Low-Noise, High Performance

RSV Corporation Py o
THAT 1510, 1512

FEATURES

* Low Noise:
1 nVAHz input notse (60dB gain)
34 nVAHz Input nolse (0dB gain) (1512)
* Low THD+N {full audio bandwidth)
0.001% = 40 dB gain
0.005% @ 60 dB gain
* Low Current- 6mA typ.
*» Wide Bandwidth 7MHz @ G=100
* High Slew Rate 19 Vius
* Wide Output Swing: +13.3V on
*15V supplles
* Gain adjustable from O to >80 dB with
one external resistor

* Industry Standard Pinouts

APPLICATIONS

+ Differential Low Noise Preamplifiers

* Differential Summing Amplifiers

+ Differential Variable Gain Amplifiers
* Microphone Preamplifiers

* Moving-Coll Transducer Amplifiers

* Line Input Stages

* Audlo

» Sonar

* Instrumentation

Description

The THAT 1510 and 1512 are high perform-
ance audio preamplifiers suftable for microphone
preamp and bus summing applications The ICs
are avallable in a varicly of packages and pin
configurations, making them pin compatible with
the Analog Devices SSM2018 and SSM2017
(discontinued), and the Texas Instruments
INA217 and INA163

Gain for both paris Is adjustable via onc
external resistor, making It possible to control
gain over a wide range with a single-gang potendl-
ometer The 1510 gain cqualon is identcal lo
that of the SSM 2019, reaching 6 dB gain with a
10 k2 resistor  The 1512 reaches O dB gain with
a 10 kQ resistor Beeause the 1512 exhibits

significantly lower noise at lower galn settings, it
Is recommended over the 1510 for new designs

Designed [rom the ground up in THAT's
complementary diclectric isolation process and
including laser-trimmed Si-Chrome thin film
resistors, the THAT 1510 and 1512 improve on
existing inlegrated microphone preamps by oller-
ing lower nolse at low galns, wider bandwidth,
higher slew rate, lower distortion, and lower
supply current The parts feature intermal ESD
overload protection on all critical pins

In short, the THAT 1510 and 1512 provide
superlor performance in a popular formal at an
affordable price

— Input Stage —
N

+Ine

—Qutput Stage —

Pin |DIP8| S08 | 5016 | SO14
Name | Pkg | Pkg Pkg Pkg |

RG1 1 1 2 3

-In 2 2 4 4

+in 3 3 5 5

V- 4 4 7 6
Ref 5 5 10 10
Qut 5 6 1 9

V+ 7 7 13 11
RG2 8 8 16 12

Ref
Tabla 1 Pin Assignmenls

Part DIPS sS08 S016 5014
Type| Pkg Pkg Pkg Pkg___

%}, ?1 1510 (1510P08 U|1510S08 U] 1510W18-U |1510514-U

V- 1512 |1512P08-U[1512508 Ul Inqure 1512514

Figure 1 THAT 1510/ 1512 Equivalent Circuit Diagram
{THAT 1512 values shown In parentheses)

Table 2 Ordenng Information
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SPECIFICATIONS!

THAT 1510/1512 Low-Nolse
High Performance Audio Preamplifier IC

Absolute Maximum Ratings??®

Positive Supply Veltage {(Vee) +20V Lead Temp {Tieso} {Soldaring 10 sec) 260 °C
Negaltive Supply Voltage (Vee) 20V Qperating Temperature Range (Tee) -4 to +85°C
Input Voltage (Vi wax) Vee + 05V, Ver -0 5Y Storage Temperature Range {Tsr} -40 to +125°C
Qutput Short-Circult Duration {fs.) Conunuous Junction Temperature {T,) 150°C
Recommended Operating Conditions
Paramelar Symbol Condiligns Min Typ Max Units
Positive Supply Voltage Vee +5 +20 v
Negalve Supply Vollage Vee -5 -20 v
Electrical Characteristics®
1510 1512
Paramaler Symbol Condiions Min Typ Max Min Typ Max Unils
Supply Current lec, <lee No signal - 60 79 — B0 79 mA
Vee = -Vee = 20V —~ — BO — — 80 mA
Input Bias Current Is No slgnal, Either Input — 48 14 — 48 14 pA
connected to GND
Input Offset Current Toorr No signal 14 — +14 14 —  +14 pA
Qffset Vollage
Output Stage Quiput Offset Vosoo No Signal, Veu=0 5 = 45 -5 — +§ my
Input Stage Input Offset Vos, 250 — 250 250 — +250 v
Total Output Offset G=valtage gain -5-026G 5+025G -5-025G §5+0 25G my
Input Voltage Range
Common Mode Vineu Common mede, allgans — 13 — - 13 —=
Differentiat Mode Ve Unbalanced 13 = +13 13 = +13
One input lo GND, 0dB gain
Differential Gain Gan 0 — 70 -6 — 64 ¢B
Ref Input Voltage Range — =8 — — 8 — v
Ref Input Impedance —_ 10 —_ —_ 15 —_ kQ
Ref Input Gain to Culput — 0 —_ —_ 0 —_ dB
Input Impedance Zinowr Differential
0dB gain - 2Ny - — 3MN9 —  MQpF
2048 gain - 32|20 — — 320 —  MQ|pF
40dB gain — 3225 — — 3BI31 —  MQpF
60dB gain — 29|80 -~ — 339 —  MQpF
Zmcu Common moda
all galns — BIF7T - - 977 - MQ|IpF
1 Al spealicntions ano subject to changoe without natics

2 Unless othoraito notod. Tae250C Verm ¢15V Veen 15V
3 Streases abovo thoso lsted under Atsohunts Magmem Ralings may cause permanent damage o the davice  Thati ard ¢rds mRtngs only tho funchionat oparaton of
iho device o1 theso or ony othor conditions abave thasse indicated & the operationad sections af this peciication 8 not impl od Exp
condibons for extended perieds may affoct devico robabilly

-]

rating
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High Performance Audlo Preamplifier

Electrical Characteristics (con't)?
1510 1512
Parameter Symbol Conditions Min  Typ Max Min_ Typ Max Units
Common Mode Rejection CMR Vew =t 10V, DC to 60 Hz
0 dB gain 45 60 — 45 60 —_ dB
20 dB gain 65 80 —_ 65 80 — dB
40 dB gain a8 100 — 85 00 — dB
60 dB gain 105 120 — 105 120 — dB
Fower Supply Rejection PSR Vee= -Vee, 15V lo 220V, DC to 60 Hz
0 dB gain — 85 — — B0 - dB
20 dB gain - 105 — - 105 — dB
40 dB gain - 120 — -_— 120 — dB
60 dB gain — 124 — — 124 — dB
Total Hamonic Distarlion THDHN  Veur=7Vms, R, =5k
f= 1kHz, BW =20 kHz
0dB gan — 00005 — - 00 — %
20 dB gain — 00012 — — 0004 — %
40 dB gain — 00016 — — 0005 — %
€0 dB gain — 0005 — — 0008 — %
Equivalent Input Noise Enoun f=1kHz,
0 dB gain — 5 - — 33 — nVWHz
20dB gan —_ 7 - — 46 — nViHz
40 dB gain _— 17 — — 14 —_— nViHz
60 dB gain — 1 — - 1 nVivHz
Input Current Noisa Ia 60 dB gain — 20 - - 20 = pANHZ
Noise Figure NF 60 dB gain
Rs = 150 © —_— 16 —_ — 16 — dB
Rs =200 & — 13 —_ —_ 13 — dB
Slew Rate SR Ry =2 kQ
C.=50pF 13 19 — 13 19 — Viys
Bandwidth -3dB BW.s Re=2k, G =10 pF
0 4B gain —_ 15 - — 1 — MHz
20 dB galn —_ B -— — 9 — MHz
40 dB gan — 7 —_ - 7 - MHz
60 dB gain — 3 - — 16 MHz
Culput Gain Error Gerioun; f=1kHz, Ry =2kQ
Rg =Infinite, G=0 dB 045 — +05& —_ — — dB
Re=11kQ, G=20dB HN5 — +05 — — — dB
Rg =101 Q, G=40dB 45 — +05 —_ — — dB
Ra=100, G=604d8B 05 — +05§ —_ - - dB
Rg=10kQ, G=0dB —_ — —_ 05 -  +05 dB
Ra =526 3 Q, G=20 dB — -_— _ 05 — +05 dB
Rg =503 Q, G=40dB —_ — —_ 05 — +05 dB
Ra =58, G=60dB — — - {£5 — +056 dB
Qutput Voltaga Swing Vo Ry =2 kD2
all galns +13 #1133 — #13 2133 — v
Qutput Short Cirgurt Current Ise R=0Q — 17 - - 17 - mA
Minimum Reslstive Load Rtmn 2 —_ —_ 2 — — kQ
Maximum Capacltive Load Cuoa —~ = 300 - - 300 pF
w 10 452 _ 5 k0
Gain Equation A""'l'!'_Ra AV—05+'-'—'RG
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Applications
Gain Setting critical, a potentiometer may be used In such appli-

A single external resistor {Rg) between the Rg,
and Rq: pins is all that is needed to set the galn of the
THAT 1510/1512, according lo the formulac

forthe 1510 Ay =1+

for the 1512 Ap=0.5+ % where

Av Is the voltage gain of the parl

Either parl may rcach unity gain, but the value
of Rg required varies signiffcantly between the two
parts. For the 1510, gain is 0dB when Rg is infinite
(open), this Is the minimum gain for the 1510 At
infinite Rg. the 1512 rcaches -6dB gain. this is the
minimum gain for the 1512 With Rg=10k, the
1512 reaches 0dB gain

Overall galn accuracy depends on the {olerance
of Rg and the accuracy of the Internal thin-film resis-
tors connected to pins Ray and Res in the 1510/1512
[Ra & Rp in Figure 1} These internal resistors have a
lypical Inftlal accuracy (at room temperature} of
+0 5%, and are typically stable with temperature to
within 2100 ppm/C  Gain will drilt with tempera-
ture based on the mismatch between the temperature
cocflicient of the external Ry and that of the internal
resistors Ra & Rg.

For variablc-gain applications where gain
accuracy is important, THAT recommends using
discrete, switched reststors for Rg Where continuous
control is requlred, or where galn accuracy is less

catons, designers should take care in specifying the
element construction to avold excess nolse  The
potenttometer taper will sct the circuit's characteris-
tic of gain vs pot ratation Typleally, reverse log
{reverse audio) taper elements offer the desired
behavior in which gain increases with clockwisc
rotation {and lower values for Rg) Sce THAT Design
Note 138 for a discussion of polentometer taper and
galn for the 1510 and 1512 compared to similar
parts from other manufacturers

Noise Performance

Both parts exhibit cxcellent voltage nolse
performance of ~1 nVAHz at high galns With
~2 pANHz current noise. they are optimized for
relatively low source Impedance applicallons, such as
dynamic microphones with typically a few hundred
ohm output impedances But. beeause they have
different internal gain struclures, the 1510 has
higher cquivalent input noise at 0dB gain
{~57 nVAHz) than the 1512, which runs 45 dB
lower at ~34 nVWHz The unusual and supecrior
topology of the THAT 1512 makes ils noise perform-
ance comparable to some of the belter discrete
designs currently avatlable

Inputs

Simple Configurations

As shown in Figure 2, the 1510/1512 Includes
protection diodes al all pins cxcept V+ and V-

— Input Stage —;

— Output Stage —y

- l l
5%
5k
=l T {10k x T
Fay . o Out
i %]
+in o (10K) |
-ln ¢ I o < 5k
e e | o Ref
Rg1e | SR
Rga° Re
ra

Figure 2 THAT 1510 { 1512 Equivalent Circuit with Proteclion Diodes
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Figure 3 Basic 1510/ 1512 Circult

These diodes reduce the likelthood that accldental
electrostatic discharge (ESD) or electrical over stress
{EOS} will damage the ICs  Other dlodes across the
basc-emilter junctlons of the Input translstors
prevent excessive reverse biasing of these junclons
(which would degrade the nolse performance of the
input devices)

Otlter than the protection diodes, the 1510/1512
input pins are connccted only Lo the bascs of thelr
respective input devices For proper opceration, the
bases must be provided a source of de bias that will
maintain the Inputs within the IC’s Input commonn-
mode range Figurc 3 shows the simplest approach,
de blas is supplied via R, and R2 At 1 kS each, they
will minimize pickup of unwanted noisc and interfer-
ence, as well as generate relatively little noise duc to
input current noise in the 1510/1512 However, at
high gains, thelr inherenl voltage noise, plus the
1510/1512's nput current noisc drawn across these
resistors. adds significantly to the noisc at the
1510/1512's outlpul.

Becanse Re is de coupled In the circult of
Figure 3. the de level at the output of the 1510/1512
will vary with gain In most applications, the outpul
should be ac-coupled to the next stage. For applica-
tons where Ro is variable (via a pol or swiiched

resistors) to allow gain adjustment, Rq should be
ac-coupled as shown in Figure 4 By adding Cq in

series wilh Re, de gain is fixed {at unity for the 1510,

and Yz for the 1612). This consirains the output dc

offset to just over +/5 mV, and prevents it from

varying with gain With this low offsct, ac coupling of

the output Is usually unnecessary

Co must be large cnough not o interfere with
low-frequency response at the smallest valucs of Re.
For 60 dB gain, Re=10 © (1510) or Rg=5 € (1512)
For a -3 dB point of approximately 5 Hz.
Co=3.300 uF (1510}, or Cau=6.800 gF (1512), For
other maximum galns or minimum frequencies, scale
Cc accordingly

Phantom Power

Phantom power is required for many condenser
microphones THAT rccommends the circuil of
Figure 5 when phantom power is included* Ra. Ra.
and D, - D, arc used Lo limit the current that flows
through the 1510/1512 Inputs when the circuit
fnputs (-In and +In) arc shorted to ground while
phantom power s turncd on. This causes C, and/or
Cs to discharge through other clrcuil components,
often generaling transient currents of several amps
R, and R, should be at least 10 © 1o Hmil destrucuve

4 lrlmvlsbml)n.nd1omisdahsheol.wurecuﬂ'lnendedushﬂSd'lolﬂiydnodu(1N5819lypes]nll)--D.tnprmudﬂwiSlOflSiZmputsagahslmrhads Subso-
quondy we di d that the leakap olmdmmumwmmﬁmmmmumsmmntm1510”512oulput Upon hurther imvesbgabon wa
condudsd that coavenbonn) roctfior diodes fke the 1H4D04 (ihe glass-passivatod GP varsion) provida adequate protection and do not intmaduco unacceptablo loakage
Addtionnlly 1N4004 diodos aro much cheapar and more roadily pvmlable than the Schotiky typas

) reversa-blas diodas botween the pins +InVRas and AnfRa, may be damaged by phaniom pewer faults undor
d1ho 15101542

Since publishng revision 4 wo d ingd that the
cortain condibons Smali-tigan! diodos (D and Dy} aveid this problem by appeass g inp with the 1 diodoy, dhrerlng curont
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currents (Higher valucs further Iimit current flow.
but introduce additional source impedance and
noisc.} Dy through Dy prevent the IC's Inputs from
significantly excceding the supply rails Ds and Da
slcer currents around the Input stage in  the
1510/1512, preventing damage

The serles combinatlon of C; and Cs should be
made large to minimize high-pass fillering of tie
signal bascd upon the sum of the values of Ri+Rz As
well, keeping their reactance low relative {o the exter-
nal microphone’s source impedance will avold
increasing the effects of low-frequency current noise
In the 1510/1512 inpul stage

Other manufacturcrs have recommended, and
many pro audlo products Include, a zener diode
arrangement connceeted to the bridge rectifler Instead
of the conneetion to V+ and V- as shown in Figurc 5.
THAT does not recommend Uils approach. because
we find that Ry and Ry must be made much larger
(e g. & 51 Q) in order to imit peak currents enough
1o protect reasonably sized zener diodes {eg. 1/2 W),
Such large series input resistors will limit the noisc
performance of the preamp The ulUmale floor is set
by the impedance of the microphone, but any
additional  serles  resistance  further  degrades
periormance

For further insights into (ils subjecl, see the
Audio Engincering Soclety preprinis "The 48 Volt
Phantom Menace.” by Gary K Hebert and Frank W

Page 6 of 8

THAT 1510/1512 Low-Noise
High Performance Audio Preamplifier 1C

Thomas, presented at the 110th AES Convention and
“The 48 Volt Phantom Menace Returns”. by Rosal-
fonso Bortoni and Wayne Kirkwood presented al the
1271 AES Conventon

Impedance and Line Input Configurations

A higher common-mode Input impedance is
desirable (compared with hal of Figures 3 and 4)
when input coupling capacitors (C, and Cs) are used
to block phantom power Al low frequencies where
the reactance of C, and Cs become signilicant
(compared to the common-mode input impedances).
the two capacitors interact with the common-mode
input Impedance (scen looking (o the right-side of
both capacltors) to form voltage dividers for
common-made signals, Differences In the two capacl-
tors' values leads to different vollage dividers, spoil-
ing the low-frequency common-mode refection of the
stage Slnce C, and Cs are generally large. electrolytic
types, preclse matching is difficult and expensive to
achicve High common-mode input Impedance
reduces the matching requirement by deercasting the
frequency at which the capactiive reactance becomes
significant {nversely with the commen-mode input
impedance

The “T-blas” cireuit (R;. Rz, and Ry} shown in
Figurc 5 accommodates this objective. In this ¢lreuit,
R, and R; are connecled Lo a third reststor Ry, boost.
Ing the low-frequency common mode inpul

~n

>
Lci

470 R1
3 1k

C2 CG
+in T470p —r—

— “‘”'“/ 1510/1512
c3 | R2 co
47p 100n
/77

Figure 4 Baslc 1510/ 1512 Circuit with Variable Gain
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impedance (as "seen looking in” from the coupling
capacltors] to the value of R, + {2*R;) -- approxi-
mately 45 kQ with the values shown The increased
common mode impedance from T-bias improves LF
common meode rejection by reducing capacitor
matching requirements by more than a factor of ten
over the simpler civeult whereln R;=0 Q The circuit
works well with the values shown

Note also hal the overall common-mode Input
impedance of the circuit is dominated by the
phantom-power resistors (Rs and Rs) For the circnit
of Figure 5, this s approxmatcly 5 8 KQ per leg,

The 1510/1512 can be used as a line input
receiver by adding altenuvalion to the preamplifier
Inputs and changing the circult topology to allow

Page 7 of 8
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switching of Input, fixed atlenuation, and galn adjust-
ment The optimum cireuit depends on the specific
requirements of the application Fer more detalls
and specific applicallons advice. please consult
THAT's application notes. or our applicalons
engineers at the address and telephone below or via
emall at apps_support@thatcorp com

Reference Terminal

The "Ref" pin provides a reference for the output
signal, and is normally connected to analog ground
If necessary. the "Ref” pin can be used for offscl
correction or DC level shifting However. in order to
prevent spolling the excellent common-mode rejec-
uon of the 1510/1512, the source impedance driving
the “Ref” pin should be under 12

R rapy 8
R6 w8 o
6k3 |—K—
4n A 1N4148
. T i s s
o i D3 D1 B
20 spe ihdBcP iNsopagp _{ k2 }_RG
 6kB D4 D2 D6 ==CG
%’-’0 1N400AGP 1N4004GP | ¢R2 -
+n T P 85 py 1N4148 THAT
Co— | — 151011512
220 10
R7
c3 L oo

Figure 5 Recommended 1510 / 1512 Circuit with Phantom Power
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Package Information

Both the THAT 1510 and 1512 are available in
8-pin SOIC, 8-pin DIP, and 14-pin SOIC packages
The 1510 is also avallable in a 16-pin (widebody)
S0IC package. Other verslon/package combinallons
will be considered based on customer demand The

.
i

R e
-
‘L-n
I

- T
p—l- ek
TIEM | MILLIMETERS | INCHES
A | 9522010 0 37520 004
B | 6352010 0 25010 004
C_ | 749/813 0 205/0 320
D | 04¢ 0018
- E_ | 254 0 100

F_ | 368/432 3 14510 170
G_| 025 0 010
H | 31820 10 0 12520 004
1 [ 813/940 0 320/0 370
K | 3302010 0 1300 004

Figure 6 8-pin DIP package oulling
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TEM | MILIMETERS | INCHES
A ] 48008 0 1830 196
8 [ 381399 0 150/0 157
C | 5805620 0 2280 244
D | 036/046 00140 018
E 127 0050
3 13511 73 0 05370 068
G | o019m25 00075/0 0098
H_| 041127 0 016/0 05

Figure 8 8-pin SOIC package outline

package dimensions are shown in Figures 6. 7, 8, &
9, whitle pinouts are given in Table 1

All versions of the 1510 and 1512 are lead free
and RoHS compliant. Material Declaration Data
Sheels on the parts are avallable at our web sile,
wwwy thatcorp comn or upon request.
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ITEM | MILLIMETERS | INCHES

A | 101010 29 0 387 /0 405
8 | 7 39/7 59 0 291/0 299

C_ 1011 /10.52 0 398/0 414

D {030/051 0012/0020 |
E | 127 0 050

F | 2 4472 B4 G 09670 104
C_ | 02370 33 0 008/0 013
H |051/102 0 020/0 040

J | 01070 30 0004/0 012

Figure 7 16-pin SO Wide package outline
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TTEM |__MILLIMEIERS | INCHES

A | 856/878 337/0 346

™8 | 381393 5010 157
C_| 580620 0 22810 244
D_|_ 036046 0 o130 018
E 27 0.050
3 13501 73 0 05310 068
G_| 019025 00075/ 0098
H 04141 27 0 016/0 05

Figure 9 14-pin SOIC package oulline
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