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Compact, Dual-Channel, Precision, Programmable Gain Transimpedance Amplifier

FEATURES

» Small, dual-channel, complete PGTIA and AFE
solution.

» Small size package: 16-lead LFCSP, 3 mm x 3 mm.

P Fourintegrated internal gain resistors (Rg) per
channel:

P Range 0, internal Rrp=3150Q
» Range 1, internal R;1 =3.5kQ
P Range 2, internal R,, =40.2 kQ
P Range 3, internal Res =450 kQ

» Wide input current dynamic ranges from 100
picoamps to milliamps.
» Excellent DC precision:
P Low offset voltage RTI: £100 pV maximum, 25°C.
» Low input offset voltage drift: £1.0 uv/°C
maximum, —40°C to +125°C.
P Low switch integrated switch impedance 19 Q
maximum, —40°C to +125°C.
» Excellent dynamic performance:

» Range 0 settling time 1 ps
» Range 1 settling time 2 s
P Range 2 settling time 5 ps
» Range 3 settling time 10 ps

P Kelvin-connected architecture eliminates gain error
due to switch on-resistance over temperature.

» Single-supply operation: +2.7 V to +5.5V (dual-
supply operation: £1.85V to +2.75 V).

» Wide gain bandwidth product: 8.5 MHz.

P Wide operating temperature range: -40°C to +125°C.

APPLICATIONS

Precision current to voltage (I to V) conversion
Programmable gain TIAs

Photodetector interface and amplification
Optical networking equipment

Optical power measurement

Instrumentation (spectroscopy and
chromatography)

vVvVvvyvVyYVvyYy

Rev. 0; 10/24

One Analog Way, Wilmington, MA 01887-2356, U.S.A.

DOCUMENT FEEDBACK

Tel: 781.329.4700

(PGTIA) with Integrated Gain Resistors

GENERAL DESCRIPTION

The ADA4352-2 is a compact, monolithic, dual-channel,
precision, programmable gain transimpedance
amplifier (PGTIA). The ADA4352-2 is a breakthrough
solution to precisely measure small currents over a
wide dynamic range. The precision of the ADA4352-2
over a wide temperature range of -40°C to +125°C
allows one calibration of the end equipment at room
temperature, thereby saving test time and cost. The
ADA4352-2 integrates four current-to-voltage gain
selections per channel, and the gain is programmable
using two logic pins per channel to provide a flexible,
fully functional compact PGTIA solution. Additionally,
with its robust output stage and low noise, the
ADA4352-2 can directly drive 16-bit precision analog-to-
digital converters (ADCs) such as the AD4696, providing
a complete analog front-end (AFE) to address the most
challenging wide dynamic range current measurement
applications.

The ADA4352-2 is offered in a3 mm x 3 mm LFCSP,
reducing the printed circuit board (PCB) area by up to
ten times relative to a discrete design using standalone
operational amplifiers (op amps) and switches.
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Figure 1. PGTIA Maximum Error vs. Temperature
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SIMPLIFIED APPLICATION DIAGRAM
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Figure 2. Compact Optical Measurement Signal Chain (One Channel Shown)
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SPECIFICATIONS

Table 1. Electrical Characteristics 5V Specifications

(To=+25°C,AVDD =2.5V,AVSS=-2.5V,DVDD =3V, DVSS =0V, load resistance (R,) =open, +IN=0V, unless
otherwise noted. These default AVDD, AVSS, and +IN conditions are equivalent to a single supply configuration
with +IN biased to mid supplies.)

PARAMETER | SYMBOL | CONDITIONS COMMENTS MIN TYP MAX UNITS L;\EI:.II.-S
DC PARAMETERS
Input Offset
Vosgr T,=+25°C + +
Voltage 0s, A 20 100 [\ P
Input Offset AV 0°C<Ty<
e /DT +0.15 0.8 V
Voltage Drift e +85°C H Co
Input Offset AV —40°C<T,< o
rm /AT 10.16 1.0 V/°C
Voltage Drift S +125°C uv/ Ca
Rry=315Q +25 +130 Y P
R =3.5kQ +25 +130 \"
Output Offset Mosor | Tp=+25°C F1 H P
Voltage Rr,=40.2 kQ +25 +130 pv P
Res= 450 kQ +25 +150 uv P
Rep=3150Q +0.1 +1.1 | uv/°C Cr
OutputOffset | | o | ~40°C<Ty< Rr1=3.5kQ 0.2 | #11 | w/C Cr
Voltage Drift oo +125°C Rr,=40.2 kQ +0.3 +12 | pv/°C Cr
Re;= 450 kQ +0.4 +12 | pv/°C Cr
Rep=315Q 0.28 0.315 | 0.35 kQ
'nte(;ftlal y ) s Re=3.5kQ 3.15 3.5 3.9 kQ
Feedbac =
) " A Rr,=40.2 kQ 36 40.2 45 kQ
Resistance
Res= 450 kQ 400 450 500 kQ
Internal Rpp=315Q 32 47 ppm/°C Cr
Feedback ARL/AT -40°C<T,< Re;=3.5kQ 14 32 ppm/°C Cr
Resistance " +125°C Re,=40.2 kQ 14 29 ppm/°C Cr
Drift* Res= 450 kQ 8 25 | ppmec| ¢
Vour =-2.4Vto
24V,T,= Rp,=40.2 kQ 95 120 dB P
+25°C
Open-Loop A
VoL
Voltage Gain?
VOUT = '2.4 V tO
2_4 V’ —400(: < RF2: 40.2 kQ 103 dB CT
T,<+125°C
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(To=+25°C,AVDD =2.5V,AVSS=-2.5V,DVDD =3V, DVSS =0V, load resistance (R,) =open, +IN=0V, unless
otherwise noted. These default AVDD, AVSS, and +IN conditions are equivalent to a single supply configuration
with +IN biased to mid supplies.)

TEST
PARAMETER | SYMBOL | CONDITIONS COMMENTS MIN TYP MAX | UNITS LEVELS
Re=3150 33 pF Cs
R =3.5kQ 26.5 F C
Feedbtack Co T,=+425°C F1 P B
Capacitance® R, =40.2 kQ 7 pF Cs
Re; =450 kQ 2.5 pF Cs
Ratiometric
i iati -40°C<T,<
Gain Variation S All Ranges 023 5 % p
Between +125°C
Channels
INPUT CHARACTERISTICS
Input Bias
Current — " T, =+25°C +0.12 +1 nA P
Non
Inverting
Input
;Z’:?on y -40°C<T,< | Guaranteedby | AVSS+ AVDD v c
+125°C CMRR 0.1 -15 °
Voltage
Range
Linear Range RF0:3150 0.1to 13 mA Cr
.01
of Current V= AVSS + R..=3.5kQ 0.01to mA c
Pulled from | lyu- 0.1V 1.3
Inverting ) R, =40.2 kQ 1to0 100 WA Cr
Input Re;=450 kQ 0.1to 10 HA Cr
Linear Range RF0:3150 0.1to9 mA Cr
of Current 0.01to
NE - Re;=3.5kQ A C
Pushed into Iinuins \I ;\‘V AVDD F1 0.9 m T
Inverting ’ Re,=40.2 kQ 1to70 MA Cr
Input Re;= 450 kQ 0.1to7 A Cr
Common- Vew=-2.4Vto
Mo‘de' CMRR LV, T, = All Ranges 78 91 dB Cr
Rejection -40°Cto
Ratio +125°C
Common- (+IN) 3.75/1 GQ/pF Cs
Mode Input Zey
Impedance (=IN) 3.75/3.5 GQ/pF Ce
Differential
Diff i
Mode Input Cinom fferential 2 pF Ce
. mode
Capacitance
analog.com Rev 0 | 6 of 47
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(To=+25°C,AVDD =2.5V,AVSS=-2.5V,DVDD =3V, DVSS =0V, load resistance (R,) =open, +IN=0V, unless
otherwise noted. These default AVDD, AVSS, and +IN conditions are equivalent to a single supply configuration
with +IN biased to mid supplies.)

PARAMETER | SYMBOL | CONDITIONS COMMENTS MIN TYP MAX UNITS L-IIE-\E:.II.-S
OUTPUT CHARACTERISTICS
Rep=3150Q 600 mv P
Output _ -
NS V. =AVSS+0.1 | R;;=3.5kQ 150 mv P
Swing High Vou
B V, Ln=lawae. | Rey=40.2 kQ 100 mv P
(AVDD = Vo)
Res= 450 kQ 100 mv P
5 Vo~ AVDD - Rep=3150Q 600 mv P
utput AN = R =3.5kQ 150 mv P
SwingLow | Vo 15V, L=
Re,=40.2 kQ 100 mv P
(VOUT - AVSS) linmaxs
Res= 450 kQ 100 mv P
Vour shorted to
-Circui V,n=AVDD/2, out
i:(:rr(:nilrcwt s | IN= 0mA / AVDD and 127/%8 A .
B AVSS
DYNAMIC PERFORMANCE
Gain
Bandwidth GBP 8.5 MHz Ce
Product
10%t0 90%, | Repp=315Q 8.2 V/us Cs
rising and Re=3.5kQ 6.9 V/us Cs
Slew Rate SR falling, Iy Re,=40.2 kQ 2 V/us Cs
from 0 mA to _
I|NMAx_, no load RF3 - 450 kQ 04 V/lJ.S CB
1 ka v Reo=3150 -123 dBc Cs
L(e)mtr?r:onic THD -_1 v Z’noom Ry, = 3.5 k) ~128 dBc G
; . RS, Rs,=40.2 kQ -128 dBc Cs
Distortion load
Res= 450 kQ -129 dBc Cs
Co=10pF, Rer | Ree=315Q 1 Hs S
Settling =200Q,Cer= | R;=3.5k0 2 Ms S
Time to 0.1% . 180 pF, Vi = Rp,=40.2 kQ 5 s S
of Output ’ AVSS +0.1V,
Step Voltage I,y from 0 pA R =450 kQ 10 us S
tO linmax
ANALOG POWER SUPPLIES
Operating
RangeVs= |, 2.7 5.5 v P
(AVDD - ’ ' '
AVSS)
AVSS Range
VSS -
Below DVSS ) 0> 0 Y >
analog.com Rev 0 | 7of47
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(To=+25°C,AVDD =2.5V,AVSS=-2.5V,DVDD =3V, DVSS =0V, load resistance (R,) =open, +IN=0V, unless
otherwise noted. These default AVDD, AVSS, and +IN conditions are equivalent to a single supply configuration
with +IN biased to mid supplies.)

PARAMETER | SYMBOL | CONDITIONS COMMENTS MIN TYP MAX | UNITS L-IIE-\E:-II.-S
T,=+425°C, Vs =
A > Vs A“ Ranges 81 90 dB P
Power 2.7Vto5.5V
Supply
Rejection PSRR T,=-40°Cto
Ratio +125°C, Vg = All Ranges 75 dB Cr
27Vto5.5V
To=+425°C, Vs =
A > 75 | AllRanges 33 3.5 mA P
Analog 50V
Supply o Ty=-40°C to
Current per
i +125°C, Vg = All Ranges 4.35 mA Cr
Amplifier
5.0V
DIGITAL THRESHOLD VOLTAGES
Input High Vi DVDD - v S
Voltage 0.7
Input Low " DVSS v S
Voltage +0.5
Range SEL
Pull-Down Reo 885 kQ Cs
Resistance
DIGITAL POWER SUPPLIES
Operating
Range (DVDD | Vs 1.62 55 v P
- DVSS)
T,=+25°C
Digital : 1 MA P
Quiescent loo T,=-40°Cto
Current +125°C 10 WA Cr
ANALOG SWITCHES
T,=+25°C 11 13 Q P
itch On-
z\;v;;(sctar?:e For Ta="40°Cto 19 o C
+125°C !
Switch On-
T,=-40°C t
Resistance | AR/AT A © 0.3 %/°C Cr
. +125°C
Drift
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(To=+25°C,AVDD =2.5V,AVSS=-2.5V,DVDD =3V, DVSS =0V, load resistance (R,) =open, +IN=0V, unless
otherwise noted. These default AVDD, AVSS, and +IN conditions are equivalent to a single supply configuration
with +IN biased to mid supplies.)

PARAMETER

SYMBOL

CONDITIONS

COMMENTS

MIN

TYP

MAX

UNITS

TEST
LEVELS

Switch Off
Input
Capacitance

CIN,OFF

1.8

pF

Ce

NOISE

Input
Voltage
Noise
Density

f=100 kHz

7.3

nV/vHz

Ce

Integrated
Voltage
Noise

€n,pp

f=0.1Hzto 10
Hz

4.6

HVpp

Ce

To simplify terminology throughout this data sheet, because the two amplifiers inside the ADA4352-2 are
1 interchangeable, R, Rey, Rey, Reg, +IN, and =IN refer to Channel A or Channel B. Vg refers to OUT A or OUT B,

within each channel, Rex refers to Rz or Rea, Rr1 0r Rro, and Cix refers to Ces or Cr, Cry of Cro.

2 High speed production testing limits the accuracy of this specification.

3 Integrated capacitors have +20% tolerance.
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Table 2. Electrical Characteristics 3 V Specifications

(To =25°C,AVDD=1.5V, AVSS=-1.5V,DVDD =3V, DVSS=0V, load resistance (R,) = open, +IN =0V, unless
otherwise noted. These default AVDD, AVSS, and +IN conditions are equivalent to a symmetrical supply
configuration with +IN biased to 0 V.)

PARAMETER SYMBOL CONDITIONS COMMENTS MIN TYP MAX UNITS L:\EI:.II.-S
DC PERFORMANCE
Input Offset
v T,=+25°C + *
Voltage OS,RTI A 25 150 uv P
Input Offset
AVos/AT 0°C<T,<+85°C +0. 10. °
Voltage Drift os/ A 0.11 0.85 IJ.V/ C CB
Input Offset —40°C<T,<
- AVos/AT +0.22 +1.0 V/°C C
Voltage Drift o +125°C wv/ °
Reo=3150Q +40 +160 Y P
R;;=3.5k0 + +
Output Offset Vosour T, = +25°C F1 40 160 uv P
Voltage Rr,=40.2 kQ +40 +160 uv P
Res= 450 kQ +40 +165 ny P
RF0: 315 Q i0.4 il.3 IJ.V/OC CT
Output Offset | e -40°C<T,< Rr;=3.5kQ +0.4 +1.3 | uv/°C Cr
Voltage Drift +125°C Re,=40.2 kQ +0.4 | #1.3 | pv/°C Cr
Res= 450 kQ +0.5 +1.7 | pv/°C Cr
el Rep=3150 0.28 0.315 | 0.35 kQ P
nterna
R, =3.5kQ 3.15 3.5 3.9 kQ P
Feedback R T,=+25°C
) ™ A Re,=40.2 kQ 36 40.2 45 kQ P
Resistance
Re;=450 kQ 400 450 500 kQ P
Internal R{p=315Q 32 47 ppm/°C Cr
Feedback ARL/AT -40°C<T,< R =3.5kQ 14 32 ppm/°C Cr
Resistance ” +125°C Re,=40.2 kQ 14 29 |ppm/°C| G
Drift? Res= 450 kQ 8 25 | ppm/°C Cr
VOUT = _1.4 V tO 0
Rr,=40.2 kQ
Open-L V,T,=+25°C i > > a8 i
pen-Loop
A =
Voltage Gainz 'VOL VOUT 1.4 V T.O O
V,-40°C<T,< Re,=40.2 kQ 98 dB Cr
+125°C
Rre=315Q 33 pF Cs
R =3.5kQ .
Feedb‘ack . T, =425°C F1 26.5 pF Cs
Capacitance?® Rr,=40.2 kQ 7 pF Cs
Res= 450 kQ 2.5 pF Cs
Ratiometric
in Variati -40°C<T,<
Gain Variation ST A All Ranges 0.3 2 % P
Between +125°C
Channels
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(T, =25°C,AVDD=1.5V, AVSS=-1.5V,DVDD =3V, DVSS=0V, load resistance (R,) = open, +IN =0V, unless
otherwise noted. These default AVDD, AVSS, and +IN conditions are equivalent to a symmetrical supply
configuration with +IN biased to 0 V.)

TEST
PARAMETER SYMBOL CONDITIONS COMMENTS MIN TYP MAX UNITS LEVELS
INPUT CHARACTERISTICS
Input Bias
Current lgs T,=+25°C +0.12 +1 nA P
(Noninverting)
Input
Common- v -40°C<T,< Guaranteed AVSS + AVDD v c
Mode Voltage | " +125°C by CMRR 0.1 -1.5 ®
Range
0.1to
Linear Range Repp=3150Q 75 mA Cr
of Current
V,n=AVSS+0.1 10to
Pulled from Iinuin- Vv N RF1: 3.5kQ 750 HA Cr
::Virtt'”g Re,=40.2 kQ 1to 65 UA Cr
P Res= 450 kQ 0.1to6 WA Cr
0.1to
Linear Range Rrp=3150Q 35 mA Cr
of Current
V,n=AVDD-1.5 10to
Pushed into Iinuins Vv N RF1: 3.5kQ 350 U-A Cr
::Virtt'”g Re,=40.2 kQ 1t030 LA Cr
p RF3: 450 kQ O.l tO 3 “.A CT
fﬂor;‘mon' Vew=-14V1t00
ode . CMRR V,T,=-40°Cto | All Ranges 73 87 dB Cr
Rejection +125°C
Ratio
Common- (+IN) 3.75/2.8 GQ/pF Cs
Mode Input Zey
impedance (-IN) 3.75/3.5 GQ/pF Cs
Differential
Diff i
Mode Input Cinom ifferential 2 pF Cs
. mode
Capacitance
OUTPUT CHARACTERISTICS
' Rep=3150 600 mv P
Output Swing V.y=AVSS+0.1 | R;=3.5kQ 150 | mv P
ngh (AVDD - Vou
Vo) V, L= s Rr,=40.2 kQ 100 mvV P
ouT Re,= 450k Q 100 mv P
' Rep=3150Q 600 mv P
(L);\fvp(l:/t Sv‘f”g , V. =AVDD-15 | R;,=3.5kQ 150 mvV P
AVSS) o i V) Ln= linwaxe Rp,=40.2kQ 100 mV P
Re;= 450 kQ 100 mv P
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(T, =25°C,AVDD=1.5V, AVSS=-1.5V,DVDD =3V, DVSS=0V, load resistance (R,) = open, +IN =0V, unless

otherwise noted. These default AVDD, AVSS, and +IN conditions are equivalent to a symmetrical supply

configuration with +IN biased to 0 V.)

PARAMETER SYMBOL CONDITIONS COMMENTS MIN TYP MAX | UNITS L:\EI:IS
L. _ Vqur Shorted
ig‘r’gft"c”'t e \:/*(')NI;QVDD/ 21w | o AvDD 57/40 mA Cs
and AVSS
DYNAMIC PERFORMANCE
Gain
Bandwidth GBP 8.5 MHz Cs
Product
10% to 90%, Rpp=3150Q 8.2 V/us Cs
rising and R;;=3.5kQ 6.9 V/us Cs
Slew Rate SR falling, Ly from  ['r_ =40.2kQ 2 V/ps Cs
0 MA o liymax-s
o load Re3 =450 kQ 0.4 V/us Ce
f=1kHz,Voyr =
ol 0.9V.pre no load Re=3150 -114 dBc Ce
H'armo.nic THD F= 1 KHz Ve =1 Re;=3.5kQ -118 dBc Cs
Distortion Ve 16 l,oaOdUT Re,=40.2kQ -118 dBc Cs
Rus? Res= 450 kQ -118 dBc Cs
Settling Time 580 (1)(’) g; SEI;() Rr=3150 1 Hs S
t0 0.1% of . OF Vo= AVSS+ | Ra=35 kQ 2 Us S
Sglttz‘;tesmp 0.1V, 1 fromo | Re=40-2k0 > us S
HA O | Res =450 kQ 10 us S
ANALOG POWER SUPPLIES
Operating
Range Vs = Vs 2.7 55 \Y P
(AVDD - AVSS)
AVSS Range
Below DVES Y5 22 0 v >
Ta=*25°CVs= | )l Ranges 81 90 dB P
Power Supply 2.7Vto5.5V
Rejection PSRR T,=-40°Cto
Ratio +125°C,Vs=2.7 | All Ranges 75 dB Cr
Vto55V
T,=+25°C,
Analog Supply Vo=3.0V All Ranges 3.0 3.25 mA P
Current per loa T,=-40°Cto
Amplifier +125°C, All Ranges 4.1 mA Cr
Ve=3.0V

analog.com
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(T, =25°C,AVDD=1.5V, AVSS=-1.5V,DVDD =3V, DVSS=0V, load resistance (R,) = open, +IN =0V, unless
otherwise noted. These default AVDD, AVSS, and +IN conditions are equivalent to a symmetrical supply
configuration with +IN biased to 0 V.)

PARAMETER SYMBOL CONDITIONS COMMENTS MIN TYP MAX | UNITS L:\EI:IS
DIGITAL THRESHOLD VOLTAGE
Input High DVDD -
Voltage Y 0.7 v S
Input Low DVSS
Voltage e v05 | Y >
Range SEL
Pull-Down Rep 885 kQ CB
Resistance
DIGITAL POWER SUPPLIES
Operating
Range (DVDD - | Vs 1.62 5.5 v P
DVSS)
Digital Tp=+25°C 1 HA P
Quiescent loo T,=-40°Cto
Current +125°C 10 HA Cr
ANALOG SWITCHES
Switch On T,=+25°C 21 25 o) P
R\év;igtance_ Fon Ta=-40Cto 33 Q0 ¢
+125°C i
Switch On-
T,=-40°Ct
Resistance ARoy/AT A © 0.25 %/°C Cr
- +125°C
Drift
Switch Off
Input Cinorr 1.8 pF Cs
Capacitance
NOISE
nputVoltage | f=100 kHz 7.3 nV/VHz | Ca
Noise Density
Integrated f=0.1Hzto 10
n . vV
Voltage Noise i Hz 4.6 e Co

To simplify terminology throughout this data sheet, because the two amplifiers inside the ADA4352-2 are
1 interchangeable, Re;, Rp,, R, Rro, +IN, and =IN refer to Channel A or Channel B. Vg refers to OUT A or OUT B,
within each channel, Rex refers to Rz or Rra, Rr1 Or Rro, and Cex refers to Ces or Cry, Cry or Cro.

2 High speed production testing limits the accuracy of this specification.

3 Integrated capacitors have +20% tolerance.
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ABSOLUTE MAXIMUM RATIN

T,=25°C, unless otherwise specified.

Electrostatic Discharge (ESD)

GS

The following ESD information is provided for handling of ESD-sensitive devices in an ESD protected area only.
Human body model (HBM) is per the ANSI/ESDA/JEDEC JS-001. Field-induced charged device model (FICDM) and
charged device model (CDM) per ANSI/ESDA/JEDEC JS-002.

Table 3. ADA4352-2, 16-Lead LFCSP

ESD Model Withstand Threshold (V) Class
HBM +2500 1C
FICDM +1250 C3
ESD Caution

A
Alad

functionality.

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

Table 4. Explanation of Test Levels

Test Level Description
D Definition
S Design verification simulation
P 100% production tested
Pe Functionally checked during production test
Cr Characterized on tester
Cs Characterized on bench

Table 5. Absolute Maximum Ratings

PARAMETER RATING
Voltage Between Any Two Pins 6V
DVDD and AVDD to DVSS -0.3Vto+t6V
DVDD, AVDD, and DVSS to AVSS -0.3Vto+6V
+IN and -IN Voltage AVSS-1VtoAVDD +0.3V
+IN and -IN Current 10mA
Op Amp Output Continuous Current 20 mA
Temperature Storage Range -65°Cto +150°C
Temperature Operating Range —-40°Cto +125°C

analog.com
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PARAMETER RATING
Temperature Junction, T, 150°C

Temperature Case, T 260°C

Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These
are stress ratings only, functional operation of the product at these or any other conditions above those indicated
in the operational section of this specification is not implied. Operation beyond the maximum operating conditions
for extended periods may affect product reliability.

Thermal Resistance
Thermal performance is directly linked to PCB design and operating environment. Close attention to PCB thermal
design is required.

0,4 is the natural convection junction-to-ambient thermal resistance measured in a one cubic foot sealed
enclosure.

Thermal Resistance

Package Type Oa Unit
CP-16-32 91 °C/W

Maximum Power Dissipation

The maximum safe power dissipation for the ADA4352-2 is limited by the associated rise in T, on the die. At
approximately 150°C, which is the glass transition temperature, the properties of the plastic change. Even
temporarily exceeding this temperature limit may change the stresses the package exerts on the die, permanently
shifting the parametric performance of the ADA4352-2. Exceeding a T, of 175°C for an extended period can result in
changes in the silicon devices, potentially causing degradation or loss of functionality.

The power dissipated in the package is the sum of the quiescent power dissipation and the power dissipated in the
die due to the output load drive of the amplifier.

120

T T
MAXIMUM CURRENT (mA)

100

A

60

) .

20

OUTPUT CURRENT (mA)

25 50 75 100 125 150
TEMPERATURE (°C)

003

Figure 3. Output Current Derating Curve
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PIN CONFIGURATIONS AND FUNCTION DESCRIPTIONS

Table 6. Pin Descriptions

[=]

16 DNC
15 OUTA
14 AVD
13 DVDD

ANA 1 12 SW SELOA
+INA 2 ADA4352-2 11 SW SEL1A
+NB 3|0 ORVEN 10 SW SEL1B
ANB 4 9 SWSELOB

nw © ~ ©

SEZ 3

23%%

NOTES
1. DNC = DO NOT CONNECT.

004

Figure 4. Pin Configuration

PIN NAME DESCRIPTION SURPE:LY Type
1 -INA Channel A TIA Inverting Input AVDD IN
2 +INA Channel A TIA Noninverting Input AVDD IN
3 +INB Channel B TIA Noninverting Input AVDD IN
4 -INB Channel B TIA Inverting Input AVDD IN
5 DNC Reserved - Do Not Connect
6 ouTB Channel B TIA Output AVDD ouT
7 AVSS Negative Analog Supply POWER
8 DVSS Negative Digital Supply POWER
9 SW SELOB Channel B Range Selection Input 0 DVDD IN
10 SWSEL1B Channel B Range Selection Input 1 DVDD IN
11 SWSELLA Channel A Range Selection Input 1 DVDD IN
12 SW SELO A Channel A Range Selection Input 0 DVDD IN
13 DVDD Positive Digital Supply POWER
14 AVDD Positive Analog Supply POWER
15 OUTA Channel A TIA Output AVDD ouT
16 DNC Reserved - Do Not Connect
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TYPICAL PERFORMANCE CHARACTERISTICS

AMPLIFIERS (%)

AMPLIFIERS (%)

AMPLIFIERS (%)

30
AVDD = +2.5V, AVSS = -2.5V OTa=—40°C
240 CHANNELS OTa=0C
[} [ Ta=+25°C
25 - O Tp=+85°C
- — 0T =+105C
— | [1Ta=+125C
20
15
10 = =
5
[ = L
-80 -60 -40 -20 0 20 40 60 80 100
INPUT OFFSET VOLTAGE (uV)
Figure 5. Input Offset Voltage Distribution,
AVDD=+2.5V, AVSS=-2.5V
30
AVDD = +2,5V, AVSS = -2.5V [0 -40°C < Tp < +85°C
240 CHANNELS —1 [ -40°C < Tp < +105°C
25 [0 -40°C < Tp s +125°C
[ [Jo°C<Tp s +85°C
20 —
15
10
5 il I I —Lﬁ

0 -0.6 -0.5-04-03-02-01 0 0.1 02 03 04 05 0.6
OFFSET VOLTAGE DRIFT (uV/°C)
Figure 7. Input Offset Voltage Drift Distribution,
AVDD =+2.5V, AVSS=-2.5V
25

AVDD = +1.5V, AVSS = -1.5V ] O7Ta=-40°C
240 CHANNELS B [Ta=0C
[ Ta=+25°C
20 — O Tp=+85°C
O T =+105°C
1 = [ Ta=+125C
15 —
10 ——A —
s ] ull=

0—10() -80 -60 -40 -20 O 20 40 60 80 100
INPUT OFFSET VOLTAGE (uV)

Figure 9. Input Offset Voltage Distribution,

AVDD = +1.5V, AVSS =-1.5V
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AMPLIFIERS (%)

AMPLIFIERS (%)

AMPLIFIERS (%)

12
AVDD = +4.9V, AVSS = 0.1V OTp=-40°C
240 CHANNELS OTa=0C
- [1Tp = +25°C
10 ] O Ta = +85°C
L O Ta=+105C
1 ~ [1Tp = +125°C
8
6 — O
4 — TTitm
2 =01:1: - = HE
0 1 i 1
-200 -150 -100 -50 0 50 100 150 200 250
INPUT OFFSET VOLTAGE (pV)
Figure 6. Input Offset Voltage Distribution,
AVDD=+4.9V,AVSS=-0.1V
25
AVDD = +4.9V, AVSS = -0.1V [0-40°C < Tp < +85°C
240 CHANNELS [J-40°C s Tp s +105°C
[J-40°C s Tp s +125°C
20 —1 [10°CsTps+85°C
15 —
10 — —
5 —
0
-1.0 -08 -06 -04 -02 0 02 04 06 08

OFFSET VOLTAGE DRIFT (uV/°C)

Figure 8. Input Offset Voltage Drift Distribution,
AVDD =+4.9V, AVSS=-0.1V
12

AVDD = +2.9V, AVSS =-0.1V OTa=-40°C
240 CHANNELS Ta=0C
L [1Tp = +25°C
10 T [ITp = +85°C
1T = +105°C
A [JTa=+125°C
8
6 e
4 AR i
2 b = - -
0 |
-200 -150 -100 -50 0 50 100 150 200 250

INPUT OFFSET VOLTAGE (uV)

Figure 10. Input Offset Voltage Distribution,
AVDD =+2.9V, AVSS=-0.1V
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30 25
AVDD = +1.5V, AVSS = -1.5V [0 -40°C < Tp s +85°C AVDD = +2.9V, AVSS = 0.1V [0-40°C < Tp s +85°C
240 CHANNELS [ —40°C £ Tp < +105°C 240 CHANNELS []-40°C < Tp < +105°C
25 0 -40°Cc STp s +125°C 1 [0 -40°Cc STp S+125°C
—1_ | [J0°C < Tp < +85°C 20 [10°C s Tp < +85°C
g 2 == 3 ]
g — 1 g —
[72] — [72] 15 — S
g _ g - H-
£ 15 — o - ]
a — a |
= L 10 —
= 40 — — < L 11—
- — 5 -
5 —— — L —
0 0
-0.7-0.6-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 10 -08 06 04 02 0 02 04 06
OFFSET VOLTAGE DRIFT (uV/°C) g OFFSET VOLTAGE DRIFT (uV/°C) g
Figure 11. Input Offset Voltage Drift Distribution, Figure 12. Input Offset Voltage Drift Distribution,
AVDD =+1.5V,AVSS=-1.5V AVDD =+2.9V, AVSS=-0.1V
30 12 ———
ﬁxgsb = +22§‘\/I — 0 Rg3 = 450kQ ﬁxgg = "3‘?\‘/’ 0 Rg3 = 450kQ
240 CHANNELS — [ Rpz = 40.2kQ 240 GHANNELS [ Rg, = 40.2kQ
25 | Tp = 25°C = ORpq =3.5kQ | 10 | Ta =25°C ORpy=3.5kQ
| ORgo = 3150 B O Rgg = 315Q
= 20 = 8 A
g m g L
7] /] ]
& — & _ MHIB4
£ 15 - 4 = i
- - T B ]
o o 1 L]
= = " - | H
< 10 < 4 - LHE
5 2 iR T e
g A1 ITHEA
. = &l . I HA| o
100 -80 60 —40 -20 O 20 40 60 80 100 -200 160 —120 -80 —40 O 40 80 120 160 200
OUTPUT OFFSET VOLTAGE (uV) 2 OUTPUT OFFSET VOLTAGE (uV) z
Figure 13. Output Offset Voltage Distribution, Figure 14. Output Offset Voltage Distribution,
AVDD =+2,5V,AVSS =-2.5V AVDD =+4.9V, AVSS=-0.1V
30 25
AVDD = +2.5V, 0 Rg; = 450kQ AVDD = +4.9V, 0 R = 450kQ
AVSS = -2.5V —= = AVSS = 0.1V =
240 CHANNELS ||| g EFZ = 40.2k0 240 CHANNELS g Rrz = 40.2k0
25 | Z40°C < T, < +125°C L F1=3.5kQ | —40°C < Tp < +125°C + Rpq = 3.5k
1 O Rgg = 315Q 20 T TFA ORgg=315Q
s 20 -] = allull
g — g
o 1] o 15 g
g 58 g el e
g 15 ] - fro LT
E n == E il n L
s s 10 T
< 10 == < i
5 == s AT
0 e 1] = 0 R Fanll { HHT] i :FLq--. ch
09 -07 -05 -03 -010 01 03 05 07 09 —2.0-1.8-1.6-1.4-1.2-1.0-0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 1.0
OUTPUT OFFSET VOLTAGE DRIFT (uV/°C) 2 OUTPUT OFFSET VOLTAGE DRIFT (uV/°C) g
Figure 15. Output Offset Voltage Drift Distribution, Figure 16. Output Offset Voltage Drift Distribution,
AVDD =+2,5V,AVSS=-2.5V AVDD =+4.9V, AVSS=-0.1V
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25

' . AVDD = +2.9V, 0 Rg3 = 450kQ
AVDD = +1.5V, 0 Rg3 = 450kQ — 4 F3
AVSS = 1.5V . R = 40.2k0 AN & Rz = 40.2kQ
240 CHANNELS i F2= = 280 0 Rgq = 3.5kQ
Tp =25°C ORgq = 3.5kQ 10 [Ta=25°C F1=3.
n — ORpp=315Q | O Rg = 315Q
- — — 8 miimu
£ 45 ] ) HHHmM
T ] z © 7 =
| . | n
a 10 o B
= g - |
E < 4 . ———t
5 RNEE = ) |l L il
0 m——-—r I | ] o (OO OOT :I- 1:H
-100 -80 -60 —-40 -20 0 20 40 60 80 100 -200 -160 -120 -80 —40 0 40 80 120 160 200
OUTPUT OFFSET VOLTAGE (uV) = OUTPUT OFFSET VOLTAGE (pV) 2
Figure 17. Output Offset Voltage Distribution, Figure 18. Output Offset Voltage Distribution,
AVDD =+1.5V, AVSS=-1.5V AVDD =+2.9V, AVSS=-0.1V
30 25
0 Re; = 450kQ ﬁgsn = +11 .55\\,/, AVDD = +2.9V, 0 Rg; = 450kQ
Rpp = 40.2kQ =-1 AVSS = -0.1V Rp; = 40.2kQ
OR. = 3.5k0 - 240 CHANNELS 240 CHANNELS i DR = 3.5k
25 F1=3. —40°C < Tp < +125°C - —40°C < Tp, < +125°C F1==
0 Rgo = 3150 | 20 ORg=315Q ]
—~ 20 s L
S S -
a a
£ 15 T i il
z n n Z 10 i
= 1 1 =
< 10 < i
1] T HA 5 Il "
5 . =1 [‘I ul
o L. -;I T o LT EI[]::
-1.0 -0.8 -0.6 -0.4 -0.2 0 02 04 06 08 1.0 -2.0 -1.6 -1.2 -0.8 -0.4 0 0.4 0.8
OUTPUT OFFSET VOLTAGE DRIFT (uV/°C) 2 OUTPUT OFFSET VOLTAGE DRIFT (uV/°C) g
Figure 19. Output Offset Voltage Drift Distribution, Figure 20. Output Offset Voltage Drift Distribution,
AVDD =+1.5V, AVSS=-1.5V AVDD =+2.9V, AVSS=-0.1V
150 150
AVDD = +2.5V, AVSS = -2.5V AVDD = +2.5V, AVSS = -2.5V
— .
™~ 120 \,_\\ Rpp=315Q — ™~ 120 _\\ REq = 3.5kQ
2 NG 2 ~
w 20 \\ R p— W 90 ~— o ~F——1
SR —— £ 60 — P~
S Lo
§ 30 — ] - é 30 \Qb\—\y — -
[ — > [ - —~
% ~ ,v—'—N % \ ——]
o o
(o] o
5 30 5 30
o o
'5 -60 [~ '5 -60 [
) —= Tp=-40°C 2 — = Th=—40°C
3 |~ Ta=0C 2 L = Tpo=0°C
< -90 < -90 A
5 — Tp=+25°C 5 —— Tp=+25°C
F _420 Tp = +85°C F o120 Tp = +85°C
= Ta=#125°C — Tp=+125°C
-150 ! . -150
-2.5 -2.0 -1.5 -1.0 -0.5 0 0.5 1.0 1.5 -2.5 -2.0 -1.5 -1.0 -0.5 0 0.5 1.0 1.5
COMMON-MODE VOLTAGE (V) 8 COMMON-MODE VOLTAGE (V) 8
Figure 21. Total Output Offset Voltage vs. Common-Mode Figure 22. Total Output Offset Voltage vs. Common-Mode
Voltage at Various Temperatures, Rro= 315 0, Voltage at Various Temperatures, Re:= 3.5 kQ,
AVDD =+2.5V, AVSS==-2.5V AVDD =+2.5V, AVSS==-2.5V
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Figure 23. Total Output Offset Voltage vs. Common-Mode
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Figure 25. Total Output Offset Voltage vs. Common-Mode

150
AVDD = +1.5V, AVSS = —1.5V
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Figure 27. Total Output Offset Voltage vs. Common-Mode
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Figure 24. Total Output Offset Voltage vs. Common-Mode

Voltage at Various Temperatures, Re2=40.2 kQ,
AVDD =+2.5V, AVSS=-2.5V

AVDD = +1.5V, AVSS = -1.5V
NS ——— Rgp = 315Q —
\.—\\
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— T —
=\-—-\_.\>
—T—
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COMMON-MODE VOLTAGE (V)
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Voltage at Various Temperatures, Re:= 450 kQ,
AVDD=+2.5V, AVSS=-2.5V

Voltage at Various Temperatures, Rro= 350 0,
AVDD=+1.5V, AVSS=-1.5V
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Figure 26. Total Output Offset Voltage vs. Common-Mode
Voltage at Various Temperatures, Re: = 3.5 kQ,
AVDD =+1.5V,AVSS =-1.5V
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Figure 28. Total Output Offset Voltage vs. Common-Mode

Voltage at Various Temperatures, R-.=40.2 kQ,
AVDD=+1.5V,AVSS = -1.5V
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Figure 29. Short Circuit Current vs. Shorted Output Voltage,
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Figure 37. Open-Loop Gain and Phase vs. Frequency at Figure 38. Open-Loop Gain and Phase vs. Frequency at
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Supplies AVDD =+2.5V, AVSS=-2.5V

analog.com Rev 0 | 22 of 47


https://www.analog.com/en/index.html

ADA4352-2

0.01 -80 10 = = -20
< AVDD = +2.5V, AVSS = 2.5V g 3 = AVDD = +2.5V, AVSS = 2.5V — Rpp=3150 7 g
= NOISE BANDWIDTH = 90kHz z = I~ NOISE BANDWIDTH = 45kHz —T— —— R, =3.5kQ | c
7] f=1kHz w o f =1kHz — Rp, = 40.2kQ w
2 ® - F2 = 40.2kQ) | o)
] G=-1 s ¢ TEe=— —— Rez=4s50k0 o] 3
+ NO LOAD z . - NO LOAD v z
Z  o.001 A 10 z 3 / z
o — Q
E —ll E E 0.1 -60 E
o = % o o
® =aa [ 7] =
: 2 8 = 2
o o 2 o0 I 80 o
4 = 4 b S
2 0.0001 -120 § 2 )
s s
n<: —_— - — 4 n<: — [
T Rpo =3150 | £ T o000 = -100
2 —— Rpq=3.5kQ | i 3
5 — Rp2=40.2kQ _| 2 5 ! £
F —— Rp3 = 450kQ o F T =
0.00001 L —140 0.0001 -120
20 100 1k 10k 20k 0.02 0.1 1 2
FREQUENCY (Hz) b OUTPUT AMPLITUDE (Vgys) g
Figure 41. Total Harmonic Distortion + Noise vs. Frequency, Figure 42. Total Harmonic Distortion + Noise vs. Output
AVDD=+2.5V, AVSS=-2.5V Amplitude, AVDD =+2.5V, AVSS =-2.5V
140 140
+PSRR +PSRR
120 —— _PSRR 120 —— _PSRR
100 100
80 ™ 80 R
. N o NN
g ~~.l ;i \:\
N ™
¢ 40 ﬁ%\ 40
& ™ & NI
2 5 N e 2 b
NN NN
. NQ 0 PN L]
\\ \
-20 \v -20 \V
_40 | AVDD = +2.5V, AVSS = 2.5V _40 | AVDD = +1.5V, AVSS = 1.5V
Ta=25°C Ta=25°C
1 10 100 1k 10k 100k 1M 10M 100M 1 10 100 1k 10k 100k 1M 10M 100M
FREQUENCY (Hz) g FREQUENCY (Hz) 3
Figure 43. PSRR vs. Frequency, AVDD = +2.5V, AVSS =-2.5V  Figure 44. PSRR vs. Frequency, AVYDD =+1.5V, AVSS=-1.5V
3.0 ‘ ‘ ‘ T T 0.30
| 4IN=OvV | INPUT STEP = +IN =0V
2.5 INPUT STEP = Reo = 315 Q 0.25 OpA TO +634pA Reo = 315Q
20 0 mA TO +5.87 mA 0.20
15 0.15
s s
5 10 S 010
] INPUT STEP = [c) INPUT STEP =
< 0. - < 0.
g 00 AL Tl g 00 —317pA TO +317pA |
(<] [<] 0
> >
5 -0.5 l 5 -0.05
'é -1.0 'é -0.10
15 — -0.15 —
—— AVDD = +1.5V, AVSS = —1.5V —— AVDD = +1.5V, AVSS = 1.5V
-2.0 = AVDD = +2.5V, AVSS = -2.5V —| -0.20 = AVDD = +2.5V, AVSS = 2.5V —|
25 —— AVDD = +2.9V, AVSS = 0.1V _| —0.25 —— AVDD = +2.9V, AVSS = 0.1V _|
’ ——— AVDD = +4.9V, AVSS = 0.1V ’ ——— AVDD = +4.9V, AVSS = 0.1V
30 ‘ ‘ ‘ ‘ ‘ ‘ —0.30 ‘ ‘ ‘ ‘ ‘ ‘ )
TIME (1ps/DIV) g TIME (1ps/DIV) e
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Figure 47. Large Signal Transient Response at Various

Supplies, Rr1 = 3.5 k2, Co =10 pF, Rexr =200 02,

Cexr =180 pF
3.0 T T T _
25 INPUT STEP = | HN=0v
20 OuA TO +45.5pA Rr2 = 40.2kQ
15 - \
Z 10
S g
Q . f INPUT STEP = \
e o —24.8yATO +24.8yA
3 o / K
>
z
05
g / \
> -1.0
3
15 -
—— AVDD = +1.5V, AVSS = —1.5V
-2.0 —— AVDD = +2.5V, AVSS = 2.5V —|
25 —— AVDD = +2.9V, AVSS = 0.1V _|
. AVDD = +4.9V, AVSS = 0.1V
30 ____ AVDD=+4.9V, AVSS =0

TIME (1ps/DIV)

@
<
S
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Figure 51. Large Signal Transient Response at Various

analog.com

Supplies, Rz =450 k€2, Co =10 pF, Rexr =200 0,

Cexr =180 pF

OUTPUT VOLTAGE (V)

0.30
0.25
0.20
0.15
0.10
0.05
0
-0.05
-0.10
-0.15
-0.20
-0.25
-0.30

INPUT STEP = +IN =0V
OuA TO +62.84A | R, = 3.5kQ
INPUT STEP = ‘

~28.54A TO +28.5pA \

—— AVDD = +1.5V, AVSS = 1.5V |

= AVDD = +2.5V, AVSS = -2.5V |
= AVDD =+2.9V,AVSS =-0.1V _|

AVDD = +4.9V, AVSS = -0.1V

TIME (1us/DIV)

©
2
3

Figure 48. Small Signal Transient Response at Various
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Figure 50. Small Signal Transient Response at Various
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Figure 52. Small Signal Transient Response at Various

Supplies, Rr: =450 k2, Co =10 pF, Rexr =200 02,

Cexr =180 pF
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Figure 63. Switching Between Rr: and R, Figure 64. Switching Between Rr; and Rr,
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THEORY OF OPERATION
OVERVIEW

The ADA4352-2 is a small, dual-channel programmable gain transimpedance amplifier (PGTIA) offering four
selectable integrated feedback gain resistor selections for each of the two channels. The ADA4352-2 features a core
amplifier with low offset and offset drift, low gain drift, low noise, and low input bias current. A simple gain
calibration removes the DC error contributed by the tolerance of the integrated feedback resistors. Gain selection is
done via proprietary switches that outperform typical CMOS switches of similar size and on-resistance. The
switches are arranged in a Kelvin configuration that removes the added switch on-resistance and its nonlinear
behavior from the signal path. Each channel’s four feedback paths are internally compensated, which eliminates
the need for external compensation capacitors. Additionally, the ADA4352-2 is capable of directly driving an ADC,
eliminating the need for a separate ADC driver, and thus reducing the PCB footprint of the overall signal chain.

The analog circuitry can operate on either a single supply (+2.7 V to +5.5 V) or dual supplies (+1.35V to +2.75V). The
digital inputs (switch control) operate on supplies between 1.62 V and 5.5 V to interface directly with standard logic
levels (1.8 V, 3.3V, or 5V) based on the voltage applied to the digital supply (DVSS and DVDD) pins. The voltage
levels required for a logic low (V) or high (V,,;) value are relative to the corresponding digital rail (DVSS and DVDD)
(see Table 1 and Table 2 for more information).

The switches for channel A and channel B of the ADA4352-2 are controlled by the digital input pins, SW SELO A, SW
SEL1 A, SW SELO B, and SW SEL1 B, respectively. The digital supplies included in the ADA4352-2 provide additional
flexibility to control the switch logic independently from the analog supply range. The four internal switch
selections are make-before-break to maintain a closed feedback loop during switching to reduce output overdrive
glitches that occur otherwise. The SWSEL pins have internal pull-down resistors to DVSS, so the ADA4352-2 defaults
to its lowest gain configuration (315 Q) if the gain select pins are left floating.

To simplify terminology, because the two amplifiers inside the ADA4352-2 are interchangeable, Re, Re; Rr,, Res, SW
SELO, SW SEL1, +IN, and -IN refer to channel A or channel B. OUT refers to OUT A or OUT B.
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PGTIA ERRORS

PGTIA Measurements

The ADA4352-2 is designed for wide dynamic range transimpedance measurements with four internal gain resistors
of 315 Q, 3.5 kQ, 40.2 kQ, and 450 kQ. Additionally, each gain is internally compensated with feedback capacitors of
33 pF, 26.5 pF, 7 pF, and 2.5 pF, respectively. The dominant DC error sources will vary depending on the selected
PGTIA gain. When the TIA gain is set to 315 Q, the majority of the DC error is caused by input offset voltage, while
when TIA gain is set to 450 kQ, the error is dominated by input bias currents and switch off leakage currents.

The PGTIA circuit (see Figure 68) models a photodiode input as a parallel current source (l,,), resistor (Rg), and
capacitor (Cp) at the inverting input of a closed-loop op amp. Through negative feedback, a virtual reference
voltage (Vcu) is maintained at the inverting input terminal of the PGTIA. This potential sets the bias voltage for one
terminal of the photodiode and allows all the source current to flow through the feedback resistor. Ideally, only
signal current from the sensor must flow through the selected gain resistor of the PGTIA. The ideal transfer function
of the PGTIA is given by the following equation.

Vour = Diode current (I,y) X Rg, + Vem
where, R, is one of Ry, Rey, Re,, OF Res.

In some cases, large photodiode reverse bias voltage (-Vg) and/or elevated temperatures result in photodiode DC
dark current (Ipare), Which can be considered both a DC error and current noise source in a photodiode model.
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Figure 68. PGTIA Circuit

Input Offset Voltage

The input offset voltage of the amplifier in a PGTIA adds an output DC error (and drift) that is approximately the
same for all gain settings. The error at the output of the PGTIA due to the input offset is gained up by the (DC) noise
gain of the amplifier (see Figure 68).

Noise gain for a typical PGTIA is given by the following equation.
Noise gain = (1 + Rey/Rsy)

where, Rg, is any shunt resistance in the photodiode model.
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For Rgy >> Ry, noise gain reduces to 1.

Because the offset is a voltage error, it impacts the usable and accurate codes of the ADC for all TIA gainsin a
similar way. The ADA4352-2 uses proprietary in-package offset and offset-drift trim to minimize this error.

Input Bias Current

In a PGTIA, the noninverting input bias current (Ig,) adds to the total output DC error when the +IN source resistance
(Rins) is large. For example, 1 nA of input bias current at the noninverting input adds 1 mV of offset for 1 MQ of
source resistance. Similarly, input bias current at the inverting input (Ig) is only significant at the highest gain
setting, as it is multiplied by the gain resistance. These input bias currents increase exponentially with junction
temperature (T,). Typically, for an amplifier with CMOS input devices, the input bias current is dominated by
leakage through the electrostatic discharge (ESD) protection diodes. The ADA4352-2 is designed with proprietary
architecture to reduce the reverse-biased leakage of these ESD protection diodes on the all sensitive pins.

Switch Off Leakage Current

Only one of the gain-setting integrated switches can be on at any time. Leakage currents from each of the other
three open switches (o) and the inverting input bias current (I;.) sum back into the active channel (see Figure 69).
Both loer and lg- increase exponentially with temperature. For a CMOS switch, there is a trade-off between on-
resistance (Roy) and loee. Another important aspect of CMOS switches is that | increases when operating the
switch near the supply rail. Not only does ADA4352-2 have low |y switches, but also the low leakage performance

extends to 0.1V from the rail, resulting in a wider usable range for the TIA circuit.
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Figure 69. Leakage Current Contributions to Output Voltage Error in the ADA4352-2

Output-Referred Offset Voltage

The output-referred offset voltage is the sum of errors due to the input bias current of the inverting input (lg),
switch off leakage current (logf), and input offset voltage. The ADA4352-2 achieves a maximum of 130 pV output
offset voltage at 25°C with the lowest selectable gain and 1.1 pV/°C drift from -40°C to +125°C at a 5V supply.

For example, a 16-bit ADC with a 4.5V reference has a 68.7 UV step size.

VREF

ADC Step Size (LSB) = N

where, N is the ADC resolution.
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For Re; = 450 kQ, the output-referred offset at 25°C is 150 pV, while the same circuit for R, =315 Q (lowest selectable
Rex value) has 130 pV of output-referred offset. In both cases, the output-referred offset is less than three ADC
codes. The 1.1 uV/°C (-40°C to +125°C) maximum offset temperature drift leads to a 181 pV shift or a worst case of
three additional codes.

The input bias current from the noninverting input (maximum 1 nA) has negligible impact on the TIA circuit
accuracy if it adds less than 10 pV (much less than one ADC code) of output-referred offset voltage error. This
occurs when the sensor output impedance (Rg,) is less than 10 pV/1 nA=10 kQ.

If the ADA4352-2 is used in applications measuring a high impedance voltage sensor, the input bias current results
in a voltage error at the noninverting input. This error is equal to the sensor output impedance times the bias
current (see Figure 70). This voltage error is gained up by (1 + Ri,/gain resistor (Rg)).
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Figure 70. High Impedance Voltage Measurement Using the ADA4352-2

Kelvin Connection and TIA Accuracy

Atypical PGTIA places the switches in series with the feedback resistors (see Figure 71). Therefore, the switch on-
resistance is part of the transimpedance gain. To minimize the error, it is recommended to use gain setting
switches with the lowest possible on-resistance. Unfortunately, low impedance switches have large leakage at high
operating temperatures. They add leakage current to the sensitive signal path (see Switch Off Leakage Current). The
improved Kelvin approach used in the ADA4352-2 (see Figure 72) places half of the switches inside the loop to
provide a Kelvin connection. The on-resistance of the left side switch becomes a part of the open-loop output
impedance and is corrected by the loop gain of the amplifier (shown in Figure 72). As most PGTIA applications do
not need to drive DC current to their load, the on-resistance of the right-side switch does not create additional
error. The low on-resistance switches in ADA4352-2 are also designed for low leakage to minimize the error. For
traditional PGTIAs, the R, of the switches changes over temperature and causes gain error drift over temperature.
This error is more obvious for the smallest gain (315 Q range). The ADA4352-2 Kelvin connection approach greatly
reduces this error.
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Figure 71. Typical Gain Transimpedance Amplifier with Error due to Ron
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Figure 72. Switched Gain Transimpedance Amplifier with Kelvin Switching

Maximum Linear Input Current Range

Most photodiode PGTIA applications operate in a single supply configuration (see Figure 73). Even though ADA4352-
2 input pins can swing all the way to ground, the output stage requires at least 0.1 V from either of the supplies to
maintain specified linearity.
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Figure 73. Maximum Linear Output Voltage
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Additional voltage headroom is required due to IR drop through the switch resistance. A conservative estimate of

the maximum available linear output voltage swing considering these headroom requirements is given by the
following equation:

AVDD — Vyp

R
1+ 5
RFX

VO,MAX =

where:

Vyr is the output stage headroom.

Roy is the resistance of the switch inside the loop.

Rk is the gain resistor in the selected loop.

Consequently, the PGTIA maximum linear input current can be calculated by the following equation:

VO,M AX

IIN,MAX RFX

Forinstance, if V,;r =0.1V, and Ry = 19 Q over process corners, the resulting maximum linear output voltage Vo yax
from the above equation is 4.62 V for R;y=315 Q and 4.9 V for R;= 450 kQ. The maximum linear input current that
can be pulled from the amplifier in this case is 14.7 mA for R,,=315 Q and 10.9 pA for R;; =450 kQ. Table 8 shows
maximum linear currents and voltages for various gain settings and supply conditions. Note that the value of the
gain resistors can vary by +11%, which is considered in the Table 8 values.

The previous example assumed no resistive load, and thus, no IR drop across the switch on the right side in Figure
73. If the PGTIA needs to drive a resistive load, there is an IR drop through the right-side switch outside the loop.

Careful consideration of these effects is essential to achieve the highest signal path accuracy with maximum
available output swing.

The ADA4352-2 also can be used in the applications with photodiodes pushing current into the PGTIA summing
node at the inverting input (-IN). The ADA4352-2 input requires 1.5V headroom from the positive supply to
maintain specified linearity. Therefore, linear output voltage swing and linear input current are lower for this
configuration (see Table 8).

Table 8. Maximum Linear Output Currents and Voltages

Rro= 3150 Rr1= 3.5 kQ Rr2=40.2 kQ Rrs= 450 kQ

Vs=5V Vs=3v Vs=5V V5=3V Vs=5V Vs=3v Vs=5V Vs=3v
Sensor pulls | Vowmax (V) 4.65 2.65 4.88 2.88 4.90 2.90 4.90 2.90
current out lpue (MA) 13.41 7.64 1.27 0.75 0.11 0.065 0.01 0.006
Sensor Vonx (V) 322 | 128 | 338 | 139 | 340 1.40 340 | 140
pushes lpusi (MA) 930 | 369 | 08 | 036 | 0077 | 0031 | 007 | 0.003
currentin

ESD Protection

The ADA4352-2 is fabricated on a low-voltage CMOS process. To protect the device from electrostatic discharge
(ESD), all pins have reverse-biased ESD protection diodes, as shown in Figure 74. The ADA4352-2 also has several
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shunt supply clamps to protect its two supply domains, AVYDD/AVSS and DVDD/DVSS. The ADA4352-2 has a pair of
back-to-back diodes to protect the inputs during ESD strikes.
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Figure 74. Simplified Internal ESD Schematic Diagram
MAIN AMPLIFIER (CMOS)

Rail-to-Rail Output Stage

The maximum detectable signal in the PGTIA is limited by the input and output operating range of the amplifier. To
maintain the best accuracy, the common-mode voltage V. at the noninverting input must be biased at least 0.1V
above the negative supply.

The negative supply (AVSS) must be less than ground (0 V) for PGTIA applications that require the output to swing
all the way to ground. This configuration is possible for the ADA4352-2, because the digital supplies (DVDD and
DVSS) and analog supplies (AVDD and AVSS) are independent.

The ADA4352-2 is designed with a rail-to-rail output stage and can operate to within 100 mV from the power
supplies with Ay, > 110 dB, which provides flexibility for the system and eases design constraints.

Bottom Rail Input Stage

The V¢, is constrained by the input common-mode range of the main amplifier. In a single-supply configuration, V¢,
also sets the minimum output voltage value in a TIA design. Therefore, the dynamic range is constrained between
Vcw and the maximum ADC input voltage. The ADA4352-2 is designed with a PMOS input differential pair to allow
the analog inputs to swing to AVSS, where AVSS can be set to as much as 0.5V less than DVSS. It is less common in
TIA designs for the input common-mode voltage across the inputs to approach the positive supply. The ADA4352-2
input stage requires 1.5V headroom to the positive supply.

Low Noise Operation

In a transimpedance amplifier, having low op-amp input voltage noise is particularly crucial. At low frequency, the
noise gain is near 1 V/V. However, at higher frequencies, the noise gain increases from unity due to source
capacitance. Additionally, more noise is integrated (per decade) at higher frequencies, which contributes to the
total output integrated noise. While there is usually a design trade-off between noise and power consumption, the
ADA4352-2 contributes 7.3 nV/y/Hz of wideband noise while requiring only 3.3 mA per channel.
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Current Noise

When using large transimpedance gains (that is, 450 kQ), the current noise of the main amplifier can be a major
source of noise in a system. The current noise flows through the feedback resistor and appears at the output as a
voltage (current noise x Ryy). Also, if the photodiode is reverse-biased, its dark current noise contribution can, in
some cases, become the dominant current noise term.

In CMOS amplifiers, the input current noise increases over frequency and, therefore, can have a major impact on
the total integrated noise. The ADA4352-2 is designed to have low current noise, but it increases with frequency. A
110 fA/v/Hz flat current noise spectral density from 10 kHz to 100 kHz is used in the Photodiode Circuit Design Wizard
to represent the worst case high frequency noise.

Using a TIA gain of 450 kQ, the Johnson noise of the resistor itself at the output is 86 nV/vHz (at room temperature),
while the gained-up 110 fA/y/Hz current noise spectral density of the amplifier at 10 kHz is a comparable 49.5
nV/vHz. These current noise sources are usually insignificant compared to the voltage noise contribution (refer to
the “Noise Contributions for Transimpedance Amplifiers” section in the ADA4351-2 data sheet).
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APPLICATIONS INFORMATION

RC Tolerancing

The ADA4352-2’s internal Rixand Cgx values come with the typical tolerancing for IC elements. The Rex values have
their nominal £11% tolerance, while their associated Cexvalues are specified with +20% tolerance. The Rex variation
is normally calibrated out to correct each of the gain slopes. The Cexvariation modifies the TIA frequency response
and changes the pulse responses at the TIA output (Vour). Table 9 summarizes the specified Rex and Cexranges, and

the resulting feedback pole (P1) range.

Table 9. Specified Rixand Cgx Tolerancing Ranges and Feedback Pole, P1

Nom RFx Min RFx Max Rrx Nom Crx Min Crx Max Crx Max P1 Nom P1 Min P1

kQ kQ kQ pF pF pF MHz MHz MHz

0.315 0.28 0.35 33 26.4 39.6 21.5 15.3 11.5

3.5 3.1 3.9 26.5 21.2 31.8 2.4 1.7 13

40.2 36 45 7 5.6 8.4 0.8 0.57 0.4

450.0 400.5 499.5 2.5 2 3 0.2 0.14 0.11
where, P; = .

2T X Rpx X Crx

All these Rex selections have the same range of variation that can be calibrated out. The biggest impact of this Rg,
Cex tolerancing is for Rro= 315 Q, where the response shows peaking even with a relatively small assumed diode
source capacitance (Cp) of 10 pF at the ADA4352-2’s input.

Adding an external RC filter of Rexr =200 Q and Cexr = 180 pF at the TIA output, using 1% tolerance resistors and 2%
tolerance capacitors, significantly reduces peaking in the frequency response when using Rro=315 Q. The F-345
frequencies of the higher gains Re; to Re; are already well below the external RC filter cutoff frequency. So, they are
not impacted by the external RC filter.

The Monte Carlo plot of Figure 75 shows both the ADA4352-2’s response variation due to internal tolerances of Rg=
315 Q and Cr = 33 pF, and the subsequent improvement in peaking due to adding the external RC filter. Note that
the ADA4352-2 LTspice model that produces the plot of Figure 75 is configured with only the nominal internal
Rex||Cex values.
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Figure 75. Monte Carlo of PGTIA Frequency Response for Rr = 3150 Nominal without (Black) and with External RC Filter
(Blue) with Cp =10 pF
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RC Tolerancing and Effect of External RC Filter

This external RC filter also adds more control to the step response for the most peaked 315 Q gain condition. The
following step responses assume an Rexr = 200 Q, Cexr = 180 pF, as used previously, a 0.5V bias at +IN, Cp of 10 pF,
and the part configured in the 315 Q gain setting. The 1V output step response in Figure 76 shows how the external
RC filter smooths the PGTIA ringing response.
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Figure 76. Simulated (Left) and Measured (Right) 1 V Output Step at the Nominal 315 Q Gain Setting at both Vour and after the
External RC Filter

The three groups of curves in Figure 77 show the effects of extremes of component tolerance on step response.

Here, the minimum Rgo and Cg values are used together, then the nominal values, and then the maximum Rg and

Cro values. All curves in Figure 77 were produced with the same input current, which would resultin a 1V output

step using a nominal Reo = 315 Q gain setting. The two extremes settle to a lower and higher final value, but all show

the same settling behavior after the external RC filter.
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Figure 77. Simulated 1 V Output Step with Internal RC Tolerancing Extremes at the Nominal 315 Q Gain Setting, with and
without External RC Filter
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Frequency Response Variation with Diode Capacitance Cp
External diode capacitance (Cp) values interact with the ADA4352-2’s various internal feedback resistance and
capacitance pairs (Rex||Crx) to give a range of frequency response curves. The lowest (315 Q) Rr, value, which results
in a F.3gs bandwidth greater than 10 MHz, shows increased peaking in the frequency response as the Cp increases
from 5 pF to 25 pF, and finally to 45 pF. This resulting response is normally bandlimited by the typically <5 MHz RC
filter following the PGTIA into a SAR ADC (see RC Tolerancing and Effect of External RC Filter). In all cases, it is
important to remember the ADA4352-2 adds a total of 5.5 pF parasitic input common-mode and differential
capacitance (Cew+ Coire) to Cp,

The family of output response curves in the left half of Figure 78 shows the effect of changing the value of Cp to 5 pF,
25 pF, or 45 pF at the Rry= 315 Q gain setting. As the diode capacitance is increased, the frequency response
exhibits more peaking and the corresponding F_34s point moves slightly lower in frequency.
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Figure 78. Simulated (Left) and Measured (Right) Frequency Response at Voyr for Various Cp Values, Rgo = 315 0.
Measured Curve with Cp = 47 pF Shown for Worst Case Peaking Comparison

The gains Rr through Res are displayed in dBQ in frequency response plots. Table 10 provides the conversions from
linear gains to their logarithmic equivalents to clarify the frequency response plots in this section.

Table 10. Nominal Rix and Equivalent Logarithmic Gain for All Gain Settings of ADA4352-2

Nominal Rex Value (Q) Nominal Rix Value (dBQ) Gain Step (dBQ) Internal Cix Value (pF)
315 50 NA 33
3.5k 71 21 26
40.2k 92 21 7.0
450k 113 21 2.5

The following curves in Figure 79 to Figure 82, which show how the frequency response changes with Cp, are

generated in LTspice.
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Figure 79. Simulated (Left) and Worst Case (Right) Frequency Response After External Filter for Various Cp Values,
R =315 Q.

Adding an RC filter at the output pin of the PGTIA with a roll off at 4.4 MHz results in the family of curves shown in

Figure 79. As Cp increases, the increasing gain peaking of the PGTIA output nudges the gain upwards at frequencies

beyond the 4.4 MHz single pole roll off, causing an apparent bandwidth extension after the external filter.

For all gain settings higher than Reo= 315 Q, varying Cp does not cause peaking in the frequency responses, as they
are much more bandlimited to begin with. The external RC filter simply bandlimits the ADC input and slightly
reduces integrated noise.
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Figure 80. Simulated Frequency Response for Various Cp Values, R; = 3.5 kQ

The next higher gain, the R, = 3.5 kQ, Cr1 = 26.5 pF nominal internal feedback setting, results in this family of
response curves (Figure 80) at the PGTIA output. Here, the F_s4s is increasing as the Cp is changed from 5 pF to 25 pF,
and finally to 45 pF. This results from the frequency response poles moving from a simple 2-real pole response to a
higher quality factor (Q) 2" order response, while remaining clustered around 2 MHz. Refer to the “TIA Design
Theory” in the ADA4351-2 data sheet for a more in-depth discussion of the TIA 2" order frequency response,
including how Q and f, set the frequency response shape.
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Figure 81. Simulated PGTIA Frequency Response for Various Values of Cp, Re; =40.2 kQ

As the selected gain moves up to the next R, =40.2 kQ, Cr, = 7 pF setting, the response curves become even more
bandlimited, but F_s4s still increases as Cp increases. Again, the output is changing from an overcompensated 2-real
pole response to a higher Q flat response, as Cp increases from 5 pF to 25 pF, and then 45 pF. These response curves
are all clustered around 700 kHz F_s4s for this gain setting, as shown in Figure 81.
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Figure 82. Simulated PGTIA Frequency Response for Various Values of Cp, Rr; =450 kQ

The highest Res= 450 kQ, Ce; = 2.5 pF gain setting gives the most bandlimited response. Again, as the Cp increases
from 5 pF to 25 pF and finally to 45 pF, the frequency response is moving from two real poles to a response with a
higher Q and extended bandwidth. These are all clustered around a 170 kHz F_34g, as shown in Figure 82.

Increasing Cp beyond 45 pF continues to make the frequency response poles more complex, with possibly
significant peaking. Carefully consider these effects if a higher Cp is needed using the available simulation model.
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Using the ADA4352-2 LTspice Model

Figure 83 shows the available LTspice model for the ADA4352-2 used to generate many of the parametric and Monte
Carlo curves shown in this applications section.

S
AVDD s30F
5 B l—‘l’
Voo Reo = 3150
26.5pF
[ PGTIAoyT
Rr1 = 3.5k0
— I—pl ouT R2 ADCy
Re, = 40.2kQ
c1
— ,2_-51PF ;gwopF
Rp3 = 450kQ
Fa=450k2 | N . 4.4MHz LOW PASS FILTER
.step param Cd 5p 45p 5p T \o-c : pvDD A
h [ ) X
1" _ AN LS H !
Tec2 1o ° i SWSELO
A ;;(Cd} N, 1peo | DIGITAL
1
e i ——in el ! SWSEL1 SUPPLY
.ac dec 50 10k 10M ;/3;
AVSS ada4352_gb ’
)
X1
VBias Vss SWITCH SETTINGS
0.5 0 SWSELO = 0, SWSEL1 = 0Rg = 315Q
SWSELO = 1, SWSEL1 = 0Rg, = 3500Q
SWSELO = 0, SWSEL1 = 1, Rg, = 40.2kQ

SWSELO =1, SWSEL1 = 1,Rg3 = 450kQ &

Figure 83. ADA4352-2 LTspice Model Setup for the Swept CD Curves Using the 315 Q Gain Setting

The example simulation of Figure 83 is set up for a stepped CD plot similar to that in Figure 79 using the lowest gain
setting of 315 Q. Consider these configurations in any application simulation:

1. Setthe PGTIA power supplies, AVDD =5V and AVSS = ground, here for single supply operation.

Set the DC bias on the +IN pin. This must be at least 0.1 V higher than AVSS and 1.5 V below AVDD for proper
operation. Here, a 0.5V bias is used. The polarity of the diode current (11) guarantees that the output only
increases from that 0.5V level.

3. Setvalues for desired photodiode equivalent model parameters, such as source capacitance (C2 here) at
desired reverse bias voltage, and parasitic shunt resistance (not shown in Figure 83) at the maximum
intended operating temperature.

4. Thedigital switch control inputs, SW SELO and SW SEL1, must be set for the desired gain setting, as
detailed in Figure 83. Usually, these control voltages are set to either 0 V at DVSS for a logic 0 or to the
digital supply voltage DVDD (V3 here) for a logic 1.

5. Thereis usually an external RC filter after the PGTIA output to the SAR ADC. The values here come from the

16-bit 1 MSPS SAR AD4696 data sheet.

Error Budget

The input offset error of the ADA4352-2 is constant across all gain settings because TIA noise gain is approximately
1 for all gain ranges. This simplifies the error budget because most DC error terms due to the PGTIA are combined
in Output Offset Voltage (Vos oyr). This termis a result of three components: the switch off leakage current (lor),
input bias current of the inverting input, and offset voltage of the core amplifier. The only other source of error is
the effect of noninverting input bias current flowing through the source impedance at the noninverting input.

The following equation shows the “Total Output DC Offset Error” at room temperature.
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Total output DC offset error (at 25°C) = Vs oyt + (Ig+ X Rins)

where, lg, is the input bias current at the noninverting input.

R\ is the source resistance at the noninverting input.

If the noninverting resistance is kept at a minimum, the I, X R\, termis insignificant.

There are other sources of DC error while using the ADA4352-2 : the gain error, and error due to CMRR and PSRR.
The error contributions from CMRR and PSRR can be reduced using accurate supplies and calibration, and are
typically negligible at DC for a TIA application.

There is also a gain error term because of the resistor tolerance. The equation for this error term is given by Iy x
ARy, where, | is the photodiode current and ARqy is the deviation from the nominal value of R, in ohms.

Combining ADA4352-2 with a 16-Bit SARADC

The ADA4352-2 can be used to directly drive a successive approximation register (SAR) ADC. The slew rate of the
ADA4352-2 allows for fast output settling within the acquisition time specification of the ADC. The ADA4352-2 also
draws low supply current and can thus be paired with low power, high resolution ADCs for a low power precision
signal chain.

Typical ADA4352-2 Optical Signal Chain Application

Figure 84 shows a typical single-supply application using the AD4696, a high accuracy, low power, 16-channel, 16-
bit SAR ADC to measure an optical signal level using a photodiode. Between the output of the ADA4352-2 and the
analog front-end of the ADC is an external low-pass filter formed by Rer and Ceyr.
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Figure 84. Optical Signal Chain with ADA4352-2 and AD4696

External RC Filter Design Considerations for SAR ADC Driving

As seen in previous sections, the RC filter at the output is used for several purposes. For ADC driving applications,
this external RC filter also serves to limit both wideband noise into the ADC, and nonlinear kickback from the ADC
inputs into the amplifier output.

Selecting the RC filter between the PGTIA output and ADC input is an iterative process, and the best combination
depends on the intended application. For example, in lower frequency applications, opt for a higher value RC to
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introduce less noise, but also make sure that this RC combination allows the signal to settle within the acquisition
time specified for the desired sample rate of the ADC.

As in the section on RC Tolerancing and Effect of External RC Filter, assume Rexr =200 Q and Cexr = 180 pF. For the Reo
=315 Q gain setting, ADA4352-2’s dominant pole lies beyond the external RC filter’s bandwidth. The RC filter usually
limits the system bandwidth and thus also the noise bandwidth. For the rest of the Rex gain settings, the poles
created by ADA4352-2’s internal resistors and their respective compensation capacitors roll off at a much lower
frequency than the external RC filter. For these higher Rex settings, this external RC filter does not contribute to
noise reduction. See Table 9 for minimum, nominal, and maximum bandwidths for each gain setting.

Using the AD4696 Easy Drive ADC’s Input Settings

The AD4696 Easy Drive ADC provides the option of using high-Z mode at its analog inputs, which precharges the
switched capacitor networks of its MUX and SAR ADC without adding noise. This mode eases driver demands on the
ADA4352-2 output stage. It greatly limits the current that the ADA4352-2's output must provide when the AD4696's
sampling switches close at the beginning of its acquisition period and protects it from nonlinear kickback that can
significantly affect precision and linearity. Reducing this current also reduces the DC voltage error due to Rexr.
Enabling high-Z mode in the AD4696 helps the overall signal chain achieve better SNR, THD, and DC accuracy.

Achieving Low Input Bias Current

There are several factors to consider in a low input bias current circuit. Leakage currents into high impedance
signal nodes can easily degrade measurement accuracy of picoamp signals. At the picoamp level, leakage current
can come from unexpected sources, including adjacent traces on the PCB (on the same layer or even from internal
layers), contamination on the PCB (from the assembly process or the environment), or other components on the
signal path. The ADA4352-2’s internal feedback resistors provide an advantage here as they are protected from
external leakage currents into the feedback path. Nevertheless, the system should be designed to mitigate these
sources and preserve optimal performance.

An appropriate cleaning process is essential after assembly to avoid leakages from solder flux and other
contaminants. Relative humidity also must be considered because PCB materials and the plastic mold compound
of the package itself can absorb moisture and cause additional leakage paths.

PCB Layout Cautions and Considerations

TIAs are extremely sensitive to parasitic capacitance at their inputs, as the capacitance directly reduces their
bandwidth and increases noise gain. A stray capacitance as low as 5 pF can greatly impact system performance,
especially if the capacitance of the photodiode used is around the same order of magnitude as the board parasitics.

Stripping the ground plane around the input trace is crucial for minimizing parasitic capacitance at the input, and
also makes it more difficult for leakage currents from the PCB to couple into the signal path and cause output
errors. As the ADA4352-2’s feedback resistors are internal, there is no need to strip ground plane around the
feedback path, saving board space that would be required for both external resistors and the removed ground
plane around them. However, the signal trace at the inverting input is still susceptible to leakage current and must
be protected.

It is important to keep the high impedance signal path as short as possible on the PCB. A high impedance node is
susceptible to picking up any stray signals in the system; therefore, keeping the path as short as possible reduces
this effect. Additionally, the longer the signal trace into the PCB (on the inverting input), the more stray capacitance
at the input of the PGTIA.
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To minimize picking up stray high frequency signals on the same board, other signal traces must be routed well
away from the TIA’s signal path, and there must be no internal power planes under the high impedance node. The
best defense from coupling signals is shielding; however, this increases capacitance in the area, which impacts the
noise gain of the PGTIA. Another method to decouple signals is distance, which includes vertical layers of the PCB
as well as on the surface of the PCB. The package of the ADA4352-2 simplifies board layout because there is no
exposed pad (EPAD) on the back side of the package, eliminating the need for vias and allowing routing on all
layers of the PCB beneath the device.

In cases where the space is limited, it is recommended to cut slots in the PCB around the high impedance input
nodes to provide additional isolation and to reduce the impact of contamination on the surface of the PCB.
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Figure 85. Example PCB Layout for Low Surface Leakage

Board Space Saving Compared to Equivalent Discrete Solution

Due to its integrated switches and resistors, ADA4352-2 uses 8.6% of the board area of a similar discrete solution
with separate resistors and switches. In the layout comparison in Figure 86, ADA4352-2 provides 4 gain settings per
channel, while the other two solutions only provide 2 per channel.
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Figure 86. Comparison in Footprint Size for a Similar Discrete Solution, ADA4351-2, and ADA4352-2
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OUTLINE DIMENSIONS
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Table 11. Ordering Guide
Model Temperature Range Package Description PQa:::fi:;g Package Option Marking Code
ADA4352-2ACPZ -40°C to +125°C 16-Lead LFCSP Tray, 714 CP-16-32 A4Q
ADA4352-2ACPZ-R7 -40°C to +125°C 16-Lead LFCSP Reel, 1500 CP-16-32 A4Q
ADA4352-2ACPZ-RL -40°C to +125°C 16-Lead LFCSP Reel, 5000 CP-16-32 A4Q

EVALUATION BOARD

Table 12. Evaluation Board

Model Description
EVAL-ADA4352-2EBZ Evaluation Board
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ALL INFORMATION CONTAINED HEREIN IS PROVIDED “AS IS” WITHOUT REPRESENTATION OR WARRANTY. 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 ARE SUBJECT TO CHANGE WITHOUT NOTICE. NO LICENCE, EITHER EXPRESSED OR
IMPLIED, IS GRANTED UNDER ANY ADI PATENT RIGHT, COPYRIGHT, MASK WORK RIGHT, OR ANY OTHER ADI INTELLECTUAL PROPERTY
RIGHT RELATING TO ANY COMBINATION, MACHINE, OR PROCESS, IN WHICH ADI PRODUCTS OR SERVICES ARE USED. TRADEMARKS AND
REGISTERED TRADEMARKS ARE THE PROPERTY OF THEIR RESPECTIVE OWNERS. ALL ANALOG DEVICES PRODUCTS CONTAINED HEREIN
ARE SUBJECT TO RELEASE AND AVAILABILITY.
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