SBOAO055

=i APPLICATION BULLETIN
Mailing Address: PO Box 11400 « Tucson, AZ 85734 « Street Address: 6730 S. Tucson Blvd. » Tucson, AZ 85706

Tel: (602) 746-1111 « Twx: 910-952-111 » Telex: 066-6491 « FAX (602) 889-1510 » Immediate Product Info: (800) 548-6132

COMPENSATE TRANSIMPEDANCE AMPLIFIERS INTUITIVELY

By Tony Wang and Barry Ehrman

Transimpedance amplifiers are used to convert low-level
photodiode currents to usable voltage signals. All too often the R+R 1+j2mf [ RD C.+G)
amplifiers have to be empirically compensated to operate Ac () = >,
properly. The problem can be easily understood if one looks Ry 1+j2nfRC,
at all the elements involved. Figure 1 shows the typical
photodiode application. 1+4] f
The ideal transimpedance transfer function is, by inspection: R+R, . f,
R R, o f
\bur = s * Ze = —ls* T¥ 20T R, trigs

p

This equation suggests that the frequency response is strictl)i-he dc gaini .

. ; gain is set solely by the resistors. The pole frequency,
due to the feedback network. This does not explain Whyf is set by the feedback network, just as in the transimpedance
transimpedance amplifiers are prone to oscillate. Figure 2function. The zero frequency, fis determined by (a) the sum
provides more insight into the stability problem. The photo- of the feedback and the diode capacitances and (b) the parallel

diode is replaced with an ideal current source in parallel with combination of the feedback and the diode resistances.
its equivalent resistancepRand capacitance lCThe op amp

input capacitance cannot be considered insignificant andTypically, the feedback resistor is much smaller than the
should be included as part ofC photodiode’s equivalent resistance. This makes the dc resis-

tive gain unity. The value of the parallel combination is

Thef.nmset.gam d("f" the norllr?verilnkglilosidt-:]oop galpt) O_T_Lh's essentially equal to the feedback resistor alone. Theregfor, f
configuration determines the stability ot the circuit. The . always be lower thansf as shown in Figure 3.

reason for this is that any noise signal, no matter how small,
can trigger an unstable circuit into oscillation. From inspec-
tion, the transfer function can be determined to be:
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FIGURE 3. Bode Plot of Noise Gain.

FIGURE 1. Typical Photodiode Transimpedance Amplifier. Log Av

PRT

Aol
Ce

fz fp2 foz fpr fopw Logf

FIGURE 2. Photodiode Modelled with Ideal Elements. FIGURE 4. Various Feedback Responses Intersecting Op Amp
Open-loop Gain.
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Figure 4 depicts three different scenarios for the intersectionSimple substitution yields a quadratic equation whose only
of the closed-loop response curve with the open-loop gainreal, positive solution is:
curve. Stability degradation will occur whenfélls outside 1

the open-loop gain curve. Fey the circuit will oscillate. If§ Cr
lies inside the open-loop gain curve, the transimpedance

circuit will be unconditionally stable. This is the case far f 15 simple equation selects the appropriate feedback capaci-
but stability is traded off for transimpedance bandwidth. The ;- ¢, guaranteed stability once the op amp’s minimum gain-

optimum solution paces on the open-loop gain curve as  panqgwidth and the photodiode’s maximum capacitance are
shown for f5 determined.

Since f is determined by the feedback network, judicious g ther insight can be gained with some simplifying assump-
selection of G is all that is necessary. This process can be tjons and a little algebra:

greatly simplified by noting that the high frequency asymptote
for the noise gain is determined by capacitance values alone:

C.+C,

F

=————/ 1+ 1 RCGBW)
4TIR GBW

GBW
2nRC,
Af>>fp) =

This result indicates that, for a given op amp and photodiode,
{ransimpedance bandwidth is inversely related to the square
root of the feedback resistor. Thus, if bandwidth is a critical
requirement, the best approach may be to opt for a moderate
transimpedance gain stage followed by a broadband voltage
gain stage.

-
This value should be equal to the op amp’s open-loop gain a
fp. The open-loop gain is found by dividing the op amp’s gain-
bandwidth product (GBW) byf Setting these two expres-
sions equal yields:

GBW _ C.+C,
f C

P F




IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgment, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

Customers are responsible for their applications using TI components.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright [0 2000, Texas Instruments Incorporated



