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PP SEMICONDUCTORS,

ADVANCE INFORMATION

MV3506 A-LAW FILTER/CODEC
MV3507 u-LAW FILTER/CODEC

MV 3508 A-LAW FILTER/ICODEC WITH OPTIONAL SQUELCH

These devices are silicon gate CMOS Companding
Encoder/Decoder integrated circuits designed to implement
the per channel voice frequency Codecs used in PCM
systems. They contain the band-limiting filters and the analog
to digital conversion circuits that conform to the desired
transfer characteristic. The MV3506 and MV3508 provide the
European A-Law companding and the MV3507 provides the
North American p-Law companding characteristic. The
MV3508 has programmable squelch circuitry to reduce idle
channel noise.

These circuits provide the interface between the analog
signals of the subscriber loop and digital signals of the PCM
highway in a digital telephone switching system. The devices
operate from dual power supplies of £5V.

FEATURES

m  Low Power CMOS 80mW (Operating) 10mW (Standby)

m  Meets or Exceeds AT & T3, and CCITT G.711, G.712 and
G.733 Specifications

m Input Analog Filter Eliminates Need for External Anti-
aliasing Prefilter

m  Uncommitted Input and Output Op. Amps for
Programming Gain

m  Output Op. Amp Provides +3.1V into a 1200 Ohms Load
or can be Switched Off for Reduced Power (70mW)

m  Encoder has Dual-speed Auto-zero Loop for Fast
Acquisition on Power-up

m  Low Absolute Group Delay = 410 microseconds at 1 kHz
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Figure 1: Pin connection - top view
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MV3506/7/8

FUNCTIONAL DESCRLPTION

Fig.2 shows the simplified block diagram of the devices.
They contain independent circuitry for processing transmit and
receive signals. Switched capacitor filters provide the
necessary bandwidth limiting of voice signals in both
directions. Circuitry for coding and decoding operates on the
principle of successive approximation, using charge
redistribution in a binary weighted capacitor array to define
segments and a resistor chain to define steps.

TRANSMIT SECTION

Input analog signals first enter the chip at the uncommitted
op.amp. terminals (IN+ and IN- pins). This allows for the gain in
the system to be trimmed. From the V,y pin the signal enters a
second-order analog anti-aliasing filter. This filter eliminates
the need for any off-chip filtering as it provides attenuation of
34dB (typically) at 256kHz and 44dB (typically) at 512kHz.

The signal next enters the transmit filter, which is a fifth
order low-pass filter clocked at 256kHz, followed by a third
order high-pass filter clocked at 64kHz. The resulting
bandpass characteristics meet the CCITT specifications
G.711, G.712 and G.733. Some representative attenuations
are better than 26dB from 0 to 60Hz and better than 35dB from
4.6kHz to 100kHz.

The output of the transmit filter is sampled at the analog to
digital encoder by a capacitor array at the sampling rate of
8kHz. The successive approximation conversion process
requires about 72usec.

The 8-bit PCM data is clocked out by the transmit shift
clock which can vary from 64kHz to 2.048MHz in 8kHz steps
(see Figs. 3 and 4). A switched capacitor dual-speed, autozero
loop using a small non-critical external capacitor (0.1uF)
provides DC offset cancellation by integrating the sign bit of
the PCM data and feeding it back to the noninverting input of
the comparator.

Included in the circuitry of the MV3507 is ‘All Zero’ code
suppression so that negative input signal values between
decision values numbers 127 and 128 are encoded as
00000010. This prevents loss of repeater synchronisation by

DS1 (T1) line clock recovery circuitry as there are never
more than 15 consecutive zeros.

An additional feature of the MV3506/7 is a special circuit to
eliminate any transmitted idle channel noise during quiet
periods. When the input of these chips is-such that for 250ms
the only code words generated were +0, -0, +1 or -1, the output
word will be a +0. The steady +0 state prevents alternating sign
bits or LSB from toggling and thus results in a quieter signal at
the decoder. Upon detection of a different value, the output
resumes normal operation resetting the 250ms timer. This
feature is a form of idle Channel Noise ‘Squelch’ or ‘Crosstalk
Suppression’. It is of particular importance in the MV3506 A-
Law version because the A-Law transfer characteristic has
‘mid-riser’ bias which enhances low level signals from
crosstalk.

RECEIVE SECTION

A receive shift clock, variable between the frequencies of
64kHz and 2.048MHz clocks the PCM data into the input buffer
register once every sampling period (see Figs.5 and 6). A
charge proportional to the received PCM data word appears
on the decoder capacitor array of the digital to analog
converter. A sample and hold circuit, initialised to zro by a
narrow pulse at the beginning of each sampling period,
integrates the charge and holds it for the rest of the sampling
period .

The receive filter, consisting of a switched-capacitor
fiHhorder low-pass filter clocked at 256kHz, smooths the
sampled and held signal. It also performs the loss equalisation
to compensate for the sin(x)/x distortion due to the sampling.

The filter output (FLT OUT pin) is available for driving
electronic hybrids directly as long as the impedance is greater
than 20kQ. When used in this fashion the low impedance
output amp can be switched off for a considerable saving in
power consumption. When it is required to drive a 600Q load
the output amp allows gain trimming as well as impedance
matching.
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Figure 2: Functional block diagram (pin numbers for the MV3507A are in brackets)
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Figure 6: Receive alignment

TIMING REQUIREMENTS

The internal design of the devices paid careful attention to
the timing requirements of various systems. In North America,
central office and channel bank designs often follow the
American Telephone and Telegraph Company’'s T1 (DS1)
Carrier PCM format to multiplex 24 voice channels at a data
rate of 1.544M b/s. PABX designs, on the other hand, may use
their own multiplexing formats with different data rates.
Nevertheless, in digital telephone designs, Codecs may be
used in a non-multiplexed form with data rate as low as 64kbit/
s. The p-Law Codecs fulfil these requirements.

In Europe, telephone exchange and channel bank designs
often follow the CCITT carrier PCM format to multiplex 30
telephony channels at a data rate of 2.048Mbit/s. The A-Law
Codecs are designed for this market and will also handle
PABX and digital telephone applications.

The timing format chosen for the devices allows operation
in both multiplexed or non-multiplexed form with data rates
variable from 64kbit/s to 2.048Mbit/s. Use of separate internal
clocks for filters and for shifting of PCM input/output data
allows for this variation.

The devices do not require that the 8kHz transmit and
receive sampling strobes be exactly 8 bit periods wide. The
device has an internal bit counter that counts the number of
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data bits shifted. It is reset on the leading ( +ve) edges of the
strobe, forcing the PCM output into its high impedance state
after the 8th bit is shifted out. This allows the width of the
strobe signal to vary as long as its repetition rate is 8kHz and
the transmit and receive shift clocks are synchronised to it.

SYSTEM CLOCK

The basic timing is provided by the system clock which is
divided down internally to provide the various filter clocks and
the timing for the conversions. The transmit and receive
strobes and clocks must be locked to this clock so that the
PCM data matches the sample rates.
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MV3506/7/8

PIN DESCRIPTIONS

Symbol

Pin No..

3506/7/8

Pin name and description

TST/ISE

CLK SEL

T SHIFT

SYS CLK

T STROBE

PCM OUT

D GND
CAZ

R SHIFT

R STROBE

PCM IN

A GND

10

11

12

13

Test/Squelch Enable (Intemal Connection/Digital Input). This pin is an internal
test connection on the MV3506, MV3507 and it is the squelch

enable input on the MV3508.

On the MV3506/7 it should be left unconnected or connected to the A GND pin
via a capacitor for normal operation.

On the MV3508 it should be tied high to enable the squelch feature and it should
be left unconnected otherwise.

Clock Select (Three Level Input). This pin selects the proper divide ratios for a
256kHz, 1.544MHz or 2.048MHz system clock. The pin is tied to Vpp (+5V) for
2.048MHz operation, to D GND (0V) for 256kHz operation, and to Vgg (-5V) for
1.544MHz operation.

Transmit Shift Clock (Digital Input). This TTL compatible input shifts PCM data
out of the coder on the positive going edges after receiving a positive edge on the
T STROBE input. The clocking rate can vary from 64kHz to 2.048MHz.

System Clock (Digital Input). This pin is a TTL compatible input for either a
256kHz, 1.544MHz or a 2.048MHz clock that is divided down to provide the filter
clocks. The status of the CLK SEL pin must correspond to the provided clock
frequency.

Transmit Strobe (Digital Input with Pull-up). This TTL compatible pulse input
(typically 8kHz) is used for analog sampling and initiating the PCM output from the
coder. It must be synchronised with the T SHIFT and SYS CLK clocks with its
positive going edges occurring after the falling edges of these clocks. The width of
this signal is not critical. An internal bit counter generates the necessary timing for
PCM output.

PCM Out (Pull-down Output). This is a LS TTL compatible open-drain output. It is
active only during transmission of PCM output for 8-bit periods of the T SHIFT
clock signal following positive edge on the T STROBE input. Data is clocked out
by the positive edge on the T SHIFT clock into one 510Q pull-up per system plus 2
LS TTL inputs.

Digital Ground (Power Input). OV.

Auto Zero Capacitor (Reterence Node). A capacitor of 0.1uF (£20%) should be
connected between this pin and CAZ GND for coder auto zero operation. The sign bit
of the PCM data is integrated and fed back to the comparator for DC offset
cancellation.

Receive Shift Clock (Digital Input). This TTL compatible input shifts PCM data into
the decoder on the negative going edges after receiving a positive edge on the
R STROBE input. The clocking rate can vary from 64kHz to 2.048MHz.

Receive Strobe (Digital Input with Pull-up). This TTL compatible pulse input
(typically 8kHz) initiates clocking of PCM input data into the decoder. It must be
synchronised with the R SHIFT and SYS CLK clocks with its positive going edges
occurring after the falling edges of these clocks. The width of the signal is not
critical. An internal bit counter generates necessary timing for PCM input.

PCM In (Digital Input). This is a TTL compatible input for supplying PCM input
data to the decoder. Data is clocked in by the negative edge of the R SHIFT clock.

Negative Supply (Power Input). -5V.

Analog Ground (Reference Node). This is the ground reference node for analog
signals.
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PIN DESCRIPTIONS (continued)

MV3506/7/8

Symbol

Pin No..

3506/7/8

Pin name and description

CAZ GND

IN +, IN-

VIN

PDB

FLT OUT

OUT-

VOUT

14

15,16

17

18

19

20

21

22

Auto Zero Capacitor Ground (Reterence Node). A capacitor of 0.1uF (£20%)
should be connected between this pin and C,, for coder auto zero operation. The
sign bit of the PCM data is integrated and fed back to the comparator for DC offset
cancellation.

In Positive and Negative (Analog Voltage Inputs). These are the differential inputs
of a high input impedance op amp whose output is connected to the V,ypin. These
three pins allow the user complete control over the input stage so that it can be
connected as a fixed gain amplifier, as an amplifier with adjustable gain, or as a
differential input amplifier The adjustable gain configuration will facilitate
calibration of the transmit channel.

Input Voltage (Analog High-impedance Voltage Output). This is the output of a
high input impedance op amp whose differential inputs are the IN + and IN- pins.
This node feeds the rest of the analog input section.

Power Down Bar (Digital Input with Pull-up). This TTL compatible input, when
held low, puts the chip into the powered down mode regardless of strobes. The
chip will also power down if the strobes stop. The strobes can be high, low or
floating, but as long as they are static, the powered down mode is in effect.

Filter Out (Analog High-impedance Voltage Output). This is the output of the low
pass filter which represents the recreated analog signal from the received PCM
data words. The filter sample frequency of 256kHz is down 37dB at this point.

This is a high impedance output which can be used by itself or connected to the
output amplifier stage which has a low output impedance. It should not be loaded
by less than 20kQ.

Out Negative (Analog Voltage Input). This is the inverting input of the
uncommitted output amplifier stage, which has its non-inverting input connected
internally to ground and its output connected to VOUT. The signal at the FLT OUT
pin can be connected to this pin to realise a low output impedance with unity,
increased or reduced gain. This allows easy calibration of the receive channel.

If OUT- is connected directly to Vss then the op amp will be powered down,
reducing power consumption by 10mW typically.

Output Voltage (Analog Voltage Output). This is the output of the uncommitted
output amplifier stage, which has its inverting input connected to the OUT- pin
and its non-inverting input connected internally to ground. The signal at the

FLT OUT pin can be connected to OUT- to realise a low output impedance with
unity, increased or reduced gain. This allows easy calibration of the receive
channel. The Vg pin has the capability of driving 0dBm into a 600Q load (see
Fig.4) .

Positive Supply (Power Input). 5V.
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ELECTRICAL CHARACTERISTICS
Test conditions - Voltages are with respect to digital ground (Vpgnp)

Characteristic Symbol Value Units
Min. Typ.(1) Max.
Digital supply voltage Voo 4.75 5 5.25 Vv
Negative supply voltage Vss -5.25 -5 -4.75 \Y
Analog ground voltage VaGnD -0.1 0 0.1 Vv
Ambient temperature Vame 0 70 °C
Input low voltage - digital inputs Vi 0 0.4 0.8 \Y
Input high voltage - digital inputs Viy 2.0 2.4 Voo Y
System clock frequency
CLK SEL tied to Vpp fs 2047.90 2048 2048.10 kHz
CLK SEL tied to D GND 255.99 256 256.01
CLK SEL tied to Vgg 1549.92 1544 1544.08
Capacitive loading - digital outputs Cio 0 100 pF
Pull-up resistance for PCM OUT pin Rpy 510 Q
Analog input voltage Via Vaeno—3-1 Vacno 3.1 \%
Capacitive loading - analog outputs Cia 50 pF
Resistive loading - Vgyr pin Ryout 1200 Q
Resistive loading - V) pin Ruin 10 kQ
Resistive loading - FLT OUT pin Rritout 20 kQ
POWER SUPPLY REQUIREMENTS -V = 5V, Vgg = -5V
Characteristic Symbol Value Units Conditions
Min. Typ. Max.
Power dissipation - normal P 80 110 mwW Unloaded
Power dissipation - without Pwa 70 mwW Unloaded
output amp.
Power dissipation - standby Ps 10 20 mw Unloaded
STATIC CHARACTERISTICS - VOLTAGES ARE WITH RESPECT TO DIGITAL GROUND (Vpgnp)
Characteristic Symbol Value Units Conditions
Min. Typ. (1) Max.
Pin capacitance Con 7 15 pF
Input leakage current (I 1 HA 0<V<Vpp
Input source current - inputs Is 600 HA 0<V<Vpy
with pull-ups
Output high voltage Von 2.4 VDD \% | o4 (Source) = 40pA
Output low voltage VoL 0 0.4 Vv lor (Sink) = 1.6mA
Output leakage current lou 10 A 0<V<Vpp
Analog input resistance Ria 100 kQ
Analog output voltage Voa VaGND VaGND Y
-3.1 +3.1
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DIGITAL SWITCHING CHARACTERISTICS - SYSTEM CLOCK (SEE FIG.7)

Value
Characteristic Symbol Min. Typ. Max. Units Conditions
System clock rise time tsr 50 ns
System clock high period tsh 0.4/fs 0.6/fs S
System clock fall time tse 50 ns
System clock low period tsL 0.4/fs 0.6/fs S

¢ {sH } tsL
2.0V —— -
SYS CLK
- L J -
—>| tSrR I<— tsF

Figure 7: Timing - system clock

DIGITAL SWITCHING CHARACTERISTICS - RECEIVE STROBE AND CLOCK (SEE FIGS. 8 AND 9)

Characteristic Symbol Value Units Conditions
Min. Typ.(1)| Max.

Receive strobe frequency frs 7.99996 8.00004 | kHz Phase-locked with
system clock

Receive strobe falling set-up time trses 120 ns

Receive strobe early jitter trses 200 ns

Receive strobe late jitter trsL 100 ns

Receive strobe falling hold time trseH 220 ns

Receive clock frequency fre 63.9997 2048.01 | kHz Phase-locked with
receive strobe

Receive clock rise time trer 100 ns

Receive clock high period treH 0.4/f gc 0.6/fRC | s

Receive clock fall time trer 100 ns

Receive clock low period t reL 0.4/f ¢ 0.6/fRC | s

Receive clock early jitter trees 200 ns

Receive clock late jitter trsL 100 ns
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SYS CLK
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2.0V
R STROBE
0.8V

¢ (RSLJ
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";’;‘;’2’. EROEEKES
%

2.0v
R STROBE
0.8V
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RCEJ ﬂ

ReL L—»‘

trRCL
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Figure 9: Timing - receive clock

DIGITAL SWITCHING CHARACTERISTICS - RECEIVE DATA (SEE FIG.10)

Value
Characteristic Symbol Min. Typ.(1)| Max. Units Conditions
PCM input set-up time tris 60 ns
PCM input hold time o 60 ns

2.0V
R STROBE

0.8V

tpis tPIH

208 — /— —
R SHIFT
08V ——— /—— — —

2.0v
PCM IN BIT1 BITN
0.8V

Figure 10: Timing - receive data
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DIGITAL SWITCHING CHARACTERISTICS - TRANSMIT STROBE AND CLOCK (SEE FIGS.11 AND 12)

08V ——Hf——|-RK—
treL L—»‘

Characteristic Symbol Value Units Conditions
Min. Typ.(1)| Max.
Transmit strobe frequency frs 7.99996 | 8 8.00004 kHz Phase-locked with
system clock
Transmit strobe falling trses 120 ns
set-up time
Transmit strobe early jitter trses 200 ns
Transmit strobe late jitter trsuy 100 ns
Transmit strobe falling hold time trsen 220 ns
Transmit clock frequency fre 63.9997 2048.01 kHz Phase-locked with
transmit strobe
Transmit clock rise time trer 100 ns
Transmit clock high period tren 0.4/f;¢ 0.6/+¢ S
Transmit clock fall time tree 100 ns
Transmit clock low period trel 0.4/f7c 0.6/frc S
Transmit clock early jitter trees 200 ns
Transmit clock late jitter trew 100 ns
2.0V — —_—
SYS CLK
0.8V — — —/—
< trsLy tTSFH
tTSEs ‘
trsrs
KKK — REEERA KLLIKKIKK
TSTRoBE 0 T 382 83559 I35
0.8V 020,9:0,0.90 4 KRR
Figure 11: Timing - receive strobe
2.0V LREXZT
T STROBE Pl
0.8V 2SRRI
tTcr trcH treLd
tTcEs ﬂ
20— —
T SHIFT N SN

treL
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DIGITAL SWITCHING CHARACTERISTICS - TRANSMIT DATA (SEE FIG.13)

Value
Characteristic Symbol Min Typ (1) | Max Units Conditions
PCM output holt time tpon 0 50 ns
PCM output delay trop 100 150 ns

2.0v
T STROBE

0.8V 43

L

QRS
QRS

KK,

a%0s 0%

V4202055 %,

hal

2.0V
T SHIFT
0.8V
20v _\%_x - X V= — = p—
PCM OUT BIT1 BITS2TO 7‘ BITS
08V — | —|-N—— — | i P _
4% g%
- Sl Sl ke S e
tPOH tPOH tPOH tPOH
Figure 13: Timing - transmit data
ANALOG CHANNEL CHARACTERISTICS - FILTER DELAYS
Value
Characteristic Symbol | Min Typ.(1) Max. Units Conditions
Transmit filter delay trep 182 us 1kHz
Receive filter delay trep 110 us 1kHz
ANALOG CHANNEL CHARACTERISTICS - A-LAW
Characteristic Symbol Value Units Conditions
Min. Typ. (1) Max.
0dBmO level (see Note 2) 0dBMO | 5.3 5.8 6.3 dBm +5V, 25°C
Variation in 0dBmO level Dogamo -0.3 0 0.3 daB Over test conditions
Weighted idle channel noise ICNyy -85 -73 dBmOp CCITT G.712, 85.1
(see Note 3)

Single frequency ICNge -60 dBmO CCITT G.712, 85.2

idle channel noise
Weighted receive ICNwr -78 dBmOp CCITT G.712, 85.3

idle channel noise
Spurious out-band noise Nsos -30 dBmoO CCITT G.712,87.1
Spurious in-band noise Ngig -40 dBmoO CCITT G.712, 810
Two tone interdemodulation IMD,t -35 dBmO CCITT G.712, 88.1
Tone + power inter- IMD+p -49 dBmO CCITT G.712, 88.2

demodulation
Crosstalk attenuation between AX 75 80 dB CCITT G.712, 812
Viy and Vour

10
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ANALOG CHANNEL CHARACTERISTICS - p-LAW

Characteristic Symbol Value Units Conditions
Min. Typ. (1) Max.
0dBmO level (see Note 2) 0dBmO 5.3 5.8 6.3 dBm +5V, 25°C
Variation in 0dBmO level Dgamo -0.3 0 0.3 dB Over test conditions
Weighted idle channel noise ICNy 5 17 dBrncO | AT&T D3
(see Note 3)
Single frequency ICNge -60 dBmoO AT&T D3
idle channel noise
Weighted receive ICNwr 15 dBrncO | AT&T D3
idle channel noise
Spurious out-band noise Nsos -28 dBmoO AT&T D3
Spurious in-band noise Ngig -40 dBmoO AT&T D3
Two tone interdemodulation IMD, -35 dBmO AT&T D3
Tone + power inter- IMD+p -49 dBmO AT&T D3
demodulation
Crosstalk attenuation between AX 75 80 dB AT&T D3
Viv and Vour
NOTES

1.Typical figures are for design aid only They are not guaranteed and not subject to production testing
2. The typical 0dBmO level of 58dBm corresponds to an RMS voltage of 1.51V and a maximum coding level of 3.1V
3. The maximum value reduces to -68dBmOp without squelch (MV3508 with TST/SE pin unconnected)

ABSOLUTE MAXIMUM RATINGS

Exceeding these ratings may cause permanent damage.
Functional operation under these conditions is not implied.

Positive supply voltage Vpp -0.5V to +6.0V Voltage at digital or analog
Analog ground Vo -0.1V to +0.1V pins Vp Vgg -0.3V to Vpp +0.3V
Negative supply voltage Vgg -6.0V to +0 5V Package power dissipation P 1000mW
Storage temperature Ts -65°C to +150°C
O 5V
0.1n
22 18 ["T 14
Vi PDB CAZ GAZ GND
17 V|NDD T STROBE 5 <4-O 8kHz STROBE
16 IN- T SHIFT s 40O 2048kHz CLOCK
ANALOG 5] Nt pcM ouT [ »0 PCM OUTPUT
MV3506/7/8
191 Firour R STROBE | 10
20 9
OuUT- R SHIFT
AVAECS o0 21 vour pemin |2 <0 PCM INPUT
CLK SEL 2
SYS CLK 4
Vss AGND DGND TST/SE
12 13 7 J1
O DIGITAL GROUND
O ANALOG GROUND
O -5V

Figure 14: Simple application circuit
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GECPLESSEY
VY SEMICONDUCTORS |

HEADQUARTERS OPERATIONS
GEC PLESSEY SEMICONDUCTORS
Cheney Manor, Swindon,

Wiltshire SN2 2QW, United Kingdom.
Tel: (0793) 518000

Fax: (0793) 518411

GEC PLESSEY SEMICONDUCTORS
P.0.Box 660017,

1500 Green Hills Road,

Scotts Valley, California 95067-0017,
United States of America.

Tel (408) 438 2900

Fax: (408) 438 5576

CUSTOMER SERVICE CENTRES

+ FRANCE & BENELUX Les Ulis Cedex Tel: (1) 64 46 23 45 Fax: (1) 64 46 06 07
GERMANY Munich Tel: (089) 3609 06-0 Fax : (089) 3609 06-55

ITALY Milan Tel: (02) 66040867 Fax: (02) 66040993

JAPAN Tokyo Tel: (3) 5276-5501 Fax: (3) 5276-5510

NORTH AMERICA Integrated Circuits and Microwave Products, Scotts Valley, USA
Tel (408) 438 2900 Fax: (408) 438 7023.

Hybrid Products, Farmingdale, USA Tel (516) 293 8686 Fax: (516) 293 0061.
SOUTH EAST ASIA Singapore Tel: 2919291 Fax: 2916455

SWEDEN Johanneshov Tel: 46 8 702 97 70 Fax: 46 8 640 47 36

UK, EIRE, DENMARK, FINLAND & NORWAY

Swindon Tel: (0793) 518510 Fax : (0793) 518582

These are supported by Agents and Distributors in major countries world-wide.
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such information, product or service or for any infringement of patents or other intellectual property rights owned by third parties which may result from such application or
use. Neither the supply of such information or purchase of product or service conveys any license, either express or implied, under patents or other intellectual property rights
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order or contract nor to be regarded as a representation relating to the products or services concerned. The products, their specifications, services and other information
appearing in this publication are subject to change by Zarlink without notice. No warranty or guarantee express or implied is made regarding the capability, performance or
suitability of any product or service. Information concerning possible methods of use is provided as a guide only and does not constitute any guarantee that such methods of
use will be satisfactory in a specific piece of equipment. It is the user’s responsibility to fully determine the performance and suitability of any equipment using such
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