MC10E446

5V ECL 4-Bit Parallel/Serial
Converter

Description

The MC10E446 is an integrated 4-bit parallel to serial data converter.
The device is designed to operate for NRZ data rates of up to 1.3 Gb/s.
The chip generates a divide by 4 and a divide by 8 clock for both 4-bit
conversion and a two chip 8-bit conversion function. The conversion
sequence was chosen to convert the parallel data into a serial stream
from bit DO to D3. A serial input is provided to cascade two E446
devices for 8 bit conversion applications. Note that the serial output data
clocks off of the negative input clock transition.

The SYNC input will asynchronously reset the internal clock
circuitry. This pin allows the user to reset the internal clock conversion
unit and thus select the start of the conversion process.

The MODE input is used to select the conversion mode of the device.
With the MODE input LOW, or open, the device will function as a 4-bit
converter. When the mode input is driven HIGH the internal load clock
will change on every eighth clock cycle thus allowing for an 8-bit
conversion scheme using two E446’s. When cascaded in an 8-bit
conversion scheme the devices will not operate at the 1.3 Gb/s data rate
of a single device. Refer to the applications section of this data sheet for
more information on cascading the E446.

The Vpp pin, an internally generated voltage supply, is available to
this device only. For single-ended input conditions, the unused
differential input is connected to Vgp as a switching reference voltage.
Vpp may also rebias AC coupled inputs. When used, decouple Vg and
Vcc via a 0.01 uF capacitor and limit current sourcing or sinking to
0.5 mA. When not used, Vgp should be left open.

The 100 Series contains temperature compensation.

Features
® On Chip Clock +4 and +8
® 1.5 Gb/s Typical Data Rate Capability
Differential Clock and Serial Inputs
Vgp Output for Single-ended Input Applications
Asynchronous Data Synchronization
Mode Select to Expand to 8 Bits
PECL Mode Operating Range:
¢ Vcc=42V105.7Vwith VEg=0V
® NECL Mode Operating Range:
¢ Vcc=0V with VEg=-42Vto-57V
® Internal Input 50 k€2 Pulldown Resistors
® ESD Protection:

+ Human Body Model; > 2 kV
¢ Machine Model; > 100 V

® Meets or Exceeds JEDEC Spec EIA/JESD78 IC
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A = Assembly Location
WL = Wafer Lot

YY = Year

ww = Work Week

G = Pb-Free Package

*For additional marking information, refer to
Application Note AND8002/D.

ORDERING INFORMATION

Device Package Shipping
MC10E446FNG PLCC-28 | 37 Units/Tube
(Pb-Free)

® Flammability Rating:
¢ UL94 V-0 @ 0.125 in, Oxygen Index: 28 to 34
® Transistor Count = 525 devices
® Moisture Sensitivity Level: 3 (Pb-Free)
+ For Additional Information, see Application Note
ANDS8003/D

® These Devices are Pb-Free, Halogen Free and are

Latchup Test RoHS Compliant
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* All Vo and Voo pins are tied together on the die.

Warning: All Vgc, Voco, and Veg pins must be externally
connected to Power Supply to guarantee proper operation.

Figure 1. Pinout: PLCC-28 (Top View)

Table 1. PIN DESCRIPTION

PIN FUNCTION
SIN ECL Differential Serial Data Input
DO - D3 ECL Parallel Data Inputs
SOUT, SOUT | ECL Differential Serial Data Output
CLK, CLK ECL Differential Clock Inputs
CL/4, CL/4 ECL Differential +4 Clock Output
CL/8, CL/8 ECL Differential +8 Clock Output
MODE Conversion Mode 4-Bit/8-Bit
SYNC ECL Conversion Synchronizing Input
Vgg Reference Voltage Output
Voo, Veco Positive Supply

EE Negative Supply

NC No Connect
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Figure 2. Logic Diagram

Table 2. FUNCTION TABLES

Mode Conversion
L 4-Bit
H 8-Bit
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Table 3. MAXIMUM RATINGS

MC10E446

Symbol Parameter Condition 1 Condition 2 Rating Unit
Vee PECL Mode Power Supply Veg=0V 8 \%
\Y PECL Mode Input Voltage VEg=0V V| < Ve 6 \%
NECL Mode Input Voltage Vg =0V V| 2> VEe -6
lout Output Current Continuous 50 mA
Surge 100
g Vpgg Sink/Source +0.5 mA
Ta Operating Temperature Range 0to +85 °C
Tstg Storage Temperature Range -65to +150 °C
TN Thermal Resistance (Junction-to-Ambient) 0 Ifpm PLCC-28 63.5 °C/W
500 Ifpm 435
04c Thermal Resistance (Junction-to-Case) Standard Board PLCC-28 2210 26 °C/W
Tsol Wave Solder (Pb-Free) 265 °C

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.
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MC10E446

Table 4. 10E SERIES PECL DC CHARACTERISTICS (Vgcox = 5.0 V; Vgg = 0.0 V (Note 1))

0°C 25°C 85°C

Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max | Unit
leg Power Supply Current 126 151 126 151 126 151 mA
VoH Output HIGH Voltage (Note 2) 3980 | 4070 | 4160 | 4020 | 4105 | 4190 | 4090 | 4185 | 4280 | mV
VOHgouT | Output HIGH Voltage  SOUT/SOUT | 3980 4210 | 4020 4240 | 4090 4330 | mv
VoL Output LOW Voltage (Note 2) 3050 | 3210 | 3370 | 3050 | 3210 | 3370 | 3050 | 3227 | 3405 | mV
ViH Input HIGH Voltage 3830 | 3995 | 4160 | 3870 | 4030 | 4190 | 3940 | 4110 | 4280 | mV
ViL Input LOW Voltage 3050 | 3285 | 3520 | 3050 | 3285 | 3520 | 3050 | 3302 | 3555 | mV

Vgg Output Voltage Reference 3.62 3.74 3.65 3.75 3.69 3.81 \%
IiH Input HIGH Current 150 150 150 uA

L Input LOW Current 0.5 0.3 0.5 0.25 0.3 0.2 uA

NOTE: Device will meet the specifications after thermal equilibrium has been established when mounted in a test socket or printed circuit
board with maintained transverse airflow greater than 500 Ifpm. Electrical parameters are guaranteed only over the declared
operating temperature range. Functional operation of the device exceeding these conditions is not implied. Device specification limit
values are applied individually under normal operating conditions and not valid simultaneously.

1. Input and output parameters vary 1:1 with Vgg. Vgg can vary -0.46 V / +0.06 V.

2. Outputs are terminated through a 50 Q resistor to Vg — 2.0 V.

Table 5. 10E SERIES NECL DC CHARACTERISTICS (Vg = 0.0 V; Veg = -5.0 V (Note 1))

0°C 25°C 85°C

Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max | Unit
e Power Supply Current 126 151 126 151 126 151 mA
VoH Output HIGH Voltage (Note 2) -1020 | -930 | -840 | -980 | -895 | -810 | -910 | -815 | -720 | mV
VOHgouyt | Output HIGH Voltage  SOUT/SOUT | -1020 -790 | -980 -760 | -910 -670 | mV
VoL Output LOW Voltage (Note 2) -1950 | -1790 | -1630 | -1950 | -1790 | -1630 | -1950 | -1773 | -1595 | mV
ViH Input HIGH Voltage -1170 | -1005 | -840 | -1130 | -970 | -810 | -1060 | -890 | -720 | mV
ViL Input LOW Voltage -1950 | -1715 | -1480 | -1950 | -1715 | -1480 | -1950 | -1698 | -1445 | mV

Vgg Output Voltage Reference -1.38 -1.27 | -1.35 -1.25 | -1.31 -1.19 \%
IiH Input HIGH Current 150 150 150 uA

L Input LOW Current 0.5 0.3 0.5 0.065 0.3 0.2 uA

NOTE: Device will meet the specifications after thermal equilibrium has been established when mounted in a test socket or printed circuit
board with maintained transverse airflow greater than 500 Ifpm. Electrical parameters are guaranteed only over the declared
operating temperature range. Functional operation of the device exceeding these conditions is not implied. Device specification limit
values are applied individually under normal operating conditions and not valid simultaneously.

1. Input and output parameters vary 1:1 with Vgg. Vgg can vary -0.46 V / +0.06 V.

2. Outputs are terminated through a 50 Q resistor to Vgg - 2.0 V.
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MC10E446

Table 6. 100E SERIES PECL DC CHARACTERISTICS (V¢cx = 5.0 V; Vg = 0.0 V (Note 1))

0°C 25°C 85°C

Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max | Unit
leg Power Supply Current 126 151 126 151 145 174 mA
VoH Output HIGH Voltage (Note 2) 3975 | 4050 | 4120 | 3975 | 4050 | 4120 | 3975 | 4050 | 4120 | mV
VOHgoyt | Output HIGH Voltage  SOUT/SOUT | 3975 4170 | 3975 4170 | 3975 4170 | mV
VoL Output LOW Voltage (Note 2) 3190 | 3295 | 3380 | 3190 | 3255 | 3380 | 3190 | 3260 | 3380 | mV
ViH Input HIGH Voltage 3835 | 3975 | 4120 | 3835 | 3975 | 4120 | 3835 | 3975 | 4120 | mV
ViL Input LOW Voltage 3190 | 3355 | 3525 | 3190 | 3355 | 3525 | 3190 | 3355 | 3525 | mV

Vgg Output Voltage Reference 3.62 3.73 3.62 3.74 3.62 3.74 \%
IiH Input HIGH Current 150 150 150 uA

I Input LOW Current 0.5 0.3 0.5 0.25 0.5 0.2 uA

NOTE: Device will meet the specifications after thermal equilibrium has been established when mounted in a test socket or printed circuit
board with maintained transverse airflow greater than 500 I[fpm. Electrical parameters are guaranteed only over the declared
operating temperature range. Functional operation of the device exceeding these conditions is not implied. Device specification limit
values are applied individually under normal operating conditions and not valid simultaneously.

1. Input and output parameters vary 1:1 with Vgg. Vgg can vary -0.46 V / +0.8 V.

2. Outputs are terminated through a 50 Q resistor to Vgg - 2.0 V.

Table 7. 100E SERIES NECL DC CHARACTERISTICS (Vcey = 0.0 V; Vg = -5.0 V (Note 1))

0°C 25°C 85°C

Symbol Characteristic Min Typ Max Min Typ Max Min Typ Max | Unit
leg Power Supply Current 126 151 126 151 145 174 mA
VoH Output HIGH Voltage (Note 2) -1025 | -950 | -880 | -1025 | -950 | -880 |-1025 | -950 | -880 | mV
VOHgoyt | Output HIGH Voltage  SOUT/SOUT | -1025 -830 [-1025 -830 | -1025 -830 [ mv
VoL Output LOW Voltage (Note 2) -1810 | -1705 | -1620 | -1810 | -1745 | -1620 | -1810 | -1740 | -1620 | mV
ViH Input HIGH Voltage -1165 | -1025 | -880 | -1165 | -1025 | -880 | -1165 | -1025 | -880 | mV
VL Input LOW Voltage -1810 | -1645 | -1475 | -1810 | -1645 | -1475 | -1810 | -1645 | -1475 | mV

Vg Output Voltage Reference -1.38 -1.27 | -1.38 -1.26 | -1.38 -1.26 \
Iy Input HIGH Current 150 150 150 A

L Input LOW Current 0.5 0.3 0.5 0.25 0.5 0.2 uA

NOTE: Device will meet the specifications after thermal equilibrium has been established when mounted in a test socket or printed circuit
board with maintained transverse airflow greater than 500 Ifpm. Electrical parameters are guaranteed only over the declared
operating temperature range. Functional operation of the device exceeding these conditions is not implied. Device specification limit
values are applied individually under normal operating conditions and not valid simultaneously.

1. Input and output parameters vary 1:1 with Vgg. Vgg can vary -0.46 V / +0.8 V.

2. Outputs are terminated through a 50 Q resistor to Vgg - 2.0 V.
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MC10E446

Table 8. AC CHARACTERISTICS (Vccy =5.0V; VEg = 0.0 V or Veex = 0.0V; VEg = -5.0 V (Note 1))

0°C 25°C 85°C
Symbol Characteristic Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
Fmax | Max Conversion Frequency 1.3 1.6 1.3 1.6 1.3 1.6 Gb/s
NRZz
tpLH Propagation Delay to Output ps
tPHL CLK to SOUT (Note 2) 1020 | 1200 | 1480 | 1020 | 1200 | 1480 | 1020 | 1200 | 1480
CLK to CL/4 650 | 850 | 1050 | 650 | 850 | 1050 | 650 | 850 | 1050
CLK to CL/8 800 | 1050 | 1300 | 800 | 1050 | 1300 | 800 | 1050 | 1300
SYNC to CL/4, CL/8 650 | 850 | 1100 | 650 | 850 | 1100 | 650 | 850 | 1100
ts Setup Time (Note 3) -200 | -450 -200 | -450 -200 | -450 ps
SIN, Dn
th Hold Time (Note 3) 900 | 650 900 | 650 900 | 650 ps
SIN, Dn
tRR Reset Recovery Time 500 | 300 500 | 300 500 | 300 ps
SYNC
tpw Min Pulse Width 300 300 300 ps
CLK, MR
tytter | Random Clock Jitter (RMS) <1 <1 <1 ps
Vpp Input Voltage Swing (Differential Configuration) 150 1000 | 150 1000 | 150 1000 | mV
tr Rise/Fall Times (20% - 80%) ps
t SOUT 100 | 225 | 350 | 100 | 225 | 350 | 100 | 225 | 350
Other 200 | 425 | 650 | 200 | 425 | 650 | 200 | 425 | 650

NOTE: Device will meet the specifications after thermal equilibrium has been established when mounted in a test socket or printed circuit
board with maintained transverse airflow greater than 500 Ifpm. Electrical parameters are guaranteed only over the declared
operating temperature range. Functional operation of the device exceeding these conditions is not implied. Device specification limit
values are applied individually under normal operating conditions and not valid simultaneously.

1. 10 Series: Vgg can vary -0.46 V / +0.06 V.

100 Series: Vgg can vary -0.46 V / +0.8 V.
2. Propagation delays measured from negative going clock edge.
3. Relative to negative clock edge.

CLK |
[

|
|
|
|

7 |

D / valid! Data

| SYNC |
: | \
| |
|
|
|
|

ts th
| | |

CLK

r
Sl

Figure 3.

www.onsemi.com
7



 http://www.onsemi.com/

D2
D3
SouT
CL4
CLs

D2
D3

D4 (DOB)
D5 (D1B)
D6 (D2B)
D7 (D3B)
SouT
cL/4
cLs

MC10E446

\
X DO-1 X D0-2 X
X Di-1 X Di-2 X
X D2-1 X D2-2 X
X D3-1 X D3-2 X

{_D0-1 X D1-1 X D2-1 X D3-1 X D0-2 X D1-2 X D2-2 X D3-2 X )(

[ — /S /T

/ \ /

Timing Diagram A. 4:1 Parallel to Serial Conversion

\
X D0-1 X D0-2
X D1-1 X D1-2
X D2-1 X D2-2
X D3-1 X D3-2
X D4-1 X D4-2
X D5-1 X D5-2
X D6-1 X D6-2
X D7-1 X D7-2

{D0-1 X D1-1 X D2-1 X D3-1 X D4-1 X D5-1 X D6-1 X D7-1 X D0—2)(

[/

/ \ /

Timing Diagram B. 8:1 Parallel to Serial Conversion
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MC10E446

Applications Information

The MC10E446 is an integrated 4:1 parallel to serial
converter. The chip is designed to work with the E445 device
to provide both transmission and receiving of a high speed
serial data path. The E446 can convert 4 bits of data into a
1.3 Gb/s NRZ data stream. The device features a SYNC
input which allows the user to reset the internal clock
circuitry and restart the conversion sequence
(see timing diagram A).

The E446 features a differential serial input and internal
divide by 8 circuitry to facilitate the cascading of two
devices to build a 8:1 multiplexer. Figure 1 illustrates the
architecture for a 8:1 multiplexer using two E446’s; the
timing diagram for this configuration can be found on the
following page. Notice the serial outputs (SOUT) of the
higher order converter feed the serial inputs of the the lower
order device. This feed through of the serial inputs bounds
the upper end of the frequency of operation. The clock to
serial output propagation delay plus the setup time of the
serial input pins must fit into a single clock period for the
cascade architecture to function properly. Using the worst
case values for these two parameters from the data sheet,
TPD CLK to SOUT = 1480 ps and tS for SIN = -200 ps,
yields a minimum period of 1280 ps or a clock frequency of
780 MHz.

The clock frequency is somewhat lower than that of a
single converter, to increase this frequency some games can
be played with the clock input of the higher order E446. By

delaying the clock feeding E446A relative to the clock of
E446B the frequency of operation can be increased.

Serial
Data

> E446B > E446A

SOUT SIN  SOUT [~ |:'>
souT SIN  SOUT |~
Q3 Q2 Q1 QO Q3 Q2 Q1 Q0
wo | ||| 1]
Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0
Parallel Data

’47 1000ps —‘:l
|<— 600ps
CLOCK _\—I—\_

Tpg CLK T

to SOUT
« 1000ps —— |
e——— 1600ps

Figure 5. Cascaded 8:1 Converter Architecture
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Figure 6. Typical Termination for Output Driver and Device Evaluation
(See Application Note AND8020/D - Termination of ECL Logic Devices.)

Resource Reference of Application Notes

AN1405/D
AN1406/D
AN1503/D
AN1504/D
AN1568/D
AN1672/D
AND8001/D
ANDB8002/D
ANDB8020/D
ANDB8066/D
ANDB8090/D

ECL Clock Distribution Techniques
Designing with PECL (ECL at +5.0 V)
ECLInPS™ I/O SPiCE Modeling Kit
Metastability and the ECLIinPS Family
Interfacing Between LVDS and ECL
The ECL Translator Guide

Odd Number Counters Design
Marking and Date Codes
Termination of ECL Logic Devices
Interfacing with ECLInPS

AC Characteristics of ECL Devices
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MC10E446
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MC10E446

ECLInPS is a registered trademark of Semiconductor Components Industries, LLC (SCILLC) or its subsidiaries in the United States and/or other countries.
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expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such
claim alleges that ON Semiconductor was negligent regarding the design or manufacture of the part. ON Semiconductor is an Equal Opportunity/Affirmative Action Employer. This
literature is subject to all applicable copyright laws and is not for resale in any manner.
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