SIEMENS

6-Bit A/D Converter, 300 MHz

Features

300 MHz strobe frequency

5.4 effective bits (504 = 100 MHz)

+ 0.25 LSB max. linearity error

+ 1 Vinput voltage range

12 pF input capacitance

Optionally 2:1 demultiplexed output data
No pipelining in "Transparent Mode”
Data ready clock output

Overflow output

SDA 8200

Bipolar IC

Type Ordering Code Package

SDA 8200 Q67000-A8164 C-DIP-40

The SDA 8200 is an ultrafast A/D converter operating according to the parallel principle with
a resolution of 6 bits, a guaranteed clock frequency of 300 MHz and high performance

up to 150 MHz full-scale input.
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SDA 8200

Figure 1

Pin Configuration

(top view)
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SDA 8200

Pin Definitions and Functions

Pin Name Symbol Function

10, #1 | Analog input AIN Input for the signal to be digitalized. To lower
parasitic inductance two pins are used for this
input.

13,12 | Reference inputs | —Viher —Vier s | Bottom and top of the reference-resistor string.

8,9 +Vaer +Vaer, s | The inputs may either be used as sense and
force for a Kelvin connection or connected
in parallel to minimize parasitic resistance.

40, 1 Conversion clock | CLK I, CLK | | Every rising edge of a signal applied to CLK i
initiates sampling of the analog signal. Either
ECL (differential or single-ended) or sinewave
clock inputs may be used.

38 Clock output ClKQ Provides an ECL signal which can be used
to control the transfer of the digital outputs
into subsequent circuits (not available in the
transparent mode). In the demultiplexing mode
the frequency of CLK Q is half the sampling
frequency (see “Modes of Operation”).

22,23 | Output word 1 DO0...D6 ECL outputs including overflow bit {D6) valid

24,25 only in the demultiplexing mode. In this mode

26, 28 every first digital word of a pair of subsequent

29 samples is delivered with a clock rate of half
the sampling frequency. In the direct modes
these outputs are undefined.

30,3t | Output word 2 D7...D13 ECL outputs (D13 overflow) delivering the

32, 34 second word of a pair in the demultiplexing

35, 36 mode. In the direct modes the digital data at

37 these outputs appear with a clock rate equal

to the sampling rate.
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SDA 8200

Pin Definitions and Functions (cont'd)

Pin

Name

Symbol

Function

19

20

Set Overflow

Demultiplexing

Set transparent

Hold

SO

HOLD

A logic H at this ECL input or strapping the
pin to GND D causes the overflow bit to
be H and the data bits to be L when the
analog signal exceeds the uppermost compa-
rator threshold. If the pin is not connected
or L is applied the data bits remain H in case
of overflow.

Setting this pin to H or strapping it to GND D
sets the device in the direct mode.

A logic H {(or GND D) at this input sets the
device in the transparent mode (no pipelining).
In this mode both DEM and HOLD inputs
become ineffective. Besides, no clock output
is provided.

H active ECL input that immediately stops data
transfer to the outputs (D0...D13) and inhibits
the clock output. The last data word remains
at the output and CLK Q is forced Low.

In the direct mode the first valid output data
together with the output clock appear one
clock cycle after HOLD is released. In the
demultiplexing mode clock and valid data
appear after two conversion clock cycles with
the first data word (corresponding to the first
sampled value after HOLD is set to L) always
present on DO...D6.

HOLD is inactive in the transparent mode.

5,6,2,16,

15,18,17,

3

Analog supply
Digital supply

Clock supply

VCC Ar VEE As

GND A

VCC D1 VEE O

GND D

VCC C

Supply voltages

21,27
33, 3¢

Output ground

GND 1

Return path for the emitter-follower current in
the ECL output stages.
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SDA 8200
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Figure 2
Block Diagram
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SDA 8200

Circuit Description

The A/D conversion is carried out in an array of 64 comparators connected in paratlel
to the analog input A IN. The signal is compared simultaneously with 64 equally spaced
reference voltages provided by the resistor string R, ...Rg. With the rising edge of the
conversion clock CLK | the result of the comparison is stored in the first comparator
latch and afterwards passed to the second latch in a pipelining operation. Then the digital
result of the comparison is pending at the comparators’ output in a so-called thermometer
code. Three subsequent encoding stages form the binary representation of the sampled
value and a demultiplexer optionally divides the 300-MHz output data stream into two
150-MHz channels which are converted to ECL levels by two parallel output driver blocks.
All clock signals for the pipelining and demultiplexing stages are formed internally by a clock
driver circuit connected to the external conversion clock via CLK I. A clock signal for
transferring the output data into subsequent circuitry is provided at CLK Q. If, however,
the pipelined operation is disadvantageous (e.g. in subranging converter applications), all
internal latches following the comparators may be set transparent via the programming
input TRP. So any encode command directly causes the appearance of the respective
output data after a short delay.

Clock input (CLK 1)

The clock inputs are designed to be driven differentially with ECL levels {figure 3a). Since
CLK | is internally biased to —1.32 V, it is also possible to use CLK | single-ended.
With this configuration a bypass capacitor from CLK | to GND A is recommended.

In this case the clock has to be stable with regard to the internal reference voltage to
ensure the specified timing (tyn ok 1 twe, ok 1) Over the operating range. For a continuously
applied input clock the configuration shown in figure 3b is recommended. A capacitively
coupled sinewave clock input (300 m V,, typ.) can then be employed without degradation
in performance (figure 3c¢).

Analog and Reference Inputs

The input voltage range is determined by the voltages applied to the top (+Vq) and
bottom (—Vge) of the resistor string. Twe pins for each voltage allow a Kelvin connection
(sense, force) if very high precision is required. Otherwise the parallel connection of
these pins ensures low parasitic resistances. The analog input can be driven from a customary
50 Q source since the input capacitance is a very low 12 pF, independent of input voltage,
and the input voltage range may be set symmetric to ground.

Supply System

The supply system breaks down into three parts. The analog supply V.c a, Vee a is connected
to the first comparator stages, the digital supply Vc o, Ve o Serves for encoding, demultiplexer
and output stages, and a special clock supply V. ¢ is provided to separate the high and
noisy driver currents from the other supply systems. Additionally, a separate return path
for the currents of the output emitter followers is established via GND 1.
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SDA 8200

Modes of Operation

The analog signal is sampled with every rising edge of the clock signal CLK I. By pro-
gramming the TRP and DEM inputs three different output modes can be chosen:

a) Direct modes (figure 4):

The output data appear at the outputs D7...D13 with a word rate equal to the sampling
rate. The logic state of the outputs DO...D6 is not defined.

One of two submodes can be chosen:

() Normal Mode (TRP low, DEM high)
Due to internal pipelining the output data appear one clock cycle after the rising
edge of CLK | (sampling moment). CLK Q delivers a clock signal with the same
frequency as CLK |.

() Transparent Mode (TRP high)
After a sampling command the associated output data appear directly with a delay
of less than 7 ns. No output clock is available.

b

L

Demultiplexing mode (TRP low, DEM low; figure 5)

The output words corresponding to two subsequent samples appear simultaneously
at the outputs DO...D6 and D7...D13, respectively, with half the clock rate of the
conversion clock CLK 1. After a HOLD pulse the word belonging to the first sample
is always shown at DO...D6 and the delay between the first sample and output is
two cycles of the conversion clock CLK |. At CLK Q a clock signal with half the frequency
of the conversion clock, synchronous to the output data, is provided.

In all modes the output format in the overflow status can be programmed via the SO input.
Setting SO to H causes the overfiow bits (D6 and D13, respectively) to remain H and
the data bits (D0...D5 and D7...D12, respectively) to go to L when the analog signal
exceeds the threshold of comparator 64. If SO is set to L or not connected all data and
overflow bits remain H in case of overflow (figure 6).

The HOLD input allows the output digital data stream to be stopped and restarted with
defined output conditions. It is disabled in the transparent mode.
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SDA 8200

Absolute Maximum Ratings

Limit Values
Parameter Symbol min. max. Unit
Pos. supply voltages Vec a -0.3 6.0 \'
Veco
Voo
Neg. supply voltages Veea —-6.0 0.3 \
Veeo
Analog input voltages +Vier —2.5Y 15 v
—Vher
Vain
Digital input voltages Veua -3.0 0.3 v
Vera
Voem
Vso
Vire
Output current Ing.. . Ipys 20 mA
Junction temperature T 150 °C
Ambient temperature Ta —-25 50 °C
(without heat sink)
Storage temperature Tag —40 125 °C
Thermal resistance
Junction — ambient Rin ya 45 KW
(without heat sink)
1) +Vger has to be more positive than —Vpee.
Characteristics
Veen Veeor Yecc =5V 5%, Ve a Veep=—4.5V £ 5%,
T = 25°C 10 125°C
Limit Values
Parameter Symbol min. ] typ. I max. Unit
Supply
Pos. supply currents Tyccn 50 mA
Ivcc D 65 mA
vCC C 35 mA
Total pos. supply current Iec 170 mA
Neg. supply currents Tyge a 45 mA
Iveeo 125 mA
Total neg. supply current Iee 180 mA
Power dissipation Pp 1.5 1.8 W
Permissible supply
voltage difference AVee A Ve 100 mV
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SDA 8200

Characteristics
Vecar Voo, 00 Vece =5V £ 5%, Vg o, Vig p=—4.5V £ 5%,
T1=25°Cto125°C

Limit Values
Parameter Symbol min. typ. max. Unit
Analog Section
Signal input
Voltage range VaIN -2 1 \'
Max. input current Vay = +Vier Tun 500 700 A
Input capacitance (o 12 pF
Reference Inputs
Reference voltages?) +Veer Veer | -2 1 v
Reference resistance RRer 200 Q
Temperature coefficient TC 1.7 10-3/K
of reference resistor
Digital Section
Logic Levels
H-input voltage?) Vin —1.165 \
L-input voltage') ViL —1.475 \
H-output voltage?) Van —1.025 —0.88 A
RL=100Q
L-output voltage?) Vau —1.810 —1.620 \%
R .=1000Q
Clock Inputs?)
Input current Io 20 pA
Max. clock frequency fe. max 300 350 MHz
Aperture delay ta 1 ns
Hold time twh, oLk 1.2 ns
Strobe time twi, oLk 1.2 ns
Programming Inputs?)
H-input current I 80 pA
L-input current I, 60 pA
Hold Input
Setup time ts. HoLD 0.5 ns
Release time tr, HoLD 2 ns
High pulse width tw. HoLD 1 ns

1) applies to DEM, SO, HOLD, TRP
2) applies to DEM, SO, HOLD, TRP
3) applies to CLKQ, D0...D13

4) see "Circuit Description”
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SDA 8200

Characteristics
Voen Voo Vece =5V 5%, Vegp =—4.5V £ 5%, 25°C<T,< 125°C
Limit Values Test

Parameter Symbol | min. [ typ. } max. Unit Conditions
Data Outputs?)
Data valid range
normal mode ty N 3 35 ns fo =250 MHz
transparent mode ty T 25 ns f. =250 MHz
demultiplexing mode ty o 5 5.8 ns fo =300 MHz
Output timing
normal mede ta, N 0.52) ns f. =250 MHz
transparent mode ty T 9 ns
demultiplexing mode ta. b 02) ns fo =300 MHz
Clock Output
Max. frequency?3) fQ max 250 MHz
Clock delay LH tan 6 ns
Clock delay HL tanL 55 ns
Static Nonlinearity
Integral nonlinearity INL 0.25 LSB
Differential nonlinearity DNL 0.25 LSB
Dynamic Performance?)
Large signal bandwidth fage 250 MHz
Effective resolution®)

fo=23800 MHz, Vay =2V,

fan= 10 MHz 5.9 bit

fan= 50MHz 5.6 58 bit

fan = 100 MHz 5.3 5.4 bit

fan = 150 MHz 5.0 bit
Signal-to-noise ratio®) SNR

fo =300 MHz, Vayny =2 Vi

fan= 50 MHz 36 375 dB

fan = 100 MHz 35 36.5 dB

fo =300 MHz, Vyy=1V,,

fan = 50 MHz 37 dB

fan = 100 MHz 36 dB
Total harmonic distortion THD

fan= 50MHz, Vyn=2V,, —44 dB

fan =100 MHz, V=2 Vg, -39 dB

1) Values refer to sinewave clock inputs (duty cycle 50%)

2) Increases with sampling period

3) Has been chosen lower than the max. sampling frequency because at very high input clock rates the

device should preferably be operated in the demuitiplexing mode.
4) Measured in a 50 Q analog system at 300 MHz sampling rate (300 mV, sinewave clock)
5) Includes both noise and harmonic distortions

8) Without the effect of harmonics: thus by, SNR [dB] and THD [dB] are related by

by =1—10 log ~(10-SNR/70 4+ 10THD/10) —1.8{/6
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SDA 8200

Clock input

GND A

-
-

1kR
’_)—?—:)——vaf-mzv

Clock Amplifier

Figure 3a
CLK I
(LK I
Figure 3b
(LK I
470 Q
CLK I

T

VEE D

1kQ
i =- 132V

100nF J—
1

GND A

Figure 3¢

100nF

A o—|—cLk1

09

(LK T

VEE 5 IES 00415

1kQ
= lp=-132V

100.nF J—
L

GND A

Siemens Aktiengesellschaft

JES 00416
VEE o]

385



SDA 8200

Figure 4
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SDA 8200

Demultiplexing Mode

Figure 5
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SDA 8200

Figure 6
Transfer Characteristic and Truth Table

D6 1D5|041D3(D2{D1}00

GEEEI R

L{H|H|H|H|[H|H

LfLjLefLyL|iH]L /%

LfL]LfL]EfL]H "l

*+1/4 LSB
fr———

L
62 63 64

[

0

—=Vis8

a) SO set to “L"or not connected

D6|DS{D4{0D31D2(D1| D0

(£
-
~
~
—
w1
@

)1
€
)

.
o
N
o4
w
o
&=

0

T
2

b) SO set to "H" or strapped fo ground

Siemens Aktiengesellschaft 388

),
¢
1
_VREF} {’ Veer



SDA 8200

Figure 7
Test Circuit
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SDA 8200

Analog Input Capacitance C,,, versus Input Bias Voltage
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SDA 8200

Effective Resolution b, versus Analog Frequency
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