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One of the most important 
specifications of an op amp is its 

input-offset voltage. You can null out 
this voltage on many op amps, but the 
problem with determining the input-
offset voltage is that the offset voltage 
varies with temperature, flicker noise, 
and long-term drift. Chopping and au-
tozeroing techniques have been around 
for several years, reducing achievable 
input offset to microvolts or less. The 
accuracy is so good that other minus-
cule effects, such as copper-solder ther-
mocouple junctions, dominate the er-
rors, until, with some effort, you can 
overcome them, as well. This Design 
Idea introduces a new type of chop-
ping. “Chopping the noise gain” is a 
simple way to measure the offset volt-
age in real time, so that you can sub-
tract it and enhance dc precision.

Figure 1 shows an LTC6240HV op 

amp in an inverting gain-of-10 config-
uration, along with several of its per-
tinent specifications. All of the input 
offset arrives at the output with a gain 
of 11 (called the “noise gain”) as an 
output error. Any downstream circuitry 
or observer looking at the output volt-
age cannot distinguish the output error 
from the desired output signal.

Figure 2 shows the chop-the-noise-
gain method. S1 switches the addition-
al shunt resistor, R3, in and out, chang-
ing the noise gain without affecting the 
signal gain or bandwidth. There would 
normally be some degradation of band-
width, but C1 dominates the band-
width limitation whether the switch 
is open or closed. Now, you impose a 
small square wave on the output with 
an amplitude that is equal to the pres-
ent dc errors. You can demodulate out 
the error as with a conventional chop-

per, or you can subtract it in software in 
a modern ADC-based system.

The circuit in Figure 2 is much like 
a simple summing amplifier, with one 
input both connected and disconnect-
ed. It is, in that sense, much like a true 
chopper amplifier. But, in this case, 
the input voltage being chopped is the 
amplifier offset, rather than the input 
signal. Why disconnect your input sig-
nal if you don’t have to? Also, there is 
no need for continuous chopping; you 
need apply it only when you require an 
offset measurement.

Note that, although this Design Idea 
shows the inverting case for ease of 
understanding, the noninverting case 
is also practicable with a good analog 
switch for S1. Also, as with any sam-
pled system, frequencies at or greater 
than the clock rate alias into baseband, 
and you should therefore filter them 
out before the chopping. Finally, this 
method does not correct for bias- or 
leakage-current-induced errors.

Switch S1 opens and closes, increas-
ing the noise gain and imposing the 
input errors onto the output with al-
ternating noise gains of 11 and 22. The 

Chop the noise gain to measure  
an op amp’s real-time offset voltage

Figure 1 An op amp has a conventional gain of 210. The noise gain is 11, so 
all of the input errors appear at the output with a gain of 11. You cannot distin-
guish the signal from noise just by looking at the output.
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resultant square wave now represents 
an easily measurable “11 errors,” which 
you can then subtract from the output. 
This technique is similar to that of 
conventional chopper amplifiers, ex-
cept that, in this case, you are chop-
ping the error rather than the signal.

Figure 3 shows the oscillogram of 
the output of the circuit of Figure 2, 
with an input voltage of 0V (ground-
ed). The top trace is “S,” the control 
signal applied to S1 at 750 Hz. The bot-
tom trace is the output error alternat-
ing between 1 and 2 mV, indicating 90 
mV of op-amp offset. The output “sees” 
the effect of doubling the noise gain of 
the output offset. The difference be-
tween the two noise gains is 11, and 
this difference dictates the amplitude 
of the square wave that S1 causes, inde-
pendently of the input voltage.

Figure 4 is similar to Figure 3, but 
zoomed out and with a 2-mV-p-p slow-
moving sine wave signal at the input 

voltage—that is, 20-mV-p-p output. 
The 1-mV square wave of Figure 3 
is superimposed upon the slow-mov-
ing output signal and still contains the 

real-time dc-error information. Just by 
looking at the output, you can discern 
that the true value of the signal is 1 
mV below the measured value.EDN

Figure 2 S1 switches the additional shunt resistor, R3, in and out, changing the 
noise gain without affecting the signal gain or bandwidth.
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Figure 4 The oscillogram is similar to that in Figure 3, but 
with a 2-mV-p-p slow-moving sine wave signal applied at 
the input voltage.

Figure 3 This oscillogram shows the output of the cir-
cuit in Figure 2, with an input voltage of 0V (grounded). 
The top trace is “S,” the control signal applied to S1 at 
750 Hz. The bottom trace is the output error alternating 
between 1 and 2 mV.

Many flash ADCs, such as Na-
tional Semiconductor’s (www.

national.com) ADC1175, have a rec-
ommended operating input-voltage 
range of 0.6 to 2.6V (Reference 1). 

However, in some applications, you 
must convert a symmetrical analog-
input signal. The circuit in this Design 
Idea converts a symmetrical input-
voltage range of 20.2 to 10.2V into 

the recommended 0.6 to 2.6V range 
(Figure 1).The circuit also prevents 
the output voltage from going below 
–0.3V, which would probably damage 
the ADC.

The circuit uses an Analog Devices 
(www.analog.com) AD8002 dual-cur-
rent-feedback operational amplifier to 
obtain a high bandwidth (Reference 
2). The first block, noninverting am-

Simple analog circuit provides voltage 
clipping and dc shifting for flash ADC
Alfredo del Rio, University of Vigo, Spain
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plifier IC1A has a voltage gain of five. 
This block also provides high input im-
pedance and low output impedance, so 
that the second block, IC1B, operates 
properly. The second block does most 
of the work. Starting from a basic in-
verting amplifier comprising IC1B, R4, 
and R5, you obtain the clipping ef-
fect by adding R3 and D1. R3, D1, R4, 
and R5 determine the clipping level. 
In addition, adding the IDC current 
dc-shifts the output voltage. You can 
trim adjustable potentiometer resistor 
P1 to obtain the desired output voltage 
shift—that is, 1.6V.

If diode D1’s current is negligible, 
the output voltage, VO, is 2(11R2/
R1)3(R5/(R31R4))3VI1VCC3R5/
(R61P11R7)51.6253VI. Given that 
the diode voltage, VDIODE, is 0.6VS, 
VO52(R5/R4)3VDIODE1VCC3R5/
(R61P11R7)51.621.65520.05V.

The clipping takes place near 0V, 
protecting the ADC. Raising the clip-
ping level makes the circuit less lin-
ear in the nonclipping range. In other 
words, a design trade-off exists between 
clipping level and linearity. Resistor R8 
limits the current through the ADC’s 
input pin. Capacitor C2 is optional; it 

limits the VADC/VI bandwidth. Capaci-
tor C1 helps to reduce the voltage noise 
that might come from the –VCC power 
supply.EDN

R e fe r e n ce s
 “ADC1175 - 8-Bit, 20MHz, 60mW 

A/D Converter,” National Semicon-

ductor, www.national.com/mpf/DC/
ADC1175.html

 “AD8002 Dual 600 MHz, 50 mW 
Current Feedback Amplifier,” Analog 
Devices, www.analog.com/en/prod/
0%2C2877%2CAD8002%2C00.
html.
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Figure 1 Adding R3 and D1to a conventional op-amp circuit provides clipping. 
R3, D1, R4, and R5 determine the clipping level. In addition, adding the IDC cur-
rent causes dc-shifting of the output voltage.
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Continuous-wave laser diodes 
in precision-instrument ap-

plications require constant-current 
sources to drive them. Proper design 
of such a driver must involve careful 
tackling of robustness, stability, noise, 
and other issues and is consequently 
costly and complicated (Reference 1). 
Figure 1 shows a compact, cathode-
grounded laser-diode driver with pro-
tection against ESD (electrostatic-dis-
charge) damage, start-up spikes, over-
shoot, and possible fluctuation arising 
from external optical feedback. An op 
amp, IC4, with an enable input drives 
PMOS FET Q1 and controls the out-
put current. RS sets the current to the 

rated value for a 35-mW HL6738MG 
laser diode from Opnext (www.opnext.
com). To prevent output from Q1 dur-
ing start-up, comparator IC5A keeps IC4 
off, and a 10-kV pullup resistor keeps 
Q1 off  by linking Q1’s gate to the sup-
ply of IC4 until the terminal supply, VB, 
reaches the designed value, approxi-
mately 6.5V, and opens Q1 via IC4.

The key point for protection against 
ESD damage and overshoot lies in the 
use of Q2, a depletion-mode NMOS 
FET. With power off, Q2 conducts, 
shunting any harmful ESD to ground. 
With power on, comparator IC5B out-
puts a negative voltage far below the 
gate-to-source off-state voltage. Hence, 

Q2 is off and has little effect upon the 
drive current unless the operating volt-
age at the laser’s anode exceeds the 
maximum rating of 2.8V in the figure. 
In this case, the operating voltage trig-
gers IC5B to output high and thus turns 
on Q2, shunting the drive current to 
ground, as well. The circuit now in-
troduces significant hysteresis to latch 
off the state of emergency. Consider-
ing the low on-resistance of Q2, this 
circuit provides better protection than 
the common method of relying on a 
paralleled zener diode for overshoot 
suppression (Reference 2).

Despite employing a split supply, this 
design requires no particular supply se-
quencing. You must cut off Q2 only at 
the beginning of start-up, so it would 
be better to turn on the 29V exter-
nal supply before enabling the driver. 
Despite the availability of substitutes 
for some ICs in this design, selection 

Compact laser-diode driver provides 
protection for precision-instrument use
Jiaqi Shen and Xiaoshu Cai,  
University of Shanghai for Science & Technology, Shanghai, China
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of the proper devices may be trouble-
some. For example, you can with slight 
modifications replace the Texas Instru-
ments (www.ti.com) TLC070 with a 
Linear Technology (www.linear.com) 
LT1637; the two devices are not pin-
compatible. However, the TLC070’s 
superior ac performance, especially 
higher CMRR (common-mode-rejec-
tion ratio) over a wider bandwidth per-
mits more effective protection against 

fluctuations in the operating voltage 
because of external optical feedback 
under some desired or undesired cir-
cumstances (Reference 3).EDN

R e fe r e n ce s
 Williams Jim, “Current sources for 
fiber-optic lasers: a compendium of 
pleasant current events,” EDN, Aug 
22, 2002, pg. 69, www.edn.com/
article/CA238417.

 “DN2530: N-Channel Depletion-
Mode Vertical DMOS FETs,” Super-
tex, 2001, www.supertex.com/pdf/
datasheets/DN2530.pdf.

 “TLC070, TLC071, TLC072, 
TLC073, TLC074, TLC075, TLC07xA: 
family of wide-bandwidth high-output-
drive single supply operational ampli-
fiers,” Texas Instruments, September 
2006, http://focus.ti.com/lit/ds/ 
symlink/tlc074.pdf.
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Figure 1 This laser-diode-drive circuit provides a constant current and protection against input overvoltages and start-up transients.
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The basis for this Design Idea is 
a classic two-transistor current 

source (Figure 1). Current through R1 
depends only on the VBE (base-emit-
ter voltage) of Q2 and on the value 
of R1 itself. The VBE of Q1 has no im-
pact on the output current. Typically, 
this circuit finds use as a steady cur-
rent source or as a limiter. The cir-
cuit forms the amplifier for the upper, 

positive half of the signal. Adding a 
complementary stage for the lower, 
negative half of the signal completes 
the buffer (Figure 2). The emitters of 
Q2 and Q3 become the input for the 
circuit, and the junction of sensing 
resistors R1 and R2 is the output. R3 
is an input-termination resistor that 
sets the output quiescent voltage. You 
can replace the bias sources (current 

Current source makes  
novel Class A buffer
Horst Koelzow, Winnipeg, MB, Canada
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Figure 1 This classic two-transistor 
current source commonly finds use 
as a steady source of current or as 
a limiter.
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sources in the figures) with resistors.
At the quiescent, 0V-input-volt-

age operating point, both halves of 
the circuit run at maximum current, 
and both the input and the output 
are at the same potential. When you 
impress a voltage on the input, you 
inject current into the Q2-Q3 emit-
ter node. From there, current can go 
up into base of Q1 or down into base 
of Q4. The output voltage relative to 
the input voltage determines the di-
rection of the injected current. If the 
input voltage is positive, it has no ef-
fect on the upper half because it is 
already limiting. It can, however, re-
duce drive current in the lower half, 
resulting in a reduction of lower out-
put-drive current. Reduction of lower 
side output current results in a rise in 
output voltage. In short, an injected 
signal current “unlimits” the stage of 
opposite polarity.

At first glance, the circuit appears 
to have unity gain. But, because Q2 
and Q3 sense the tops of R2 and R3 

and not circuit output, R1 and R2 are 
effectively in series with the output 
load. If the load’s impedance, RLOAD, 
is small, the circuit gets significant-
ly loaded down. However, as long as 
the input stage does not clip, the cir-
cuit does not become distorted. The 
source driving the buffer stage sets 
hFE(Q1)3(R11RLOAD)V, where hFE is 
forward-current gain.

Q2 and Q3 are common-base stages. 
Their purpose is to translate input volt-
age to the bias voltage that Q1 and Q4 
require. This voltage-translation ac-
tion allows direct substitution of other 
devices, such as MOSFETs or Darling-
ton transistors.EDN
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Figure 2 Adding another stage to 
the current source allows the circuit 
to function as a buffer.
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