DESIGN IDEAS LT

1MQ Transimpedance Amplifier
Achieves Near-Theoretical Noise
Performance, 2.4GHz Gain Bandwidth,
with Large-Area Photodiodes by cien srisenois

The circuit of Figure 1 shows an
ultralow noise transimpedance
amplifier connected to a large-area,
high capacitance photodiode. The
LT1806 is used for its high gain band-
width and low noise. The IFN147!
ultralow noise JFET operates at its
Ipss (Vgs = 0V) with a typical trans-
conductance of 30mS. With its source
grounded, the JFET and its drain
resistor, R5,2 set up a voltage gain of
about six. The combination of the
ultralow noise JFET gain stage and
the LT1806 low noise amplifier
achieves ultralow input noise perfor-
mance. The circuit’s input voltage
noise was measured at 0.95nV/VHz.
Figure 2 compares the noise perfor-
mance of the circuit with that of a
competitor’s monolithic 6nV/vHz
JFET op amp, both with a 680pF
capacitive source.

Why is it necessary to have both
low voltage noise and low current
noise to achieve low total noise in a
large-area photodiode transim-
pedance amplifier? Because the
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transimpedance circuit’s noise gain,
which applies to voltage noise but not
to current noise or resistor noise,
rises drastically with frequency (noise
gain = 1+ Zp/X¢). As a sample calcu-
lation, a 500pF photodiode has an
impedance of 3.2k at 100kHz, giving
a IMQ transimpedance circuit a noise
gain of 314 at that frequency. The
theoretical noise floor of the 1M
resistor is 130nV/vHz (at room tem-
perature), so any input voltage noise
above 0.41nV/yHz (130nV/yHz/314)
will overtake the resistor noise at
100kHz. Discrete JFETSs are available
with ultralow voltage noise but they
have high input capacitance (75pF
max for the IFN147). Serendipitously,
the input capacitance of the JFET is
relatively insignificant compared to
the 500pF of the example large-area
photodiode. Although the capacitance
of the JFET increases the overall noise
gain slightly, its much lower input
voltage noise is well worth the slight
increase in total input capacitance
and noise gain. Table 1 and Figure 3

IFN 147

R1 =
10M

1 o
—— 100pF

INTERFET

(972 487-1287)

out

*SEE TEXT
Vg = +5V

Figure 1. Ultralow noise, 2.4GHz gain bandwidth, large-area photodiode amplifier
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Figure 2. Composite amplifier vs
competing xxx655 op amp

show the bandwidth and noise per-
formance achieved with several
large-area photodiodes (and include
a small-area SFH213 for compari-
son). Note that large area detectors
also place extra demands on the gain
bandwidth of an amplifier. The final
case in Table 1 shows a 1MQ transim-
pedance amplifier with 650kHz
bandwidth from a 660pF photodiode.
Although this may not seem like much
bandwidth, it necessitates a gain
bandwidth product of at least 1.8GHz
in the amplifier.

The task of the LT1793 is to keep
the JFET biased at its Ipgg current
(Vgs = 0V); it was selected for its low
100pA maximum input offset current
over temperature. The LT1793 senses
the input voltage at the JFET gate
through R1 and nulls this voltage
through the LT1806 inverting pin and
back around through R4. The time
constants formed by R1-C1 and R3-
C3 ensure that the LT1793 noise
characteristics do not add to the total
noise. C1 shunts the already low
LT1793 current noise to ground and
R3-C3 keeps the LT1793 and resistor
thermal noise away from the LT1806

continued on page 36
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Photodiode amplifier, continued from page 33
low noise op amp input. Note that
with the JFET gate at OV, there is no
reverse bias across the photodiode,
eliminating dark-current issues.

At first glance, the circuit does not
appear stable, since the JFET circuit
puts additional gain into the op amp
loop and this is usually a recipe for
disaster. The reason the circuit is
stable (and has quite a bit of margin)
is that the gain is greater than unity
at frequencies above a few hundred
Hertz. Because of the relatively high
value of the feedback impedances
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Figure 3. Output spectra
for various photodiodes

(IMQ and 0.5pF) and the 75pF
minimum input capacitance of the
JFET, the gain of the circuit is 150
minimum above 300kHz. The LT1806
is a 325MHz gain bandwidth, unity-
gain-stable op amp, so it is quite
comfortable maintaining stability
above 300kHz in what it sees as a
gain of about nineteen (150/8). Note
that because the JFET circuit has a
gain of six and the LT1806 has a gain
0f400 at 1MHz, the gain bandwidth of
the composite amplifier is nominally
2.4GHz3. Also of interest are the open
loop gains of 2.4 million (8 ¢ 300,000)

in the fast loop and 350 billion (3.5
million ¢ 300,000/3) in the slow loop.
These numbers, along with the gain
bandwidth and the 1M feedback
resistor, determine the impedance
that the photodiode sees looking into
the amplifier input. £r

Notes:
! Equivalent to Japanese 2SK147

2 For devices with Ipgg higher than about 12mA, R5
should be reduced in value to avoid saturating
the JFET.

3 AGBW of 2.4GHz was confirmed in the laboratory
at f = 1IMHz.

Table 1. Performance of composite amplifier with various photodiodes

Optical Typical V = 0 | Approximate

Vendor Part Number | Properties Capacitance Bandwidth
A S(f(?;‘;”jég‘f;%‘;ﬂ” SFH213 | Fast IR PIN 1pF 250kHz
B Sg&g”}gg‘%‘;ﬂ” BPW34B E”ha”F?ﬁ\f Blue 72pF 390kHz
c (885'0;(:5;?3;35 oppasw | Marow 170pF 380kHz
D (ng)m;g’z”_igf% Fptsoow | eRded IR 300pF 500kHz
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