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Dual-span-to-op operational amplifier with linear diode and buffer

Overview

The LM 13700 series includes two flow-controlled amplifiers, each with a differential input and
a push-pull output. The two op amps share a power supply, but can work separately. Linear diodes at
the input reduce distortion and allow for higher input voltages. The results can improve the signal-to-
noise ratio of 10dB under 0.5% THD. To complement the dynamic response range of the amplifier, a
high-impedance buffer is specially designed. Unlike the LM 13600's output buffer controlled by thei
nput bias current labc, the LM 13700's output buffer operates independently of the labc (and the outp
ut DC level isalso), so it is better than the LM 13600 in audio applications.

Features

Transconductance gm tunability exceeds 1
0 Decades Excellent transconductance g
m linearity Excellent matching between a
mplifiers

application

Current control amplifier

Stereo audio amplifier
Flow-controlled impedance circuit
Flow-controlled filter

Product Ordering Information

Internal linear diodes reduce output distor
tion High impedance buffer High output
signal-to-noise ratio

Flow-controlled os
cillator Multiplexe
r Timer Sampling
and Holding Circui
t
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Pin diagram
BIAS  DIODE  NPUT  INPUT BUFFER BUFFER
INP:JET nmlss |‘.+:“ [J_:S CIUT‘P:T \l':‘ mlil:; ] UTI;U‘I’
1 2 3 a 5 6 ]r 8
oias  mas o CUrem YT ST SRt
INPUT
Pin Description
BHIEIR F= 110 fER
Amp Bias Input 1,16 | R RER A
Buffer Input 7,10 I B EE Rl N\ iy
Buffer Output 8,9 0 B EsiE i
Diode Bias 2,15 | HE T IRERE RN
Input (+) 3,14 | LN
Input (-) 4,13 | RABEI N
Output 5,12 o) ToLB hEs ) B i
Vs+ 11 P FRRIEURHES
Vs- 6 P FRIRA R
Extreme parameters
o &/IME BRAE =21y
HEBR 36dc or +18 \Y;
BB E +Vs -Vs v
EZRANBE 5 v
“IRERERR (1d) 2 mA
ERRER (labc) 2 mA
PSRRI 20 mA
INRIRFE (Ta=257T) 570 mw
fal AT RIS LAY ) —B
BRNBERFERE -65 150 C
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Recommended working conditions

) &/ME BRAE ==l
Vs (EBEER) 9.5 32 \Y,
Vs+ (WEEIR) 475 16 Y,
Vs- (WEBIR) -16 -4.75 \Y
TERETE 0 70 C

Electrical CharacteristiCs vs=+15V,labc=500uA, Ta=25°C FA5 5588 PIN2/15 525 Bufferinput 1, BufferOutput

o FRIR M SRR BN | BB §K | B
Vios Over specified temperature range 0.56 3
BANKEBE : mV
Vios labc=5uA 1.12 4
BMNKFBEETIRE)| Vios_D Diode #REFE7T Id=500uA 0.45 5 | mV
BMAKEBETW /A\Vios 5uA<labc<500uA 0.5 3 | mv
INSIERIR lios 0.033 | 0.6 | uA
lib 0.116 5
BMNREBIR ) = uA
lib Over specified temperature range 0.220 8
Y 100 %0 25mV & 6700 | 9600 |13000
EEEE] gm — uS
Over specified temperature range | 5400
gm tracking gm_t 0.3 dB
RL=0,labc=5uA 4.3 5
B Ipk RL=0,labc=500uA 450 500 | 650 | uA
RL=0 300
TEEBR Icc labc=500uA,XEE (MitEm) 2.2 mA
HIRHPHILL CMRR 80 110 dB
HIZTHE 12 | 135 \Y;
B crosstalk (1),20Hz<f<20KHz 100 dB
ZDHNBIR Idin labc=0,input=+4V 0.02 | 100 | nA
ei==hi lleak labc=0 0.2 100 | nA
ENUEE Zin 10 26 kQ
FIREE 2 MHz
FEHRRER slew rate BB M= 4.3 50 V/uS
EIPERNEIR Ibin (1) 0.5 2 uA
BB P HEEBE Ipkout_buffer (1) 10 \Y
BB E
FEB/E VOP R=«,5uA<labc<500uA 12 14.2 v
& VON R=,5uA<labc<500uA -12 -14.2 v
KIFEEEBURE Vios sensitivity
1E[G AVios/ AV+ 20 150 |uVv/vV
) AVios/AV- 20 150 |uVv/vV
http://www.hgsemi.com.cn 3/15 2020 AUG


http://www.hgsemi.com.cn/

.®
[[yHoRE LM13700

Feature map
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Functional Overview

The LM 13700 is atwo-channel differential input flow-controlled transconductance operational
amplifier with an output buffer. The input is linear diode characteristic, which reduces distortion whil
e the output current is also controlled by this port. The output port can also be continuously protected
in the case of short circuits to ground.

Internal circuit block diagram

Y06

' BUFFER
INPUT

710
an 12

M3 BuFFER
OUTPUT 8.8

DIODE BIAS
2,15

L o OUTPUT
“INPUT 512

—INPUT
413

AMP BIAS
INPUT

1.16 °_T_

Figure 9 A transconductance operational amplifier

Feature Description

Circuit description: Q4 and Q5 are differential pairs of differential input stages. They form atranscon
ductance stage, and their collector current ratio is defined by the differential input voltage according t
o the transfer function as follows:
S
VIN = ] In " (1)
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Here Vinistheinput differential voltage, kT/qis26mV at 25°C, and |15 and 14 are the collector ¢
urrents of Q5 and Q4. Except for Q12 and Q13, all transistors and diodes are the same. Q1, Q2, and D
1 form aWilson current source, whose current comes from the sum of 15 and 14 and is equal to labc:

14+15=1ABC (2)

Here labc is obtained from the AMP Bias Input port. For small differential input volt
ages, the difference ratio of 15 and 14 can be uniformly used to approximate the functional
relationship between the Taylor series:

In 8 < KT 5=l
14
IABC
l4 =15 = > (3)
IABC
VN [S=1se @)

I5 and 14 are not too useful themselves, they need to subtract an electric current from other direc
tions. The remaining transistors and diodes form a three-current mirror, which will produce a differen
ce of output current equal to 15 and 14.

IABCq] _
VIN [ 2KT ()

The value in brackets is the transconductance of the operational amplifier, which is proportional to labc.

Linear diode: When the differential voltage is greater than afew mV, equation (3) is not very suitable
and transconductance becomes increasingly nonlinear. Figure 19 shows how internal circuits use diode
sto linearize the functions of compensation amplifiers. For convenience, assuming that the diode para
noid current source and input signal exist in the form of current, since the sum of I5and 14 isequal to |
abc, the differenceis equal to the output current, 15 and 14 can be expressed as follows:

IABC IouT IABC IouUT
- 2 . == - . A
l4= = > 5= = > (6)

Since the diode and the input transistor have similar geometry and have similar voltage and temperature characte

ID IABC I10UT
KT —2*S _ k1 = S5 "5
— Inp = — In ®Bc oot (7)
q ——1s q ==
2 2 2
21ABC ID
S 10UT=IS ( ) for |IS| < >

Note that in Program 7, no approximation is made, nor does the temperature dependency case be
considered. The limitation is that the current of the signal does not exceed 1d/2 and the diode current is
also biased. In fact, using resistors instead of current sources will cause considerable errors.
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Device function mode:

Used in single-ended or double-ended power supplies may require alittle change. The output can s
upport continuous ground short circuit protection. Note that using +5V to power the LM 13700 may red
uce its dynamic response range because the PNP transistor has a higher Vbe than the NPN transistor.

Output Buffer: Each channel contains a separate output buffer consisting of Darlington tubes tha
t can drive up to 20mA current

Application information:

The transconductance op amp is a multifunctional building block-like analog element that can b
e called an ideal transistor. The LM 13700 has awide range of application scenarios, from voltage-co
ntrolled op amps, filtersto voltage-controlled oscillators, etc. Its unique independent channel is better
used in stereo audio amplifiers.

Typical Applications

Figure 10 Air compressor amplifier

Design requirements:

For this example application, the supply voltage is +15V and the system needs to providea 1Vp
p volume control input signal with a distortion THD<0.1%. The volume control range is between -13
V~15V and requires asignal with an adjustable range of more than 30dB.

Detailed design process:

Linear diodes are recommended in most applications because they greatly reduce output distorti
on. Theinput diode bias current ID is required to be greater than twice the input current Is, because w
hen the input voltage is OV, the voltage drop of the input bias diode isnot OV but 0.7V.

When connecting the bias port to V+, a 14.3V voltage drop will be obtained through Rd. It is ap
propriate to use the recommended 1d=1mA, here Vs+=15V and the voltage drop is 14.3V, then conne
cting a standard 13K () resistor will be able to get the desired gain control.

In order to meet the THD<0.1% requirement, when the linear diode is used, the differential inp
ut voltage must be less than 60mV pp. The input divider at the input port will reduce 1V pp to 33mVp
p, which is within the required range.
Next, set the bias current. Bias current input pins (PIN1 and PIN16) are the two diode voltage drops and po\
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V-, so Vbias=2Vbe+V-, since this application V-=-13.6V, and Vc=15V, a 28.6K resistor can be conn
ected in series to get a current of ImA. Of course, 30K () is the standard resistance value, and the gai
n is proportional to the applied voltage.

[ HGSEMi

Signal and control voltage relationship diagram
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Figure 11 Signal amplitude and control voltage

System application example

GAIN
< CONTROL

O OUTPUT Ac 15V

Figure 12 Voltage Control Amplifier Figure 13 Stereo Amplifier
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Vinio
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D -15 v
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(w52)

Figure 16 Voltage controlled high-pass filter
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THD< 1%
vgo—=

Figure 19 Multiplexer
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10 K

HOLD IN
RANGE

VIN©

VIN©O

Cg 1000pf

Rg 10052

i

Figure 21 Sampling and Holding Circuit

Figure 22 Unit Gain Follower

http://www.hgsemi.com.cn 11/15 2020 AUG


http://www.hgsemi.com.cn/

.®
[(pHosE LM13700

Figure 23 Differential input current test circuit
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Package size

DIP16

I O N Y I

Dimensions In Millimeters(DIP16)

Symbol: A B D D1 E L L1 a b c d
Min: 6.10 18.94 8.40 7.42 3.10 0.50 300 1.50 0.85 0.40

2.54 BSC
Max: 6.68 19.56 9.00 7.82 3.55 0.70 3.60 1.55 0.90 0.50
SOP16

HHAHHAHAE

Al
\,/
. g HBEOSEHE
a ‘ \b 0.25
Dimensions In Millimeters(SOP16)
Symbol: A A1l B C C1 D Q a b
Min: 1.35 0.05 9.80 5.80 3.80 0.40 0° 0.35
1.27 BSC

Max: 1.55 0.20 10.0 6.20 4.00 0.80 8° 0.45
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TSSOP16

B Tﬁ

HHAAHH

(SIS
O At
]
| THHEEIEEE oo
a
b
Dimensions In Millimeters (TSSOP16)
Symbol: A A1 B C C1 D Q a b
Min: 0.85 0.05 4.90 6.20 4.30 0.40 0° 0.20
0.65BSC
Max: 0.95 0.20 5.10 6.60 4.50 0.80 8° 0.25
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Important Note:

Huaguan Semiconductor reserves the products and services provided without notice. Customers shou
Id obtain the latest relevant information before ordering and verify whether the information is up to d
ate and complete.

When using Huaguan Semiconductor products for system design and machine manufacturing, custom
ers are responsible for complying with safety standards and taking safety measures to avoid potential r
isks that may lead to personal injury or property damage.

Huaguan Semiconductor products have not obtained permission to apply in areas such as life support,
military, aerospace, etc., and Huaguan Semiconductor will not bear the consequences of the applicati
on of productsin these fields.

Huaguan Semiconductor ensures that the performance of the semiconductor products produced by the
company meets the performance indicators that can be applied during sales. The use of testing and oth
er quality control technologiesis limited to the quality assurance scope of Huaguan Semiconductor. N
ot all parameters of each device need to be detected. The above documents are for reference only, and
everything is subject to physical parameters.

Huaguan Semiconductor's documentation is only allowed to copy without any tampering with releva
nt authorization. Huaguan Semiconductor shall not bear any responsibility or obligation for tampered
documents.
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