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Precision Video Buffer Amplifier 

General Description 
The MAX405 h igh -speed , p rec is ion buf fer ampl i f ie r 
guaran tees a m i n i m u m ga in of 0.99V/V over -40°C to 
+85°C, w i th loads as low as 5041. It ope ra tes f rom 
±5V power supp l i es a n d dr ives ±3V s igna ls into 50£2 
loads, or ±2 .25V into four 150£2 loads. The MAX405 
features 180MHz bandw id th , 650V/ns s lew rate, and 
35ns set t l ing t ime to 0 .1%. Prec is ion charac te r i s t i cs 
inc lude 0.01° d i f ferent ia l phase , 0 ,03% differential 
gain, and guaranteed 0.1% nonlinearity over tempera-
ture. Unlike other buffer ampli f iers, the MAX405's in-
vert ing input can be used to increase the gain. 

The MAX405 is ideal as a 50£2 a n d 75Q coax ia l c a b l e 
dr iver for co lor v ideo s ignals . Gua ran teed 6 0 m A 
con t inuous ou tpu t cu r ren t e l im ina tes the n e e d for 
mult ip le buf fers , ex terna l power -boos te r c i rcu i ts , or 
expens ive hyb r id m o d u l e s c o m m o n in v i deo d is t r ibu-
t ion app l i ca t ions . Greater PC- layout dens i t ies are 
p rov ided by c o m p a c t 8 -p i n DIP a n d SO p a c k a g e s . 

Applications 
Video Distribution 

Flash A/D Input Buffers 

Coaxial Line Drivers 

Fast Sample-and-Hold Buffers 

Features 
• 0.99V/V Min DC Gain (RL = 5 0 0 ) Over Temp 
• 0.01 ° Differential Phase 

• 0 .03% Differential Gain 

• 0.1% Nonlinearity Over Temperature 

• 180MHz Bandwidth 

• 650V/ns Slew Rate 

• 60mA Continuous Output Current 

• 0.01 N ROUT 

• 0.6pF Input Capacitance 

• Drives Four 15012 Loads 

• Adjustable Gain Control 

Ordering Information 
PART TEMP. RANGE PIN-PACKAGE 

MAX405CPA 0'C to +70°C 8 Plastic DIP 

MAX405CSA 0°C to +7CTC 8 SO 

MAX405C/D 0°C to +70°C Dice* 

MAX405EPA -40°C to +85'C 8 Plastic DIP 

MAX405ESA -40°C to +85°C 8 SO 

"Contact factory for dice specifications. 

Typical Application Circuit Pin Configuration 

TOP VIEW 

OUT [7 J] Vc+ 
IN+ [2 JVUkyOAA y\ vc-
IN- [3 MAX405 U v+ 
v- [4 7 ] NULL 

DIP/SO 
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Precision Video Buffer Amplifier 

ABSOLUTE MAXIMUM RATINGS 
Total Supply Vol tage ( V + t o V-) 12V Opera t ing Temperature Ranges: 
Voltage at Any Pin (V- -0.3V) to (V+ +0.3V) MAX405C_ A 0"C to +70"C 
Output Current (IOUT) 250mA M A X 4 0 5 E _ A -40"C t o + 8 5 ' C 
Short-Cirouit Duration (IOUT) 10 sec Storage Temperature Range -65°C to +160 'C 
Continuous Power Dissipat ion Lead Temperature (solder ing, 10 sec) +300 'C 

Plastic DIP (derate 8.3mW/°C above +70°C) 660mW 
SO (derate 6mW/°C above +70°C) 470mW 

Stresses beyond those listed under"Absolute Maximum Ratings' 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 reliability. 

ELECTRICAL CHARACTERISTICS 
(V+ = Vc+ = 5V, V- = Vc- = -5V, RL = 5 0 0 , CL = 15pF, unless otherwise noted.) 

PARAMETER S Y M B O L C O N D I T I O N S 
TA = + 2 5 C TA = TMIN t o TMAX 

UNITS PARAMETER S Y M B O L C O N D I T I O N S 
MIN T Y P M A X MIN T Y P M A X 

UNITS 

Voltage Gain Av 
Unadjus ted 0.9910 0 .9940 1 0 .9900 1 

v/v Voltage Gain Av 
Ad jus ted 1.1 1.1 

v/v 

Offset Vol tage vos 

-5.0 +2.0 5.0 

mV Offset Vol tage vos TA = 0°C to +70°C -6.5 6.5 mV Offset Vol tage vos 
TA = -40"C to +85"C -8.0 8.0 

mV 

Offset Vol tage TC TCVos 25 HV/"C 

Input Bias Current 
LB(IN+) 

VIN = 0V 
-2 2 -4 4 

pA Input Bias Current 
(IN-) 

VIN = 0V 
10 

pA 

Input Resistance RIN 2.5 M Q 

Input Capac i tance CIN 0.6 PF 
Output Vol tage Swing VOUT -3.0 ±3.4 3.0 -3.0 3.0 V 

Output Current IOUT 
Cont inuous 60 60 

mA Output Current IOUT 
Short-circuit (Note 1) 90 180 90 180 

mA 

Output Impedance ROUT At DC 0.01 Q 

Power-Supply Reject ion Ratio PSRR AVs = ± 5 % 48 54 47 d B 

Nonlinearity (Note 2) 

±2V signal -1.5 ±1.0 1.5 

mV Nonlinearity (Note 2) TA = 0"C to +70°C -2.0 2.0 mV Nonlinearity (Note 2) 

TA = -40°C to +85°C -2.5 2.5 

mV 

Supply Vol tage (Note 3) V+, V- ±4.75 ±5 ±5.25 ±4.75 ±5 ±5.25 V 

Supply Current (Note 3) IQ V+, V- = ±5V ±35 ±40 ±43 mA 

A C SPECIF ICATIONS (NOTE 1) 

-3dB Bandwid th BW VIN = IVRMS 125 180 110 MHz 

Full-Power Bandwid th FPBW VOUT = 6Vp-p 24 34 18 MHz 

Slew Rate SR VOUT = 3V s tep 450 650 350 V/|iS 

Settling Time ts t = 0.1%, VOUT = 3V step 35 50 70 ns 

Rise/Fall Time tR/F VOUT = 3V step 8 12 16 ns 

Differential Phase 0.01 ° 

Differential Gain 0.03 % 

No te 1: Guaranteed by des ign. 
No te 2: Nonlinearity is deviat ion f rom end-point line. 
No te 3: V c + = V, Vc - = V-. Current is for both supply pins. 
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Precision Video Buffer Amplifier 

Typical Operating Characteristics 

SUPPLYCURRENT 
vs. SUPPLY VOLTAGE 

/ 

4.0 4.2 4.4 4.6 4,8 5.0 5.2 5.4 5.6 5.8 6.0 

SUPPLY VOLTAGE (±V) 

PULSE RESPONSE INTO 500 
BACK-TERMINATED LOAD 

TIME 10ns/div 

VlN^i 

SW/IX l/M 
MAX405 50£J 

COAX 
V0UT = 1/2 VJN 

son 

GAIN AND PHASE 
vs. FREQUENCY 

GAIN 

PHASE 

30 

0 
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-60 

-90 
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-150 

10 100 

FREQUENCY (MHz) 

-180 
400 

DIFFERENTIAL GAIN AND 
PHASEERROR 

VS. TEMPERATURE 
0.12 

0.10 

l r o.o8 
0 oz 
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A t / X I A I 3 



Precision Video Buffer Amplifier 

Pin Description 
PIN NAME FUNCTION 

1 OUT Buffer-Amplifier Output 

2 IN+ Buffer-Amplifier Noninverting Input 

3 IN-

Buffer-Amplifier Inverting Input. For unad-
justed operation, connect to OUT. Connect 
to resistive divider from OUT (Figure 3) to ad-
just gain to exactly 1.0000V/V. IN- CANNOT 
be used as a conventional op-amp inverting 
input (see Gain Transection). 

4 V- Negative Supply. Connect to -5V. 

5 NULL 

Voltage Offset Adjust. Leave open normally. 
Connect to arm of 1 k£l potentiometer (Fig-
ure 2) to null input offset voltage. One end of 
the potentiometer should be connected to 
V+. The other end should be connected to 
a 9k£l resistor to V-. 

6 V+ Positive Supply. Connect to +5V. 

7 vc -
Output Stage (Collector) Negative Supply. 
Connect to -5V. 

8 Vc+ Output Stage (Collector) Positive Supply. 
Connect to +5V. 

Detailed Description 
Circuit Overview 

The main circuit elements of the MAX405 are an input 
stage and a bipolar output stage with separate power-
supply connect ions (Figure 1). This allows separate 
bypassing to improve high-frequency response while 

keeping high-frequency transients in the output stage 
from feeding back to the input. The MAX405 employs an 
unusual buffer configuration. The inverting input pin al-
lows the gain to be increased above its initial value. In 
addit ion, input offset voltage may be t r immed externally. 

Zero-Offset Trim 
Offset voltage is the di f ference between IN+ and OUT 
when IN+ is OV. The MAX405 is laser t r immed for offset 
voltage less than ±5mV. Offset vol tage can be further 
reduced by connect ing a 1k£2 trim potentiometer and a 
9 .1k f i f ixed resistor as shown in Figure 2. This circuit 's 
offset null ing range is approximately ±25mV. 

+5V 

/IA/MI Afi 

k 5 
1k < « 

3 

9 . 1 k | 

-5V 

Figure 2. Zero-Offset Trim Circuit 

Figure 1. MAX405 Simplified Schematic 
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Precision Video Buffer Amplifier 

Gain Trim 
The MAX405 drives 50i2 loads at a 0.9940V/V factory-set 
gain with no external components. 

Unlike other buffer amplif iers, the MAX405 has an invert-
ing input (IN-) that can be connected to an external 
voltage divider to increase the gain. Figure 3 shows a 
circuit in which a variable voltage divider trims the buffer 
to exactly 1.0000V/V. The gain can be adjusted to a 
maximum of 1.10V/V. Higher gain may produce non-
linearities and instability. Care must be exercised to 
minimize stray circuit capac i tance in the feedback net-
work. 

When both offset and gain trims are used, the zero-offset 
trim should be set first, with OmV appl ied to IN+. Next, 
gain should be adjusted with the full-scale vol tage ap-
plied to IN+. 

Input Capacitance 
The MAX405 input capac i tance is typical ly 0.6pF. IN+ is 
located between the IN- and OUT pins, which are at the 
same potential .This forms a high-frequency guard for the 

IN+ pin and minimizes input capaci tance. When no gain 
trim is used, the printed circui t-board layout should in-
c lude a guard ring (circular trace) around IN+, which is 
driven from OUT. It should form a complete circle on both 
sides of the board. The guard ring must be broken on 
the side of the board that has the input trace, or stretched 
to enclose the input component solder pad (Figure 4). 

Source Impedance 
To realize the benefits from the precision MAX405, source 
impedance must be kept low. Both DC and AC sources 
contr ibute errors. 

The DC voltage errors are developed from two sources: 
1) the input bias current through the source resistance, 
2) the voltage divider formed by the source resistance 

and the finite input resistance (typically 2.5M£2). 

The AC error increases with frequency. It is caused by 
the action of a lowpass RC filter, consist ing of the source 
( s e r i e s ) r e s i s t a n c e a n d a m p l i f i e r i n p u t ( s h u n t ) 
capac i tance (0.6pF). 

O U T O O 

** Q 

o • 
t l N O O 

o 

O Q g o 

o « 

M F I X 4 - 0 5 

^ r i 

Q O v c -
O m f f 

t r r 

kmc 
M . 8 

O o O O v f c -

O P O O 

o » D 

Figure 3. Gain-Trim Circuit Figure 4. Typical Board Layout (see Typical Application Circuit) 
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Output Stage 
The MAX405 is stable while driving capacit ive loads up 
to 100pF. Figure 5 shows how larger capacit ive loads 
can be driven if they are isolated with a series resistor. 

The O U T pin is protected against accidental short cir-
cuits. Internal current l imiting keeps continuous output 
current at safe values at room temperature. Typical 
values of output short-circuit current are 180mA for posi-
tive polarity and 150mA for negative polarity when using 
±5V supplies. Continuous short-circuit protect ion at 
elevated temperatures TA > 50°C requires addit ional 
external circuitry connected to V c + and Vc-. Figure 6 
shows a typical circuit. 

Coaxial Drivor 
The MAX405 is ideal as a 50£i and 7 5 i l coaxial cable 
driver. With a guaranteed 60mA continuous output cur-
rent, the MAX405 directly drives ±3V into 50£2. Common 
appl icat ions include a back-termination resistor to match 
the cable impedance. The MAX405 is capable of driving 
up to four 150£2 (four 7 5 f i back-terminated loads) loads 
to ±2.25V. 

Figure 5. Driving Large Capacitive Loads 

Bypassing 
Good h igh- f requency per formance demands careful 
layout, ground planes, and good bypassing. The input 
and output stages have separate power-supply pins for 
isolation. Even though the two positive (V+, V c + ) and two 
negat ive (V-, Vc-) s u p p l y p ins may be c o n n e c t e d 
together, they should have separate bypass capaci tors 
located as close to the pins as possible. Each supply pin 
shou ld have a 0.1nF c e r a m i c and a 1^F tanta lum 
capacitor connected to ground. Surface-mount chip 
capaci tors (Figure 4) are recommended because they 
have extremely low impedance at high frequencies. 

A M X M i 

D _ n U U y 
2 louT(mA) + 25mA 

Figure 6. Continuous Output Short-Circuit Protection at Elevated 
Temperatures (TA > 50'C) 
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. Chip Topography 

O U T V C + 

(1.27 m m ) 

Package Information 

1250 
(ISO 

± o j g T f ~ 
± A I « ] I 

102StQ0l5 
|4S35143Sli" 

013010005 
13.302 ± 0.127) 1 

0395 . 
!ia033T 

n n n r f 

i t 

1030-1111. 
0762-2.794 

1360 - 0320 
(7.620-01281 

j f T O u 
(05661 

0016 ; 0003 
(0457 1 0676) 

r 
0020 
105081 

0125 „ 
12)751" 

T 

OlOO ± DOIO 

£ 
§ 

0009 - 0015 
0229 - 0361 

(2.546 ± 02541 

8 Lead Plastic DIP 
e J A = i20°c/w 
e J C = 70°c/w 

1150-0156 0161 - 0.265 0226 - 0M4 
13.610 - 4.0131 14.597 - ittlll 15 791 - tlSS) 

i S S i N k i H U ' 
0186-0197 
(4.775 - 5 0041 

0.018-0.022 J L _ 
"II ~ r * ^ 

0.015 
10361) 

(0.457 - 0.5591 J „ „ „ , 0053 - 0.1169 
L ° Q L J J 9 > J 11.346-1753] 
10162-02631 

0007 - 0.0(19 
(1178 - 0.2291 

8 Lead Small Outline 
e J A = i 7 o ° c / w 

e J C = 8 0 ° c / w 
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