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TS81102G0 
DMUX

Application Note
Atmel DMUX
Operating Features

Introduction
This document is an aid to take advantage of all the different features and functions
available in the Atmel DMUX device. It highlights and describes the operating mode of
the DMUX with the aim of facilitating the use of this product. It also gives relevant
information on how to interface this DMUX with typical loading circuits.

TS81102G0 DMUX TBGA 240
Package Device
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TS81102G0 DMUX Block Diagram

Figure 1.  TS81102G0 DMUX Block Diagram
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TS81102G0 DMUX
DMUX Internal Timing Diagram
This diagram corresponds to an established operation of the DMUX with Synchronous Reset.

Figure 2.  DMUX Timing Diagram

Data In

DR In = Fs

DR/2 In = Fs/2 = ClkPar

Master Even Latch

Master Odd Latch

Slave Even Latch

Slave Odd Latch

Synchronous reset = Fs/8

Internal reset pulse

Port Select A

Port Select B

Port Select C

Port Select D

Port Select E

Port Select F

Port Select G

Port Select H

Latch Select A

Latch Select B

Latch Select C

Latch Select D

Latch Select E

Latch Select F

Latch Select G

Latch Select H

A to H Port Out

A to H LatchOut

DROut

500 ps min

N N+2 N+3 N+4 N+5 N+6 N+7 N+8 N+9 N+10 N+11 N+12 N+13 N+14 N+15 N+16 N+17 N+18 N+19 N+20 N+21 N+22 N+23 N+24

N N+8 N+16 N+24

N+1 N+9 N+17 N+25

N+2 N+10 N+18 N+26

N+3 N+11 N+19 N+27

N+4 N+12 N+20

N+5 N+13 N+21

N+6 N+14 N+22

N+7 N+15 N+23

N to N+7 N+8 to N+15 N+16 to N+23

N+25 N+26 N+27 N+28 N+29 N+30 N+31

N+24 N+26 N+28 N+30N+14 N+16 N+18 N+20 N+22N+6 N+8 N+10 N+12N N+2 N+4

N+3 N+5 N+7 N+9 N+11 N+13 N+15 N+17 N+19 N+21 N+23 N+25 N+27 N+29

N+1

N+2

N+3

N+4

N+5

N+6

N+7

N+8

N+9

N+10

N+11

N+12

N+13

N+14

N+15

N+16

N+17

N+18

N+19

N+20

N+21

N+22

N+23

N+24

N+25

N+26

N+27

N+28

N+29

N

N+1 N+31

N+30

N+1
3
2168A–BDC–10/03



How To Use the 
DMUX Reset ?

There are two available Resets on the Atmel DMUX, which have different advantages and
aims:

• On the one hand, the Asynchronous Reset is necessary to start the DMUX and can be 
considered as the Master Reset of the device.

• On the other hand, the Synchronous Reset is recommended during operation of the 
DMUX. This Synchronous reset has the main role of guaranteeing that whenever a de-
synchronization occurs within the internal stages of the DMUX (loss of synchronization at 
the internal port selection), causing the DMUX to lose data, each new cycle in the output 
port selection restarts on port A. This is done internally at each new port selection cycle 
through a reset of the internal counters managing the port selection. Thanks to the 
Synchronous Reset, any possible loss of data due to de-synchronization is greatly 
reduced.

In the following sections, each reset of the DMUX is described in detail. The focus is, in
particularly, on the methods to be used for proper operation of the DMUX.

Asynchronous 
Reset

Figure 3.  Asynchronous Reset

At power up of the DMUX the sequence to be followed is:

• Supply the DMUX

• Apply the input clock signal

• Perform an Asynchronous reset (see below)

The Asynchronous Reset works according to TTL mode and is active in the high level.

When the DC power and the input clock have been supplied to the DMUX, the Asynchronous
Reset pin is tied to the TTL high level (active). To de-activate the Asynchronous reset and con-
sequently start the DMUX, it is recommended to connect the Asynchronous pin to ground.
This pin should remain at ground level during operation of the DMUX.

When the Asynchronous Reset is active, the outputs are paralyzed to their respective levels
(output clock and output data remain to the level they had before the asynchronous reset).

When the Asynchronous Reset comes back to its low level, the DMUX starts, the outputs are
then active and available at the DMUX output ports, beginning at port A.

When the Asynchronous Reset is to be used while the DMUX is already supplied by VCC, VEE
and VPLUSD (for any reason), the Asynchronous Reset has then to be tied to a TTL high level
during a minimum duration of a 500 ps pulse.

Asynchronous
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Input Clock

Internal Port
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First processed data 
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4 TS81102G0 DMUX
2168A–BDC–10/03



TS81102G0 DMUX
Synchronous 
Reset

As previously mentioned, the Synchronous Reset cannot start the device, it is useful only once
the device is running.

Figure 4 illustrates the utility of the Synchronous Reset.

Figure 4.  Synchronous Reset

The Synchronous Reset Signal must be a signal of frequency (Fs/4 x N) in 1:4 mode and
(Fs/8 x N) in 1:8 mode to ensure the right sequencing of the data.

In fact, each rising edge of this signal induces a re-initialization of the internal counters of the
DMUX, that control the port selection. Consequently, each rising edge of the Synchronous
Reset causes the port selection to restart from port A to port H, with the right sequence of data
and synchronization.

In case of de-synchronization of the port selection, the output data will become correct again
within a maximum of N x 7 clock periods thanks to the Synchronous Reset.
Note: N must be an integer.
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Output Level 
Compatibility 
Setting

The DMUX outputs are compatible with various digital standards such as ECL, PECL, LVDS
and TTL.

This was made possible by the VplusD independent and adjustable power supply and to the
fine tuning function "Swing Adjust".

There are three types of output signals (Data Ready, digital data and Reference voltage) but
they have exactly the same behavior when adjusting both the VplusD and Swing Adjust
parameters.

The Data Ready output signal is a differential signal and there is only one for all the ports.

There are 80 digital data outputs and 8 Reference voltages (10 digital data outputs and 1 ref-
erence per port). They are all single-ended signals.

Figure 5.  Data Ready Differential Output Buffer Schematic
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TS81102G0 DMUX
Figure 6.  Data Output Buffer Schematic

Figure 7.  Reference Output Buffer Schematic
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These buffers have three tunable parameters:

• V+D power supply

• Vtt power supply

• the value of the resistors R

This allows the users to tune the output voltage levels, using the formulas:

The value of Vrefsa depends on the value of SWIADJ and on the temperature. Tests gave the
following results.

Note: The 0.9 V term in the above equations should, ideally, be replaced by 0.6 V in normal operation
of the device.

Note: These results may be linearly interpolated.

Then, to avoid a saturation on the low level you need to define a value for Vtt so that Vol > Vtt.

To choose the Vtt and R values, it is necessary to respect one important rule:

The current Ir must never exceed 36 mA, because of the reliability linked to the
electromigration in the transistors.

Ir is given by the formula:

Table 1.  Test Results

Temperature SWIADJ (V) Vrefsa (V)

-55°C
-0.5

0
0.5

-3.8

-3.0
-2.0

+25°C
-0.5

0
0.5

-4.0
-3.0
-1.9

+125°C
-0.5

0

0.5

-4.2
-3.1

-2.0

Voh Vplusd 0.9–=

Vol Vplusd 0.9 600
480
----------– 4.1 + Vrefsa( )–=

Vref Vplusd 0.9 600
960
----------– 4.1 + Vrefsa( )–=

Ir
Vout Vtt–

R
--------------------------=
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TS81102G0 DMUX
ECL 
Connection at 
DMUX Input

The DMUX clock and data inputs are ECL inputs.

Preferably, the DMUX is used with Atmel ADC (TS8388B or TS83102G0B) and there is no
compatibility issue. The device has been specifically designed to work with these ADCs.

The DMUX can indeed be connected directly to the ADC. Please refer to the "ADC and DMUX
Application Note" for more information.

When the DMUX is not used with Atmel ADC, any potential compatibility issues can be
solved by interfacing the device and the DMUX with an ECL translator.

Generally, the ECL translator buffers are open-emitter buffers so they need a specific interface
with the DMUX input buffers. An example is given below with the PECL/ECL translator.

Figure 8.  Connection Between DMUX and a Standard ECL Driver

Typically the value of the termination resistors R is 50 Ω and VTT = VCC -2 V.
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Connection Between DMUX Output and Equivalent Load

The DMUX output buffers are single-ended open-emitter buffers in order to reduce the power
dissipation on the chip. This involves a particular configuration when connecting the DMUX to
the load. The following is the example of 8 ports, 10 bits and ECL mode configuration.

There are two schematics: a global view of the transmission lines and a zoom on the port A
transmission lines.

In some applications, a reference signal is required:

• Most of the ASIC loads have a reference input which allows to process internally the 
signals as pseudo-differential signals.

• The acquisition systems (such as HP16500) have an internal reference that can be tuned 
and which corresponds to the common mode voltage of the input signals. The common 
mode voltage of the DMUX outputs signals is given by the DMUX reference outputs.

The benefits of using the reference generated by the DMUX is that both the data outputs and
the reference outputs suffer from the same external perturbations (for example a glitch on the
power supply). So the difference of potential between the data signal and the reference signal
is quite constant.

It is recommended to use the DMUX reference outputs, when possible:

• Terminate the line (for example with 50 Ω resistor)

• Avoid connecting the reference outputs of several ports (there is one reference per port): 
the reference voltages are not exactly identical for all the ports so there would be a surplus 
of current in one transistor and it will exceed the limitation of 36 mA. This may 
consequently damage the buffer (electro-migration for long term reliability).

If the application does not allow the user to connect all the reference outputs to its FPGA or
ASIC, it is then recommended to use at least one reference from one port for all outputs (or an
external reference).

In all cases, if the user does not plan to connect the reference outputs, it is mandatory to con-
nect them to VTT through a termination resistor (for example 50 Ω resistor).

Note: When the DMUX is operated in 1:4 mode or with 8 bits only, the unused ports or output data can
be left floating.
10 TS81102G0 DMUX
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TS81102G0 DMUX
Figure 9.  Global View of the Transmission Lines
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Figure 10.  Zoom on the Port A Transmission Lines

600 600

In

Vrefsa

VEE
(-5 V)

Inb

4801.66 mA

In

VTT
(-2.2 V)

GND

Package +
Bounding + ESD

DMUX OUTPUT
PORT A

Equivalent ASIC load
(receiver) or

acquisition system

Inb

50
A0
(MSB)

A9
(LSB)

Ir

Ir
VPLUSDOUT

(0 V)

MSB Buffer

600 600 Swing
1 V

In

Vrefsa

VEE
(-5 V)

Inb

4801.66 mA

In

VTT
(-2.2 V)

GND

Inb

50Ir

Ir

0.8 V

VPLUSDOUT
(0 V)

VPLUSDOUT
(0 V)

LSB Buffer

P
O

R
T

 A

VTT
(-2.2 V)

GND

50 18 mA

To other Ports
B, C, ..., H

6k 600

Vrefsa

VEE
(-5 V)

9606k 0.83 mA

18 mA

EXTERNAL REFERENCE
VOLTAGE (-1.3 V)

(1)

(2)REFA

REF
INPUT

0.5 V

Swing
1 V

0.8 V

0.8 V

50 Ω controlled
impedance line

50 Ω controlled
impedance line

50 Ω controlled
impedance line
12 TS81102G0 DMUX
2168A–BDC–10/03



TS81102G0 DMUX
Connection Between DMUX Outputs and FPGA

Typical DMUX application: the connection to an FPGA.

Only one DMUX port is represented.

Figure 11.  Principle Connection with an FPGA 

Note that in case of the use of Xilinx Virtex II devices, it is possible to use the DCI feature of
the FPGA and then to get rid of the termination resistors.

The typical configuration for each device is the following:

– DMUX: VPLUSD set to 2.5 V for SSTL2 class 1 output level setting

– FPGA Virtex II: SSTL2 class1 input level (2.5 V supply)

In this configuration, direct lines can be used between the DMUX output data and the FPGA
inputs.
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DMUX Power 
Supplies

In certain conditions of use of the DMUX outputs, special care should be taken as regards the
configuration used for the power supplies.

This is the case when V+D and Vtt power supplies are both different from GND.

In this configuration, there could be some conflict between the power supplies, that is why a
specific method is described here to avoid such an issue.

What we recommend then is to use two power supplies. In this case, the design of the
DMUX output buffers involves the V+D power supply providing the current while Vtt
power supply absorbs this current.

This particular configuration is described in Figure 12, in the case of the PECL output mode.

Figure 12.  DMUX Power Supplies
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TS81102G0 DMUX
Current Consumption and Power Dissipation

Caution:

In the datasheet, one finds:

• The supply currents which are "worst case", which include all the currents consumed by 
the whole evaluation board and which must help you to size your power supplies.

• The power dissipation which takes into account only the power dissipation of the chip and 
which must help you to size the heatsink.

Therefore, it is not recommended to use the supply currents given in the datasheet to calcu-
late the power dissipation of the chip. Here is a detailed calculations of the power dissipation in
PECL configuration:

• power dissipation due to the logical circuitry: (31 mA x 5) + (719 mA x 5) = 3.75 W

• power dissipation due to the output buffers (see the calculation below)

Typically, Vrefsa = -3 V

and in PECL: V+D = 3.3 V; VTT = 1.3 V; VOL = 1.5 V; VOH = 2.5 V; VREF = 2 V.

Moreover, we have the relations:

I = (4.2 - Vrefsa)/480 for data buffers

I = (4.2 - Vrefsa)/960 for reference buffers and Ir = (VOUT - VTT)/R

I = 2.5 mA for data buffers and I = 1.25 mA for reference buffers

In the worst case, all the bits are at the high level: VOUT = 2.5 V and each data buffer con-
sumes a current Ir = 24 mA.

In the best case, all the bits are at the low level: VOUT = 1.5 V and each data buffer consumes
a current Ir = 4 mA.

Moreover the reference buffer (in the chip) consumes a constant current Ir = 14 mA.

So the power dissipation for each data buffer is:

• in the worst case: P = (I x 8.3 V) + (Ir x (V+D - VOH)) = 40 mW

• in the best case: P = (I x 8.3 V) + (Ir x (V+D - VOL)) = 28 mW

• in average: P = 34 mW

And the power dissipation for each reference buffer is:

• P = (I x 8.3 V) + (Ir x (V+D - VREF)) = 29 mW

Finally the power dissipation due to output buffers is:

• in the worst case: P = (66 x 40 mW) + (8 x 29 mW) = 2.87 W

• in the best case: P = (66 x 28 mW) + (8 x 29 mW) = 2.08 W

• in average: P = (66 x 34 mW) + (8 x 29 mW) = 2.48 W

So the global power dissipation in the chip is:

• in the worst case: P = 2.87 W + 3.75 W = 6.62 W

• in the best case: P = 2.08 W + 3.75 W = 5.83 W

• in average: P = 2.48 W + 3.75 W = 6.23 W
15
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Similarly, we can calculate the power dissipation and the current consumption for all the
DMUX configurations.

Table 2.  Power Dissipation

Output Mode
Number of 

Ports
Number of 

Bits

Calculation Results

Worst Case Best Case Average

ECL

4 ports
8 bits 4.25 W 3.86 W 4.06 W

10 bits 4.72 W 4.22 W 4.47 W

8 ports
8 bits 6 W 5.23 W 5.61 W

10 bits 6.86 W 5.89 W 6.38 W

PECL

4 ports
8 bits 4.55 W 4.15 W 4.35 W

10 bits 5.07 W 4.58 W 4.83 W

8 ports
8 bits 6.62 W 5.83 W 6.23 W

10 bits 7.61 W 6.63 W 7.12 W

TTL

4 ports
8 bits 5.14 W 4.65 W 4.9 W

10 bits 5.8 W 5.19 W 5.5 W

8 ports
8 bits 7.74 W 6.78 W 7.26 W

10 bits 9.01 W 7.81 W 8.41 W

Table 3.  Current Consumption

Output Mode
Number of 

Ports
Number of 

Bits

Calculation Results

Worst Case Best Case Average

ECL

(50 Ω load)

4 ports
8 bits 0.91 A 0.27 A 0.59 A

10 bits 1.12 A 0.32 A 0.72 A

8 ports
8 bits 1.82 A 0.54 A 1.18 A

10 bits 2.24 A 0.64 A 1.44 A

PECL
(50 Ω load)

4 ports
8 bits 0.91 A 0.27 A 0.59 A

10 bits 1.12 A 0.32 A 0.72 A

8 ports
8 bits 1.82 A 0.54 A 1.18 A

10 bits 2.24 A 0.64 A 1.44 A

TTL
(75 Ω load)

4 ports
8 bits 1.22 A 0.38 A 0.81 A

10 bits 1.51 A 0.45 A 0.88 A

8 ports
8 bits 2.44 A 0.76 A 1.61 A

10 bits 3.01 A 0.9 A 1.77 A

Table 4.  Standard Levels

ECL PECL TTL

VOH -0.8 V +2.5 V +2.5 V

VOL -1.8 V +1.5 V +0.5 V
16 TS81102G0 DMUX
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TS81102G0 DMUX
DMUX 
Temperature 
Monitoring

The diode temperature measurement may be performed as explained in Figure 13.

Figure 13.  DMUX Temperature Monitoring Diagram

The measurement method consists in forcing a 3 mA current flowing into a diode-mounted
transistor (shorted base-emitter), connected between DIODE pad and GND pad.

Be cautious with the current source polarity. The maximum Vcb for the diode is 12 V.
Thus, make sure that the maximum voltage compliance of the current source is limited
to a maximum of 12 V (we advise 5 V).

During a temperature measurement, some transient voltage peaks may appear while
modifying the current source value. These peaks, which may not be detected with an
oscilloscope (they are just too quick) may irreversibly damage the diode. That is why we
strongly recommend to implement the following diodes (standard diodes) on your test
board (these diodes have been implemented on the TSEV81102G0 DMUX Evaluation
Board).

Figure 14.  Hardware Implementation with Protection Diodes

The influence of these diodes on the temperature measurement is insignificant.
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The results given in Table 5 have been obtained by measuring the diode characteristic (the
supplies of the DMUX were turned off).

Figure 15.  Diode Measurement Results

Table 5.  Diode Measurement Results with Ic = 3 mA

Junction Temperature (°C) Vdiode
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-40 0.95
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TS81102G0 DMUX
Built-In Self 
Test (BIST)

BIST Sequence This is a pseudo-random 10-bit generator, implemented in the DMUX. It generates a 10-bit
signal at the output of the DMUX, with a period of 512 input clock. It allows to test the function-
ality of the DMUX without using a pattern generator or an ADC.

Only power supplies and a clock generator are needed.

For complementary information, the algorithm for this sequence is the following:

where % means "modulo".

Note: start with N(0) = 2, i = 1

Here is the BIST sequence:

Figure 16.  Built-In Self Test Values

DMUX Setting in 
BIST Mode

here are the different required settings, in order to activate the BIST mode in the DMUX.

N (i) =   2 x N (i − 1) +      int   N (i − 1)   % 2   +   int   
N (i − 1)

   % 2     % 2   % 1024
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Table 6.  DMUX Setting in BIST Mode

Function Setting Description

BIST Logic 0 BIST Active

CLKINTYPE Logic 1 DR mode

NBBIT Logic 1 10-bit mode

RATIOSEL Logic 0 1:8 ratio
19
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