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电流反馈运算放大器的直流性能 (VOS 、

CHR 等)要比精密电压反馈运算放大器差，

但是电流反馈放大器的交流性能要比电压反

馈放大器好。例如，电流反馈放大器的频带

要比电压反馈放大器高，尤其是 O.ldB 的信

号频率平坦度及相位变化，电流反馈放大器

要比电压反馈放大器好得多，甚至不是同一

数量级的比较。

1. 4 转换速率不同

电流反馈运算放大器的转换速率取决于

输入信号边沿速率J 而电压反馈运算放大器

的转换速率取决于电路内部结构。因此在高

频大信号的条件下，电流反馈运算放大器的

转换速率远高于电压反馈运算放大器。

2、电流反馈运算放大器应用中应

注意的几个问题

电流反馈运算放大器和电压反馈运算放

大的使用方法基本相同，但由于放大器内部

结构的差异，因此，使用时要注意这种差别，

正确选择放大器的类型。以下介绍使用中应

注意的几个问题。

2.1 同相放大器的应用

不论是电压反馈运算放大器还是电流反

馈运算放大器，都适用于同相放大器。

在应用电压反馈运算放大器时，闭环带宽

不仅决定于反馈电阻岛，而且还决定于增益

电阻Rc。对于电流反馈运算放大器，闭环带宽

仅决定于反馈电阻品，改变增益电阻托时，

不改变电路的闭环带宽。闭环带宽的的一阶响

应是随着反馈电阻岛的变化而变化。

2.2 反相放大器的应用

当运算放大器用于反相放大器时，由于

内部结构的不同，选用时是有区别，尤其是多

输入端电压反馈放大器的传递函数会有明显

的变化，如图 3 所示。

2.3 电压跟随器的应用

电压跟随器是同相输入放大器的一个特

例。电压跟随器的增益为 1。放大器内部结构

决定了由电流反馈放大器组成电压跟随器时，

放大器的输出端不能直接与反相输入端短接，

而必须通过一个电阻才能连接，见图 4 电路。

这是由于输出端与反相输入端直接连接

时，相当于输出短路，会使电流反馈运算放大

表 1 电压反馈运算抽大器和电流反馈运算放大器几项主要参数比较 a

单位
电压反馈运算放大器 电流反馈运算放大器

AD854 AD847 AD817 AD811 AD846 AD9618 ADEL2020 

输入失调电压 mV 。 .25 0.5 0.5 0.5 251N 0.5 1. 5 

输入失调电流 25pA 50mA 50nA 2μA 

输 输入阻抗 。 10 11 3 X 105 3 X 104 

人 i 输入电容 pF 4.0 1. 5 1. 5 

~Þl. 反同相相输输入入 (l Q Q 
15 X 105 104 75 X 103 107 

抗 14 50 75 x 10 40 

输人偏置 同相(典型值) nA 。 75 3300 3300 200 3000 5000 1000 

电流 反相(典型值) nA 。 75 3300 3300 200 150 。 500 

小信号单位增益带宽 MHz 16 50 50' 140 80 160 90 

O.ldB 信号平坦度 MHz 35 25 

转换速率 'v/μs 20 300 300 2500 450 1800毫 500 

电压噪声 nV/ JHZ 80 15 15 1. 9 20 ' 1. 2 2.9 

互阻抗 MD 1. 5 200 3.5 

共模抑制 dB 95 95 66 64 

共模抑制比 dB , 125 
生~

52 
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·应用经验
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摘要:本文介绍了电流反馈运算放大器与电压反馈运算放大器的区别及其有关的增

益表达式，并且列举了几个应用实例，说明如何选用运算放大器。

关键词:电流反馈 电反馈频率平坦度

运算放大器是应用最广的集成电路。根

据运算放大器不同的特性，它能满足高精度、

高频率的要求，并且应用方便。但是如何正

确选择与使用运算放大器，这是设计电路时

十分关注的问题。

.运算放大器按照反馈信号类型进行分

类，可以分为电压反馈运算放大器和电流反

馈运算放大器两大类。本文对它们之间的区

别及如何正确使用电流反馈运算放大器进行

简单介绍.供广大读者参考。

1、电流反馈运算放大器和电压反

馈运算放大器的区别

电流反馈运算放大器和电压反馈运算放

大器是二种不同反馈信号的运算放大器，基

本区别如下:

1. 1 输入极结构不同

电压反馈运算放大器的同相输入端与反

Vout = ÄoL (8) . Verr 

Vout 

也(8) =二哇- ， 5=)ω 
1+川、εs

a 电压反馈运算放大器交流分析框图

相输入端不仅结构基本相同，而且输入阻抗

基本相同。在差动输入模式和共模形式下。

输入阻抗一般都在 100，以上。而电流反馈运

算放大器的输入端是一个连接同相输入端与

反相输入段的单位增益缓冲器。同相输入端

与反相输入端输入阻抗相差极大。同相输入

端的输入阻抗一般在 100 以上，反相输入端

的输入阻抗在理想状态下为 0，实际上有几

十欧输入阻抗。因此对于输入阻抗的表达方

式也是不同的。

进行交流分析时，原理框图如图 1 所示。

1. 2 影晌运算放大器带宽因素不同

电压反馈运算放大器开环时，输出电压等

于开环增益AoL 与输入的偏差电压 Verr 的积

V out = AoL (S) Verr ( 1) 

GDr: 
式中 AodS )=一一一一 S=j ω ( 2) 

1 十 γ。Cα

Gvc: 直流开环增益

Vout'= 1.何 Z(S)

Z(8) =之_T_ s=jω 
1+RT 45 

b 电流反馈运算放大器交流分析框图

因 l 运算放大器交流分析框图
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γ。:开环方程中的有效阻抗

Cc:补偿电容。

补偿电容不仅影响放大器的稳定性，而

且决定了放大器的转换速率。

当接成同相输入的闭环电路时，电压反

馈运算放大闭环增益为:

飞TO = (V'M 手~ V iM - L<\OL ( S) (3) 

V RG Y VO 
'M • Rc+ RF Y U 

运算后，化简得到 1

主立 11ι 主主 i →i→
V in L Å • RcJ 唱， J一

L~= AOL(S 2 ( 

-
I 十-

}一

Lc 

Iι: 闭环状态下的环路增益

(4 ) 

(5) 

(6 ) 

因此，影响电压反馈运算放大器的闭环

增益，不仅是开环增益 AOL(S) ，而且还有反

馈电阻品和增益电阻 λ;.0

在低频肘，由于开环增益非常大，可以忽

略开环增益的影响。当频率增高时，也1 (S)开

始以 20dB/10 倍频速率下降，最终会成为影

响电路增益的主要因素。

电流反馈运算放大器，在开环时，它的输

出电压等于开环阻抗 Z(S) [Transimpedancel 

和输入误差电流 Ierr 乘积。

V UU1 = Ierr Z( 52 (7) 

'" T Z (5)二←~"一- S= j ω( 8) 
1 + RTCTS ~ J 

1kO 

V1N 

RT : 直流开环互阻抗

CT : 镜像电流源控制转换速率的补偿电
容?

电流反馈放大器的转换速率，可由 G 和

放大器的内部残余电流决定。

当连接成同相的闭环形式时，电流反馈

放大器的闭环增益表达式:

V()- Vi"- - V 
二÷→---十一工二十 Ierr 二 O

I飞 T L飞G

Ierr 二 Vo/Z( 52 
将式(10)代人式(9) ，化简后得到:

Vo 1. RF I 1 
二十二

V 什 L Å ' Rr.J _ 1 

LG 二 2i主j飞

RF 

十-→
Å ' LG 

( 9) 

(10) 

( 11) 

(12) 

在闭环电路中，电流反馈运算放大器的

传递函数表达式( 11)和电压反馈运算放大器

的传递函数表达式( 5)是相同的，但是电流反

馈运算放大器的闭环增益表达式(12)与电压

反馈运算放大器的闭环增益表达式( 6) 是不

向的。影响电流反馈运算放大器的闭环增益

除了放大器本身的互阻抗 Z(S) 外，只有反馈

电阻 RF 一个因素。因此对于电流反馈运算

放大器，当反馈电阻 RF 确定之后，改变增益

电阻此，不影响电路的闭环频带，而对于电

压反馈运算放大器不改变反馈电阻品，只改

变增益电阻时，也影响电路的闭环频带。

1. 3 交直流性能不同

6810 

V1N Vo 

且，电压反馈放大器的同相增益电路 b. 电流反馈放大器的同相增益

图 2 运算放大器|司相输入川 I吧?益电路图
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电流反馈运算放大器的直流性能 (Vos 、

CHR 等)要比精密电压反馈运算放大器差，

但是电流反馈放大器的交流性能要比电压反

馈放大器好。例如，电流反馈放大器的频带

要比电压反馈放大器高，尤其是 O.ldB 的信

号频率平坦度及相位变化，电流反馈放大器

要比电压反馈放大器好得多，甚至不是同一

数量级的比较。

1. 4 转换速率不同

电流反馈运算放大器的转换速率取决于

输入信号边沿速率，而电压反馈运算放大器

的转换速率取决于电路内部结构。因此在高

频大信号的条件下，电流反馈运算放大器的

转换速率远高于电压反馈运算放大器。

2、电流反馈运算放大器应用中应

注意的几个问题

电流反馈运算放大器和电压反馈运算放

大的使用方法基本相同，但由于放大器内部

结构的差异，因此，使用时要注意这种差别，

正确选择放大器的类型。以下介绍使用中应

注意的几个问题。

2. 1 同相放大器的应用

不论是电压反馈运算放大器还是电流反

馈运算放大器，都适用于同相放大器c

在应用电压反馈运算放大器时，闭环带宽

不仅决定于反馈电阻岛，而且还决定于增益

电阻玩。对于电流反馈运算放大器，闭环带宽

仅决定于反馈电阻岛，改变增益电阻且，时，

不改变电路的闭环带宽。闭环带宽的的一阶响

应是随着反馈电阻岛的变化而变化。

2.2 反相放大器的应用

当运算放大器用于反相放大器时，由于

内部结构的不同，选用时是有区别，尤其是多

输入端电压反馈放大器的传递函数会有明显

的变化，如图 3 所示。

2.3 电压跟随器的应用

电压跟随器是同相输入放大器的一个特

例。电压跟随器的增益为 10 放大器内部结构

决定了由电流反馈放大器组成电压跟随器时，

放大器的输出端不能直接与反相输入端短接，

而必须通过一个电阻才能连接，见图 4 电路。

这是由于输出端与反相输入端直接连接

时，相当于输出短路，会使电流反馈运算放大

表 1 电压反馈运算放大器和电流反馈运算放大器几项主要参数比较

单位
电压反馈运算放大器 电流反馈运算放大器

AD854 AD847 AD817 AD811 AD846 AD9618 ADEL2020 

输入失调电压 mV 0.25 0.5 0.5 。 5 25μV 0.5 1. 5 

输入失调电流 25pA 50mA 50nA 2μA 

输 输入阻抗 。 10 1l 3 X 105 3 X 104 

人 输入电容 pF 4.0 1. 5 1. 5 

阻 同相输入 O 15 X 105 104 75 x 10-' w7 

抗 反相输入 。 14 50 75 x 10 40 

输入偏置 向相(典型值) nA 0.75 3300 3300 200 3000 5000 1000 

电流 反相(典型值) nA 0.75 3300 3300 200 150 O 500 

小信号单位增益带宽 MHz 16 50 50 140 80 160 90 

O.ldB 信号平坦度 MHz 35 25 

转换速率 V/μs 20 300 300 2500 450 1800 500 

电压噪声 ! nV/ 丘石J 80 15 15 1. 9 20 1. 2 2.9 

互阻抗 MO 1. 5 200 3.5 

共模抑制 dB 95 95 66 64 

共模抑制比 dB 125 52 
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V1 

v2 

V3 

Vn 

Rin 

电流反馈

Vout (5) _ -Rf lRin 
Vn (5) 1+(Rf) I Z(5) 

Rf 

电压反馈

Vout(5)_RtlRin 

Vn (5) 叫1 +nRf lRin) I 均L (5) 

图 3 多输入端放大器原理图

器内部产生过热和过流保护，器件元输出电

压。所以必须串人一个电阻，该电阻的典型

值为 lkn 以上。

值得指出的是，在电压跟随器情况下，输

出端与反相输出端之间接人一个电阻并非是

电流反馈放大器独有的特点，输入阻抗很低

的高频电压反馈放犬器也应串入一个电阻才

能正常使用C

2.4 利用反接光敏二极管构成互阻放大器

在电路图 5 中，当改变反馈电阻 RF 时，

就改变了电路增益。当采用电压反馈放大器

时，在高频时改变 RF 通常不影响电路的带

宽。这是由于闭环增益主要由输入电容和反

馈电容决定，使闭环增益与开环增益可能在

预定点相交。如果采用电流反馈放大器，当

改变 RF 时，就会改变电路的带宽，使得电路

的带宽随增益的变化而改变。另一方面，电

流反馈放大器的反相输入端电流噪声要比电

V'N 

VBIAS Rf 

/今/
V叫

因 5 利用光敏二极管构成的互阻放大器

压反馈放大器大。因此，在图 5 中，应该采用

电压反馈放大器。

2.5 多功能滤波器

利用 4 个运算放大器和辅助元件，可构

成二个有高通、低通和带通的多功能滤波器，

原理图如图 6 所示。

在电路中， A2 和 A3 是积分器，应选用

精密电压反馈运算放大器，如果选用电流反

馈运算放大器的话，在反馈回路中，单独的电

容元件(无任何串联电阻)将使电路工作不稳

定。 Rl 和 R6 分别调节 Al 和 A4 的增益。调

节增益时，既不能影响频带，又要保证能够独

立调整，因此，选用电流反馈运算放大器最合

适。这样使电路具有更高的频带，这一点对于

Al 来讲是很关键的 c

3、结论

应用时，应该根据实际电路很好地选用

运算放大器，使电路的各项性能指标得到充

分的体现。如果要求电路有比较高的闭环增

1kO 

V。

V1N 

日，电压反馈运算放大器的电压跟随器原理图 b 电流反馈运算放大器的电压跟随器的原理图

图 4 不同类型运算放大器组成的电压跟随器原理图
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VHP 
V8P VLP 

况下，性能比较好，在高增益

情况时，会降低精度和带宽指

标。在差动输入电路中，一般

选用电压反馈运算放大器，这

是由于电压反馈运算放大器

的共模抑制比要比电流反馈

运算放大器高 O
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索询
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3MO-20MO 、 1/2W(1210) ， lW(2212) 男诲。

三、阳片电感

(丁DK ，松下 ):0805 、 1206、 1210、 1812

0.012uH-47uH 1. 30 330uH-510uH 2.00 

56uH - 220uH 1. 60 
四、目击片坦电 CA45、 "NEC"、 "AVX"

A 型 :1206 683- 155 0.95 225-475 1. 35 
B 型: 1210 105-6'85 1. 60 106-476 2.20 
C 型: 2212 105-226 2.50 
D 型 2.818 476- 107 4.50 

五、自击可谓宅军军令"春曰"、 "AVX"

春囚: TZBX4Z( pE)吐. 5- 6 ， 2-10 、4-20\ 6-40、8-702.30

春 83: TZB03Z( pF)2-10\ 3-20、4- 30、 5AO 1.20 
AVX:CTZ2:CTZ3 1. 5-6、乙 10\320\430\ 4- 40 3.00 

六、自占片可谓电恒器 RVGλRVG4

100[2- 5 1Ok[2黑9'J 1. 60 
仁、自δ片稳王二极管

(1 12呐。SOT-23 1. 5 - 62V 0.60 
LL-34( 圆柱 m) 1. 5V-32飞 0.5王

八、脏片整流二极管: LL-34( 圆枉形)

4001 、 4002. "'4007 0.38 
九、缸片二极管

SOT-23 IN4148 0.35 
LL-34(圆枉影 JN4148 0.26 

十、陆芮三极管 SOT-23 、 SOT-89'

2SA:1162\812 0.45 2SC:2712、 1 币23 0.45 
2SB 624 O. 70 2SC. 2757 O. 80 
(只它熬到实泻)

十一、贴片发光管:红、绿、橙

0805 0.85 元 1206 1 ‘ 20 y(; 

CTLφ2 洒向脚 0.75 元 r

十二、起小型独己电辛苦.

CC4， CT4 来9!J们恪宋词 等

欢迎来λJ来函索词i 由B阁。汇款开声 言更州市7x仔浮
办。帐号 205653008740'16920
安 l州金桥电子公司

地 址:泵州市侨乡高 ðö ifi 2 - 002 a把综 362000

电话。595 - 2981895 、 2289757

传真: 0595- 2981895 
总经理吴忠x 市场部吴燕红\吴我青
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450 V/�s, Precision,
Current-Feedback Op Amp

CONNECTION DIAGRAMSFEATURES

AC PERFORMANCE

Small Signal Bandwidth: 80 MHz (AV = –1)

Slew Rate: 450 V/�s

Full Power Bandwidth: 6.8 MHz at 20 V p-p,

RL = 500 �
Fast Settling: for 10 V Step: 110 ns to 0.01%,

80 ns to 0.1%

Differential Gain: <0.01% @ 4.4 MHz

Differential Phase: <0.028� @ 4.4 MHz

Total Harmonic Distortion (THD): 0.0005% @ 100 kHz

Open-Loop Transimpedance: 200 M�
Input Voltage Noise: 2 nV/√Hz

DC PERFORMANCE

Input Offset Voltage: 75 �V max (B Grade)

Input Offset Drift: 3.5 �V/�C max (B Grade)

Quiescent Supply Current: 6.5 mA max

APPLICATIONS

High Speed DAC Buffers

Multiflash ADC Error Amplifiers

Flash ADC Buffers

Coaxial Cable Drivers

High Performance Audio Circuitry

Available in Plastic Mini-DIP, Hermetic Cerdip, and

Plastic SOIC (A) Package

MIL-STD-883B Part Available

PRODUCT DESCRIPTION
The AD846 is a monolithic, very high speed operational ampli-
fier offering high performance. Although technically classed as a
current-feedback or transimpedance amplifier, it may be used
in much the same way as traditional op amps while providing
significant performance benefits. Employing Analog Devices’
junction isolated complementary bipolar (CB) process, the AD846
achieves true “12-bit” (0.01%) precision on critical ac and dc
parameters, a level of performance unmatched by amplifiers
fabricated using either the dielectrically isolated (DI) or other
bipolar processes.

The AD846 offers significant advantages over conventional
high speed operational amplifiers. It maintains a nearly con-
stant bandwidth and settling time to 0.01% over a wide range
of closed-loop gains. This makes the AD846 ideal for amplifying
the residue in multiple-pass analog-to-digital converters.

Other advantages include: low input errors and high open-loop
transresistance (200 MΩ) into a 500 Ω load, ensuring true
12-bit dc accuracy for closed-loop gains from –1 to gains
greater than –100. This combination of ac and dc perfor-
mance makes the AD846 an excellent choice for buffering
precision high speed DACs and flash ADCs.

Plastic Mini-DIP (N) Package
and

Cerdip (Q) Package

           

The AD846 is available in three performance grades. The AD846A
and AD846B are rated over the industrial temperature range
of –40°C to +85°C. The AD846S is rated over the full mili-
tary temperature range of –55°C to +125°C and is available
processed to MIL-STD-883B, Rev C.

The AD846 is available in two types of 8-lead packages: plastic
mini-DIP and hermetic cerdip. The AD846AR-16 is available in
the 16-lead SOIC package. “A” and “S” grade chips are also
available.

PRODUCT HIGHLIGHTS
1. The AD846 achieves settling times of 110 ns to 0.01%

for gains of –1 to –10, with a 450 V/µs slew rate, while
consuming only 5 mA of supply current.

2. For closed-loop gains of –1 to –100, the high speed perfor-
mance of the AD846 is achieved without sacrificing full 12-bit
dc precision.

3. The AD846 is well suited to line driver and video buffer
applications where the properties of low distortion and high
slew rate are required.

SOIC (R) Package
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AD846–SPECIFICATIONS (@ +25�C and �15 V dc, unless otherwise noted)

AD846A AD846B AD846S
Model Conditions Min Typ Max Min Typ Max Min Typ Max Units

INPUT OFFSET VOLTAGE1

Initial 25 200 25 75 25 200 µV
TMIN –TMAX 50 350 50 125 100 350 µV
vs. Temperature 0.8 5 0.8 3.5 1 5.5 µV/°C
vs. Supply (PSRR) 5 V–18 V2

Initial 110 125 120 125 110 125 dB
TMIN –TMAX 110 120 116 120 94 116 dB

vs. Common Mode (CMRR) VCM = ± 10 V
Initial 110 125 120 125 110 125 dB
TMIN–TMAX 110 120 116 120 94 116 dB

INPUT BIAS CURRENT3

–Input Bias Current
Initial 150 450 100 250 150 450 nA
TMIN –TMAX 450 1200 400 750 1000 1500 nA
vs. Temperature 6 20 6 17 9 20 nA/°C
vs. Supply 5 V–18 V2

Initial 9 15 9 10 9 15 nA/V
TMIN –TMAX 11 20 11 15 11 25 nA/V

vs. Common Mode VCM = ± 10 V
Initial 5 10 3 5 5 10 nA/V
TMIN –TMAX 5 15 3 7 5 20 nA/V

+Input Bias Current
Initial 3 15 3 5 3 15 µA
TMIN –TMAX 4 20 4 7 5 20 µA
vs. Temperature 15 80 15 45 15 80 nA/°C
vs. Supply 5 V–18 V2

Initial 5 15 5 10 5 15 nA/V
TMIN –TMAX 5 20 5 15 5 20 nA/V

vs. Common Mode VCM = ± 10 V
Initial 5 15 3 10 5 15 nA/V
TMIN –TMAX 5 15 3 10 5 20 nA/V

INPUT CHARACTERISTICS
Input Resistance

–Input 50 50 50 Ω
+Input 10 10 10 kΩ

Input Capacitance
–Input 2 2 2 pF
+Input 2 2 2 pF

INPUT VOLTAGE RANGE
Common Mode ±10 ±10 ±10 V

INPUT VOLTAGE NOISE F = 1 kHz 2 2 2 nV/√Hz
Input Current Noise

–Input 1 kHz 20 20 20 pA/√Hz
+Input 1 kHz 6 6 6 pA/√Hz

OPEN LOOP
TRANSRESISTANCE VOUT = ±10 V

RLOAD = 500 Ω 100 200 150 200 100 200 MΩ
TMIN –TMAX 50 75 50 MΩ

OUTPUT CHARACTERISTICS
Voltage RLOAD = 500 Ω �10 �10 �10 V
Current Short Circuit 65 65 65 mA
Output Resistance Open Loop 16 16 16 Ω

FREQUENCY RESPONSE
Small Signal Bandwidth AV = –1 RF = 1k 80 80 80 MHz

(–3 dB) AV = –10 RF = 875 Ω 31 31 31 MHz
AV = –30 RF = 875 Ω 15 15 15 MHz

Full Power Bandwidth4 VOUT = 20 V p-p
RI = 500 Ω 6.8 6.8 6.8 MHz

Rise Time AV = –1 110 10 10 ns
Overshoot AV = –1 20 20 20 %
Slew Rate AV = –1 450 450 450 V/µs
Settling Time

10 V Step, AV = –1 to 0.1% 80 80 80 ns
to 0.01% 110 110 110 ns

TOTAL HARMONIC
DISTORTION5 F = 100 kHz 0.0005 0.0005 0.0005 %
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AD846

ORDERING GUIDE

Package
Model1 Temperature Range Option2

AD846AN –40°C to +85°C N-8
AD846BN –40°C to +85°C N-8
AD846AQ –40°C to +85°C Q-8
AD846BQ –40°C to +85°C Q-8
AD846SQ –55°C to +125°C Q-8
AD846SQ/883B –55°C to +125°C Q-8
5962-8964601PA –55°C to +125°C Q-8
AD846AR-16 –40°C to +85°C R-16
AD846AR-16-REEL –40°C to +85°C R-16

NOTES
1“A” and “S” grade chips are also available.
2N = Plastic DIP Package; Q = Cerdip Package, R = SOIC Package

METALIZATION PHOTOGRAPH
Dimensions shown in inches and (mm).
Consult factory for latest dimensions.

AD846A AD846B AD846S
Model Conditions Min Typ Max Min Typ Max Min Typ Max Units

DIFFERENTIAL GAIN F = 4.4 MHz, RL = 100 Ω 0.01 0.01 0.01 %

DIFFERENTIAL PHASE F = 4.4 MHz, RL = 100 Ω 0.028 0.028 0.028 Degrees

POWER SUPPLY
Rated Performance ±15 ±15 ±15 V
Operating Range ±5 �18 ±5 �18 �5 �18 V
Quiescent Current TMIN –TMAX 5 6.5 5 6.5 5 7 mA

TRANSISTOR COUNT 72 72 72

NOTES
1Input Offset Voltage Specifications are guaranteed after 5 minutes at TA = +25°C.
2Test Conditions: +VS = 15 V, –VS = 5 V to 18 V and +VS = 5 V to 18 V, –VS = 15 V.
3Bias Current Specifications are guaranteed maximum after 5 minutes at TA = +25°C.
4FPBW = Slew Rate/2 π VPEAK.
5Total Harmonic Distortion.

All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are
used to calculate outgoing quality levels.

Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS1

Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ±18 V
Internal Power Dissipation2

Plastic Package  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.5 W
Cerdip Package  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.3 W

Common-Mode Input Voltage, Max Safe  . . . . . . .  |VS| – 3 V
Output Short Circuit Duration  . . . . . . . . . . . . . . . .  Indefinite
Differential Input Voltage  . . . . . . . . . . . . . . . . . . . . . . .  ±1 V
Continuous Input Current

Inverting or Noninverting . . . . . . . . . . . . . . . . . . . .  2.0 mA
Storage Temperature Range (Q)  . . . . . . . . .  –65°C to +150°C
Storage Temperature Range (N)  . . . . . . . . .  –65°C to +125°C
Storage Temperature Range (R)  . . . . . . . . .  –65°C to +125°C
Operating Temperature Range

AD846A/B  . . . . . . . . . . . . . . . . . . . . . . . .  –40°C to +85°C
AD846S  . . . . . . . . . . . . . . . . . . . . . . . . . .  –55°C to +125°C

Lead Temperature Range (Soldering 60 sec)  . . . . . . .  +300°C
ESD Rating  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3500 V

NOTES
1Stresses above those listed under Absolute Maximum Ratings may cause perma-

nent damage to the device. This is a stress rating only; the functional operation of
the device at these or any other conditions above those indicated in the operational
sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

2Maximum internal power dissipation is specified so that TJ does not exceed
+175°C at an ambient temperature of +25°C, derate cerdip (Q) package at
8.7 mW/°C and plastic (N) package at 10 mW/°C.
Plastic Package: θJA = 100°C/Watt, θJC = 33°C/W.
Cerdip Package: θJA = 110°C/Watt, θJC = 30°C/W.
SOIC Package: θJA = 100°C/Watt, θJC = 33°C/W.
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Figure 1. Input Voltage Swing
vs. Supply

Figure 4. Quiescent Supply Current
vs. Temperature

Figure 7. Open-Loop Transimpedance
vs. Supply

Figure 2. Output Voltage Swing
vs. Supply

Figure 5. Output Voltage Swing vs.
Resistive Load

Figure 8. Positive Input Bias Current
vs. Common-Mode Voltage

Figure 3. Quiescent Current vs.
Supply Voltage

Figure 6. Large Signal Frequency
Response

Figure 9. Negative Input Bias
Current vs. Common-Mode Voltage
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Figure 10. Positive Input Bias Current
vs. Temperature

Figure 13. Common-Mode Rejection
vs. Frequency

Figure 16. Short Circuit Current Limit
vs. Temperature

Figure 11. Negative Input Bias
Current vs. Temperature

Figure 14. Input Noise Voltage
Spectral Density

Figure 17. Slew Rate vs.
Temperature

Figure 12. Power Supply Rejection
vs. Frequency

Figure 15. Inverting Input Noise
Current Spectral Density

Figure 18. Slew Rate vs. Input
Error Signal
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Figure 19a. Inverting Amplifier,
Gain of 1

Figure 21. Phase Shift vs. Frequency

Figure 24. 3 dB Bandwidth vs.
Supply Voltage

Figure 19b. Large Signal Pulse
Response, Gain of –1

Figure 22. Total Harmonic Distortion
vs. Frequency

Figure 25. Output Impedance
vs. Frequency

Figure 20. Normalized Output
Amplitude vs. Frequency vs. Load

Figure 23. Settling Time
vs. Step Size

Figure 26. –3 dB Bandwidth
vs. Temperature

, Inverting Gain of 1
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Typical Characteristics, Inverting Gain of 10 –

Figure 27a. Inverting Amplifier,
Gain of 10

Figure 29. Phase vs. Frequency
vs. Load

Figure 32. 3 dB Bandwidth vs.
Supply Voltage

Figure 27b. Large Signal Pulse
Response, Gain of 10

Figure 30. Harmonic Distortion
vs. Frequency

Figure 33. Output Impedance
vs. Frequency

Figure 28. Normalized Output
Amplitude vs. Frequency vs. Load

Figure 31. Settling Time vs.
Step Size

Figure 34. –3 dB Bandwidth
vs. Temperature
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POWER SUPPLY CONSIDERATIONS
The power supply connections to the AD846 must maintain a
low impedance to ground over a bandwidth of 40 MHz or more.
This is especially important when driving a significant resistive
or capacitive load, since all current delivered to the load comes
from the power supplies. Multiple high quality bypass capacitors
are recommended for each power supply line in any critical
application. A 0.1 µF ceramic and a 2.2 µF electrolytic capacitor
as shown in Figure 35 placed as close as possible to the am-
plifier (with short lead lengths to power supply common) will
assure adequate high frequency bypassing, in most applications.
A minimum bypass capacitance of 0.1 µF should be used for any
application.

Figure 35. Recommended Power Supply Bypassing

THEORY OF OPERATION
The AD846 differs from conventional operational amplifiers
in that it is a transimpedance device rather than a conventional
voltage amplifier. Figure 36 is a simplified schematic of the
AD846. The input stage consists of a pair of transistors, Q1 and
Q2, which are biased by two diode-connected transistors, Q3
and Q4. Transistors Q1 and Q2 have their emitters connected
together, and this common point functions as the inverting in-
put of the amplifier. Correspondingly, the common connection
of the two biasing diodes acts as the noninverting input.

Figure 36. AD846 Simplified Schematic

When operated as a closed-loop amplifier, feedback error cur-
rent, IIN: flows into the inverting input terminal and is conveyed
via current mirrors (transistors Q5, Q6, Q7, and Q8) to the
compensation capacitor, CCOMP. The voltage developed across
CCOMP is buffered by the output stage, consisting of transistors
Q9–Q12.

Figure 37. Overload Recovery Test Circuit

Figure 38. Overload Recovery Time Photo

Because the input error signal developed is in the form of a
current, not a voltage, the AD846 differs from conventional
operational amplifiers. This also means that, unlike most opera-
tional amplifiers which rely on negative feedback to produce a
“virtual ground” at the inverting input terminal, this terminal
explicitly has a low impedance.

A unique circuit approach allows the AD846 to realize an open-
loop transimpedance of close to 200 MΩ. This is nearly three
orders of magnitude greater than that of any other operational
transimpedance amplifier and results in extremely high levels of
dc precision.

As an example, the output voltage gain error is approximately
equal to the value of the feedback resistor divided by the value
of the open-loop transimpedance of the amplifier. That is, when
using a 1 kΩ feedback resistor, this error is one part in 200,000.
For a transimpedance amplifier with 1 MΩ transimpedance, this
error is only one part in 1000; such an amplifier would barely be
able to achieve 10-bit precision.

Figure 39 is a simplified three-terminal model for the AD846.
Figure 40 is a simplified three-terminal model for a conventional
voltage op amp. The action of current feedback serves to modify
the behavior of the amplifier under closed-loop conditions. The
feedback resistor, RF, is somewhat analogous to the input stage
transconductance of a conventional voltage amplifier; and
therefore, if the value of RF is held constant, the closed-loop
bandwidth also remains virtually constant, independent of
closed-loop voltage gain.



REV. C

AD846

–9–

Figure 39. AD846 Three-Terminal Model

Figure 40. Op Amp Three-Terminal Model

A more detailed examination of the closed-loop transfer func-
tion of the AD846 results in the following equation:

Closed-Loop Gain G(s) = 

    

−RF

RS

1+ CCOMP RF + 1+ RF

RS






RIN









s











Compare this to the equation for a conventional op amp:

Closed-Loop Gain G(s) = 

    

−RF

RS

1+ CCOMP

gM
1+ RF

RS






s








where: CCOMP is the internal compensation capacitor of the am-
plifier; gM is the input stage transconductance of the amplifier.

In the case of the voltage amplifier, the closed-loop bandwidth
decreases directly with increasing values of (1 + RF/RS), the
closed-loop gain. However, for the transimpedance amplifier,
the situation is different. At low gains, where (1 + RF/RS) RIN is
small compared to RF, the closed-loop bandwidth is controlled
by the internal compensation capacitance of 7 pF and the value
of RF, and not by the closed-loop gain. At higher gains, where (1
+ RF/RS) RIN is much larger than RF, the behavior is that of a con-
ventional operational amplifier in which the input stage transcon-
ductance is equal to the inverting terminal input impedance of
the transimpedance amplifier (RIN = 50 Ω).

A simple equation can, therefore, be used to determine the band-
width of an amplifier employing the AD846 in the inverting
configuration.

    
3 dB Bandwidth = 23

RF + 0.05 1+ G( )

where: The 3 dB bandwidth is in MHz

G is the closed-loop inverting gain of the AD846

RF is the feedback resistance in kΩ.

NOTE: This equation applies only for values of RF between
10 kΩ and 100 kΩ, and for RLOAD greater than 500 Ω. For RF =
1 kΩ the bandwidth should be estimated from Figure 41.

Figure 41 illustrates the closed-loop voltage gain vs. frequency
of the AD846 for various values of feedback resistor. For com-
parison purposes, the characteristic of a conventional amplifier
having an 80 MHz unity gain bandwidth is also shown.

Figure 41. Closed-Loop Voltage Gain vs. Bandwidth for
Various Values of RF

For the case where RF = 1 kΩ and RS = 100 Ω (closed-loop gain
of –10), the closed-loop bandwidth is approximately 28 MHz. It
should also be noted that the use of a capacitor to shunt RF, a
normal practice for stabilizing conventional op amps, will cause
this amplifier to become unstable because the closed-loop band-
width will increase beyond the stable operating frequency.

A similar approach can be taken to calculate the noise perfor-
mance of the amplifier. A simplified noise model is shown in
Figure 42.

The equivalent mean-square output noise voltage spectral den-
sity will equal:

    

VON
2 = RF INN( )2

+ 1+
RF

RS







2

[VN
2 + RP INP( )2

+ 4 kT RP ]

+ 4 kT RF
RF

RS
+1
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Where:
RP is the external resistance placed in series with the non-

inverting input
RF is the feedback resistor
RS is the source resistor
INN is the noise current in the inverting input
INP is the noise current in the noninverting input
VN is the input noise voltage.

Typical values for these parameters (@ 1 kHz) in pA/√Hz are:
INN = 20, IPN = 6, VN = 2.

Or, referring to the signal input, the equivalent mean-square in-
put voltage noise is:

    

VIN
2 = RF INN( )2

+ 1+
RS

RF







2

V N
2 + RP INP( )2

+ 4 kT RP






+ 4 kT RS 1+
RS

RF







Resistor RP is required for both inverting and noninverting
(follower) operation, to insure stable operation. The amplifier’s
noninverting input current (flowing through RP of 100 Ω) will
typically add less than 300 µV to the AD846’s input offset volt-
age. This can be trimmed-out using the optional network shown
in Figure 44. The following table gives recommended values
for RP.

Recommended
Supply Voltage Gain (RF/RS) Value for RF

6 V to 15 V 1–10 100 Ω
6 V to 15 V 10–20 47 Ω
6 V to 15 V 20–200 0 Ω
5 V 1–10 47 Ω
5 V 10 –200 0 Ω

Figure 42. Op Amp Simplified Noise Model

NONINVERTING GAIN OPERATION
The AD846 can be used as a noninverting amplifier or voltage
follower, operating at gains between 1 and 200. A minimum
value of RF equal to 1 kΩ should be employed. For low gains
(1 to 2), the input signal should be applied to the AD846’s non-
inverting input through a 100 Ω  series resistor; this will help
reduce peaking. The best transient response will occur when the
amplifier’s output level is below 5 V peak to peak.

At closed-loop gains of 3 or more, the input resistor is not re-
quired unless peak signals greater than 3 V will be applied. The
amplifier’s bandwidth can be determined by using the inverting
amplifier’s bandwidth equation or from Figure 41. For example,
at a gain of + 10 (RF = 1 kΩ, RS = 100 Ω) the bandwidth of the
AD846 will be approximately 33 MHz; at a gain of +100,

(RF = 1 kΩ, RS = 10 Ω) it will be 4 MHz. At gains of 3 or
greater, a small capacitor (2 pF–5 pF) connected across the
feedback resistor will help reduce overshoot; but when operating
at noninverting gains below 3, this same capacitance will cause
instability.

Figure 43. AD846 Noninverting Amplifier Configuration

USING THE COMPENSATION PIN OF THE AD846
Additional compensation may be provided for the AD846 by
applying an external capacitance between Pin 5 and analog
ground (Figure 44). The nominal value of the AD846’s internal
compensation capacitor is 7 pF. For a given value of feedback
resistance (RF), any added external capacitance reduces the
amplifier’s slew rate and bandwidth proportionally.

Figure 44. AD846 Inverting Amplifier Showing External
Compensation Connection, RP and Optional VOS Trim

In addition to providing for external compensation, Pin 5 may
be used to clamp the output of the amplifier, as shown in
Figure 45. The output can be clamped anywhere within the
output range (approximately ± 10 V) of the amplifier. The in-
put should also be clamped as a precaution against damaging the
amplifier’s input transistors.

Figure 45. AD846 Used as a Clamped Amplifier
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This compensation node may also be used as an additional
output terminal as in the precision transconductance amplifier
application of Figure 46.

Figure 46. A Precision Transconductance Amplifier

The AD846 can be used in either the inverting transconduc-
tance mode as shown in Figure 46, or in a noninverting mode
with RS grounded and VIN applied to the noninverting terminal.
The current output is essentially constant over a compliance
range of ±10 V at the compensation node. The output current
(from Pin 5) is limited to about ±1 mA due to internal satura-
tion. Under these circumstances the normal output pin provides
a buffered version of the compensation node output voltage.
Output load impedance of 500 Ω or greater will not affect the
accuracy of the transconductance conversion.

THE AD846 IN A 2 MHz, 12-BIT SUBRANGING A/D
CONVERTER CIRCUIT
The combination of fast settling times at high gains and low
dc errors make the AD846 ideal for use as an error amplifier in
high speed, 12-bit subranging A-D applications. In the circuit
of Figure 47, an AD842 serves as an input amplifier. First pass
conversion is accomplished, in a straightforward manner,
determining the top 7 bits. The latch then holds these top 7 bits
which are applied to a 7 bit, 12-bit accurate DAC and also to
the highest 7 bits of the adder (note that a sample-and-hold
should be used ahead of this converter to minimize errors due
to its 500 ns acquisition time). In the second pass, the input
switches S1 and S2 and S3 are set to state 2. The DAC output
is then subtracted from the input signal and the resulting
difference is then amplified by an AD846 gain of 32 follower.
This gain, together with a 1/64th scale offset, insures a unipolar
residue which can be converted by the flash A-D. Conversion is
accomplished via switches S1, S2 and S3 in state 1. Switch S1
connects the input signal of the AD846 residue amplifier to
ground which minimized overload recovery time.

Figure 47. Block Diagram of a 2 MHz, 12-Bit Subranging
A/D Converter

THE AD846 AS AN OPEN-LOOP LEVEL SHIFTER
The AD846 can also be used for open-loop level shifting. As
shown in Figure 48, resistor RS is used to develop an input cur-
rent which is proportional to the input voltage, VIN. This current
flows from the compensation node (Pin 5) developing a voltage
across resistor RC (RC is equal in value to resistor RS) which,
rather than being grounded, has one end tied to reference volt-
age V2. The voltage appearing at Pin 5 is, therefore, voltage VIN

plus voltage V2 and will directly follow changes in VIN. By scal-
ing resistor RC, a level shift with voltage gain can be produced.

In addition, the normal voltage output at Pin 6 is approximately
equal to the voltage at Pin 5 thus providing a low impedance,
buffered output for the level shifter.

Figure 48. AD846 Connected as a Level Shift Amplifier

THE AD846 AS A HIGH SPEED DAC BUFFER
The AD846 will enable the AD568 12-bit DAC to develop
a 10 V output step which settles to within 0.025 percent of
itsfinal value in about 100 ns. This AD846/AD568 combina-
tion is shown in the circuit of Figure 49. Correct power
supply decoupling is essential: a 2.2 µF tantalum capacitor con-
nected in parallel with a 0.1 µF to 0.01 µF ceramic disc capacitor
is usually sufficient. These should be placed as close to the power
supply pins as possible. Also, a ground plane should be employed;
this ensure that there is a low impedance signal path to ground
which allows the fastest possible output settling. In 12-bit
systems with the AD846 operating at gains of 10 or less, inad-
equate supply decoupling can cause the output settling to
degrade from 100 ns to as much as 300 ns, with a 10 V output
step applied.

Figure 49. The AD846 Serving as a DAC Buffer
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AD846
OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

Plastic
Mini-DIP (N)

Package

0.035 � 0.01
(0.89 � 0.25)0.165 � 0.01

(4.19 � 0.25)

0.018 � 0.003
0.46 � 0.08

0.125 (3.18)
MIN

0.18 � 0.03
(4.57 � 0.76)

0.39 (9.91)
MAX

0.25
(6.35)

0.011 � 0.003
(0.28 � 0.08)

0.30 (7.62)
REF

0.31
(7.87)

SEATING
PLANE

0.033 (0.84)
NOM

0-15�0.10
(2.54)
TYP

8

1 4

5

Cerdip (Q) Package

8

1 4

5

0.005 (0.13)
MIN

0.055 (1.4)
MAX

SEATING
PLANE

0.014 (0.36)
0.023 (0.58)

0.20 (5.08)
MAX 0.150

(3.81)
MIN

0.03 (1.76)
0.07 (0.78)

0.125 (3.18)
0.200 (5.08)

0.1
(2.54)
BSC

0.015 (0.38)
0.06 (1.52)

 0.405 (10.29)
  MAX

0°-15°

0.220 (5.59)
0.310 (7.87)

0.008 (0.20)
0.015 (0.38)

0.25 (0.64)

0.290 (7.37)
0.320 (8.13)

R-16 Package

SEATING
PLANE

0.0118 (0.30)
0.0040 (0.10)

0.0192 (0.49)
0.0138 (0.35)

0.1043 (2.65)
0.0926 (2.35)

0.050 (1.27)
BSC

16 9

81
0.4193 (10.65)
0.3937 (10.00)

0.2992 (7.60)
0.2914 (7.40)

PIN 1

0.4133 (10.50)
0.3977 (10.00)

0.0125 (0.32)
0.0091 (0.23)

8�
0�

0.0291 (0.74)
0.0098 (0.25)

� 45�

0.0500 (1.27)
0.0157 (0.40)








