ANALOG

DEVICES
DEMO MANUAL DC1416
LT1222 and LT1793
Low Noise
Transimpedaunce Amplifier
DESCRIPTION

Demonstration circuit 1416 isalow noise transimpedance
amplifier. It utilizes the low voltage noise LT®1222 op amp,
and the low current noise LT1793 op amp, along with the
discrete NXP JFET BF862 or equivalent, allowing the user
to take advantage of each component’s particular opti-

mization. These components are arranged with jumpers
allowing various composite configurations. A socketed
photodiode, 0SRAM SFH213, is also provided.

Design files for this circuit board are available at
hitp://www.linear.com/demo/DC1416

All registered trademarks and trademarks are the property of their respective owners.

PERFORMANCE SUMMARY specitications are at T = 25°C, Vg = £12V

SYMBOL | PARAMETER CONDITIONS TYP UNITS
Vg Supply Voltage +12 v
A; TIA Gain 1M Q
Vos Input Offset Voltage LT1793 (Vos + Igjag ® 10M) 300 uv
dVos /dT | Input Offset Voltage Drift LT1793 (dVog/dT +dIgias/dT « 10M) 10 uv/C
Igias Input Bias Current LT1793 + BF862! 6 pA
en Input Voltage Noise Density f=100kHz, JFET In Gain Configuration 1 nV/yHz
en Input Voltage Noise Density f=100kHz, Source Follower Configuration 3 nV/yHz
Cin Input Capacitance f = 10kHz, Source Follower Configuration pF
GBW Gain Bandwidth Product JP In (Cgomp = 49pF) 70 MHz
GBW Gain Bandwidth Product JP Qut (Cgomp = 10pF) 190 MHz
GBW Gain Bandwidth Product JP Out, C7 Removed (Cgomp = OpF) 500 MHz
BW -3dB Bandwidth With SFH213, 1MQ Gain, JP7 Out 2 MHz
Vout Output Voltage Swing Cathode Input, Integrator In 0to10 Y
Vout Output Voltage Swing Cathode Input, Integrator Out -0.4t0-10 v
Vour Output Voltage Swing Anode Input, Integrator In 0to-10 v
Vour Output Voltage Swing Anode Input, Integrator Out -0.4t0-10 v
Ico Supply Current Vg =12V 17 mA
Igias Input Bias Current LT1793 + BF862! 6 pA
PSRR Power Supply Rejection Ratio +bV 1o 15V, Integrator In 95 dB

Note 1) BF862 has been obsoleted as of 2017. On-Semi 25K932-22 has been substituted, with practically identical performance.
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OPERATING PRINCIPLES

Composite amplifiers using single JFET inputs can be
classified into two groups: common drain (or “source
follower”) and common source (or “JFET in gain”). The
standard jumper configuration of this board, as shipped
and as indicated on the silkscreen, has the JFET as a
source follower.

Another classification is DC accuracy. The LT1793 has
been provided on board as an integrator to provide DC

accuracy, overriding the high 400mV or so Vgg of the
JFET. The standard jumper configuration is “Integrator
In”, so the TIA will be DC accurate to within the Vg of the
LT1793 (900uV max). With the integrator removed from
the circuit, the DC error rises to 400mV or so.

The feedback resistor, which sets the TIA gain, is TMQ. So
the output willrespondat 1V per microamp of photocurrent.

QUICK START PROCEDURE

Demonstration circuit 1416 is shipped with the jumpers
set for source follower operation with the integrator in.
If the jumpers have been changed, restore them to the
positions shown in the schematic. Refer to Figure 1 for
proper measurement equipment setup and follow the
procedure below:

1. With power off, connect the +12V, —12V, and Com
leads from the power supply to the V*, V=, and GND
terminals of the demo circuit, as shown in Figure 1.

2. With power off, connect the Vgyt of the demo circuit
to an oscilloscope or DMM. You can use either the
gold SMA connector or the turrets provided on board,
or both. Set a high range such as 2V/DIV on the oscil-
loscope, or Vpc on the DMM.

3. Turn on the power supply.

4. You should now be able to wave your hand over the
clear photodiode provided on the board (upper left of
Figure 1) and see the effect in both DC signal and noise.
With the photodiode in darkness, or removed from its
socket, the output should sit near ground.

5. You can now connect an optical source to excite the
photodiode in a more controlled manner. The easiest
way is to drive an LED directly from a function genera-
tor, with the function generator’s internal 50Q source
impedance as a current limiter. Any standard color or
IR LED can be used, as the photodiode provided has
a wide sensitivity. Be careful not to overdrive sensitive
devices such as small lasers.

6. Youcannowdecide whetherto play with other configura-
tions (JFET in gain, integrator out, more compensation,
etc), orto replace the provided photodiode with the one
you intend to use.
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QUICK START PROCEDURE
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Figure 1. Proper Supply Connections. Board Is Shown for Source
Follower with Integrator In (JP1 through JP6 Have Shunt in Position 1.

JP7 and JP8 Are Open.)

Table 1. Jumper Settings for Various Configurations. Refer to Figures 2 and 3 for Qualitative Descriptions of the Configurations and to
Figure 4 for the Complete Schematic.

SOURCE FOLLOWER SOURCE FOLLOWER JFET IN GAIN JFET IN GAIN

JUMPER | TYPE | CIRCUIT INTEGRATOR IN INTEGRATOR OUT INTEGRATOR IN INTEGRATOR OUT
JP1 1x3 | JFET Drain 1,2 1,2 2,3 2,3

JP2 2x3 | JFET Source 1,2 1,2 56 3,4

JP3 1x3 | LT1222 —Input 1,2 1,2 2,3 2,3

JP4 1x3 | Photodiode Bias 1,2 1,2 1,2 1,2

JP5 1x3 | Integrator Output 1,2 Out 2,3 Out

JP6 1x3 | Integrator Input 1,2 2,3 1,2 2,3

JP7 1x2 | LT1222 Compensation Out Out In In

JP8 1x2 | LT1222 +Input Out In Out Out
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+12V R1 +12V R1
| 1MQ

SOURCE FOLLOWER JFET IN GAIN

Figure 2. The Two Basic Types of JFET Configuration. The Left Shows the JFET as a Source
Follower, Simply Buffering the Feedback Resistor to the Op Amp’s Inverting Input. The Right
Shows the JFET In Gain, with Source Grounded. Because the JFET Inverts, the Feedback Is Now
Applied to the Op Amp’s Non-Inverting Input. In Both Cases, the Effective Input Offset Voltage
Is One JFET Vgg (About -400mV). The Source Follower Configuration Is the Simplest and Most
Versatile, but the JFET In Gain Configuration Offers the Highest Achievable Gain-Bandwidth
Product and the Lowest Voltage Noise. Output Noise at Low and Medium Frequencies (10kHz to
100kHz) Is 130nV/yHz, Dominated Entirely by the Feedback Resistor

+12V R1 +12V R1
| 1MQ 1MQ
AN—— AN——

C9 R6 c9
10nF 221Q 10nF

S Ri1 4' I—" SR = 4' |—<

DC1416 FO3

SOURCE FOLLOWER WITH INTEGRATOR JFET IN GAIN WITH INTEGRATOR

Figure 3. The Two Basic Types of JFET Configuration Again, but Shown with LT1793 Integrators
which Zero Out the Overall Input Offset Voltage. On the Left, the JFET Vgg Is Forced to the
LT1793 Non-Inverting Input. On the Right, the Integrator Puts JFET Vgg at the Source Directly.
In both Cases, the 10M Sensing Resistor R11 Injects 40fA/\Hz of Current Noise, which Is
Discernible but Relatively Small Compared to the 130fA/y/Hz of the 1M Feedback Resistor. The
Output Noise at Low to Medium Frequencies Is about 136nV/y/Hz
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SCHEMATIC DIRGRAM

91jeWaYIS NN2IIY owaq 9LyLq v 24nbig

z

I € I

T
€102 0} Arenuer ‘Aepsiny |

L 40 ) 133Hs | N
l g9y} LINJyI0 OW3a VIN
JEN) 880¢6.1.11'980222111 ‘ONDI | 3zs

VIL 300Id0.LOHd 39VLTOA HOIH 3SION MO

JILYWIHOS J1LIL

3ANON=3TVIS

"SLY¥Vd AD0TONHOAL VANIT HLIM 3SN 404 G3Nddns
(NY A90TONHO3L ¥VANI OL

$1 LINJYIJ SIHL

8 NI7D|9N3 ddv|

V|

"FONVLSISSY ¥O4 ONINIINIONI SNOILYOIddY AOOTONHOAL

LINJ¥ID 12344V ATLNVOILINOIS AV LNOAVT QUYVO8 LINDYID
(G3LNIHd ONY NOLLNLILSENS LNINOAIWOD "NOLLYOINddY
VNLOV 3HL NI NOILVH3JO 318VIT3Y ANV ¥3d0dd AJN3A

YYANIT LOVINOD “ALINISVII3Y ¥O ONVINNOIYId

5080 ‘%01 JAY SHOLIOYdYD TV
5080 ‘%) 4V SHOLSISTY TIV "}

Q314193dS 3ISIMITHLO SSTTINN :3LON

ACL+ ACL-
h aNo A
13 43 93

olzk wz ©
TA— ST
4noL 4noL
L |
I ) 1
¥0 ., 010
+A
[ 3
syslva
1a
[£]

ano

= A
4n —o.oH_H ydr
il
"™ -\ SVI8A Ad

Pt " 1X3 SvigA ad
€12H4S-0d o
1ad
€3
8aA

Alug esn Jewojsng JoJ-fepuspyuog 917 MV ['s3089d| OL ALIIGISNOSTY SHANOLSND FHL SNIVINIY LI ‘HIAIMOH
1050-vev(gop) Xed ADOTONHOAL ! 3r1ddNS-YINOLSND SLIIW LVHL LINDXID
WO9"JRAUI'MMM  0061-2€b(80%) "o=m__«._ gEJ STYAONddY ¥ NOIS3 0L 1¥O443 1538 ¥ 30V SYH AOOTONHOAL ¥VANIT
55056 VO ‘sendii
‘pAIE AUMEDON 0291 JOILON ¥3NOLSNI
9dr
= 1N0 HOLYHOIINI
NI HOLVHOILNI
W . W A ) INON [
%hg-/+4d6E u_mw np = MOTI04
A 1o [ zdr €10 304N0s | @
Wol 8dr ™
23]
B
z
1L
1r .
400 60 -
dr
“__:H MOT104
80 |H| 304NOS HOLYHOILNI @ +\
W
M NIVO 1341 HOLVMOALNI £dr A
oLy -4 a
= 50 NIVO 134r MOE &
F—  mom04 30un0s Ny
&<><>ﬁ $<><><
3 ol v
[2Y ve A
Tom
W
122
= 94 S34304N0S [
ano © va OND 304N0S -l
MOTI04 308N0S
013
1NOA
\dr
= NIV 1340 E
3903-YWS-NOD i
I W yorzL  SSYAABNIVMG
1NOA % 66y Y -
6y ==
1NOA I
9021 9021 any
0 Wl A €0
1Y Y
W v
€1-01-0 | aNae | Nolondodd | 4 | — F}L
31va_[Q3A0¥ddY | NOILANOS3A [ A2y o003 sNa sNg
AYOLSIH NOISIAZY
G

dc1416fa

Information furnished by Analog Devices is believed to be accurate and reliable. However, no responsibility is assumed by Analog

Devices for its use, nor for any infringements of patents or other rights of third parties that may result from its use. Specifications
subject to change without notice. No license is granted by implication or otherwise under any patent or patent rights of Analog Devices.
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ESD Caution
‘2 \ ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can discharge without detection. Although this product features patented or proprietary protection
circuitry, damage may occur on devices subjected to high energy ESD. Therefore, proper ESD precautions should be taken to avoid performance degradation or loss of functionality.

Legal Terms and Conditions

By using the evaluation board discussed herein (together with any tools, components documentation or support materials, the “Evaluation Board”), you are agreeing to be bound by the terms and
conditions set forth below (“Agreement”) unless you have purchased the Evaluation Board, in which case the Analog Devices Standard Terms and Conditions of Sale shall govern. Do not use the Evaluation
Board until you have read and agreed to the Agreement. Your use of the Evaluation Board shall signify your acceptance of the Agreement. This Agreement is made by and between you (“Customer”)
and Analog Devices, Inc. (“ADI”), with its principal place of business at One Technology Way, Norwood, MA 02062, USA. Subject to the terms and conditions of the Agreement, ADI hereby grants to
Customer a free, limited, personal, temporary, non-exclusive, non-sublicensable, non-transferable license to use the Evaluation Board FOR EVALUATION PURPOSES ONLY. Customer understands and
agrees that the Evaluation Board is provided for the sole and exclusive purpose referenced above, and agrees not to use the Evaluation Board for any other purpose. Furthermore, the license granted
is expressly made subject to the following additional limitations: Customer shall not (i) rent, lease, display, sell, transfer, assign, sublicense, or distribute the Evaluation Board; and (ii) permit any Third
Party to access the Evaluation Board. As used herein, the term “Third Party” includes any entity other than ADI, Customer, their employees, affiliates and in-house consultants. The Evaluation Board is
NOT sold to Customer; all rights not expressly granted herein, including ownership of the Evaluation Board, are reserved by ADI. CONFIDENTIALITY. This Agreement and the Evaluation Board shall all
be considered the confidential and proprietary information of ADI. Customer may not disclose or transfer any portion of the Evaluation Board to any other party for any reason. Upon discontinuation of
use of the Evaluation Board or termination of this Agreement, Customer agrees to promptly return the Evaluation Board to ADI. ADDITIONAL RESTRICTIONS. Customer may not disassemble, decompile
or reverse engineer chips on the Evaluation Board. Customer shall inform ADI of any occurred damages or any modifications or alterations it makes to the Evaluation Board, including but not limited
to soldering or any other activity that affects the material content of the Evaluation Board. Modifications to the Evaluation Board must comply with applicable law, including but not limited to the RoHS
Directive. TERMINATION. ADI may terminate this Agreement at any time upon giving written notice to Customer. Customer agrees to return to ADI the Evaluation Board at that time. LIMITATION OF
LIABILITY. THE EVALUATION BOARD PROVIDED HEREUNDER IS PROVIDED “AS IS” AND ADI MAKES NO WARRANTIES OR REPRESENTATIONS OF ANY KIND WITH RESPECT TO IT. ADI SPECIFICALLY
DISCLAIMS ANY REPRESENTATIONS, ENDORSEMENTS, GUARANTEES, OR WARRANTIES, EXPRESS OR IMPLIED, RELATED TO THE EVALUATION BOARD INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTY OF MERCHANTABILITY, TITLE, FITNESS FOR A PARTICULAR PURPOSE OR NONINFRINGEMENT OF INTELLECTUAL PROPERTY RIGHTS. IN NO EVENT WILL ADI AND ITS
LICENSORS BE LIABLE FOR ANY INCIDENTAL, SPECIAL, INDIRECT, OR CONSEQUENTIAL DAMAGES RESULTING FROM CUSTOMER’S POSSESSION OR USE OF THE EVALUATION BOARD, INCLUDING
BUT NOT LIMITED TO LOST PROFITS, DELAY COSTS, LABOR COSTS OR LOSS OF GOODWILL. ADI'S TOTAL LIABILITY FROM ANY AND ALL CAUSES SHALL BE LIMITED TO THE AMOUNT OF ONE
HUNDRED US DOLLARS ($100.00). EXPORT. Customer agrees that it will not directly or indirectly export the Evaluation Board to another country, and that it will comply with all applicable United States
federal laws and regulations relating to exports. GOVERNING LAW. This Agreement shall be governed by and construed in accordance with the substantive laws of the Commonwealth of Massachusetts
(excluding conflict of law rules). Any legal action regarding this Agreement will be heard in the state or federal courts having jurisdiction in Suffolk County, Massachusetts, and Customer hereby submits
to the personal jurisdiction and venue of such courts. The United Nations Convention on Contracts for the International Sale of Goods shall not apply to this Agreement and is expressly disclaimed.
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