ANALOG
DEVICES

High Speed, Video
Difference Amplifier

AD830

FEATURES

Differential Amplification

Wide Common-Mode Voltage Range: +12.8 V, =12 V

Differential Voltage Range: £2 V

High CMRR: 60 dB @ 4 MHz

Built-In Differential Clipping Level: £2.3 V

Fast Dynamic Performance

85 MHz Unity Gain Bandwidth

35 ns Settling Time to 0.1%

360 V/ps Slew Rate

Symmetrical Dynamic Response

Excellent Video Specifications

Differential Gain Error: 0.06%

Differential Phase Error: 0.08°

15 MHz (0.1 dB) Bandwidth

Flexible Operation

High Output Drive of £50 mA Min

Specified with Both =5 V and =15 V Supplies

Low Distortion: THD = =72 dB @ 4 MHz

Excellent DC Performance: 3 mV Max Input
Offset Voltage

APPLICATIONS

Differential Line Receiver

High Speed Level Shifter

High Speed In-Amp

Differential to Single-Ended Conversion
Resistorless Summation and Subtraction
High Speed A/D Driver

GENERAL DESCRITPTION

The ADS30 is a wideband, differencing amplifier designed for
use at video frequencies bur also useful in many other applica-
tions. It accurately amplifies a fully differential signal at the
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Figure 1. Common-Mode Rejection Ratio vs. Frequency
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input and produces an output voltage referred to a user-chosen
level. The undesired common-mode signal is rejected, even at
high frequencies. High impedance inputs ease interfacing to
finite source impedances and thus preserve the excellent com-
mon-mode rejection. In many respects, it offers significant
improvements over discrete difference amplifier approaches, in
particular in high frequency common-mode rejection.

The wide common-mode and differential voltage range of the
AD&30 make it particularly useful and flexible in level shifring
applications, but at lower power dissipation than discrete solu-
tions. Low distortion is preserved over the many possible
differential and common-mode voltages at the input and output.

Good gain flamess and excellent differential gain of 0.06% and
phase of 0.08% make the AD&30 suitable for many video system
applications. Furthermore, the AD&30 is suited for general-
purpose signal processing from de to 10 MHz.

" [N
| Vgw =BV
Ry = 15012

=15 -t
M

il
=1
10k 100k 1 1081 1008
FREGUENCY — Hz

1G

Figure 2. Closed-Loop Gain vs. Frequency, Gain = +1



ADB3U—S PE[: IFICATI u Ns (Vs = =15V, Ryawo = 150 €2, Cioap = 5 pF, Ty = 25°C, unless otherwise noted.)

ADSINJADS30A ADS308!
Parameter Conditions Min Typ Max | Min Twp Max | Unit
DYNAMIC CHARACTERISTICS
3 dB Small Signal Bandwidth (ain = +1, Vg = 100 mV rms ] 85 ] 85 MHz
0.1 dB Gain Flatness Frequency | Gain = +1, Vg = 100 mV rms 11 15 11 15 MHz
Differential Gain Error 0V to 0.7 V, Frequency = 4.5 MHz .06 0.00 0.06 0.09 | %
Differential Phase Error 0V to 0.7V, Frequency = 4.5 MHz 0.08 0.12 .08 .12 | Degrees
Slew Rate 2V Step, By = 500 £ 360 360 Vius
4V Step, By = 500 £} 350 350 Wius
3 dB Large Signal Bandwidth Gain = +1, Vogrr = 1 V rms 35 45 35 45 MHz
Senling Time, Gain = +1 Vour =2V Step, to 0.1% 25 25 ns
Vour =4 V Step, to 0.1% 15 35 ns
Harmonic Distortion 2V p-p, Frequency = 1 MHz -82 -&2 dBe
2 ¥ p-p, Frequency = 4 MHz =72 =72 dBc
Input Voltage Nose Frequency = 10 kHz 27 27 aViHz
Input Current Noise 1.4 1.4 pANHz
DC PERFORMANCE
Offset Voltage Gain = 41 +1.5 +3 1.5 +3 mV
Gain = +1, Tagn= Thax 15 +7 mV
Open-Loop Gain DC 64 69 64 69 dB
(rain Error By =1KLG=x%1 0.1 0.6 0.1 0.6 | %
Peak Nonlinearity, Ry = 1 ki1, -1VzX=zHV 0.01 0.03 0.01 0.03 |%FS
Gain = +1 “15VEX 2415V 0.035 0.07 0.035 0.07 | % FS
“2VEX<42V 0.15 0.4 0.15 0.4 % FS
Input Bias Current Vi = 0V, 25°C to Thaax 5 10 5 10 nA
Ve = 0V, Tope 7 13 8 17 nA
Input Offset Current Vi = 0 W, T — Tagax 0.1 1 0.1 1 nA
INPUT CHARACTERISTICS
Differential Voltage Range Ve =0 2.0 2.0 v
Differential Clipping Level® Pins 1 and 2 Inputs Only 2.1 +2.3 2.1 2.3 V
Common-Mode Voltage Range | Vpyg =21V =12.0 +12.8| =12.0 +128|V
CMER DC, Pins 1, 2, 10V 90 100 90 100 dB
DC,Pins 1,2, 210V,
T = Taax 88 86 dB
Frequency = 4 MHz 55 i) 55 i) dB
Input Resistance 370 370 k£
Input Capacitance pF
OUTPUT CHARACTERISTICS
Outpur Voltage Swing Ry z1k2 12 +13.8,-13.8 ti2 +135.8,-13.8 W
Bz 1k, 165V 13 +15.3,-14.7 t13 +15.3,-14.7 A
Short-Circuit Current Short to Ground +80 T80 mi
Outpur Current Ry =150 0 50 50 mA
POWEER SUPPLIES
Operating Range 4 T16.5| £4 +16.5(V
Quiescent Current Taaps = Taax 14.5 17 14.5 17 mA
+ PSRE (to Vi) DC,G=+1 86 86 dB
- PSER (to Vy) DC,G=+1 68 68 dB
PSRR DC,G=4+1,t5t0 15V, 66 71 66 71 dB
PSRR DC,G=+1,t5t0 115V,
T = Tagax 62 68 60 68 dB
NOTES

'See Srandard Military Drawing 5962-0313001 MPA for specifications.
*Clipping level funcrion en X channel only.

Specificatons subject to change without notice.



SPEC IFICATIUNS (V; = %5V, Ry = 150 02, €,y = 5 pF, T, = +25°C, unless otherwise noted.)

ADSI0J/ADS30A ADS308!
Parameter Conditions Min Twp Max | Min Tywp Max |Unit
DYNAMIC CHARACTERISTICS
3 dB Small Signal Bandwidth Gain = +1, Vagrr = 100 mV rms 35 40 35 40 MHz
0.1 dB Gain Flatness Freguency | Gain = +1, Vagr = 100 mV rms 3 6.5 3 6.5 MHz
Differential Gain Error 0V eo 0.9 V, Frequency = 4.5 MHz,
Gain = 42 0.14 0.18 0.14 018 |%
Differential Phase Error 0V o 0.7 V, Frequency = 4.5 MHz,
(Gain = 42 0.32 0.4 0.32 0.4 Degrees
Slew Rate, Gain = +1 2V Step, By = 500 02 210 210 Wius
4V Step, By =500 £ 240 240 Wius
3 dB Large Signal Bandwidth Gain = +1, Vagr = 1 Vms 30 36 30 36 MHz
Setthing Time Vour = 2V Step, to 0.1% 35 15 ns
Vourr =4 V Step, to 0.1% 48 48 ns
Harmonic Distortion 2 ¥ p-p, Frequency = 1 MHz -6 6% dBc
2 ¥ p-p, Frequency = 4 MHz =56 =56 dBc
Input Voltage Nose Frequency = 10 kHz 27 27 avViHz
Input Current Noise 1.4 1.4 pARNHz
DC PERFORMANCE
Offset Voltage Gain = +1 1.5 3 1.5 3 mV
Gain = +1, Ty = Tagan 4 5 mV
Open-Loop Gain DC a6 63 a6 63 dB
Unity Gain Accuracy B =1k +0.1 +0.6 +0.1 0.6 |%
Peak Nonlinearity, By = 1 kil “1IVEXZHI WV 0.01 0.03 0.01 0.03 |%FS
-l5VEX <415V 0.045 0.07 0.045 0.07 |%FS
=2VEX<4+2V 0.23 0.4 0.23 0.4 % FS
Input Bias Current Wie = 0V, 25°C to Thgax 5 10 5 10 111
Wi = 0V, Tope 7 13 8 17 11,1
Input Offset Current Wi = 0V, Trps — Tarax 0.1 1 0.1 1 pA
INPUT CHARACTERISTICS
Differential Voltage Range Veu =10 2.0 2.0 W
Differential Clipping Level® Pins 1 and 2 Inputs Only 2.0 +2.2 +2.0 +2.2 W
Common-Mode Voltage Range | Vpy =21V 2.0 +248 | =20 +29 |V
CMER DC,Pns 1,2, 44 Ve -2V a0 100 a0 100 dB
DC,Pns 1,2, 44 Vo -2V,
T = Tarax 88 86 dB
Frequency = 4 MHz 55 i) 55 i) dB
Input Resistance 370 370 k2
Input Capacitance 2 pF
OUTPUT CHARACTERISTICS
Output Voltage Swing R; 2150 02 +3.2 3.5 +32 135 v
By 2150 £), +4 WV +32.2 -2.4,427 1332 24,427 v
Short-Circuit Current Short to Ground 55, 470 =55, 470 mi
Output Current 40 40 mA
POWER SUPPLIES
Operating Range +4 +16.5 | £4 +16.5 |V
Quiescent Current T = Taax 13.5 16 13.5 16 mA
+ PSER (to Vi) DC, G = 41, Offset 86 86 4B
=PSEER (to Vi) DC, G = +1, Offset 68 68 4B
PSER (Dual-Supply) DC,G=+1,t5t0 115V, 66 7l 66 71 dB
PSER (Dual-Supply) DC,G=+1,t5t0 115 Vs,
T — Taax 62 68 &l 68 4B
NOTES

'See Standard Military Deawing 5062-0313001 MPA for specifications.
*Clipping level funcrion on X channe] only.

Specifications subject vo change without novice.



AD830

ABSOLUTE MAXIMUM RATINGS'

Supply Voltage ... ... .o e 18V
Internal Power Dissipation® . .. ... .. Observe Derating Curves
Output Short=Circuit Duration ... .. Observe Derating Curves
Common-Mode Inpur Voltage ... ... .. . ... +V,
Differential Inpur Volrage ... ... ... . oo il +Vg
Storage Temperamure Range () .......... —65°C to +150°C
Storage Temperature Range (N) .......... =65°C to +125°C
Storage Temperature Range (RN) ......... =65°C to +125°C
Operating Temperature Range

ADBI0T .. e 0°C o +70°C

ADBIDA ... e —40°C to +85°C

ADB3IOS .. =55°C to +125°C
Lead Temperature Range (Soldering 60 sec) ......... 300°C
MOTES

'Stresses above those listed under Absolure Maximum Rarings may cause perma-
nent damage o the device. This B a stress rating only; funcrional operation of the
device ar these or any other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolure maximum rating
conditions for extended periods may affect device reliability.

*g-Lead PDIP Package: iy, = GOOCIW.
8-Lead SOIC Package: fy, = 155°CIW.

&-Lead CERDIP Package: By, = 110°CH.

MAXIMUM POWER DISSIPATION

The maximum power that can be safely dissipated by the AD830
is limited by the associated rise in junction temperature. For the
plastic packages, the maximum safe junction temperature is
145°C. For the CERDIP, the maximum junction temperature is
175°C. If these maximums are exceeded momentarily, proper
circuit operation will be restored as soon as the die temperature
is reduced. Leaving the ADE30 in the overheated condition for
an extended period can result in permanent damage to the
device. To ensure proper operation, it is important to observe
the recommended deraring curves.

While the AD830 output is internally short-circuit protected,
this may not be sufficient to guarantee that the maximum junc-
tion temperature is not exceeded under all conditions. If the
output is shorted to a supply rail for an exrended period, then
the amplifier may be permanently destroyed.

ORDERING GUIDE
Model Temperature Range Package Description Package Option
ADS30AN —40°C to +83°C g-Lead PDIP M-8
ADS30TR 0°C to +70°C g-Lead SOIC RM-8
5962-0313001MPA* | =55°C w +125°C &-Lead CERDIP Q-3
ADSE30AR =40°C w +83°C g-Lead SOIC RN-8
ADE30AR-REEL =40°C o +85°C #-Lead SOIC RN-8
ADS30AR-REELT —40°C o +85°C g-Lead SOIC RM-8
ADS30JR-REEL 0°C to 70°C g-Lead SOIC RM-8
ADSA30JR-REEL7 0°C to 70°C g-Lead SOIC RM-8
*See Standard Military Drawing 5962-0313001 MPA for specifications.
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Figure 3. Maximum Power Dissipation vs.
Temperature, PDIP and SOIC Packages
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Figure 4. Maximum Power Dissipation vs.
Temperature, CERDIP Package

ESD (elecrrostatic discharge) sensitive device. Electrostaric charges as high as 4000 V readily
accumularte on the human body and test equipment and can discharge withour detection. Although the
ADBID fearures proprietary ESD protection cifcuitry, permanent damage may occur on devices
subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are recommended

to avold performance degradation or loss of functionalicy.

VE DEVICE




Typical Performance Characteristics—AD830
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TPC 2. Harmonic Distortion vs. Frequency
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TPC 3. Input Bias Current vs. Temperature
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TPC 4. Power Supply Rejection Ratio vs. Frequency
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AD830

TRADITIONAL DIFFERENTIAL AMPLIFICATION

In the past, when differential amplification was needed to reject
common=mode signals superimposed with a desired signal, most
often the solution used was the classic op amp based difference
amplifier shown in Figure 5. The basic funcrion Vi, =V, -V, is
simply achieved, but the overall performance is poor and the
circuit possesses many serious problems that make it difficult
to realize a robust design with moderate to high levels

of performance.
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Figure 5. Op Amp Based Difference Amplifier

PROBLEMS WITH THE O AMI® BASED APPROACH

Low common-mode rejection ratio (CMRER)

Low impedance inputs

CMRR highly sensitive to the value of source R

Different input impedance for the + and - input

Poor high frequency CMER

Requires very highly matched resistors Ry — R to achieve

high CMRR

# Halves the bandwidth of the op amp

# High power dissipation in the resistors for large common=
mode voltage

ADS30 FOR DIFFERENTIAL AMPLIFICATION

The ADE30 amplifier was specifically developed to solve the
listed problems with the discrete difference amplifier approach.
Its topology, discussed in detail in the Understanding the ADE30
Topology section, by design acts as a difference amplifier. The
circuit of Figure & shows how simply the AD#30 is configured
to produce the difference of the two signals, V, and V,, in
which the applied differential signal is exactly reproduced at the
output relative to a separate output common. Any common-
mode voltage present at the input is removed by the ADS30.

Figure 6. AD830 as a Difference Amplifier

ADVANTAGEOUS PROPERTIES OF THE ADS30

High common-mode rejection ratio (CMER)

High impedance inputs

Symmetrical dynamic response for +1 and =1 Gain

Low sensirivity to the value of source R

Equal inpur impedance for the + and — input

Excellent high frequency CMRE

Mo halving of the bandwidth

Constant power distortion versus common=mode voltage
Highly matched resistors not needed

UNDERSTANDING THE ADS30 TOPOLOGY

The ADS30 represents Analog Devices’ first amplifier product
to embody a powerful alternative amplifier topology. Referred to
as active feedback, the topology used in the ADS30 provides
inherent advantages in the handling of differential signals, dif-
fering system commons, level shifring, and low distortion, high
frequency amplification. In addition, it makes possible the
implementation of many functions not realizable with single op
amp circuits or superior to op amp based equivalent circuits.
With this in mind, it is important to understand the internal
structure of the ADE30.

The topology, reduced to its elemental form, is shown in Figure 7.
Monideal effects, such as nonlinearity, bias currents, and limited
full scale, are omitted from this model for simplicity, but are dis-
cussed later. The key feature of this topology is the use of two,
identical voltage-to~-current converters, (5, that make up inpur
and feedback signal interfaces. They are labeled with inputs Vi and
Vv, respectively. These voltage-to-current converters possess fully
differential inputs, high linearity, high input impedance, and wide
voltage range operation. This enables the part to handle large
amplitude differential signals; it also provides high common-mode
rejection, low distortion, and negligible loading on the source. The
label Gy, is meant to convey that the transconductance is a large
signal quantity, unlike in the front end of most op amps. The two
(3 stage current outputs, I, and Iy, sum together at a high imped-
ance node—which is characterized by an equivalent resistance and
capacitance connected to an “ac common.” A unity voltage gain
stage follows the high impedance node to provide buffering
from loads. Relative to either input, the open-loop gain, Agp, is
set by the transconductance, Gy, working into the rezistance,
By Anp = Gy % Bp. The unity gain frequency wy 45 for the open-
lpop gain is established by the transconductance, Gy, working
into the capacitance, Cg; wyg g = Gu/Ce. The open-loop descrip-
tion of the ADE30 is shown below for completeness.
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Figure 7. Topology Diagram



