Introduction to Analyzing Noise in Photodiode Amplifiers
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Introduction
« Photodiodes convert light into current or voltage.

Commonly Used Photodiode types:

« PN photodiode — more wavelength selective (Solar cell)

» PIN photodiode — wide spectral range (less selective) Most widely used.
« APD (Avalanche photodiode) — sensitive to low light, fast
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Principle of Operation:
. - The P-layer material at the active surface and the N material at the substrate form a PN junction which operates as a

photoelectric converter.

- When light strikes a photodiode, the electron within the crystal structure becomes stimulated. If the light energy is greater than
the band gap energy Eg, the electrons are pulled up into the conduction band, leaving holes in their place in the valence band.

- These electron-hole pairs occur throughout the P-layer, depletion layer and N-layer materials. In the depletion layer the electric
field accelerates these electrons toward the N-layer and the holes toward the P-layer.

- This results in a positive charge in the P-layer and a negative charge in the N-layer. If an external circuit is connected between
the P- and N-layers, electrons will flow away from the N-layer, and holes will flow away from the P-layer toward the opposite

respective electrodes.




Photodiode Circuit Model Basics
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Current-\/S:Voltage Characteristics

|L= r¢

r¢ is the diode's flux responsivity

¢e is the radiant flux energy in Watts
I : Diode Current
C : Junction capacitance

C.
0
Cj= J
V,
R
1+ —
(I)B

Cio is the photodiode capacitance at zero bia
) Bis the built-in voltage of the diode junctiol

VR is the reverse bias voltage
R4, : Shunt resistance
R, : Series resistance

I' : Shunt resistance current
Vp, : Diode Voltage

l, : Output current
V, : Output voltage



Photodiode Basics Continued
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Current VS. Voltage Characteristics

Use left equivalent circuit, the output
current is given as :
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|5 : Photodiode reverse saturation curren

e: electron charge
k: Boltzmann's constant
T: Absolute temperature of the photodioc

The open circuit voltage Vo is the output
voltage when lo equals 0. Thus Voc becomes:
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Photo Diode Properties

Key Properties
The most important properties of photodiodes are:

The responsivity, i.e., the photocurrent divided by optical power — related to the quantum efficiency, dependent on the
wavelength where & v is the photon energy, » is the quantum efficiency, and e the elementary charge. For example, a
photodiode with 90% quantum efficiency at a wavelength of 800 nm, the responsivity would be = 0.58 A/W The guantum
efficiency of a photodiode is the fraction of the incident (or absorbed) photons which contribute to the photocurrent.

The active area, i.e., the light-sensitive area .II__ﬁI ?? =

The maximum allowed photocurrent (usually limited by saturation) 'II-'l 1/

The dark current (in photoconductive mode, important for the detection of low light levels)

The speed, i.e. response time, related to the rise and fall time, often influenced by the capacitance.

° Notes:

Higher photocurrents are actually desirable for suppression of shot noise and thermal noise. Larger active areas (with
diameters up to the order of 1 cm) allow for handling of larger beams and for much higher photocurrents, but at the expense
of lower speed

The quantum efficiency of a photodiode can be very high — in some cases more than 95% — but varies significantly with
wavelength. Apart from a high internal efficiency, a high quantum efficiency requires the suppression of reflections e.g. with
an anti-reflection coating.




Semiconductor Materials

Commonly used photodiode materials are:

«Silicon (Si): low dark current, high speed, good sensitivity between roughly 400 and 1000 nm (best around 800—
900 nm) .

«Germanium (Ge): high dark current, slow speed due to large parasitic capacity, good sensitivity between roughly
900 and 1600 nm (best around 1400-1500 nm) .

«Indium Gallium Arsenide Phosphide (InGaAsP): expensive, low dark current, high speed, good sensitivity roughly
between 1000 and 1350 nm (best around 1100-1300 nm) .
«Indium Gallium Arsenide (InGaAs): expensive, low dark current, high speed, good sensitivity roughly between

900 and 1700 nm (best around 1300-1600 nm) The indicated wavelength ranges can sometimes be substantially
exceeded by models with extended spectral response.
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Example Photodiode:
“Advanced Photonix” PDB-C158

ABSOLUTE MAXIMUM RATING (1A= 23°C UNLESS OTHERWISE NOTED

SPECTRAL RESPONSE

SYMBOL | PARAMETER MIN MAX | UNITS < 2:2 i
Ver Reverse Voltage 50 V % 040 -
Tete Storage Temperature -40 +100 °C % 0.30 /_/ / \
To Operating Temperature -40 +80 °C % 020 //'
Ts Soldering Temperature® +260 °C = z;z 7
* 1/16 inch from case for 3 seconds max. ﬁ § ﬁ § § § § % § § § % § § § § § § E
Wavelength (nm) T T
ELECTRO-OPT‘ICAL CHARACTERISTICS RATING (1a)=23°:c UNLESS OTHERWISE NOTED
SYMBOL CHARACTERISTIC TEST CONDITIONS MIN TYP MAX UNITS
Isc Short Circuit Current H =100 fc, 2850 K 100 145 JLA
Ip Dark Current Vr=10V 2 30 nA
.IIIREI'hIIIIﬁb“maﬁsilswgeiIIIIIII-V&iﬁolm\élIIIIIIII-IJQOII-I‘LSpIIIIIIIIIMQIII-III
L C Junction Capacitance Ve=10V, f=1MHz 10 25 F
Arange Spectral Application Range Spot Scan 400 1100 nm
Var Breakdown Voltage =10 /(A 30 75 V
NEP Noise Equivalent Power VR=10V@ A Peak 4.4x107 W/ N 1z
t, Response Time RL=1K) Vg =10V 50 nS

**Response time of 10% to 90% is specified at 660nm wavelength light.

Cj is not specified at Vr=0V.

Calling the manufacturer for this information, Cj=70pF for Vr=0V




PIN Diode Structure _
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AR-coating
Contact metal (Al)
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Basic Photodetector Circuit

Simple? 2 Volts Tiny current
A flows here (10

. nanoAmperes)
Light 7 & @ )
@ >

Big Resistor
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Photo Voltaic Mode Amplifier

Recommended Zero Bias Circuit
Rf 0

0
Ph . + t Yout
— —_

+ Yout

Light Pulse

|41
I

Note Ground-Voltage Across diode




Photo Voltaic Mode Amplifier

Use Photovoltaic Mode:

* Where precision is more important
then speed.

The lack of dark current removes an
entire error term. The lower noise makes
smaller measurements possible. The
linear output makes calculations trivial.




Photo Conductive Mode

. Negative Bias Circuit

Positive Bias Circuit

¥+ Bias ¥ - Bias

Light Pulse Light Pulse

| |

P2 = 0 P. 3 % 0

R R

0 1]
J = Yout | _ Vout
A A
+ Vout + Vout

[Inverted]

+/- 10V, there is voltage across the diode.




Photo Conductive Mode Amplifi_

Use Photoconductive Mode:

* Where speed is more important then precision.

The voltage across the diode lowers it’s
capacitance. This allows faster amplifiers:

 Less capacitance allows a faster amplifier while maintaining

stability.







Vin vs Time
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Time Domain — White noise normal distribution

Distribution of Noise

Thermal Noise Measured In Time Domain
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What Is Spectral De
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Convert Spectral Density to RMS

Convert RMS to Peak-to-Peak _
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Photodiode vs. Photo Amplifie_

e Noise is a key parameter in photodiode
design
— Wide bandwidth (integrate more noise)
— Low signal levels (noise more critical)

e Photodiode amplifier noise is more
complex
— Parasitic capacitance and sensor capacitance
— Poles and zeros
— Gain peaking




Sources of Noise
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Photo-Diode Amp Noise I\/IO_
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Photodiode Noise

Thermal (Johnson Noise) k, Boltzmann constant 1.38*102

4K T
o *1019 C
i Rep q Electron Charge 1.6*1
Shot noise (dark) T, Temperature in Kelvin (25C)

fp Transconductance bandwdth
Shot noise (w. Light)

Cl4p
|

5= 201 R, Shunt Resistance in photodiode i

Resistor Model

Total Diode Current Noise
| Dark Current in photodiode P

Vour

i = \/ij2 vigp + g, °
|, Photo current in photodiode

i _.~"Op-Amp Model




Noise Gain

Photodiode Model

Simplify the model to v Lo i, %R
compute Noise Gain
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Noise Gain = —— Rf 100k
Vi
VOUT

Gain seen by the noise ~ Cin = G+ Copa ;[>~%c
voltage source. T Ve




Noise Gain

Nodal Analysis on transimpedance amp

Vn (Vn - Vout) Vn - Vout
+ + =0
1 Rf 1
S‘Cin s'Cf

Solve for noise gain Vout/ Vn

Vout Re-(Cf + Cin)s + 1
V,  CeRes+1

The numerator contains aZero

. _ 1
" 2n Re-(C + Gy

The denominator contains aPole

1
f=———
P~ 21 Re-Ct

Voltage (V)

Vour

Aol

w000 Noise Gain

zo.oo—f l /\

0.00- / fp

o vo 7 ozex  zeow 1o

Frequency (Hz)



Noise Gain[ ¢

| C
Ci+ Cy with the Aol Cu

f Intersection of t

Unity Gain Bandwidth from
Op-Amp Data Sheet

—_— Gain Peak Magnitude

fC
GPM=1+
120.0
100.00
80.00-
: S ]
Gain Peak ¢ 60.00
. IS .
Magnitude S 4,00

14 Coj Crooosogmmoosssmeseosess

20.001 fz

0.00

Noise Gain fc Unity Gain

-20.00-
1.00

S ‘ . ‘ N\ Bandwidth

1.00k 1.00M 1.00G
Frequency (Hz)
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Simulating Noise Gain and Noise Bandwidth
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Voltage Noise eni , eno a_
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Voltage Noise €., €. and E-

2
. . 2 i it 1:f
Region 1 noise: E . =
fil f
fZ
: . 2 _ 2 —
Region 2 noise: E.. =|¢€;d;, =e.
ff
f 2 2
e - f
i ica- 2 nif
Region 3 noise: Enoe3 = j ¥
f, z
f. e 2
Region 4 noise: E 22— AL Y
noe4 f
'\ B
2 2
T e T e f
Region 5 noise: Enoe52 = j ¢ d, = (m—c
f f fi
- 2 2 2 2 2 2
TotzlRictaaelnalees Enoe o Enoel T Enoe2 T Enoe3 T Enoe4 T Enoe5




Voltage Noise eni, eno and Eno
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Gain (dB)

Resistor Noise and Current Noise

80.00—

IVgain

40.00—

1| Voltage Noise gain |

0.00 T T T T T T T T I T T T T T T T I
1.00 5.48k 30.00M
Frequency (Hz)

f

Knp

BW, =

EnoR = (J4K T-ReBW,

Eqo1 = iR BW,

Current noise and resistor noise are limited
by the transimpedance (I-V gain) bandwidth

Poles Kn
1 1.57
2 1.22
3 1.16
Noise BW —— )}
¢«—— Small Signal BW%I |
0 |
\\ Skirt of
1-Pole Filter
I Response
I
@ | .
) -20 I Skirt of
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g [ R
= | esponse
>
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Bandwidth and Stabili_
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Parasitic Capacitance Limits the Bandwidth

Cs 500f
Il
Vp LI
T Rf 1M
AYAYAY:
é}l G == ¢4 200p § Rd 50G \1
‘ %AP
1
- =
0.00 —

3333333

| 117dB, 317kHz|

0.00

-90.00
1

/\

T
100M

fp = = 318|(HZ
« Max bandwidth with
Min Cf

« Low Cf may be
unstable

 Wide BW Increases
noise

* As shown Cf=Cs
(stray cap)



Feedback Capacitance Required for Stability

Rf 1M . . .
AN * Noise Gain Is ke
‘ « Also called 1/Be

« ROC = Rate of Closure

| 1 = « ROC = (Aol slope) — (1/Beta slope)
CURpp— « Unstable when ROC > 20dB/decade
=2 Ay, 1_/Beta_
N G

120, / (Noise Gain)

10(};
~ g0- -20dB/dec +20dB/dec
3 e 40dB/dec
O 40 Rate of

" Closure fc = 150MHz
o Unity Gain BW
-20: | J |
1 1k 1M 1G

Frequency (Hz)




Feedback Capacitance Required for Stability

‘ D —
AN
Applying
S instability at output
Cin 70p —— >—

¢
2.00u
IG1
0.00—
2.88—
Vo
'148 T | T | T | T |
0.00 50.00u 100.00u 150.00u 200.00u
Time (s)




120
100 -

Gain (dB)

-20

Cin70p —_—

Choosing a Minimum Cf for Stabilit

Cf 273f
| |

80
60
40

20—

T T \\\\\\‘ T T \\\\\\‘
1k M / 1G

Frequency (Hz) fo = 150MHz
Unity Gain BW

fo = 150MHz Op-amp Unity Gain Bandwidth
Ci = 700F Total input capacitance
Rf = IMQ Feedback resistance
Cin Simplified equation for
Cs = = 272.5F minimum feedback cap
2r-Re-f¢ Assumes Cin >> Cf
Cc = 1 Intermediate calculation used
27T‘Rf‘fc in more exact formula
c I More exact
c in formula for
Cfe_ 7 [1 + [1+ C—) = 273]ﬂ: feedbaCk
¢ capacitance






Noise Model for Simple Transi_
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Resistor Model
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ABSOLUTE MAXIMUM RATING (ta=23:c UNLESS OTHERWISE NOTED

SYMBOL | PARAMETER MIN | MAX | UNITS . o | L]
Var Reverse Voltage 50 V E 040 e
Tste Storage Temperature -40 +100 °C % 030 /// N
To Operating Temperature -40 +80 °C % 0-20 //
Ts Soldering Temperature* +260 | °C = z;z 1
* 1/16 inch from case for 3 seconds max. | 288523888833 38888888¢
Wavelength (nm) A
ELECTRO-OPTICAL CHARACTERISTICS RATING (1A= 23°C UNLESS OTHERWISE NOTED
SYMBOL CHARACTERISTIC TEST CONDITIONS MIN TYP MAX UNITS
Isc Short Circuit Current H =100 fc, 2850 K 100 145 JLA
b Dark Current V=10V 2 30 nA
.IIIIF!SHIIIII&]EMR!ﬁ&*EéIIIIIIIIV#:I‘H)WIIIIIIIIIllmlIII’]EGIIIIIIIIIMQIIIIII.
: C, Junction Capacitance V=10V, f=1MHz 10 25 pF :
-llli\mngeillSpeﬂ:hgﬂAppﬁ@ﬁm&n@lllSpgtﬁgmlllllllllllll:].O(_hlllllllli]t([)lllmmllllll-
Ver Breakdown Voltage =10 /A 30 75 \
NEP Noise Equivalent Power Ve=10V@ A Peak 4.4x10™ W/ A 1z
t, Response Time RL=1KOQ Vg=10V 50 nS

**Response time of 10% to 90% is specified at 660nm wavelength light.

Cj is not specified at Vr=0V.
Cj=70pF for Vr=0V




Cl4p
||
1T

Resistor Model

Calculate Diode Current Noise v LI

Thermal (Johnson Noise)

OpAmp Model
4Ky Th ~15 A e
= 10.472x 10 — —23J
Rsh JHz kp = 1.3810 I Boltzmann constant
Shot noise (dark) q:=1.60210 B¢ One electron Charge
~15 A T, =298K Temperature in Kelvin (25C)
201 = 25.314x 10 A "
\/Hz
Shot noise (w. Light) fiy = 397.887x 10° Hz Transconductance bandwidth
ey =_/20-1; =0
sL L Rgp = 150106(2 Shunt Resistance in photodiode
Total Diode Current Noise 9
Ip=210 "A Dark Current in photodiode
\]ijz i isD2 + isL2 = 27.395x 10 15.i I|_=0A Photo current in photodiode
\/Hz (our measurements are dark)




OPAB827 Noise Calculation (key numbers)

Photodiode Model

NOISE

Input Voltage Noise:
f=0.1Hz to 10Hz en Vg =+18V, Vem = OV 250 250 nVpep

Input Voltage Noise Density:
f=1kHz en Vg =18V, Vem = 0V
f=10kHz en Vg = %18V, Vg = OV

.~ Op-Amp Moldel

\eeccccdeccccceccs cnajecccccaaa

4 nV/Hz
3.8 nV/Hz

Input Current Noise Density:
f=1kHz in Vg =18V, Vo = OV l 2.2 ‘ 2.2 fA/\Hz

INPUT IMPEDANCE

Differential 109 9 107 9 Q| pF

Common-Mode 10" |9 10" | g Q| pF

OPEN-LOOP GAIN

Open-Loop Voltage Gain AoL| (V=)+3V =V = (V+)-3V, R = 1kQ 120 126 120 126 dB
Over Temperature (V=)+3V = Vg = (VH)-3V, R = 1kQ 114 114 dB

FREQUENCY RESPONSE

Gain-Bandwidth Product GBW G=+1 22 MHz




OPAS827 Noise Hand Calculation

Cj = 70pF Photodiode Junction Capacitance
(from photodiode manufacturer)

Copa = 18F Opamp.input.capacitance M
(OPAB27 Data Sheet)
— Photodiode
Ci= CJ + COIOa Total input capacitance Model 5
fo = 22MHz Unity Gain Bandwidth
(OPA827 Data Sheet) :
R == 100k Feedback resistance
Cs = 4pF Feedback capacitor :
enif = 3.8n—V Broadband Noise Spectral Density i ~
VHz  (OPA827 Data Sheet) 10 Nl
. Enif
fl =.1Hz Lower bound on frequency (1/f region '
(arbitrary lower bound of frequency)
nVv . . 1 f'—
eat f=60—— Flicker noise measured at f
- VHz (OPA827 Data Sheet Noise Curve) <0-1> 1 10 100 1k 10k




Poles and Zeros in Noise Gain Curve

f,: 1

= = 17.29% 10° Hz
2n Re-(Cj + Cy)

1
f -

- _ 397.887x 10° Hz
P™ 2n Re-Ce

fl = Cf
Ci+ C'f

f, = 956.522¢ 10° Hz




Output Noise from OPA Nois

ff 9
Enoel = enlf feln| — | = 4457310 "V

—
—

2 _9 H T | T T | T ' T T
Enoe2 = 4 Enif -(fz—ff) = 499.444x 10 "V i i i i

Region 1 Region 2 Region 3 Region 4 Region 5
_ Cnif f — 6 I | |
Enoe3 = =31.828x 10 "V
*J f;
Ci+ G
—6
Enoea = (emf } (fi—f) = 6532410 "V
[ . \2
(¢nit )
nif''c — 6
Enoes = f- =8547% 10 "V
I

2 2 2 2 2 — 6
Enoe = \/Enoel * Enoe2 *+ Enoe3 + Enoes * Enpes =112.193< 10 "V




Thermal (Resistor) Noise at

Rf = 10010°Q Feedback Resistance _Photodiode Model

t o bl
kp=1.3810 = = Boltzmann constant UL AL

K K,.""ép-Amp Model
T, =29%8K Temperature in Kelvin (25C)
fp = 397.887x 103 Hz Transconductance bandwidth
Kn =1.57 Noise Current from OPA827 data sheet
BW,, == Kn'fp Noise bandwidth (brick wall filter)
nr= \/4kb-Tn-Rf-BWn = 32.056x 10 6V Thermal noise at outpui




Current Noise to Voltage Noise at Output

R := 10010°Q

f - 397.887x 10° Hz

p
15 A
| =22x 10 7 —
n_opa- \/FZ
A
n dIOde = 27.395x 10 15—
\/Hz

. . 2 .
In_total = \/ In_opa * 'n_diode

Kp, = 1.57

5
BW, = Ky-fy = 6.247x 10° Hz

Feedback Resista

Transconductanc

Noise Current from OPA827 data sheet

C14p

sistor Model

Noise Current from diode (calculatedyn o :

.....................

Photodiode Model

Noise bandwidth factor | _~Op-Amp Model
1st order filter

Noise bandwidth (brick wall filter)

Foi =i vea-Re- [BW. =2.172x 10

Current noise at oltput




The Final Total Noise

E oo =112.193¢ 10 vV Op-Amp Voltage Noise
E g =32056< 10 °V  Resistor Noise
Enol = 2.17210 6V Op-Amp Current Noise

Eno = \/EnoRz + EnoI2 + Enoez =116.703x 10 6V Total Output N(_)ise for
OPA827 Transimpedance Amy




Reducing Noise (Higher Cf = Lower BW Noise

150
S
N
L
>
(¢b]
D 76n
o
c
3 f
g Cf=4pF
0 T T T T T T T T T T T T T T T T
i 4K 20M

Frequency (Hz)

120-

[EN
o
o

| to V Gain (dB)
o
2.2.9

Cf=4pF
40
207 roT T tT T rT T roor T T
10k 100k 1M 10M 100M
Frequency (Hz)
180

Total noise (V)
O
o

Cf=2pFa

Cf=4pF

271

T4k
Frequency (Hz)

- 20M







OPAS827 — test the model

>

V118 V218 2
R V+ 4 )
\% ll ll = U1 OPAB27 voltage noise
1 + l t 3 —
— 4 6
- 4
= 7
i +
>
+ VG1 covsl 1 Current noise
(
@L |

¢ Low
¢ Low Offset Voltage: 150V max
¢ JFET Input: Iz= 15pAtyp
¢ Wide Bandwidth: 22MHz

The voltage noise performance

IS the same as datasheet.

3.00E-15.5 INPUT VOLTAGE NOISE DENSITY
] [ Current noise density | vs FREQUENCY
_ P 100
Current noise, gog-15- —
; B .
= b
- Zn
1.00E-15- 2 ‘K\H.
100.00n 3 S 10}
5 - e
. [ voltage noise density | 2 .
: i - =S|
\oltage noise 14 oo - §1
: =
| 1
1.00n T TT IIIII| T T IIIIII| T T IIIIII| T T IIIIII| |:|I 1 ||:| II:':I IH 'Im
100.00m 1.00 10.00 100.00 1.00k 10.00k Frequency (Hz)
o4 Frequency (Hz) . '
Figure 1.




Simulated Spectral Density and Total Noise

C1 4p Output Noise Density
! |
R2 100k § \
¢ 47474, ® g 42.42n-
>
! 3
° %omsz? Vo
. (
e 3{6 6.64n — ] — |
— 7 200.00m 2.00k 20.00M
Cd 70p + 109,090 — Frequency (Hz)
4 - >
S
§ 54.54u— )
. 5 Total Output Noise
Calculated |Simulated °
(rms) (rms)
116.7uV 109.1uV | 7

200.00m 2.00k 20.00M
Frequency (Hz)




Op Amp Measurement Examl




Validating Test Equipment C_

What is the
noise floor?

Spectrum Analyzer
OPA827 Or Scope
Transimpedance =
i
NS
Photodiode
(No light) Noise Spectral Density = 3.8nV/rtHz

Total Noise = 109.1uVrms
= 654.6UVp-p




Tektronix DPO 4034 Oscill_

STDEV: 48uV (same as RMYS)
P-P: 6.6*STDEV=319uV
40s P-P: 320uV

1) Set DC couple, 20MHz bandwidth limit
2) Short input channel to measure noise floor




Agilent 4395A Spectrum Anal

1. Frequency Range: 10Hz~500MHz
2. Noise floor: 10nV/rtHz
3. Input Impedance: 50Q

CH1 A  Spct/Hz 4 uvys EEF 38 uv ( 1@.529 nv/Hz )
i : : W —————— : ' ;
. H H H . " =

#

Reference |.... W W W N4 W -
voltage 'Noise-Floor: |-
wa | 0nVrtHzZ

= WEBH 1 kHz ATH B dB SHP _4d12.49 msec
STOP 2 MH=z




The Noise Floors are Not Good Enouig

Noise Floors:

Scope (ImV range)=48uV rms =320uVpp
4395A Spect. Analyzer = 10nV/rtHz

Spectrum Analyzer
OPA827 Or Scope
Transimpedance -
s:x Amp
N/
Photodiode _ ‘o
(No light) Noise Spectral Density = 3.8nV/rtHz

Total noise = 109.1uVrms
= 654.6uVp-p




Solution: Use A Post Amp
What amp do we Choose?

Need
Gain > 10 Noise Floors:
Gain BW = 22MHz BW> 22MHz (in gain) Scope (ImV range)= 48uVrms = 320uVp-p
Noise < 3.8nV/rtHz 4395A Spect. Analyzer = 10nV/rtHz
Spectrum Analyzer
OPA827 Or Scope
Transimpedance Post Amp N -O

s:g Amp
Photodiode

(No light)

Noise Spectral Density = 3.8nV/rtHz Amplified Signal from OPA827
Total noise = 109.1uVrms With Negligible additional noise
= 654.6uVp-p




Total noise (V)

OPA847 as post amplifier

Wideband, Ultra-Low Noise, Voltage Feedback, Operational A

» At the gain of 150, the bandwidth is 26MHz
- 0.85nV/VHz Input Voltage Noise

» _2.5pA/NHz Input Current Noise .
« +100uV Input Offset Voltage (Typical)) R4 10
T——AAn : R1 50 Cl33u  vo
—AAA H (
\j/in Mo DISU2 OPA847
575uVrms post amplifier noise in 20MHz bandwidth. v+
575.48u—
287-74“_: | Post Amplifier Output Noise | . Z . i; z:

0.00

200.00m 2.00k 20.00M
Frequency (Hz)




Post Amplifier Relatively sma

Gain=150

C44p
|| R210 R11.49
R3 100k —Ef
VA

ois U1 OPAB4T

109.

Vn827 |

0.00

16.03m

VNn_post |

0.00
1

100 10k 1M 20M
Frequency (Hz)

— 'h—lillkI—l||hd+
5 | vn827 = 109.4uV rms

Vnpost = 16.03mV rms

Vnpost/Gain = 16.03mV/150 = 106.8uV
rms




Test the Noise Floor _

Disconnect
The DUT
_ Spectrum Analyzer
(Transimpedance amp) Or Scope
$ Post Amp —0)
GND input Measure

Noise




Test The Noise Floor — Post. Amp

WF1
N

Simulated
(rms) (rms)

575UV 518uV

STDEV: 518uV

P-P: 6.6*STDEV=3.4mV
40s P-P: 3.88mV

Total noise i)

G753 48U—

287 74U

Q.00

1.00

T T |
4 47k
Freguency (Hz}




Hardware Connections

| | R5 1.5k
Ll N 1.
2 |
v VFL 3. 100dB I-V gain
3 R4 10 F 4. 4pF compensation capacitor
, (A0
| %OPASZ? - 5. £5V power supply.

()

~

o

=}
w

s

| +
v+

+ DIS
6 U2 OPA847
0
V+




I I R2 10 R1 1.49k
- AAAY% AAAY

| N sl | i Spectrum
Analyzer

> 50 33u
%ASZ? \ OPAsAT ; 504%

SA_Reatng :
- (150)-(0.5) b e eemememenenad ;
| LW i DPO 4034
. Rf 100k ' E Scope ]
. 33y |
T >—»—39 | ;u
%ABZ? \\ - inZ]PASM E lM%
- (150) L=




I\/Ieasu red Spectral Density 4395A Spectrum

CH1 H Sp HH 3 Uf REF 24 uv 27567 ud/Hz

: 2. 9588@2853 MHz

Hid

RE SMP T3 3 ms
STRART 1 Hz STOP  zZ@ NH

o Tina Spice

21.00u
18.00u
L inear Scale
12.00u
9.00u
6.00u

3.00u

0.00
-3.00u

-600U r T T 1T T T T T 7 177 17 17 1117 17 1117 &1 1717 71T
[ I I I [ [ I I [ I |
0.00 2.00M 4.00M 6.00M 8.00M 10.00M 12.00M14.00M 16.00M18.00M 20.00M
Frequency (Hz)

1. Agil
Analyzer tes 7~ Z
span, 3uV/div, REF=24uV.

2. The tested noise density
curve shape Is the same as

simulation.

.1 Tina Spice
1 Log Scale

200.00m 2.00 20.00  200.00 2.00k 20.00k 200.00k 2.00M  20.00M

Frequency (Hz)



OPA827-Noise Density 4395A Sp

A SrPrcT SH= = l_.l'\'\.".-"' FEF =<1 uWw Z.565679 uvwW SH=

(3MHz, 16.7nV/rtHz)

Output noise (V/rtHz)

(552KHz, 40nV/rtHz)

(2MHz, 22.3nV/rtHz)

|
:
:
Simulated :
|
|
|

Output noise (V/rtHz)

I =ret (3MHz, 14.3nV/rtHz)
I
|

10k 309k 608k 907k  1.2M i15M 18M 2.1IM  2.4M 27/M  3.0M

B A )




Thank you Gen-Probe Sta:

e Nick Nickols (AKA S.E Nickols)
e Science.dmr@gmail.com

e 925-256-0161
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Low-Noise, High-Precision, JFET-Input
OPERATIONAL AMPLIFIER

FEATURES

* INPUT VOLTAGE NOISE DENSITY:
4nV/+WHz at 1kHz

« INPUT VOLTAGE NOISE:
0.1Hz to 10Hz: 250nVpp

« INPUT BIAS CURRENT: 15pA

* INPUT OFFSET VOLTAGE: 150uV (max)

« INPUT OFFSET DRIFT: 1.5uv/°C

* GAIN BANDWIDTH: 22MHz

« SLEW RATE: 28Vius

* QUIESCENT CURRENT: 4.8mA/Ch

* WIDE SUPPLY RANGE: 4V to *18V

* PACKAGES: SO-8 and MSOP-8

APPLICATIONS

+« ADC DRIVERS

« DAC OUTPUT BUFFERS

e« TEST EQUIPMENT

« MEDICAL EQUIPMENT

e« PLLFILTERS

« SEISMIC APPLICATIONS

« TRANSIMPEDANCE AMPLIFIERS
+ INTEGRATORS

e ACTIVE FILTERS

INPUT VOLTAGE NOISE DENSITY
ws FREQUENCY

I Ve= =18V

Veiltage Naise Density (ivVAITZ)

100 1k
Frequency (Hz)

DESCRIPTION

The OPA827 series of JFET operational amplifiers
combine outstanding dc precision with excellent ac
perfarmance. These amplifiers offer low offset voltage
(150uY, max), very low drift over temperature
(1.5uV/°C, typ), low bias current (15pA, typ), and very
low 0.1Hz to 10Hz noise (250nVpp, typ). The device
operates over a wide supply voltage range, =4V to
=18V on a low supply current {(4.8mA/Ch, typ)

Excellent ac characteristics, such as a 22MHz gain
bandwidth product (GBW), a slew rate of 28V/us, and
precision dc characteristics make the OPAS27 series
well-suited for a wide range of applications including
16-bit to 18-bit mixed signal systems, transimpedance
(I"V-conversion) amplifiers, filters, precision =10V
front ends, and professional audio applications

The OPAS27 is available in both SO-8 and MSOP-8
surface-mount packages, and is specified from —40°C
to +125°C.

0.1Hz to 10Hz NOISE

S0nVidiv

Time (1s/div)

i Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet

All trademarks are the property of their respective owners.

UNLESS OTHERWISE NOTED this document contains
PRODUCTION DATA information cument as of publication date
Products conform to specifications per the terms of Texas
Instruments standard waranty. Production processing does not
necessarily includs testing of all parameters.

Copyright ® 2006—2009, Texas Instruments Incorporated




Photodiodes Technologies

*Types of photodiodes:

«Although the term photodiode is widely used, there are actually a number of different types of
photodiode technologies that can be used.

PIN photodiode: This type of photodiode is one of the most widely used forms of photodiode today.
Although the PIN or p-i-n photodiode was not the first type of photodiode to be used, it collects the light
photons more efficiently than the more standard PN photodiode, and also offers a lower capacitance.(Lot’s of
application and manufacturers)

PN photodiode: The PN photodiode was the first form of photodiode to be developed and used. It is not as
widely used as other types which are able to offer better performance parameters. (Solar Cells)

Avalanche photodiode: Avalanche photodiode technology is used in areas of low light. The avalanche
photodiode offers very high levels of gain, but against this it has high levels of noise. (Laser range finders)

Schottky photodiode: As the name indicates, Schottky photodiode technology is based upon the Schottky
diode. In view of the small diode capacitance it offers a very high speed capability and is used in high
bandwidth communication systems.(Telecom/Fiber optics)




