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8-bit high-speed analog-to-digital converter TDF8704
“
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APPLICATIONS

8-bit resolution
Sampling rate up to 50 MHz
= Extended temperature range (-40 to +85 °C)

High signal-to-noise ratio over a large analog input * RF, satellite and GPS
frequency range (7.4 effective bits at 4.43 MHz * Medical
full-scale input at fg, « = 50 MHz2) « General industrial

Binary 3-state TTL outputs » Digital video (VCR, TV and satellite).
Overflow/underflow 3-state TTL output

TTL compatible digital inputs

Low-level AC clock input signal allowed

Stable internal reference voltage regulator included
Power dissipation only 360 mW (typical)

Low analog input capacitance, no buffer amplifier
required
No sample-and-hold circuit required.

+ General purpose high-speed analog-to-digital
conversion for extended temperature applications
¢ Automotive

GENERAL DESCRIPTION

The TDF8704T is an 8-bit high-speed analog-to-digital
converter (ADC) for general industrial applications. It
converts the analog input signal into 8-bit binary-coded
digital words at a maximum sampling rate of 50 MHz. All
digital inputs and outputs are TTL compatible, although a
low-level AC clock input signal is allowed.

*

QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Veea analog supply voltage 475 5.0 5.25 v
Veeo digital supply voltage 4.75 5.0 5.25 A
Veeo output stages supply voltage 4.75 5.0 5.25 \
leca analog supply current - 37 tot mA
leco digital supply current - 18 tbf mA
leco output stages supply current - 17 tof mA
ILE DC integral linearity error - - +1 LSB
DLE DC differential linearity error - - +1/2 LSB
AlLE AC integral linearity error note 1 - - 12 LSB
fork maximum conversion rate 50 - - MHz
Pyt total power dissipation - 360 tbf mw
Note
1. Full-scale sinewave (f = 4.4 MHz; f,, = 50 MHz).
ORDERING INFORMATION
PACKAGE
EXTENDED SAMPLING
TYPENUMBER | pNg PIN POSITION MATERIAL CODE FREQUENCY
(MHz)
TDF8704T/2 24 S024 plastic SOT137A 20
TDF8704T/4 24 S024 plastic SOT137A 40
TDF87047/5 24 8024 plastic SOT137A 50
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Fig.1 Block diagram.
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PINNING
SYMBOL | PIN DESCRIPTION
D1 1 | data output, bit 1
DO 2 |data output; bit 0 (LSB)
n.c. 3 | notconnected
Vis 4 | reference voltage bottom
(decoupling)
DEC 5 | decoupling input (internal or [1] v 24] 02
stabilization loop decoupling) oo [2] 23] D3
AGND 6 |analog ground ne. (3] [22] ce
Veea 7 p_ositive supply voltage for analog vag [4] 1] Vecoz
circuits (+5 V)
vi 8 | analog voltage input oec 5] 20] oano
Vear 8 | reference voltage top (decoupling) Aano [ TOF8704 E Vecor
n.c. 10 | not connected Veea [7] 18] Veco
O/UF 11 | overflow/underflow data output vi [g] [17] oo
D7 12 | data output; bit 7 (MSB) Vet [5] 18] cLk
D6 13 | data output; bit 6 ne. [10] 15] D4
D5 14} data output; bit 5 onr (1] 4] os
D4 15 | data output; bit 4 o7 [ 73] 06
CLK 16 | clock input —_—
DGND 17 | digital ground
Veeo 18 | positive supply voltage for digital
circuits (+5 V)
Vecor 19 | positive supply voltage for output
stages 1 (+5V)
OGND 20 | output ground
Veeoz 21 | positive supply voltage for output
stages 2 (+5 V)
CE 22 | chip enable input (TTL level input,
active LOW)
D3 23 |data output; bf' 3 Fig.2 Pin configuration.
D2 24 | data output; bit 2
|
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LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. | UNIT
Veea analog supply voltage -0.3 7.0 A
Veen digital supply voltage -0.3 7.0 Vv
Veeo output stages supply voltage -03 7.0 A
Veea — Voon supply voltage differences -1.0 1.0 v
Veeo = Veen supply voltage differences -1.0 1.0 A
Veea — Veoo supply voltage differences -1.0 1.0 Vv
Vu input voltage range referenced to AGND ~0.3 7.0 \
Verkes AC input voltage for switching referenced to DGND - Veeo \'
(peak-to-peak value)
lo output current - +10 mA
Teyg storage temperature -55 +150 °C
Tamb operating ambient temperature -40 +85 °C
T junction temperature - +150 °C
THERMAL RESISTANCE
SYMBOL PARAMETER THERMAL RESISTANCE
Ry i« from junction to ambient in free air 75 K/W
HANDLING

Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be totally safe, itis
desirable to take normal precautions appropriate to handling integrated circuits.
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TDF8704

CHARACTERISTICS (see Tables 1 and 2)
Veoa=V; = Vg = 4.75 V10 5.25 V; Voo = Vig = Vpg = 4.76 V10 5.25 V; Voo = Vg — Voo = 4.75 V 10 5.25 V: AGND

and DGND shorted together; Voo, — Veep = -0.25 V10 +0.25 V; V,

cco — Veep = ~0.25 V10 +0.25 V; Vg, — Voo =

-0.25V 1o +0.25 V; T,,,, = —40 °C to +85 °C; unless otherwise specified (typical values measured at Ve = Vep =
Vecor = Vegoe =5V and T, = 26 °C).

SYMBOL PARAMETER conomons | MiN. | TYR | max. [uniT
Supply
Veea analog supply voltage 475 50 5.25 \
Veen digital supply voltage 4.75 5.0 5.25 Vv
Veco output stages supply voltage 4.75 5.0 5.25 A
leca analog supply current - 37 thf mA
lcco digital supply current - 18 tbf mA
leco output stage supply current all outputs LOW - 17 tbf mA
Inputs
Clock input; CLK (referenced to DGND)
Vi LOW level input voltage 0 - 0.8 \
Vi HIGH level input voltage 20 - Veeo \
e LOW level input current Vo =04V -400 - - MA
ln HIGH level input current Ve =27V ~ - 100 pA
Vawk = Yeen - - 300 HA
Z input impedance fek = 50 MHz - 2 - kQ
C input capacitance fowk = 50 MHz - 45 - pF
input CE (referenced to DGND)
Vi LOW level input voltage 0 - 0.8 \
Vi HIGH level input voltage 2.2 - Veen \'
I LOW level input current Vi =04V —400 - - HA
™ HIGH level input current Vu=27V - - 20 HA
VI (analog input voltage referenced to AGND) {see Figs 3 and 4)
Ve input voltage (bottom) thbf 1.23 tbf \
Viioy input voltage output code = 0 tbf 1.46 tbf v
Vose) offset voltage (bottom) Vi~ Yvig) tbf - tbf v
Vim input voltage (top) tbf 3.41 tbf Vv
Viizssy input voltage output code = 255 tbf 3.31 tbf \
Vosm offset voltage (top) Vum = Vuiess) tbf - tbf \
Vips input voltage amplitude tbf 1.85 tbf \
(peak-to-peak vaiue)
I LOW level input current Vy=123V - 0 - nA
b HIGH level input current Vy=341V 60 150 300 HA
Z input impedance f=4.43 MHz - 10 - kQ
C input capacitance f,=4.43 MHz - 14 - pF
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8-bit high-speed analog-to-digital converter TDF8704
symBoL | PARAMETER [ conomons | miN. | TYR | max. [uwiT
Reference resistance
Rt [ reterence resistance [ Vg to Vag [- 220 |- e
Outputs
Digital outputs (D7 - DO) (referenced to DGND)
Voo LOW level output voltage lo=1mA 0 - 0.4 v
Vou HIGH level output voltage lp =-0.4 mA 27 - Veeo \
loz output current in 3-state 0.4V <Vg<Veep -20 - +20 pA
mode
Switching characteristics (note 1; see Fig.3)
fok maximum clock frequency TDF8704T/2 20 - - MHz
TDF8704T/4 40 - - MHz
TDFB704T/5 50 - - MHz
topn clock puise width HIGH 7 - - ns
topL clock pulse width LOW 7 - - ns
Analog signal processing (fe x = 50 MHz)
Gy differential gain note 2 - 0.6 - %
by differential phase note 2 - 0.8 - deg
f, fundamental harmonics f,=4.43 MHz - - 0 dB
(full-scale)
fan harmonics (full-scale), all f,=4.43 MHz - -60 - dB
components
SVRR1 supply voltage ripple rejection | note 3 - —28 -25 dB
SVRR2 supply voltage ripple rejection | note 3 - 1 25 %N
Transfer function
ILE DC integral linearity error - - 1 LSB
DLE DC differential linearity error - - +1/2 LSB
AlLE AC integral linearity error note 4 - - 2 LSB
Effective bits; note 5
EB TDF8704T/2 (feu = 20 MHZ) |, =2.5 MHz - 77 - bits
f,=4.43 MHz - 76 - bits
TDF8704T/4 (foc = 40 MHZ) |f,=4.43 MHz - 75 - bits
f,=7.5 MHz - 7.3 - bits
TDF8704T/5 (fek = 50 MHz) | f; =4.43 MHz - 7.4 - bits
f,=7.5 MHz - 7.2 - bits
3-776
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symeoL | PARAMETER | conomons | min. | Tve | max. JunT
Timing (note 6; see Figs 3 to 5; f, = 50 MHz)
tys sampling delay ~ - 2 ns
tvo output hold time 5 - - ns
ty output delay time - 12 15 ns
[ 3-state output delay times enable-to-HIGH - 19 tbf ns
ta 3-state output delay times enable-to-LOW - 16 tbf ns
tanz 3-state output delay times disable-to-HIGH - 14 thf ns
tyz 3-state output delay times disable-to-LOW - 9 tbf ns
Notes

1.

2,

April 1993
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In addition to a good layout of the digital and analog ground, it is recommended that the rise and fall times of the
clock must not be less than 1 ns.

Low frequency ramp signal (Vy,,, = 1.8 V and f, = 15 kHz) combined with a sinewave input voltage

(Vupp = 0.5 V, f, = 4.43 MHz) at the input.

Supply voltage ripple rejection:

= SVRRH1; variation of the input voltage producing output code 127 for supply voltage variation of 1 V:

SVRR1 = 20 log (AVyy127) / AViep)

*» S8VRR2; relative variation of the full-scale range of analog input for a supply voltage variation of 1 V:

SVR2 = {A(Vvuo) - VV|(255)) / (Vw(o) - VVI(as))} + AVCCA'

Full-scale sinewave (f, = 4.4 MHz; fo,,, = 50 MHz).

Effective bits are obtained via a Fast Fourier Transformer (FFT) treatment taking 4K acquisition points per period.
The calculation takes into account all harmonics and noise up to half of the clock frequency (NYQUIST frequency).
Conversion to SNR: SNR (dB) = EB x 6.02 + 1.76.

Output data acquisition:

» Output data is available after the maximum delay of ty.
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Table 1 Output coding and input voltage (typical values; referenced to AGND).
BINARY QUTPUT BITS

STEP Vvip o) O/UF D7 Dé D5 D4 D3 D2 D1 DO
underflow < 1.46 1 0 0 0 0 0 0 0 0
0 1.46 0 0 0 0 0 0 0 0 0
1 - 0 0 0 0 0 0 0 0 1
» [ ] [ L] * *® [ ) L ] L] L) [ ]
L] [ ] L ] L ] ® L ) [ L] L ] L ] °
254 . 0 1 1 1 1 1 1 1 0
255 3.31 0 1 1 1 1 1 1 1 1
overflow > 3.316 1 1 1 1 1 1 1 1 1

343 UEASK 128 344 MEASE 128

VTop VBOTTOM VToP VeoTTOM
V) 4] [\)] v)
3.41 | 1.26 342 1.26
D -0.2mv/°C _| 17 miy
L P
3.39 ~ ~ 1.24 3.40 r 1.24
//
—— LA e 7mVNV T
337 - 122 338 1.
60 20 20 T o) 1 25 475 525 y . (v) 575
Fig.3 Influence of ambient temperature on Vo, Fig.4 Influence of supply voltage on Vooe and
and Vgorrom Under 5 V supply. Vgorrom Under 25 °C ambient temperature.
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- Table 2 Mode selection.
CE D7 to DO O/UF
1 high impedance high impedance
0 active; binary active
+ tepL
cpH -
CLK / \ / N—1av
—/ .
sample N sample N +1 sample N +2
24V
ATA % 14v
04V
MSAs88
Fig.5 Timing diagram.
. & o
) input (1.4V)
|
— 24V
data
outputs
—— 04V
' | tomz L _J |._tazn
taz tazL MLBO3S - 1
Fig.6 3-state delay timing diagram.
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8-bit high-speed analog-to-digital converter TDF8704

INTERNAL PIN CONFIGURATIONS

Veeo
00-D7 —1__
l 15 pF ry
' D7-D0
on
: t
DGND
MBBYSE MLBO3E
Fig.7 Load circuit for timing measurement. Fig.8 TTL data and overflow/underflow outputs.
Veeo
Veea ---- 1
ry
ry
I'd
«90) CE I4
vi ——--
ry
ry
AGND ———-
MLBO3T
DGND
MLBG38
Fig.9 Analog inputs. Fig.10 CE (3-state) input.
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Vcea [j
4 X ry
3 VRT
t Vas
DEC
' Y
ry Q
AGND
MSAG87
Fig.11 Vgg, Vg and DEC.
Veeo
'y
o VRer
Qm?ﬁ_ wia
ry J_
DGND T MCD189 - 1
Fig.12 CLK input.
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APPLICATION INFORMATION

D11 24 |02
Doj 2 23|03
3 nc.] 3 22 CE
v Y
Re |4 29 |-€C02
Iﬂ pF
; v oecl s 20 | OGND
aco L 10 nF
;|; AGND | 6 19 | Yecor
AGND TDF8704 v
CCA| 7 ccb
vi| 8 17 | DGND
v
AT| 9 16 | CLK
-[100 nf
;L .5! nc. 110 15 D4
AGND
O/UF |11 1a |05
07 |12 13|08
MSAG84
Fig.13 Application diagram.

Notes to Fig.13

1. Vg and Vgy are decoupling pins for the intemal reference ladder; do not draw current from these pins in order to
achieve good linearity.

2. Analog and digital supplies should be separated and decoupled.
3. Pins 3 and 10 should be connected to DGND in order to prevent noise influence.
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