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THIRD DOMAIN INC. VSM-912
VIDEO SWITCH/MULTIPLEXER

<< Engineering Data >>

DESCRIPTION: The VSM-912 consists of four 1identical, independent

SPST, analog switch sections with independent control inputs. Single

on-off switching, 4-input multiplex switching or dual, high isolation

switching can be accompolished with the -912. Although designed for

use with an operational amplifier, the VSM-9812 can stand alone. Low ON
resistance permits use for switching unbuffered video signals.

The sections of the -912 can be used independently, in a TEE-configu-
ration for high isolation or with an operational amplifier in a mod -
ified TEE-configuration for two-channel, high-isolation switching. The
ON-resistance is a low 20-30 ohm nominal and relatively constant over
standard video signal amplitudes.

Operation on +/-5 Volt Power supplies with standard TTL and CMOS con-
trol input compatibility make the VSM-812 useful in simple video sys-
tem designs.

Switching time for the -812 is sub-pixel for high-resolution, 30 MH:z
video bandwidth systems.

FEATURES: % COMPATIBLE WITH ALL VIDEO FORMATS
* USE WITH OR WITHOUT OP AMPS
# TTL/CMOS CONTROL. COMPATIBLE
* +/- 5 VOLT OPERATION
# 10 NANOSECOND SUB-PIXEL SWITCHING SPEED
* 140 MHz VIDEO BANDWIDTH

* 35 OHMS ON RESISTANCE

BLOCK DIAGRAM:
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O Level Translator &
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V5M-912

ABSOLUTE MAXIMUM RATINGS:

Positive Supply Voltage (Pin 14 to Pin 8) +7 Volts

Negative Supply Voltage (Pin 9 to Pin 8) -7 Volts

Video Signal Voltage (Pins 1-4,10-13) [+VS5+0.5] Volts
(-VS-0.51 Volts

Control Input Voltage (Pins 5,6,14,15) -0.7 to [+VS+0.5] Volits

Current Through Switch (ie, Pins 1 to 2) +/- 20 Milliamps

Input Protect Diode Current (Pins 1-6,10-15) +/- 20 Milliamps

Operating Temperature Range -CN 0 C to +70 C
Storage Temperature Range -65 C to +150 C
Lead Temperature (Soldering, 10 Seconds) +300 C

Note: Absolute maximum ratings are those voltage, current and tempera-
ture levels above which permanent damage may result. Consult the
Specifications and the Pin Description sections of this data
sheet for conditions for normal cperation.

PIN CONNECTIONS: TRUTH TABLE:

SW A +VS fmmmom lmmmmmm e |

SW A Control A ; t : i : Ogg :

SW B Control C ! H ! X ! OFF !

SW B swc T
Control B Sw C
Control D SW D
Enable SW D
Digital Common -VsS

PART NUMBER
Order:
VSEM-912-CN Commercial Plastic DIP 0 C to + 70 C

<
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VSM-912

Control Input = l l

Switch output
driving 75 ohm
load resistance.

Switch Output = ]
b |

[Switch Input 1818

connected to T

common. ] Peak-to-Peak amplitude due to charge
coupling from control drive to the
switch devices. Typically 1.3 pC for
an amplitude of 20 mV peak-to-peak
in typical applications. Total time
width of each output glitch is typically
less than 4 nanoseconds at the 30% of
peak amplitude points.

APPLICATIONS:

There are several ways to connect the various sections of the VSM-912
to obtain the most effective use i1n specific applications.

The simple application does not use operational amplifiers. The -912
1s used as a simple multiplexer:

[ ]
)
5 TR
The ‘inputs can INPUT #1 D— e——" l,'.l' ".'_D OUTPUT

be driven from R

a variety of o

sources. If .

the source re- i Choose Ro for a 75 ohm output resistance.
sistance is INPUT #2 D'— — Ro = Rs - 35 where Rs is the source re-
lower than 40 sistance at the input. 35 is the nominal
ohms, Ro >0 resistance of the VSM-912 switch. If the
ohms will be 5 inputs are from VOA-901 operatic?nal amp—
necessary for INPUT #3 D.__'-— lifiers, Ro will be 10 ohms typically.

a 75 ohm out- :

put source F_D COMMON

resistance. '-" I

3
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For increased isolation and constant load conditions on the signal sources, the following cir-
cuit is useful. The OFF switch closes a path to common, maintaining a terminated state for
the input signal source (not shown are closed or ON state switches).

10 ohms .
L] L]
INPUT #1 D—". "—-—D OUTPUT

HR IR TR IR I IR 338 ¢ 1 I
* #*
4OUTPUT A B C D « . . Output source resistance is 75 ohms
*  #1 ON OFF OFF ON : BY% o+ . assuming the inputs are driven from
: #2 OFF ON ON OFF & L""-{"". : operational amplifier outputs such
36363436 3464 HEH B0 4090 JESE I S0 75 ohms as VOA-90l1s.

10 ohms Input resistance is 150 ohms for a

: load resistance of 75 ohms.

The table above shows the switch ! COMMON
states for either input selection. Dt o

This assumes the EN input is low. N

If it is high, all four switches are 75 ohms —

OFF as shown in the diagram. -

Using the four individual switches of the VSM-912 with an operational amplifier such as the
VOA-901, a 4—input multiplexer can be constructed. Isolation between ON and OFF channels
is 36 dB at the color subcarrier frequency of 3.58 MHz and rises 6 dB/Octave.

]
[ ]
A
INPUT #1 | oy s, o gy, £, ey
T i i - .o v Output source resistance of this
he input resistance 1k Ohms 1k Ohms - S .
of this circuit var- circuit is typically 30 ohms.

ies from lk ohm for

a selected input to A& .'-‘
over 1000 Megohm INPUT #2 D- R

for an unselected 1k Ohms - OUTPUT
input. .".10
v C - HH IR H KRR
If a constant input  ypyr #3 LA N Tl | V0A-901 ~ OUTPUT A B C D %
resistance is de- o ®  #1 ON OFF OFF OFF *
511‘Ped, aﬁ additional 1k Chms I : #2 OFF ON OFF OFF :
TEE configuration & 4 _wD - x4 O OFF orr oON =
™~ *
can be used as INPUT #4 D' .f-,-' "-,l— I***ﬁi*****255**955**955**%***
shown below. 1k Ohms Table assumes EN input is low.

Voltage gain of this stage is approximately -0.97 due to the switch resistance. A more
accurate gain stage can be built by placing on switch element in series with the feedback
resistance and turning it ON at all times. This limits the circuit above to 3 inputs.

Including a single switch in the feedback path also improves differential gain error. The
VSM-912 has an ON resistance variation of 3 ohms typically with video signal amplitude. This
is 3 ohms out of a total of 1035 ohms or 0.29% differential gain error. If a switch were in-
cluded in the feedback path as discussed, the differential gain error drops to a level de-
termined by the matching of the ON resistance variation, which is typically 0.3 ohms or a
differential gain error of 0.037%.
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VSM-912

PINS (1,4,10,131 Switch contact signal i1nput port. The connection
1s to the equivalent of a drain of an N-channel
MOSFET and a P-channel MOSFET device constructed
with geometric symmetry. The N and P MOSFET device
gates have complimentary ontrol drive that turns
both MOSFET devices ON or OFF. The substrates of
both devices are biased in such a manner as to
minimize variations in the ON resistance with
varying signal amplitude or polarity.

PINS (2,3,11,12) Switch contact output port. The connection 1s to
the equivalent of a source of an N-channel and a P
channel MOSFET device comprising the switch
contacts.

PINS [5,6,14,151] Control input to the equivalent of an AND gate.
The control ainput 1s ANDed with the Chip Enable
input before passing to the MOSFET Gate Drive cir-
cuits. The logic level at these pins determines
the ON or OFF state of each switch.

PIN [71 EN 1s the common Chip Enable input. It 1s an in-
verter input. When this input level is low, there
1s normal operation of the four switches. A high
level forces all four switches into their OFF
state.

PIN [81 COMMON 1s the digital common for the logic control
input section. IL must be connected to the digital
CORMOnN .

PIN [91 -VS 1s the negative power supply terminal. It
should be bypassed within 3 inches of the package.
Use a 0.1 uF or a 1 uF capacitor. This voltage

provides the negative bias for the switches.

PIN [16] +V5 is the positive power supply terminal, digital
logic control power and positive bias for the
switches. It should be bypassed with a 0.1 uF or
1 uF capacitor within 3 inches of the package.

TYPICAL CHARACTERISTICS:

Control Input = H H
1
Switch Qutput = :t ’ h Switch output
[ ] ]

driving 75 ohm load
1 8 | 2

s P resistance.
[Switch input 8 nS q h q P 10 nS
connected to

+5 V. ] [Time scale not drawn to scale]

s
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VSM-912

SPECIFICATIONS:

+VS = +5 Volts, -VS

-5 Volts, TA = +25 C unless otherwise specified.

Parameter Condition Min Typ Max Units
SWITCH
ON Resistance . 35 50 Ohms
OFF Resistance 100M 1G Ohms
ON Res Variation Note 1 3 Ohms
ON Matching R S Ohns
ON Leakage Note 2 10 NanoAmps
OFF Leakage Note 3 10 NanoAmps
ON Capacitance Note 4 15 PicoFarads
OFF Capacitance Note S 5 PicoFarads
Sig Prop Delay Note 6 3 NanoSeconds
Sig Isolation Note 7 80 100 dB
Sig Isolation Note 8 30 36 dB
Sig Isolation Note 9 70 80 dB
CONTROL .
High Level V +3.2 Volts
Low Level V +0.9 Volts
High Level 1 VvC = +3.2V 0.1 MicroAmps
Low Levei 1 VvC = +0.4V 0.1 MicroAmps
Turn On Time 5 25 NanoSeconds
Turn Off Time S 25 NanoSeconds
Ctrl Isolation Note 10 60 80 dB
Input Capacitance 5 PicoFarads
POWER
+VS Voltage Range +4.5 +5.0 +7.0 Volts
-VS Voltage Range -3.0 -5.0 -7.0 Volts
Quiescent Current Fc = 1kHz 1.0 3.0 MilliAmps
Device Current Note 11 0.6 mA /MHz

1

2 - Leakage Current from the ON switch to the Substrate.

3 - Leakage Current from the input to the ocutput of an OFF-
state switch.

4 - Capacitance between an ON switch and the substrate.

S - Capacitance between the input and output of an OFF-state
switch.

6 - Delay time from input to output of an ON switch.

7 - Isolation from a signal i1nput to an OFF switch to the

ocoutput of an ON switch, at 1kHz.
8 - Same as Note 7 but at 3.579 MH=z.

9 - Isolation from a signal input to an OFF TEE-configured
switch to the output of an ON switch, at 3.579 MHz.

10 - Isolation from a Control i1input level change to the output
of an ON switch.

11 - Power supply current due to the switching frequency, Fc,

at the control input.
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VSM-912

Isolation can be improved by using additional switch elements in TEE and modified TEE con-
figurations. The simple switch arrangement on the previous page is suitable for monochrome
and RGB video systems. NTSC video requires additional isolation such as provided by the
following circuit.

:*************************?****: The Truth table shows the switch states for the two
# OUTPUT A B C D input selections. This assumes that the EN input is
* * ow.

# #1 ON OFF OFF ON =«

: #2 OFF ON ON OFF : Isolation in the circuit is typically 67 dB at the
363636303006 3630 IEIE I S0 TSI IO S I IEX color subcarrier frequency of 3.58 MHz. The is

suitable for 9 or 10 bit digitizing of NTSC signals.

Another interesting feature of this circuit is the constant input resistance of 1035 ohms,
nominally, regardless of input selection.

Comments regarding the placement of a switch element in the feedback path to improve dif-
ferential gain error applies to this circuit as well.

.l

INPUT #1 &'.lll .l'.'l. . .'A— —‘.ll Il'll
INput resistance is a 1kl0h£' 1k Ohms
constant lk Ohms. If
75 ohms is required,
an 82 ohm resistor to
common from each input
will be required.

Output source resistance from
this circuit is typically 30
ohms at video frequencies.

J.-
s| =10 OUTPUT

C -
INPUT #2 [T, %, g e V04-901
1

1k Ohm

i

—

1] =

The input TEE switch configuration consists of the input lk ohm resistor plus the two switch
elements. Additional isolation is realized by placing a series switch at the lk ohm resistor.
This additional switch has the same state as the switch at the op amp summing junction (sw A
or C). The additional switch offers an increase in isolation to 85 dB at 3.58 MHz.

The isolation deteriorates with increasing frequency due to the capacitance associated with
the OFF state switch. For video bandwidths in excess of 10 MHz, a configuration as shown on
the next page is suggested.

Layout and signal routing is important for .good isolation at the higher frequencies. Keeping

the digital control lines physically away from the signal lines is another help in reducing
glitches at time of switch selection changes.

=
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VSM-912

A modified TEE or compounded TEE configuration is shown below. The isolation afforded by this
arrangement is greater than 100 dB at the color subcarrier frequency of 3.58 MHz. At a video.
frequency of 30 MHz, isolation is still over 100 dB with proper layout and over 80 dB under
most layout conditions.

Using a ground plane is essential and stripline techniques are suggested for high video fre-
quencies. : .

This circuit maintains a constant input impedance regardless of which input is selected. There
is a small difference of 1070 to 1035 ohms. If input termination resistors are used (82 ohms

to common from each input) then the input resistance is 76.16 ohms for selected input and 75.99
[ ] [ ]

S, OUTPUT
1k Ohm , | '
My
[ | [ |
- -

SEIEIEHE I HEIE HE I3 2 FEIE SN I I I I TN

ohms for the unselected input. t, QUTPUT A B C D E F G H :

. . . ¥* #1 ON ON OFF OFF OFF OFF ON ON i
The Differential Ga1§ error ?an : #2 OFF OFF ON ON ON ON OFF OFF ¥
be corrected by placing 2 switch 3636330 3096 036 230336 29 S0 303 H6 303636 3636 3030 33 JIE 656 T3 36 JE06 3 I ST A

elements in series with the 1k Ohm
feedback resistor.

PACKAGE OUTLINE:

m____ . 767
y ~ Tab 1 - -
| jrome T4
' annnaon —_
N m e 3
't
~ - ~ 243
) -2
s Y JuUuuuay
> oz an -6 on
' 1t —— = ' =0 ST
ose ¥ L 1 b Ty
[ * q"ﬁqﬁ &¥ l“) _ m'ull
012 I T )
+ 1z ¥ -1 ——fo 222 420
: b o m' ; 28 o0 o008 — 7%
N kR R = I R
-— 0 012-—= Mern 100 oS

Tye

16 PIN MOLDED PLASTIC DIP 16 PIN CERAMIC CAVITY DIP

THIRD DOMAIN INC.
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