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VAD 2150

Development Sample Data

Video A/D Converter

1. Introduction

l.1. General Description

The VAD 2150 is a fast 7-bit A/D converter of the flash type, manu-
factured in CI technology (CI = collector implanted) and housed in
an 18-pin Dil plastic package. It mainly consists of 127 fast com-
parators and is primarily intended for the A/D conversion of the
video signal for the second channel in the picture-in-picture sys-
tem, based on the DIGIT 2000 digital TV concept. The VAD 2150 can
also be used in other applications which call for a low-cost high-
speed A/D converter, as TV scramblers, digital Teletext decoders,
video memory applications, D2-MAC DBS satellite receivers etc.
1.2. Features

The main features of the VAD 2150 Video A/D Converter are:

~ 7-bit flash A/D conversion

- no external sample and hold required

- high-speed operation: 20 MHz

= full compatability with the DIGIT 2000 system

- output word Gray-coded

— two analog inputs with different amplitudes selectable

- sensitivity of inputs can be doubled

- 1/2 LSB reference toggling
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Fig. 1-1: Picture-in-picture block diagram
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1.3. Environment

In Fig. 1-1, there is shown the block diagram of the video section
of a digital TV receiver according to the DIGIT 2000 concept, which
is equipped with the picture-in-picture facility. Besides the al-
ready known ICs for the main picture, there is the section for the
small secondary picture in the lower half of this figure. This sec-
tion is composed of the VAD 2150 Video A/D Converter, the VSP 2850
Video/Sync Processor, optionally the SPU 2220 SECAM Processor, the
PIP 2250 Picture-In-Picture Processor and two DRAMs, 16 K x 4 each.

2. Specifications

2.1. Outline Dimensions
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Fig. 2-1:

VAD 2150 in 18-pin Dil
Plastic Package, 28 A 18
according to DIN 41 870

Weight approx. 1.4 g
Dimensions in mm
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2.2. Pin Connections

1 Ground of Digital Supply 10 SV Video Select Input

2 VSUPI Digital Supply Voltage 11 UH Undelayed Horizontal
Blanking Pulse Input

3 V0 Video Output (LSB) 12 ATA Analog Input A

4 V1 Video Output 13 Analog Supply Voltage,

\Y
R%%g%ence Voltage Low-End
Capacitor Pin

.5 V2 Video Output 14 VSUPZ Analog Supply Voltage

6 V3 Video Output 15 Refergnce Vpltage High-End
Capacitor Pin

7 V4 Video Output l6 AIB Analog Input B

8 V5 Video Output 17 Ground of Analog Supply

9 V6 Video Output (MSB) 18 AM Main Clock Input
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2.3. Pin Descriptions

Pins 1 and 2 - Digital Power Supply

Via these pins, the digital part of the VAD 2150 is supplied. Usu-
ally, pin 1 is the ground of the digital circuitry at the video
outputs of the VAD and of the digital control circuitry, e.g. clock
generator etc.

Pins 3 to 9 - Digital Video Outputs (Fig. 2-5)
The push-pull outputs at these pins supply the digital output word
of the A/D converter in the Gray code.

Pin 10 - SV Video Select Input (Fig. 2-3)
Low level at this digital input activates the AIA analog input A
{(pin 12). High level selects the AIB analog input B (pin 16)

Pin 11 - UH Undelayed Horizontal Blanking Pulse Input (Fig. 2-3)
When using the gain doubling facility during the horizontal blank-
ing interval, the horizontal blanking pulse must be supplied to

pin 11. The UH signal must be Low during the blanking time and High
during the active line. Because of the pseudo eight-bit operation,
the LH transition of UH will toggle the the reference voltage of
the A/D converter. If unused, pin 11 must be connected to VSUPl
(pin 2).

Pins 12 and 16 - AIA and AIB Analog Inputs A and B (Fig. 2-2)
The analog input voltages to be converted into digital are fed to
the VAD 2150 via these pins. A simple external clamping circuit is
described in the data sheet of the DPU 2543 Deflection Processor.
If one of the two analog inputs is permanently not used, it should
be connected to analog ground.

Pins 13, 14 and 17 - Analog Power Supply

The analog sections of the VAD 2150 are supplied via these pins.
Care should be taken to keep away noise and distortions generated
by digital circuits. The lower end of the internal reference re-
sistor chain is internally connected to the analog supply voltage
pin 13. Due to this reason, pins 13 and 17 must be linked via a de-
coupling capacitor of sufficient capacity. The analog ground pin 17
is the reference point for the analog input voltages.

Pin 15 - Reference Voltage High-End Capacitor Pin

This pin is connected to the internally-stabilized reference volt-—
age of the A/D converters which is derived from the V 5 supply
of pin 14. Pin 15 must be connected via a decoupling Capacitor to
the lower end of the internal reference resistor chain, which is
pin 13.

Pin 18 - @M Main Clock Input (Pin 2-4)

To this pin must be connected the system clock which may originate
from an MCU 2600 or MCU 2632 Clock Generator, the VSP 2850 Video/
Sync Processor or from a TTL or CMOS compatible output.
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2.4. Pin Circuits

The following figures schematically show the circuitry at the vari-

ous pins.
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Fig. 2-2:

Input Pins 12 and 16
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Fig. 2-3:
Input Pins 10 and 11
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Input Pin 18
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Fig. 2-5:
Output Pins 3 to 9
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2.5. Electrical Characteristics
All voltages are referred to ground.
2.5.1. Absolute Maximum Ratings
Symbol | Parameter Pin No. Min. Max . Unit
TA Ambient Operating - 0 65 °c
Temperature
TS Storage Temperature | - -49 +125 °c
VSUPl Supply Voltage 2, 13 - 6 v
VSUPZ Supply Voltage 14 - 15 Vv
Y #M Main Clock 18 0 Y -
oM I Input .Voltage SUPL
V, SV Video Select 10 0 Y -
SVI Input Voltage SUP1
Y UH Undelayed Hori- 11 0 v -
UHI zontal Blanking SUPL
Pulse Input Voltage
Y Analog Input 12, 16 4 8 Vv
AT
Voltage
IVO Video Output 3 to 9 ~4 +4 mA
Current
2.5.2, Recommendgd Operating Conditions
at TA =0 to 65 ~C, ng =5 to 20 MHz
Symbol | Parameter Pin No. Min. Typ. Max. Unit
VSUPl Supply Voltage 2, 13 4.75 5.0 5.25 Y
VSUP2 Supply Voltage 14 11 12 14 \Y
\Y #M Main Clock Input | 18 1.5 - 3.5 Y/
@M IDC D.C. Voltage
\Y #M Main Clock Input 0.8 - 2.5 \Y%
MIA
g ¢ A.C. Voltage (p-p)
ton1n #M Main Clock Input 0.9 1.0 1.1 -
High/Low Ratio
tﬂMIL

P 4 Re
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)




VAD 2150

Recommended Operating Conditions, continued

Symbol | Parameter Pin No. Min. Typ . Max. Unit
t M Main Clock Input | 18 - - 0.15 -
PMIHL High to Low fﬂM
Transition Time
\' Analog Input A 12 - 2 - \
AIAPP Peak-to-Peak Voltage
\Y% Analog Input A 5.0 - 7.0 Y
AIAR Voltage Range
\% Analog Input B 16 - 1 - \Y%
AIBPP Peak-to-Peak Voltage
\ Analog Input B 5.0 - 6.0 Y
AIBR Voltage Range
VSVIL SV Video Select 10 - - 0.8 v
Input Low Voltage
VSVIH SV Vldeq Select 2.0 - - v
Input High Voltage
VUHIL UH Undelayed Hori- 11 - - 0.8 Y
zontal Blanking
Pulse Input
Low Voltage
VUHIH UH Undelayed Hori- 2.0 - - \%
zontal Blanking
Pulse Input
High Voltage
CRLH Reference Voltage 15, 13 - 0.1 - MF
High—-End ceramic and
Decoupling Capacitor - | 10 - pF
electrolytic
C Reference Voltage 13, 17 - l 0.1 - KF
RVL .
Low-End ceramic and
Decoupling Capacitor] - | 10 - MF
electrolytic
CSV Supply Voltage 14, 17 - | 0.1 - HuF
Decoupling Capacitoq ceramic and
- | 10 - pF
electrolytic
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2.5.3. Characteristics

O
at T, = 0 to 65 "C, V = 4.75 to 5.25 VvV, V 11 to 14 v,
SUP1 SUP2
£ = 5 to 20 MHz
M
Symbol Parameter Pin No. Min. Typ - Max. Unit Test Conditions
ISUPl Supply Current 2 + 13 - 25 - mA
ISUPZ Supply Current 14 - 55 - mA
IAIDC Analog Input 12, 16 - 4.0 - HA Var = 5 to 7V
D.C. Current
CAI Analog Input - 10 - pF
Capacitance
-1 SV Video Select 10 - 50 - HA v =0
SVIL Input Low Current SVI
—IUHIL UH Undelayed.Hori— 11 - 50 - PA Vout = 0
zontal Blanking
Pulse Input
Low Current
v, Video Output 3 to 9 - - 2.0 \Y I =1 mA
VoL Low Voltage Vo
v, Video Output 3.0 - - \Y -1 = 1 mA
VOH High Voltage vo
tVOT Video.Ogtput. - 10 - ns
Transition Time
t Video Output Hold 3 to 9, 15 - 30 ns
BMVOH Time after gM 18
Main Clock Input
HL Transition
VRA RA Upper Reference | 15 6.8 7.0 7.2 \
Potential for
Analog Input A
A" Lower Reference 13 - \Y - -
RL Potential SUP1
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2.5.4. Performance Characteristics

at T. =0

£ 25 o 20 MHz

oM

o
to 65 7C, VSUPl

=4.75 to 5.25 V, V

supP2 ~

11

to 14 v,

Symbol| Parameter

Min.

Typ-.

Max.

Unit

NLD

Differential Non-Linearity -

LSB

NLI

Integral Non-Linearity

oe

BWldB

Bandwidth, -1dB

20

MHz

CR

Conversion Rate

22

MHz

AJd

Aperture Jitter

ps

PED

Differential Phase Error

deg

Output Cod

e

Analog In

Voltage Pin 12 Voltage Pin 16

put Analog Input

Digital Output Word

Gray-coded

(Pin 11 High)

5.000 000
5.015 625
5.031 250
5.046 875
5.062 500

6.984 375
7.000 000

.000 60O
.007 812
.015 625
.023 437
.031 250
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2.5.5. Waveforms
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Data valid

Data Valid

Fig. 2-6:

Clock/data
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3. Functional Description

The fastest method of analog-to-digital conversion is by means of
the so-called flash converter. A flash converter is made up of a
number of comparators whose non-inverting inputs are connected in
parallel to the input signal, and the inverting inputs are supplied
with increasing reference potentials generated by a reference volt-
age divider (resistor.chain). In the case of the VAD 2150, which is
a 7-bit converter, 2’ = 127 comparators are assembled on the same
chip (see Fig. 3-1). These comparators are sampled periodically,
and their output signals give a thermometer-coded digital data word
which is latched for further processing.

Following the latch is the code converter, which converts the ther-
mometer code into the Gray code which ensures compatibility with
the DIGIT 2000 system and improves the analog electrical character-
istics. For some applications a simple-binary coded output word may
be of advantage. In this case, the code conversion can be accom-
plished with an external PROM table.

Usually, a clamping circuit is required for the digitization of vi-
deo signals. The VAD 2150 uses the method known from the DIGIT 2000
digital TV system and described in the DPU 2543 data sheet. The two
input amplifiers following the analog inputs A and B have a low in-
put capacitance which simplifies the analog driving circuit. Two
different inputs are provided for selecting one of two different
signal sources. The analog input B can be used for standard signals
with 1 V amplitude, whereas analog input A requires double this
voltage (2 V p-p). A High level at pin 10 "SV Video Select Input”
activates input B, a low level activates input A.

VUARD 2150

15 .
T lur‘efﬂ
TRt S : Latch Thermo-—
U2 127 |Stages meter
Analog Code
Input A > Uy va to US
ta2 " P 126 Urdeo
4 . Output | Outputs
E e Buffer [—7»
Ux2 Stages 4
Analog —
Input B
g | y=n 1,2 z
16 LSB
Gray
Cod
U2 1 A ode
A
T
|
FF N Clock
> T Buffer
18 [ I%1 13 17 "{14 Im 1I Iz
SV UH +S VU GND +12 vV aM GND +5 VU

Fig. 3-1: VAD 2150 Block diagram
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During the horizontal blanking time, it can be useful to double the
video amplitude internally for increased resolution of the color
subcarrier burst and sync pulse. This will improve the function of
digital synchronization circuits. The horizontal blanking pulse
(active Low) must be supplied externally to the "UH Undelayed Hori-
zontal Blanking Pulse Input" pin 11 (normally by the VSP 2850 Video
Sync Processor). If this option is not used, High level should be
applied to pin 11.

A further option with the input circuitry is the pseudo 8-bit mode
known from the DIGIT 2000 system. In connection with digital pro-
cessing algorithms, it is used to increase the amplitude resolution
of the video A/D conversion. The reference voltage of the A/D con-
verter is different for odd and even lines by half an LSB. There is
a flipflop toggled by the trailing edge of the horizontal blanking
pulse, which is applied to the UH input pin 11.

The analog and the digital sections of the VAD 2150 Video A/D Con-
verter have separate power supply pins to achieve a good decoupling
between the analog and the digital circuitry.
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