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5 Pin Configuration and Functions
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K 5-1. RTW Package
24-Pin WQFN With Exposed Thermal Pad
Top View
% 5-1. Pin Functions
PIN
110 DESCRIPTION
NAME NO.
COM_A 23 | Photodiode input - Channel A
COM_B 8 | Photodiode input - Channel B
FB AO 20 | Feedback connection to Channel A - TIA Gain Resistor (Low gain, optimized for gain in < 10 kQ
- range)
FB A1 21 Feedback connection to Channel A - TIA Gain Resistor
- (Mid gain, optimized for gain in 10 kQ - 100 kQ range)
FB A2 29 Feedback connection to Channel A - TIA Gain Resistor (High gain, optimized for gain in > 100 kQ
- range)
FB BO 1 Feedback connection to Channel B - TIA Gain Resistor (Low gain, optimized for gain in < 10 kQ
- range)
FB BA 10 Feedback connection to Channel B - TIA Gain Resistor
- (Mid gain, optimized for gain in 10 kQ - 100 kQ range)
FB B2 9 | Feedback connection to Channel B - TIA Gain Resistor (High gain, optimized for gain in > 100 kQ
- range)
INA- 24 | Negative (inverting) input for amplifier A
INA+ 1 | Positive (noninverting) input for amplifier A
INB- | Negative (inverting) input for amplifier B
INB+ | Positive (noninverting) input for amplifier B
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# 5-1. Pin Functions (continued)

PIN
110 DESCRIPTION
NAME NO.
Latch control input for Channel A. LTCH_A = logic high (default) = transparent mode, gain setting
TCH & 3 changes based on SELO and SEL1 pins are reflected at the output.
- LTCH_A = logic low = latch mode = changing SELO and SEL1 pins does not affect the gain
configuration of amplifier.
Latch control input for Channel B. LTCH_B = logic high (default) = transparent mode, gain setting
TCH B 4 changes based on SELO and SEL1 pins are reflected at the output.
- LTCH_B = logic low = latch mode = changing SELO and SEL1 pins does not affect the gain
configuration of amplifier.
PD 15 I Power down pin. PD = logic high (default) = normal operation, PD = logic low = power down mode.
SELO 5 | TIA gain selection. SELO = logic high (default). See 3% 5-2 for details.
SELA1 2 | TIA gain selection. SEL1 = logic high (default). See 3 5-2 for details.
VOUT_A 19 (6] Output of amplifier A
VOUT_B 12 (0] Output of amplifier B
VS- 13,18 | Negative (lowest) power supply
VS+ 14,16, 17 | Positive (highest) power supply
Thermal pad o Connect the thermal pad to the most negative power supply (pin 13 and 18) of the device under test
(DUT).
# 5-2. Select Pin Decoder
SEL1 SELO Gain
LOW HIGH Low Gain, optimized for gain in < 10 kQ range
Low LOW Mid Gain, optimized for gain in 10 kQ - 100 kQ
range
HIGH LOW High Gain, optimized for gain in > 100 kQ range
HIGH (Default) HIGH (Default) External Gain. All internal switches open
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6 Specifications
6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
Vs Total supply voltage (Vs+ - Vs.) 5.5 \%
Vin+ VIN- Input voltage (Vg-) - 0.5 (Vs+) + 0.5 \%
Vip Differential input voltage 1 \%
Vour Output voltage (Vs-) - 0.5 (Vs+) + 0.5 \Y,
N Continuous input current +4 mA
louT Continuous output current(@) 25 mA
T, Junction temperature 150 °C
Ta Operating free-air temperature -55 125 °C
Tstg Storage temperature - 65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute maximum ratings do not imply

functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If

briefly operating outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not
sustain damage, but it may not be fully functional. Operating the device in this manner may affect device reliability, functionality,
performance, and shorten the device lifetime.

(2) Long-term continuous output current for electromigration limits

6.2 ESD Ratings

VALUE UNIT
v Electrostatic Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins(!) +1500 v
(ESD) | discharge Charged device model (CDM), per JEDEC specification JEDEC JS-002, all pins? | +1000
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX| UNIT
Vs Total supply voltage (Vs+ - Vs.) 3.3 5 5.25 \%
Ta Ambient temperature -55 125 °C
6.4 Thermal Information
OPA3S2859-EP
THERMAL METRIC(") RTW UNIT
24 PINS

Roua Junction-to-ambient thermal resistance 54.1 °C/W
R 0 Jc(top) Junction-to-case (top) thermal resistance 55.6 °C/W
Ry Junction-to-board thermal resistance 30.6 °C/W
Wr Junction-to-top characterization parameter 2.5 °C/W
W g Junction-to-board characterization parameter 30.6 °C/W
R0 yc(bot) Junction-to-case (bottom) thermal resistance 13.9 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.
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6.5 Electrical Characteristics

Vs+ =5V, Vs. =0V, R. =200 Q, output load is referenced to midsupply, input common-mode biased at midsupply, and Tp
~ +25°C (unless otherwise noted)
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT

AC PERFORMANCE

Vout = 100 mVpp, Gain = 1 kQ, C\\= 4 pF 130 MHz
SSBW Egr‘f(‘j'\'mséfr’:ﬁ') transimpedance Vout = 100 mVpp, Gain = 10 kQ, Cyy = 4 pF 40 MHz

Vout = 100 mVpp, Gain = 100kQ, Cin = 4 pF 14 MHz
GBWP  |Gain-bandwidth product 900 MHz

Slew rate (10% - 90%) Vourt = 2-V step 350 Vius

en Input-referred voltage noise f=1MHz 2.2 nV/ v Hz
Zout Closed-loop output impedance f=1MHz 0.02 Q
DC PERFORMANCE
AoL Open-loop voltage gain f=DC 70 76 dB
AoL Open-loop voltage gain Tp =-55°C to +125°C 64 dB
Vos Input offset voltage Ta =-55°C to +125°C -8 +0.9 8 mV
i¥°3/ Input offset voltage drift Ta =-55°C to +125°C -2 pv/°C
Ian, lgr | Input bias current® - 50 50 pA
lzos Input offset current(® -50 50 pA

Vem = £0.5V (from midsupply),

CMRR Common-mode rejection ratio Th = -55°C to +125°C 67 78 dB
INPUTS

Cin+ Non-inverting input capacitance 1.4 pF
Cin- Inverting input capacitance () 3 pF
Vin Common-mode input range (high) CMRR > 62 dB, Tp =-55°C to +125°C 3.4 3.6

CMRR >62dB, Vg, = 3.3V,
Ta = -55°C to +125°C

\Y
\
Vi Common-mode input range (low) CMRR > 62 dB, Tp =-55°C to +125°C 0 0.4 \%
CMRR >62dB, Vs, =33V, Vv

Vin Common-mode input range (high) 1.7 1.9

Vi Common-mode input range (low) Th = -55°C to +125°C 0 0.4
OUTPUTS
Vou Output voltage (high) Ta =-55°C to +125°C 3.95 4.1 \
Von Output voltage (high) Vs+ =3.3V, Tp =-55°C to +125°C 2.3 2.4 \%
VoL Output voltage(low) Ta =-55°C to +125°C 1.1 1.2 \%
VoL Output voltage(low) Vg+ =3.3V, Ty =-55°C to +125°C 1 1.15 \Y,
lo LN Linear output drive (source and sink) |R, =10 Q, Ag, > 52 dB 65 74 mA
lo_LiN Linear output drive (source and sink) 5;_;53(? Q, AgL >52dB, Tp =-55°C to 58 mA
CHANNEL-TO-CHANNEL MATCHING
Crosstalk (output-referred) f =1 MHz, Gain = 100 kQ, Voyt = 100 mVpp -70 dB
Offset voltage mismatch Ta =-55°C to +125°C -10 10 mV
Offset current mismatch -20 20 pA
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6.5 Electrical Characteristics (continued)

Vs+=5V,Vs. =0V, R =200 @, output load is referenced to midsupply, input common-mode biased at midsupply, and Tp

~ +25°C (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
POWER SUPPLY
Vs+=5V 44 53 mA
la Quiescent current (both channels) Vg =5V, Tp=+125°C 51 63 mA
Vs+ =5V, Ty =-55°C 39 47 mA
PSRR+ |Power Supply Rejection Ratio Ta =-55°C to +125°C 72 85 dB
PSRR- | Power Supply Rejection Ratio Ta =-55°C to +125°C 66 72 dB
POWER DOWN
Disable voltage threshold Xgl'ﬁ’fhr:fjgﬁggzd Lt Yo e . Vse-15 Vg,-13 v
Enable voltage threshold ;’ggigihﬁ%ﬁ;@d ‘tl'i\isj5’5a°nc1‘,pt”c:i$;§5’\‘fc Vgi-12 Vg, -08| V
Power-down quiescent current 75 140 MA
Power-down quiescent current Ta =-55°C to +125°C 170 MA
PD bias current Vpp = Vs. or Vg. 6 pA
PD bias current Vpp = Vg. or Vgy, Ta =-55°C to +125°C 22 PA
PD bias current Vpp at switching threshold 160 MA
PD bias current ¥T’=a_tt_)?ﬁvgct2irﬁ ;r;roecshold, 405 pA
Turnon time delay Time to Voyt = 90% of final value 90 ns
Turnoff time delay Time to Voyt = 10% of final value 330 ns

(1) Cjn = Photodiode capacitance + PCB capacitance. Photodiode capacitance is 3.3 pF and estimated PCB capacitance is 0.7 pF.

(2) Leakage currents from switches are not included in this measurement.
(3) Cyn.refers to the capacitance at the inverting input of the amplifier. Cin. = Cin.cmy *+ Cpirr + Switch capacitance on the amplifier

inverting pin (ON capacitance of the closed switch + OFF capacitance for open switches).
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6.6 Switching Characteristics

Vs+ =5V, Vg. =0V, input common-mode biased at midsupply, Rrg =1kQ, Rr1 =10k Q, Re2 =100 kQ, R =200 Q, output
load is referenced to midsupply, and T = +25°C (unless otherwise noted), see figure 7-1 for schematic configuration. (V) (2)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
GAIN SWITCHES
SWj OFF to SW4, ON 160
SWj OFF to SW, ON 230
Switch transition-time () SW1 OFF to SWo ON 80 ns
SW; OFF to SW, ON 230
SW, OFF to SW, ON 80
SW, OFF to SW; ON 110
Ccomo SWeomo ON; SWeomr and SWeowa OFF 1.3
Ccomt COM capacitance @ © SWeomt ON: SWeomo and SWeonz OFF 1.2
Ccomz SWeomz ON: SWeomo and SWeomt OFF 1.2
Ccom_oPeN SWcomo , SWcomt and SWeomz OFF 1.2
Crao SW, ON 1.9 -
Crat SW; ON 16
Cre2 FB capacitance ©) (7) SW. ON 15
CrBo_oPEN SW, OFF 1.4
CrB1_oPEN SW,; OFF 1.2
CrB2_oPEN SW, OFF 11
Ron_como 80
Ron_Fso 38
Ron_coms On resistance ©) () 125 Q
Ron_rB1 37
Ron_comz 375
Ron_Fs2 35
SW¢omo for Channel A and B 0.15
SWkepgq for Channel A and B 0.4
On resistance channel-to-channel | SWcowm1 for Channel A and B 0.45
matching ) ) SWeg, for Channel A and B 0.07 °
SW¢omz for Channel A and B 3
SWepg, for Channel A and B 0.12
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6.6 Switching Characteristics (continued)

Vs+ =5V, Vg =0V, input common-mode biased at midsupply, Rrg =1 kQ, Rp1 =10k Q, Rpp =100 kQ, R =200 Q, output
load is referenced to midsupply, and Ta = +25°C (unless otherwise noted), see figure 7-1 for schematic configuration. (1) (2)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
LOGIC PIN FUNCTION (LATCH, SEL)
. Logic low below the threshold voltage,
Logic low threshold Ta = -55°C to +125°C Vg+-15 Vgi-13 \
— Logic high above the threshold voltage,
Logic high threshold Th = -55°C to +125°C Vs+-1.2 Vs:-0.8 \
Bias current Vp|y = Vs. or Vs, 6 HA
Bias current Vpin = Vs. or Vgi , Ta =-55°C to +125°C 22 MA
Bias current Vp)\ at switching threshold 160 MA
. Vpn at switching threshold,
Bias current Th = -55°C to +125°C 405 MA
Setup time 100 ns
Hold time 100 ns

M
@

©)
4)
®)
(6)

™

8)
©

All the specifications apply for both Channels A and B, unless otherwise noted.

When switching from one gain condition to another, the new gain switches are closed before opening the previous gain switches

(make-before-break).

SWecomo, SWeom1, SWeomz refer to switch on the common-mode side (COM) for the different gain options.

SWegg, SWeg1, SWegy refer to switch on the feedback side (FB) for the different gain options.
SWy, SW4, SW,, refers to the two switches needed for a given gain condition. For example, SWO refers to SW¢omp and SWegp.

Ccomo. Ccom1, Ccomz is the capacitance at the COM pin for different gain options. It is equal to ON capacitance of closed switch +

OFF capacitance of open switches.

Crgo, Cr1, Crg2 is the capacitance at the FBy pin. It is equal to ON capacitance of the gain option selected (SWcomo + SWegg

capacitance).
Ron_como, Ron_com1: Ron_comz, refer to ON resistance for the COM side switch.
Ron_FBo, Ron_FB1, Ron_FB2, refer to ON resistance for the FB side switch.
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6.7 Typical Characteristics

Vs+ =+2.5V,Vg=-25V,R_ =200 Q, C\y =4 pF, output load is referenced to mid-supply, input common-mode biased at
mid-supply, and Tp = +25°C (unless otherwise noted)

3 6

\ = R =50 Q

42| — Rr=1kQ 12 = R =100 Q

— Rp=10kQ = R =200 Q

—— Rp =100 kQ \ 15 R =400 \
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6.7 Typical Characteristics (continued)

Vs+ =+2.5V,Vg=-25V,R_ =200 Q, C\y =4 pF, output load is referenced to mid-supply, input common-mode biased at

mid-supply, and Tp = +25°C (unless otherwise noted)
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& 6-11. Large-Signal Transient Response
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6.7 Typical Characteristics (continued)

Vs+ =+2.5V,Vg=-25V,R_ =200 Q, C\y =4 pF, output load is referenced to mid-supply, input common-mode biased at

mid-supply, and Tp = +25°C (unless otherwise noted)
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6.7 Typical Characteristics (continued)

Vs+ =+2.5V,Vg=-25V,R_ =200 Q, C\y =4 pF, output load is referenced to mid-supply, input common-mode biased at
mid-supply, and Tp = +25°C (unless otherwise noted)
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6.7 Typical Characteristics (continued)

Vs+ =+2.5V,Vg=-25V,R_ =200 Q, C\y =4 pF, output load is referenced to mid-supply, input common-mode biased at
mid-supply, and Tp = +25°C (unless otherwise noted)
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6.7 Typical Characteristics (continued)

Vs+ =+2.5V,Vg=-25V,R_ =200 Q, C\y =4 pF, output load is referenced to mid-supply, input common-mode biased at
mid-supply, and Tp = +25°C (unless otherwise noted)
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7 Parameter Measurement Information
The test setup configuration for OPA3S2859-EP is shown below.

CoMx O

Res

SWeomorz  Ron_comorr SWegonr2

CCOMOH/Z/OPEN

oW
Craortr210pPEN

Ron_reori2

Cin-oi2

~e——O vouT

& 7-1. Switching Characteristics Configuration
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8 Detailed Description
8.1 Overview

The OPA3S2859-EP features dual channel, high-speed, low noise, wide gain bandwidth amplifier with
programmable gain switches to offer a compact, easy-to-use device for wideband transimpedance applications,
high-speed data acquisition systems, and applications with weak signal inputs that require low-noise and high-
gain front ends. Integrated switches allow for multiple gain settings on a single amplifier stage without the need
for an additional multiplexer, therefore minimizing board parasitics.

The OPA3S2859-EP is offered in a 4-mm x 4-mm, 24-pin WQFN package that features multiple feedback (FB)
pins for different gain options to make simple feedback network connection between the amplifier output and
inverting input. The three internally switched feedback paths along with an additional parallel non-switched
feedback path allows for up to four selectable gain configurations.

8.2 Functional Block Diagram
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8.3 Feature Description
8.3.1 Programmable Gain

The OPA3S2859-EP features integrated switches that can be used for implementing different gain
configurations. The closed-loop bandwidth and noise of a TIA are affected by the transimpedance gain and
photodiode capacitance. The OPA3S2859-EP has a higher bandwidth in its low-gain configuration for a given
value of photodiode capacitance compared to the high-gain configuration. Increasing the gain of the TIA stage
by a factor of X increases the output signal by a factor X, but the noise contribution from the resistor only
increases by + X. The input-referred noise density of the low-gain configuration is therefore higher than the
input-referred noise density of the high-gain configuration.

OPA3S2859-EP provides control for switching among three independently-configured external feedback
networks using FB_x0, FB_x1, FB_x2 pins, and allows for up to four selectable gain configurations with an
additional parallel non-switched feedback path. The internal switches minimize parasitic contributions to increase
performance compared to external methods. Each switch is optimized for increasing feedback resistor values
ranging from <1 kQ to > 100 kQ for wide dynamic range applications. The selected switch path is controlled for
both channels using a 2-wire parallel interface (SELO and SEL1).

In many systems it is typical that gain will switch sequentially (also known as adjacent gain switching). For
example, the gain will switch low to medium to high or high to medium to low. When switching between adjacent
gains, the switches feature make-before-break switching, when programmed to a different switch connection, the
previous switch does not change to high impedance state until the new switch is closed, with a typical 80 ns to
230 ns delay when both switches are closed. This feature helps the amplifier from not operating in an open-loop
state when the switches are used in a switched-gain transimpedance configuration.

8.3.2 Slew Rate

The OPA3S2859-EP features a high slew rate of 350 V/us. The slew rate is a critical parameter in high-speed
pulse applications such as optical time-domain reflectometry (OTDR). The high slew rate implies that the device
accurately reproduces a 2-V, sub 100-ns pulse edge, as seen in [¥| 6-11. The wide bandwidth and slew rate of
the device make it an excellent amplifier for high-speed signal-chain front ends.

8.3.3 Input and ESD Protection

The OPA3S2859-EP is fabricated on a low-voltage, high-speed, BiCMOS process. The internal, junction
breakdown voltages are low for these small geometry devices, and as a result, all device pins are protected with
internal ESD protection diodes to the power supplies. There are two antiparallel diodes between the inputs of the
amplifier that clamp the inputs during an overrange or fault condition.

8.4 Device Functional Modes
8.4.1 Split-Supply and Single-Supply Operation

The OPA3S2859-EP can be configured with single-sided supplies or split-supplies without degrading
performance. In either case, the thermal pad should be tied to the same voltage as Vs..

8.4.2 Power-Down Mode

The OPA3S2859-EP features a power-down mode to conserve power. Connecting the PD pin low disables the
amplifier thereby reducing the quiescent current and places the output in a high-impedance state.

PD pin has an internal pull up resistor, if the pin is left floating then the device defaults to an ON state. The PD
disable and enable threshold voltages are with reference to the positive supply, as shown in the Electrical
Characteristics section. If the amplifier is configured with the positive supply at 5 V and the negative supply at
ground, then the disable and enable threshold voltages are 3.5 V and 4.2 V, respectively. If the amplifier is
configured with £2.5 V supplies, then the threshold voltages are at 1V and 1.7 V.
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8.4.3 Gain Select Mode (SEL)

The OPA3S2859-EP features two pins SELO and SEL1 to choose between three different internal switch
networks and an external option. The SELx disable and enable threshold voltages are with reference to the
positive supply as shown in the Switching Characteristics table. Note: while the SELx logic will select the same
switch configuration for channel A and B, the external components (feedback network) of channels A and B do
not have to be exactly the same.

When switching between different gain settings (feedback networks), the device has a transition time of only 80
ns to 230 ns (typical) as shown in the Switching Characteristics table. In many systems, it is typical that gain will
be stepped sequentially (for example, low to medium to high or high to medium to low). The SELx logic
assignment ensures that switching gains up or down involve only one input-pin transition, reducing the
probability of unintended false codes during logic settling, as shown in £ 5-2.

8.4.4 Latch Mode

OPA3S2859-EP features LTCH_A and LTCH_B pins which independently latch the gain configuration for
Channel A and Channel B, respectively. If the latch control inputs are connected to logic high or floating, then the
chosen feedback selection (through the SELO and SEL1 pins) applies to A and B analog channels immediately,
this is also called transparent mode. If the latch control inputs are logic low, then changing the feedback
selection (through the SELO and SEL1 pins) does not affect the gain configuration of the respective amplifier
channel. & 8-1 shows minimum timing requirements that should be met when using LTCH_x pins to latch gain
configuration.

By using the latch control input for each channel, the feedback selection can be controlled separately from the
common SEL1 and SELO pins, see an example below. The latch control inputs can also provide benefits in some
cases where channel A and B need to have the same configuration. For example, in transparent mode, when
switching between different gain settings any timing skew from SEL1 and SELO may result in unintended switch
logic configurations for a short-duration resulting in transient output glitch. These intermediate glitch states can
be minimized by holding the LTCH_ x pin low until the new selection value at SEL pins has settled.

This feature is also useful in larger systems with multiple OPA3S2859-EP devices, the gain path can be set
using common SELO and SEL1 signals for all the devices and latch pins can be used to control the gain
independently for each amplifier channel.

Example configuration, to update the gain settings for Channel A only, follow these steps:

1. Set LTCH_B to logic low (latch mode), this way changes made on Channel A do not affect Channel B gain
configuration.

2. If LTCH_A is high (transparent mode), use SELO and SEL1 pins to select the feedback network of interest. If
LTCH_A is low, toggle it to logic high and use SELO and SEL1 pins to select the feedback network of interest.

3. To hold the selected gain, set LTCH_A to logic low. Ensure minimum setup time requirements (100 ns) are
met between SELXx selection to LTCH_A going low. Also, ensure that during the hold time (100 ns), no changes
should be made on SELx pins. The minimum timing is based on internal device configuration, if needed,
additional time must be added due to board layout parasitics and signal delays.

4. Gain setting for channel A is now latched and any changes on SELx pins will not change the gain
configuration for channel A.

' ' Hold time !

!
SELx : | |
|
|
| | |
| T |
| | |
t | |
LTCH_x | ! |
1 Setup time |
| |
| |
[ [

& 8-1. Timing Diagram

Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback 19
Product Folder Links: OPA3S2859-EP


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/opa3s2859-ep?qgpn=opa3s2859-ep
https://www.ti.com.cn/cn/lit/pdf/ZHCSMS7
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSMS7B&partnum=OPA3S2859-EP
https://www.ti.com.cn/product/cn/opa3s2859-ep?qgpn=opa3s2859-ep

13 TEXAS
OPA3S2859-EP INSTRUMENTS
ZHCSMS7B - APRIL 2021 - REVISED DECEMBER 2021 www.ti.com.cn

9 Application and Implementation
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9.1 Application Information

The OPA3S2859-EP offers a unique combination of dual channel, wide bandwidth low noise amplifiers with
integrated programmable gain switches. This combination makes this amplifier an excellent choice for
photodiode transimpedance amplifier applications with variable gain needs.

9.2 Typical Application

9-1 shows the circuit used to measure transimpedance bandwidth of the OPA3S2859-EP with different
feedback network setting options. This configuration imitates the impedance of the photodiode on the input of
the TIA.
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&l 9-1. OPA3S2859-EP Test Circuit

9.2.1 Design Requirements

The objective is to design a variable gain, low noise, wideband optical front-end transimpedance amplifier. The
design requirements are:

* Amplifier supply voltage: £ 2.5V

* Transimpedance gain: 1 kQ,10kQ, 100 kQ

* Photodiode capacitance: Capp = 3.3 pF (additional estimated PCB capacitance = 0.7 pF)
* Target bandwidth: 130 MHz, 40 MHz, 14 MHz

9.2.2 Detailed Design Procedure

The OPA3S2859-EP meets the growing demand for wideband, low-noise photodiode amplifiers. The closed-loop
bandwidth of a transimpedance amplifier is a function of the following:
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1. The total input capacitance (C,y). This total includes the photodiode capacitance, the input capacitance of
the amplifier (common-mode and differential capacitance) and any stray capacitance from the PCB.

2. The op amp gain bandwidth product (GBWP).

3. The transimpedance gain (Rg).

K 9-1 shows the OPA3S2859-EP configured as programmable gain TIA using different feedback paths through
the switch network. The feedback resistance (Rg) and the input capacitance (Cjy) form a zero in the noise gain
that results in instability if left unchecked. To counteract the effect of the zero, a pole is inserted into the noise
gain transfer function by adding the feedback capacitor (Cg). The Transimpedance Considerations for High-
Speed Amplifiers Application Report discusses theories and equations that show how to compensate a
transimpedance amplifier for a particular transimpedance gain and input capacitance. The bandwidth and
compensation equations from the application report are available in an Excel® calculator. What You Need To
Know About Transimpedance Amplifiers - Part 1 provides a link to the calculator.

The equations and calculators in the referenced application report and blog posts are used to model the
bandwidth (f - 34g) and noise performance of the OPA3S2859-EP configured as a TIA. For this setup, to emulate
an ideal current source, choose Ry value to be 1 to 10x greater than Rg such that the low frequency noise gain
closerto1VIVto2V/V (RE=1kQ,10kQ,100kQ, Ry =10k Q, 100 kQ, 100 k Q; respectively). The resultant
performance is shown in & 9-2. To maximize bandwidth, make sure to reduce any stray parasitic capacitance
from the PCB. Increasing Rg results in lower bandwidth. To maximize the signal-to-noise ratio (SNR) in an
optical front-end system, maximize the gain in the TIA stage.

9.2.3 Application Curves
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K 9-2. Bandwidth vs Frequency
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10 Power Supply Recommendations

The OPA3S2859-EP operates on supplies from 3.3 V to 5.25 V. The device operates on single-sided supplies,
split and balanced bipolar supplies, and unbalanced bipolar supplies. Because the OPA3S2859-EP does not
feature rail-to-rail inputs or outputs, the input common-mode and output swing ranges are limited at 3.3-V
supplies.

11 Layout
11.1 Layout Guidelines

Achieving optimum performance with a high-frequency amplifier, such as the OPA3S2859-EP, requires careful
attention to board layout parasitics and external component types. Recommendations that optimize performance
include the following:

* Reduce capacitive coupling between feedback traces. Trace-to-trace capacitance between the three
feedback connection traces can cause the traces to couple together at high frequency and effect the gain of
the device. Particularly for high gain feedback configurations, capacitive coupling to feedback paths with
lower gain can significantly reduce the bandwidth if not properly isolated. For example, in a circuit
configuration with 100k, 10k, and 1k feedback elements, the 100k gain path can see over 66% reduction in
bandwidth when using an non-optimized feedback layout. To properly isolate the feedback traces it is
important to space the traces out and pour ground plane between the traces to isolate their capcitance;
additional trace length, however, does add further inductance and capacitance to the traces which can also
effect performance. Therefore, it is important to balance the feedback area and trace length to best minimize
the major parasitic effect. A good starting point is to use a design similar to the evaluation module with a
feedback area of approximately 6 mm x 6 mm. This can then be adjusted depending on circuit limitations and
needs.

* Minimize parasitic capacitance from the signal I/O pins to ac ground. Parasitic capacitance on the
output pins can cause instability where as parasitic capacitance on the input pin reduces the amplifier
bandwidth. To reduce unwanted capacitance, cut out the power and ground traces under the signal input
pins, output pins, and exterior feedback trace when possible. A small value isolation resistor between the
DUT output and feedback network can also help reduce the parasitic loading caused by the feedback trace
on the output. Otherwise, ground and power planes must be unbroken elsewhere on the board.

* Minimize the distance from the power-supply pins to the high-frequency bypass capacitors. Use high-
quality, 100-pF to 0.1-pyF, COG and NPO-type decoupling capacitors with voltage ratings at least three times
greater than the amplifiers maximum power supplies. Place the smallest value capacitors on the same side
as the DUT. If space constraints force the larger value bypass capacitors to be placed on the opposite side of
the PCB, use multiple vias on the supply and ground side of the capacitors. This configuration makes sure
that there is a low-impedance path to the amplifiers power-supply pins across the amplifiers gain bandwidth
specification. Avoid narrow power and ground traces to minimize inductance between the pins and the
decoupling capacitors. Larger (2.2-uF to 6.8-uF) decoupling capacitors that are effective at lower frequency
must be used on the supply pins. Place these decoupling capacitors further from the device. Share the
decoupling capacitors among several devices in the same area of the printed circuit board (PCB).

11.2 Layout Examples

Kl 11-1 shows a typical layout around the OPA3S2859-EP based on the evaluation module. The smallest
decoupling capacitors were placed as close as possible to the DUT with wide metal area to minimize inductance.
Special attention was placed on the feedback network layout to optimize the design for a typical application
using 1 kQ, 10 kQ, and 100 kQ feedback resistors. Please see 4| 11-2 for more details. The black colored areas
under the input and feedback traces show the voids cut in the ground plane underneath the traces to minimize
capacitance to ground as much as possible.
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Kl 11-1. General Layout Example

K 11-2 shows an example of a feedback network from the evaluation module optimized to reduce the capacitive
coupling between the feedback and output traces. Ground plane is poured between each of the feedback traces
and component footprints as much as possible for the best isolation. A small isoation resistor (RISO) in
connected between the output and feedback trace to help isolate the trace capacitance from being directly
connected to the DUT output. Additionally, the ground plane is removed from under the feedback trace to further
reduce the parasitic capacitance to ground created by the additional trace length required for the feedback
network.
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K 11-2. Feedback Network Layout Recommendations
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12 Device and Documentation Support
12.1 Device Support
12.1.1 Development Support

* Texas Instruments, Optical Front-End System Reference Design design guide

* Texas Instruments, LIDAR-Pulsed Time-of-Flight Reference Design Using High-Speed Data Converters
design guide

* Texas Instruments, LIDAR Pulsed Time of Flight Reference Design design guide

12.2 Documentation Support
12.2.1 Related Documentation

See the following for related documentation:

* Texas Instruments, OPA3S2859-EP Evaluation Module user's guide

* Texas Instruments, Transimpedance Considerations for High-Speed Amplifiers application report
* Texas Instruments, What You Need To Know About Transimpedance Amplifiers - Part 1 blog

* Texas Instruments, What You Need To Know About Transimpedance Amplifiers - Part 2 blog

* Texas Instruments, Training Video: How to Design Transimpedance Amplifier Circuits

» Texas Instruments, Training Video: High-Speed Transimpedance Amplifier Design Flow

* Texas Instruments, Training Video: How to Convert a TINA-TI Model into a Generic SPICE Model
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12.5 Trademarks

TI E2E™ is a trademark of Texas Instruments.
Excel® is a registered trademark of Microsoft Corporation.

FITA AR LN A B I & 1 7
12.6 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
‘Sﬁ \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
- be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.
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13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
OPA3S2859MRTWREP Active Production WQFN (RTW) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -55to 125 352859
V62/22603-01XE Active Production WQFN (RTW) | 24 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -55t0 125 352859

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF OPA3S2859-EP :
o Catalog : OPA3S2859
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NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product
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