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High-Speed, Positive Edge-Triggered, 
ECL-Compatible Voltage Comparators 

General Description 
The M A X 9 0 5 / M A X 9 0 6 h igh -speed , s ingle a n d dua l ECL-
c o m p a t i b l e vo l tage compa ra to r s e l iminate osci l la t ion by 
separa t ing the c o m p a r a t o r input a n d output s tages wi th a 
posi t ive edge - t r i gge red master-s lave D f l ip-f lop. C o m -
parator p ropaga t ion de lay is typ ica l ly 2ns, a n d is insensi-
tive to input overdr ive. The MAX905 and M A X 9 0 6 resolve 
input s ignals as smal l as 3mV a n d 4 m V respect ively. 

These c o m p a r a t o r s feature sepa ra te a n a l o g a n d d ig i ta l 
g r o u n d connec t i ons for m a x i m u m noise re ject ion, a n d 
ope ra te f rom ei ther dua l supp l i es or f rom a s ing le supply. 
Input c o m m o n - m o d e vo l tage range ex tends to the nega -
t ive s u p p l y rail for a w i d e 7.9V input vo l tage r a n g e wi th 
±5V supp l ies . 

The M A X 9 0 5 is a s ing le ECL compara to r , ava i lab le in 
14-p in DIP a n d SO p a c k a g e s . The M A X 9 0 6 is a dua l 
vers ion ava i lab le in 16-pin DIP a n d SO p a c k a g e s . 

Applications 
H i g h - S p e e d A / D Conver te rs 

H i g h - S p e e d Line Rece ive rs 

Peak De tec to rs 

Th resho ld De tec to rs 

H i g h - S p e e d T r i gge rs 
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Features 
4 Immune to Oscillation: Clocked Architecture 
• 2ns Setup Time 
• 2ns Propagation Delay 
• Prop Delay Independent of Overdrive 
• 3mV Input Resolution (MAX905) 
• Input Range Includes Negative Supply Rail 
4 Single- or Dual-Supply Capability 
4 Separate Analog and Digital Supplies 
• Low Power: 180mW/Comparator 

Ordering Information 
PART TEMP. RANGE PIN-PACKAGE 

MAX905CPD O'C to +70'C 14 Plastic DIP 

MAX905CSD O'C to +70 C 14 Narrow SO 

MAX905C/D 0 C to +70 C Dice" 

MAX905EPD -40 C to +85'C 14 Plastic DIP 

MAX905ESD -40 'Cto + 85 C 14 Narrow SO 

MAX905MJD -55 'Cto + 1 2 5 C 14 CERDIP 

MAX906CPE O'C to +70 C 16 Plastic DIP 

MAX906CSE O'C to +70 C 16 Narrow SO 

MAX906C/D 0 C to + 7 0 C Dice" 

MAX906EPE -40"Cto+85 C 16 Plastic DIP 

MAX906ESE -40'C to +85 C 16 Narrow SO 

"Contact factory for dice specifications. 
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Call toll free 1-800-998-8800 for free samples or literature. 
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ABSOLUTE MAXIMUM RATINGS 
Analog Supply Voltage ( V c c to VEE) + 1 2 V 
Digital Supply Voltage (VEE to GND) -6V 
Differential Input Voltage (VEE - 0.2V) to (Vcc + 0.2V) 
Common-Mode Input Voltage . . . . (VEE - 0.2V) to ( V c c + 0.2V) 
Clock Input Voltage (CLK or CLK) . . (VEE - 0.2V) to DGND + 0.2V 
Output Current (Q or Q) _ 30mA 
Output Short-Circuit Duration (Q or Q to GND) Indefinite 
Continuous Power Dissipation 

MAX905 DIP (derate 10.00mW/"C above +70"C) 
SO (derate 8.00mW/'C above +70"C) . . 
CERDIP (derate 9.09mW/*C above +70"C) 

MAX906 DIP (derate 10.53mW/"C above +70'C) . 
SO (derate 8.70mW/"C above +70"C) 

Operating Temperature Ranges: 
MAX90_C__ 0 C to + 70 C 
MAX90_E__ -40 C to +85 C 
MAX90_MJD -55 C to + 125 C 

Storage Temperature Range -65 C to +150 C 
Junction Temperature -65 C to +170 C 
Lead Temperature (soldering . 10 sec) +300 C 

800mW 
640mW 
727 mW 
842mW 
696mW 

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 Fxp>osurc to 
absoiute maximum rating conditions for extended periods may affect device reliability 

ELECTRICAL CHARACTERISTICS 
(Vcc = +5V, VEE = -5V. TA = +25"C, unless otherwise noted.) 

^ [SYMBOL PARAMETER 

Input Offset Voltage V C M = 0 V 

CONDITIONS 

MAX905 

MAX906 

MIN 

Output High Voltage 

jNote_3)_ 

(Note 4) 

Output Low Voltage 

Clock Input Voltage High 
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High-Speed', Positive Edge-Triggered, 
ECL-Compatible Voltage Comparators 

ELECTRICAL CHARACTERISTICS 
(Vcc = +5V, VEE = -5V, TA = TMIN to TMAX. unless otherwise noted.) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

| MAX905C 0.5 1.5 

Input Offset Voltage Vos v C M - ov MAX905E/M 0.5 2 5 mV Input Offset Voltage Vos v C M - ov 
MAX906C 0.5 2 5 

mV 

| MAX906E/M 0.5 3.5 
Input Bias Current L l B - 4 lB+ or IB- 6 15 mA 
Input Offset Current los VCM = ov 0 2 2.0 MA 
Input Referred Noise Voltage [ en (Note 1) 600 900 MV 
Input Common-Mode Range | VcM j (Note 2) Vee-0 .1 Vc.c - 2 .2 V 
Common-Mode Rejection Ratio I C M R R _ j 80 180 MV/V 

Power-Supply Rejection Ratio I PSRR [ (Note 3) 70 150 MV/V 

1 T a = -55' C -1.11 -0.93 
TA = -40"C -1.08 -0.91 

Output High Voltage (Note 4) | V 0 H T A = 0"C -1.01 -0.85 V Output High Voltage (Note 4) 

| TA = +70"C - 0 . 9 0 -0.72 
T A = + 8 5 " C -0.89 -0.70 

1 TA = +125C -0.85 -0.63 

| T a = -55 'C -1.90 - 1 . 6 9 

TA =-40°C -1.90 -1 68 

Output Low Voltage (Note 4) V O L TA = o"C 
TA = +70"C 
TA = +85'C 
TA = + 125'C 

-1.87 
-1.83 
-1 83 
-1.80 

-1.66 
-1.62 
-1.62 
-1 60 

V 

Clock Input Voltage High j r ^ r i -1.11 0 V 
Clock Input Voltage Low 

T V c l i 
-2.00 -1.60 V 

Clock Input Current High L J C H 1 50 
Clock Input Current Low 

4 ICL 
50 MA 

Positive Supply Current 
1 l c c 

(Note 5) 
MAX905 
MAX906 

6 
12 

10 
20 

mA 

Negative Supply Current 
i T 

l EE (Note 5) 
MAX905 23 32 

mA Negative Supply Current 
i T 

l EE (Note 5) 
MAX906 46 64 

mA 

Power Dissipation ! ™ (Notes 5. 6) 
MAX905 
MAX906 

220 
440 

320 
640 

mW 

Positive Propagation Delay tpo+ | (Notes 7. 8) 2.0 4.0 ns 
Negative Propagation Delay tpD- (Notes 7, 8) 2.0 4.0 ns 
Clock Setup Time r ts , VQD = 10MV (Notes 7, 8) 2 0 4.0 ns 

Note 1: Guaranteed by design. Input Referred Noise Voltage uncertainty is specified over the full bandwidth of the device 
Note 2: The input common-mode voltage or either input signal voltage should not be allowed to go more than 0,2V below VEL. The 

upper input common-mode range limit is typically Vcc - 2V, but either input can go to Vcc + 0,2V without damage. 
Note 3: Tested for +4.75V < Vcc < +5.25V and -5.50V < VEE < -4.75V. 
Note 4: Tested with RLOAD = 50£2 terminated in -2V. 
Note 5: Ice. LEE and PD tested for worst-case condition of Vcc = +5.25V and VEE = -5.5V, 
Note 6: Includes internal power dissipation due to external load resistors 
Note 7: Guaranteed by design. Measured in a high-speed fixture with RLOAD = 5051, and CIOAD = 15pF. terminated into -2V. 
Note 8: Clock input voltage rise and fall times should not exceed 50ns for correct triggering of comparator. 



High-Speed', Positive Edge-Triggered, 
ECL-Compatible Voltage Comparators 

Typical Operating Characteristics 

PROPAGATION DELAY 
vs. INPUT OVERDRIVE 
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vs. TEMPERATURE 
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High-Speed, Positive Edge-Triggered, 
ECL-Compatible Voltage Comparators 

Typical Operating Characteristics (continued) 

POWER-SUPPLY REJECTION 
RATIO vs. TEMPERATURE 
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INPUT OFFSET CURRENT 
VS. TEMPERATURE 
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SUPPLY CURRENT PER 
COMPARATOR vs. TEMPERATURE 

2 2 5 

2 0 0 
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E 1 5 0 
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High-Speed', Positive Edge-Triggered, 
ECL-Compatible Voltage Comparators 

Typical Operating Characteristics (continued) 

INPUT BIAS CURRENT 
vs. TEMPERATURE 

INPUT OFFSET VOLTAGE 
vs. TEMPERATURE 
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T E M P f C ) 
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INPUT BIAS CURRENT vs. 
COMMON-MODE INPUT VOLTAGE 
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High-Speed', Positive Edge-Triggered, 
ECL-Compatible Voltage Comparators 

Pin Description 
MAX905 

PIN NAME FUNCTION 

1 VEE Negative Digital Supply 

2 IN + Positive Input 

3 IN- Negative Input 

4 AGND Analog Ground Terminal 

5 V C C Positive Analog Supply 

6 , 7 , 8 N.C. No Connect 

9 VEE S U B Negative Analog Supply 

1 0 CLK Negative ECL Clock Input 

11 CLK Positive ECL Clock Input 

1 2 DGND Digital Ground Terminal 

13 Q ~1 Positive ECL Output 

14 Q Negative ECL Output 

MAX906 

PIN NAME FUNCTION 

1 V E E A Negative Digital Supply (Channel A) 

2 IN+ A Positive Input (Channel A) 

3 IN- A Negative Input (Channel A) 

4 AGND Analog Ground Terminal 

5 Vcc Positive Analog Supply 

6 IN- B Negative Input (Channel B) 

7 IN+ B Positive Input (Channel B) 

8 V E E B Negative Digital Supply (Channel B) 

9 Q B Negative ECL Output (Channel B) 

1 0 Q B ^ Positive ECL Output (Channel B) 

11 VEE S U B Negative Analog Supply 

12 CLK Negative ECL Clock Input 

, 13 CLK Positive ECL Clock Input 

14 DGND Digital Ground Terminal 

15 Q A Positive ECL Output (Channel A) 

1 6 Q A Negative ECL Output (Channel A) 

Device Overview 
The M A X 9 0 5 (s ing le) a n d M A X 9 0 6 (dua l ) are ultra h igh-
s p e e d E C L - c o m p a t i b l e c o m p a r a t o r s wi th an internal 
pos i t ive e d g e - t r i g g e r e d master -s lave D f l ip- f lop. Un l ike 
i n d u s t r y - s t a n d a r d ECL compara to r s , this a rch i tec tu re 
b reaks the inpu t - to -ou tpu t s igna l pa th to a c c o m p l i s h the 
fo l lowing: 

1) Prevent osc i l la t ions c a u s e d by u n w a n t e d paras i t ic 
f e e d b a c k w h e n the c o m p a r a t o r is in its l inear region. 
No m i n i m u m input s lew rate is regu i red . 

2) Propagat ion de lay remains constant with vary ing input 
overdr ive. 

Detailed Description 
The c o m p a r a t o r c a n b e d i v i d e d into three s tages , as 
s h o w n in F igure 1: 

1) Input Ampl i f ie r 

2) Master -S lave D Fl ip-F lop 

3) ECL Ou tpu t S tage 

Q OUT 
- D Q D 0 

Q OUT 

IN / MASTER 
- ID Q 

SLAVE 

D Q 
Q OUT 

INPUT AMPLIFIER 
CLK CIK 

LCI OUTPUT STAGE 

MASTER-SLAVE DFLIP-FL OP 

Figure 1 MAX905/MAX906 Block Diagram 

Input Amplifier 
The c o m p a r a t o r input ampl i f ie r is ful ly d i f ferent ia l . Input 
of fset vo l t age is t r i m m e d to less than 1.0mV for the 
MAX905 , a n d less than 1.5mV for the MAX906 . Input 
c o m m o n - m o d e r a n g e e x t e n d s f rom 100mV be low the 
nega t i ve s u p p l y rail (VEE) to 2.2V be low the pos i t ive 
s u p p l y rail ( V c c ) . Total input vo l t age range is 7.9V w h e n 
ope ra t i ng f rom ±5V supp l ies . 

The master-s lave archi tecture enab les the MAX905 to com-
pare input s ignals d o w n to 3mV over its entire c o m m o n -
m o d e range. Similarly, the M A X 9 0 6 c o m p a r e s input 
s ignals as low as 4mV (see Table 1). Any input signal less 
than 3mV (4mV for MAX906) may not be d is t ingu ished f rom 
t h e c o m p a r a t o r ' s t o t a l w o r s t - c a s e D C er ror . T h e 
MAX905 /MAX906 total wors t -case DC error is ca lcu la ted 
by s u m m i n g input offset vo l tage (Vos ) , input referred noise 
(en), c o m m o n - m o d e re ject ion rat io (CMRR), a n d power-
s u p p l y re ject ion rat io (PSRR). Table 1 shows the maxi-
m u m to ta l i n p u t r e f e r r e d e r ro r at + 2 5 ' C a n d ove r 
t empera tu re . For many appl icat ions, take the RMS sum-
mat ion of the individual errors for a more meaningfu l repre-
sentat ion of the total input referred error (see Table 2) 

^ H X l X I ^ H 7 



High-Speed', Positive Edge-Triggered, 
ECL-Compatible Voltage Comparators 

Figure 2. Timing Diagram 

Table 1. Total Worst -Case Input Referred Error /Resolu t ion 

Part +25°C 
(mV) 

Commercial Temp. 
(mV) 

Ext. Ind/Military Temp. 
(mV) 

MAX905 3 4 5 
MAX906 4 5 6 

Table 2. Total RMS Input Referred Error /Resolu t ion 

Part +25°C 
(mV) 

Commercial Temp. 
(mV) 

Ext. Ind/Military Temp. 
(mV) 

MAX905 1.7 2.3 3.0 
MAX906 2.3 3.0 3 9 

Master-Slave D Flip-Flop 
The master -s lave D f l ip- f lop is i m m u n e to metas tab i i i t y by 
des ign , a n d p r o p a g a t i o n de lay is i n d e p e n d e n t of input 
overd r i ve (VOD). The M A X 9 0 5 / M A X 9 0 6 master f l ip - f lop 
has an input s t age that s a m p l e s the ou tpu t of the input 
ampl i f ier a n d a la tch to ho ld the s a m p l e d da ta w h e n the 
master input s t age is d i sab led . The la tched d a t a is 
t rans fe r red to the M A X 9 0 5 / M A X 9 0 6 s lave f l ip- f lop only on 
the c lock 's r is ing edge . The input ampl i f ie r con t i nuous l y 
mon i to rs the input s ignal . 

Clock Cycle 
Clock Low: W h e n the c lock is low, the master f l ip-flop's 
input s tage samp les the output of the input amplif ier. The 
slave f l ip-f lop mainta ins val id ou tputs f rom the previously 
s a m p l e d data. The compara to r inputs are isolated f rom the 
compara to r outputs because the slave fl ip-flop's input 
s tage is d isab led . See Figure 2. 

C lock Ris ing Edge : O n the r is ing e d g e of the c lock , the 
mas te r f l ip - f lop input s tage tu rns off a n d the la tch ho lds 
the s a m p l e d da ta . Shor t ly after, the s lave input s tage 
tu rns on a n d s a m p l e s the o u t p u t s of the master . The 

ECL ou tpu t s t age s imu l taneous l y rece ives da ta f rom the 
s lave. 

C lock High: The s lave f l ip- f lop con t i nues to s a m p l e da ta 
f rom the master wh i le the c l ock is h igh. The master fl ip-
f lop la tch ho lds d a t a f rom the p rev ious r is ing c lock e d g e . 

C lock Fal l ing Edge : O n the fa l l ing e d g e of the c lock , 
da ta f rom the p rev ious r is ing c l o c k e d g e is l a t ched into 
the s lave, a n d the input of the master f l ip- f lop is t u rned 
on. N e w da ta is not t rans fe r red to the ECL ou tpu t s tage 
on the fa l l ing e d g e of the c l ock cyc le . 

ECL Output Stage 
The ECL ou tpu t s tage rece ives d a t a f rom the s lave f l ip-
f lop. Proper ECL ou tpu t vo l tage levels a n d t e m p e r a t u r e 
coe f f i c ien ts are ma in ta ined by the ou tpu t ampl i f ie r over 
commerc i a l , e x t e n d e d industr ia l , a n d mi l i tary t e m p e r a -
ture ranges . The compara to r ' s ou tpu ts (Q a n d Q) are ful ly 
d i f ferent ia l and M E C L 10k c o m p a t i b l e . 

Applications Information 
Maximum Clock Rate 

The M A X 9 0 5 / M A X 9 0 6 m a x i m u m c l o c k f r e q u e n c y is a 
d i rec t func t ion of the compara to r ' s m i n i m u m c l o c k se tup 
t ime. Typica l c l ock se tup t ime is 2ns, w h i c h t rans la tes to 
a theoret ica l 5 0 0 M H z m a x i m u m c lock f requency . As 
s h o w n in F igure 3, the m a x i m u m ou tpu t t ogg le rate is 1/2 
the c l o c k f requency , b e c a u s e the c o m p a r a t o r t r i ggers 
only on the r is ing e d g e of e a c h c l o c k cyc le . 

For p roper c l ock t r igger ing , the M A X 9 0 5 / M A X 9 0 6 ECL 
c lock rise a n d fall t imes mus t b e less than 50ns. If c l ock 
rise/fal l t imes are greater than 50ns , the c o m p a r a t o r m a y 
incor rec t ly s a m p l e the input s igna l at the c lock 's fa l l ing 
e d g e . 

8 / H / J X I / H 



High-Speed', Positive Edge-Triggered, 
ECL-Compatible Voltage Comparators 

A POSITIVE EDGE TRIGGER C O M P A R E S INPUTS ON EVERY RISING CLOCK EDGE 
B. CLOCK RISE A N D FALL T IMES M U S T BE < 5 0 n s 

Figure 3. Maximum Clock Rate Timing Diagram 

Power Supplies 
The M A X 9 0 5 / M A X 9 0 6 are t es ted wh i le o p e r a t i n g f rom 
±5V supp l ies . The c o m p a r a t o r s a lso ope ra te f rom s tand-
ard ECL +5V and -5.2V power supp l ies wi th the s a m e 
g u a r a n t e e d p e r f o r m a n c e . 

In h i g h - s p e e d , m ixed -s igna l app l i ca t i ons whe re a c o m -
mon g r o u n d is shared , a noisy d ig i ta l env i ronmen t c a n 
adverse ly a f fec t the integr i ty of the ana log input s ignal . 
The M A X 9 0 5 / M A X 9 0 6 isolate the ana log and digi ta l s ig-
nals by p rov i d i ng sepa ra te ana log ( A G N D ) a n d d ig i ta l 
( D G N D ) g rounds . For app l i ca t i ons that c a n n o t sepa ra te 
ana log a n d d ig i ta l g rounds , A G N D and D G N D may b e 
t ied toge ther if a g o o d g r o u n d p lane is ava i lab le . 

The M A X 9 0 5 / M A X 9 0 6 offer the un ique abi l i ty to ope ra te 
f rom a s ing le supply . The c o m p a r a t o r s ' input c o m m o n -
m o d e vo l tage r a n g e i nc ludes the nega t i ve s u p p l y rail. 
F igure 4 shows the two s u p p l y vo l t age cond i t i ons : 

1) Dual +5V Supp l i es (or +5V and -5 .2V) 

2) S ing le -5V Supp ly ( o r - 5 . 2 V ) 

Input Slew Rate 
The M A X 9 0 5 / M A X 9 0 6 ' s m a s t e r - s l a v e a r c h i t e c t u r e 
e l im ina tes the m i n i m u m input s lew-ra te requ i rement c o m -
m o n to s t anda rd c o m p a r a t o r a rch i tec tures . As long as 
the c o m p a r a t o r is c l o c k e d after the m i n i m u m data- to-
c l ock se tup t ime requ i rement , a n d the input is greater 

Figure 4a. ±5VSupplies, Separate Ground" Figure 4b. Single-5VSupply. Separate Ground" 

" Separate ground is optional. DGND and AGND may be tied 
together. 
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-5V 

Figure 5. High-Speed Comparator f o s Measurement Circuit 

than the compara to r ' s total DC error, the ou tpu t da ta will 
be va l id w i thout osc i l la t ions. 

Board Layout 
As wi th all h i g h - s p e e d c o m p o n e n t s , carefu l h i g h - s p e e d 
b o a r d layout and b y p a s s i n g are essent ia l for op t ima l 
p e r f o r m a n c e . A pr in ted c i rcui t b o a r d wi th low i nduc -
t ance a n d sepa ra te d ig i ta l a n d ana log g r o u n d s is r ecom-
m e n d e d . All d e c o u p l i n g c a p a c i t o r s s h o u l d b e m o u n t e d 
as c lose to the c o m p a r a t o r p o w e r - s u p p l y p ins as pos-
s ib le, wi th g r o u n d return lead lengths as shor t as pos-
s ib le . Pay c l o s e a t ten t ion to the b a n d w i d t h of t he 
d e c o u p l i n g and te rm ina t ing c o m p o n e n t s . So lde r ing the 
M A X 9 0 5 / M A X 9 0 6 a n d other c o m p o n e n t s d i rect ly to the 
b o a r d w i thou t s o c k e t s m in im izes u n w a n t e d paras i t i c 
c a p a c i t a n c e . 

Typical Application 
H i g h - S p e e d C o m p a r a t o r V o s M e a s u r e m e n t Circui t : The 
c i rcu i t of F igure 5 shows the M A X 9 0 5 u s e d to m e a s u r e 
input of fset vo l tage ( V o s ) of the MAX9685 , an ultra h igh-
s p e e d ECL compara to r . W h e n the M A X 9 6 8 5 c o m p a r a t o r 
is put into a s t anda rd o p - a m p test loop, its h i g h - f r e q u e n c y 
o p e n - l o o p ga in c a u s e s osc i l la t ions However , in this 
a p p l i c a t i o n , t h e M A X 9 6 8 5 ' s o u t p u t f e e d s in to t h e 
MAX905 , w h i c h then f e e d s into a d i f ferent ia l integrator. 
The MAX905 's D f l ip- f lop a rch i tec tu re b reaks the feed-
b a c k pa th that normal ly c a u s e s osc i l la t ions. The test 
loop fo rces the MAX9685 ' s ou tpu t to sw i tch wi th a p rec ise 
5 0 % duty cyc le , thus 

VoUT - VCM 
1 0 0 0 " 

V o s = -
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Chip Topographies > 
b . 

MAX906 

IN+A V e e A Qa Q a 

(1.9S5 mm) 

5 © 

s 
O 

0 > 

(1.955 mm) 
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