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High-Speed Video Multiplexer/Amplifier 

General Description 
The MAX440 a n d MAX441 c o m b i n e a uni ty-gain stable, 
w i d e b a n d v ideo ampl i f ier with a h igh -speed , 8- or 4-
channe l mul t ip lexer (mux). The mux 's fast 15ns sw i tch ing 
t ime and the ampl i f ier 's low di f ferent ia l ga in and phase 
e r r o r s ( 0 . 0 4 % a n d 0.03°, r e s p e c t i v e l y ) m a k e t h e 
M A X 4 4 0 / M A X 4 4 1 idea l for b r o a d c a s t - q u a l i t y v i d e o 
a p p l i c a t i o n s . Bo th d e v i c e s o p e r a t e f r o m ±5V power 
supp l ies a n d typ ica l ly c o n s u m e only 350mW. 

The on -boa rd v ideo ampl i f ier features a 160MHz unity-
ga in bandw id th , 250V/ns s lew rate, a n d di rect ly dr ives a 
150Q load to ±3V. P in-se lectab le f r equency c o m p e n s a -
t ion a l lows the ampl i f ier 's A C response to be op t im ized 
wi thout external c o m p e n s a t i o n c o m p o n e n t s or c o m p l e x 
ca lcu la t ions. Slew rates of 370V/ | is are ob ta inab le for 
app l i ca t ions with a c losed- loop gain of 6dB or greater . 
An enab le cont ro l on the M A X 4 4 0 p laces the ampl i f ier 
ou tpu t into a h i g h - i m p e d a n c e state, a l lowing mul t ip le 
dev ices to be para l le led to fo rm larger swi tch matr ices. 

The mux 's low channe l - i npu t c a p a c i t a n c e (4pF wi th 
channe l on or off) max imizes h igh -speed pe r fo rmance . 
No input channe ls are loca ted on ad jacen t p a c k a g e pins, 
min imiz ing crossta lk a n d s imp l i f y ing b o a r d layout. 

Applications 
Video Signal Mul t ip lex ing 
V ideo Crosspo in t Swi tches 
Coax ia l -Cab le Drivers 
V ideo Edi t ing 
V ideo Secur i ty Sys tems 
Med ica l Imag ing 
H i g h - S p e e d Signal P rocess ing 

Pin Configurations 

Features 
• 1 6 0 M H z Unity Ga in Bandwid th 
• 1 1 0 M H z Bandwid th (Av = 6dB) 
• 0 .03 /0 .04% Differential Phase /Ga in Error 
• 15ns Channe l Swi tch T i m e 
• 370V/|iS S lew Rate 
• Directly Dr ives 5 0 & Cab les 
• 4 p F On/Off Input Capac i tance 
• No External C o m p e n s a t i o n C o m p o n e n t s 
• P in -Se lectab le F requency C o m p e n s a t i o n 
• Expandab le for Larger Swi tch Matr ices 

Ordering Information 
PART TEMP. RANGE PIN-PACKAGE 

MAX440CPI 0"C to + 7 0 C 28 Plastic DIP 
M A X 4 4 0 C W I 0 C to + 7 0 C 28 W i d e SO 
M A X 4 4 0 C / D 0 C to +70 C Dice* 
MAX440EPI -40 C t o +85 C 28 Plast ic DIP 
MAX440EWI -40 C to + 8 5 ' C 28 W i d e SO 

M A X 4 4 0 M D I -55 C t o + 1 2 5 C 28 Ce ram ic SB 
M A X 4 4 1 C P P 0 ' C to + 7 0 C 20 Plastic DIP 
M A X 4 4 1 C W P 0 C to + 7 0 C 20 W i d e SO 
MAX441EPP -40 C t o +85 C 20 Plast ic DIP 
M A X 4 4 1 E W P -40 C t o + 8 5 ' C 20 W i d e SO 

" Dice are specified at +25 C, DC parameters 
"Contact factory for availability and processing to MIL-STD-883 

Typical Operating Circuit 
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High-Speed Video Multiplexer/Amplifier 

A B S O L U T E MAXIMUM RATINGS 
S u p p l y V o l t a g e ( V + t o V- ) 12V 
A n a l o g Inpu t V o l t a g e ( V + + 0 .3V ) to ( V - - 0 .3V) 
D ig i ta l I npu t V o l t a g e -0 .3V to (V+ + 0 .3V) 
S h o r t - C i r c u i t C u r r e n t D u r a t i o n 1 m i n u t e 
Inpu t C u r r e n t to A n y Pin, P o w e r O n or Of f ± 5 0 m A 
C o n t i n u o u s P o w e r D i s s i p a t i o n (TA = + 7 0 " C ) 

20-Pin Plast ic DIP (derate 8 . 0 0 m W / ' C a b o v e + 7 0 ' C ) . . . 6 4 0 m W 
20-Pin W i d e SO (dera te 10 .00mW/*C a b o v e +70 "C) . . . 8 0 0 m W 
28-Pin Plast ic DIP (dera te 9 .09MW/°C a b o v e +70 "C) . . . 7 2 7 m W 
28-Pin W ide S O (derate 12 .50mW/"C a b o v e +70"C) . . . 1 0 0 0 m W 
28-Pin C e r a m i c SB (dera te 16 .67mW/*C a b o v e +70 "C) . 1 3 3 3 m W 

O p e r a t i n g T e m p e r a t u r e R a n g e s 
M A X 4 4 _ C 0 ' C to + 7 0 C 
M A X 4 4 _ E - 4 0 C to + 85 C 
M A X 4 4 0 M D I - 5 5 C to + 125 C 

S t o r a g e T e m p e r a t u r e R a n g e - 6 5 C to + 150 C 
L e a d T e m p e r a t u r e ( s o l d e r i n g . 10 s e c ) + 3 0 0 C 

Stresses beyond those tisted under "Absolute Maximum Ratings" may cause permanent damage to the device These are stress ratings only, and function.i 
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not imptied Exposure to 
absofute maximum rating conditions for extended periods may affect device reliability 

ELECTRICAL CHARACTERIST ICS 
( V + = 5V, V- = -5V , VNS = -5V, RL = 15012, TA = + 2 5 ' C , u n l e s s o t h e r w i s e n o t e d . ) 

PARAMETER SYMBOL CONDITIONS ~ T M I N T Y P MAX UNITS 
DC PERFORMANCE 
I npu t Vo l t age R a n g e VlN T A = T M I N t o T M A X - 2 2 V 

T A = + 2 5 ' C ± 2 . 5 ±10 
n p u t O f fse t V o l t a g e V o s 0 " C to + 7 0 * C ±10 mV (Al l C h a n n e l s ) V o s 

- 4 0 ' C to + 8 5 C ± 1 5 
mV 

- 5 5 C to + 1 2 5 C ± 2 0 

T A = + 2 5 C ±1 ± 2 

Inpu t B ias Cu r ren t 
( C h a n n e l O n ) IB VIN = OV 0 C to + 7 0 C 

- 4 0 " C t o + 8 5 " C 

± 5 

± 5 
MA 

- 5 5 C to + 1 2 5 C ± 2 0 

n p u t L e a k a g e C u r r e n t 
I L K G V i n = OV 

T A = + 2 5 " C ± 0 . 5 ± 5 0 nA 
( C h a n n e l Of f ) I L K G V i n = OV 

T A = T M I N t o T M A X ±1 M A 

Inpu t R e s i s t a n c e 
( C h a n n e l O n ) R I N -2V < V C M < 2V T A = + 2 5 C 

T A = T M I N t o T M A X 

0 . 5 

0 .2 
2 M i l 

Inpu t C a p a c i t a n c e C I N C h a n n e l o n or off 4 PF 
D C O u t p u t R e s i s t a n c e R O U T A v = OdB 2 5 m l ! 

D i s a b l e d O u t p u t R e s i s t a n c e ROUTdis M A X 4 4 0 o n l y , E N = 0 V 130 k i2 
D i sab led Ou tpu t C a p a c i t a n c e C o u T d i s M A X 4 4 0 o n l y , E N = 0 V 15 PF 

O p e n - L o o p V o l t a g e G a i n A V O L 
R l = 75£2, 
- 2 V < V 0 U T < + 2 V 

T A = + 2 5 C 

T A = T M I N t o T M A X 

5 0 

I— 4 6 

6 0 d B 

C o m m o n - M o d e Re jec t i on 
Rat io C M R R - 2 V < V | N < + 2 V T a = + 2 5 ' C 

T A = T M I N t o T M A X 

4 6 

4 0 
5 0 d B 

P o w e r - S u p p l y R e j e c t i o n PSRR ±4 .75V to ±5 .25V T A = +25 C 5 4 8 0 d B Rat io PSRR ±4 .75V to ±5 .25V 
T A = T M I N t o T M A X 5 4 

d B 

O u t p u t V o l t a g e S w i n g V O U T 
T A = +25" C ±3 V O u t p u t V o l t a g e S w i n g V O U T 
T A = T M I N t o T M A X ± 2 

V 
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High-Speed Video Multiplexer/Amplifier 

ELECTRICAL CHARACTERIST ICS (continued) 
( V + = 5V, V- = -5V , VNS = -5V , RL = 15012, TA = + 2 5 ' C , u n l e s s o t h e r w i s e n o t e d . ) 

SYMBOL CONDITIONS PARAMETER 
DYNAMIC PERFORMANCE 

- 3 d B B a n d w i d t h 

S l e w Ra te 

B W 1 A y = OdB C O M P = G N D . R L = 7512 
B W 2 A y = 6 d B . C O M P = O P E N , R L = 15012 
SR1 A y = OdB, C O M P = G N D , R l = 7512 

D i f fe ren t ia l P h a s e Error ( N o t e 1) 

D i f fe ren t ia l G a i n Error ( N o t e 1) 

S R 2 

D P 

D G 

Se t t l i ng T i m e 

A d j a c e n t C h a n n e l C r o s s t a l k ( N o t e 2 ) 

N o n - A d j a c e n t C h a n n e l C ross ta l k (No te 2) 
F e e d t h r o u g h w i th A m p l i f i e r D i s a b l e d 
( N o t e 2) 

Inpu t N o i s e - V o l t a g e D e n s i t y 
POWER-SUPPLY REQUIREMENTS 

X T A L K 

X T A L K 

A y = 6 d B , C O M P = O P E N , R L = 15012 
VNS = -2 .5V to -5V, C O M P = O P E N 

_Ay = 6 d B R L = 1 5 0 1 2 

VNS = -2 .5V to -5V, C O M P = O P E N , 
A y = 6 d B , R L = 15012 
To 0 . 1 % of f ina l v a l u e 
A y = 6 d B , C O M P = O P E N 1V s t e p i npu t 

f = 1 0 M H z , Rs = 7512, 
A y = OdB 

M A X 4 4 0 
M A X 4 4 1 

FT 

f = 1 0 M H z . R s = 7512, A y = O d B 
M A X 4 4 0 only, 
f = 1 0 M H z , A y = OdB 

CHO - C H 6 d r i v e n 
C H 0 - C H 7 d r i v e n 

f = 1 0 k H z 

SWITCHING CHARACTERISTICS (see Figure 10) 
L o g i c L o w T h r e s h o l d 
L o g i c H i g h T h r e s h o l d 
A d d r e s s S e t u p T i m e ( N o t e 3 ) 
A d d r e s s H o l d T i m e ( N o t e 3) 
A d d r e s s P r o p a g a t i o n D e l a y 
L a t c h P r o p a g a t i o n D e l a y 

C h a n n e l S w i t c h i n g T i m e ( N o t e 4 ) 

VLL 

_V|H 
t A S 

T A = T M I N t o T M A X 

T A = T M I N t o T M A X 

tAH 
tAPD 

MIN TYP MAX UNITS 

1 6 0 
M H z 

1 J 0 

2 5 0 
V / n s 

3 7 0 
V / n s 

0 . 0 3 d e g 

0 . 0 4 % 

6 5 ns 

- 6 6 
d B 

- 7 0 

- 7 7 d B 
- 7 1 d B 
- 6 3 

1 2 nV/v 'Hz 

2 4 

t L P D 

t s w 

E n a b l e P r o p a g a t i o n D e l a y 
O u t p u t D i s a b l e T i m e 
O u t p u t E n a b l e T i m e 

tENPD 
tDA 

VNS = - 2 . 5 V 

V N S = - 5 V 

tEN 

S w i t c h i n g Trans ien t ( N o t e 5 ) 

M A X 4 4 0 o n l y _ 
M A X 4 4 0 on l y 
M A X 4 4 0 on l y 

RL = 7512 VNS = - 2 . 5 V 

VNS = - 5 V 

O p e r a t i n g S u p p l y - V o l t a g e R a n g e v s ±4 .75 ±5 .25 
T a = + 2 5 C 3 3 4 0 5 0 

Pos i t ve S u p p l y C u r r e n t l e e V I N = o v 0 ' C to + 7 0 C 3 0 5 2 
- 4 0 C to + 8 5 C 2 7 5 4 
- 5 5 ' C to + 1 2 5 C 2 7 54 
T a = + 2 5 C 2 4 3 0 4 0 

N e g a t i v e S u p p l y C u r r e n t IEE ViN = o v 0 C t o + 7 0 ' C 2 0 4 2 
- 4 0 ' C to + 8 5 C 17 4 4 

- 5 5 C to + 1 2 5 C 17 4 4 

0 . 8 

10 
10 

20 
20 
1 5 

2 5 

1 5 

10 

4 0 

100 
800 

rr iA 

m A 

V 
V 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

M V N - I 

Note 1: I npu t tes t s i gna l : 3 . 5 8 M H z s ine w a v e of a m p l i t u d e 4 0 I R E s u p e r i m p o s e d o n a l inear r a m p (0 IRE to 100 IRE) IRE is a unit of 
v i d e o s i g n a l a m p l i t u d e d e v e l o p e d b y t h e I n t e rna t i ona l R a d i o E n g i n e e r s . M O I R E = 1.0V. 

Note 2: S e e F i g u r e 9, Dynamic Test Circuits. 
Note 3: G u a r a n t e e d b y d e s i g n . 
Note 4: C h a n n e l s w i t c h i n g t i m e s p e c i f i e d for s w i t c h i n g b e t w e e n 2 g r o u n d e d i n p u t c h a n n e l s : d o e s no t i n c l u d e s i g n a l r i se / ta l i l i m e s for 

s w i t c h i n g b e t w e e n c h a n n e l s w i t h d i f f e r e n t i n p u t v o l t a g e s . 
Note 5: M e a s u r e d w h i l e s w i t c h i n g b e t w e e n 2 g r o u n d e d c h a n n e l s 

/ H / J X I / H 3 



High-Speed Video Multiplexer/Amplifier 

Typical Operating Characteristics 

OPEN-LOOP GAIN AND PHASE 
vs. FREQUENCY (COMP = GND) 

10k 100k 1 M 1 0 M 1 0 0 M 

FREQUENCY (Hz) 

OPEN-LOOP GAIN AND PHASE 
vs. FREQUENCY (COMP = OPEN) 

10k 100k 1M 1 0 M 1 0 0 M 

FREQUENCY (Hz) 

O P E N - L O O P G A I N A N D P H A S E 
vs. F R E Q U E N C Y ( C O M P = VQUT) 

10k 100k 1 M 1 0 M 1 0 0 M 

FREQUENCY (Hz) 

CLOSED-LOOP GAIN 
vs. FREQUENCY 

10k 100k 1 M 1 0 M 1 0 0 M 

FREQUENCY (Hz) 

UNITY-GAIN OUTPUT IMPEDANCE 
vs. FREQUENCY 

100 

VOLTAGE-NOISE DENSITY 
vs. FREQUENCY CROSSTALK vs. FREQUENCY 

100k 1 M 1 0 M 

FREQUENCY (Hz) 

10 100 

FREQUENCY (MHz) 

4 / H / I X I / H 



High-Speed Video Multiplexer/Amplifier 

Typical Operating Characteristics (continued) 

OUTPUT VOLTAGE SWING 
vs. LOAD RESISTANCE 

TA = +25 C 

10 100 1k 

LOAD RESISTANCE (S i ) 

SUPPLY CURRENT 
vs. TEMPERATURE 

- 6 0 - 4 0 - 2 0 0 2 0 4 0 6 0 8 0 1 0 0 1 2 0 1 4 0 

TEMPERATURE ( C) 

INPUT OFFSET VOLTAGE 
vs. TEMPERATURE 

- 4 0 - 2 0 0 2 0 4 0 6 0 8 0 1 0 0 1 2 0 1 4 0 

TEMPERATURE f C ) 

INPUT BIAS CURRENT 
vs. TEMPERATURE 

- 6 0 4 0 - 2 0 0 2 0 4 0 6 0 8 0 1 0 0 1 2 0 1 4 0 

TEMPERATURE ( C) 

OPEN-LOOP VOLTAGE GAIN 
vs. TEMPERATURE 

COMMON-MODE REJECTION RATIO 
vs. TEMPERATURE 

I - 4 0 - 2 0 0 2 0 4 0 6 0 8 0 

TEMPERATURE ( X ) 

I - 4 0 - 2 0 0 2 0 4 0 6 0 8 0 1 0 

TEMPERATURE ( C) 

DISABLED OUTPUT RESISTANCE 
vs. TEMPERATURE 

200 

- 4 0 - 2 0 0 2 0 4 0 6 0 8 0 1 0 0 1 2 0 1 4 0 

TEMPERATURE ( 0 

/ H / J X I / H 5 



High-Speed Video Multiplexer/Amplifier 

Y " Pin Description 

M
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0

/M
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4
 

PIN 
MAX440 MAX441 

NAME FUNCTION 

M
A

X
4

4
0

/M
A

X
4

4
 

1 

2 

1 IN0 A n a l o g Input, C h a n n e l 0 

M
A

X
4

4
0

/M
A

X
4

4
 

1 

2 2 LEVEL/ 
E D G E 

Dig i ta l input that cont ro ls the 
ope ra t i on of LATCH input as 
fo l lows: W h e n L E V E L / E D G E 
= 0V, input da ta is la t ched on 
the r is ing e d g e of the L A T C H 
input ( e d q e t r i gqe red ) ; w h e n 
L E V E L / E D G E = 5V, input 
d a t a is la t ched w h e n LATCH 
= 5V ( level t r i gge red ) . 
Ha rdw i re to + 5 V or G N D for 
improved cross ta lk . 

M
A

X
4

4
0

/M
A

X
4

4
 

3 4 IN1 A n a l o g Input, C h a n n e l 1 

M
A

X
4

4
0

/M
A

X
4

4
 

4, 10, 
12, 14 3, 9 G N D G r o u n d M

A
X

4
4

0
/M

A
X

4
4

 

5 7 IN2 A n a l o g Input, C h a n n e l 2 
6, 21, 22 5, 16 V + Posi t ive Power Supply , + 5 V 

7 10 IN3 A n a l o g Input, C h a n n e l 3 
8. 16, 17 6, 12 V- N e g a t i v e Power Supp ly . -5V 

9 _ IN4 A n a l o g Input, C h a n n e l 4 
11 - IN5 A n a l o g Input, C h a n n e l 5 
13 - IN6 A n a l o g Input, C h a n n e l 6 
15 - IN7 A n a l o g Input, C h a n n e l 7 
18 13 IN- Ampl i f ie r Inver t ing Input 
19 14 VOUT Ampl i f ie r Ou tpu t 

20 15 C O M P 

Ampl i f ie r C o m p e n s a t i o n 
Input. G r o u n d for un i ty -ga in 
app l i ca t i on , or use to ad jus t 
c o m p e n s a t i o n for h igher -ga in 
app l i ca t i ons (see text). 

23 17 LATCH 

La tch con t ro l for d iq i ta l in-
puts . If L E V E L / E D G E = 0V, 
d a t a is l a t ched on the r is ing 
e d g e of LATCH. If 
L E V E L / E D G E = 5V. the input 
reg is ter is t r anspa ren t w h e n 
L A T C H = 0V a n d l a t c h e d 
w h e n LATCH = 5V. 

24 18 AO Channe l A d d r e s s Input 0, LSB 

25 19 A1 C h a n n e l A d d r e s s Input 1, 
M S B for M A X 4 4 1 

26 - A 2 Channe l A d d r e s s Input 2, MSB 

27 

28 

- E N 
Ampli f ier Output Enable con-
trol, act ive high. This is internal-
ly latched, a lonq with AO to A2 

27 

28 20 V N S 

Norma l l y -5V, m in im i ze 
sw i t ch ing t ime a n d t rans ien ts 
by ty ing this p in to -2.5V. 
A n a l o g input vo l t age mus t 
never b e m o r e n e g a t i v e than 
the v o l t a g e on this p in 

\ 8 , 1 1 N.C. N o Internal C o n n e c t i o n 

Applications Information 
The M A X 4 4 0 / M A X 4 4 1 are w i d e b a n d , monol i th ic v ideo 
m u l t i p l e x e r / a m p l i f i e r s w i th 8 a n d 4 inpu t c h a n n e l s 
respect ive ly . The output ampl i f ier is used in the nonin-
ver t ing conf igura t ion a n d features p in -se lec tab le fre-
q u e n c y compensa t i on . 

The MAX440 /MAX441 ' s b ipo lar cons t ruc t ion results in a 
typ ica l channe l input c a p a c i t a n c e of only 4pF. whether 
the channe l is on or off. The mux 's input c a p a c i t a n c e 
forms a s ing le -po le RC lowpass filter with the output 
i m p e d a n c e of the s ignal source . This filter can limit the 
sys tem's s ignal b a n d w i d t h if the RC p roduc t b e c o m e s 
too large. The MAX440 /MAX441 ' s low-channe l input 
c a p a c i t a n c e a l lows the ampl i f ier 's full A C p e r f o r m a n c e to 
be real ized, even wi th source i m p e d a n c e s as great as 
250Q. 

F e e d b a c k resistors shou ld be l imi ted to no more than 
50012 to ensure that the RC t ime cons tan t f o r m e d by the 
res is to rs , t he c i rcu i t b o a r d ' s c a p a c i t a n c e , a n d the 
c a p a c i t a n c e of the ampl i f ier input p ins d o e s not limit the 
sys tem's h i gh -speed pe r fo rmance . 

Power-Supply Bypassing 
and Board Layout 

Real iz ing the full potent ia l A C pe r f o rmance of h i g h - s p e e d 
ampl i f ie rs requ i res carefu l a t tent ion to p o w e r - s u p p l y 
b y p a s s i n g a n d b o a r d layout. Use a large, low- im-
p e d a n c e g round p lane with the MAX440 /MAX441 . With 
mult i - layer boards , the g r o u n d p lane shou ld be loca ted 
on the PC boa rd ' s c o m p o n e n t s ide to min imize im-
p e d a n c e b e t w e e n the c o m p o n e n t s a n d the g r o u n d 
plane. For s ingle- layer pr in ted ci rcui t (PC) boards, com-
ponents should be mounted on the board 's copper side 
and the ground plane should include the entire portion of 
the PC board that is not ded ica ted t o a speci f ic signal trace. 

To prevent osci l la t ion a n d u n w a n t e d s ignal coup l i ng , 
min imize t race area at cr i t ical h i g h - i m p e d a n c e nodes of 
the circui t , espec ia l ly the ampl i f ier s u m m i n g junct ion 
These cr i t ical n o d e s shou ld also be su r rounded by a 
g r o u n d trace. G r o u n d t races shou ld be inc luded be-
tween all s ignal t races to min imize parasi t ic coup l i ng that 
can d e g r a d e crossta lk and/or stabi l i ty of the ampl i f ier 
S ignal pa ths shou ld be kept as short as poss ib le to 
min imize induc tance , a n d all input channe l t races shou ld 
be of equa l length to mainta in the phase re lat ionship 
be tween the input channe ls . 

All powe r - supp l y p ins shou ld be b y p a s s e d d i rect ly to the 
g r o u n d p lane wi th 0. 1JJF ceramic capac i to rs , p l a c e d as 
c lose to the supp ly p ins as poss ib le . For h igh-cur rent 
loads, it may b e necessary to inc lude 1 JJF tan ta lum or 
a lum inum electro lyt ic capac i t o r s in paral le l wi th the 0.1 (aF 
ce ramics . Capac i to r lead lengths shou ld be kept as 
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short as poss ib le to min imize ser ies induc tance ; sur face-
mount (ch ip ) capac i t o r s are ideal for this app l ica t ion . 

Frequency Compensation 
Three d i f fe ren t f r e q u e n c y c o m p e n s a t i o n m o d e s are 
avai lab le for the MAX440 /MAX441 . The c o m p e n s a t i o n is 
de te rm ined by the c losed - l oop ga in of the app l i ca t ion 
c i rcui t a n d is se lec ted by the state of the C O M P pin as 
shown in Tab le 1. For c losed- loop ga ins be low 6dB, the 
C O M P pin shou ld be t ied to g r o u n d to ensure suf f ic ient 
phase marg in for s tab le c i rcui t operat ion. 
Table 1. C O M P Pin State vs. C losed-Loop Gain 

Closed-Loop Gain 
V/V 

1 < A V C L < 2 

2 < A V C L < 1 0 

A V C L > 1 0 

dB 
0 < A V C L < 6 

6 < A Y C L A 2 0 

A V C L > 2 0 

COMP Pin State 

G N D 

O P E N 

V O U T 

For c l osed - l oop vo l tage ga ins f rom 6 d B up to 20dB, the 
C O M P pin shou ld be left o p e n to max imize the ampl i f ier 's 
A C pe r f o rmance (s lew rate, bandw id th , di f ferent ia l ga in 
a n d phase errors). The C O M P pin can also be g r o u n d e d 
to increase phase marg in for min imiz ing overshoot and/or 
r ing ing of the output pu lse response or for dr iv ing capac i -
t ive loads. The ampl i f ier 's A C pe r f o rmance wil l b e sl ight ly 
d e g r a d e d if C O M P is g rounded . 
For appl icat ions with c losed- loop vol tage gains of 20dB or 
more, the C O M P pin should be t ied to the amplif ier output 
to obtain the max imum h igh-speed response from the 
amplif ier. Phase marg in can be progressively increased 
by leaving the C O M P pin open or tying it to ground. 
Plots of the open - l oop ga in a n d phase response for the 
three di f ferent c o m p e n s a t i o n m o d e s are shown in the 
Typical Operating Characteristics sect ion. C losed- loop 
ga in plots are also i nc luded for e a c h of the three com-
pensat ion m o d e s at a typ ica l opera t ing c losed - loop ga in 
( C O M P = GND, A V C L = OdB; C O M P = OPEN, A V C L = 

6dB; a n d C O M P = VouT, A V C L = 20dB) . 

F igure 1 shows pho tog raphs of the ampl i f ier 's large-s ig-
nal pu lse response for each of the three c o m p e n s a t i o n 
m o d e s . In e a c h of t h e s e p h o t o g r a p h s , t h e 
M A X 4 4 0 / M A X 4 4 1 is d r i v i n g a b a c k - t e r m i n a t e d 5 0 U 
cab le , so the ou tpu t amp l i t ude shown at the e n d of the 
cab le is a t tenuated by 6 d B f rom the ampl i f ier output . 

Differential Gain and Phase Errors 
In co lo r -v ideo app l ica t ions , di f ferent ia l ga in a n d phase 
errors are cr i t ical spec i f i ca t ions for an ampl i f ier , b e c a u s e 
these errors d i rect ly c o r r e s p o n d to c h a n g e s in the con-
t r a s t a n d c o l o r of t h e d i s p l a y e d p i c t u r e . T h e 
MAX440 /MAX441 have a di f ferent ia l ga in error of 0 .04% 
and a di f ferent ia l phase error of 0.03°, mak ing them ideal 
for use in b roadcas t -qua l i t y co lo r -v ideo systems. 

CABLE GND 
OUTPUT 
(1V/div) 

INPUT 
(1V/div) 

GND 

CABLE GND 
OUTPUT 
( IV /d iv ) 

INPUT GND 
!200mV/d iv ) 

CABLE GND 
OUTPUT 
( I V / d i v ) 

Figure 1. (a) Puise response with RL = 7 OCX 2 (50LI back-
terminated cable), A VCL - +1 V/V. and COMP = GND. (b) Pulse 
response with RL = 101X1 (50LI back-terminated cable). Avcl = 
+2V/V, and COMP = OPEN: (c) Pulse response with Ri = 100L1 
(50il back-terminated cable) AVCL = + 10V/V, and COMP = 
VOUT. 

/ H / J X I / H 7 



High-Speed Video Multiplexer/Amplifier 

The MAX440 /MAX441 's di f ferent ia l ga in a n d phase error 
are measu red wi th the Tektronix V M 7 0 0 V ideo Measure-
ment Set, wi th the input test s ignal p rov ided by the 
Tektronix 1910 Digi tal Generator . Figure 2 shows the test 
circuit used. The level of d i f ferent ia l ga in a n d phase error 
wil l vary sl ight ly wi th the vo l tage app l i ed at the VNS pin, 
as shown in Tab le 2. 

7 5 1 2 C A B L E 

r 0 -
—•—>- ^ 

7 5 1 2 
X " ' 

< ; 7 5 Q 
7 5 1 2 C A B L E I MAX440 7 5 n J _ 

• ^ W V Q - > -»—1> \MAX44T J5N C A B L E 

J-AA/Vf) ' > 
S O U R C E 

< ; 4 7 0 1 2 § 7 5 1 2 
S 

T E K T R O N I X 1 — - 4 , 1 
1 9 1 0 D I G I T A L G E N E R A T O R 

: > 4 7 0 1 2 
1 9 1 0 D I G I T A L G E N E R A T O R 

: > 4 7 0 1 2 " M E A S U R E M E N T : 
T E K T R O N I X 

— V M 7 0 0 V I D E O 
N O T E . C O M P P I N I S O P E N . M E A S U R E M E N T S E T 

Figure 2. Differential Gain and Phase Error Test Circuit 

0 1 JU F 

S E L E C T 

Tab le 2. Differential Gain and Phase Error 
vs. VNS Vo l tage 

w wr.1 T . r - C n,\ DIFFERENTIAL VNS VOLTAGE (V) G A | N ERROR (%) 
- 1 . 0 _ 

- 1 . 5 

- 2 . 0 

DIFFERENTIAL 
PHASE ERROR (°) 

0.05 

0 .04 

0 . 0 4 

0.04 

-2.5 

-5.0 

0 .04 
0 .04 

0 .04 
0 .03 
0 .03 

0 .03 

Coaxial-Cable Drivers 
H i g h - s p e e d pe r f o rmance a n d excel lent output cur rent 
capab i l i t y make the MAX440 /MAX441 ideal for dr iv ing 
5 0 Q or 75£2 coax ia l cab les. The MAX440 /MAX441 will 
dr ive a 150Q load (75Q back - te rm ina ted cab le ) to ±3V. 

Figure 3 shows a M A X 4 4 0 dr iv ing a back - te rm ina ted 75£2 
v i d e o c a b l e . The b a c k - t e r m i n a t i o n resistor (at the 
M A X 4 4 0 output ) is i nc luded to ma tch the i m p e d a n c e at 
e a c h end of the cab le to the character is t ic i m p e d a n c e of 
the cab le itself. This p rac t i ce e l iminates s ignal ref lect ions 
at the e n d of the cab le . The back- terminat ion resistor 
fo rms a vo l tage d iv ider with the load i m p e d a n c e , w h i c h 
a t tenuates the s ignal at the cab le output by one-hal f . The 
ampl i f ier is ope ra ted with a 2V/V c losed - l oop ga in to 
p rov ide unity ga in at the cab le ' s output . The p h o t o g r a p h 
in Figure 1 b shows the large-s igna l pu lse response of the 
MAX440 when dr iv ing a back - te rm ina ted 5012 cab le , wi th 
a 2V/V c losed- loop ga in and the C O M P pin left open. 

Figure 3. Coaxial-Cable Driver 

Capacitive-Load Driving 
Driv ing large capac i t i ve loads inc reases the l ikel ihood of 
osci l lat ion in most ampl i f ier c i rcui ts. This is espec ia l l y 
t rue for c i rcu i ts with h igh loop-ga ins , like vo l tage fol-
lowers . The ampl i f i e r ' s ou tpu t i m p e d a n c e a n d the 
capac i t i ve load fo rm an RC filter that a d d s a po le to the 
loop response. If the pole f r equency is low enough , as 
w h e n dr iv ing a large capac i t i ve load, the c i rcui t phase 
marg in is d e g r a d e d a n d osci l la t ion may occu r . 

The MAX440 /MAX441 phase marg in a n d capac i t i ve - l oad 
dr iv ing pe r f o rmance is op t im i zed w h e n the ampl i f ier is 
fully c o m p e n s a t e d internally. This is a c c o m p l i s h e d by 
connec t i ng the C O M P pin to c i rcui t g round . When driv-
ing large (>50pF) capac i t i ve loads in vo l tage- fo l lower 
c i rcui ts, an isolat ion resistor shou ld be a d d e d be tween 
the ampl i f ier ou tpu t a n d the capac i t i ve load, as shown in 
Figure 4. 

MAX440 
MAX44I 2212 

" V V V | OUT 

: C.nan • SOpF 

Figure 4. Capacitive-Load Driving Circuit 
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For improved capac i t ive- load dr iv ing per fo rmance without 
the series isolation resistor, the MAX440/MAX441 should 
be opera ted with a c losed- loop gain of 6 d B (+2V/V) or 
greater, a n d the C O M P pin should be g rounded . 

Digital Interface 
The mul t ip lexer arch i tec ture ensures that no two input 
channe ls are ever c o n n e c t e d together . Channe l se lec-
t ion is pe r f o rmed by app l y i ng a b inary c o d e to the ad-
dress inputs AO, A1, a n d A2 (AO a n d A1 only for MAX441) . 
The add ress d e c o d e r se lects input channe ls , as shown 
in Tab le 3. All d ig i ta l inputs are compa t i b l e wi th TTL a n d 
C M O S logic levels. 
Tab le 3. Channe l Select ion 

MAX440 MAX441 

EN A2 A1 AO SELECTED 
CHANNEL A1 AO SELECTED 

CHANNEL 

0 X X X High-Z-
Output 0 0 0 

1 0 0 0 0 0 1 1 
1 0 0 1 1 1 0 2 
1 0 1 0 2 1 1 3 
1 0 1 1 3 
1 1 0 0 4 
1 1 0 1 5 
1 1 1 0 6 

I 1 1 1 1 7 

An a d d r e s s latch, wh i ch retains channe l se lect ion da ta 
whi le the da ta bus is used for other pu rposes , is p rov ided 
on the MAX440 /MAX441 . The latch is in either an e d g e -
t r i gge red m o d e or a leve l - t r iggered mode , d e p e n d i n g on 
t h e s t a t e of t h e L E V E L / E D G E c o n t r o l i n p u t . If 
LEVEL/EDGE is low, the latch opera tes in e d g e - t r i gge red 
mode , wi th the latch o c c u r i n g on the r is ing e d g e of the 
LATCH input. If LEVEL/EDGE is high, then the latch 
o p e r a t e s in l eve l - t r i gge red m o d e a n d input da ta is 
la tched when LATCH is high. If LEVEL/EDGE is h igh and 
LATCH is low, the input register is t ransparent . 

Channel Switching Time and Transient 
When sw i tch ing be tween input channe ls , the t ransient 
vo l tage at the output of the MAX440 /MAX441 d e p e n d s 
on the vo l tage level at the VNS pin. The vo l tage at this 
p in shou ld lie wi th in the -1V to -5V range, and is ad jus ted 
us ing Figure 5 s c i rcui t Note: T h e input vol tage must 
never be a l lowed to be m o r e negat ive than the vo l tage 
at VNS. 
The sw i tch ing t ransient 's m a g n i t u d e and the channe l 
sw i tch ing t ime both increase as the VNS vo l tage gets 
more negat ive. The photos in Figures 6 a n d 7 i l lustrate 

T O 
M A X 4 4 0 / M A X 4 4 1 

V N S P I N 
< 2kTRIM P 0 1 

I P F 

Figure 5. VNS Pin-Voltage Adjustment 

O U T P U T 
( 5 0 m V / d i v ) GND 

i 
& 

i 

Figure 6. Output Transient When Switching Between Two 
Grounded Inputs with RL = 75L1 and VNS = -? 51/ 

A l I N P U T 
AO = A2 = 5V 

(5V /d l v ) GND 

r n j g g » r T i i g 

Figure 7. Output Transient When Switching Between Two 
Grounded Inputs with RL = 75L1 and VNS = -5.0V 

this p h e n o m e n o n . In Figure 6, the VNS vo l tage is -2.5V, 
a n d the sw i tch ing t ransient peak level is 100mVp-p. In 
Figure 7, with VNS at -5V, the sw i t ch ing t ransient is about 
800mVp-p. The typ ica l channe l swi tch ing t ime increases 
from 15ns to 25ns as the VNS vo l tage dec reases trorn 
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DYNAMIC TEST CIRCUITS 

MAX440 

OUT 

<: 15012 V I N = 1 Vp-p 
AT 10MHz , 

Rs - 7512 1 

VIN = 1Vp O AT 10MHz. 
Rs = 7512 

A 1 / 1 X I A 1 
MAX440 

I M f A S U R E WITH 
CHANNEL 0 
S L L T C l t D ) 

• • OUT 
: : 15012 

I FEEDTHROUGH = 20 l< 

(a) 
V I N 

I CROSSTAt K = 20 l o g i n 

(b) 

l" vou • 
V I N 

7512 ; > 

VIN = 1Vp-p, 
AT 10MHz, 

Rs = 7512 

• n y j x i y v i 
MAX440 

O U T 
T R N ( C H A N N E L 0 
1 5 L ] " S E L E C T E D ) 

I C R O S S T A L K = 2 0 LOGIO P ^ 1 I 
V I N 

( c ) v ' 

Figure 8. (a) Disabled Amplifier Feedthrough; (b) Adjacent Channel Crosstalk; (c) Non-Adjacent Channel Crosstalk 

-2.5V to -5V. Figure 10 shows the MAX440 /MAX441 
t im ing d iag ram. 

Output Disable (MAX440 Only) 
The EN pin is p rov ided on the M A X 4 4 0 to enab le the 
ampl i f ier output w h e n dr iven to a TTL h igh state. W h e n 
EN is dr iven low, the MAX440 's ou tpu t b e c o m e s a high-
i m p e d a n c e load wi th a 130k£2 typ ica l res is tance a n d a 
15pF typ ica l capac i t ance . W h e n d isab led , the s ignal 
f eed th rough f rom the mux inputs to the ampl i f ier ou tpu t 
10 

is - 6 3 d b at 10MHz, with all 8 input channe ls dr iven with 
a 1Vp-p s ine w a v e a n d a 150£2 load i m p e d a n c e . F igure 
8a shows the test c i rcui t used to measu re feed th rough 
The ou tpu t d isab le capab i l i t y a l lows severa l MAX440s to 
be para l le led to fo rm larger swi tch matr ices, by ty ing the 
ou tpu ts together a n d d isab l ing all but one of the paral-
leled ampl i f ier outputs . F igure 9 shows the 1 -of-16 v ideo 
m u x / a m p c i rcui t that uses this feature. In this examp le , 
the EN inputs of the MAX440s are used as a 4th add ress 
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Tab le 4. 1 -of -16 V ideo M u x / A m p Channe l Select ion 

resj VIDEO 
3 . 6 H ^ CABLE ^ OUTPUT 

499S2 i > 75S2 

A1/1XIA1 

. 9. 1-of-16 Video Multiplexer 

bit (A3), w i th an inverter a d d e d to ensu re the ampl i f i e rs 
are not s imu l taneous ly e n a b l e d . The ampl i f ie r ou tpu ts 
are c o n n e c t e d af ter the back - t e rm ina t i on resistors, so 
that the ac t ive ampl i f ie r o u t p u t is iso la ted f r om the 
c a p a c i t i v e load (15pF t yp ) p r e s e n t e d by the inact ive 
o u t p u t of the s e c o n d MAX440 . This wi l l m in im ize r ing-
ing in the ou tpu t s igna l . 
The d i sab led ampl i f ier 's back- te rmina t ion and ga in resis-
tors fo rm a vo l tage d iv ider with the back- te rmina t ion 
resistor at the act ive ampl i f ier 's output . The ampl i f ier 
c losed- loop ga ins have been set s l ight ly greater than 6 d B 

A3 A2 A1 AO 

0 0 0 0 

0 0 0 1 

0 0 1 0 

0 

0 

0 0 

1 

1 

0 0 

0 1 

0 1 1 

0 1 1 

0 0 

1 1 

1 1 

0 0 

0 1 

1 0 

SELECTED CHANNEL 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 3 

1 4 

1 5 

to c o m p e n s a t e for the s igna l a t tenuat ion c a u s e d by this 
d iv ider. The value of the back- te rminat ion resistors has 
been inc reased to 80.6S2 so the para l le l c o m b i n a t i o n of 
the res is tors at the c a b l e ' s input e q u a l s 7 5 Q 
With p rope r se lect ion of resistor values, this con f igura t ion 
can be e x p a n d e d to fo rm larger swi tch matr ices. The 
number of para l led dev i ces is l imited pr imar i ly by the 
MAX440 's d i sab led feed th rough . Tab le 4 shows the 
re la t ionsh ip be tween the d ig i ta l input c o d e a n d the 
se lec ted ou tpu t channe l for F igure 9 's c i rcui t . 
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LEVEL/EDGE 

ADDRESS 

LATCH 

ENABLE (MAX440 ONLY) 

OUTPUT 

TaS 

ADDRESS VALID 

tAH 

tENPD 

tsw 

J-

t o f l _ 
IENPD1 

tEN tAPD -

ADDRESS VALID 

HIGH 

LOW 

HIGH 

LOW 

HIGH 

LOW 

HIGH 

LOW 
CHANNEL X 

CHANNELY 

-tsw 

Figure 10. MAX440/MAX441 Timing Diagram 

Chip Topographies 

MAX440 

IN1 LEVEL/EDGE INO V N S EN A2 A1 

MAX441 

LEVEL/EDGE INO V N S A1 AO 

(2.413 mm) (2.413 mm) 

TRANSISTOR COUNT: 564 TRANSISTOR COUNT: 564 
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