ANALOG
DEVICES

ADA4945-1

High Speed, 0.1 uV/° C Offset Drift, Fully Differential ADC Driver

FEATURES

» Broad power supply range: 3V to 10V
P Wide input common-mode voltage range:
-Vito+Ve - 1.3V
» Rail-to-rail output
» Fully specified dual power mode operation
» 4 mA full power mode (145 MHz)
» 1.4 mAlow power mode (80 MHz)
» Full power mode
» Low harmonic distortion
» -133 dBcHD2 and -140 dBc HD3 at 1 kHz
» -133dBcHD2 and -116 dBc HD3 at 100 kHz
P Fast settling time
» 18-bit: 100 ns
» 16-bit: 50 ns
» Inputvoltage noise: 2.0 nV/v/Hz, f = 100 kHz
P +115 pV maximum offset voltage from
-40°C to +125°C
» Adjustable output clamps for ADC input protection

APPLICATIONS

Low power X-A, PulSAR®, and SAR ADC drivers
Single-ended to differential converters
Differential buffers

Medical imaging

Process control

Portable electronics
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GENERAL DESCRIPTION

The ADA4945-1 is a low-noise, low-distortion, fully
differential amplifier with two selectable power modes.
The device operates over a broad power supply range
of 3V to 10 V. The low DC offset, DC offset drift, and
excellent dynamic performance of the ADA4945-1 make
it well suited for a variety of data acquisition and signal
processing applications. The device is an ideal choice
for driving high-resolution, high-performance
successive approximation register (SAR) and X-A
analog-to-digital converters (ADCs) on 4 mA of
quiescent current (full power mode). The device can
also be selected to operate on 1.4 mA of quiescent
current (low power mode) to scale the power
consumption to the desired performance necessary for
an ADC drive application. The adjustable common-
mode voltage allows the ADA4945-1 to match the input
common-mode voltage of multiple ADCs. The internal
common-mode feedback loop provides exceptional
output balance, as well as suppression of even order
harmonic distortion products.

With the ADA4945-1, differential gain configurations are
achieved with a simple external feedback network of
four resistors determining the closed-loop gain of the
amplifier. The ADA4945-1 is fabricated using Analog
Devices, Inc., proprietary, silicon germanium (SiGe),
complementary bipolar process, enabling the device to
achieve low levels of distortion with an input voltage
noise of only 2.0 nV/y/Hz (full power mode).

The ADA4945-1 is available in a RoHS-compliant, 3 mm
x 3 mm, 16-lead LFCSP package. It is specified to
operate from —40°C to +125°C.
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Figure 1. Functional Block Diagram
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SPECIFICATIO

NS

Table 1. Positive Input (+D,,) or Negative Input (-D,,) to Differential Output Voltage (V,; 4,,) Performance

(SUPPLY VOLTAGE (Vs) = 10 V Output common-mode voltage (Vocw) = midsupply, Gain (G) = 1, feedback resistance
(Re) = gain resistance (Rg) =499 Q, differential load resistance (R, 4,) = 1 kQ, and T, =25°C, unless otherwise
noted. All specifications refer to single-ended input and differential outputs, unless otherwise noted. Refer to
Figure 98 for circuit definitions.)

TEST FULL POWER MODE LOW POWER MODE
PARAMETER SYMBOL CONDITIONS/COMMENTS MIN —— MAX | MIN TYP MAX UNIT
DYNAMIC PERFORMANCE
Vour, am =20 MV p-p, G=1 145 80 MHz
-3 dB Small Signal
Vour, am =20 mV p-p, G =2
Bandwidth fae ouT d mvpep % 40 MHz
Vour, am =20 MV p-p, G=5 40 17 MHz
VOUT) dm = 2V P-p, G=1 60 18 MHz
-3 dB Large Signal
\ =2Vp-p,G=2
Bandwidth OUTs dm pP-p, 54 40 MHz
Vours am =2V p-p, G=5 52 16 MHz
Bandwidth for Vouts am =20 mV p-p, G=1 28 27 MHz
0.1 dB Flatness fo.as
* VOUT) dm = 20 mV p‘p, G = 2 20 7 MHZ
Slew Rate SR Vouts am =8V step 600 100 V/us
Settling Time to
o0 & ter Vour, am =8 V step 35 85 ns
o 16-bit 50 150 ns
Settling Time tst -
18-bit 100 300 ns
G =1, differential input
Input Overdrive ’
lt V =10V p-
Recovery Vo a?ge( N> dm) p-p, 500 300 ns
triangular waveform
Output Overdrive G= }O, Vins am = 2.4V p-p, 200 130 ns
Recovery triangular waveform
NOISE/HARMONICE PERFORMANCE
NOISE/HARMONIC
V =8Vp-
PERFORMANCE ours dm =€V PP
Center frequency (f;) =
quency (fc) 133 1133 dBc
1 kHz
Second Harmonic | f. =100 kHz 1133 -133 dBc
Distortion
fc=100 kHz,G=2 -128 -128 dBc
f.=1MHz -95 -68 dBc
Third Harmonic HD3 fo=1kHz 1140 138 dBc
Distortion
analog.com Rev. A | 50f57


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

ADA4945-1

(SUPPLY VOLTAGE (Vs) = 10 V Output common-mode voltage (Vocy) = midsupply, Gain (G) = 1, feedback resistance
(Re) = gain resistance (Rs) =499 Q, differential load resistance (R, 4,) =1 kQ, and T, =25°C, unless otherwise
noted. All specifications refer to single-ended input and differential outputs, unless otherwise noted. Refer to
Figure 98 for circuit definitions.)

TEST FULL POWER MODE | LOW POWER MODE
PARAMETER SYMBOL | 0\ DITIONS/COMMENTS v | 1ve T wax Lo | 1ve | max UNIT
f.=100 kHz -116 -116 dBc
Third Harmonic B B
. . HD3 fc=100kHz,G=2 -123 -122 dBc
Distortion
fc=1MHz -88 -62 dBc
v f=10Hz 5 6 nV/VHz
Input Voltage N, DIFF B
Noise Differential f=100 kHz 2.0 3.5 nV/vHz
1/f corner frequency 100 40 Hz
y f=10Hz 350 284 nV/vHz
Common Mode e f=100 kHz 30 38 nV/VHz
1/f corner frequency 1000 1000 Hz
Integrated 0.1 Hz to 10 Hz 35 35 nvV rms
Voltage Noise
I f=10Hz 17 7 pA/VHz
InP.Ut Current " f=100 kHz 1.0 0.6 pA/VHz
Noise
1/f corner frequency 2000 1000 Hz
INPUT CHARACTERISTICS
25°C +10 +50 +10 +50 uv
Input Offset P R
Vos T,=20°C to 85°C +15 | +80 +15 | +80 MY
Voltage
T,=-40°Cto +125°C +30 | 115 +30 +115 uv
Input Offset v T,=20°C to 85°C +0.1 | #0.5 +0.1 | +0.5 | uv/°C
. 0S_TC
Voltage Drift T,=-40°C to +125°C +0.2 | +1.0 +0.2 | +1.0 | pv/°C
T,=25°C -1.2 | =25 -0.5 -0.8 HA
Input Bias Current Is T,=20°Cto 85°C -1.5 | -3.0 -0.6 -1.0 LA
T,=-40°Cto +125°C -1.8 | -3.4 -0.7 -1.2 LA
| Bi
nput Bias Current |, © T, =20°C to 85°C 10 | -50 10 | -50 | nA/C
Drift
Input Bias Current _ o R o
Drift le_Tc T,=-40°Cto+125°C -10 -50 -10 =50 nA/°C
T,=25°C +20 | £200 +10 +130 nA
I ff:
nput Offset los T, = 20°C to 85°C +25 | 4250 £20 | 150 | nA
Current
T,=-40°Cto +125°C +40 | £300 125 +200 nA
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(SUPPLY VOLTAGE (Vs) = 10 V Output common-mode voltage (Vocy) = midsupply, Gain (G) = 1, feedback resistance
(Re) = gain resistance (Rs) =499 Q, differential load resistance (R, 4,) =1 kQ, and T, =25°C, unless otherwise
noted. All specifications refer to single-ended input and differential outputs, unless otherwise noted. Refer to
Figure 98 for circuit definitions.)

TEST FULL POWER MODE | LOW POWER MODE
PARAMETER SYMBOL | 0\ DITIONS/COMMENTS v | 1ve T wax Lo | 1ve | max UNIT
Input Offset T,=20°C to 85°C +0.1 | +0.6 +0.06 | +0.38 | NnA/°C
. IOS?TC
Current Drift T,=-40°C to +125°C +0.12 | +0.7 +0.07 | +0.4 | nA/°C
Input Common-
+V +V
Mode Voltage Veu -V A > Vv
-1.3 -1.3
Range
i R|N’ DIFF Differential 50 50 kQ
Input Resistance
Rin, cm Common mode 50 50 MQ
Input Capacitance Cin 1 1 pF
-M
common-Mode | - -y o0 Vew=0.5Vt08.7V 110 110 dB
Rejection Ratio
Output voltage (Voyr) =
Open-Loop Gain Aol P ge (Vour) 120 115 dB
4V
OUTPUT CHARACTERISTICS
Load resistance (R,)=100 | -V Vs | -V +Vg
Q for each single-ended + - + - Y
Output Voltage Vour output 0.55 0.55 | 0.55 0.55
Swing v Ry v v
- - +
R =1kQ s S s s v
+0.1 -0.1 | +0.1 -0.1
Short-Circuit e 170 140 mA
Current peak
Output Balance f=100 kHz,
100 100 dB
Error AVoursem/BVoutsdm

analog.com Rev. A | 7of57


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

ADA4945-1

Table 2. V,, to Common-Mode Output Voltage (V,,; .,) Performance

TEST FULL POWER LOW POWER
PARAMETER YMBOL MODE MODE NIT
s 0 CONDITIONS/COMMENTS v
MIN | TYP | MAX | MIN | TYP | MAX
Vocu DYNAMIC PERFORMANCE
-3dB Small
. . f Vouts em =20 mV p- 1 MH
Signal Bandwidth 3dByocH oub ¢ PP 35 > z
-3 dB Large
V =2Vp- . .
Signal Bandwidth oum em PP 3.8 13 MHz
SIeW Rate SRVOCM VOUT! m = 2V p-p 26 9 V/HS
| tVolt
nputvottage Vi voom f=100 kHz 35 45 nV/vHz
Noise
AV cm/AV, AVqocy =
Gain our /+1 \'f”’ ocm 099 | 1 |1.01/099| 1 |101]| VN
Vocm CHARACTERISTICS
Input Common- -V Vs | -V +Vg
Mode Voltage + - + - v
Range 0.4 1.4 0.4 14
|
nput R, vocw 125 125 kO
Resistance
Common mode offset
(V031 cm) = VOUT’ cm VOCM:
positive input (Vp) = +5 +60 +5 +60 mV
Offset Voltage Vos, VOCM negatlve InpUt (VlN) -
Voey =0V, 25°C
T,=20°Cto 85°C +10 +10 mV
T,=-40°Cto +125°C +20 +20 mV
Input Offset T,=20°Cto 85°C 15 *5 pv/eC
. VOS?TC, VOCM
Voltage Drift T,=-40°C to +125°C +10 +10 Hnv/°c
T,=25°C -220 -160 nA
| Bi
nput Bias ls.vocu T, =20°C to 85°C -300 -205 nA
Current
T,=-40°Cto +125°C -350 -230 nA
Input Bias T,=20°C to 85°C -1.3 -0.75 nA/°C
. Is_Tc, vocm
Current Drift T,=-40°C to +125°C -1.5 -1.0 nA/°C
AV AV AVqocy =
CMRR CMRRvocw 0s» am/ +l°\C/M’ ocm -130 -130 dB
analog.com Rev. A | 80f 57
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Table 3. General Performance

FULL POWER
PARAMETER SYMBOL TEST MODE LOW POWER MODE UNIT
CONDITIONS/COMMENTS
MIN | TYP | MAX | MIN | TYP MAX
CLAMP
. . -V +Vg -V +Vg
Clamp Output Differential 05 w05 | 05 05 v
Voltage
Common mode -V Vs | Vg +Vg v
Recovery Time 100 100 ns
I Resistance between +V
npl:jt CLAMP 480 480 kQ
Resistance and Ve awe
DISABLE (DISABLE PIN) MODE
-V D -V D
Disabled s GND s GND Vv
-0.3 +1 | -0.3 +1
Input Voltage 5 v D y
+ +
Enabled GND S GND S V
+1.4 +0.3 | +1.4 +0.3
. 100
Turn Off Time fore Quiescent c'urrent 10% of 6 6 s
enabled quiescent current
. Turn on time(t,) >90% of
Turn On Time ton . 1.2 2 us
final Vour
DISABLE Pin
Bias Current DISABLE=10V 50 50 nA
Enabled
DISABLE Pin
Bias Current DISABLE=0V 50 50 nA
Disabled
Deno PIN
VOLTAGE +Vs +Vs
IVR -V -V \"
RANGE PeND > -25 > -2.5
POWER SUPPLY
Operating Vg 3 10 | 3 10 v
Range
Full power mode,
Quiescent MODE = +V, 4 | 42 mA
Current lq i "
Enabled ow power mode,
MODE = -V, 14 | 1.6 | mA
Quiescent Full power mode,
Current MODE = +V. 60 70 HA
Disabled °
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TEST FU"I\'/'I ggl‘:' ER | Low PowER MODE
PARAMETER | SYMBOL | (. 0\b o e COMMENTS UNIT
MIN | TYP | MAX | MIN | TYP | MAX

Quiescent
Current Low power mode, 60 20 A
DliJsaEIed MODE =-Vs "

Positive Power
Supply
Rejection
Ratio

+PSRR DVos, am/AVs, AVs =1V , -120 -120 dB

Negative
Power Supply
Rejection
Ratio

OPERATING

TEMPERATURE -40 +125 | -40 +125 °C
RANGE

-PSRR AVos, 4m/AVs, AVs = 1V p-p -120 -120 dB

Table 4. +Dy or -Dyy to Vour, am Performance

(Vs=5V Vocm = midsupply, G=1, Re = Rs =499 Q, R, am = 1 kQ, Ta=25°C, unless otherwise noted. All specifications
refer to single-ended input and differential outputs, unless otherwise noted. Refer to Figure 98 for circuits
definitions.)

TEST FUL;:EI‘ENER LOW POWER MODE
PARAMETER SYMBOL CONDITIONS/COMMENTS UNIT
MIN TYP MAX | MIN TYP MAX
DYNAMIC PERFORMANCE
Vour,am=20mV p-p,G=1 145 80 MHz
-3 dB Small Signal B _
Bandwidth faas Vour,dm =20 mV p-p, G=2 95 40 MHz
Vour,dm =20 mV p-p,G=5 40 17 MHz
Vour,an =2V p-p,G=1 60 18 MHz
-3 dB Large Signal
Vv =2Vp-p,G=2
BandW|dth OUT,dm p-p, 54 40 MHz
Vour,am =2V p-p,G=5 52 16 MHz
Bandwidth for Vout,am =20 MV p-p,G=1 28 27 MHz
0.1 dB Flat fouse
: atness Vour,dm =20 MV p-p,G =2 20 7 MHz
Slew Rate SR Vout,dm = 8 V step 600 100 V/us
Settling Time to
0.1% & tor Vour,am = 8 V step 35 85 ns
o 16-bit 50 150 ns
Settling Time tst -
18-bit 100 300 ns
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(Vs=5V Vocm = midsupply, G=1, Re = Rc =499 Q, R, am = 1 kQ, Ta=25°C, unless otherwise noted. All specifications

refer to single-ended input and differential outputs, unless otherwise noted. Refer to Figure 98 for circuits

definitions.)
PARAMETER YMBOL TEST FUL;:S‘ENER LOWPOWER MODE NIT
s 0 CONDITIONS/COMMENTS v
MIN | TYP MAX | MIN | TYP MAX
i =1V =10V p-
Input Overdrive G =1, Vin, am 0V p-p, 300 500 ns
Recovery triangular waveform
1 =2.V =6V p-
Output Overdrive G. »Vin,am =6V p-p, 145 80 ns
Recovery triangular waveform
NOISE/HARMONIC PERFORMANCE
NOISE/HARMONIC
Vour am =8V p-
PERFORMANCE our d PP
f.=1kHz -133 -133 dBc
Second Harmonic fc =100 kHz -133 -133 dBc
. . HD2
Distortion f.=100 kHz, G=2 -128 -128 dBc
fc=1MHz -95 -68 dBc
f.=1kHz -140 -138 dBc
Third Harmonic HD fc =100 kHz -116 -116 dBc
. . 3
Distortion f.=100 kHz,G=2 -123 -122 dBc
f.=1MHz -88 -62 dBc
v f=10Hz 5 6 nV/vHz
Input Voltage N, DIFF _
Noise Differential f=100kHz 2.0 35 nv/vHz
1/f corner frequency 100 40 Hz
Input Voltage Voo f=10Hz 350 284 nV/vHz
Noise Common ’ f=100 kHz 30 38 nV/vHz
Mode 1/f corner frequency 1000 1000 Hz
Integrated . 0.1Hzto 10 Hz 35 35 nV rms
Voltage Noise
| f=10Hz 17 7 pA/vHz
| tC t
nputt.urren " f= 100 kHz 1.0 0.6 pA/VHz
Noise
1/f corner frequency 2000 1000 Hz
INPUT CHARACTERISTICS
25°C +10 +50 +10 +50 Y
Input Offset
T,=20°Cto 85°C +15 +80 +15 +80 \"
Voltage Vos A H
T,=-40°Cto +125°C +30 | 115 +30 +115 uv
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(Vs=5V Vocm = midsupply, G=1, Re = Rc =499 Q, R, am = 1 kQ, Ta=25°C, unless otherwise noted. All specifications
refer to single-ended input and differential outputs, unless otherwise noted. Refer to Figure 98 for circuits

definitions.)
PARAMETER YMBOL TEST FUL;:S‘ENER LOWPOWER MODE NIT
s 0 CONDITIONS/COMMENTS v
MIN | TYP MAX | MIN | TYP MAX
Input Offset v T,=20°C to 85°C +0.1 | +0.5 +0.1 | 0.5 | uv/°C
. OS_TC
Voltage Drift T,=-40°C to +125°C +0.2 | £1.0 +0.2 | +1.0 | pv/°C
T,=25°C -1.2 | =25 -0.5 | -0.8 HA
Input Bias Current Is T,=20°Cto 85°C -15 | -3.0 -0.6 | -1.0 LA
T,=-40°Cto +125°C -1.8 | 3.4 -0.7 | -1.2 LA
Input Bias Current | T,=20°C to 85°C -10 | -50 -10 | -50 | nA/°C
. B_TC
Drift T,=-40°Cto +125°C -10 =50 -10 =50 nA/°C
T,=25°C +20 | £200 +10 | £130 nA
Input Offset los T, =20°C to 85°C £25 | +250 £20 | +150 | nA
Current
T,=-40°Cto +125°C +40 | £300 125 +200 nA
Input Offset | T, =20°C to 85°C +0.1 | +0.6 +0.06 | +0.38 | nA/°C
. _TC
Current Drift ot T,=-40°C to +125°C +0.12 | +0.7 +0.07 | +0.4 | nA/C
+V +V
Ve Range Y -V Sl -V s Vv
Y g 4y s 13 s 13
. R|N, DIFF Differential 50 50 kQ
Input Resistance
Rin, cm Common mode 50 50 MQ
Input Capacitance Cin 1 1 pF
CMRR Vew=0.5Vto 3.7V -110 -110 dB
Open-Loop Gain AoL Vour =14V 120 115 dB
OUTPUT CHARACTERISTICS
-Vs Vs | Vs +Vs
OutputVoltage Vour R.=100Q + N - v
Swing
0.55 0.55 | 0.55 0.55
- + — +
OquutVoltage Vour R =1k Vs Vs Vs Vs Vv
Swing +0.1 -0.1 | +0.1 -0.1
hort-Circui A
Short-Circuit e 170 140 m
Current peak
Output Balance f=100 kHz,
100 100 dB
Error AVoursem/BVout gm
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Table 5. VOCM to VOUT, CM Performance

TEST FULL POWER LOW POWER
PARAMETER YMBOL MODE MODE NIT
SymBo CONDITIONS/COMMENTS v
MIN | TYP | MAX | MIN | TYP | MAX
Vocu DYNAMIC PERFORMANCE
-3 dB Small Signal | fsas,vocm Vour,em =20 mV p-p 35 15 MHz
Bandwidth Vour,em =2V p-p 3.8 13 MHz
Slew Rate SRvocwm Vour,em =2V p-p 26 9 V/us
| Vv
nput oltage Vi, vocw f=100 kHz 35 45 nV/VHz
Noise
AVour, cm/BVocw, AVoey =
Gain out,em/ +10\C/M ocw 099 1 |101]099| 1 |1.01| VN
Vocu CHARACTERISTICS
Input Common- v, W | v WV
Mode Voltage Vocum Y
+0.4 -1.4 | +0.4 -1.4
Range
Input Resistance Rin, vocm 125 125 kQ
Vos,em = Vour,em = Vocws Vie =
: . +10 | +60 +10 | %60 \
Vi = Voo =0V, 25°C m
Offset Volt V
setvottage 0s, vock T, =20°C to 85°C +10 +10 mv
T,=—40°C to +125°C +20 +20 mv
Input Offset Vos. Tc, To=20°Cto 85°C +5 +5 uv/°C
Voltage Drift voc T,=-40°C to +125°C +10 +10 uv/°C
To=25°C -220 -160 nA
| Bi
nput Bias ls.vocu T, = 20°C to 85°C ~300 -205 nA
Current
T,=-40°C to +125°C -350 -230 nA
Input Bias | To=20°Cto 85°C -1.3 -0.75 nA/°C
. B_TC,VOCM
Current Drift T,=-40°C to +125°C -15 -1.0 nA/°C
CMRR CMRRvocm | AVos, dm/AVocus AVoey = +1V -130 -130 dB
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Table 6. General Performance

TEST FULL POWER LOW POWER
PARAMETER YMBOL MODE MODE NIT
S 0 CONDITIONS/COMMENTS v
MIN | TYP | MAX | MIN | TYP | MAX
CLAMP
. . -Vs Vs -Vs +Vs
Clamp Output Differential 05 +05 | —05 oy v
Voltage
Common mode -V, Vg | Vs +Vg v
Recovery Time 100 100 ns
Input Resistance between
. 480 480 kQ
Resistance +epawp and ~Vepawe
DISABLE (DISABLE PIN) MODE
. -V Denp -V Denp
Disabled v
isable 03 +1 |-03 +1
Input Voltage 5 y 5 y
+V+ +
Enabled SND s GND > Vv
+1.4 03 | +1.4 +0.3
. i <10% of
Turn Off Time torr Quiescent c.urrent 0%o 6 6 us
enabled quiescent current
Turn On Time ton to >90% of final Voyr 1.2 2 s
DISABLE Pin
Bias Current DISABLE=5V 50 50 nA
Enabled
DISABLE Pin
Bias Current DISABLE=0V 50 50 nA
Disabled
Deno PIN
VOLTAGE +Vg +Vg
-V -V
RANGE VRoso s -2.5 s 25| Y
POWER SUPPLY
0 ti
perating 4V 3 10 | 3 0 | v
Range
Quiescent Full power mode, MODE = +Vg 4 4.2 mA
Current lq
Enabled Low power mode, MODE = -V 1.4 1.6 mA
Quiescent Full power mode, MODE = +V¢ 60 70 pA
Current
Disabled Low power mode, MODE = -V 60 70 pA
+PSRR +PSRR AVos, gm/AVs, AVs=1V p-p -120 -120 dB
-PSRR -PSRR AVos, 4m/AVs, AVs=1V p-p -120 -120 dB

analog.com Rev. A | 14 of 57


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

ADA4945-1

TEST FULL POWER LOW POWER
MODE MODE
PARAMETER SYMBOL CONDITIONS/COMMENTS UNIT
MIN | TYP | MAX | MIN | TYP | MAX
OPERATING
TEMPERATURE -40 +125 | -40 +125 | °C
RANGE

Table 7. +Dyy or -Dy to Vour, pm Performance

(Vs =3V Voeu =midsupply, G=1,R;=R; =499 O, R, 4, = 1 kQ, T, =25°C, unless otherwise noted. All specifications
refer to single-ended input and differential outputs, unless otherwise noted. Refer to Figure 98 for circuit

definitions.)
PARAMETER YMBOL TEST FUL"I’-'gg:VER LOWPOWER MODE NIT
s 0 CONDITIONS/COMMENTS u
MIN TYP MAX | MIN TYP MAX
DYNAMIC PERFORMANCE
Vour,am=20mV p-p,G=1 145 80 MHz
-3 dB Small Signal
V =2 V p- =2
Bandwidth faas ouT,dm =20 mV p-p, G 95 40 MHz
Vour, am =20 mV p-p, G=5 40 17 MHz
-3 dB Large Signal
V =2Vp-p,G=1
Bandwidth ouT, dm = £ ¥ PP, 22 11 MHz
Bandwidth for Vour,am =20 MV p-p,G=1 28 27 MHz
fO.ldB
0.1 dB Flatness Vour, ¢m =20 mV p-p, G =2 20 7 MHz
Slew Rate SR Vour,dam =4V step 600 100 V/us
Settling Time to
o tor Vour,am = 4V step 35 85 ns
o 16-bit 50 150 ns
Settling Time tst
18-bit 100 300 ns
i G=1V =3Vp-
Input Overdrive =1, Vi, cm P-p, 500 300 ns
Recovery triangular waveform
Output Overdrive G : 2,Vin.am =3V p-p, 200 130 ns
Recovery triangular waveform
NOISE/HARMONIC PERFORMANCE
NOISE/HARMONIC
v =4Vp-
PERFORMANCE our,dm =%V PP
Center frequency (f;) =
lqk: y (fo 133 133 dBc
Second Harmonic HD2 z
Distortion f. =100 kHz -133 -133 dBc
fc=100kHz,G=2 -128 -128 dBc
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(Vs =3V Vo =midsupply, G=1, R =R; =499 Q, R 4, =1 kQ, T, =25°C, unless otherwise noted. All specifications
refer to single-ended input and differential outputs, unless otherwise noted. Refer to Figure 98 for circuit
definitions.)

FULL POWER
TEST ULLPO LOW POWER MODE

MODE
PARAMETER SYMBOL CONDITIONS/COMMENTS UNIT
MIN | TYP | MAX | MIN | TYP | MAX

Second Harmonic

Distortion HD2 fc=1MHz -95 -68 dBc
fo=1kHz -140 -138 dBc
Third Harmonic f. =100 kHz -116 -116 dBc
. . HD3
Distortion f.=100 kHz,G=2 -123 -122 dBc
fc=1MHz -88 -62 dBc
v f=10Hz 5 6 nV/vHz
Input Voltage N, DIFF _
Noise Differential f=100kHz 2.0 35 nv/vHz
1/f corner frequency 100 40 Hz
y f=10 Hz 350 284 nV/vHz
N, CM
Common Mode f=100 kHz 30 38 nV/vHz
1/f corner frequency 1000 1000 Hz
Integrated . 0.1Hzto 10 Hz 35 35 nVrms
Voltage Noise
| f=10Hz 17 7 pA/vHz
InP.Ut Current " f=100 kHz 1.0 0.6 pA/VHz
Noise
1/f corner frequency 2000 1000 Hz
INPUT CHARACTERISTICS
25°C +10 | %50 +10 | +50 ny
Input Offset PP o
Vos T,=20°Cto 85°C +15 +80 +15 +80 uv
Voltage
T,=-40°Cto +125°C +30 | %115 +30 +115 uv
Input Offset y T,=20°C to 85°C +0.1 | #0.5 +0.1 | 0.5 | uv/°C
Voltage Drift T T, = -40°C to +125°C 0.2 | +1.0 £0.2 | +1.0 | pv/c
Input Bias Current I T,=25°C -1.2 | =25 -0.5 | -0.8 MA
T,=20°C to 85°C -15 | -3.0 -0.6 | -1.0 HA
Input Bias Current ls
T,=-40°Cto +125°C -1.8 | 34 -0.7 | -1.2 LA
Input Bias Current | T,=20°C to 85°C -10 | -50 -10 | -50 | nA/°C
. B_TC
Drift T,=-40°Cto +125°C -10 -50 -10 =50 nA/°C
Input Offset Ty=25°C +20 | 200 +10 | +130 | nA
IOS
Current T,=20°C to 85°C +25 | +250 +20 | 150 nA
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(Vs =3V Vo =midsupply, G=1, R =R; =499 Q, R 4, =1 kQ, T, =25°C, unless otherwise noted. All specifications
refer to single-ended input and differential outputs, unless otherwise noted. Refer to Figure 98 for circuit
definitions.)

PARAMETER YMBOL TEST FUL;SS\ENER LOWPOWER MODE NIT
s 0 CONDITIONS/COMMENTS v
MIN | TYP MAX | MIN | TYP MAX
Input Offset los T, =-40°C to +125°C +40 | +300 £25 | +200 | nA
Current
Input Offset | T,=20°C to 85°C +0.1 | +0.6 +0.06 | £0.38 | nA/°C
. 0S_TC
Current Drift - T,=-40°C to +125°C +0.12 | 0.7 +0.07 | 0.4 | nA/°C
+V. +V
Vcy Range Vv -V S| -V > Vv
cv Rang M s 13 s 13
. R|N, DIFF Differential 50 50 kQ
Input Resistance
RN, cm Common mode 50 50 MQ
Input Capacitance Cin 1 1 pF
CMRR Veu=0.5Vtol.7V -110 -110 dB
Open-Loop Gain AoL Vour=22V 120 115 dB
OUTPUT CHARACTERISTICS
-Vs Vs | Vs +Vs
OutputVoltage Vour R.=1000 + S - - v
Swing
0.55 0.55 | 0.55 0.55
-V +V -V +V.
Ou"cputVoltage Vour R =1k s s s s v
Swing +0.1 -0.1 | +0.1 -0.1
Short-Circuit e 170 140 mA
Current peak
Output Balance f=100 kHz,
1
Error AVoutsem/BVout,am 100 00 d
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Table 8. Vocm to Vour,cu Performance

TEST FULL POWER LOW POWER
PARAMETER YMBOL MODE MODE NIT
SYMBO CONDITIONS/COMMENTS v
MIN | TYP | MAX | MIN | TYP | MAX
Vocw DYNAMIC PERFORMANCE
-3 dB Small Signal
Bandwidth & f3d8, vocu Vouts cm =20 MV p-p 35 15 MHz
-3 dB Large Signal
Vv =2Vp- ) )
Bandwidth our> om = 2V PP 3.8 13 MHz
SIeW Rate SRVOCM VOUT> m = 2V p-p 26 9 V/HS
Input Volt
nputvottage Vi voem f=100 kHz 35 45 nV/vHz
Noise
AV, AVoen, AVocy =
Gain outs e/ +l°\;M’ ocm 099 1 [1.01(099]| 1 1.01 | VNV
Vocn CHARACTERISTICS
vodevoltoge. | v Vs s | Vs W
& o +0.4 -1.4 | +0.4 -1.4
Range
Input Resistance Rin, vocm 125 125 kQ
VOS’ cm = VOUT) cm VOCM: VIP
+10 | 60 +10 | +60 Vv
=V = Voeu =0V, 25°C m
Offset Volt V
setvoltage 0s, vocu T,=20°C to 85°C +10 +10 mv
T,=-40°C to +125°C +20 +20 mv
Input Offset v T,=20°Cto 85°C +5 5 uv/°C
. 0S_TC,VOCM
Voltage Drift T,=-40°C to +125°C +10 +10 Hv/°c
T,=25°C -220 -160 nA
Input Bias ls, vocu T,=20°C to 85°C -300 205 nA
Current
T,=-40°C to +125°C -350 -230 nA
Input Bias To=20°Cto 85°C -1.3 -0.75 nA/°C
. IBfTC,VOCM
Current Drift To=-40°C to +125°C -15 -1.0 nA/°C
AVos, g/ DAVocus AVoey =
CMRR CMRRvocw 05> am/ +1°\C/M ocu -130 -130 dB
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Table 9. General Performance

TEST FULL POWER LOW POWER
PARAMETER YMBOL MODE MODE NIT
S 0 CONDITIONS/COMMENTS v
MIN | TYP | MAX | MIN | TYP | MAX
CLAMP
. . -Vs +Vs -Vs +Vs
Clamp Output Differential 05 w05 | -05 oy v
Voltage
Common mode -V, Vs | Vg +Vg v
Recovery Time 100 100 ns
Resistance between +V
Input cLawp 480 480 kQ
Resistance and =V awe
DISABLE (DISABLE PIN) MODE
-V D -V D
Disabled s GND s GND 1y
-0.3 +1 | -0.3 +1
Input Voltage 5 W b v
+
Enabled GND S | Tene s Vv
+1.4 +0.3 | +1.4 +0.3
1 0,
Turn Off Time tor Quiescent ({urrent<10 % of 6 6 us
enabled quiescent current
Turn On Time ton (to) >90% of final Voyr 1.2 2 s
DISABLE Pin
Bias Current DISABLE=3V 50 50 nA
Enabled
DISABLE Pin
Bias Current DISABLE=0V 50 50 nA
Disabled
Deno PIN
VOLTAGE +Vs +Vs
-V -V
RANGE VRocnn s -2.5 s 25| VY
POWER SUPPLY
Operating +V 3 10 | 3 10 | v
Range
Quiescent Full power mode, MODE = +Vg 4 4.2 mA
Current lq
Enabled Low power mode, MODE = -V 1.4 1.6 mA
Quiescent
Current Full power mode, MODE = +V 60 70 MA
Disabled
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TEST FULL POWER LOW POWER
MODE MODE
PARAMETER SYMBOL CONDITIONS/COMMENTS UNIT
MIN | TYP | MAX | MIN | TYP | MAX
Quiescent
Current Low power mode, MODE = -V 60 70 pA
Disabled
+PSRR +PSRR AVos, gm/DVs, AVs =1V p-p -120 -120 dB
-PSRR -PSRR AVos gm/AVs, AVs=1V p-p -120 -120 dB
OPERATING
TEMPERATURE -40 +125 | -40 +125 | °C
RANGE
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ABSOLUTE MAXIMUM RATINGS

Ta=25°C unless otherwise specified.

Table 10. Absolute Maximum Ratings

PARAMETER RATING
Supply Voltage 11V
Vocu Vs
Differential Input Voltage +1V
Operating Temperature Range -40°Cto+125°C
Storage Temperature Range -65°Cto +150°C
Lead Temperature (Soldering, 10 sec) 300°C
Junction Temperature 150°C
Electrostatic Discharge (ESD) Field Induced Charged Device Model 1250V
(FICDM)
Electrostatic Discharge (ESD)Human Body Model (HBM) 4000V

Stresses at or above those listed under Absolute Maximum Ratings may cause permanent damage to the product.
Thisis a stress rating 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 printed circuit board (PCB) design and operating environment. Careful
attention to PCB thermal design is required.

0, is the natural convection, junction to ambient, thermal resistance measured in a one cubic foot sealed
enclosure. 8¢ is the junction to case thermal resistance.

Table 11. Thermal Resistance

Package Type 0,, 0, Unit
CP-16-22 70 15 °C/W

Maximum Power Dissipation

The maximum safe power dissipation in the ADA4945-1 package is limited by the associated rise in junction
temperature (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 can change the stresses that the package exerts
on the die, permanently shifting the parametric performance of ADA4945-1. Exceeding a junction temperature of
150°C for an extended period can result in changes in the silicon devices, potentially causing failure.

The power dissipated in the package (PD) is the sum of the quiescent power dissipation and the power dissipated in
the package due to the load drive for all outputs. The quiescent power dissipation is the voltage between the supply
pins (V) times the quiescent current (I,). The load current consists of the differential and common-mode currents
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flowing to the load, as well as currents flowing through the external feedback networks and internal common-mode
feedback loop. The internal resistor tap used in the common-mode feedback loop places a negligible differential
load on the output. Consider RMS voltages and currents when dealing with ac signals.

Airflow reduces 8 ,. In addition, more metal directly in contact with the package leads from metal traces through
holes, ground, and power planes reduces the 0 ,.

Figure 2 shows the maximum safe power dissipation in the package vs. the ambient temperature for the 16-lead
LFCSP (8,,= 70°C/W) package on a JEDEC standard 4-layer board. 6 , values are approximations.
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Figure 2. Maximum Safe Power Dissipation vs. Ambient Temperature

ESD Caution
ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can
‘ discharge without detection. Although this product features patented or proprietary
m protection circuitry, damage may occur on devices subjected to high energy ESD. Therefore,
proper ESD precautions should be taken to avoid performance degradation or loss of
functionality.
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PIN CONFIGURATIONS AND FUNCTION DESCRIPTIONS

Table 12.Pin Descriptions

o
2
Sy 23
a7 7
e e
-FB 1 12 DISABLE
+IN 21> ADA4945-1 11 -out
TOP VIEW
-N 3 (Not to Scale) 10 +out
+FB 4 9 Vocm
n © N~ o
g 2L
8 + + j
= o
>
T+

NOTES
1. EXPOSED PAD. CONNECT THE EXPOSED PAD TO -Vs. 8

Figure 3. Pin Configuration

PIN NAME DESCRIPTION
1 -FB Negative Output for Feedback Component Connection.
2 +IN Positive Input Summing Node.
3 -IN Negative Input Summing Node.
4 +FB Positive Output for Feedback Component Connection.
5 MODE Selects Between Full Power Mode and Low Power Mode.
6
. +Vg Positive Supply Voltage.
8 Ve amp Positive Clamp Level.
9 Voem Output Common-Mode Voltage.
10 +0OUT Positive Output for Load Connection.
11 -ouT Negative Output for Load Connection.
12 DISABLE | Disable Pin.
13 =Veiamp Negative Clamp Level.
14
e -V Negative Supply Voltage.
16 Deno Digital Ground Level.

E);ZO(S;::]AD) Exposed Pad. Connect the exposed pad to -Vs.
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TYPICAL PERFORMANCE CHARACTERISTICS (FULL POWER MODE)

(Ta=+25°C,Vs=45V,G=1,Rr=Rs =499 Q, Rr=53.6 Q (when used), and R. =1 kQ, unless otherwise noted. See
Figure 94, Figure 95, Figure 96, and Figure 97 for the test circuits.)

3 T T 1T 3 T T 1T
G=1,R_=1kQ G=1,R_=1kQ
: 111 : T
1 G=1,R_=100Q ] 1 G =1, R_=100Q
[ Ll LT
~ 0 = ~ 0 S
g \ g [ 1A
z z G=2,R =1kQ
g -2 G=2,R =1ka | g -2 G2
- g
3 -4 \ g -4
g -5 Z -5
g " G =2, R_=100Q g "
-7 -7
BTy, =0.1V p- 2w =2V p-
ouT, dm = 0.1V p-p OUT, dm p-p
-9 111l 1 -9 I AN 1
0.1 1 10 100 1000 0.1 1 10 100 1000
FREQUENCY (MHz) g FREQUENCY (MHz) g
Figure 4. Small Signal Frequency Response for Various Figure 7. Large Signal Frequency Response for Various
Gains and Loads Gains and Loads
2 —Vg=15v || 2 — Vg =15V
— Vg = 2.5V — Vg =25V
1 — Vg =31.5V [} 1 > — Vg = #1.5V
0 0
-1 -1
=~ _2 = _2
s \ )
z 3 | z 3 \
S 4 I S 4
-5 ‘ -5
-6 -6 \
-7 -7 l
-8 = -8 =
Vour, dm = 0.1V p-p Vour, dm = 2V p-p ll
) L1 11 1 ) L1 L1 1
0.1 1 10 100 1000 0.1 1 10 100 1000
FREQUENCY (MHz) g FREQUENCY (MHz) b
Figure 5. Small Signal Frequency Response for Various Figure 8. Large Signal Frequency Response for Various
Supplies Supplies
’ M1 ’ -
2 +25°C 2 +25 CI
1 —~40°C 1771 ! Z _40°C
0 */ L1 . il
--—— +125°C
-1 = f
_ \ . +125°C
o 2 o 2
= | =
z 3 z 3
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Figure 6. Small Signal Frequency Response for Various Figure 9.Large Signal Frequency Response for Various
Temperatures Temperatures
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Figure 10. Small Signal Frequency Response at Various
Vocu Levels
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Figure 11. Large Signal Frequency Response at Various
VocuLevels
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Figure 12. Small Signal Frequency Response for
Various Capacitive Loads
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Figure 13. 0.1 dB Flatness Small Signal Frequency
Response for Various Gains and Loads
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Figure 15. Large Signal Frequency Response for
Various Capacitive Loads
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Figure 16. 0.1 dB Flatness Large Signal Frequency Figure 19. Input Offset Current vs. Temperature for 30
Response for Various Gains and Loads Devices
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Figure 17. Vocy Large Signal Frequency Response Figure 20. Harmonic Distortion vs. Frequency for
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Figure 22. Harmonic Distortion vs. Frequency for
Various Gains
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Figure 23. Harmonic Distortion vs. Vocy, f=1 kHz, 5V
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Figure 24. Harmonic Distortion vs. Vocy, f=1 kHz, £2.5
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Figure 25. Harmonic Distortion vs. Frequency for
Various Voyr, 4m
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Figure 29. Output Balance vs. Frequency Figure 32. Output Overdrive Recovery, G =2
130 |||| 100
10 AMPLIFIERS
120 petYN L peRR
N
U\'\\ N N
110 - ] I
+PSRR z
100 ‘: i =
= [
T 9 \\t; uaa Mc 2 V\
o N w 10
£ 80 W g ™
o ) 5 -
70 = g
=
2
60 g
50
40 1
0.1 1 10 100 1 10 100 1k 10k 100k
FREQUENCY (MHz) g FREQUENCY (Hz) 8
Figure 30. PSRR vs. Frequency Figure 33. Voltage Noise Spectral Density, Referred to
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Figure 39. Small Signal Transient Response for Various
Gains and Loads
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Figure 40. Small Signal Transient Response for Various
Capacitive Loads, Vs =10V

100
— Ccom1 = Ccomz = OpF
80 — Ccom1 = Ccomz = 5pF
= Ccom1 = Ccomz = 10pF
60 = Ccom1 = Ccomz = 20pF

40

20

-20

—40

-60

-80 [-Cpirr = OpF

Vour, am = 0-1V p-p
-100 L L L
0 100 200 300 400 500 600 700 800 900 1000
TIME (ns) S

Figure 41. Small Signal Transient Response for Various
Capacitive Loads, V=5V
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Figure 42. Small Signal Transient Response for Various
Capacitive Loads, Vs =3V
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Figure 43. Large Signal Transient Response for Various
Gains and Loads
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Figure 44. Large Signal Transient Response for Various
Capacitive Loads, V=10V
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Figure 45. Large Signal Transient Response for Various
Capacitive Loads, V=5V
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Figure 47. Voc,y Small Signal Transient Response
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Figure 67. Harmonic Distortion vs. Frequency for
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Figure 85. Small Signal Transient Response for Various
Capacitive Loads, V=10V
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Figure 86. Small Signal Transient Response for Various
Capacitive Loads, Vs= 5V
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Figure 87. Small Signal Transient Response for Various
Capacitive Loads, V=3V
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Figure 88. Large Signal Transient Response for Various
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Figure 90. Large Signal Transient Response for Various
Capacitive Loads, V=5V
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Figure 92. V¢, Small Signal Transient Response
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TEST CIRCUITS
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»  Figure 94. Equivalent Basic Test Circuit
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Figure 97. Test Circuit for DISABLE Pin Turn On Time Measurement
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TERMINOLOGY
Differential Voltage

Differential voltage is the difference between two node voltages. For example, the differential output voltage (or
equivalently, output differential mode voltage) is defined as

Vout,dm = (V.our = V-our)

where V,qyr and V_qy; refer to the voltages at the +OUT and -OUT terminals with respect to a common reference.
Similarly, the differential input voltage is defined as

Vin,dm = (+Diy = (=Dy))

Common-Mode Voltage (CMV)

CMV is the average of two node voltages. The output common mode voltage is defined as
Vour,em= (Vsour + Vour)/2
Similarly, the input common-mode voltage is defined as

Vin,em = (#Diy + (-Dyy))/2

Common-Mode Offset Voltage
Common-mode offset voltage is the difference between the voltage applied to the VOCM terminal and the common
mode of the output voltage.

Vos,em = Vour,em = Vocm

Differential Vos, Differential CMRR, and Vocy CMRR
The differential mode and common-mode voltages each have their own error sources. The differential offset (Vg 4rn)
is the voltage error between the +IN and -IN terminals of the amplifier. Differential CMRR reflects the change of Vg,
dm in response to changes to the common-mode voltage at +D,, and -D, (see Figure 98).

AVIN,cm

AVos,am

CMRRDFF =

Vocw CMRR reflects the change of VOS, dm in response to changes to the common-mode voltage at the output
terminals.

CMRRy,,, = oo

AVos,dm
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Balance

Balanceis a measure of how well the differential signals are matched in amplitude. The differential signals are exactly
180° apart in phase. By this definition, the output balance is the magnitude of the output common-mode voltage
divided by the magnitude of the output differential mode voltage.

Vour
,Cm
Output Balance Error = [————
Vout,dm
-FBO
R Rr3
G +
+DiN O—w *N ouT 0 -
Vocm o———————  ADA4945-1 2RL am Vour, am
-Din o—ww 0 +
Re re3 N |- +OUuT
+FB O d g

Figure 98. Circuit Definitions
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THEORY OF OPERATION
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Figure 99. ADA4945-1 Architectural Block Diagram

055

The ADA4945-1 is a high speed, low power differential amplifier fabricated on Analog Devices advanced dielectrically
isolated SiGe bipolar process. The device provides two closely balanced differential outputs in response to either
differential or single-ended input signals. An external feedback network that is similar to a voltage feedback
operational amplifier sets the differential gain. The output common-mode voltage is independent of the input
common-mode voltage and is set by an external voltage at the Vo, terminal. The PNP input stage allows input
common-mode voltages between the negative supply and 1.3 V less than the positive supply. A rail-to-rail output
stage supplies a wide output voltage range. The DISABLE pin can reduce the supply current (I,) of the amplifier to 50
MA.

Fully Differential and Common-Mode Signal Paths

Figure 99 shows a simplified diagram of the ADA4945-1 architecture. The differential feedback loop consists of the
differential transconductance (Gp,) working through the Go output buffers and the Re/R; feedback networks. The
common-mode feedback loop is set up with a voltage divider across the two differential outputs to create an output
voltage midpoint (Voyr(cw) and a common-mode transconductance (Ggy).

The differential feedback loop forces the voltages at +IN and -IN to equal each other. This voltage equalization sets
the following relationships:

+Din _ V_our

Rg Rg
—Div _ _Viour
Rg R

Subtracting the previous equations gives the relationship that shows Rr and R¢ setting the differential gain.

R
(Viour — Voour) = (+Diy — (=Dpy)) % R_G
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The common-mode feedback loop drives the output common mode voltage that is sampled at the midpoint of the
output voltage divider to equal the voltage at V.. This voltage equalization results in the following relationships:

Vour,dm
Viour = Voem + >

Vour,dm
V_our = Voem — 2

Note that the summing junction input voltages of the differential amplifier (+IN and =IN in Figure 99) are set by both
the output voltages and the input voltages.

v =0 () o (55
= +Dy (=—— ) + V_gur (——=
+IN IN RF + RG ouT RF + RG

Rp Rg
Voin = ~Diy (RF+RG) + Viour (RF+RG)

Output Voltage Clamp

In addition to the differential and common-mode signal paths, the ADA4945-1 implements clamping circuits to
protect the input devices of circuits being driven by the ADA4945-1, hereafter assumed to be an ADC, from being
overdriven and potentially damaged. These clamping circuits use both differential and common-mode feedback to
limit the output voltages to a range defined by the voltage applied to two reference pins, +V¢aup and =V aup. These
high impedance pins are typically connected to potentials that define the allowable input range of the ADC, which
are the ADC reference voltages (+Vger and —Vgee) for most ADCs.

As shown in Figure 100, the common-mode clamping circuit senses the output voltage midpoint and applies a
common mode feedback signal to prevent Vg, cm from exceeding +V¢ aup OF g0ing below =V ayp.

o
UPPER *VeLame
COMMON-MODE
CLAMP -ouT
icLAMP (cm)
—-————
LOWER +OUT
COMMON-MODE
CLAMP
——O0 Veiamp

Figure 100. Common-Mode Clamp Block Diagram

The differential clamping circuit, shown in Figure 101, senses each output (+OUT and —OUT) and applies a differential
feedback signal to prevent either output from exceeding (+V¢awe + 0.5 V) or going below (=V¢awp — 0.5 V). The
approximately 500 mV offset voltage is designed to allow the outputs to fully use the input range of the ADC without
any clamp engagement, while providing input protection prior to the turn on of the ADC input protection diodes.
This feature allows the ADA4945-1 to provide a full-scale signal to the ADC without incurring any clamp induced
distortion, thus maximizing signal-to-noise ratio (SNR) and linearity while protecting the ADC inputs.

analog.com Rev. A | 44 of 57


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

ADA4945-1

ICLAMP (DIFF) 500 mV
_— 1l —
—H'—O +VeLamp
UPPER
DIFFERENTIAL
CLAMP O -OUT
LOWER O +OUT
. DIFFERENTIAL
icLAMP (DIFF) CLAMP 500 mV
D —— — L+
—IF——o0 —VeLawe 5

Figure 101. Differential Clamp Block Diagram
By applying a differential feedback signal in response to one or both outputs exceeding the clamp reference voltages,
both outputs are limited equally, even if only one output exceeds one of the clamp reference voltages. This feature
allows the ADA4945- 1 to maintain a constant output common-mode voltage even while clamping the differential
outputs, which enables a faster system recovery from a clamped condition.

In systems where output clamping is not desired, the upper output clamp can be disabled by connecting +Vciauwe to
+Vg, and the lower output clamp can be disabled by connecting =V aue to =Vs. If one clamp is disabled (for example,
V=~V e = 0V), the other can be remain active, and the output is limited when either or both outputs reaches the
active clamp reference.

An additional feature of the ADA4945-1 is the use of a resistor divider between the +V¢ yyp and =V awe PINS, as shown
in Figure 99, to set the default potential on the V¢, pin when the pin is not externally driven. Because the +V e and
=Veawe Pins are typically set to the maximum and minimum desired input voltage of the ADC (for example, +Vger and
—Vger), respectively, this resistor divider sets the output common-mode voltage of the ADA4945-1 at the midpoint of
the ADC input range by default. By contrast, most fully-differential amplifiers use a resistor divider between the
amplifier supply voltages to set the default output common-mode voltage, which may not be optimal for maximizing
ADC input range usage.

Power Modes

The ADA4945-1 implements two fully characterized active power modes (full power, low power) and a disable mode
to optimize system power and performance trade-offs. The transition time from disable mode to either of the active
power modes is fast (<2us), allowing additional power savings by dynamically placing the ADA4945-1 in disable mode
when the output voltage is not needed (for example, between ADC samples in low data rate systems).
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APPLICATIONS INFORMATION

Analyzing an Application Circuit

The ADA4945-1 uses open-loop gain and negative feedback to force the differential and common-mode output
voltages to minimize the differential and common-mode error voltages. The differential error voltage is the voltage
between the differential inputs labeled +IN and -IN (see Figure 98). For most purposes, this voltage is 0 V. Similarly,
the difference between the actual output common-mode voltage and the voltage applied to Vo is also 0 V. Starting
from these two assumptions, any application circuit can be analyzed.

Setting the Closed-Loop Gain

Determine the differential mode gain of the circuit in Figure 98 by using the following equation:

VOUT,dm — &
Rg

VIN,dm

This calculation assumes that the input resistors (Rg) and feedback resistors (Rr) on each side are equal.

Estimating the Output Noise Voltage

The differential output noise of the ADA4945-1 can be estimated by using the noise model in Figure 102. The input-
referred noise voltage density, v\, is modeled as a differential input, and the noise currents, inn- and inn:, appear
between each input and ground. The noise currents are assumed equal and produce a voltage across the parallel
combination of the gain and feedback resistances. vacu is the noise voltage density at the Vo pin. Each of the four
resistors contributes (4kTRy) ¥2. Table 13 summarizes the input noise sources, the multiplication factors, and the
output referred noise density terms. For more noise calculation information, go to the Analog Devices Differential
Amplifier Calculator (DiffAmpCalc™), click ADIDiffAmpCalculator.zip, and follow the on-screen prompts.

Vnre1 VnRF1

Figure 102. ADA4945-1 Noise Model

As with conventional op amps, the output noise voltage densities can be estimated by multiplying the input
referred terms at +IN and —IN by the appropriate output factor, where:

2

Gy = Bithy is the circuit noise gain.
Ra1 Rez

=————andf; =—+"

P Rr1 + Raa & Rpz + Rga

are the feedback factors. When R;/Rg; = Re,/Rg,, then B1 =32 = 3, and the noise gain becomes
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Note that the output noise from V¢, goes to zero in this case. The total differential output noise density, vnop, is the
root-sum square of the individual output noise terms

Vnop =

Table 13.0utput Noise Voltage Density Calculations

. A . Input Noise O.Ut.p Ut. Output-Referred Noise

Input Noise Contribution | Input Noise Term Voltage Multiplication .
Density Factor Voltage Density Term

Differential Input Vain vnIN Gy Vio1 = Gy (Vo)
Inverting Input inin- inn- % (RealIRe2) | Gy Vo = Gy [inin- X (R ||Re,)]
Noninverting Input i inn+ X (Rg1||Rr1) | Gu Vino3 = GN [inins X (Rgy||Re1)]
Vocu Input Vncum Vncm Gy (B1-B2) Vioa = Gy (B1 = B2) (Vacw)
Gain Resistor, Re: ViRrel (4KTRgy)Y? Gy (1-B) Vios = Gy (1 - B2)(4kTRe1)Y?
Gain Resistor, Re, Vire2 (4kTRg)Y? Gy (1-By) Vnos = Gn (1 — B1)(4kTRe2)*2
Feedback Resistor, R Vire1 (4KTRey) Y2 1 Vnor = (4KTRg) Y2
Feedback Resistor, Rr, Vire2 (4KTRg,) 2 1 Vo = (4KTRg) 12

Impact of Mismatches in the Feedback Networks

Even ifthe external feedback networks (R¢/R) are mismatched, the internal common-mode feedback loop still forces
the outputs to remain balanced. The amplitudes of the signals at each output remain equal and 180° out of phase.
The input-to-output, differential mode gain varies proportionately to the feedback mismatch, but the output balance
is unaffected.

As well as causing a noise contribution from V., ratio matching errors in the external resistors result in a
degradation of the ability of the circuit to reject input common-mode signals, similar to a four resistors difference
amplifier made from a conventional op amp.

In addition, if the dc levels of the input and output common mode voltages are different, matching errors resultin a
small differential mode, output offset voltage. When G = 1, with a ground referenced input signal and the output
common-mode level set to 2.5V, an output offset of as much as 25 mV (1% of the difference in common-mode levels)
can result if 1% tolerance resistors are used. Resistors of 1% tolerance result in a worst case input CMRR of about 40
dB, a worst case differential mode output offset of 25 mV due to the 2.5 V level shift, and no significant degradation
in output balance error.

Calculating the Input Impedance of an Application Circuit

The effective input impedance depends on whether the signal source is single-ended or differential. For a balanced
differential input signal, as shown in Figure 103, the input impedance (R, 4m) between the inputs (+D,y and -Dy) is
Rin,am =2 X Re.
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Figure 103. ADA4945-1 Configured for Balanced (Differential) Inputs
For an unbalanced single-ended input signal, as shown in Figure 104, the input impedance is

1+ B2
RIN,SE = RGI%

where:
R
Bl = G1
R¢1 + Rpp
R
B2 = G2
Rg2 + Rz
Res
RiN, SE +Vs
Rg1
MA- + O

Vocm O— ADA4945-1 $R. Vour, dm

Rg2

Figure 104. ADA4945-1 with Unbalanced (Single-Ended) Input

For a balanced system where R¢; = Rg, = Rg and Rg; = Rg, = R, the equations simplify to

R R
Bl = BZ = RGfRF and RIN,SE = <1_—§{F>
Z(RG+RF)

The input impedance of the circuit is effectively higher than it would be for a conventional op amp connected as an
inverter because a fraction of the differential output voltage appears at the inputs as a common-mode signal,
partially bootstrapping the voltage across the R, input resistor.

Terminating a Single-Ended Input

This section describes how to properly terminate a single-ended input to the ADA4945-1. Assume a system gain of 1
where Ri; =R, = Rg; = Rg; =499 Q, an input source with an open-circuit output voltage of 2V, and a source resistance
of 50 Q. Figure 105 shows the circuit.

p-p>

1. Calculate the inputimpedance.
B1=[32=499/998 =0.5 and Ry =665.33 Q
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Re1
Riy 4990
665.333Q W
S
o A + o
L 4990
S
2V pp Vocm O— ADA4945-1 2 RL Vour, dm
J7 4990 /g
_VS
R

2090
Figure 105. Single-Ended Input Impedance Ry

061

2. Add a termination resistor (R;) to match the 50 Q source resistance. Because R;|[665.33 Q = 50 Q,
R, =54.06 Q.
Req
Rin 4990
500 +Vs
Rs Rg1
AN + O
v 500 Rr & 4990
o 54'“““‘%7 Vocw 0—| ADA4945-T>>$ Ry Vour, am
Rg2
A - O
4990 4
i -Vs
Rr2
4990 g
Figure 106. Adding Termination Resistor, RT
3. Replacethe source termination resistor combination with the Thevenin equivalent. The Thevenin equivalent
of the source resistance, Rg, and the termination resistance, Ry, is Ryy = Rg||R; = 25.976 Q. The Thevenin
equivalent of the source voltage is
Vo = Vs —T 1.039V,
TH= VSR TRy p-p
Rg Ry
50Q Rt 25.976Q
Vs 54.060 w—» VTH
2V p-p 1.039V p-p
Figure 107. Thevenin Equivalent Circuit
4.

Set Rg; = R, = Re to maintain a balanced system. Compensate the imbalance caused by Ry,. There are two
methods available to compensate, as follows:

» Add Ry to R, to maintain balanced gain resistances and increase Ry; and R, to Ry = Js Gain(Rg + Ryy) to

TH
maintain the system gain.

R N . N
» Decrease R, to R, = VF:Z;P; to maintain system gain and decrease Rg, to (Rg, — Ryy) to maintain balanced
S

gain resistances.

The first compensation method is used in the Analog Devices DiffAmpCalc™ tool. Using the second compensation
method, Rg, =259.241 Q and Rg; = 259.241 - 25.976 = 233.265 Q. The modified circuit is shown in Figure 108

analog.com Rev. A | 49 of 57


https://www.analog.com/en/index.html
https://www.analog.com/en/resources/interactive-design-tools/adi-diffampcalc.html

ADA4945-1

Rt
4990
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259760 233.2650
TH L
1.039V p-p Vocm 0— ADA4945-1 $ R Vout, dm
ez o
J7259'.é'410 4
_VS
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4990 g

Figure 108. Thevenin Equivalent with Matched Gain Resistors

Figure 108 shows an easily manageable circuit with matched feedback loops that can be easily evaluated.

5. The modified gain resistor, Rg;, changes the input impedance. Repeat Step 1 through Step 4 several times
using the modified value of R¢; from the previous iteration until the value of R; does not change from the
previous iteration. After three additional iterations, the change in R, is less than 0.1%. The final circuit is
shown in Figure 109 with the closest 1% resistor values.

R
4990
0.998V p-p +Vs
Rs . Rs [V . °
v 50Q Rrs 243Q
s 57.6Q v
Wpp Voo o—| ADA4945-1>> R, [SeTiim
Re2 Vg o
J;é‘vb T
_VS
Re2
4990 8

S

Figure 109.Terminated Single-Ended-to-Differential System with G =1

Input Common-Mode Voltage Range

Theinput common-mode range at the summing nodes of the ADA4945-1 is specified as -Vs to +V; - 1.3 V. By extending
the input common-mode range down to -V, the ADA4945-1 is especially well suited to dc-coupled, single-ended-to-
differential, and single-supply applications, such as ADC driving.

Input and Output Capacitive AC Coupling

Although the ADA4945-1 is best suited to dc-coupled applications, it is possible to use the device in ac-coupled
circuits. Input ac coupling capacitors can be inserted between the source and Re. This ac coupling blocks the flow of
the dc common-mode feedback current and causes the ADA4945-1 dc input common-mode voltage to equal the dc
output common-mode voltage. These ac coupling capacitors must be placed in both loops to keep the feedback
factors matched. Output ac coupling capacitors can be placed in series between each output and the respective load
of each output.

Setting the Output Common-Mode Voltage

The Vocu pin of the ADA4945-1 is internally biased at a voltage approximately equal to the midway between the
output voltage clamps, ((+Vciame) + (=Veiawe))/2. Relying on this internal bias results in an output common-mode
voltage that is within approximately 100 mV of the expected value.
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When more accurate control of the output common-mode level is required, it is recommended that an external
source, or resistor divider (10 kQ or greater resistors), be used. The output common-mode offset listed in Table 2,
Table 5, and Table 8 assumes that the V¢, input is driven by a low impedance voltage source.

Itis also possible to connect the Vo, input to a common-mode level (CML) output of an ADC. However, care must be
taken to ensure that the output has sufficient drive capability. The input impedance of the Vo pin is approximately
125 kQ.

Disable Pin

The ADA4945-1 features a DISABLE pin that can be used to minimize the quiescent current consumed when the
device is not being used. DISABLE is asserted by applying a low logic level to the DISABLE pin. The logic level for the
DISABLE pin is referenced to Denp. See Table 3, Table 6, and Table 9 for the threshold limits.

The DISABLE pin features an internal pull-up network that enables the amplifier for normal operation. The ADA4945-
1 DISABLE pin can be left floating (that is, no external connection is required) and does not require an external pullup
resistor to ensure normal on operation (see Figure 110). When the ADA4945-1 is disabled, the output is high
impedance. Note that the outputs are tied to the inputs through the feedback resistors and to the source using the
gain resistors. In addition, there are back to back diodes on the input pins that limit the differential voltage to 1.2 V.

& +VS
o——— '
DISABLE £
1 AMPLIFIER
Denp BIAS CURRENT

_Vs

Figure 110. DISABLE Pin Circuit

095

Driving a Capacitive Load

A purely capacitive load reacts with the bond wire and pin inductance of the ADA4945-1, resulting in high frequency
ringing in the transient response and loss of phase margin. One way to minimize this effect is to place a resistor in
series with each output to buffer the load capacitance. The resistor and load capacitance form afirst-order, low-pass
filter. Therefore, the resistor value must be as small as possible. In some cases, the ADCs require small series resistors
to be added on their inputs.

Figure 111 shows the capacitive load vs. the series resistance required to maintain a minimum 45° of phase margin.
The test circuit is shown in Figure 112.
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Figure 111. Series Resistance vs. Load Capacitance

Figure 112. Series Resistance with a Capacitive Load Test Circuit

Output Clamps

ViN O—wW\—9

The ADA4945-1 implements output voltage clamps to effectively limit the differential and common-mode signal
levels, thereby protecting circuitry following the ADA4945-1 from being overdriven. The operation of these clamps is
discussed in the Theory of Operation section. Figure 113 shows an example where the output voltage clamp may be
used while driving an ADC. In this example, the ADA4945-1 is operating from +7 V and -2 V supplies, and the ADC is
using +5 V reference. In such a scenario, the ADC input can potentially be overdriven if no clamping were present. By
connecting the clamps to the positive and negative references of the ADC, the differential and common-mode signal
levels are limited as shown in Figure 114 and Figure 115. Note that the differential signals are clamped ~500 mV
beyond the clamp set voltage to allow full swing to the references. The common-mode signal is clamped right at the

clamp set voltages.

+2.5V O+

Rg

+ REF

Figure 113. ADA4945-1 Output Voltage Clamp Usage
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Figure 114. Clamped Differential Signal Levels
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Figure 115. Clamped Common-Mode Signal Levels

Driving a High Precision ADC

The ADA4945-1 is ideally suited for broadband dc-coupled applications. The recommended list of precision
converters is shown in Table 15. The circuit in Figure 116 shows an example of the ADA4945-1 driving a precision ADC
such as the AD4003 (an 18-bit, 2 MSPS, successive approximation ADC), or the AD7768 (a 24-bit, 256 kSPS, sigma-
delta ADC). The ADA4945-1 is dc-coupled on the input and the output, which eliminates the need for a transformer
to drive the ADC. In this example, the ADA4945-1 is applied in a differential input to differential output configuration,
with a gain of 1, and with dual supplies of +7 V and -2 V. The output of the ADA4945-1 is level shifted to match the
input common mode of the ADC. The gain is set by the ratio of the feedback resistor to the gain resistor. In addition,
the circuit can be used in a single-ended input to differential output configuration. If needed, a termination resistor
in parallel with the source input can be used. When a single-ended input is used, the input impedance of the amplifier
can be calculated as shown in the Terminating a Single-Ended Input section. If the feedback and gain resistors are
all 1 kQ, as in Figure 116, the single-ended input impedance is approximately 1.33 kQ, which, in parallel with a
52.3 Q termination resistor, provides a 50 Q termination for the source. An additional 25.5 Q (1025.5 Q total) at the
inverting input balances the parallel impedance of the 50 Q source and the termination resistor driving the
noninverting input. However, if a differential source input is used, the differential input impedance is 2 kQ. In this
case, two 52.3 Q termination resistors are used to terminate the inputs.

When driving the AD7768 in this example, the ADA4945-1 is driven by a signal generator havingan 8V, , symmetric,
bipolar output. The Vo input of the ADA4945-1 is bypassed for noise reduction and is driven via the common-mode
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source of the AD7768 to 2.5 V. With an output common-mode voltage of 2.5 V, each ADA4945-1 output swings
between 0.5V and 4.5V, opposite in phase, providing a gain of 1 and a 8 V p-p differential signal to the ADC input. The
differential RC section between the ADA4945-1 output and the ADC input provides a single-pole, low-pass filter to
help reduce current spikes due to ADC input switching.

Table 14 shows the SNR and total distortion (THD) of the ADA4945-1 driving the AD7768 and AD4003 for various input
frequencies at a near full-scale signal. The RC filter values in Figure 116 are also shown, as well as the reference
voltage (REF) level.

1kQ
—MWv REF

1kQ
+D|N o —AAA

VWAV—

+2.5V O—

1kQ
-Din O W

16932-118

Figure 116. ADA4945-1 Driving Precision ADC
Table 14.SNR and THD for ADA4945-1 Driving AD7768 and AD4003

ADC Frequency Signal Level REF(V) | R(Q) | C(pF) Coirr (PF) SNR (dB) | THD (dB)
(kHz) (Vp-p)
AD7768 | 1 8.0 4.096 10 270 680 106.7 -115.9
2 8.0 4.096 10 270 680 106.5 -115.5
10 8.0 4.096 10 270 680 105.8 -116.9
20 7.98 4.096 10 270 680 104.7 -116.2
AD4003 | 1 9.5 5.0 200 180 Not 98.5 -123.5
applicable
10 9.5 5.0 200 180 Not 98.3 -117.0
applicable
100 9.1 5.0 200 180 Not 96.3 -100.3
applicable
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Table 15. Recommended Converters

Product Power (mW) Throughput (MSPS) Resolution (Bits) SNR (dB)
AD4001 16 2 16 96
AD4003 16 2 18 100
AD4005 8 1 16 96
AD4007 8 1 18 100
AD4011 4 0.5 18 100
AD4020 20 2 20 100

LAYOUT, GROUNDING, AND BYPASSING

As a high speed device, the ADA4945-1 is sensitive to the PCB environment in which it operates. Using the superior
performance of the ADA4945-1 requires attention to the details of high speed PCB design.

Ensure that signal routing is short and direct to avoid parasitic effects. Wherever complementary signals exist,
provide a symmetrical layout to maximize balanced performance. When routing differential signals over a long
distance, ensure that PCB traces are close together, and twist any differential wiring such that loop area is minimized.
This configuration reduces radiated energy and makes the circuit less susceptible to interference.

Bypass the power supply pins as near to the device as possible and directly to a nearby ground plane. Use high
frequency ceramic chip capacitors. Use two parallel bypass capacitors (0.1 uF and 10 uF) for each supply. Place the
0.1 uF capacitor as near to the device as possible. Further away, provide low frequency bypassing using 10 pF
tantalum capacitors from each supply to ground.

The ground plane must be as continuous and unbroken as possible to provide a low impedance path for return
currents to the supply. As such, the ground plane should be kept free of any signal traces or other interruptions.
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OUTLINE DIMENSIONS

DETAIL A
(JEDEC 95)
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e ¥
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COMPLIANT TOJEDEC STANDARDS MO-220-WEED-6 g
Figure 117. 16-Lead Lead Frame Chip Scale Package (LFCSP)
3 mm x 3mm Body and 0.75 mm Package Height
(CP-16-22)
Dimensions shown in millimeters

Table 16. Ordering Guide

Model! Ten;zc;rga:ure Package Description Package Option g::‘rt'xs M(a::',l::g
ADA4945-1ACPZ-R2 -40°Cto +125°C | 16-Lead LFCSP CP-16-22 250 CoD
ADA4945-1ACPZ-RL -40°Cto +125°C | 16-Lead LFCSP CP-16-22 5,000 CoD
ADA4945-1ACPZ-R7 -40°Cto +125°C | 16-Lead LFCSP CP-16-22 1,500 CoD
ADA4945-1CP-EBZ Evaluation Board
AMC-ADA4945-1EBZ ADC Mezzanine Card

1Z = RoHS-compliant part.
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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 WHICH ADI PRODUCTS OR SERVICES ARE USED. TRADEMARKS AND
REGISTERED TRADEMARKS ARE THE PROPERTY OF THEIR RESPECTIVE OWNERS.
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