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DRV13x Audio-Balanced Line Drivers
1 Features 3 Description

Balanced Output

Low Distortion: 0.0005% at f = 1 kHz
Wide Output Swing: 17Vrms into 600 Q
High Capacitive Load Drive

High Slew Rate: 15 V/ps

Wide Supply Range: +4.5 V to £18 V
Low Quiescent Current: £5.2 mA

8-Pin DIP, SO-8, and SOL-16 Packages

Companion to Audio Differential Line Receivers:
INA134 and INA137

Improved Replacement for SSM2142

Applications

Audio Differential Line Drivers
Audio Mix Consoles

Distribution Amplifiers

Graphic and Parametric Equalizers
Dynamic Range Processors

Digital Effects Processors
Telecom Systems

Hi-Fi Equipment

Industrial Instrumentation

Simplified Schematic

The DRV134 and DRV135 are differential output
amplifiers that convert a single-ended input to a
balanced output pair. These balanced audio drivers
consist of high performance op amps with on-chip
precision resistors. They are fully specified for high
performance audio applications and have excellent ac
specifications, including low distortion (0.0005% at 1
kHz) and high slew rate (15 V/us).

The on-chip resistors are laser-trimmed for accurate
gain and optimum output common-mode rejection.
Wide output voltage swing and high output drive
capability allow use in a wide variety of demanding
applications. They easily drive the large capacitive
loads associated with long audio cables. Used in
combination with the INA134 or INA137 differential
receivers, they offer a complete solution for
transmitting analog audio signals without degradation.

The DRV134 is available in 8-pin DIP and SOL-16
surface-mount packages. The DRV135 comes in a
space-saving SO-8 surface-mount package. Both are
specified for operation over the extended industrial
temperature range, —40°C to +85°C and operate from
—55°C to +125°C.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
DRV134 SOIC (16) 10.30 mm x 7.50 mm
DRV135 SoIC (8) 4.90 mm x 3.91 mm

(1) For all available packages, see the orderable addendum at
the end of the datasheet.

Gnd

Al resistors 30kQ unless otherwise indicated.

!
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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6 Pin Configuration and Functions

Top View 8-Pin DIP/SO-8 Top View SOL-16
O
o [1] o]
—Sense IZ ZI +Sense

o [3 14] +vo

Gnd IZ EI V+

—Sense IZ EI +Sense

w [« B
w o o] -
o [7] o] v
NG [ 8 | o] ne

NOTE: NC - No internal connection
Pin Functions
PIN
110 DESCRIPTION
NAME DIP-8 and SO-8 SOL-16
Gnd 3 5 - Ground
+Sense 7 13 | Sensing, non-inverting input
—Sense 2 4 | Sensing, inverting input
V+ 6 12 - Positive supply
V- 5 11 - Negative supply
ViNn 4 | Input
-V, 1 (0] Inverted, balanced differential output
+Vq 8 14 (0] Balanced differential output
NC - 1,2,7,8,9,10,15,16 - These pins should be left unconnected
Copyright © 1998-2014, Texas Instruments Incorporated Submit Documentation Feedback 3
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7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) @

MIN MAX UNIT
Supply voltage, V+ to V- 40 \%
Input voltage range V— V+
Output short-circuit (to ground) Continuous
Operating temperature -55 125 °C
Junction temperature 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings

only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended

Operating Conditions . Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

7.2 Handling Ratings

Product Folder Links: DRV134 DRV135

MIN MAX UNIT
Tstg Storage temperature range -55 125 °C
;iitrjlrsn(%n body model (HBM), per ANSI/ESDA/JEDEC JS-001, all —2000 2000
VEsp) | Electrostatic discharge - S \%
Charged device model (ZCDM), per JEDEC specification -500 500
JESD22-C101, all pins®@
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Tspe Specification temperature range -40 85 °C
Ta Operation temperature range -55 125 °C
V+ Positive supply 4.5 18 18 \
V- Negative supply -4.5 -18 -18 \
4 Submit Documentation Feedback Copyright © 1998-2014, Texas Instruments Incorporated
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7.4 Electrical Characteristics

At T, = +25°C, Vg = £18 V, R, = 600 Q differential connected between +Vg5 and -V, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP  MAX UNIT
AUDIO PERFORMANCE
THD+N Total Harmonic Distortion + Noise f = 20Hz to 20kHz, Vo = 10VIms 0.001%
f= 1kHz, Vo = 10Vrms 0.0005%
RTO®  Noise Floor 20 kHz BW -98 dBu
RTO®  Headroom THD+N < 1% 27 dBu
INPUT
Zn Input Impedance @ 10 kQ
Iin Input Current ViN=27.07V -1000 +700 1000 HA
GAIN
Differential
Initial [(+Vo) = (<Vo)IVin 5.8 6 dB
Error Viy = +10V 2% +0.1% 2%
Error vs Temperature +10 ppm/°C
Single-Ended VN = 25V
Initial 5.8 6 dB
Error —2% +0.7% 2%
Error vs Temperature +10 ppm/°C
Nonlinearity 0.0003 % of FS
OUTPUT
OCMR Common-Mode Rejection, f = 1kHz See Figure 25 46 68 dB
SBR Signal Balance Ratio, f = 1kHz See Figure 26 35 54 dB
Output Offset Voltage
Vocu®  Offset Voltage, Common-Mode Vin=0 -250 +50 250 mv
Offset Voltage, Common-Mode vs +150 pv/°C
Temperature
Vop®  Offset Voltage, Differential Vin=0 -10 #1 10 mv
Offset Voltage, Differential vs Temperature +5 pv/eC
PSRR  Offset Voltage, Differential vs Power Supply | Vg = 4.5V to +18V 80 110 dB
. Positive (V+)-3 (V+)-25
Output Voltage Swing, - No Load® Y
Negative (V-)+2 (V=) +15
Impedance 50 Q
CL Load Capacitance, Stable Operation C_ Tied to Ground (each output) 1 uF
Isc Short-Circuit Current +85 mA
FREQUENCY RESPONSE
Small-Signal Bandwidth 15 MHz
SR Slew Rate 15 V/us
Settling Time: 0.01% Vout = 10V Step 2.5 us
Overload Recovery Output Overdriven 10% 3 us
POWER SUPPLY
Vs Rated Voltage +18 \Y
Voltage Range +4.5 +18 \Y
lo Quiescent Current lo=0 -5.5 5.2 55 mA

(1) dBu = 20log (Vrms /0.7746); RTO = Referred-to-Output.
(2) Resistors are ratio matched but have +20% absolute value.

(3) Vocm = [(+Vo) + (-Vo)] / 2.
(4) Vop = (+Vo) — (-Vo).

(5) Ensures linear operation. Includes common-mode offset.

Copyright © 1998-2014, Texas Instruments Incorporated
Product Folder Links: DRV134 DRV135

Submit Documentation Feedback

5


http://www.ti.com/product/drv134?qgpn=drv134
http://www.ti.com/product/drv135?qgpn=drv135
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBOS094B&partnum=DRV134
http://www.ti.com/product/drv134?qgpn=drv134
http://www.ti.com/product/drv135?qgpn=drv135

DRV134, DRV135
SBOS094B —JANUARY 1998—REVISED DECEMBER 2014

I

TEXAS
INSTRUMENTS

www.ti.com

Electrical Characteristics (continued)

At T, = +25°C, Vg = £18 V, R, = 600 Q differential connected between +V, and -V, unless otherwise noted.

PARAMETER ’ TEST CONDITIONS MIN TYP MAX UNIT
TEMPERATURE RANGE
Specification Range -40 85 °C
Operation Range -55 125 °C
Storage Range -55 125 °C
03a Thermal Resistance 8-Pin DIP 100 °C/W
SO-8 Surface mount 150 °C/W
SOL-16 Surface 80 °C/W
mount

7.5 Typical Characteristics
At T, = 25°C, Vg = £18 V, R, = 600 Q differential connected between +V5 and -V, unless otherwise noted.

0.01 ————— T T T TTTTTT 0.01 T TTTTTT T T T TTTTTT
- See Figure 3 for Test Circuit Differential Mode ] | See Figure 3 for Test Circuit Differential Modez
-A:R; =R, =R == (no load) Vo = 10Vrms - A:R; =R, =R =« (no load) Vo =10Vrms |
B:R, =R, =600Q, R == No Cable B: R, =R,=600Q, R == 500 ft cable 1
[C:R, =R, =« R_=600Q A [ C:R; =R, =«, R =600Q ‘A‘__,/
S B \‘/ £ 4
% 0.001 - z 0.001
[a)] & Z
= = I
= [ 2
\
C c
DRV134 Output DRV134 Output
0.0001 L LI 0.0001 L LI
20 100 1k 10k 20k 20 100 1k 10k 20k
Frequency (Hz) Frequency (Hz)
Figure 1. Total Harmonic Distortion + Noise vs Frequency Figure 2. Total Harmonic Distortion + Noise vs Frequency
01 F - 3 001 T T 17 T
-V, or +V, Grounded Single-Ended Mode ] ~ See Figure 3 for Test Circuit Differential Mode ]
FA: R, =600Q (250 ft cable) Vo=10Vims 1 - A:R; =R, =R_ == (noload) Vo =10Vims ]
| B: Ry == (no cable) - B: R; =R, =« R_=600Q
0.01 _
L X
< A % > A (no cable) A
z ¥ 0.001 y
¥ MNP >% B A 7
[a) A T s =]
T s =
= 0.001 ]
| 1/
B (500t cable)
DRV134 Output INA137 Output
0.0001 E— 0.0001
20 100 1k 10k 20k 20 100 1k 10k 20k
Frequency (Hz) Frequency (Hz)
Figure 3. Total Harmonic Distortion + Noise Figure 4. System Total Harmonic Distortion + Noise
vs Frequency vs Frequency
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Typical Characteristics (continued)

At T, = 25°C, Vg = £18 V, R, = 600 Q differential connected between +V, and -V, unless otherwise noted.

100 1k 10k

Frequency (Hz)

Figure 9. Output Voltage Noise Spectral Density
vs Frequency

1 T = 7 i
f=1kHz— Single-Ended ——F Differential - Differential Mode 7 ¥
Mode —F Mode £ 1
0.1 ‘ ' , 0.1 / I
500 ft Cable 500 ft Cable 500 ft Cable l," ',’
= R, =600Q R, =600Q R =600Q ! 1
= —~ L
< o N
z oot N i £ 001 |
| = f
g H a |
~ 1] ]
/] —
0.001 £ 1= 0.001 23
—— ¥ ,'.%
— - BW = 30kHz No Cable
DRV134 Output g° fib'e ] | R =
0.0001 ‘ L 0.0001
5 10 15 20 25 30 5 10 15 20 25 30
Output Amplitude (dBu) Output Amplitude (dBu)
Figure 5. Headroom — Total Harmonic Distortion + Noise Figure 6. Dim Intermodulation Distortion
vs Output Amplitude vs Output Amplitude
0.01 - 10
- Differential Mode — No Cable, R =«
- --- 500 ft Cable, ]
% R, = 600Q 5 \
E  0.001 -~ )
2 . z z
5] 2nd Harmonic n P
w P ‘© 0
5 " (0]
° 4 (]
é Ry | |4 2
©  0.0001 R ans L il £
ke e —— o
2 ) > -5
g =N
< AY
3rd Harmonic
0.00001 -10
20 100 1k 10k 20k 1k 10k 100k 1™ 10M
Frequency (Hz) Frequency (Hz)
Figure 7. Harmonic Distortion Products vs Frequency Figure 8. Gain vs Frequency
10k 100
N m A
|§ 1k E 10 ~
< 2
3 3
e} [e} o
% N z g
) [} L
> 100 o 1
S =
S S
10 0.1
100k 1™ 1 10 100 1k 10k 100k

Frequency (Hz)

Figure 10. Output Voltage Noise
vs Noise Bandwidth
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Typical Characteristics (continued)

At T, = 25°C, Vg = £18 V, R, = 600 Q differential connected between +V, and -V, unless otherwise noted.

120
—~ 100 N
g N \\ +PSRR
c NN N s
'g 80 \ ™
o N N
o / \\
¥ 60 7 q |
> — N
> PSRR \\ T
s g
a 40 S
g N
S 20

Vg = 4.5V to 18V N\
0 L 1
10 100 1k 10k 100k 1™
Frequency (Hz)

Figure 11. Power Supply Rejection vs Frequency

Output Voltage Swing (Vrms)

20
16 N7
0.1% Distortion /)< \
12
8 0.01% Distortion
4
R, =600Q
Diff Mode
0
10k 20k 50k 80k 100k

Frequency (Hz)

Figure 12. Maximum Output Voltage Swing vs Frequency

20 T T 18
<0.19 16
g THD+N 0.1% / I — | +25°C
£ 16
8 2 H25°C o Fl | - /
s P 5 s L aa——
5 5 g >
= g - ‘ o B
S 8 £ [ +25c —JJ<— —s5°C
o > 10— +125°c—
T / 3 12 /V
§ 4 3 14 —
£ 16
0 -18
+4 +6 +8 £#10 #1214 16 18 0 +20 +40 +60 480 +100
Supply Voltage (V) Output Current (mA)
Figure 13. Output Voltage Swing vs Supply Voltage Figure 14. Output Voltage Swing vs Output Current
5.6 +120
\\
5.4 Z *100
— +
< T=-55°C —] e \ sc
5 +5.2 / ‘ o +80
g —— T=+25°C // S
3 ) N T S —IS*C \\
£ & 3+
o] |_—] =4
g £
()
8 /j/ T =+125°C b ™~
> o
O #4.8 5 +40
+4.6 +20
+4 6 +8 +10 +12 +14 +16 +18 -75 -50 -25 0 25 50 75 100 125
Supply Voltage (V) Temperature (°C)
Figure 15. Quiescent Current vs Supply Voltage Figure 16. Short-Circuit Current vs Temperature
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Typical Characteristics (continued)

At T, = 25°C, Vg = £18 V, R, = 600 Q differential connected between +V, and -V, unless otherwise noted.

45 35
40 — Typical production Typical production
[ distribution of packaged] 30 [—| |— distribution of packaged—|
35 | units. All package types | units. All package types
= included. < 25 | included. ]
£ 25 5 20 —
ksl ] ksl
= 20 <z 15
[0] [0]
S 1
o a 10
10 — |
5 5
0 = L 0 =] —
T L [ T
OO)OOI\(OIDT(")(\IPO\—(\IC’)VLO(OI\OOOO OO ULOUVLOLOWVLOWLOL OWLOWOLWwO
\I—||||| [ ~ gﬁgttﬁgg?ﬁﬁ(ﬁ le\egﬁtggg
D I I
Differential Offset Voltage (mV) Common-Mode Offset Voltage (mV)
Figure 17. Differential Offset Voltage Figure 18. Common-Mode Offset Voltage
Production Distribution Production Distribution
2 =
3 3
> >
[ [
o o
[Te) 3]
2ps/div 2ps/div
C. =100 pF CL = 1000 pF
Figure 19. Small-Signal Step Response Figure 20. Small-Signal Step Response
= >
2 3
% %
2us/div 2us/div
C. =100 pF C, = 1000 pF
Figure 21. Large-Signal Step Response Figure 22. Large-Signal Step Response
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Typical Characteristics (continued)

At T, = 25°C, Vg = £18 V, R, = 600 Q differential connected between +V, and -V, unless otherwise noted.

40 T T
100mV Step

30
S
kel
] 20 N
iz // N
© A \
3 A

L1
10 R
0
10 100 1k 10k
Load Capacitance (pF)

Figure 23. Small-Signal Step Overshoot vs Load Capacitance
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8 Detailed Description

8.1 Overview

The DRV134 and DRV135 consist of an input inverter driving a cross- coupled differential output stage with 50 Q
series output resistors. Characterized by low differential-mode output impedance (50 Q) and high common-mode
output impedance (1.6 kQ), the DRV134 and DRV135 are ideal for audio applications.

Excellent internal design and layout techniques provide low signal distortion, high output level (27 dBu), and a
low noise floor (<98 dBu). Laser trimming of thin film resistors assures excellent output common-mode rejection
(OCMR) and signal balance ratio (SBR). In addition, low dc voltage offset reduces errors and minimizes load
currents.

The Functional Block Diagram section shows a detailed block diagram of the DRV134 and DRV135.

8.2 Functional Block Diagram

V- v+
w9 Q 1uF

i Jom L

DRV134
DRV135
- 500 | g
A2 YW O Vo
N (14)
7
(13) +Sense
10kQ
4
o — Mt 2 T
I—W 2 —Sense
4
3 A1 » o 50Q (1)
Gnd + A3 0 -Vg
(5) (3)

10kQ

All resistors 30kQ unless otherwise indicated.

8.3 Feature Description

8.3.1 Audio Performance

The DRV134 and DRV135 were designed for enhanced ac performance. Very low distortion, low noise, and wide
bandwidth provide superior performance in high quality audio applications. Laser-trimmed matched resistors
provide optimum output common-mode rejection (typically 68dB), especially when compared to circuits
implemented with op amps and discrete precision resistors. In addition, high slew rate (15 V/us) and fast settling
time (2.5 ys to 0.01%) ensure excellent dynamic response.

The DRV134 and DRV135 have excellent distortion characteristics. As shown in the distortion data provided in
the Typical Characteristics section, THD+Noise is below 0.003% throughout the audio frequency range under
various output conditions. Both differential and single-ended modes of operation are shown. In addition, the
optional 10uF blocking capacitors used to minimize Voo errors have virtually no effect on performance.
Measurements were taken with an Audio Precision System One (with the internal 80 kHz noise filter) using the
THD test circuit shown in Figure 24.
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Feature Description (continued)

Up to approximately 10 kHz, distortion is below the measurement limit of commonly used test equipment.
Furthermore, distortion remains relatively constant over the wide output voltage swing range (approximately 2.5
V from the positive supply and 1.5 V from the negative supply). A special output stage topology yields a design
with minimum distortion variation from lot-to-lot and unit-to-unit. Furthermore, the small and large signal transient
response curves demonstrate the stability under load of the DRV134 and DRV135.

+18V +18V

Test Point
or

VOUT

Figure 24. Distortion Test Circuit

8.3.2 Output Common-Mode Rejection

Output common-mode rejection (OCMR) is defined as the change in differential output voltage due to a change
in output common-mode voltage. When measuring OCMR, V,y is grounded and a common-mode voltage, VCM,
is applied to the output as shown in Figure 25. Ideally no differential mode signal (VOD) should appear.
However, a small mode-conversion effect causes an error signal whose magnitude is quantified by OCMR.

+18V

600Q

Vem = 10Vp-p

—18V =

Figure 25. Output Common-Mode Rejection Test Circuit

8.3.3 Signal Balance Ratio

Signal balance ratio (SBR) measures the symmetry of the output signals under loaded conditions. To measure
SBR an input signal is applied and the outputs are summed as shown in Figure 26. Vot should be zero since
each output ideally is exactly equal and opposite. However, an error signal results from any imbalance in the
outputs. This error is quantified by SBR. The impedances of the DRV134 and DRV135’s output stages are
closely matched by laser trimming to minimize SBR errors. In an application, SBR also depends on the balance
of the load network.
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Feature Description (continued)

+18V

Vin = 10Vp-p 3\(}3;\2/(\1)
Gnd 3000
= J_ 3 YW O Vour

-18V

Figure 26. Signal Balance Ratio Test Circuit

8.4 Device Functional Modes

8.4.1 Differential-Output Mode

In differential-output mode, the DRV134 (and DRV135 in SO-8 package) converts a single-ended, ground-
referenced input to a floating differential output with +6 dB gain (G = 2). Figure 27 shows the basic connections
required for operation in differential-output mode.

Normally, +Vg is connected to +Sense, —Vg is connected to —Sense, and the outputs are taken from these
junctions as shown in Figure 27.
V- V+
w9 Q 1uF

o Jom L

DRV134
DRV135
- 50Q 8
A2 YW O +Vo
N (14)
_ 7
(13) +Sense
10kQ
4
ot — Mt = I
I—W 2 —Sense
4
3 A1 » — - 500 (1)
Gnd + A3 \/\/\/\ —0 -V,
l(s) ®)

10kQ

All resistors 30kQ unless otherwise indicated.

Figure 27. Basic Connections for Differential-Output Mode
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Device Functional Modes (continued)

8.4.2 Single-Ended Mode

The DRV134 can be operated in single-ended mode without degrading output drive capability. Single-ended
operation requires that the unused side of the output pair be grounded (both the V5 and Sense pins) to a low
impedance return path. Gain remains +6 dB. Grounding the negative outputs as shown in Figure 28 results in a
non-inverted output signal (G = +2) while grounding the positive outputs gives an inverted output signal (G = -2).

Figure 28. Typical Single-Ended Application

For best rejection of line noise and hum differential mode operation is recommended. However, single-ended
performance is adequate for many applications. In general single ended performance is comparable to
differential mode (see THD+N typical performance curves), but the common mode and noise rejection inherent in
balanced-pair systems is lost.
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

Decoupling capacitors placed close to the device pins are strongly recommended in applications with noisy or
high impedance power supplies.

For best system performance, it is recommended that a high input-impedance difference amplifier be used as the
receiver. Used with the INA134 (G = 0 dB) or the INA137 (G = =6 dB) differential line receivers, the DRV134
forms a complete solution for driving and receiving audio signals, replacing input and output coupling
transformers commonly used in professional audio systems (Figure 29). When used with the INA137 (G = —6 dB)
overall system gain is unity.

9.2 Typical Application

9.2.1 Cable Driving Application

The DRV134 is capable of driving large signals into 600-Q loads over long cables. Low impedance shielded
audio cables such as the standard Belden 8451 or 9452 (or similar) are recommended, especially in applications
where long cable lengths are required.

For applications with large dc cable offset errors, a 10-yF electrolytic nonpolarized blocking capacitor at each
sense pin is recommended as shown in Figure 29.

DRIVER
DRV134
DRV135 RECEIVER
- 50Q 8
A2 YW
-V,
) , 10w | Ly BALANCED ° 5
I CABLE PAIR 2
%mko —
4 6
Vi W MA— % L oV
, 10uF0) :
f INA134, INA137 =
10kQ INA134 (G=1).  Vg=2V
_ o INA137 (G = 1/2): Vo=V
All resistors 30kQ unless otherwise indicated. p—

Figure 29. Complete Audio Driver and Receiver Circuit

9.2.1.1 Design Requirements

Consider a design with the goal of differentially transmitting a single ended signal of up to 22.2 dBu through 500
ft of cable with no load at the receiving side. The signal at the end of the cable should have no more than 0.002
percent of total harmonic distortion plus noise (THD+N) at 10 kHz and less than 0.0005 percent of THD+N for
frequencies between 20 Hz and 1 kHz.

The system is required to put out a single ended signal 0 dB with respect to the input signal and accommodate
inputs with peak to RMS ratios of up to 1.5 for the maximum 22.2 dBu range established above.
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Typical Application (continued)
9.2.1.2 Detailed Design Procedure

The dBu is a common unit of measurement for input sensitivity and output level of professional audio equipment.
A 0 dBu signal dissipates 1 mW into a 600-Q resistive load; therefore, a 0 dBu signal corresponds to
approximately 0.775 Vgus. Equation 1 shows the relationship between the signal level in dBu (denoted by L,)
and the signal level in Vgys (denoted by x).

L, = 20Ioglo(xj

0.775 (1)
For this design, the single ended input signal of 22.2 dBu corresponds to 9.98 Vrys as shown in Equation 2.
Ly
V= 0.775[102°J =9.98 Ve
&)

Given that the system must accommodate for 22.2 dBu signals with up to 1.5 of peak to RMS ratio, the
maximum peak input signal is 14.97 Vpgak as calculated in Equation 3.

Viy reax =1.5(9.98)=14.97 Vi, ®)

The DRV134 is chosen to convert the single ended input signal into a differential signal and the outputs of the
DRV134 will be connected to one end of the 500 ft cable. In order to prevent clipping and distortion of the input
signal, the power supply rails for the DRV134 are chosen as 3 V above and below the peak calculated in
Equation 3. The 3 V margin is derived from the output voltage swing specification given in the Electrical
Characteristics table. The supplies selected are 18 V for V+ and —18 V for V—.

Finally, the INA137 is used at the end of the 500 ft cable in order to convert the differential signal output of the
DRV134 into a single ended signal that is 0 dB with respect to the input signal.

Figure 30 shows the system diagram.

+18V +18V

Test Point
or

/ \ _n

2

R Vour

+In

L L 3

—18V —18v
Figure 30. Diagram of System Based on DRV134 and INA137
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Typical Application (continued)
9.2.1.3 Application Curve
Figure 31 shows the performance obtained with the system depicted in Figure 30.

0.01 T TTTTTT T TTTT T TTTTTT
| See Figure 3 for Test Circuit Differential Modez
L A: Ry =R, =R =« (no load) Vo =10Vrms
[ B: R, =R, =600Q, R =« 500 ft cable
[ C: R, =R, =«, R =600Q ‘A‘__,/
2 7
z 0.001
T
D A
T
[
e
\
c
DRV134 Output
0.0001 L LI
20 100 1k 10k 20k
Frequency (Hz)
Figure 31. Measured Performance of a System Based on DRV134

10 Power Supply Recommendations

The DRV134 and DRV135 are designed to operate from an input voltage supply range between +4.5 V and +18
V. This input supply should be well regulated. If the input supply is located more than a few inches from the
DRV134 or DRV135 additional bulk capacitance may be required in addition to the ceramic bypass capacitors.

11 Layout

11.1 Layout Guidelines

A driver/receiver balanced-pair (such as the DRV134 and INA137) rejects the voltage differences between the
grounds at each end of the cable, which can be caused by ground currents, supply variations, etc. In addition to
proper bypassing (as shown in Figure 32 and Figure 33), the suggestions below should be followed to achieve
optimal OCMR and noise rejection.

* The DRV134 input should be driven by a low impedance source such as an op amp or buffer.

* As is the case for any single-ended system, the source’s common should be connected as close as possible
to the DRV134's ground. Any ground offset errors in the source will degrade system performance.

* Symmetry on the outputs should be maintained.

» Shielded twisted-pair cable is recommended for all applications. Physical balance in signal wiring should be
maintained. Capacitive differences due to varying wire lengths may result in unequal noise pickup between
the pair and degrade OCMR. Follow industry practices for proper system grounding of the cables.
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11.2 Layout Examples

(¢]

Vo

=

+Sense

LEGEND

. TOP layer:
copper pour & traces

[ pcs

. via to ground plane

Figure 32. DRV134 Layout Example

_Sense ‘ +Sense

LEGEND

. TOP layer:
copper pour & traces

[ Pce

. via to ground plane

Figure 33. DRV135 Layout Example
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11.3 Thermal Performance

The DRV134 and DRV135 have robust output drive capability and excellent performance over temperature. In
most applications there is no significant difference between the DIP, SOL-16, and SO-8 packages. However, for
applications with extreme temperature and load conditions, the SOL-16 (DRV134UA) or DIP (DRV134PA)
packages are recommended. Under these conditions, such as loads greater than 600 Q or very long cables,
performance may be degraded in the SO-8 (DRV135UA) package.

12 Device and Documentation Support

12.1 Documentation Support

12.1.1 Related Documentation

For related documentation see the following:

e Audio Differential Line Receivers 0dB (G = 1), INA134

e Audio Differential Line Receivers £6dB (G = 1/2 or 2), INA137
12.2 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 1. Related Links

TECHNICAL TOOLS & SUPPORT &
PARTS PRODUCT FOLDER SAMPLE & BUY DOCUMENTS SOFTWARE COMMUNITY
DRV134 Click here Click here Click here Click here Click here
DRV135 Click here Click here Click here Click here Click here

12.3 Trademarks
All trademarks are the property of their respective owners.

12.4 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘ﬁl\ during storage or handling to prevent electrostatic damage to the MOS gates.

12.5 Glossary

SLYZ022 — Tl Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @) ® ® @)
DRV134PA ACTIVE PDIP P 8 50 Green (RoHS CU NIPDAU N/ A for Pkg Type DRV134PA Samples
& no Sh/Br) =
DRV134PAG4 ACTIVE PDIP P 8 50 Green (RoHS CU NIPDAU N/ A for Pkg Type DRV134PA Samples
& no Sh/Br) =
DRV134UA ACTIVE SoIC DW 16 40 Green (RoHS CU NIPDAU Level-3-260C-168 HR DRV134UA Samples
& no Sh/Br)
DRV134UA/1K ACTIVE SOIC DW 16 1000  Green (RoHS CU NIPDAU Level-3-260C-168 HR DRV134UA
& no Sh/Br) =
DRV134UA/1KE4 ACTIVE SOIC DW 16 1000  Green (RoHS CU NIPDAU Level-3-260C-168 HR DRV134UA Samples
& no Sh/Br) =
DRV134UAE4 ACTIVE SOIC DW 16 40 Green (RoHS CU NIPDAU Level-3-260C-168 HR DRV134UA Samples
& no Sh/Br) =
DRV135UA ACTIVE SolIC D 8 75 Green (RoHS CU NIPDAU Level-3-260C-168 HR DRV Samples
& no Sh/Br) 135UA
DRV135UA/2K5 ACTIVE SoIC D 8 2500  Green (RoHS CU NIPDAU Level-3-260C-168 HR DRV
& no Sh/Br) 135UA =
DRV135UA/2K5E4 ACTIVE SoIC D 8 2500  Green (RoHS CU NIPDAU Level-3-260C-168 HR DRV Samples
& no Sh/Br) 135UA =
DRV135UAG4 ACTIVE SOIC D 8 75 Green (RoHS CU NIPDAU Level-3-260C-168 HR DRV Samples
& no Sh/Br) 135UA

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)
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® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
DRV134UA/1K SoIC Dw 16 1000 330.0 16.4 10.75 | 10.7 2.7 12.0 | 16.0 Q1
DRV135UA/2K5 SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
DRV134UA/1K SoIC DW 16 1000 367.0 367.0 38.0
DRV135UA/2K5 SoIC D 8 2500 367.0 367.0 35.0
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MECHANICAL DATA

P (R—PDIP—T8)

PLASTIC DUAL—=IN—LINE PACKAGE

0.400 (10,16)
035 (9,00) 7
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° ‘
P8 S WS I Wy

0.045 (1,14) 0.325 (8,26)
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0.125 (3,18) MIN (0,25) NOM
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0.021 (0,53)
€ 5015 (0,38)
[]0.010 (0,25) W]
4040082/E  04/2010
NQTES: A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.
C. Falls within JEDEC MS—001 variation BA.
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MECHANICAL DATA

D (R—PDSO—G8)

PLASTIC SMALL QUTLINE

0.197 (5,00)
‘ 0.189 (4,80) ’
A
8 5
0.244 (6,20)
0.228 (5,80)
’ - 157 (4,00)
0.150 (3,80) AN

Pin 1

\

I

Index Area ﬁ bj
4

0.050 ( « 0.020 (0,51)

0.012 (0,31)

[ ]0.010 (0,25) @]
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\ Ve
i \

v
Toowo

L 0.069 (1,75) Max 0,004 (

0.010 (0,

\
25) / ﬁ
0.005 (0,13) )
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[]0.004 (0,10)

/

-

0.050 (
0016

Gauge Plane i [:i
0.010 (0,25) L7

?

Seating Plane

4040047-3/M 06 /11

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash.
Reference JEDEC MS—012 variation AA.

.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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LAND PATTERN DATA

D (R—PDSO-G8)

PLASTIC SMALL OUTLINE

EXGmpl?NE?:r((j;)LOYOUt Sten(ﬂlogp%rsings
6x1.07 —— ~=—8x0,55
— —=— 0X]1,
|| ! = 1,27
HH--H 8x1,50 —-H-H-H
EEEREEN 1 * Egug r
5,40 5,40
AR J
gnlinknin (L
BNEpEyEEN O
|~
|
]
|
i Example
i Non Soldermask Defined Pad Example
Pad Geometry
(See Note C)
\ Example
* / Solder Mask Opening
! (See Note E)
—=1Il=—0,07 /
Al Around /
\ /
N e
\\_\\ ——/—_/
4211283-2/E 08/12

NOTES:

A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

i3 TEXAS
INSTRUMENTS
www.ti.com



MECHANICAL DATA
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NOTES:  A. Al linear dimensions are in inches (millimeters). Dimensioning and tolerancing per ASME Y14.5M—1994.
B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).

D

Falls within JEDEC MS—013 variation AA.
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LAND PATTERN DATA
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NOTES:  A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Refer to IPC7351 for alternate board design.

D. Laser cutting apertures with trapezoidal walls and dlso rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC-7525

E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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