o ar [) 1 J Y

Mihdeyanuatreandmnlameudlvluneufiumeddely Falasenuiisonuuuldlfld

fuluTnasaeunmesuuung o)



VIDEO DIGITIZER SYSTEM

Mr. Sakdinan Chairat
Mr. Somyod Pansakum

! Dr. Suriphon Somkhunpanich Advisor
1996

ABSTRACT

There are many applications of converting analog signal to digital signal for example;
Image Processing, Satellite, HDTV, RADAR, Robotic Vision etc. Furthermore the digital
information can be stored and retrieved to process. Other when presented the video signal has
a problem i.e. function zoom in, zoom out, freeze. The concept is used to apply this project.

Many years ago, the memory and analog to digital converter devices were very slow
and expensive. Now, semiconductor technology is widely developed, the cost of devices
were lower. The part of project use the CA3318, 628HM128 ect. CA3318 is flash ADC
(analog to digital converter). That is designed for convert video signal to digital by CA3318
and pass to IC 628HM128 for temporary stored. Then the project can be accompanied to

general microcomputer.
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OPEN, EXIT Tauneuiinaefilsialy defidedmunde imfasediuuuuqnlei3die

(Super VGA) fgunsalfanla

4 4 4 a a 4 ad e
flgmifiny  Wesnamaihnuveusdesiinnudlunmhanunszsifuinauga
S 4 4
ameeudrege Tefeald uamunTus (Flash Memory) Fafinauudalunishnuge e
1 t o L3 P o
dees aslumuesiuiisuntsemd swwifamssuniuvesdgygpunnuige MIRTA
o < ° a J 9 1
amemynldygnasuniu devinmsudlulag eenuuvmwsesRuRimunT 19y
2esRuisunysseed Tasoenuuuldion suaenns1d (ANALOG GROUND) Hashl
‘ABANS 1A (DIGITAL GROUND) 11edwmisgunsaildiminzens fmuaviiauiues
‘my A a
FuiiteIidoulumaen (slor) veaneuRumeilAazaIn
o o5 1 ‘ 4
AmiunouRumsidiuynna 19U PC 486 DX, Compag 486 niainTeafilfam
o . o 4 4 v
wununuAulg (Compatible) noufunefunTesfiliniaquleiisie 1910 {u ca-

486 VE/Vs onanuilgmlunsiu RUN) nsmiaun Inuamsinu

i
7.2 UHINATUNMINRIUY

E 4
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E. o aa ] ° &
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BT CA3318C

CMOS Video Speed

december 1993 8-Bit Flash A/D Converter

Features Description

* CMOS Low Power with SOS Speed (150mW Typ.) The CA3318C is a CMOS parallel (FLASH) analog-to-digital

« Parallel Conversion Technique converter designed for applications demanding both low

e 15MHz Samﬁling Rate (67ns Conversion Time) power consumption and high speed digitization.

» 8-Bit Latched Tri-State Output with Overflow Bit The CA3318 operates over a wide full scale input voltage

¢ +1 LSB Accuracy (Typ.) 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.

* Single Supply Voltage (4V to 7.5V)
2 Units in Series Allow 9-Bit Output
2 Units in Parallel Allow 30MHz Sampling Rate

The intrinsic high conversion rate makes the CA3318 ideally

: Py suited for digitizing high speed signals. The overflow bit
App /I.cat’o_,z_s . . . makes possible the connection of two orf more CA3318s in
* TV Video Digitizing (Industrial/Security/Broadtast) series to increase the resolution of the conversion system. A
» High-Speed A/D Conversion series connection of two CA3318s may be used to produce a
* Ultrasound Signature Analysis 9-bit high speed converter. Operation of two CA3318s in par-

allel doubles the conversion speed (i.e., increases the sam-

* Transient Signal Analysis !
pling rate from 15MHz to 30MHz).

* High Energy Physics Research
* High Speed Oscilloscope Storage/Display 256 paralleled auto balanced voltage comparators measure
+ General Purpose Hybrid ADCs the input voltage with respect to a known reference to pro-
« Optical Character Recognition duce the parallel bit outputs in the CA3318.

* Radar Pulse Analysis . 255 comparators are required to quantize all input voltage
» Motion Signature Analysis levels in this 8-bit converter, and the additional comparator is

« WP Data Acquisition Systems required for the overflow bit.

Ordering Information

PART NUMBER LINEARITY (INL) SAMPLING RATE TEMPERATURE RANGE PACKAGE
CA3318CE +1.5LSB 15MHz (67ns) -40°C to +85°C 24 Lead Plastic DIP
CA3318CM +1.5LS8 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
Pinout

CA3318C (PDIP, CDIP, SOIC)
TOP VIEW
(LsB) B1 [T] hd [24] Vaa+ (ANA. SUP)
B2 [2] 23] 3/4R
B3 [3] 22] VRer+
B4 [4] 21] Viny
3 B5 5] 20] p
B6 [6] [19] PHASE
B7 [7] 18] cLk
(MsB) B8 [3] [17] Vaa- (ANA. GND)
¢ : OVERFLOW [9] [16] Vin
‘ 1/4R [10} 15] Vaee-
(DIG. GND) Vg [11] 4] CEi
(DIG. SUP,) Vpp [12] 13] CE2
SAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 31 03

opyright © Harris Corporation 1993 6-31
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Functional-Block Diagram

VM-O-

ANALOG
supply 22 @1

ViN

=]

VRer+ R

&

v

R=2Q

ANALOG
GND*

o1 o2
COUNT
256
D Q D Q
CAB
#256
LATCH LATCH
256 1 256
COUNT
193
D Q D Q
CAB
#193
LATCH| 17| LATCH
COUNT
129
- D Q D Q >
CAB
#129
*1atcH| T lLatcH
COUNT
65
S0+ D a D Q >
CAB
#65
*{LatcH | T LaTCH
COI1}NT
! D Q D Q
CAB
(NOTE 1)
COMPARATOR#1 | | LA11'cH b 4 LA1T10H

pe— 31 (AUTO BALANCE)

_aD——. 22 (SAMPLE UNKNOWN)

NOTE 1. CASCADED AUTO BALANCE (CAB)

ENCODER
LOGIC
ARRAY

Voo
o1 DIGITAL @
SUPPLY
OUTPUT S%?‘II:E

P
OVER-
REGISTER DRIVERS FLOW

] cLx
BIT 8
(MSB)
Da [ 8 |

| CLK
BIT7
DaQ

L} cLx
BIT 6

D Q

L] cix
BITS

DQ

| CLK
BIT 4

] cLx
BIT3

D Q

L] CLK
BIT 2

D Q

] CLK
BIT 1
(LSB)

D Q

| joix

CE1

DIGITAL
GND

6-32




Specifications CA3318C

Absolute Maximum Ratings

DC Supply Voltage Range (Vpp Or Vaa+). . o eoennn -0.5V to +8V
(Referenced to Vss or Vaa- Terminal, Whichever is More
Negative)

Input Voltage Range

CEzandCET............coovvnnn. Vaa- -0.5V to Vpp + 0.5V
Clock, Phase, Vggg-, Vo Ref......... Vaa- -0.5V to Vau+ + 0.5V
Clock, Phase, Vgge-, /4 Ref.......... Vgg- -0.5V to Vpp + 0.5V
Vi J4REF, VRge+ «ovevvenennnnn. Vaa- -0.5V 10 Vau- + 7.5V
Output Voltage Rgnge, .. .............. Vgg - 0.5V to Vpp + 0.5V
Bits 1-8, Overflow (Outputs Off)
DCInputCurrent ,.......covnriniii i +20mA

Clock, Phase, CET , CE2, V|\, Bits 1-8, Overflow

Operating Voltage Range (Vpp or Vaa+) . ... .. 4V Min to 7.5V Max
Recommended V,+ OperatingRange . .............. Vpp £ 1V
Recommended VAA- OperatingRange ............... Vgs £ 1V
Storage Temperature Range ................. -65°C to +150°C
Lead Temperatur% (Soldering10s). .........covininnn, +265°C

Thermal Informdtion

Thermal Resistance 6,4 85
Ceramic DIP Package............... 58°C/W  11°CW
Plastic DIP Package ................ 60°C/W -
Plastic SOIC Package............... 75°C/W -

Maximum Power Dissipation. ............ ..ot 0.67W

Operating Temperature Range (Ta) ............. -40°C to +85°C

Junction Temperature
Ceramic Package . ......coeeererenennenrennnenes +175°C
PlasticPackage. ......covveviiiinnn s +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.

s

Electrical Specifications At +25°C, Vau+ = Vpp = 5V, Vger+ = 6.4V, Vgg - = Vap- = Vg, CLK = 15MHz,

¥

All Reference Points Adjusted, Unless Otherwise Specified.

PARAMETER | TEST CONDITIONS | MmN | "TYP | MAX | uniTs
SYSTEM PERFORMANCE
Resolution i 8 - - Bits
Integral Linearity Error - - 15 LSB
Differential Linearity Error - - +1,-0.8 LSB
Offset Error, Unadjusted Vin = VRges- + 1/2LSB -0.5 4.5 6.4 LSB
Gain Error Unadjusted VN = Vges+ - 1/2 LSB -1.5 : 0 1.5 LSB
DYNAMIC CHARACTERISTICS
Maximum Input Btandwidth (Note 1) CA3318C 25 5.0 - MHz
Maximum Conveysion Speed CLK = Square Wave 15 17 - MSPS ,
Signal to Noise Ratio (SNR) Fs = 16MHz, t;, = 100kHz - 47 - dB
o AMS Signal Fg = 15MHz, fy = 4MHz : 43 - dB
" RMSNoise
Signal to Noise Ratio (SINAD) Fg = 15MHz, f\ = 100kHz - 45 - dB
. ____RMSSignal Fg = 15MHz, fy = 4MHz f 35 - dB
RMS Noise+Distortion
Total Harmonic Distortion, THD Fg = 15MHz, )y = 100kHz - -46 - dBe
) N Fg = 15MHz, fjy = 4MHz . -36 - dBc
Effective Number of Bits (ENOB) Fg = 16MHz, fy = 100kHz - 7.2 - Bits
Fg = 15MHz, f\, = 4MHz - 55 - Bits
Differential Gain Error Unadjusted - 2 - %
Differential Phase Error Unadjusted - - %
ANALOG INPUTS
Full Scale Range, Vy and (Vgge+) - (Vger-) Notes 2, 4 4 - 7 v
Input Capacitance, V|y - 30 - pF
input Current, V|§, (See Text) Vin =5.0V, Vgep+ = 5.0V - - 35 mA
REFERENCE INPUTS
Ladder Impedance [ ] 270 [ 500 [ 800 | Q
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Specifications CA3318C

Electrical Specifications At +25°C, Vaz+ = Vpp = 5V, Vpep+ = 6.4V, Vpgg - = Vas- = Vg, CLK = 15MHz,
All Reference Points Adjusted, Unless Otherwise Specified. (Continued)

]’ARAMETER | TEST CONDITIONS | MiIN | TYP ] MAX i UNITS

DIGITAL INPUTS

Low Level Input Voltage, Vo,
CE1, CE2 ) Note 4 - - 0.2Vpp v
Phase, CLK ] Note 4 - - 0.2Vpas v
High Level Input Voltage, Viy ’
CE1, CE2 Note 4 0.7Vpp _— - v
Phase, CLK Note 4 0.7Vaq - - \'
Input Leakage Current, |; (Except CLK Input Note 3 - +0.2 ° 15 pA
Input Capacitance, C, - 3 - . pF
DIGITAL OUTPUTS
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, 15z - 0.2 15 pA
Output Capacitan's:e, Co - 4 - pF
TIMING CHARACTERISTICS
Auto Balance Time (1) 33 - oo ns
Sample Time (c1s2);i 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 'ﬁrﬁe, Ten 1 18 - . ns
Output Disable Time, Tpg - 18 - ns
POWER SUPPLY CHARACTERISTICS
Device Current (Ipp + 14) (Excludes lpgg) Continuous Conversion (Note 4) - 30 60 mA
Auto Balance ($1) - 30 60 mA
NOTES:

1. Afull scale sin¢ wave input of greater than Fey ock/2 or the specified input bandwidth (whichever is less) may cause an erroneous code.
The -3dB bandwidth for frequency response purposes is greater than 30MHz.

2. Vi (Full Scale) or Vgep+ should not exceed Vaa+ + 1.8V for accuracy.

3. The clock inpu{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.

' Timing Waveforms

DECODED DATA IS SHIFTED
COMPARATOR DATA IS LATCHED D T LIS TERS
CLOCK PIN 1a;
IF PHASE PIN 19
CLOCK IF SAMPLE AUTO \. SAMPLE AUTO SAMPLE
PHASE IS HIGH N BALANCE N+1 BALANCE N+2
1 ——— tg >

3
- tH -

FXXOCE O T X0

FIGURE 1. INPUT TO OUTPUT TIMING DIAGRAM
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CA3318C

Timing Waveforms (Continued)
¥

:
g CE2 * *
14 _ -] -
Tois Ten '
e e —d
Tois Ten
1 PR
BITS1-8 DATA DATA
B | HIGH HIGH
IMPEDANCE IMPEDANCE T —
£ OF DATA >_<
i | HIGH
I IMPEDANCE e
FIGURE 2. OUTPUT ENABLE TIMING DIAGRAM
§
. AUTO AUTO .
BALANCE L SAMPLE EAFANERY SAMPLE
cLock N Priv
¥ ¥
' ' NomAX | 28ns | 33s | 26ns | 50ns 1
! LT MIN | MIN ! MN MIN ;
DATA X X

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

AUTO AUTO

BALANCE BALANCE

SAMPLE
N+1

SAMPLE
N+2

. | 500ns 33ns ) 25ns ; 50ns
. | MAX MIN MIN : TYP
DATA DATA

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

FIGURE 3. PULSE MODE OPERATION

-
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CA3318C

Typical Performance Curves
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FIGURE 4. DEVICE CURRENT vs SAMPLE FREQUENCY
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FIGURE 7. NON-LINEARITY vs TEMPERATURE
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CA3318C

Typical Performance Curves (Continued)
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FIGURE 10. ENOB vs INPUT FREQUENCY

Pin Descriptions CHIP ENABLE TRUTH TABLE
PIN NAME DESCRIPTION CE1 CE2 B1-B8 OF
1 B1 Bit 1 (LSB) Output Data Bits 0 1 Valid Valid
2 B2 Bit2 (High =True) 1 1 Tri-State Valid
3 B3 Bit3 X 0 Tri-State Tri-State
4 B4 Bit 4 X =Don't Care
5 B5 Bit 5
6 B6 Bit6 Theory of Operation
7 B7 Bit 7 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-
) OF Overllow sists of the “Auto-Balance” phase, ¢1, and the “Sample
TR — T Unknown” phase, ¢2. (Refer to the circuit diagram.) Each
10 4 eferogCq Lagder '/, Pint conversion takes one clock cycle*. With the phase control
1 Vss Digital Ground (pin 19) high, the “Auto-Balance” (¢1) occurs during the high
12 Voo Digital Power Supply, +5V period of the clock cycle, and the “Sample Unknown” (¢2)
73 CE2 Tr-State Output Enable nput, Active occurs during the low period of the clock cycle.
Low, See Truth Table. * The device requires only a single phase clock The terminology of
13 CE1 Tri-State Output Enable Input Active ¢1 and ¢2 refers to the high and low periods of the same clock.
High. See Truth Table. During the “Auto-Balance” phase, a transmission switch is
5 Vrer- Reference Voltage Negative Input used to connect each of the first set of 256 commutating
v FrT— | capacitors to their associated ladder reference tap. Those
16 N nalog Signal Input tap voltages will be as fqllows:
17 Vaa- Analog Ground Vrap (N) = [(N/256) V] - (1/512) Vel
TAP \N} = REF! - REF
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 “A‘utq Balance” occurs when the Vger = voltage across Vggg- 10 VRep+
clock is high (see text). N = tap number (1 through 256)
20 R Ref Ladder Midpoint - . .
2 c erenc? Acer Cpom The other side of these capacitors are connected to single-
2 Vin Analog Signal Input stage amplifiers whose outputs are shorted to their inputs by
22 Vpept Reference Voltage Positive Input switches. This balances the amplifiers at their intrinsic trip
>3 R Reference Ladder Y/, Point points, which is approximately (Vaa+ - Vaa-)/2. The first set
i thei i .
2 T Analog Powar Supply, +5V 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
second-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) is 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 voitages
greater than Vi, will go to a “high” state at their outputs. All
comparators that had tap voltages lower than Vi willgo to a
“low” state.

The status of alt 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 allow$ 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-stage 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 chip. v

Continuous-Clock Operation

H

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
outputs. At the f'alling edge of the clock, all 256 comparator
outputs are captilred 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 settles 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.

.

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 indefinite 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 '/,
1/, and 3/, point trim.

Oftset Trim

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

Vi (0 to 1 transition) = '/, LSB = 1/, (Vger/256)
= Vgee/512

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

If Vjy for the first transition is greater than the theoretical,
then the 50Q pot should be connected between Vgee- and a
negative voltage of about 2 LSB'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,
Vin should be set to the 255 to overflow transition. That volt-
age is '/3 LSB less than Vgep+ and is calculated as follows:

Vin (255 to 256 transition) = Vrer - Vpege/512
= Vpep(511/512)

To perform the gain trim, first do the offset trim and then
apply the required Vy for the 255 to overflow transition. Now
adjust Vgep+ until that transition occurs on the outputs.
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' CA3318C -

+10V TO 30V Doty -1+
INPUT T
32 == 180
1 AMA-
CA3085E L 1 > YREF+

LT

NOTE: Bypass Vger+ to analog GND near A/D with 0.1uF ceramic
cap. Parts noted sihould have low temperature drift.

FIGURE 11. TYPICAL VOLTAGE REFERENCE SOURCE FOR
DRIVING Vpep+ INPUT

1/, Point Trims

The Y, ', and ¥, 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
driven by the reference drivers shown (Figure 12) or by 2-K
pots connected between Vgee+ and Vpge-. The 15 (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 (Vrer) and adjusting for counts of 192 to
193 and 64 to 65. (Note that the points are actually '/,,'/,
and 3/ of full scale +1 LSB.)

51095 +10V TO +30V
VRert
PIN22) T YWV st =
LSS N1 = o 3/4 REF
T : Icw 2. VWA (PIN 23)
{ 5
K‘)'f. : i 1/2 REF
—YW"—> (pIN 20)
o 100 1/aREF
—VW\—> (PIN 10)
ki
5100
NOTES:

1. All Op Amps = %, CA324E
2. Bypass all reference points to analog ground near A/D with 0. 1uF
ceramic capsi
3. Adjust Ve, first, then '3, %/, and '/, points.
B

FIGURE 12. TYPICAL 1/4 POINT DRIVERS FOR ADJUSTING
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, external
trim of the mid-reference voltage may be required.

The overtlow 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 control 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 Vaa
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 (4.7uF tantalum) may be
used to keep digital noise out of the analog system.

Input Loading

The CA3318 outputs a current pulse to the Vjy 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 signal 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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Signal-to-Noise (SNR) 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- _
tal and the first five harmonics. ENOB = (SINAD - 1.76 + VoRp)/6.02
t

Signal-to-Noise + Distortion Ratio (SINAD) where: Vcopg =0.5dB

SINAD is the mgasured RMS signal to RMS sum of all other Total Harmonic Distortion (THD)
spectral components below the Nyquist frequency excluding THD is the ratio of the RMS sum of the first 5 harmonic com-

DC. ponents to the RMS value of the measured input signal.
+6.4V REF o] VRgp+ OF |——u3 NC
45V e Vpp+ Vpp p——=—x 45V
7= Vaa- BITS
A
VIN1
v BIT 1
; OV TO 6.4V 1 N
Vin cL
PH
CE2
, =\
CE1
MID-POINT
6.4V REF >—_L DRIVER Veer Ves
> NG Ri(0
VRer+ Voo j— +5V
= A CE2
l—— Vin CEi '—"l
Vin OF & BIT9
BITS BIT8
BIT1 BIT1
+5V  De—eemed Vpp+ CL < CLOCK
Vaa- PH =< PHASE

VREF- Vss
A l A | D

FIGURE 13. USING TWO CA3318s FOR 9-BIT RESOLUTION
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4.7uF10V TANTALUM _ +

—)}———4—< +5V (ANALOG SUPPLY)
A 3l Var+ BIT1 p—>
- 3 3/4 REF BIT2 }—
+4V TO 46,5V _ _
REFERENCE > Vaer+ BIT3 —>
i »—)}—] —{ Vin BIT4 }——>
, ] 1/2RE BITS DIGITAL
OPTIONAL CAP r /2 REF —> ( OUTPUT -
RSl R PHASE BT }—»
sobacE > i€ = CLK BIT7 —
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"INPUT SIGNAL > D Vin g N
AMPLIFIER/BUFFER VRer- 1/4 REF i€ )
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( T . b CEl Vss ———— o _I_A
- = CE2 Vool o . T
CA3318C 4 7uF |
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1

FIGURE 14. TYPICAL CIRCUIT CONFIGURATION FOR THE CA3318 WITH NO LINEARITY ADJUST
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> ot by dbon o
:» o T )
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> DIGITAL
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& FIGURE 15. TYPICAL SYSTEM GROUNDING/BYPASSING
750 wa +8V
Wep
VIDEO 14
v 7 0.001pF
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6 100 16
. T 5pF g [ CA3450 A/D FLASH
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3 13 21
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i I°
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FIGURE 16. TYPICAL HIGH BANDWIDTH AMPLIFIER FOR DRIVING THE CA3318
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TABLE 1. OUTPUT CODE TABLE

INPUT VOLTAGE
(NOTE 1) BINARY OUTPUT CODE
VRrer VRer
CODE 6.40V 5.12v MSB LSB | DECIMAL
DESCRIPTION V) ) OF B8 B7 B6 BS B4 B3 B2 B1 COUNT
Zero 0.00 0.00 0 0 0 0 0 0 0 0 4]
1LSB 0.025 0.02 0 0 0 0 0 0 0 1 1
2L.SB 0.05 0.04 0 0 0 0 0 0 0 1 0 2
L ] L L ] ) [ ] *
L ] L ] L] *
[ ] L L ] L ]
1/4 Full Scale 1.60 1.28 0 0 1 0 0 0 0 0 0 64
L ] [ ] ]
L ] [ ] *
L] [ ]
1/2 Full Scale - 1 LSB 3.175 2.54 0 0 1 1 1 1 1 1 1 127
1/2 Full Scalé 3.20 2.56 0 1 0 0 0 0 0 128
1/2 Full Scale + 1 L.SB 3.225 2.58 0 1 0 0 0 0 1 129
=
L] *
. L] ®
[ ] L] L ]
3/4 Full Scale 4.80 3.84 0 1 1 0 0 0 0 0 0 192
[ ] L ] L] L]
L] [ ] L] L]
[ ] . L] L]
Full Scale - 1 LSB 6.35 5.08 0 1 1 1 1 1 1 1 0 254
Full Scale 6.375 5.10 0 1 1 1 1 1 1 1 1 255
Over Flow! 6.40 5.12 1 1 1 1 1 1 1 1 1 511

3

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

Reducing Power

Most 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 (¢1) 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.

Clock Input

The Clock and Phase inputs feed buffers referenced to Vaa+
and Vaa-. 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 to 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.
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DACOBOO)DACOBO1/DACOBO2 8-Bit Digital-to-Analog

Converters

General Description

The DAC0800 series are monolithic 8-bil high-speed cur-
rent-output digital-to-analog converters (DAC) featuring typi-
cal setlling times of 100 ns. When used as a mulliplying
DAC, monotonic pefformance over a 40 1o 1 reference cur-
rent range is possible. The DACOB00 series also fealures
high compliance complementary current outpuls lo ailow
differential output voltages of 20 Vp-p with simple resistor
loads as shown in Figure 1. The relerence-to-lull-scale cur-

rent matching of beller than + 1 LSB eliminates the need for |

full-scale trims in most applications while the nonlinearties
of better than +£0.1% over lemperalure minimizes system
error accumulations.

The noise immune inputs of the DAC0800 series will accept
TTL levels with the logic threshold pin, Vi c. grounded.
Changing the Vi ¢ potential wifl allow direct interlace to oth-
er logic families. The performance and characteristics of the
davice are essentially unchanged over lhe full2 4.5V o
+ 18V power supply range; power dissipation is only 33 mwW
with +£5V supplies and is independent of the logic inpul
states.

The DACQ800, DAC0802, DAC0800C, DAC0801C and
DAC0802C are a direct replacement for the DAC-08, DAC-
08A, DAC-08C, DAC-06E and DAC-08H, respectively.

Features
Fast sellling output current 100 ns
Full scale error +1LSB
Nonlinearily over temperature +0.1%
Full scale current driit +10 ppm/°C
High output compliance —10V to + 18V
Complementary cutrent outputs
Inlerface direclly with TTL, CMOS, PMOS and others
2 quadrant wide range mulliplying capability
Wide power supply range +4.5Vio t18V
Low power consumption 33 mW at 5V
Low cost

Typical Applications

NCITAL 1ePYTS

use (8]
81 32 33 34 35 26 17 B3

v

106

—o

Vour 1020Vs»

LA T4 v
TL/H/S686 1
FIGURE 1. £ 20 Vp.p Output Digital-to-Analog Converter (Note 4)
Ordering Information
Non-Linearity Ter;perature Order Numbers
ange J Package (J16A)* N Package (N16A)* SO Package (M16A)
£0.1%FS | ~56°C S Ta S +125°C | DACOB02LS | DAC-08AQ | .
£0.1% FS 0°C € To € +70°C | DACOB0ZLCJ | DAC-08HQ | DACOBO2LCN | DAC-08HP |  DACO0802LCM
+0.19% FS | —=55°C < Tp < +125°C| DACOsooL) | DAC-08Q
$0.19% FS 0°C < To € +70°C | DACOBOOLCJ | DAC-08EQ | DACOB0OLCN | DAC-08EP |  DACO800LCM
+0.39% FS 0°C £ Tpo £ +70°C DACO8B01LCJ | DAC-08CQ | DACOS0O1LCN | DAC-08CP | DAC0801LCM

*Devicas may be orderad by using eihar order number



Absolute Maximum Ratings mote 1

If Military/Aerospace specified devices are required,

contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Supply Voltage (V* — V) t 18V or 36V
Power Dissipation (Note 2) 500 mW
Rglerence Input Dilferential Voitage

(V14 to V15) V- toVt
Relerence Input Common-Mode Rarige

V14, V15) V-toVt
Reterence Input Current 5mA
Logic inputs V= oV~ plus 36V
Analog Current Qutputs (Vg ~ = —15V) 4.25mA
ESD Susceptibility (Note 3) T80V

Storage Temperature

-65'Cto +150°C

Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic)
Dual-In-Line Package (ceramic)
Surface Mount Package

Vapor Phase (60 seconds)
Inlrared (15 seconds)

Operating Conditions ote 1)

Min Max
Temperature (Ta)
DACO0802L —-55 +125
DACO0800L —~55 +125
DACO0B00LC 0 +70
DAC0801LC [ +70
DACO802LC 0 +70

260°C
300°C

215°C
220°C

Units

°C
°C
°C
°C
°C

Electrical Characteristics tne following specifications apply for Vg = £ 15V, Iger = 2mAand Ty £ T4 <
Tuiax unless otherwise specified. Oulpul characteristics refer to both loyr and IgyT.

DACoO802L/ DACo0800L/
Symbol Parameter Conditions DAC0802LC DACo0800LC DACO801LC Units
Min | Typ | Max | Min| Typ | Max [ Min]| Typ | Max
" |Resolution 8| 8 8 a8l 8 8 |8 | s 8 | Bus
Monotonicity 8 8 8 8 8 8 8 8 |"8 Bits
Nonlinearity J £0.1 +0.19 +0.39] %FS
ts Settling Time To £Y, LSB, Al 8Bits Switched 100 |} 135 100 150 ns
“ON" or "OFF", Tp =25°C
DACO0800L 100 | 135 ns
N DACO800LC 100 | 150 ns
tPLH, Propagation Delay Ta=25C
IPHL Each Bit a5 60 35 60 35 60 ns
All Bits Switched 35 60 35 60 35 60 ns
TClgs  |Fuli Scale Tempco £10 | £50 £10 | £50 110 | £80 [ppm/°C
Voc Output Voliage Complance|Full Scate Current Change -10 18 [-10 18 (-10 18 v
<% LSB, Royy > 20 Mtl Typ
lgsa Full Scale Current VRge = 10.000V, R14 - 5000 k{11 1.984) 1.992 |2.000{1.94] 1.99 | 2.04 [1.94] 199 | 204 | mA
RA15=5.000 ki1, Tp = 25°C
s Full Scale Symmetry lEss ~ g2 $05]| 140 1 | +8.0 $2 | £16] pA
I2s Zero Scale Current 0.1 1.0 0.2 2.0 0.2 4.0 pA
lesR Output Current Range V- a -5v o] 20 | 2.1 0 2.0 2.1 0 2.0 21 | mA
V-=-8Vio -18V 0 20 1421 0} 20} 42 | 0] 20| 42 mA
Logic input Levels
Vo Logic 0" Vic=0v 0.8 0.8 08 v
Vi Logic "1* 2.0 2.0 2.0 v
Logic Input Current Vg =0V
"% Logic 0" —10VEVNL +0.8Y -20]~10 =20| —10 ~20| ~10 BA
by Logic 1" 2VEViys +18V 0.002] 10 0.002| 10 0.002| 10 pA
Y Logic Input Swing V- =15V ~ 10 18 |—10 18 1-10 18 v
Vina Logic Threshold Range Vg= t 15V -10 13.5 | - 10 13.5 {~10 13.5 v
hs Reference Bias Current -1.0]-3.0 =1.0] -3.0 =-1.0) -30] pA
a/d  |Relerence Input Slew Rate |(Figuro 12} 40| 8.0 401 8.0 40| 8.0 mA/us
PSSlF§ , |Power Supply Sensitivity {4.5V<V+ <18V 0.0001} 0.01 0.0001} 0.01 0.0001] 0.01 | %/%
PSSlgs - -4.5VsV-<i8v 0.0001} 0.01 0.0001} 0.01 0.0001} 0.01 | %/%
lnge = IMA .
Power Supply Current Vs= 25V, Ipgr = 1 mA .
I+ 23 | 3.8 23 | 38 23 | 38 mA
- —-43{-58 -431-58 —43| -58]| mA
Vg=5V, — 15V, lpgr = 2 mA
1+ 2.4 3.8 24 3.8 24 38 mA
- ~64(-78 -841-78 —-64| 78] mA
Vg = £ 15V, lggg =2 mA
1+ 25 | 38 25 | a8 25 | a8 mA
1- ~65|~78 -65] ~78 ~65) ~78] mA




Electrical Characteristics (continued)
The following speacifications apply for Vg = 115V, lger = 2 mA and Tiin € Ta £ Tmax unless otherwise specified. Quiput
characteristics refer to both loyr and iggr.

DACO802L/ DACO0800L/
Symbol: Parameter Conditions DAC0802LC DACO0800LC DAC0801LC Units
Min | Typ | Max | Min | Typ Max Min | Typ | Max
Ppo * | Power Dissipation | 15V,lggr=1mA 33 48 33 48 33 48 mw
. 5V, ~ 15V, lggr =2 mA 108 136 108 138 108 136 mwW
15V, Inge = 2 MA 135 | 174 135 | 174 135 | 174 | mw

Note 1: Absoluta Maximum Ralings indicate Smils bevond wivch damage 1o the device may occur DC and AC olectrical specifications do not apply when operating
the device beyond its spucifiad op g condilions,

Note 2: The maximum junction lemperature ol iha DACO0B00, DACOBO t and DACOB02 is 125°C. For operating at el d temp: devices in the Dual-In-Line
J package must be derated based on a Ihermal resistance of 100°C/W, junction-lo-ambiant, 175°C/W lor tha molded Dual-in-Line N pnckaqo and 100°C/W for the
Small Outline M package.

Note 3: Human body madel, 100 pF dischargad theough a 15 ki1 resistor

Note 4: Pin-out numbers for ihe DACO80X reprasant the Dual-ln.Line package The Small Qulline package pin-out ditlers from the Dual-In-Line packagn,

Connection Diagrams

Dual-In-Line Package . Smali OQutline Package
UJ ; _/
co:::zsl'.'?lt: ! 'S cowrensarion vt {1 161—8g LSB
oot S Vnera Vrer(*) 2 1518,
v- 2 ' vagr VRE}'(')—1 3 f41—8;
4 ", COMPENSATION — ¢ 4318y
fouT = p THRESHOLD CONTROL, v, S 128
MS8 8 -5-4 lll 152 '_EE 4
f - four —16 11}~8y
- 17 -
" [ v {7 1018,
n AL
lour —18 9f—8, usB
”® —.' '—,—IS
TL/H/5686-14
' Top View
TUL/H/ERBG-13
Top View
. See Ordering Information
Blo¢k Diagram (Note 4)
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LM1881 Video Sync Separator

General Description

T‘\e LM1881 Video sync separator extracts timing informa-
tuon including composite and vertical sync, burst/back porch
timing, and odd/even field information from a standard neg-
ative going sync NTSC video signal with amplitude trom 0.5
to 2V p-p. The integrated circuit is also capabie of providing
sync separation for non-standard, faster horizontal rate vid-
€0 signals by changing an external horizontal scan rate set-
ting resistor. The vertical output is produced on the rising
edge of the first serration in the vertical sync period. A de-
4ault vertical output is produced after a time delay i the
rising edge mentioned above does not occur within the in-
ternally set delay period, such as might be the case for a
non-standard video signal.

Features

® AC coupled composite input signal

® > 10 k) input resistance

<10 mA power supply drain current

Composite sync and vertical outputs

Odd/even field output

Burst gate/back porch output

Resistor programmable horizontal scan rate {up to
64 kHz)

Edge triggered vertical output

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

Connection Diagram

LM1881N
COMPOSITE g
» O————
SYNC QUTPUT 1
0.1 uf
COMPOSITE

VIDEO INPUT

ro—— 2
VERTIZAL

Ottt
SYNG GUTFUT 3

Yec
8 f————————05-12v

7 ———— 5 N OUTPUT
o ODD/EVEN OUTPUT

6 RSET
6800

BURST/BACK PORCH
S 0 outruT

b

- Ny

k. 2 | rrinnnnim
-l 0 LA nnin
VERTICAL . : I
SYNC ouTPUT | | | I -
U U u uuU

BURST OUTPUT | ]

0DD/EVEN

=

S

OUTPUT

TL/H/B150-1

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



Absolute Maximum Ratings

If Miillary/Aerospace specified devices are required,
contact the Natlonal Semiconductor Sales Office/
Distributors for avaliabillty and specifications.

Supply Voltage
Input Voltage

Outpu{ Sink Currents; Pins 1, 3,5

Output Sink Current; Pin 7

Package Dissipation (Note 1)

13.2v
3Vp-p
5mA

2mA

1100 mW
o°C ~ 70°C

Operating Temperature Range

Storage Temperature Range —65°Cto + 150°C
ESD Susceptibility (Note 2) 2kV
Soldering Information

Dual-In-Line Package (10 sec.) 260°C
Small Outline Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and their Effect on
Product Reliability" for other methods of soldering surface
mount devices.

Electrical Characteristics
Vec = 5V, Rset = 680 kQ); Tp = 25°C; Unless otherwise specified

Tested Deslgn Units
dlti T
Parameter Conditlons Y | Umit(Note3) | Limit(Note4) | (Limits)
Supply Current Ve = 5V; Outputs at Logic 1 5.2 10 mAmax
Vee = 12V: Cutputs at Logic 1 5.5 12 mAmax
DC Input Voitage Pin2 1.3 Vmin
v 1.5
1.8 Vmax
Input Threshold Voltage Note § 55 mVmin
70
85 mVmax
Input Discharge Current Pin2;Viy = 2V 6 pnAmin
i 11
16 pAmax
Input Clamp Charge Current Pin2;Viy = 1V 0.8 0.2 mAmin
RsgT Pin Reference Voltage Pin 6; Note 6 1.10 Vmin
5 1.22
1.35 Vmax
Compzsite Sync. & Vertical louTt = 40 uA; Logic 1 4.5 4.0 Vmin
Outputs lout = 1.6 MA; Logic 1 3.6 2.4 Vvmin
Burst Gate & Odd/Even loyT = 40 pA; Logic 1 45 40 Vemin
Qutputs
Composite Sync. Output loyt = —1.6 mA; Logic 0; Pin 1 0.2 0.8 Vmax
Vertical Sync. Output lout = —1.6mA; Logic 0; Pin3 0.2 0.8 Vmax
Burst Gate Output lout = —1.6 mA; Logic 0; Pin 5 0.2 0.8 Vmax
0Odd/Even Output loyt = —1.6mA; Logic0; Pin7 02 |. 0.8 Vmax
Vertical Sync Width 230 190 psmin
300 usmax
Burst Gate Width 2.7 k0t from Pin 5to Vg 4 25 psmin
4.7 psmax
L{
Vertical Detault Time Note 7 65 32 psmin
. 90 psmax
Note 1: For operation in ambi o8 above 25°C, the davice must be derated based on a 150°C i i 0 xe and a package thermal

resistance of 110" C/W, funciion 1o ambient.

Note 2: ESD susceptibility test uses the “human body model, 100 pF discharged through a 1.5 kA resistor™.
Note 3: These p are g d and 100% prod tested.

Note 4: Design Uimits are guarantesd but not 100% production tested. These bmits are not used to calculate outgoing quality levels.

Note f: Retative ditference between the input clamp voltage and the mirirnum Input voltage which produces a horizontal output puise.

Note &: Careful attention should be made to prevent p it it upling from any output pin (Pins 1, 3, 5, and 7) to the Rggt pin (Pin 6).
Kote 7: Delay time between the start of vertical sync (al input) and the vertical output puise,




Application Notes (continued)
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VERTICAL BLARXING INTERVAL
VIOEO  END OF FIELD 2(EVEN) fo— EQUALIWG I SERRATED .1, CQUALZING PEAK
& BOTTOM OF PICTURE ] VERTICAL PULSE PuLsEs TOP OF PKTURE { WHITE
BURST, \—-————
\ { BLACK
/e
cup
. ! {
}..M..I e e e e o s B B R [ 'y Ny T . \[SYNC
| TPs
o = | TR T
635 pa 312us 24 4.7 us
!——- 230 us typ ——1
3
[
JL
W
. 020 FELD
EVEN FIELD
A [N
4 us typ. 63.5 us
TL/H/9150-3
FIGURE 2. (a) Composite Video; (b) Composite Sync; (c) Vertical Output Pulse;
(dyOdd/Even Field Index; (e) Burst Gate/Back Porch Clamp
€08y
t §  YLLTASE
COWPOSITE =
pavins %—oq—— I REG ll O e}
vioEo s s
INFUT p” b3
s200 OfsF - 7 COO/EVEN
. }_-C [} CLR O ;—g“&
S10pF Te— o
L CLK o
= v 1
vERTGAL
s ©
osc
‘ f
*Components Optional, TLHIP150-4

See Text
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PROGRAM.C

#include<mem.h>
#include<alloc.h>
#include<dos.h>

#include<stdio.h>
#include<conio.h>
#include<math.h>
#include<stdlib.h>
#include<conio.h>

#include<graphics.h>

#define UP  0x4800
#define DOWN 0x5000
fdeﬁne LEFT 0X4B0O
#define RIGHT 0x4D00
#idefine RETURN 0x1COD
#define ESC  0x011B

_ void *saveveiw[20];

int choice,num,menu;

void Menu(char huge *p);

void Open(char huge *po);

void Save(char huge *ps);

oid New(char huge *pn);

void Manage_Data_To_Reservel(char huge *pml,char huge *pm2);
void Manage_Data_To_Reserve2(char huge *pm],char huge *pm2);
void Displayimage(char huge *pim);

‘void Negative(char huge *pt);

"void initialize_graphics_mode(void);

void close_graphics_mode(void);



void drawmain(void);

void drawline(int sx,int sy,int Ix,int ly,int color);
void drawblock(int xs,int ys,int xLint ylLint dimen);
void drawblockl(int xs,int ys,int xl,int ylint dimen),
void drawblock2(int xs,int ys,int xl,int yl,int dimen);
void saveblock(int xs,int ys,int xl,int yl,int num);
v?id saveblockmain();

void selectmenu(char huge *p);

void EXIT(char huge *p);

vc;)id Set_Color(int color);

void Out_Text_XY(int Xx,int y,char text[]);

/fvoid exitmain(void);

void main(void)
{ char huge *p;
unsigned char x;
int y;
p = (char huge *)farmalloc(262144);
if(p==NULL)
{ printf("Program can not run because memory is not enough");
getch();
EXIT(p);
}
Menu(p);

return;

void Menu(char huge *p)
{

clrscr();



fnitialize_graphics_mode();
drawmain();
saveblockmain();
selectmenu(p);

getch();

getch();

closegraph();

return,

void initialize__graphics_mode(void)
{

int gdriver =DETECT,gmode,errorcode;

initgraph(&gdriver,&gmode,"c:\Nang\tc\bgi");

errorcode = graphresult();

if (errorcode != grOk)

{

printf(" Graphics error : %s\n",grapherrormsg(errorcode));
printf(" Press-any key halt : ");
getchQ);
EXIT(0);
}

void close_graphics_mode(void)

{
closegraph();

}



void Out_Text_XY(int x,int y,char text[])

{ outtextxy(X,y,text); }

void Set_Color(int color)

{ setcolor(color); }

void drawmain(void)

{

int x,y;

setviewport(0,0,getmaxx(),getmaxy(),1);
setbkcolor(CYAN);

setcolor(LIGHTGRAY);
drawblock1(10,10,getmaxx()-10,getmaxy()-40,30);
drawblock1(10,getmaxy()-40,getmaxx()-10,getmaxy()-10,0);
setfillstyle(1,1);

bar(40,14,getmaxx()-14,41);
bar(15+30/4,18,10+30*3/4,36);
bar(14,getmaxy()-36,getmaxx()-12,getmaxy()-14),
settextstyle(0,0,1);

setcolor(WHITE);

outtextxy(200,24," Camera Monitoring System "),
drawblock2(50,100,275,125,0);
drawblock2(50,150,275,175,0);
drawblock2(50,200,275,225,0);
drawblock2(50,250,275,275,0);
drawblock2(50,300,275,325,0);
setcolor(BLLACK);

outtextxy(70,110," ‘New");

outtextxy(70,160,”  Open ");

outtextxy(70,210,"  Save");



outtextxy(70,260,"  Save as");
outtextxy(70,310,"  Exit to dos ");

drawblock2(350,70,getmaxx()-50,getmaxy()-70,20);

}
void drawline(int sx.int sy,int Ix,int ly,int color)
{
int x,y;
for(x=sx;x<=Ix;x+=1)
for(y=sy;y<=ly;y+=1)
putpixel(x,y,color);

void drawblock(int xs,int ys,int xl,int yl,int dimen)

setviewport(0,0,getmaxx(),getmaxy(),1);
setbkcolor(CYAN);

setfillstyle(1,1);
bar(xs+10,ys+10,x1+10,y1+10);
setfillstyle(1, WHITE);

bar(xs,ys,xLyl);

setcolor(BEUE);
reefangle(xs+2,ys+2,x1-2,y1-2);
line(xs+3,ys+3+dimen,xl-3,ys+3+dimen);
setcolor(LIGHTGRAY);
rectangle(xs+3,ys+3,x1-3,y1-3);

line(xs+2,ys+2+dimen,x1-2,ys+2+dimen);



void selectmenu(char huge *p)
{
int i;
int xs=66;
for(;s) {
1 =bioskey(0);
switch(i)
{
case UP  : if(choice = 0)
{

putimage(50,100,saveveiw|[choice],4);

else

switch(choice)

{ case 1:xs=150;break;
case 2:xs=200;break;
case 3:xs=250;break;

case 4:xs=300;break;

putimage(50,xs,saveveiw[choice],0);
choice =choice-1;
¥ xs = xs-50;

putimage(50,xs,saveveiw[choice],4);

} break;

case DOWN: if(choice == 4)



putimage(50,300,saveveiw[choice],4);

else

switch(choice)

{ case 0:xs=100;break;
case 1:xs=150;break;
case 2:xs=200;break;

case 3:xs=250;break;

putimage(50,xs,saveveiw[choice],0);
choice =choice+1;
Xs = xs+50;

putimage(50,xs,saveveiw[choice],4);

} break;
case RETURN :switch(choice)
{
case 0: New(p); break;
case 1: Open(p); break;
case 2: Save(p); break;
case 3:/* Save as();*/ break;
case 4: closegraph(); EXIT(‘p);
}

} /*switch*/

}/*for*/



} [*void*/

void saveblock(int xs,int ys,int xLint ylint num )
{
unsigned int size;
size =imagesize(xs,ys,xLyl);
saveveiw[num] = malloc(size);
getimage(xs,ys,xl,yl,saveveiw[num]);
X
void saveblockmain()
{
saveblock(50,100,275,125,0);
saveblock(50,150,275,175,1);

saveblock(50,200,275,225,2);

saveblock(50,250,275,275,3);

saveblock(50,300,275,325,4);
putimagc(SO,100,saveveiw[0],4);

setcolor(BLUE);

setfillstyle(1,BLACK);

bar(360,75,getmaxx()-60,90);

outtextxy(360,80,"” KMITL ELECTRONIC ENGINEER ");

outtextxy(430,200," ");

void drawblock1(int xs,int ys,int xLint yl,int dimen)

setviewport(0,0,getmaxx(),getmaxy(),1);
setfillstyle(1, WHITE);

bar(xs,ys,x1,y1);



setcolor(BLUE);
rectangle(xs+2,ys+2,x1-2,yl-2);
line(xs+3,ys+3+dimen,x1-3,ys+3+dimen);
setcolor(LIGHTGRAY);
rectangle(xs+3,ys+3,x1-3,yl-3);

line(xs+2,ys+2+dimen,xl-2,ys+2+dimen);

}

vbid drawblock2(int xs,int ys,int x1,int yl,int dimen)

¥

‘setviewport(0,0,getmaxx(),getmaxy(),1);
setbkcolor(CYAN);

-setfillstyle(1,1);
bar(xs+4,ys+4,x1+4,yl+4);
setfillstyle(1,WHITE);
bar(xs,ys,xLyl);
setcolor(BLUE);
rectangle(xs+2,ys+2,x1-2,y1-2);
line(xs+3,ys+3+dimen,xl-3,ys+3+dimen);

"setcolor(LIGHTGRAY);
rectangle(xs+3,ys+3,x1-3,y1-3);

line(xs+2,ys+2+dimen,xl-2,ys+2+dimen);

void EXIT(char huge *p)
{ farfree(p);
exit(0);



{
void New(char huge *pn)/

{

e

char huge *pseg;

char huge *sh;
unsigned long s;
int A=16,B=12,C=14;
sh = pn;
pseg = (char huge *MK _FP(0xD000,0x0000);
outportb(0x0300,(unsigned char)A);
delay(120);
outportb(0x0300,(unsigned char)B);
Manage_Data_To_Reservel (pseg,pn);
outportb(0x0300,(unsigned char)C);
Manage_Data_To_Reserve2(pseg,pn);
for(s=0;s<262144;s++)
{ *sh = *sh>>2;

sh = sh+1;
}
Displayimage(pn);

return,

void Manage_D4ta_To_Reservel(char huge *pmi1,char huge *pml2)

{

char huge *pad;

char huge *pre;

nt x;
pad = pmll;
pre = pml2;

for(x=0;x<256;x++)

{ memmove(pre,pad,512);



pre = pre+512%2;
pad = pad+512;

return;

void Manage_Data_To_Reserve2(char huge *pm21,char huge *pm22)
{ char huge *pad;
char huge *pre; ’
int x;
. pad = pm21;
pre = pm22+512;
for(x=0;x<256;X++)
{ memmove(pre,pad,512);
pre = pre+512%2;
pad = pad+512;

void Displayimage(char huge *pim)
{ char far *pm2;

char huge *pml;

unsigned char RGB = 0;

e

int indexa,banker,ct;

if(‘opengraph(0x103))

{ gotoxy(getmaxx()/4,getmaxy()/10);
printf(" Error while opening...");
EXIT(pim);

}

for(indexa=0;indexa<64;indexa++)



{ setdac((int)indexa,RGB,RGB,RGB);
RGB =RGB + [;

!

pml = pim;

pm2 = MK_FP(0xA000,0x8A10); /*first pixel of display (283,88)*/

banker = 0;

setbankwrite(banker);

for(ct=0 ; ct<38 ; ct++)

{ movmem(pm]1,pm2,512);
pml = pm1+512;
pm2 = pm2+511+289;

}

banker = 1;

setbankwrite(banker);

for(ct=0;ct<82;ct++)

{ movmem(pm1,pm2,512); /* 384 is data still in bank] */
pml = pml + 512;
pm2 = pm2 + 511+289;

}

banker = 2;

setbankwrite(banker);

for(ct=0;ct<81;ct++)

{ movmem(pml,pm2,512); /* 384 is data still in bank1 */
pml = pml + 512;
pm2 = pm2 + 511+289;

}

movmem(pm1,pm2,464);

pml = pm1+464;

pm2 = pm2+464;

for(banker=3 ; banker<6 ; banker++)



{ setbankwrite(banker);
movmem(pm1,pm2,((banker-3)*64)+48);
pml = pml+((banker-3)*64)+48;
pm2 = pm2+((banker-3)*64)+47+289;
for(ct=0 ; ct<81 ; ct++)

{ movmem(pm!,pm2,512);

pml = pml+512;

pm2 = pm2+511+289;
}
movmem(pm1,pm2,(400-((banker-3)*64)));
pml = pm1+(400-((banker-3)*64));
pm2 = pm2+(400-((banker-3)*64));

}

banker = 6;

setbankwrite(banker);

movmem(pm1,pm2,240) ;

pml = pm1+240;

pm2 = pm2+239+289;

for(ct=0 ; ct<64 ; ct++)

{ movmem(pml,pm2,512);
pml = pml+512;
pm2 = pm2+511+289;

return;

void Open(char huge *po)
{! char huge *open;
unsigned int a,b;

char fileoname[20];



-

char Ibuf[512};

FILE

*oimage;

open = po-1;
Out_Text_XY(50,390,"Open filename : ");

gotoxy(23,25);

gets(fileoname);

Out_Text_XY(360,220,"Loading..");

if((oimage = fopen(fileoname,"rb")) == NULL)

{

else

Set_Color(0);

Out_Text_XY(360,240,"Loading..");

Set_Color(4);

Out_Text_XY(360,260,"File not found..");
Out_Text_XY(360,280,"press any key to continue.");
getch();

Set_Color(0);

Out_Text_XY(360,260,"File not found..");
Out_Text_XY(360,280,"press any key to continue.");
Set_Color(4);

fclose(oimage);

a=0;

fseek(oimage,0,SEEK_SET);

fread(lbuf,512,1,0image);

for(b=0 ; b<512 ; b++)

{ open = open + 1;
pokeb((FP_SEG(open)),(FP_OFF(open)),(lbuf[b]));

}

for(a=1 ; a<512 ; a++)

{ fseek(oimage,(unsigned long) a*512,SEEK_SET);,



fread(lbuf,512,1,0image);

for(b=1 ; b<513 ; b++)

{ open = open + 1;
pokeb((FP_SEG(open)),(FP_OFF(open)),(Ibuf{b-11));

}
fclose(oimage);
Set_Color(0);
Out_Text_XY(360,220,"Loading..");
Set_Color(15); .
Displayimage(po);
}
Set_Color(0);
Out_Text_XY(50,390,"Open filename :");
Set_Color(0);

return;

véid Save(char huge *ps)
{ char huge *save;
unsigned int a,b;
char filesname[20];
char sbuf{512];
FILE *simage;
save = ps-1;
Out_Text_XY(50,390,"Save file as : ");
gotoxy(23,25);
gets(filesname);
if((simage = fopen(filesname,"wb")) == NULL)
{ Out_Text_XY(450,220,"Error");



getch();
Set_Color(0);
Out_Text_XY (450,220, "Error");
Set_Color(0);
fclose(simage);
}
else
{ for(a=0 ; a<512 ; a++)
{ for(b=0 ; b<512 ; b++)
{ save = save + 1;

sbuf[b] = peekb((FP_SEG(save)),(FP_OFF(save)));
» ‘ }
fwrite(sbuf,512,1,simage);

}

fclose(simage);

}

Set_Color(0);
Out_Text_XY(50,390,"Save file as : ");
Set_Color(15);

return;

void Negative(char huge *pt)
{ char huge *pta;
int a,b;
pta = pt;
for(a=0;a<512;a++)
{ for(b=0;b<512;b++)
{ *pta = ((*ptatOxf)&0x3f);

pta = pta+l;



}
Displayimage(pt);

return;



VESA.C

#include<dos.h>
#include<bios.h>
sttuct MODEinfo({
unsigned ModeFlag;
char WinAflag;
) char WinBflag;
' unsigned WinGranularity;
* unsigned Winsize;
unsigned WinASegment;
unsigned WinBSegment;

void far (*WinFuncPtr)();

unsigned BPL;
unsigned xres;
' unsigned yres;
char Xcharsize;
char Ycharsize;
char Bitplane;
char Bitperpixel;
char Memblock;
char Memmodel;
char Blocksize;
}VESA _info;
struct VGAinfo{

char VESAsignature(4];

"’ char MajorVersion;
char MinorVersion;

void far *OEMstr;
long  reserved;

unsigned far *VideoModeList;



unsigned Banktotal;
char reserved2[242];

VESA;

int OLD_mode;

int OLD_bank = 0;
fong LinearVideoRAM,;
int VESA_mode;

int VESA _xline;

int VESA _page;

int VESA _frameread;
int VESA _bank;

int VESA_size;

#define VESA _framewrite 0

#define OK 1
#define ERR 0

int opengraph(int mode);

void closegraph(void);

int getbitperpix(void);
int getxres(void);
int getyres(void);
int getxline(void);
int getbanktotal(void);
int getbanksize(void);

int getbankoff(void);

void setbankread(int bank);



void setbankwrite(int bank);

void putpixel(int x,int y,int color);

void setdac(int index,int R,int G,int B);

#define directpixel(x,y,R,G,B)\(*Directpixel)(x,y,R,G,B)
void direct32k(int x,int y,int R,int G,int B);
void direct64k(int x,int y,int R.int G,int B);

yoid direct16m(int x,int y,int R,int G,int B);
/¥ pointer-to-function,write RGB data to VideoRAM */
void(*Directpixel)(int,int,int,int,int);

[¥* pointer-to-function
-->far-call bank routine */

void far (*setbank)(void);

/*********************************J‘/
int opengraph(int mode)

{

[*store old mode in OLD_mode*/

;OLD_mode = peekb(0,0x0449);

[*check VESA compatible*/
_ES=FP_SEG((void far *)&VESA);
_DI=FP_OFF((void far *)&VESA);
_AX=0x4100;

geninterrupt(0x10);



H

if(_AX!=0x4f)return ERR;/*VESA not supported*/

:ES=FP_SEG((void far ¥*)&VESA _info);
_DI=FP_OFF((void far *)&VESA _info);
_CX=mode;

_AX=0x4f01;

geninterrupt(0x10);

if(_AX!'=0x4f)return ERR;/*mode not supported*/
[*initial data*®/

VESA_mode = mode;
YESA_xline = VESA_info.BPL;
VESA _page = VESA_info.WinGranularity;

Frset shift value for putpixel*/

§witch(VESA__info.WinGranularity)

{
case 1:VESA_bank=10;

VESA _size=0x03ff;break;
case 2:VESA_bank=11;

VESA _size=0x07ff;break;
case 4:VESA_bank=12;

VESA _size=0x0fff;break;
case 8:VESA_bank=13;

VESA _size=0x1fff;break;



: case 16:VESA_bank=14;
VESA _size=0x3fff;break;

case 32:VESA_bank=15;

VESA _size=0x7fff;break;
case 64:VESA_bank=16;

VESA _size=0xffff;break;
default:return ERR;

}

+/*adjust to standard for some card*/
switch(VESA _mode)

{
case 0x110:
case 0x113:VESA _info Bitperpixel=15;

}

[*set pointer-to-function®/

*switch(VESA _info.Bitperpixel)
{
case 24 : Directpixel=direct16m;break;
i case 16 : Directpixel=direct64k;break;
case 15 :

default : Directpixel=direct32k;
}

setbank=VESA _info.WinFuncPtr;

/*set frame number for read*/

if(VESA _info.WinAflag&2)



VESA_frameread=0;
else

VESA _frameread=1;
/*open VESA mode*/
_BX=mode;

_AX=0X4{02;

geninterrupt(0X10);

if(_AX!=0x4f)return ERR;

/*can't open video mode*/

setbankwrite(0);
return OK;

)

void closegraph(void)

{

_AL=0OLD_mode;
[*restore old mode*/
_AH=0;
geninterrupt(0x10);

}

int getbitperpix(void)

{
return(int)VESA _info. Bitperpixel;
}

int getxres(void)

{

return VESA_info.xres;



}

int getyics(void)

{

return VESA _info.yres;
}

int getxline(void)

{

return VESA _info.BPL;

}

int getbanktotal(void)

{
retumm VESA .Banktotal;

}

int getbanksize(void)
{
return VESA _info.Winsize;

}

int getbankoff(void)
{
return VESA _info.WinGranularity;

}

void setbankread(int bank)
{
_DX=bank;
_BL=VESA_frameread;
_BH=0;



(*setbank)();
}

H

void setbankwrite(int bank)
{ .
_DX=bank;
_BL=VESA _framewrite;
_BH=0;

(*setbank)();
}

void setdac(int index,int R,int G,int B)
{
s [*set index*/

outportb(0x03c8,(unsigned char)index);

[*set 18 bid DAC*/
outportb(0x03c9,(unsigned char)R);
outportb(0x03c9,(unsigned char)G);
outportb(0x03c9,(unsigned char)B);
}

void putpixel(int x,int y,int color)
{
N if(OLD_bank!=
((LinearVideoRAM=(long)y*(long)VESA _xline+(long)x)>>VESA _bank))
setbankwrite(OLD_bank=LinearVideoRAM>>VESA _bank);

pokeb(VESA _info.WinASegment,LinearVideoRAM&VESA _size,(char)color);
}



void direct32k(int x,int y,int R,int G,int B)
{
if(OLD_bank!=
((LinearVideoRAM=(long)y*(long)VESA_xline+((long)x<<1))>>VESA_bank))
setbankwrite(OLD_bank=LinearVideoRAM>>VESA _bank);
poke(VESA _info.WinASegment,LinearVideoRAM&VESA _size,
(R&Oxf8)<<NI((G&Oxf8)<<2)I(B>>3));

void direct64k(int x,int y,int R,int G,int B)
{
if(OLD_bank!=
((LinearVideoRAM=(long)y*(long)VESA_xline+((long)x<<1))>>VESA__bank))
setbankwrite (OLD_bank=LinearVideoRAM>>VESA _bank);
poke(VESA_info.WinASegment,LinearVideoRAM&VESA__size,
((R&OxF8)<<8)I((G&O0xfc)<<3)(B>>3));

void directl6m(int x,int y,int R,int G,int B)
{

' if(OLD_bank!=

" ((LinearVideoRAM=(long)y*(long)VESA_xline+((long)x*3))>>VESA_bank))

setbankwrite(OLD_bank=LinearVideoRAM>>VESA _bank);

pokeb(VESA_info.WinASegment,L'mearVideoRAM&VESA_size,(char)B);
pokeb(VESA_info.WinASegment,(LinearVideoRAM&VESA_sizé)-i-l ,(char)G);
pokeb(VESA__info.WinASegment,(LinearVideoRAM&VESA_size)+2,(char)R);

}
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