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61407202 : Major (ELECTRICAL AND COMPUTER ENGINEERING)
Keyword : Pulse width modulation circuit, Current-mode, Commercially available IC

MR. PAWICH CHOYKHUNTOD : A CURRENT-MODE MULTICARRIER
PHASE SHIFTED PWM CIRCUIT USING COMMERCIALLY AVAILABLE IC THESIS
ADVISOR : PHAMORN SILAPAN, Ph.D.

This thesis has synthesized and designed a multi phase-shifted pulse width modulation
circuit in the current mode that can be electronically controlled. Its purpose is to develop pulse
width modulation and optimize the output signal. It can provide an output signal that is closer to a
sinusoidal waveform. Nowadays, commercial IC devices are widely synthesized and designed
into various types of analog circuits instead of electronic building block devices because
commercial ICs are cheap, thus reducing the cost of synthesizing and designing the required

circuits.

The pulse width modulation circuit consists of two main circuits: a four-phase current-
mode triangular signal generator and a current-mode comparator. The circuit analysis presented is
divided into two cases, the ideal case and the non-ideal case. There are two methods of testing the
performance of the pulse width modulation circuit: simulation in PSpice and practical testing. It is
designed to use four triangular wave carrier signals with the amplitude of 10044, at 1kHz and
90 degrees phase-difference, modulated to a reference signal of a sinusoidal waveform of

62.5uA4 at 50kHz, where the amplitude and frequency modulation are 0.625 and 20,

peak

respectively.

The results of the synthesized pulse width modulation circuit's performance testing by
both methods, it is found that they were consistent and in accordance with the theory analyzed.
The current-mode four-phase triangular wave generator circuit can generate a triangular carrier
signal according to the intended objectives, with the amplitude, the frequency, and the phase
difference of the triangular carrier signal in the simulation results deviating from the theoretical
maximum of 6%, 7.43% and 1.02%, respectively. In practice, the amplitude, the frequency and
the phase difference of the triangular carrier signal have the maximum errors of 5.35%, 5.53%,
and 8.22%, respectively. Pulse width modulation uses the principle of comparison between a

triangular carrier signal and a sinusoidal reference signal by a current-mode comparator, which



can generate four PWM signals. The amplitude of the PWM signal in simulation has a maximum
theoretical deviation of 0.84%. The error has a maximum error of 14.5%. The duty cycle of the
PWM signal in the simulation results and the practical results are consistent with the calculated
theory. Combining the four PWM signals, the PS-PWM signal can be generated, which is the
output signal of the proposed pulse width modulation circuit, in accordance with the theory
predicted. The amplitude of the output signal can be electrically controlled and linearly. In
simulation results, it can be adjusted up to 8mA ., and the theoretical maximum error is 0.84%. In
practice results, it can be adjusted up to 7.6md,., and the theoretical maximum deviation is
4.06%. Moreover, the outside temperature does not affect the change in the output amplitude,

which is confirmed by the simulation results.
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A Current-mode Phase-shifted Multicarrier PWM
based on Commercially Available IC

Pawich Choykhuntod
Department of Electrical Engineering, Facully of Engineering and
Industrial Technology
Silpakorn University (Sanam Chandra Palace Campus)
Nakhonpathom 73000, Thailand
choychoykhuntod@gmail.com

Abstract— This rescarch presents a current-mode phasc-shifted
multicarrier PWM circuit designed by the commercially available I1Cs
(LM13700 and AD844) and grounded capacitor of a current-mode multi-
phase triangular wave generator and a current-mode comparator circuit.
An external DC current can clectrically control the amplitude of the
output signal. Experimental results confirm the theorctical analysis. The

imum error of litude is 1.33%. Moreover, the amplitude is
independent of temperature.

Keywords—Current-Mode, Phase-shifted multicarrier PWM,
Llectrically controlled, Commercially available IC.

I. INTRODUCTION

A pulse width modulation (PWM) is used in a wide range
of electrical engineering applications such as power electronic
[1], communication [2], and class-D amplifier [3]. Especially
in the clectronics ficld, it uses a PWM signal to control the
switching device of inverters. PWM can usually be created by
comparing the sinusoidal waveform signal and the triangular

waveform signal, known as a sinusoidal pulse width
modulation (SPWM). An SPWM has the following
advantages: easily implemented, uncomplicated circuit.

However, the methods mentioned above still have problems
with noise and Total harmonic distortion (THD). Subsequently,
a multi-level PWM method is developed for solving THD
problems and improving the efficiency of the output signal.

From inverter circuits, A multicarrier PWM is a high-
frequency switching process for generating a multi-level PWM
signal. The two additional methods available: 1). Level shifted
PWM (LSPWM) 2) Phase-shifted PWM (PSPWM) [4]. Both
methods are reduced the THD of the output signal, which gives
a more near sine wave than SPWM. An interesting way to do
this is with a phase-shifted PWM using a multi-phase
triangular signal as a carrier that has the same frequency and
amplitude. Moreover, it has a simple application, including a
low distortion factor in all modulation indexes. A phase-shifted
PWM has an advantage over the level-shifted PWM follow as:
It does not require an elevation of the DC current or DC
voltage signal. Easily control the amplitude of the carrier signal
without considering the overlap of the carrier signal level.

The commercially available IC has been widely used in
electronic circuits, such as various types of filter circuits [5]
[6], oscillator circuits [7], and inductance simulators [8]. It has
the advantage as provides signal quality similar to the chip.
Furthermore, it is still more convenient and cheaper. As
mentioned above, the researchers create a phase-shifted
multicarrier  PWM  circuit in  current-mode using  the
commercially available ICs to increase the modulation

978-0-7381-1127-8/21/$31.00 ©2021 IEEE
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efficiency and reduce the harmonic distortion. The output
signal can be controlled electronically for various related
applications.

1. PROPERTIES OF ACTIVE DEVICE

A. LMI13700

J, peeE oo f V(_(_ BUFFER BUFFER

INUT  OUTPUT

B Bas Vine Vin

I 5% Vey Vi 1 Vg mume s
(@
I L "
. Vi
Vy.o—»|+ Bl 4’—0 ’
v - LM13700 o—290 ‘0
wOo—|=  mol—solp

(b)
Fig.1.(a) The connection diagram of LM 13700 (b) The symbol.

The LM13700 [9] is commercially manufactured by Texas
instruments Inc that consists of two current-controlled
transconductance amplifiers and two high impedance voltage
buffers in one package. The connection diagram and the

symbol are shown in Fig.1. Two amplifiers in the LM13700
share a standard power supply but otherwise operate
independently for cach other. The relationship between voltage
and current of the LM13700 is given by

T 0 0 0 0V,
I 0 0 0 0|V,
I | |g -2 0 of7 2
Vi 0 0 0 1|V
Ba= 2’, @
In (2), the g, is a transconductance gain controlled by the

input bias current ( /,,) but still depends on the thermal voltage
(V). At room temperature (25°C), ¥, is about 26 mV" .
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B. AD844

Analog device Inc produces the AD844 [10]. A current
feedback amplifier (CFA) has advantages: low distortion, low
noise, high slew rate, wide bandwidth, and high linearity, ctc.
The pin and the electrical symbol are displayed in Fig.2. The
AD844 can be operated from +4.5V to +18V . Itis applied
to convert the current to the voltage or the voltage into the
current. The relationship between voltage and current of the

ADB844 is given by

S = O O
-0 o O
Lo e e e

Fig.2. The pin (left) and the symbol (right) of the AD844.

TIT. THE PROPOSED PHASE-SHIFTED MULTICARRIER PWM

Tae

Multi- Com- 2

phase parator 2 [UUT ; -—
triangular :

wave i
generator

e Y

Fig.3. Block diagram of the proposed phase-shifted multicarrier PWM.

The block diagram in Fig.3 shows that the proposed phase-
shifted multicarrier PWM consists of a multi-phase triangular
wave generator and comparator from the block diagram. All
principles of the block diagram are explained in this section.

A. Saturation-Mode on LM13700 and AD844
The LM13700 is an operational transconductance amplifier
(OTA), designed by bipolar junction transistors technology. So
that, the output current (/,) is a first-order approximately of
Taylor's series, which can be found by
L=, umh[—’ "‘*2,, ] ()]

1

where V¥, and ¥V, _ are positive and negative voltage inputs

of LM13700. When V,, =V, >>2V, or V, -V_<<-2V, at
25°C. So,tanh (¥, —V,_/2V;) is approximated to 1 or —1,

1H+— in—
respectively. Thus, the output current of LM13700 can be
rewritten as
A A
° T, i V-V <21,

it

®

838

From the AD844, If we take the input current (/) into pin 2
with pin 3 and pin 5 are grounded and floated, respectively.
Thus, the voltage output on pin 5 (7, ) is as follows:

Vee if 1,20
% ~{ cc 1 in (6)

i

Vau if I, <0
where V..and V. are positive and negative voltage power
supply, respectively.

B. The Proposed Current-Mode Multi-phase Triangular
Wave Generator Circuit

Fig.4. The proposed current-mode multi-phase triangular wave gencrator.
From Fig.4, The TZ port of the AD844-1 and AD844-2 are
connected to the OTA's input which is qualified as high
impedance. So, they are floating. ¥, and V, are given by

T e ’('(' if IﬂZO and V, = V(‘( if If220

Ve if 1,500 2|V if 1,207
The LM13700-1 and LM13700-4 execute in saturation-mode
that are explained in Section 111, thus /,,/,,/, and /; can be

@)

depended on [, ,7y,,1,, and I, , respectively. The voltage
inputs of LMI13700-2, LMI13700-3, LM13700-5, and
LM13700-6 are the voltage capacitor (V). The output

current of those devices is demonstrated following as:
L==8,Vers Iy ==8iVers Ty = 8usVer s Lo = =8usVer - B)
L, =-8,0Vers Lz = &uoVersand Iy =—g,, Ve, ©)

1

The amplitude voltage of the I* capacitor (|V(.l ), that equals

to 2V;1,,/1,, So the amplitude of /, and /,, can be found

follow as
Lo Ton
[l =222, and |1,,|="2225 (10)
1]!4 IIH
Using Fig.5, the period of the triangular output signal can be
explained by
T _ C (+a .
TS,
T:81“I,Cl 12
Tydps

Then, the frequency of the triangular output signal can be
express as
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s & : (13)
8I,.1,C,
+1,)
Ly
I3
Ly,
P
—> T2 <
— T —>

Fig.5 The current and voltage signal from the capacitor
Considering the amplitude voltage of 2°¢ capacitor (|VC2

)

which is calculated by
L (T

|VF2|=1;L ot

_ZI’T[BZIIJ?('I

IEIIBJ(‘Z
Let C, equal to C,. So that, the amplitude of 7 and 7,
]BZIH7[BID 2 and |]“N| = IﬁZIHTIHll .

Il

81184 B B4

(14)

|7s| = (15)

C. Current-mode Comparator

Fig.6 The proposed :urreul-mode comparator with LM13T700 and AD844
This section presents the current-mode comparator, which

LMI13700 and ADS844 design, to compare the triangular
carrier signal (/) and the reference signal (/). The
comparator uses the principle of LM13700 and AD844 in the
saturation mode that the proposed circuit is shown in Fig.6.
T Vee if Iy (‘)2 L (’)
T e i La(0)S 2 ()
Using Fig.5 and (16), ¥V, is the input voltage of LM13700.
So, All LM13700 in Fig.5 are operated in saturation mode
which the output current can be obtained by

(16)

Lo AF de2 L, /s if Jen 2L

T :{ B12 fr il h " i :{ B3 ff wi2 < “ (17)
gy, AL Ly Sy Ly AL Ly, Sy

IO3 = ]HN if. ]!Xil 2 lmr N IU‘ = IEIS ?I: ]\rid 2 ]K‘f ; (18)
it FIVHR L G (O Ay i Ly STy

D. The Proposed Current-mode PWM
From Fig.7, The duty cycle of the PWM signal (/pp,,)
depends on the reference signal and the triangular signal ( /,; ).

Thus, At, that can be given as
T
AIZZE—(AII+A13). (19)

where the period of triangular carrier (1) is 8V,1,,C /1,1, .

the triangular carrier's slope (m ) is 4|1,,|/T . So, Al and

Aty can be calculated as follows:

* Wl CI +(t
At | tlllri:i(l”f(tl)—o):w @0)
m m . IBIIB4|]H'E|
T AT, C L (5
My [ dly=m(0-1, () = TR o (8) (5))
) w10 Ty Iy, |1m|
Substitute, 7', (20) and (21) into (19), Az, is become to
A,:=4171’31("1(l‘lr(f(’l)"'lwf(’z)]. (22)
Ity { 2[L,

The frequency of the triangular carrier signal is much higher
than the reference signal. Therefore, an approximation of the
reference signal is Iy (4)= Ly ()= i (1) . Thus, the above

equation can be rewritten by

4 I, (¢t
A, M[IJ] @
1 m] n4 ll i |
Consequently, the duty cycle of /, can be obtained by
I,(t
D1 w (1) %100% . 24
2 |Z,.|

Aforesaid, the output current of PSPWM is generated by a
combination of the output signal from four comparator
circuits, as shown in Fig.3. Let 1y, =1, =1, , =1, =1g, .
Thus, the amplitude of the PWM signal can be expressed as

]p,s'macu| =4l . (25)
BT i o o o s o o s i e o
(1)

A Le(t) L (1) XLa(0)

TN A

_ At AL A
A __—;____17: S
b -===1—= e = Rt

-1,

y
Fig.7. The waveform of the phase-shifted multicarricr PWM.

IV. EXPERIMENTAL RESULTS

TABLE L. THE PARAMETER OF THE PROPOSED PHASE-SHIFTED
MULTICARRIER PWM.
Paramcter Value
Ve and Vo +9 1 and 91
e 1 uF
Toss Tsgs T > Ty 250 uA
y (R . - 100 uA
Isulsaflal:vlin’lsu’]axs 50 ud
Tgys I 10 1A
Iy 40 uA

Testing the proposed PSPWM's performance is confirmed
by the actual circuit implementation. The parameters define as
shown in Table 1. Measuring the output signal used a RIGOL
DS1054 oscilloscope. The output PSPWM signal can be seen
as Fig.8, and four triangular signals created it with the phase
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difference of 90-degree at 2.21kHz , the sinusoidal reference
signal with the frequency of 50 Hz, and the PSPWM wave.
Fig.9 shows the comparison between the duty cycle of the
theory and the experimental results. To confirm the theoretical
consistency in (24) with the maximum error of 17%. The
amplitude of PSPWM relative to the setting current (/g ) is
illustrated in Fig.10. Tt can be adjusted clectronically from 0 to
500 (A with the maximum error is not more than 1.33%.

RIGOL W F T v T R Y

RO

o

Fig.8. The four triangular output signals, the sinusoidal reference signal,
and the PSPWM signal.

100
* Theoretical from (24)|
—o— Fxperimentl of To,
L v Experimentl of T,
~ | —o— Experimental of lo;
= 60 —a— Experimental of Io;
¥
S0
5
2
220
0
60 -40 0 60

-20 0 20
Trel (UA)
Fig.9. Duty cycle against the reference current.

2000
~ ical from (25)
3 o imental
= 1500
"5
7
& 1000
3
3
E]
= 500
g
5

0
0 100 200 300 400 500
Ispr (nA)

Fig.10. The amplitude of PSPWM versus /g,
Also, the experimental result in Fig.10 is seen as lincar and
corresponding with theory. The temperature affecting the
amplitude of PSPWM is shown in Fig.11, which has a
maximum error of less than 0.12%. It is summarized that it
has slightly depended on temperature.

840

08 /

Pz
e

0 20 40 60 80 100
Temperature (° C)

Fig.11. The amplitude of PSPWM versus temperature.

Error of amplitude (%)

V. CONCLUSION
The current-mode phase-shifted multicarrier PWM circuit
is designed via LM13700s, AD844s, and grounded capacitor
without external. The experimental results show that external
current biases can electronically control the output amplitude,
which can be adjusted to 500 #A . Furthermore, the amplitude

is temperature insensitive, which the maximum error is less
than 0.12%. The results of the duty cycle are corresponding to
the theoretical.
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LM13700 Dual Operational Transconductance Amplifiers
With Linearizing Diodes and Buffers
1 Features 3 Description

*  On Adjustable Over 6 Decades
+ Excellent g, Linearity

+ Excellent Matching Between Amplifiers

+ Linearizing Diodes for reduced output distortion

+ High Impedance Buffers
» High Output Signal-to-Noise Ratio

2 Applications

« Current-Controlled Amplifiers

+ Stereo Audio Amplifiers

+ Current-Controlled Impedances
+ Current-Controlled Filters

+ Current-Controlled Oscillators

+ Multiplexers

+ Timers

+ Sample-and-Hold Circuits

AMP

The LM13700 series consists of two curment-
controlled transconductance amplifiers, each with
differential inputs and a push-pull output. The two
amplifiers share common supplies but otherwise
operate independently. Linearizing diodes are
provided at the inputs to reduce distortion and allow
higher input levels. The result is a 10-dB signal-to-
noise improvement referenced to 0.5 percent THD.
High impedance buffers are provided which are
especially designed to complement the dynamic
range of the amplifiers. The output buffers of the
LM13700 differ from those of the LM13600 in that
their input bias currents (and thus their output DC
levels) are independent of Ipgc. This may result in
performance superior to that of the LM13600 in audio
applications.

Device Information"

PART NUMBER PACKAGE BODY SIZE (NOM) |
SOIC (16) 3.91 mm x 9.90 mm
LM13700
PDIP (16) 6.35 mm x 19.304 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet

Connection Diagram

BIAS DIODE INPUT INPUT BUFFER BUFFER
INPUT BIAS ) ) OUTPUT V' NpuT  ouTRUT
16 15 14 |13 hi2 n |10 s

"
R
1 2 3 4 5 s |7 ||
AMP  DIODE  INPUT OUTPUT V- BUFFER BUFFER

BIAS
INPUT

BIAS

*

INPUT
-)

INPUT ouTPUT

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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5 Pin Conﬁguration and Functions
D or NFG Package
16-Pin SOIC or PDIP
Top View
AmP
BIAS DIODE INPUT INPUT BUFFER BUFFER
INPUT  BIAS ) (<) outeur V' INPUT  OUTPUT
16 15 1 |13 |12 n |10 s
-
+
1 2 3 4 5 [s T Il
AMP  DIODE  INPUT  INPUT  OUTPUT V-  BUFFER BUFFER
BIAS BIAS ) =) INPUT  QUTPUT
INPUT
Pin Functions
PIN
110 DESCRIPTION
NAME | no.
Amp bias input 1,16 A Current bias input
| Buffer input 7,10 A Buffer amplifier input
Buffer output 8,9 A Buffer amplifier output
Diode bias 2:15, A Linearizing diode bias input
Input+ 3,14 A Positive input
Input— 4,13 A Negative input
| Output 5,12 A Unbuffered output
_V’ 11 P  Positive power supply
\'a 6 P Negative power supply
Copyright © 1999-2015, Texas Instruments Incorporated Submit Documentation Feedback ¥
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)("

MIN MAX UNIT
Supply voltage 36 Vpcor+18 \%
DC input voltage +Vg -Vs Vv
Differential input voltage v
Diode bias current (Ip) 2 mA
Amplifier bias current (Iagc) 2 mA
Buffer output current® 20 mA
Power dissipation® T4 = 25°C — LM13700N 570 mwW
Output short circuit duration Continuous
Storage temperature, Tsig -65 150 °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 indi under Recc ded
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) Buffer output current should be limited so as to not exceed package dissipation.

(3) For operation at ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a
thermal resistance, junction to ambient, as follows: LM13700N, 90°C/W; LM13700M, 110°C/W.

6.2 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
V+ (single-supply configuration) 95 32 \%
V+ (dual-supply configuration) 475 16 \%
V- (dual-supply configuration) -16 -4.75 \%
Operating temperature, Ta LM13700N 0 70 °C
6.3 Thermal Information
LM13700
THERMAL METRIC (") D (SOIC) NFG (PDIP) UNIT
16 PINS 16 PINS

Rgja Junction-to-ambient thermal resistance 83.0 438 °C/W
Rsuc(top) Junction-to-case (top) thermal resistance 440 349 °C/IW
Ras Junction-to-board thermal resistance 405 283 °C/W
(N3 Junction-to-top characterization parameter 115 191 °C/W
[N Junction-to-board characterization parameter 402 282 °C/IW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report, SPRA953.
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6.4 Electrical Characteristics
These specifications apply for Vs = +15 V, T, = 25°C, amplifier bias current (I5gc) = 500 WA, pins 2 and 15 open unless

otherwise specified. The inputs to the buffers are grounded and outputs are open.

SNOSBW2F —NOVEMBER 1999-REVISED NOVEMBER 2015

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Input offset voltage (Vos) Over specified temperature range 04 4 o
lagc = 5 MA 03 4
Vps including diodes Diode bias current (Ip) = 500 pA 0.5 5 mV
Input offset change 5 PA < Iagc < 500 pA 0.1 3 mvV
Input offset current 0.1 0.6 HA
Input bias current - 04 2 HA
Over specified temperature range 1 8
Forward transconductance (g, ) S0 900 13060 us
Over specified temperature range 5400
Om tracking 0.3 dB
RL=0, lagc =5 BA 5
Peak output current RL =0, lagc =500 pA 350 500 650 HA
Ry = 0, Over Specified Temp Range 300
Supply current IaBc = 500 pA, both channels 26 mA
CMRR 80 110 dB
Common-mode range +12 +135 A\
Crosstalk ;*gﬁ;’id,‘g '2':)":‘:{12) 100 dB
Differential input current lagc = 0, input = +4 V 0.02 100 nA
Leakage current Iagc = O (refer to test circuit) 0.2 100 nA
Input resistance 10 26 kQ
Open-loop bandwidth 2 MHz
Slew rate Unity gain p 50 Vius
Buffer input current see (1 0.5 2 HA
Peak buffer output voltage See (1 10 Y
PEAK OUTPUT VOLTAGE
Positive R = %, 5 A < Iagc < 500 pA 12 142 v
Negative RL =, 5 pA < Iagc < 500 pA 12 144 v
Vos SENSITIVITY
Positive AVog/AV* 20 150 Vv
Negative AVog/AV™ 20 150 pvwv

(1) These specifications apply for Vs = 15V, Iagc = 500 pA, Rout = 5-kQ connected from the buffer output to —Vs and the input of the
buffer is connected to the transconductance amplifier output.

Copyright © 1999-2015, Texas Instruments Incorporated
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6.5 Typical Characteristics
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Figure 1. Input Offset Voltage Figure 2. Input Offset Current
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Figure 5. Peak Output Voltage and Common Mode Range Figure 6. Leakage Current
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Typical Characteristics (continued)

INPUT LEAKAGE CURRENT (pA)

3

01 2 3 4 5 6 7
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Figure 7. Input Leakage
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Figure 8. Transconductance
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Figure 9. Input Resistance
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Figure 10. Amplifier Bias Voltage vs. Amplifier Bias Current
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Figure 11. Input and Output Capacitance
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Figure 12. Output Resistance

Copyright © 1999-2015, Texas Instruments Incorporated

Submit Documentation Feedback d.

Product Folder Links: LM13700

105



106

13 TEXAS
INSTRUMENTS
LM13700
SNOSBW2F ~NOVEMBER 1999-REVISED NOVEMBER 2015 www.ti.com

Typical Characteristics (continued)
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Figure 13. Distortion vs. Differential Input Voltage

Figure 14. Voltage vs. Amplifier Bias Current
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Figure 15. Output Noise vs Frequency
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7 Detailed Description

7.1 Overview

The LM13700 is a two channel current controlled differential input transconductance amplifier with additional
output buffers. The inputs include linearizing diodes to reduce distortion, and the output current is controlled by a
dedicated pin. The outputs can sustain a continuous short to ground.

7.2 Functional Block Diagram

vt _
" T L 403

o Y BUFFER
INPUT

710
rﬂnu

BUFFER
OUTPUT B9

DIODE BIAS |

2,15
b o0UTPUT
—INPUT ANPUT s
413% °314
AMP BIAS
INPUT
116 o
) 3
Yos

Figure 16. One Operational Transconductance Amplifier

7.3 Feature Description

7.3.1 Circuit Description
The differential transistor pair Q4 and Qs form a transconductance stage in that the ratio of their collector currents
is defined by the differential input voltage according to the transfer function:
Is
4 (1)
where V), is the differential input voltage, kT/q is approximately 26 mV at 25°C and |5 and |4 are the collector
currents of transistors Qs and Q4 respectively. With the exception of Qy, and Qq3, all transistors and diodes are
identical in size. Transistors Q; and Q;, with Diode D4 form a current mirror which forces the sum of currents I
and Is to equal Iapc:

lg+ 15 = Iagc 2)

where |agc is the amplifier bias current applied to the gain pin.

Vi Ly In
oLl
NT g

For small differential input voltages the ratio of |5 and |5 approaches unity and the Taylor series of the In function
is approximated as:
KT ls KT Is— s
—In == — ==
q la q 4
s = Ig = 'ABC
2 (3)
Vin {M] =ls—lg

2T 4)

Copyright © 1999-2015, Texas Instruments Incorporated Submit Documentation Feedback 9
Product Folder Links: LM13700

107



13 TEXAS
INSTRUMENTS
LM13700
SNOSBW2F ~NOVEMBER 1999-REVISED NOVEMBER 2015 www.ti.com

Feature Description (continued)

Collector currents |, and |5 are not very useful by themselves and it is necessary to subtract one current from the
other. The remaining transistors and diodes form three current mirrors that produce an output current equal to |5
minus |4 thus:

ViN M] = lout
2KT (5)

The term in brackets is then the transconductance of the amplifier and is proportional to Ixgc.

7.3.2 Linearizing Diodes

For differential voltages greater than a few millivolts, Equation 3 becomes less valid and the transconductance
becomes increasingly nonlinear. Figure 19 demonstrates how the internal diodes can linearize the transfer
function of the amplifier. For convenience assume the diodes are biased with current sources and the input
signal is in the form of current Is. Since the sum of |4 and Is is Iagc and the difference is loyr, cuments I4 and Is is
written as follows:

e _lour | _lasc lout

=" 2 2 2 (6)

Since the diodes and the input transistors have identical geometries and are subject to similar voltages and
temperatures, the following is true:

l [
o, i aBC | lout
kT 2 kT 2 2
— In - ——
a9 b_, q  lasc lout
2 S 2 2

; - 1o Pa8C <o

Colout = Is( o ) for |Ig| < 3 "
Notice that in deriving Equation 7 no approximations have been made and there are no temperature-dependent
terms. The limitations are that the signal current not exceed Iy / 2 and that the diodes be biased with currents. In
practice, replacing the current sources with resistors will generate insignificant errors.

7.4 Device Functional Modes

Use in single ended or dual supply systems requires minimal changes. The outputs can support a sustained
short to ground. Note that use of the LM13700 in £5 V supply systems requires will reduce signal dynamic range;
this is due to the PNP transistors having a higher Vg than the NPN transistors.

7.4.1 Output Buffers

Each channel includes a separate output buffer which consists of a Darlington pair transistor that can drive up to
20mA.
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8 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.

8.1 Application Information

An OTA is a versatile building block analog component that can be considered an ideal transistor. The LM13700
can be used in a wide variety of applications, from voltage-controlled amplifiers and filters to VCOs. The 2 well-
matched, independent channels make the LDC13700 well suited for stereo audio applications.

8.2 Typical Application

Figure 17. Voltage Controlled Amplifier

8.2.1 Design Requirements

For this example application, the system requirements provide a volume control for a 1 Vp input signal with a
THD < 0.1% using +15 V supplies. The volume control varies between -13 V and 15 V and needs to provide an
adjustable gain range of >30dB.

8.2.2 Detailed Design Procedure

Using the linearizing diodes is recommended for most applications, as they greatly reduce the output distortion. It
is required that the diode bias current, Iy be greater than twice the input current, Is. As the input voltage has a
DC level of 0 V, the Diode Bias input pins are 1 diode drop above 0 V, which is +0.7 V. Tying the bias to the
clean V+ supply, results in a voltage drop of 14.3 V across Rp. Using the recommended 1mA for Iy is appropriate
here, and with VS=+15V, the voltage drop is 14.3 V, and so using the standard value of 13-kQ is acceptable and
will provide the desired gain control.

To obtain the <0.1% THD requirement, the differential input voltage must be <60mVpp when the linearizing
diodes are used. The input divider on the input will reduce the 1 Vp input to 33mVpp, which is within the desired
spec.

Next, set Igjas. The Bias Input pins (pins 1 or 16), are 2 diode drops above the negative supply, and therefore
Vaias = 2(Vgg) + V-, which for this application is -13.6 V. To set Igjas to 1ma when V¢ = 15 V requires a 28.6-kQ;
30-kQ is a standard value and is used for this application. The gain will be linear with the applied voltage.
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Typical Application (continued)
8.2.3 Application Curve

Signal Amplitude (dB)

-5 0 5 10 15
Control Voltage (V)

Figure 18. Signal Amplitude vs Control Voltage

8.3 System Examples

8.3.1 Voltage-Controlled Amplifiers

Figure 20 shows how the linearizing diodes is used in a voltage-controlled amplifier. To understand the input
biasing, it is best to consider the 13-kQ resistor as a current source and use a Thevenin equivalent circuit as
shown in Figure 21. This circuit is similar to Figure 19 and operates the same. The potentiometer in Figure 20 is
adjusted to minimize the effects of the control signal at the output.

Ws

lour = Is-1a F——-o1our - ZIs(IA_n)
o

Vs

Figure 19. Linearizing Diodes

For optimum signal-to-noise performance, Iagc should be as large as possible as shown by the Output Voltage vs
Amplifier Bias Current graph. Larger amplitudes of input signal also improve the S/N ratio. The linearizing diodes
help here by allowing larger input signals for the same output distortion as shown by the Distortion vs. Differential
Input Voltage graph. S/N may be optimized by adjusting the magnitude of the input signal via Ry (Figure 20) until
the output distortion is below the desired level. The output voltage swing can then be set at any level by selecting
RL.

Although the noise contribution of the linearizing diodes is negligible relative to the contribution of the amplifier's
internal transistors, Ip should be as large as possible. This minimizes the dynamic junction resistance of the
diodes (ro) and maximizes their linearizing action when balanced against Ryy. A value of 1 mA is recommended
for Ip unless the specific application demands otherwise.
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System Examples (continued)

GAIN
~© coNTROL

Figure 20. Voltage-Controlled Amplifier

W

1S

-
lour = Is-ls  [—Olour = Is (muc)
[

= =~
Ip-ls  Iptis
2 7

ny N

A 4is E
RTH=RB —

Figure 21. Equivalent VCA Input Circuit

8.3.2 Stereo Volume Control

The circuit of Figure 22 uses the excellent matching of the two LM13700 amplifiers to provide a Stereo Volume
Control with a typical channel-to-channel gain tracking of 0.3 dB. Rp is provided to minimize the output offset
voltage and may be replaced with two 510Q resistors in AC-coupled applications. For the component values
given, amplifier gain is derived for Figure 20 as being:

Vo _

m = 940 X lpgc ®

If V¢ is derived from a second signal source then the circuit becomes an amplitude modulator or two-quadrant
multiplier as shown in Figure 23, where:
_ —2lg Vg 2g (VT + 1.4V)

o Rc b Re (9)
The constant term in the above equation may be cancelled by feeding I x IpR:/2(V= + 1.4 V) into |g. The circuit

of Figure 24 adds Ry, to provide this current, resulting in a four-quadrant multiplier where R is trimmed such that
Vo =0V for Vjp = 0 V. Ry also serves as the load resistor for |g.
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+15V
%LM13700
Figure 22. Stereo Volume Control
ViNg 0K "L“
MODULATION VV\'
ViNG O Vo
CARRIER 10K
51K
15V
Figure 24. Four-Quadrant Multiplier
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System Examples (continued)

Noting that the gain of the LM13700 amplifier of Figure 21 may be controlled by varying the linearizing diode
current | as well as by varying Iagc, Figure 25 shows an AGC Amplifier using this approach. As V, reaches a
high enough amplitude (3 Vgg) to tum on the Darlington transistors and the linearizing diodes, the increase in Ip
reduces the amplifier gain so as to hold Vg at that level.

8.3.3 Voltage-Controlled Resistors

An Operational Transconductance Amplifier (OTA) may be used to implement a Voltage Controlled Resistor as
shown in Figure 26. A signal voltage applied at Ry generates a V, to the LM13700 which is then multiplied by
the g, of the amplifier to produce an output current, thus:
_R+Ra
X" gmPRa (10)

where g, = 19.2lx5¢ at 25°C. Note that the attenuation of Vg by R and Ry is necessary to maintain V within the
linear range of the LM13700 input.

Figure 27 shows a similar VCR where the linearizing diodes are added, essentially improving the noise
performance of the resistor. A floating VCR is shown in Figure 28, where each “end” of the “resistor” may be at
any voltage within the output voltage range of the LM13700.

ouTPUT
AMPLITUDE

10K
= -15v

Figure 26. Voltage-Controlled Resistor, Single-Ended
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System Examples (continued)

+15V

Figure 27. Voltage-Controlled Resistor with Linearizing Diodes

8.3.4 Voltage-Controlled Filters

OTA's are extremely useful for implementing voltage controlled filters, with the LM13700 having the advantage
that the required buffers are included on the I.C. The VC Lo-Pass Filter of Figure 29 performs as a unity-gain
buffer amplifier at frequencies below cut-off, with the cut-off frequency being the point at which X/g,, equals the
closed-loop gain of (R/R,). At frequencies above cut-off the circuit provides a single RC roll-off (6 dB per octave)
of the input signal amplitude with a =3 dB point defined by the given equation, where g, is again 19.2 x Igc at
room temperature. Figure 30 shows a VC High-Pass Filter which operates in much the same manner, providing a
single RC roll-off below the defined cut-off frequency.

Additional amplifiers may be used to implement higher order filters as demonstrated by the two-pole Butterworth
Lo-Pass Filter of Figure 31 and the state variable filter of Figure 32. Due to the excellent g,, tracking of the two
amplifiers, these filters perform well over several decades of frequency.

Figure 28. Floating Voltage-Controlled Resistor
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—VW—ov
D—O0 Vo
torA%m
R*RRIZAC
10K
~15v
to= RaAGm
(R + Ry 27C
Figure 30. Voltage-Controlled Hi-Pass Filter
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System Examples (continued)

15V

1o —PAGn
° R+ Ry 2nC

Figure 31. Voltage-Controlled 2-Pole Butterworth Lo-Pass Filter

15 K

AMN—o0 v

O—O L0-PASS
our

BANDPASS OUT

Figure 32. Voltage-Controlled State Variable Filter

8.3.5 Voltage-Controlled Oscillators

The classic Triangular/Square Wave VCO of Figure 33 is one of a variety of Voltage Controlled Oscillators which
may be built utilizing the LM13700. With the component values shown, this oscillator provides signals from 200
kHz to below 2 Hz as I¢ is varied from 1 mA to 10 nA. The output amplitudes are set by |5 x Ra. Note that the
peak differential input voltage must be less than 5 V to prevent zenering the inputs.

A few modifications to this circuit produce the ramp/pulse VCO of Figure 34. When V(; is high, I¢ is added to I¢
to increase amplifier A1's bias current and thus to increase the charging rate of capacitor C. When Vy, is low, I¢
goes to zero and the capacitor discharge current is set by I¢.
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System Examples (continued)

The VC Lo-Pass Filter of Figure 29 may be used to produce a high-quality sinusoidal VCO. The circuit of
Figure 34 employs two LM13700 packages, with three of the amplifiers configured as lo-pass filters and the
fourth as a limiter/inverter. The circuit oscillates at the frequency at which the loop phase-shift is 360° or 180° for
the inverter and 60° per filter stage. This VCO operates from 5 Hz to 50 kHz with less than 1% THD.

Ve
Q5 VvV

L
08C = 4CIARA

5V

Vi s (v' +08V)Ry
[
- 2VexC

==

W

2VpkC

fy - —=
lc
fo= 58

°% 2VekC

torlg << Ig

Figure 34. Ramp/Pulse VCO
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System Examples (continued)

THD< 1%
Vo

Figure 35. Sinusoidal VCO

Figure 36 shows how to build a VCO using one amplifier when the other amplifier is needed for another function.

Figure 36. Single Amplifier VCO

8.3.6 Additional Applications

Figure 37 presents an interesting one-shot which draws no power supply current until it is friggered. A positive-
going trigger pulse of at least 2 V amplitude turns on the amplifier through Rg and pulls the non-inverting input
high. The amplifier regenerates and latches its output high until capacitor C charges to the voltage level on the
non-inverting input. The output then switches low, turning off the amplifier and discharging the capacitor. The
capacitor discharge rate is speeded up by shorting the diode bias pin to the inverting input so that an additional
discharge current flows through D, when the amplifier output switches low. A special feature of this timer is that
the other amplifier, when biased from V, can perform another function and draw zero stand-by power as well.
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System Examples (continued)

| Ao TRIGGER

oo ' ¢
N 7Ms

Figure 37. Zero Stand-By Power Timer

The operation of the multiplexer of Figure 38 is very straightforward. When A1 is turned on it holds V equal to
Vint and when A2 is supplied with bias current then it controls V. Cc and R serve to stabilize the unity-gain
configuration of amplifiers A1 and A2. The maximum clock rate is limited to about 200 kHz by the LM13700 slew
rate into 150 pF when the (V,y1—V\p) differential is at its maximum allowable value of 5 V.

The Phase-Locked Loop of Figure 39 uses the four-quadrant multiplier of Figure 24 and the VCO of Figure 36 to
produce a PLL with a £5% hold-in range and an input sensitivity of about 300 mV.

Az
%LM13700
\/

Figure 38. Multiplexer
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System Examples (continued)

5—ovg
fo=1 KHz

10K,

Y INg14 INS14

vino

Figure 39. Phase Lock Loop

The Schmitt Trigger of Figure 40 uses the amplifier output current into R to set the hysteresis of the comparator;
thus Vi = 2 x R x Ig. Varying Ig will produce a Schmitt Trigger with variable hysteresis.

Figure 40. Schmitt Trigger

Figure 41 shows a Tachometer or Frequency-to-Voltage converter. Whenever A1 is toggled by a positive-going
input, an amount of charge equal to (Vy—V|) C; is sourced into C; and R;. This once per cycle charge is then
balanced by the current of Vo/R;. The maximum Fy is limited by the amount of time required to charge C, from
V. to Vy with a current of Ig, where V| and V|, represent the maximum low and maximum high output voltage
swing of the LM13700. D1 is added to provide a discharge path for C; when A1 switches low.

The Peak Detector of Figure 42 uses A2 to tum on A1 whenever V), becomes more positive than V. A1 then
charges storage capacitor C to hold Vg equal to V) PK. Pulling the output of A2 low through D1 serves to turn
off A1 so that Vg remains constant.
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System Examples (continued)

0 Vo= 10mvx AN
Hz

Figure 41. Tachometer

+15v PEAK DETECT

o
-15V A

HoLD
IN914

+15V

0K 5y

Figure 42. Peak Detector and Hold Circuit

The Ramp-and-Hold of Figure 44 sources lg into capacitor C whenever the input to A1 is brought high, giving a
ramp-rate of about 1 V/ms for the component values shown.

The true-RMS converter of Figure 45 is essentially an automatic gain control amplifier which adjusts its gain such
that the AC power at the output of amplifier A1 is constant. The output power of amplifier A1 is monitored by
squaring amplifier A2 and the average compared to a reference voltage with amplifier A3. The output of A3
provides bias current to the diodes of A1 to attenuate the input signal. Because the output power of A1 is held
constant, the RMS value is constant and the attenuation is directly proportional to the RMS value of the input
voltage. The attenuation is also proportional to the diode bias current. Amplifier A4 adjusts the ratio of currents
through the diodes to be equal and therefore the voltage at the output of A4 is proportional to the RMS value of
the input voltage. The calibration potentiometer is set such that V, reads directly in RMS volts.
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System Examples (continued)
SAMPLE
HOLD
1K
-5V
Figure 43. Sample-Hold Circuit
RAMP
ur
50
-5VO0
+15V
Ay
%LM13700
Vo
1K
-5V
Figure 44. Ramp and Hold
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System Examples (continued)

5K 12K

v
1/gm ADJUST

Vo
=1 %ACCURATE

Figure 45. True RMS Converter

The circuit of Figure 46 is a voltage reference of variable Temperature Coefficient. The 100-kQ potentiometer
adjusts the output voltage which has a positive TC above 1.2 V, zero TC at about 1.2 V, and negative TC below
1.2 V. This is accomplished by balancing the TC of the A2 transfer function against the complementary TC of D1.

The wide dynamic range of the LM13700 allows easy control of the output pulse width in the Pulse Width
Modulator of Figure 47.

For generating Iagc over a range of 4 to 6 decades of current, the system of Figure 48 provides a logarithmic
current out for a linear voltage in.

Since the closed-loop configuration ensures that the input to A2 is held equal to 0 V, the output current of A1 is
equal to I3 = -Vc/Re.

The differential voltage between Q1 and Q2 is attenuated by the R1,R2 network so that A1 may be assumed to
be operating within its linear range. From Equation 5, the input voltage to A1 is:
~2KTly _ —2kTVg

V= or qlzRc a1
The voltage on the base of Q1 is then
Vit (Ry + Ry) Vint
gt = ——= -

By (12)
The ratio of the Q1 and Q2 collector currents is defined by:
KT \nlcz KT | lasc

MR it (13)
Combining and solving for Ixgc yields:
_ 2(Ry + Ray) Ve
lasc ~ |y exp —R| T2 Re (14)

This logarithmic current is used to bias the circuit of Figure 22 to provide temperature independent stereo
attenuation characteristic.
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System Examples (continued)

CONTROL
VOLTAGE
sy

-~ Toj=- TP T

L -
Figure 47. Pulse Width Modulator
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System Examples (continued)

5

M iagc”

-Cig
lasc = |y oxp —
2

Figure 48. Logarithmic Current Source

Figure 49. Unity Gain Follower

l\o_Q_

+36V

Figure 50. Leakage Current Test Circuit
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System Examples (continued)
Figure 51. Differential Input Current Test Circuit
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9 Power Supply Recommendations

The LM13700 can operate with either a single-ended supply or a dual supplies. The supplies should be low
impedance sources with sufficient bypassing. Use of low-ESR sufficiently rated voltage ceramic capacitors is
recommended. When bypassing dual supply configurations, the supply bypass capacitors should couple to
ground.

10 Layout

10.1 Layout Guidelines

Place supply bypass capacitors as close to the appropriate supply pins as possible. When multiple bypass
capacitors are used, the smallest value capacitor should be closest to the supply pin.

Use of a ground plane to minimize ground impedance and provide constant signal impedance is recommended.
Avoid routing signal traces over any gaps in the ground plane.

Feedback components and passives should be placed close to the device pins to minimize parasitic impedances.
When using capacitors to limit bandwidth, the capacitor should be closer to the device pin than any ballasting or
gain resistors.

10.2 Layout Example

Z]RD2
[&= E]Rbias2

Jrin2—Vin2
T

@

CngaS;

Figure 52. Layout Recommendation
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11 Device and Documentation Support

11.1 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see Tl's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.2 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.3 Electrostatic Discharge Caution

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

11.4 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 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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M The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has that the device will and a ifetime-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: Ti has discontinued the production of the device.
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp  Op Temp (°C) Device Marking Samples
0] Drawing Qty @ Ball material ® ws)
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REEL DIMENSIONS TAPE DIMENSIONS
( f f S Reel — — —
IR Diameter
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness|
W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

£ Reet widtn (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

O O0OO0OO0OO0OO0OO0O0 Sprocket Holes
1 |
T T
Q1 : Q2 Q1 : Q2
I ——t-—1-H
Q31 Q4 Q31 Q4 User Direction of Feed
| v A | ol
T ’ T
N7

Pocket Quadrants

*All dimensions are nominal

Device Package |Package |Pins| SPQ Reel Reel A0 BO Ko P1 w Pin1
Type |Drawing Di Width | (mm) [ (mm) [ (mm) | (mm) | (mm) |Quadrant
(mm) |W1 (mm)

LM13700MX/NOPB SoIC D 16 2500 330.0 164 65 | 103 | 23 80 | 16.0 Q1
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“All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM13700MX/NOPB SOIC D 16 2500 367.0 367.0 35.0
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MECHANICAL DATA
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NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.006 (0,15) each side.
A Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.
E. Reference JEDEC MS-012 variation AC.
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60 MHz, 2000 V/ps,

Monolithic Op Amp with Quad Low Noise

AD844

FEATURES

Wide bandwidth
60 MHz at gain of -1
33 MHz at gain of -10
Slew rate: 2000 V/ps
20 MHz full power bandwidth, 20 V p-p, R.=500 Q
Fastsettling: 100 ns to 0.1% (10 V step)
Differential gain error: 0.03% at 4.4 MHz
Differential phase error: 0.16° at 4.4 MHz
Low offset voltage: 150 pV maximum (B Grade)
Low quiescent current: 6.5 mA
Available in tape and reel in accordance with
EIA-481-A standard

APPLICATIONS

Flash ADC input amplifiers

High speed current DAC interfaces
Video buffers and cable drivers
Pulse amplifiers

GENERAL DESCRIPTION

The AD844 is a high speed monolithic operational amplifier
fabricated using the Analog Devices, Inc., junction isolated
complementary bipolar (CB) process. It combines high band-
width and very fast large signal response with excellent dc
performance. Although optimized for use in current-to-voltage
applications and as an inverting mode amplifier, it is also suitable
for use in many noninverting applications.

The AD844 can be used in place of traditional op amps, but its
current feedback architecture results in much better ac perfor-
mance, high linearity, and an exceptionally clean pulse response.

This type of op amp provides a closed-loop bandwidth that is
determined primarily by the feedback resistor and is almost
independent of the closed-loop gain. The AD844 is free from
the slew rate limitations inherent in traditional op amps and
other current-feedback op amps. Peak output rate of change can
be over 2000 V/us for a full 20 V output step. Settling time is
typically 100 ns to 0.1%, and essentially independent of gain.
The AD844 can drive 50 (2 loads to +2.5 V with low distortion
and is short-circuit protected to 80 mA.

The AD844 is available in four performance grades and three

package options. In the 16-lead SOIC (RW) package, the AD844]
is specified for the commercial temperature range of 0°C to 70°C.
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The AD844A and AD844B are specified for the industrial
temperature range of —40°C to +85°C and are available in the
CERDIP (Q) package. The AD844A is also available in an 8-lead
PDIP (N). The AD844S is specified over the military temperature
range of —55°C to +125°C. It is available in the 8-lead CERDIP
(Q) package. A and S grade chips and devices processed to
MIL-STD-883B, Rev. C are also available.

PRODUCT HIGHLIGHTS

1. The AD844 is a versatile, low cost component providing an
excellent combination of ac and dc performance.

2. Itis essentially free from slew rate limitations. Rise and fall
times are essentially independent of output level.

3. The AD844 can be operated from +4.5 V to 18 V power
supplies and is capable of driving loads down to 50 (, as
well as driving very large capacitive loads using an external
network.

4. The offset voltage and input bias currents of the AD844 are
laser trimmed to minimize dc errors; Vos drift is typically 1
uV/°C and bias current drift is typically 9 nA/°C.

5. The AD844 exhibits excellent differential gain and
differential phase characteristics, making it suitable for a
variety of video applications with bandwidths up to 60 MHz.

6. The AD844 combines low distortion, low noise, and low
drift with wide bandwidth, making it outstanding as an
input amplifier for flash analog-to-digital converters (ADCs).

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel:781.329.4700  ©1989-2017 Analog Devices, Inc. All rights reserved.
Technical Support www.analog.com
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AD844
SPECIFICATIONS
Ta=25°Cand Vs = £15 V dc, unless otherwise noted.
Table 1.
AD844J/AD844A AD844B AD844s
Parameter Conditions Min  Typ Max | Min Typ Max | Min Typ Max | Unit
INPUT OFFSET VOLTAGE' 50 300 50 150 50 300 | pv
T to Twax 75 500 75 200 125 500 Hv
vs. Temperature 1 1 5 1 5 u/rC
vs. Supply 5Vto 18V
Initial 4 20 4 10 4 20 W~
Twm to Tax 4 4 10 4 20 HVNV
vs. Common Mode Vam=+10V
Initial 10 35 10 20 10 35 WV
T t0 Tmax 10 10 20 10 35 HVNV
INPUT BIAS CURRENT
Negative Input Bias Current’ 200 450 150 250 200 450 nA
Twn to Tmax 800 1500 750 1100 1900 2500 | nA
vs. Temperature 9 9 15 20 30 nA/C
vs. Supply 5Vto 18V
Initial 175 250 175 200 175 250 nAN
Twin 10 Tmax 220 220 240 220 300 nAN
vs. Common Mode Vam=+10V
Initial 90 160 90 110 90 160 nAN
Thm to Twax 110 110 150 120 200 nAN
Positive Input Bias Current’ 150 400 100 200 100 400 nA
T to Twax 350 700 300 500 800 1300 | nA
vs. Temperature 3 3 7 7 15 nA/°C
vs. Supply 5Vto 18V
Initial 80 150 80 100 80 150 nAN
T t0 Tmax 100 100 120 120 200 nAN
vs. Common Mode Vam=£10V
Initial 90 150 90 120 90 150 nAN
Thn 10 Tiax 130 130 190 140 200 | nAV
INPUT CHARACTERISTICS
Input Resistance
Negative Input 50 65 50 65 50 65 Q
Positive Input 7 10 7 10 7 10 MQ
Input Capacitance
Negative Input 2 2 2 pF
Positive Input 2 2 2 pF
Input Common-Mode Voltage +10 +10 +10 \'
Range
INPUT VOLTAGE NOISE f=1kHz 2 2 2 nV/VHz
INPUT CURRENT NOISE
Negative Input f=1kHz 10 10 10 pV/VHz
Positive Input f>1kHz 12 12 12 pV/VHz
OPEN-LOOP TRANSRESISTANCE Vour=+10V
R.=500Q 22 3.0 28 3.0 22 3.0 MQ
Twn 10 Tiax 13 2.0 16 2.0 13 16 MQ
Transcapacitance 4.5 4.5 4.5 pF
DIFFERENTIAL GAIN ERROR? f=4.4 MHz 0.03 0.03 0.03 %
DIFFERENTIAL PHASE ERROR? f=4.4 MHz 0.16 0.16 0.16 Degree

Rev. G| Page 3 of 20
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AD844
AD844J/AD844A AD844B AD844s
Parameter Conditions Min Typ Max | Min Typ Max | Min Typ Max | Unit
FREQUENCY RESPONSE
Small Signal Bandwidth**
Gain =-1 60 60 60 MHz
Gain =-10 33 33 33 MHz
TOTAL HARMONIC DISTORTION f=100 kHz, 0.005 0.005 0.005 %
2V rms®
SETTLING TIME
10V Output Step +15V supplies
Gain =-1,t0 0.1%° 100 100 100 ns
Gain =-10,100.1%° 100 100 100 ns
2V Output Step +5V supplies
Gain =-1,t0 0.1%° 110 110 110 ns
Gain =-10,t0 0.1%° 100 100 100 ns
OUTPUT SLEW RATE Overdriven 1200 2000 1200 2000 1200 2000 V/us
input
FULL POWER BANDWIDTH THD =3%
Vour=20V p-p° Vs=+15V 20 20 20 MHz
Vour= 2V p-p° Vs=+5V 20 20 20 MHz
OUTPUT CHARACTERISTICS
Voltage R.=5000Q +10 +11 +10 +11 +10 +11 A
Short-Circuit Current 80 80 80 mA
Twin to T max 60 60 60 mA
Output Resistance Open loop 15 15 15 Q
POWER SUPPLY
Operating Range +4.5 +18 | +4.5 +18 | 45 +18 |V
Quiescent Current 6.5 7.5 6.5 7.5 6.5 7.5 mA
Twan 10 Tmax 7.5 8.5 75 8.5 7.5 85 mA

' Rated performance after a 5 minute warm-up at Ta = 25°C.
?Input signal 285 mV p-p carrier (40 IRE) riding on 0 mV to 642 mV (90 IRE) ramp. R. = 100 Q;R1,R2=300 Q.
> For gain =—1, input signal = 0 dBm, C. =10 pF, R. = 500 Q, R1 = 500Q, and R2 = 500 Q in Figure 29.

*For gai

*C.=10pF, R =5000, R1=1k0,R2=1kQ in Figure 29.
¢C =10pF, R =5000Q, R1=5000Q, R2 =50 Qin Figure 29.
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ABSOLUTE MAXIMUM RATINGS

Table 2.
Parameter Ratings
Supply Voltage +18V
Power Dissipation’ 11w
Output Short-Circuit Duration Indefinite
Input Common-Mode Voltage +Vs
Differential Input Voltage 6V
Inverting Input Current
Continuous 5mA
Transient 10 mA
Storage Temperature Range (Q) —65°Cto +150°C
Storage Temperature Range (N, RW) —65°Cto +125°C
Lead Temperature (Soldering, 60 sec) 300°C
ESD Rating 1000V

' 28-lead PDIP package: 6 = 90°C/W.

8-lead CERDIP package: 61 = 110°C/W.

16-lead SOIC package: 6:x = 100°C/W.
Stresses at or above those listed under Absolute Maximum
Ratings may cause permanent damage to the product. This is a
stress rating only; functional operation of the product at these
or any other conditions above those indicated in the operational
section of this specification is not implied. Operation beyond
the maximum operating conditions for extended periods may
affect product reliability.

METALLIZATION PHOTOGRAPH
Contact factory for latest dimensions.

Dimensions shown in inches and (millimeters).
-IN NULL NULL +Vg

SUBSTRATE CONNECTED TO +Vg

897003

Figure 3. Die Photograph

ESD CAUTION
ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
A without detection. Although this product features

patented or proprietary protection circuitry, damage

‘z \ may occur on devices subjected to high energy ESD.

Therefore, proper ESD precautions should be taken to
avoid performance degradation or loss of functionality.
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TYPICAL PERFORMANCE CHARACTERISTICS

Ta=25°C and Vs = +15 V, unless otherwise noted.

n 20
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E ] 510
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Figure 4. -3 dB Bandwidth vs. Supply Voltage, R1 = R2 = 5000 Figure 7. Noninverting Input Voltage Swing vs. Supply Voltage
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Figure 10. Inverting Input Bias Current (I:x) and Noninverting Input Bias Figure 12. -3 dB Bandwidth vs. Temperature, Gain = -1, R1 =R2=1 kQ
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INVERTING GAIN-OF-1 AC CHARACTERISTICS
0 +Vg
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Figure 13. Inverting Amplifier, Gain of -1 (R1=R2)
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INVERTING GAIN-OF-10 AC CHARACTERISTICS
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Figure 18. Gain of 10 Amplifier
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INVERTING GAIN-OF-10 PULSE RESPONSE
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Figure 21. Large Signal Pulse Response, Gain =10, R. = 5000 Figure 22. Small Signal Pulse Response, Gain = -10, R. = 500
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NONINVERTING GAIN-OF-10 AC CHARACTERISTICS
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UNDERSTANDING THE AD844

The AD844 can be used in ways similar to a conventional op
amp while providing performance advantages in wideband
applications. However, there are important differences in the
internal structure that need to be understood to optimize the
performance of the AD844 op amp.

OPEN-LOOP BEHAVIOR

Figure 28 shows a current feedback amplifier reduced to essen-
tials. Sources of fixed dc errors, such as the inverting node bias
current and the offset voltage, are excluded from this model.
The most important parameter limiting the dc gain is the
transresistance, Ry, which is ideally infinite. A finite value of R
is analogous to the finite open-loop voltage gain in a conventional
op amp.

The current applied to the inverting input node is replicated by
the current conveyor to flow in Resistor R.. The voltage developed
across R is buffered by the unity gain voltage follower. Voltage
gain is the ratio R/Ru. With typical values of Ri = 3 MQ and
Rux = 50 Q, the voltage gain is about 60,000. The open-loop
current gain, another measure of gain that is determined by the
beta product of the transistors in the voltage follower stage (see
Figure 31), is typically 40,000.

r Cy

I

my| ® 3w
Rin hn
7 el

085728

Figure 28. Equivalent Schematic

The important parameters defining ac behavior are the
transcapacitance, Cy, and the external feedback resistor (not
shown). The time constant formed by these components is
analogous to the dominant pole of a conventional op amp and
thus cannot be reduced below a critical value if the closed-loop
system is to be stable. In practice, Ci is held to as low a value as
possible (typically 4.5 pF) so that the feedback resistor can be
maximized while maintaining a fast response. The finite Ry
also affects the closed-loop response in some applications.

The open-loop ac gain is also best understood in terms of the
transimpedance rather than as an open-loop voltage gain. The
open-loop pole is formed by R: in parallel with Ci. Because Ciis
typically 4.5 pE, the open-loop corner frequency occurs at about
12 kHz. However, this parameter is of little value in determining
the closed-loop response.

RESPONSE AS AN INVERTING AMPLIFIER

Figure 29 shows the connections for an inverting amplifier.
Unlike a conventional amplifier, the transient response and the
small signal bandwidth are determined primarily by the value of
the external feedback resistor, R1, rather than by the ratio of
R1/R2 as is customarily the case in an op amp application. This
is a direct result of the low impedance at the inverting input. As
with conventional op amps, the closed-loop gain is —R1/R2.

The closed-loop transresistance is the parallel sum of R1 and R..
Because R1 is generally in the range of 500 Q to 2 kQ and R: is
about 3 MQ, the closed-loop transresistance is only 0.02% to
0.07% lower than R1. This small error is often less than the
resistor tolerance.

When R1 is fairly large (above 5 kQ2) but still much less than R,
the closed-loop HF response is dominated by the time constant
R1 C. Under such conditions, the AD844 is overdamped and
provides only a fraction of its bandwidth potential. Because of
the absence of slew rate limitations under these conditions, the
circuit exhibits a simple single-pole response even under large
signal conditions.

In Figure 29, R3 is used to properly terminate the input if desired.
R3 in parallel with R2 gives the terminated resistance. As R1 is
lowered, the signal bandwidth increases, but the time constant
R1 Ci becomes comparable to higher order poles in the closed-
loop response. Therefore, the closed-loop response becomes
complex, and the pulse response shows overshoot. When R2

is much larger than the input resistance, Ruy, at Pin 2, most of
the feedback current in R1 is delivered to this input, but as R2
becomes comparable to Ruy, less of the feedback is absorbed at
Pin 2, resulting in a more heavily damped response. Consequently,
for low values of R2, it is possible to lower R1 without causing
instability in the closed-loop response. Table 3 lists combinations
of R1 and R2 and the resulting frequency response for the circuit
of Figure 29. Figure 16 shows the very clean and fast +10 V

pulse response of the AD844.
R1
R2
s AD844 =g
our
OPTIONAL *

Re =C
§
e f

Figure 29. Inverting Amplifier

Rev. G| Page 12 of 20



AD844

Table 3. Gain vs. Bandwidth

Gain R1 R2 BW (MHz) GBW (MHz)
-1 1kQ 1kQ 35 35
-1 5000 5000 60 60
-2 2kQ 1kQ 15 30
-2 1kQ 5000 30 60
-5 5kQ 1kQ 5.2 26
-5 5000 100Q 49 245
-10 1kQ 100Q 23 230
-10 5000 500 33 330
-20 1kQ 500 21 420
-100 5kQ 500 3.2 320

RESPONSE AS AN I-V CONVERTER

The AD844 works well as the active element in an operational
current-to-voltage converter, used in conjunction with an
external scaling resistor, R1, in Figure 30. This analysis includes
the stray capacitance, Cs, of the current source, which may be a
high speed DAC. Using a conventional op amp, this capacitance
forms a nuisance pole with R1 that destabilizes the closed-loop
response of the system. Most op amps are internally compensated
for the fastest response at unity gain, so the pole due to R1 and
Cs reduces the already narrow phase margin of the system. For
example, if R1 is 2.5 k€2, a Cs of 15 pF places this pole ata
frequency of about 4 MHz, well within the response range of even
a medium speed operational amplifier. In a current feedback amp,
this nuisance pole is no longer determined by R1 but by the
input resistance, Rix. Because this is about 50 (2 for the AD844,
the same 15 pF forms a pole at 212 MHz and causes little
trouble. It can be shown that the response of this system is:

% i KRI
our =g [s o, )l +57,)

where:

K is a factor very close to unity and represents the finite dc gain
of the amplifier.

Td is the dominant pole.

Tn is the nuisance pole.

K= R
R,+RI
Td=KR1G
Tn = RinCs (assuming R << R1)
Using typical values of R1 = 1 kQ and R = 3 MQ, K = 0.9997; in
other words, the gain error is only 0.03%. This is much less than

the scaling error of virtually all DACs and can be absorbed, if
necessary, by the trim needed in a precise system.

In the AD844, R: is fairly stable with temperature and supply
voltages, and consequently the effect of finite gain is negligible
unless high value feedback resistors are used. Because that
results in slower response times than are possible, the relatively
low value of Ri in the AD844 is rarely a significant source of error.

Figure 30. Current-to-Voltage Converter

CIRCUIT DESCRIPTION OF THE AD844

A simplified schematic is shown in Figure 31. The AD844 differs
from a conventional op amp in that the signal inputs have
radically different impedance. The noninverting input (Pin 3)
presents the usual high impedance. The voltage on this input is
transferred to the inverting input (Pin 2) with a low offset voltage,
ensured by the dose matching of like polarity transistors operating
under essentially identical bias conditions. Laser trimming nulls
the residual offset voltage, down to a few tens of microvolts. The
inverting input is the common emitter node of a complementary
pair of grounded base stages and behaves as a current summing
node. In an ideal current feedback op amp, the input resistance
is zero. In the AD844, it is about 50 Q.

A current applied to the inverting input is transferred to a
complementary pair of unity-gain current mirrors that deliver
the same current to an internal node (Pin 5) at which the full
output voltage is generated. The unity-gain complementary
voltage follower then buffers this voltage and provides the load
driving power. This buffer is designed to drive low impedance
loads, such as terminated cables, and can deliver +50 mA into a
50 Q load while maintaining low distortion, even when operating
at supply voltages of only +6 V. Current limiting (not shown)
ensures safe operation under short-circuited conditions.

v
p—{©] output
@ i

Figure 31. Simplified Schematic
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It is important to understand that the low input impedance at
the inverting input is locally generated and does not depend on
feedback. This is very different from the virtual ground of a
conventional operational amplifier used in the current summing
mode, which is essentially an open circuit until the loop settles.
In the AD844, transient current at the input does not cause
voltage spikes at the summing node while the amplifier is
settling. Furthermore, all of the transient current is delivered
to the slewing (TZ) node (Pin 5) via a short signal path (the
grounded base stages and the wideband current mirrors).

The current available to charge the capacitance (about 4.5 pF) at
the TZ node is always proportional to the input error current,
and the slew rate limitations associated with the large signal
response of the op amps do not occur. For this reason, the rise
and fall times are almost independent of signal level. In practice,
the input current eventually causes the mirrors to saturate.
When using +15 V supplies, this occurs at about 10 mA (or
42200 V/ps). Because signal currents are rarely this large,
classical slew rate limitations are absent.

This inherent advantage is lost if the voltage follower used to
buffer the output has slew rate limitations. The AD844 is
designed to avoid this problem, and as a result, the output
buffer exhibits a clean large signal transient response, free from
anomalous effects arising from internal saturation.

RESPONSE AS A NONINVERTING AMPLIFIER

Because current feedback amplifiers are asymmetrical with
regard to their two inputs, performance differs markedly in
noninverting and inverting modes. In noninverting modes, the
large signal high speed behavior of the AD844 deteriorates at
low gains because the biasing circuitry for the input system (not
shown in Figure 31) is not designed to provide high input
voltage slew rates.

However, good results can be obtained with some care. The
noninverting input does not tolerate a large transient input; it
must be kept below +1 V for best results. Consequently, this
mode is better suited to high gain applications (greater than
x10). Figure 23 shows a noninverting amplifier with a gain of 10
and a bandwidth of 30 MHz. The transient response is shown in
Figure 26 and Figure 27. To increase the bandwidth at higher
gains, a capacitor can be added across R2 whose value is
approximately (R1/R2) x C.

NONINVERTING GAIN OF 100

The AD844 provides very clean pulse response at high
noninverting gains. Figure 32 shows a typical configuration
providing a gain of 100 with high input resistance. The feedback
resistor is kept as low as practicable to maximize bandwidth,
and a peaking capacitor (Crx) can optionally be added to
further extend the bandwidth. Figure 33 shows the small signal
response with Cex = 3 nE Ru = 500 €2, and supply voltages of
either +5 V or +15 V. Gain bandwidth products of up to

900 MHz can be achieved in this way.

The offset voltage of the AD844 is laser trimmed to the 50 uV/
level and exhibits very low drift. In practice, there is an
additional offset term due to the bias current at the inverting
input (Isv), which flows in the feedback resistor (R1). This can
optionally be nulled by the trimming potentiometer shown in
Figure 32.

Wy

Vg
Figure 32. Noninverting Amplifier Gain = 100, Optional Offset Trim Is Shown
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Figure 33. AC Response for Gain = 100, Configuration Shown in Figure 32
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USING THE AD844

BOARD LAYOUT

As with all high frequency circuits considerable care must be
used in the layout of the components surrounding the AD844.
A ground plane, to which the power supply decoupling capaci-
tors are connected by the shortest possible leads, is essential to
achieving clean pulse response. Even a continuous ground plane
exhibits finite voltage drops between points on the plane, and
this must be kept in mind when selecting the grounding points.
In general, decoupling capacitors should be taken to a point
close to the load (or output connector) because the load
currents flow in these capacitors at high frequencies. The +IN
and —IN circuits (for example, a termination resistor and Pin 3)
must be taken to a common point on the ground plane close to
the amplifier package.

Use low impedance 0.22 pF capacitors (AVX SR305C224KAA
or equivalent) wherever ac coupling is required. Include either
ferrite beads and/or a small series resistance (approximately
47 Q) in each supply line.

INPUT IMPEDANCE

At low frequencies, negative feedback keeps the resistance at the
inverting input close to zero. As the frequency increases, the
impedance looking into this input increases from near zero to
the open-loop input resistance, due to bandwidth limitations,
making the input seem inductive. If it is desired to keep the
input impedance flatter, a series RC network can be inserted
across the input. The resistor is chosen so that the parallel sum
of it and R2 equals the desired termination resistance. The capacit-
ance is set so that the pole determined by this RC network is
about half the bandwidth of the op amp. This network is not
important if the input resistor is much larger than the termination
used, or if frequencies are relatively low. In some cases, the
small peaking that occurs without the network can be of use in
extending the -3 dB bandwidth.

DRIVING LARGE CAPACITIVE LOADS

Capacitive drive capability is 100 pF without an external net-
work. With the addition of the network shown in Figure 34,
the capacitive drive can be extended to over 10,000 pE limited
by internal power dissipation. With capacitive loads, the output
speed becomes a function of the overdriven output current limit.
Because this is roughly £100 mA, under these conditions, the
maximum slew rate into a 1000 pF load is 100 V/us. Figure 35
shows the transient response of an inverting amplifier (R1 =
R2 = 1 kQ) using the feedforward network shown in Figure 34,
driving a load of 1000 pE.

RN PRSI JRTRY] RN AENYS) TENN) RS S pone) Ty
L

t 500ns

00897-035

Figure 35. Driving 1000 pF C. with Feedforward Network of Figure 34

SETTLING TIME

Settling time is measured with the circuit of Figure 36. This
circuit employs a false summing node, clamped by the two
Schottky diodes, to create the error signal and limit the input
signal to the oscilloscope. For measuring settling time, the ratio
of R6/R5 is equal to R1/R2. For unity gain, R6 = R5 = 1 k2, and
Re = 500 Q. For the gain of —10, R5 = 50 02, R6 = 500 2, and R;
was not used because the summing network loads the output
with approximately 275 . Using this network in a unity-gain
configuration, settling time is 100 nsto 0.1% fora-5Vto +5V
step with C. = 10 pE

0 SCOPE
|” (TEK 7A11 FET PROBE)
RS R6
D1 D2
R1
Vin O
2 AD844 b—> Vour
A
4 R, =C

i

00837036

NOTES
1.D1, D2 IN6263 OR EQUIVALENT SCHOTTKY DIODE.
Figure 36. Settling Time Test Fixture
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DCERROR CALCULATION

Figure 37 shows a model of the dc error and noise sources for
the AD844. The inverting input bias current, Isy, flows in the
feedback resistor. Inr, the noninverting input bias current, flows
in the resistance at Pin 3 (Re), and the resulting voltage (plus
any offset voltage) appears at the inverting input. The total
error, Vo, at the output is:

Vo =(IgpRp + Vs + IBNR,&.{I +%) +1 4RI

Because Isvand I are unrelated both in sign and magnitude,

inserting a resistor in series with the noninverting input does

not necessarily reduce dc error and may actually increase it.
R1

Vn
R iD=
47 &
.MI
e
Rp

o007

Figure 37. Offset Voltage and Noise Model for the AD844
NOISE

Noise sources can be modeled in a manner similar to the dc bias
currents, but the noise sources are Inx, In, V, and the amplifier
induced noise at the output, Vo, is:

.Y, . R1Y?
Vox =J((INP RP)Z*'V.\"{]‘*E) +(].\'.\' Rl)z

Overall noise can be reduced by keeping all resistor values to a
minimum. With typical numbers, R1 = R2 = 1 kQ2, Re =0 0,
Vi =2 nV/VHz, Inp = 10 pA/NHz, I = 12 pA/VHz, and Vox
calculates to 12 nV/VHz. The current noise is dominant in this
case, because it is in most low gain applications.

VIDEO CABLE DRIVER USING +5 V SUPPLIES

The AD844 can be used to drive low impedance cables. Using
+5 V supplies, a 100 Q2 load can be driven to +2.5 V with low
distortion. Figure 38 shows an illustrative application that
provides a noninverting gain of +2, allowing the cable to be
reverse-terminated while delivering an overall gain of +1 to the
load. The -3 dB bandwidth of this circuit is typically 30 MHz.
Figure 39 shows a differential gain and phase test setup. In video
applications, differential-phase and differential-gain characteris-
tics are often important. Figure 40 shows the variation in phase as
the load voltage varies. Figure 41 shows the gain variation.
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Figure 39. Differential Gain/Phase Test Setup
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Figure 40. Differential Phase for the Circuit of Figure 38
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Figure 41. Differential Gain for the Circuit of Figure 38
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Figure 42. High Speed DAC Amplifier

HIGH SPEED DAC BUFFER

The AD844 performs very well in applications requiring current-
to-voltage conversion. Figure 42 shows connections for use with
the AD568 current output DAC. In this application, the bipolar
offset is used so that the full-scale current is +5.12 mA, which
generates an output of +5.12 V using the 1 kQ application resistor
on the AD568. Figure 43 shows the full-scale transient response.
Care is needed in power supply decoupling and grounding
techniques to achieve the full 12-bit accuracy and realize the
fast settling capabilities of the system. The AD568 data sheet
should be consulted for more complete details about its use.

[

50ns
1

00857043

Figure 43. DAC Amplifier Full-Scale Transient Response

20 MHZ VARIABLE GAIN AMPLIFIER
The AD844 is an excellent choice as an output amplifier for the
AD539 multiplier, in all of its connection modes. (See the
ADS539 data sheet for full details.) Figure 44 shows a simple
multiplier providing the output:
A

2V

Vi = 1)
where Vyis the gain control input, a positive voltage from 0 V
to 3.2 V (maximum), and Vv is the signal voltage, nominally

+2 V full scale but capable of operation up to 4.2 V.

The peak output in this configuration is thus +6.7 V. Using all
four of the internal application resistors provided on the AD539
in parallel results in a feedback resistance of 1.5 k(), at which
value the bandwidth of the AD844 is about 22 MHz, and is
essentially independent of Vx. The gain at Vx = 3.16 V is 4 dB.

0 *Vs
TYP

100 1002 A7 15}2’
0.22yF = 0.22)F
INPUTS v )
o
ovtodv T ‘_3‘—1
—z] per
gzv‘é's 2 [} 2
+| ADS539 [u ADS844
3nF TOP VIEW [— OUTPUT
5| (Not to Scale) 12} 14— Vi
6 11 i vy
INPUT a = Lozae| Y
oo = | s 100
0.22pF i oV -6V
T 100 AT 150A

“Vy AND Vy, INPUTS MAY OPTIONALLY BE TERMINATED;
TYPICALLY BY USING A 50Q OR 750 RESISTOR TO GROUND.

Figure 44. 20 MHz VGA Using the AD539
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Figure 45 shows the small signal response for a 50 dB gain control
range (Vx =10 mV to 3.16 V). At small values of Vx, capacitive
feedthrough on the PC board becomes troublesome and very
careful layout techniques are needed to minimize this problem.
A ground strip between the pins of the AD539 is helpful in this
regard. Figure 46 shows the response to a 2 V pulse on Vy for
Vx=1V,2V,and 3 V. For these results, a load resistor of 500
was used and the supplies were +9 V. The multiplier operates
from supplies between +4.5 Vand +16.5 V.

Disconnecting Pin 9 and Pin 16 on the AD539 alters the
denominator in Equation 1 to 1V, and the bandwidth is
approximately 10 MHz, with a maximum gain of 10 dB.
Using only Pin 9 or Pin 16 results in a denominator of 0.5V,
a bandwidth of 5 MHz, and a maximum gain of 16 dB.

GAIN (dB)
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Figure 46. VGA Transient Response with V=1V, 2V,and 3V
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OUTLINE DIMENSIONS
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COMPLIANT TO JEDEC STANDARDS MS-001
CONTROLLING DIMENSIONS ARE IN INCHES; MILLIMETER DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF INCH EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.
CORNER LEADS MAY BE CONFIGURED AS WHOLE OR HALF LEADS.

Figure 47.8-Lead Plastic Dual-in-Line Package [PDIP]
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Figure 48. 8-Lead Ceramic Dual In-Line Package [CERDIP]
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COMPLIANT TO JEDEC STANDARDS MS-013-AA
CONTROLLING DIMENSIONS ARE IN MILLIMETERS; INCH DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF MILLIMETER EQUIVALENTS FOR
REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.

Figure 49. 16-Lead Standard Small Outline Package [SOIC_W]

Wide Body
(RW-16)

Dimensions shown in millimeters and (inches)

o

ORDERING GUIDE

Model Temperature Range Package Description Package Option
AD844AN —40°C to +85°C 8-Lead Plastic Dual In-Line Package [PDIP] N-8
AD844ANZ' —40°C to +85°C 8-Lead Plastic Dual In-Line Package [PDIP] N-8
AD844ACHIPS —40°C to +85°C Die
AD844AQ —40°C to +85°C 8-Lead Ceramic Dual In-Line Package [CERDIP] Q-8
AD844BQ —40°C to +85°C 8-Lead Ceramic Dual In-Line Package [CERDIP] Q-8
AD844JRZ-16' 0°Cto 70°C 16-Lead Standard Small Outline Package [SOIC_W] RW-16
AD844JRZ-16-REEL7' 0°Cto 70°C 16-Lead SOIC_W, 7"Tape and Reel RW-16
AD844SCHIPS —55°Cto +125°C Die
AD8445Q —55°Cto +125°C 8-Lead Ceramic Dual In-Line Package [CERDIP] Q-8
AD8445Q/8838B —55°Cto +125°C 8-Lead Ceramic Dual In-Line Package [CERDIP] Q-8
5962-8964401PA? —55°Cto +125°C 8-Lead Ceramic Dual In-Line Package [CERDIP] Q-8

' Z = RoHS Compliant Part.

? Refer to the DESC drawing for tested specifications.

©1989-2017 Analog Devices, Inc. All rights reserved. Trademarks and

registered trademarks are the property of their respective owners.
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