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Low-Cost, Low-Voltage, Rail-to-Rail,
Input/Output, SOT23 5MHz Op Amp

General Description Features

The MAX4321 operational amplifier (op amp) combines ¢ Low-Voltage, Pin-for-Pin Upgrade for LMC7101
a 5MHz gain-bandwidth product and excellent DC

accuracy with Rail-to-Rail® operation at both the inputs Guaranteed +2.4V to +6.5V Single-Supply
and the output. This device requires only 650pA and Operation
operates from either a single +2.4V to +6.5Y supply or Tvpically Operates Down to +1.8V
dual +1.2V to +3.25V supplies, although the MAX4321 yp y. P i *
typically operates down to +1.8V (+0.9V). The 5MHz Gain-Bandwidth Product
650uA Quiescent Current

*

MAX4321 remains unity-gain stable with capacitive
loads up to 500pF and is capable of driving 250Q loads
to within 200mV of either rail.

With rail-to-rail input common-mode range and output
swing, the MAX4321 is ideal for low-voltage, single-sup-
ply applications. In addition, low +1.2mV input offset volt-
age and high 2V/us slew rate make this device ideal for Unity-Gain Stable for Capacitive Loads up to
signal-conditioning stages for precision, low-voltage data- 500pF

acquisition systems. The MAX4321 comes in a space- .

saving 5-pin SOT23 package and is guaranteed over the ¢ No Phase Reversal for Overdriven Inputs
extended (-40°C to +85°C) temperature range. ¢ Low-Cost Solution in SOT23-5 Package

The MAX4321 is a low-voltage, pin-for-pin compatible

upgrade for the LMC7101 that offers five-times higher

bandwidth, two-times faster slew rate, and about half the

input voltage noise density.

Rail-to-Rail Common-Mode Input Voltage Range
Rail-to-Rail Output Voltage Range
Drives 25002 Loads

* & & & &+ & &

Applications Ordering Information
Battery-Powered Instruments TEMP. PIN- TOP
Portable Equipment EARE RANGE PACKAGE MARK
Data-Acquisition Systems MAX4321EUK-T  -40°Cto +85°C 5507235  ADOA

Sensor and Signal Conditioning
Low-Power, Low-Voltage Applications
General-Purpose Low-Voltage Applications

Pin Configuration/

Typical Operating Circuit Functional Diagram
+5V
A TOP VIEW
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Rail-to-Rail is a registered trademark of Nippon Motorola, Lid.

MAXIL/WV Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim Direct at 1-888-629-4642,
or visit Maxim's website at www.maxim-ic.com.
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MAX4321

Low-Cost, Low-Voltage, Rail-to-Rail,
Input/Output, SOT23 5MHz Op Amp

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (VoG 10 VEE) ceevvmieiiieee i 0.3V io+7V
All Other PiINS wousaisminni: (Ve - 0.3V) to (Voo + 0.3V)
Output Short-Circuit DUration..........cocoeeevvvecceceeeeenns Continuous

(short to either supply)
Continuous Power Dissipation (Ta = +70°C)
5-pin SOT23 (derate 7.1mW/°C above +70°C)........... 571mW

Operating Temperature Range .........ccccecieeenens -40°C 1o +85°C
Junction Temperature..................

Storage Temperature Range
Lead Temperature (soldering, 108) .........cccoocoiiiiccee +300°C

Stresses beyond those listed under "Absolute Maximum Rafings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device refiability.

DC ELECTRICAL CHARACTERISTICS

(Vo = +5.0V, VEe = 0, Vem = 0, VouT = Veo/2, RL = = connected to Voc/2, Ta = +25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Supply Voltage Range Vece - VEE 24 6.5 vV
Supply Current Vem = VouT = Veo/2 Voo =+ 24V 0 HA
Voo = +6.5V 725
Input Offset Voltage Vos Vem = Ve or Ve +1.2 +3.5 mV
Input Bias Current IBIAS Vem = VEg or Voe +50 +150 nA
Input Offset Current lOFFESET Vem = VEe or Voo +4 +25 nA
L e RIN | -1.5V < VOIFF <+15V 500 kQ
ggnmgrg‘)"'MOde input-Voilage | oo | yirered fom CMRR G VEE V&5 v
ggtr;’lomon—Mode Rejection CMRR | VEE < Vom < Vee 60 91 dB
Power-Supply Rejection Ratio PSRR 2.4V < Voo < 6.5V 66 100 dB
Qutput Resistance Rout Ay = +1V)V 0.1 Q
Vout = 0.25V 1o 4.75V, R = 100kQ 103
Large-Signal Voltage Gain Ay Vout = 0.40V to 4.60V, R = 600Q 100 s
Vout = 0.40V o 4.60V, R = 250Q 70 86
RL = 100K Vee - Vo 25
VoL - VEE 20
; Ve - VoH 135
Output Voltage Swing Vout RL = 600Q mvV
VoL - VEe 60
RL = 250Q Vee - Vou 200 300
VoL - VEe 100 200
Qutput Short-Circuit Current 50 mA
2 AKX




Low-Cost, Low-Voltage, Rail-to-Rail,
Input/Output, SOT23 5MHz Op Amp

DC ELECTRICAL CHARACTERISTICS

(Vcc = +5.0V, VEe = 0, Vom = 0, Vout = Vec/2, RL = = connected to Vcc/2, Ta = -40°C to +85°C, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Supply Voltage Range Voo - VEE 2.4 6.5 \
Supply Current Icc Vem = Vourt = Vec/2 1200 HA
Input Offset Voltage Vos Vom = Veg or Vee +H mV
Input Offset Voitage -
Temperature Coefficient L WG
Input Bias Current IBl1AS Vom = VeEg or Voo +180 nA
Input Offset Current loeeser | Vem = Ve or Voo +50 nA
Commaog-Mode kiput Vollage Vem | Inferred from CMRR test Vee Vee | v
Range
Common-Mode Rejection Ratio CMRR VEE<VcmMm < Vee 54 dB
Power-Supply Rejection Ratio PSRR 24V < Voo < 6.5V 62 dB
Large-Signal Voltage Gain Ay Vout = 0.40V to 4.60V, B = 250Q 66 dB
Output Voltage Swing Vour | R =250 Ve - Vou Gl mv

VoL - VEe 250

AC ELECTRICAL CHARACTERISTICS

(Vcc = +5.0V, VEE=0, Vcm = 0, VouTt = Vee/2, RL = 250Q connected to Vec/2, TA = +25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Gain-Bandwidth Product GBP 5 MHz
Phase Margin 64 degrees
Gain Margin 12 dB
;;)Tdall\ll—é?;gnomc Distortion THD+N :\ (\];ki-li 2(\);}8, Vourt = 2Vpp, 0.003 %
Slew Rate SR Vout = 1V step 2 Vius
Settling Time to 0.01% tseTTLE | VouT = 2V step, Ay = +1V/V 2 us
Turn-On Time toN Ve =010 3V step 1 us
Input Capacitance Cin 3 pF
Input Noise Voltage Density f=1kHz 22 nvi Hz
Input Noise Current Density f=1kHz 0.4 pA~NHz

Note 1: All devices are 100% production tested at Ta = +25°C. All temperature limits are guaranteed by design and characterization.

MAXIMN 3
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MAX4321

Low-Cost, Low-Voltage, Rail-to-Rail,
Input/Output, SOT23 5MHz Op Amp

Typical Operating Characteristics
(Voo = +5V, VEe = 0, Vem = Veo/2, Ta = +25°C, unless otherwise noted.)

GAIN AND PHASE vs. FREQUENCY POWER-SUPPLY REJECTION

GAIN AND PHASE vs. FREQUENCY

MAXAZH-02

[ — T 180
| LU 144
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=i 7
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| | 12
20 [T Ay=+1000 ] -108
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FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)
OUTPUT IMPEDANCE INPUT OFFSET VOLTAGE
vs. FREQUENCY SUPPLY CURRENT vs. TEMPERATURE vs. TEMPERATURE
100 == 900 ” 3.00 =
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INPUT BIAS CURRENT INPUT BIAS CURRENT COMMON-MODE REJECTION
vs. COMMON-MODE VOLTAGE vs. TEMPERATURE vs. TEMPERATURE
50 50 5 120 =
40 g K [ | L+ g |§
4 Ve =65V, Vem=Vee |2 . 115 F
20 Vee=21V __-/ = 30 — | z =
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10 = Z % L1
= 2 I ] = Veo=27V,Vem=Vee = Vem=-02VT052v
= - ] = 3 Z g
-30 40 8
____..-"- —
o A 50 |- Veo=B5V,Vom= Ve [Tt ®
50 50 bl 80
0 1 2 3 4 5 6 40 25 10 5 20 3% 50 65 80 9% 4) 25 10 5 20 35 50 65 B0 95
COMMON-MODE VOLTAGE (V) TEMPERATURE (°C) TEMPERATURE (°C)
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Low-Cost, Low-Voltage, Rail-to-Rail,
Input/Output, SOT23 5MHz Op Amp

Typical Operating Characteristics (continued)
(Voo = 45V, VEE = 0, VoM = Veo/2, Ta = +25°C, unless otherwise noted.)

MINIMUM OUTPUT VOLTAGE MAXIMUM OUTPUT VOLTAGE LARGE-SIGNAL GAIN
vs. TEMPERATURE vs. TEMPERATURE vs. OUTPUT VOLTAGE
250 T = 300 T y = 120 o
RLTOVee & RLTOV, Lz Vee=2.7V I 5
| /Ié . L EE __-‘..___..--.--" g a0 L RLTO Ve /‘ R = 100k i::
200 Voo =65V, R = 500Q f/ Voo = 6.5V, Ry = 5000
/ A
s e = 20 100 =
E e E soe Ry = 10kQ
E w0 [~ A4 = g \ |
= Ve =27V, R = 5000 |~ 2 1, Vee =27V, Ry =500Q = n =2k |
S 100 — 8 Ry = 5000
] 100 80
50 Voe =65V, Ry = 100k —— i Ve =65V, R = 100k (TOP) = /
- | Vige = 2.7V, Ry = 100k<2 (BOTTOM) /
] Vg = 2.7V, R = 100k 3 1 - /
40 25 10 5 20 35 50 65 80 9% 40 25 0 5 20 35 50 65 B0 95 0O 100 200 300 400 500 600
TEMPERATURE (°C) TEMPERATURE (°C) OUTPUT VOLTAGE: FROM Vgg (mV)
LARGE-SIGNAL GAIN LARGE-SIGNAL GAIN LARGE-SIGNAL GAIN
vs. OUTPUT VOLTAGE vs. DUTPUT VOLTAGE vs. OUTPUT VOLTAGE
120 120 : - 120 —.
R i % = ) x =i | >
Ve =6.5V /,—— * I§ Voo =27V Ry =100k 5 Voo =65V / RL = 100kQ 8
1o k- RLTOVEe s e 2 110 RLTO Ve P | = 1o k RLTOVce | 2
- =
Ry = 100k / Ri = 10kQ2 /EEJ”TQ
100 RL=1D|{IQ_ 100 / | 100 / R = 2kQ
& | & )
=~ [ R=20 : 1/ ilriian = W / /_—T]
3 / ] 3 // / = / / RL- 5000
i / Iy & y /1 R=5000 | %
s I/ 1]/
70 / I 70 7 // / 70 7 %
. LA/ N/
0 100 200 300 400 500 600 0 100 200 300 400 500 600 0 100 200 300 400 500 600
OUTPUT VOLTAGE: FROM Ve (mV) OUTPUT VOLTAGE: FROM Ve (mV) OUTPUT VOLTAGE: FROM Ve (mV)
LARGE-SIGNAL GAIN LARGE-SIGNAL GAIN MINIMUM OPERATING VOLTAGE
vs. TEMPERATURE vs. TEMPERATURE vs. TEMPERATURE
— = : — i 19 .
:: L Y ) |§ :zz Vo =65V R TOVir ; B
A _ =1 T = o =
Vour(p-p)=Vee - 1V RTO Ve S ~—/ | Vc!{:=6.|5\f RlLTUVCC E = |
115 t 115 5--..= : =
il el Ve =27V, 1i0 > el || =7
1 RLTO Vi 2
g 105 [ T & 105 7 | T
— T—— -— =
= 100 = —— = 100 [ Veo=27V,R TOVer 2l = \
S g5 [ S ; ! g 15
"“'-'--.._____- Voo =6.5V, RLTOVee Voo=2./V, RL TOVee ; \\
& —~— e— N o =
- | Vour(p-p) = Ve - 600mv 13
80 Veo =27V, RLTOVee | —F— 80 g~ 100k2 T ]
75 1 | | | | 75 | L 12
40 25 10 5 20 3% 50 65 80 % 40 25 10 5 20 35 50 65 B0 95 40 % 0 5 20 3% 50 65 80 %
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
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MAX4321

Low-Cost, Low-Voltage, Rail-to-Rail,
Input/Output, SOT23 5MHz Op Amp

Typical Operating Characteristics (continued)
(Vcc = +5V, VEg = 0, Vem = Veo/2, Ta = +25°C, unless otherwise noted.)

TOTAL HARMONIC DISTORTION TOTAL HARMONIC DISTORTION PLUS NOISE SMALL-SIGNAL TRANSIENT
PLUS NOISE vs. FREQUENCY vs. PEAK-TO-PEAK SIGNAL AMPLITUDE RESPONSE (NONINVERTING)
0.040 Aa=1+|1|||||| TTTTIm 11 z 01 Ay =+1 ', ';‘ g Ay=+1 - ' d ;
L P i mesewr ==l bR
1 TOVge .
S00kHz LOWPASS FILTER ||| 500kHz LOWPASS __[f 7/ | T
. LD Ry =10kQ TO Ve /2 o FILTER f/ I |5 % |
£ 0025 £ i / I L._«.__ b
g g K 25 !
S 0 2 001 |=p-20q —="=2C g% oo e
* *. "7 = £
2 0015 = 5 Pt ofe Ry
I 4 O = \
0.010 / 4 ourf | O S \
R-10k2 | Ri-100k0 = v 1 \ ]
T ANy AN
0 0001 7 i ; j
10 100 1k 10k 100k 40 42 44 46 48 50 200ns/div
FREQUENCY (Hz) PEAK-TO-PEAK SIGNAL AMPLITUDE (V)
SMALL-SIGNAL TRANSIENT LARGE-SIGNAL TRANSIENT LARGE-SIGNAL TRANSIENT
RESPONSE (INVERTING) RESPONSE (NONINVERTING) i
Ayt 13 Ay=+1 : z R : ¥
S e R S e R I 2 T IR R A T i
ANRlIE : ol L i
N | i JI. 1. ‘ ] N } ol ALY [ ‘ [
| ] i t E : I 15
gz | e | Ba I T -
& frnfesfninlosbobedinted | 52| T S W 52 b ‘ .
=11 1 2 g = = .._._.
b I e ; . .;,. .\' : I_ x \ . .: y __,\ \\
\ I T ET IO | P/ v f \ out
ouT \‘ s \ I'J ourf - ff e |} \
Bt R . i A\
200ns/div s Zus;’ -
Pin Description
PIN NAME FUNCTION
1 ouTt Output
2 Vce Positive Supply
3 IN+ Noninverting Input
4 IN- Inverting Input
5 VEE Negative Supply. Connect ta ground for single-supply operation.
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Low-Cost, Low-Voltage, Rail-to-Rail,
Input/Output, SOT23 5MHz Op Amp

Applications Information

Rail-to-Rail Input Stage

The MAX4321 high-speed amplifier has rail-to-rail input
and output stages designed for low-voltage, single-
supply operation. The input stage consists of separate
NPN and PNP differential stages, which combine to
provide an input common-mode range extending to the
supply rails. The PNP stage is active for input voltages
close to the negative rail, and the NPN stage is active
for input voltages near the positive rail. The switchover
transition region, which occurs near Vcc / 2, has been
extended to minimize the slight degradation in CMRR
caused by the mismatch of the input pairs. lts low offset
voltage, high bandwidth, and rail-to-rail common-mode
range makes this op amp an excellent choice for preci-
sion, low-voltage, data-acquisition systems.

Since the input stage switches between the NPN and
PNP pairs, the input bias current changes polarity as
the input voltage passes through the transition region.
To reduce the offset error caused by input bias cur-

rents flowing through external source impedances,
match the effective impedance seen by each input
(Figures 1a, 1b). High source impedances, together
with the input capacitance, can create a parasitic pole
that produces an underdamped signal response.
Reducing the input impedance or placing a small (2pF
to 10pF) capacitor across the feedback resistor
improves the response.

The MAX4321's inputs are protected from large differen-
tial input voltages by 1kQ series resistors and back-to-
back triple diodes across the inputs (Figure 2). For
differential input voltages less than 1.8V, the input resis-
tance is typically 500kQ. For differential input voltages
greater than 1.8V, the input resistance is approximately
2kQ, and the input bias current is determined by the fol-
lowing equation:

Vi - 1.8V
Iglas = *DFZKQ

[>—VW *
R3

MNAXKAMN
MAX4321 =

VW

p— R1 R2

R3=R1[|R2

W —F
= R3
- —
/NAXILV
MAX4321

[>—VWV

R R2

R3=R1||R2

Figure 1a. Reducing Offset Error Due to Bias Current
(Noninverting)

Figure 1b. Reducing Offset Error Due to Bias Current
(Inverting)

[Oo—W\—y
1k

[o—VW—s
1

Figure 2. Input Protection Circuit
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MAX4321

Low-Cost, Low-Voltage, Rail-to-Rail,
Input/Output, SOT23 5MHz Op Amp

Rail-to-Rail Output Stage
The minimum output voltage will be within millivolts of
ground for single-supply operation where the load is
referenced to ground (VEE). Figure 3 shows the input
voltage range and output voltage swing of a MAX4321
connected as a voltage follower. With a +3V supply
and the 100kQ load tied to ground, the output swings
from 0.02V to 2.97V. The maximum output voltage
swing depends on the load but will be within 300mV of
a +5V supply, even with the maximum load (250Q to
ground).

Driving a capacitive load can cause instability in most
high-speed op amps, especially those with low quies-
cent current. The MAX4321 has a high tolerance for
capacitive loads. It is stable with capacitive loads up to
500pF. Figure 4 gives the stable operating region for
capacitive loads. Figures 5 and 6 show the response
with capacitive loads and the results of adding an isola-
tion resistor in series with the output (Figure 7). The
resistor improves the circuit's phase margin by isolating
the load capacitor from the op amp's output.

Ry =100k

2ys/div

10,000
1
\
UNSTABLE
= REGION
=
5 N
= N
& 1000
3
— N
<L
=1
- RLTO Ve
Vour=Vec /2
100 L L1
100 1k 10k 100k
RESISTIVE LOAD ()

Figure 3. Rail-to-Rail Input /Output Voltage Range

Figure 4. Capacitive-Load Stability

Ay=+ T
L G = 500pF .

VOLTAGE
S0mv/div

[=]1
=
=

400ns/div

Ay=+1
Cy = 1000pF

N Rszml : 2R

400ns/div

Figure 5. Small-Signal Transient Response with Capacitive
Load

Figure 6. Transient Response to Capacitive Load with Isolation
Resistor
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Low-Cost, Low-Voltage, Rail-to-Rail,
Input/Output, SOT23 5MHz Op Amp

Power-Up
The MAX4321 typically settles within 1us after power-up.
Using the test circuit of Figure 8, Figures 9 and 10 show
the output voltage and supply current on power-up.

Power Supplies and Layout
The MAX4321 operates from single +2.4V to +6.5V or
dual +1.2V to +3.25V supplies, though it typically oper-
ates down to +1.8V (+0.9V). For single-supply opera-
tion, bypass the power supply with a 0.1uF ceramic
capacitor in parallel with at least 1uF. For dual supplies,
bypass each supply to ground.

Good layout improves performance by decreasing the
amount of stray capacitance at the op amp’s inputs
and outputs. To decrease stray capacitance, minimize
trace lengths and resistor leads by placing external
components close to the op amp's pins.

Package Information

TRANSISTOR COUNT: 84

Vee MM
MAX4321
ovTo 27V
STEP FOR
POWER-UP
Rs TEST 2
0L
NAXLMN I
MAX4321 ==
- SUPPLY-CURRENT
% 102 MONITORING POINT 10k
Figure 7. Capacitive-Load-Driving Circuit Figure 8. Power-Up Test Circuit
/ 3 / i A
Vee / b Vice / 3 \\
d \ 1V/div /! :
/ \ / b
S = / : K 4 \
5; Fiviabaidls b ,.‘_'__...‘.._-4__..,..-'.‘...{___,_._.._._ | FESTE L JEOUE i e
= i i k
ouT Ilf.\h s 4 \\\ \C_C ; [“wwt
| : o L N\ 500uA/div / oy
Sus/div Spsfdiv

Figure 9. Power-Up Output Voltage

MAXIMN

Figure 10. Power-Up Supply Current
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MAX4321

Low-Cost, Low-Voltage, Rail-to-Rail,
Input/Output, SOT23 5MHz Op Amp

Package Information

PIN 1

l L‘ATUM e}

& 1
el——{ a\_k—
D C

—_— SIDE_VIEW
|
P |
A A2 [
| | l
I_|_l Al
¢ f
FRONT VIEW
NOTES:

N

ALL DIMENSIONS ARE IN MILLIMETERS.

FODT LENGTH MEASURED AT INTERCEPT POINT BETWEEN

DATUM A & LEAD SURFACE,

PACKAGE OUTLINE EXCLUSIVE OF MOLD FLASH & METAL BURR, MOLD
FLASH, PROTRUSION OR METAL BURR SHOULD NOT EXCEED 0.25 MM,
PACKAGE OUTLINE INCLUSIVE OF SOLDER PLATING,

MEETS JEDEC MO178, VARIATION AA

LEADS TO BE COPLANAR WITHIN 0.10 mm,

SOLDER THICKNESS MEASURED AT FLAT SECTION OF LEAD BETWEEN
0.08mm AND 0.15mm FROM LEAD TIP,

i
-— 025 5
uy
SYMBOL | MIN NOM MAX 8
A 0.90 125 145 5
A AL 0.00 005 | 015 @
A2 0.90 1.10 1.30
— b 0.35 0.40 0.50
' C 0.08 015 0.20
D 2.80 2.90 3.00
E1l E 2.60 2.80 3.00
El 1.50 1625 | 1.75
L 0.35 0.45 0.60
L1 0,60 REF
L1 e 0.95 ESC.
— e 1.50 BSC.
a oc | 25° [ 8
PKG CODES: US-1, US-2

PROPRIETARY INFORMATION

DALEAS /W AKXV

TITLE:

APPROVAL. DOCUMENT CONTROL NO.

PACKAGE OUTLINE, SOT-23, 5L

REV.
21-0057 FlA
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MAXIMN

Low-Cost, Low-Voltage, Rail-to-Rail,
Input/Output, SOT23 5MHz Op Amp

NOTES
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MAX4321

Low-Cost, Low-Voltage, Rail-to-Rail,
Input/Output, SOT23 5MHz Op Amp

NOTES

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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