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Twilight                             Low Noise, Low Distortion Instrumentation Amplifier        

Technology      TT1510/TT1512 Series

Description
The TT1510 and TT1512 are high per  for mance instrumentation amplif iers suit able for mi cro phone preamp

and bus sum ming ap pli ca tions.  The ICs are avai l able in a va ri  ety of pack ages and pin con fig u ra tions,

mak ing them pin com pat i ble with the An a log De vices SSM2019 and SSM2017 (dis con tin ued), and the Texas

In stru ments INA217 and INA163.

Gain for both parts is ad just able via one ex ter nal re sis tor, mak ing it pos si ble to con trol gain over a wide

range with a sin gle-gang po ten ti om e ter.  The TT1510 gain equa tion is iden ti cal to that of the SSM2019,

reach ing 6dB gain with a 10kW re sis tor.  The TT1512 reaches 0dB gain with a 10kW re sis tor.  Be cause the

TT1512 ex hib its sig nif i cantly lower noise at lower gain set tings, it is rec om mended over the TT1510 for new

de signs.

De signed from the ground up in Twil ight Technology ’s com ple men tar y di elec tr ic iso la tion pro cess and

in clud ing la ser-tr immed Si-Chrome thin fi lm re sis tors, the TT1510 and TT1512 im prove on ex ist ing in te grated

mi cro phone preamps by of fer ing lower noise at low gains, wider band width, higher slew rate, lower

dis tor t ion, and lower sup ply cur rent. The parts fea ture in ter nal ESD over load pro tec tion on all crit i cal pins.In

short, the TT1510 and TT1512 pro vide su pe rior per  for mance in a pop u lar for mat at an af ford able price.

FEATURES
· Low Noise:

1 nV/ÖHz input noise (60dB gain) (TT1510)
34 nV/ÖHz input noise (0dB gain) (TT1512)

· Low THD+N (full audio bandwidth):
0.001% @ 40dB gain
0.005% @ 60dB gain

· Low Current: 6mA typ.

· Wide Bandwidth: 7MHz @ G=100

· High Slew Rate: 19 V/ms

· Wide Output Swing: ±13.3V on ±15V supplies

· Gain adjustable from 0 to >60dB with one external 
resistor

· Industry Standard Pinouts

APPLICATIONS

· Differential Low Noise Preamplifiers

· Differential Summing Amplifiers

· Differential Variable Gain Amplifiers

· Microphone Preamplifiers

· Moving-Coil Transducer Amplifiers

· Line Input Stages

· Audio

· Sonar

· Instrumentation

            Fig ure 1. TT1510 / TT1512  Equiv a lent Cir cuit Di a gram                              
(TT1512 val ues shown in pa ren the ses)

Pin
Name

CDIP8
PKG

PDIP8
Pkg

FP8
Pkg

LCC16
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

Out 6 6 11 9

V+ 7 7 13 11

RG2 8 8 15 12

Ta ble 1. 1510 / 1512 pin assign ments
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AP PLI CA TIONS

Gain Set ting
A sin gle ex ter nal re sis tor (RG) be tween the RG1 and RG2

pins is all that is needed to set the gain of the

TT1510/TT1512, ac cord ing to the for mu lae:

for the TT1510:     AV
k

RG
= +1 10 W     or

for the TT1512:     AV
k

RG
= +0 5

5
.

W
  where

AV is the volt age gain of the part.

Ei ther part may reach unity gain, but the value of RG

re quired var ies dras ti cally be tween the two parts.  For the 

TT1510, gain is 0dB when RG is in fi nite (open);  This is the

min i mum gain for the TT1510. At in fi nite RG, the TT1512

reaches -6dB gain; This is the min i mum gain for the

TT1512. With  RG=10kW, the TT1512 reaches 0dB gain.

Over all gain ac cu racy de pends on the tol er ance of

RG and the ac cu racy of the in ter nal thin-film re sis tors

con nected to pins RG1 and RG2 in the TT1510/TT1512

(RA & RB in Fig ure 1).  These in ter nal re sis tors have a

typ i cal ini tial ac cu racy (at room tem per a ture) of ±0.5%, 

and are typ i cally sta ble with tem per a ture to within

±200 ppm/°C.  Gain will drift with tem per a ture based on 

the mis match be tween the tem per a ture co ef fi cient of

the ex ter nal RG and that of the in ter nal re sis tors RA & RB.

For vari able-gain ap pli ca tions where gain ac cu racy

is im por tant, Twilight Technology rec om mends us ing

dis crete, switched 

re sis tors for RG. Where con tin u ous con trol is re quired, or

where gain ac cu racy is less crit i cal, a po ten ti om e ter

may be used.  In such ap pli ca tions, de sign ers should

take care in spec i fy ing the el e ment con struc tion to

avoid ex cess noise.  The po ten ti om e ter taper will set the

cir cuit’s char ac ter is tic of gain vs. pot ro ta tion.  Typ i cally,

re verse log (au dio) taper el e ments of fer the de sired

be hav ior in which gain in creases with clock wise ro ta tion

(and lower val ues for RG).  See Twilight Technology's

De sign Note 138 for a dis cus sion of po ten ti om e ter taper

and gain for the TT1510 and TT1512 com pared to sim i lar 

parts from other man u fac tur ers.

Noise Per for mance
Both parts ex hibit ex cel lent volt age noise

per for mance of ~1 nV/ÖHz at high gains. With

~2 pA/ÖHz cur rent noise, they are op ti mized for rel a tively 

low source im ped ance ap pli ca tions, such as dy namic

mi cro phones with typ i cally a few hun dred ohm out put

im ped ances.  But, be cause they have dif fer ent in ter nal

gain struc tures, the TT1510 has higher equiv a lent in put

noise at 0dB gain (~57 nV/ÖHz) than the TT1512, which

runs 4.5 dB lower at ~34 nV/ÖHz.  The un usual and

su pe rior to pol ogy of the TT1512 makes it’s noise

per for mance com pa ra ble tosome of the better dis crete 

de signs cur rently avail able.

Fig ure 2. Ba sic TT1510 / TT1512 Cir cuit
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In puts

Sim ple Con fig u ra tions 

As shown in Figure 1, the TT1510/TT1512 in cludes

pro tec tion di odes at all pins ex cept V+ and V-.  These

di odes re duce the like li hood that ac ci den tal

elec tro static dis charge (ESD) or elec tri cal over stress

(EOS) will dam age the ICs.  Other di odes across the

base-emitter junc tions of the in put tran sis tors pre vent

ex ces sive re verse bi as ing of these junc tions (which would 

de grade the noise per for mance of the in put de vices).

Other than the con nec tion to the pro tec tion di odes,

the TT1510/TT1512 in put pins are con nected only to the

bases of their re spec tive in put de vices.  For proper

op er a tion, the bases must be pro vided a source of dc

bias that will main tain the in puts within the IC’s in put

com mon-mode range. Two dif fer ent schemes for this

are shown in Fig ures 2 and 3.  Fig ure 2 is sim ple, but its

out put will need to be ac-coupled to the next stage,

par tic u larly if RG is vari able to al low gain ad just ment. 

Fig ure 3 shows the ad di tion of an in te gra tor to servo the

out put off set. In this cir cuit, the out put off set will de pend

on that of the ex ter nal opamp U2, which may be small

enough to avoid ac-coupling the out put.

Note that the val ues of R1 and R2 in these fig ures

are small to min i mize pickup of un wanted noise and 

in ter fer ence. 1kW is of ten used, which yields a dif fer en tial                                                      

in put im ped ance of 2kW, of ten con sid ered to be ideal

for many mi cro phones.

Phan tom Power 
Phan tom power is re quired for many condensor

mi cro phones.  Twilight Technology rec om mends the

cir cuit of Fig ure 4 when phan tom power is in cluded3.  R3 

and R4 are used to limit the cur rent that flows through

the bridge cir cuit of D1 through D4 when C4 and C5 are 

dis charged af ter be ing charged to 48V from the

phan tom volt age sup ply.  R3 and R4 should be kept very 

small as shown in or der to in tro duce min i mal ad di tional 

noise. C4 and C5 should be kept large to min i mize

high-pass fil ter ing of the sig nal, and to avoid

am pli fi ca tion of low-frequency cur rent noise in the

TT1510/TT1512 in put stage.

Other man u fac tur ers have rec om mended, and many

pro au dio prod ucts in clude, a zener di ode ar range ment 

con nected to the bridge rec ti fier in stead of the

con nec tion to V+ and V- as shown in Fig ure 4.  While this 

ar range ment does not keep the in puts in side the

com mon mode range, it has the ad van tage of work ing

even when the power is off.  For fur ther in sights into this

sub ject, see the Au dio En gi neering So ci ety preprint “The 

3. In revisions 0 and 1 of this data sheet, we recommended using Schottky diodes (N5819 types) to protect the 1510/1512 inputs against overloads.  Subsequently,

we discovered that the leakage of these diodes could cause problems with DC at the 1510/1512 output.  Upon further investigation, we believe that

conventional rectifier diodes like 1N4004 provide adequate protection and do not introduce unacceptable leakage.  Additionally, 1N4004 diodes are much

Fig ure 3.TT1510 / TT1512 Cir cuit with Out put Off set Servo
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48 Volt Phan tom Men ace,” by Gary K. Hebert and Frank

W. Thomas, pre sented at the 110th AES Con ven tion.  

When us ing the more con ven tional zener di ode

ap proach, R3 and R4 must be made larger (e.g., 51W)

in or der to limit peak cur rents enough to pro tect the

zener di odes.  In such cases, these re sis tors will limit the

noise per for mance of the preamp.  The ul ti mate floor is

set by the im ped ance of the mi cro phone, but any

ad di tional se ries re sis tance fur ther de grades

per for mance.

In put Im ped ance and Line In put Con fig u ra tions 

A higher com mon-mode in put im ped ance may be

de sir able (com pared with that of Fig ures 2 and 3),

es pe cially when a mic pre-amp in put is con fig ured to

dou ble as a line re ceiver. The cir cuit of Fig ure 4 also

ac com mo dates this ob jec tive. In this cir cuit, R1 and R2

are in creased to 10kW, boost ing the low-frequency

com mon-mode in put im ped ance from 500 W to about

2 kW. A value of 2.7 kW for R9 keeps the dif fer en tial in put

im ped ance at 2 kW with out re duc ing the

com mon-mode in put im ped ance.

A line in put can then be added by con nect ing

5.1 kW re sis tors from the line in put’s + and - in put

ter mi nals to the pos i tive and neg a tive in puts,

re spec tively, of the  TT1510/TT1512 of Fig ure 4.  This

in creases the dif fer en tial line in put im ped ance to

~12.2 kW, and re sults in a net at ten u a tion (pad) of 

ap prox i mately 15.7 dB be tween the line in put and the

out put shown in Fig ure 4.  Since, in many pro au dio

ap pli ca tions, the min i mum pre-amp gain is 10 dB, the

pad ef fec tively can cels out this min i mum gain while

add ing an ad di tional 6dB of at ten u a tion, which al lows

the re sult ing line in put to ac com mo date high line level

sig nals. 

Ref er ence Ter mi nal

The “Ref” pin pro vides a ref er ence for the out put

sig nal, and is nor mally con nected to an a log ground.  If

nec es sary, the “Ref” pin can be used for off set

cor rec tion or DC level shift ing.  A non-zero ref er ence

source re sis tance will re duce the IC’s com mon-mode

re jec tion (CMR) by the ra tio of 10 kW/RREF.

Twilight Technology; 325 North Shepard Street; Anaheim, California 92806; USA
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Fig ure 4. Rec om mended TT1510 / TT1512 Cir cuit with Phan tom Power
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Ab so lute Maxi mum Rat ings (TA = 25°C)

Pos i tive Sup ply Volt age (VCC) +20 V Op er ating Tem per a ture Range (TOP) -40 to +175°C

Neg a tive Sup ply Volt age (VEE) -20 V Stor age Tem per a ture Range (TST) -40 to +125°C

Out put Short-Cir cuit Du ra tion (tSH) Con tin u ous Lead Temp. (TLEAD) (Sol der ing 10 sec) 260 °C

Rec om mended Op er at ing Con di tions

Pa rame ter Sym bol Con di tions Min Typ Max Units

Posi tive Sup ply Volt age VCC +5 +20 V

Nega tive Sup ply Volt age VEE -5 -20 V

Elec tri cal Char ac ter is tics
2

TT1510 TT1512
Pa ram e ter Sym bol Con di tions Min Typ Max Min Typ Max Units

Sup ply Cur rent ICC, -IEE No sig nal — 6.0 7.9 — 6.0 7.9 mA
VCC = -VEE = 20V — — 8.0 — — 8.0 mA

In put Bias Cur rent IB No sig nal; Ei ther in put — 4.8 14 — 4.8 14 mA
con nected to GND

In put Off set Cur rent IB-OFF No sig nal -1.4 — +1.4 -1.4 — +1.4 mA

Off set Volt age   
   Out put Stage Out put Off set VosOO No Sig nal, VCM=0 -5 — +5 -5 — +5 mV
   In put Stage In put Off set VosII -250 — +250 -250 — +250 mV
   To tal Out put Off set G=volt age gain -5-0.25G 5+0.25G  -5-0.25G 5+0.25G mV

In put Volt age Range
    Com mon Mode VIN-CM Com mon mode, all gains — ± 13 — — ± 13 — V

    Dif fer en tial Mode VIN-UNBAL Un bal anced -13 — +13 -13 — +13 V
       One in put to GND, 0dB gain

Dif fer en tial Gain Gdiff 0 — 70 -6 — 64 dB

Ref In put Volt age Range — ± 8 — — ± 8 — V

Ref In put Im ped ance — 10 — — 15 — kW

Ref In put Gain to Out put — 0 — — 0 — dB

In put Im ped ance ZIN-DIFF Dif fer en tial
0dB gain — 32||1.9 — — 37||1.9 — MW||pF

 20dB gain — 32||2.0 — — 37||2.0 — MW||pF
40dB gain — 32||2.5 — — 36||3.1 — MW||pF
60dB gain — 29||8.0 — — 31||13.9 — MW||pF

ZIN-CM Com mon mode
all gains — 8||7.7 — — 9||7.7 — MW||pF

1. All specifications are subject to change without notice.

2. Unless otherwise noted,  VCC = +15V, VEE = -15V, TA=25°C,
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Elec tri cal Char ac ter is tics (Cont ’d)

TT1510 TT1512
Pa ram e ter Sym bol Con di tions Min Typ Max Min Typ Max Units

Com mon Mode Re jec tion CMR VCM =± 10V; DC to 60 Hz
0 dB gain 45 60 — 45 60 — dB

20 dB gain 65 80 — 65 80 — dB
40 dB gain 85 100 — 85 100 — dB
60 dB gain 105 120 — 105 120 — dB

Power Sup ply Re jec tion PSR VCC= -VEE; ±5V to ±20V; DC to 60 Hz
0 dB gain — 85 — — 60 — dB

20 dB gain — 105 — — 105 — dB
40 dB gain — 120 — — 120 — dB
60 dB gain — 124 — — 124 — dB

To tal Har monic Dis tor tion THD+N VOUT = 7Vrms; RL = 5 kW
f = 1kHz; BW = 20 kHz

0 dB gain — 0.0005 — — 0.001 — %
20 dB gain — 0.0012 — — 0.004 — %
40 dB gain — 0.0016 — — 0.005 — %
60 dB gain — 0.005 — — 0.008 — %

Equiv a lent In put Noise en(OUT) f = 1kHz, 

0 dB gain — 57 — — 34 — nV/ÖHz

20 dB gain — 7 — — 4.6 — nV/ÖHz

40 dB gain — 1.7 — — 1.4 — nV/ÖHz

60 dB gain — 1 — — 1 nV/ÖHz

In put Cur rent Noise in 60 dB gain — 2.0 — — 2.0 — pA/ÖHz

Noise Fig ure NF 60 dB gain

RS = 150 W — 1.6 — — 1.6 — dB

RS = 200 W — 1.3 — — 1.3 — dB

Slew Rate SR RL = 2 kW

CL = 50 pF 13 19 — 13 19 — V/ms

Band width -3dB BW-3dB RL = 2 kW; CL = 10 pF
0 dB gain — 15 — — 11 — MHz

20 dB gain — 8 — — 9 — MHz
40 dB gain — 7 — — 7 — MHz
60 dB gain — 3 — — 1.6 MHz

Out put Gain Er ror GER (OUT) f = 1kHz; RL = 2 kW

RG =in fi nite, G=0 dB -0.5 — +0.5 — — — dB

RG = 1.1 kW, G=20 dB -0.5 — +0.5 — — — dB

RG = 101 W, G=40 dB -0.5 — +0.5 — — — dB

RG = 10 W, G=60 dB -0.5 — +0.5 — — — dB

RG = 10 kW, G=0 dB — — — -0.5 — +0.5 dB

RG = 526.3 W, G=20 dB — — — -0.5 — +0.5 dB

RG = 50.3 W, G=40 dB — — — -0.5 — +0.5 dB

RG = 5 W, G=60 dB — — — -0.5 — +0.5 dB

Out put Volt age Swing VO RL = 2 kW
all gains ±13 ±13.3 — ±13 ±13.3 — V

Out put Short Cir cuit Cur rent ISC RL = 0 W — ±17 — — ± 17 — mA

Min i mum Re sis tive Load RLmin 2 — — 2 — — kW

Max i mum Ca pac i tive Load CLmax — — 300 — — 300 pF

Gain Equa tion AV
 k

RG
= +1

10 W
A .V

 k

RG
= +0 5

5 W

REV. A
3



Twilight Technology; 325 North Shepard Street; Anaheim, California 92806; USA

Tel: 1 714 257-2257;  Fax: 1 714 257-2252;  Web: www.twilighttechnology.com

Twi light Tech nol ogy                 TT1510/TT1512 Se ries

Package Information

Both the TT1510 and TT1512 are avail able in 8-pin CDIP, 8-pin Extended Temperature PDIP, 8-pin Flatpack, and 16-pin LCC

pack ages.Other ver sion/pack age com bi na tions will be con sid ered based on cus tomer de mand. The pack age di men sions 

are shown in Fig ures 5 thru 8, while pinouts are given in Ta ble 1.All ver sions of the TT1510 and TT1512 are lead free and RoHS 

com pli ant. 

Fig ure 5. 8-pin Ex tended Temperature PDIP pack age out line

Figure 6. 8-pin CDIP pack age out line
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Fig ure 7. 8-pin Flatpack pack age out line

Fig ure 8. 16-pin LCC pack age out line
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Fig ure 9. Or der Information
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