Philips Semiconductors

Product specification

10-bit high-speed 2.7 t0 5.25 V
analog-to-digital converter

FEATURES

10-bit resolution
2.71t0 5.25 V operation
s Sampling rate up to 20 MHz

DC sampling allowed

High signal-to-noise ratio over a large analog input
frequency range (9.3 effective bits at 1.0 MHz full-scale
input at fy, = 20 MHz2)

In range (IR) CMOS output
o CMOS/TTL compatible digital inputs and outputs

» External reference voltage regulator
» Power dissipation only 53 mW (typical)

+ Low analog input capacitance, no buffer ampilifier
required

» Standby mode
¢ No sampie-and-hold circuit required.

QUICK REFERENCE DATA

TDA8766
APPLICATIONS
High-speed analog-to-digital conversion for:
¢ Video data digitizing
e Camera
o Camcorder

¢ Radio communication.

GENERAL DESCRIPTION

The TDA8766 is a 10-bit high-speed analog-to-digital
converter (ADC) for professional video and other
applications. It converts with 2.7 to 5.25 V operation the
analog input signal into 10-bit binary-coded digital words at
a maximum sampling rate of 20 MHz. All digital inputs and
outputs are CMOS compatible. A standby mode allows
reduction of the device power consumption down to 4 mW.

SYMBOL PARAMETER CONDITIONS MIN. TYP. | MAX. | UNIT
Vpopa analog supply voltage 2.7 3.3 5.25 \
Vo1 digital supply voltage 1 2.7 3.3 5.25 Vv
Vbop2 digital supply voltage 2 27 3.3 5.25 A
Vbpo output stages supply voltage 25 3.3 5.25 Vv
Iopa analog supply current - 7.5 10 mA
Ibbo digital supply current - 7.5 10 mA
lbbo output stages supply current | fo = 20 MHz; C_ = 20 pF,; - 1 2 mA

ramp input
INL integral non-linearity fax = 20 MHz; ramp input - +1 +2 LSB
DNL differential non-linearity fox = 20 MHz; ramp input - +0.25 [+07 LSB
foikgmax) maximum clock frequency 20 - - MHz
Prot total power dissipation Vopa = Voo =Vppo=3.3V |- 53 73 mwW
ORDERING INFORMATION
TYPE PACKAGE

NUMBER NAME DESCRIPTION VERSION

TDA8766G LQFP32 plastic low profile quad flat package; 32 leads; body 5 x &5 x 1.4 mm SOT401-1
1996 Mar 20 2
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Philips Semiconductors Product specitication

10-bit high-speed 2.7 t0 5.25 V

analog-to-digital converter
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Philips Semiconductors Product specification

10-bit high-speed 2.7 to 5.25 V

. TDA8766
analog-to-digital converter
PINNING
SYMBOL | PIN DESCRIPTION SYMBOL | PIN DESCRIPTION
D9 1 | data output; bit 9 (MSB) Vpop2 18 | digital supply voltage 2 (2.7 to 5.25 V)
IR 2 |in range data output Vssp2 19 | digital ground 2
Vssp1 3 |digital ground 1 Vobo 20 | positive supply voltage for output
VbpD1 4 | digital supply voltage 1 (2.7 to 5.25 V) stage (2.5t0 5.25V)
CLK 5 |clock input Vsso 21 |digital output ground
STDBY 6 |standby mode input Do 22 | data output; bit 0 (LSB)
Vbpa 7 |analog supply voltage (2.7 to 5.25 V) D1 23 | data output; bit 1
n.c. 8 |not connected n.c. 24 | not connected
Vssa 9 |analog ground D2 25 | data output; bit 2
Vhs 10 |reference voitage BOTTOM input D3 26 | data output; bit 3
Vam 11 {reference voltage MIDDLE D4 27 |data output; bit 4
n.c. 12 | not connected D5 28 |data output; bit 5
n.c. 13 | not connected D6 29 |data output; bit 6
Vi 14 |analog input voltage b7 30 | data output; bit 7
'/ 15 |reference voltage TOP input D8 31 [data output; bit 8
OE 16 | output enable input n.c. 32 | not connected
n.c. 17 |not connected
[+ [} M~ [(+] ["7] g o0 N
= [a] [a} a a o (=] [=]
e A2LEL[B] [&] [8] [5] [2] [€]
/
Dg E E n.c.
iR [2] 23] D1
Vssp1 [3] [22] Do
Voopt |4 21| Vsso
] TDA8766 1]
ok [5] [20] Vopo
sTDBY [ 6] 18] Vssp2
Vopa [7] 18] VD2
n.c. [8: E n.c.
R EEEHEE e
FRELIER
Fig.2 Pin configuration.
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Philips Semiconductors Product specification

10-bit high-speed 2.7 t0 5.25 V

. TDA8766
analog-to-digital converter
LIMITING VALUES
In accordance with the Absclute Maximum Rating System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vppa analog supply voltage note 1 -0.3 +7.0 Vv
Vopo1, Voop2 digital supply voltages note 1 -0.3 +7.0 A
Vppo output stages supply voltage note 1 -0.3 +7.0 \Y
AVpp supply voltage difference

VDDA - VDDD -1.0 +4.0 A

VDDD - VDDO -1.0 +4.0 Vv

Vpoa - Vboo -1.0 +4.0 Vv
V) input voltage referenced to Vgsa -0.3 +7.0 \'
Veikp-p) AC input voltage for switching referenced 10 Vggp - Vbbb \

(peak-to-peak value}
lo output current - 10 mA
Terg storage temperature -55 +150 °C
Tamb operating ambient temperature -20 +75 °C
T; junction temperature - +150 °C
Note

1. The supply voltages Vppa, Vpop and Vppo may have any value between -0.3 V and +7.0 V provided that the supply
voltage differences AVpp are respected.

HANDLING

Inputs and outputs are protected against electrostatic discharges in normal handiing. However, to be totally safe, it is

desirable to take normal precautions appropriate to handling integrated circuits.

THERMAL CHARACTERISTICS

SYMBOL PARAMETER VALUE UNIT
Rihj-a thermal resistance from junction to ambient in free air a0 KW
1996 Mar 20 5
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Philips Semiconductors

Product specification

10-bit

high-speed 2.710 5.25 V

analog-to-digital converter

TDA8766

CHARACTERISTICS
Vppa = V710 Vg =33 V; Vppp = Vato V3 = Vigto Vg = 3.3 V; Vppo = Voo 10 V21 = 3.3 V; Vgsa, Vssp and Vsso
short-circuited together; Vip.p) = 1.83 V; CL = 20 pF; Tamp = 0 to +70 °C; typical values measured at Tams = 25 °C;

unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MiN. TYP. MAX. UNIT
Supply
Vbpa analog supply voltage 2.7 3.3 525 Vv
Vbpo1 digital supply voltage 1 27 3.3 5.25 \
Vbpp2 digital supply voltage 2 27 3.3 5.25 Vv
Vppo output stages supply voltage 2.5 3.3 5.25 Vv
AVpp voltage difference
VDDA - VDDD -0.2 - +0.2 Vv
Vppa - VDDQ -0.2 - +3.0 \
VDDD - VDDQ 0.2 - +3.0 \
Ioba analog supply current - 7.5 10 mA
Ibop digital supply current - 7.5 10 mA
lbpo output stages supply current fok = 20 MHz; - 1 2 mA
ramp input; C_ = 20 pF
Inputs
Crock INPUT CLK (REFERENCED TO Vggp); see note 1
ViL LOW level input voltage 0 - 0.3Vppo \
VIH HIGH level input voltage 0.7Vppp - Vobp \Y)
Vopp <36V 0.6Vpop - Vopp "
e LLOW level input current Vek = 0.3Vppp -1 0] +1 pA
A HIGH level input current Vek =0.7Vpop - - 5 uA
Z input impedance foi = 20 MHz - 4 - kQ
Ci input capacitance fox = 20 MHz - 3 - pF
INPUTS OE AND STDBY (REFERENCED TO Vggp); see Table 3
ViL LOW level input voltage 0 - 0.3Vppp \Y)
Vin HIGH level input voltage 0.7Vbpp - Vboop \"
Vopp 3.6V 0.6Vpop - Vbpbp Vv
I LOW level input current V)L = 0.8Vppp -1 - - PA
K HIGH level input current Vin =0.7Vppp - - +1 pA
V, (ANALOG INPUT VOLTAGE REFERENGED TO Vgga)
I LOW level input current Vi=Vgp - 0 - HA
I HIGH level input current Vi= Vgt - 35 - A
Z input impedance fi=1MHz - 5 - kQ
C input capacitance fi=1MHz - 8 - pF
1996 Mar 20 6
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Philips Semiconductors Product specification

10-bit high-speed 2.7 10 5.25 V

. TDA8766
analog-to-digital converter
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Reference voltages for the resistor ladder; see Table 1
Vae reference voltage BOTTOM 1.1 1.2 - Vv
VRt reference voltage TOP Vrop € Vopa 2.7 3.3 Vbba Vv
Vit differential reference voitage 1.5 2.1 27 Vv
Vit - VRB
lrot reference current - 7.2 - mA
RiLap resistor ladder - 290 - Q
TChLAD temperature coefficient of the resistor - 1860 |-~ ppm
ladder - 539 |- mQ/K
VosB offset voltage BOTTOM note 2 - 135 - mV
VosT offset voitage TOP note 2 - 135 - mV
Vitp-p) analog input voltage note 3 1.4 1.83 |24 v
(peak-to-peak value)
Outputs
DiGITAL OUTPUTS D9 TO DO AND IR (REFERENCED TO Vgsp)
VoL LOW level output voltage lo=1mA 0 - 0.5 Vv
Von HIGH level output voltage lo=-1mA Vopo-0.5]- Vopo \'}
loz output current in 3-state mode 0.5V < Vo < Vppo -20 - +20 HA
Switching characteristics
CLock iINPUT CLK; see Fig.4; note 1
feik(max) maximum clock frequency 20 - - MHz
tePH clock puise width HIGH 15 - - ns
tcpL clock pulse width LOW 15 - - ns
Analog signal processing
LINEARITY
INL integral non-linearity fok = 20 MHz; - +1 +2 LSB
ramp input; (see Fig.6)
DNL differential non-linearity fok = 20 MHz; - +0.25 |+0.7 LSB
ramp input; (see Fig.7)
INPUT SET RESPONSE (fqx = 20 MHz; see Fig.8; note 4)
tsTLH analog input settling time full-scale square wave |- 4 6 ns
LOW-to-HIGH
tsTHL analog input settling time full-scale square wave |- 4 6 ns
HIGH-to-LOW
HARMONICS; (foi = 20 MHZ; see Fig.9; note 5)
THD | total harmonic distortion [t =1MH2 - |-63 |- dB
SIGNAL-TO-NOISE RATIO; see Fig.9; note 5
SN signal-to-noise ratio (full scale) without harmonics; - 60 - dB
ok = 20 MHz;
fi=1MHz
1996 Mar 20 7
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Phil

ips Semiconductors Product specification

10-bit high-speed 2.7 10 5.25 V

. TDA8766
analog-to-digital converter
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
EFFECTIVE BITS; see Fig.9; note 5
EB effective bits fox = 20 MHz
f; = 300 kHz - 9.5 - bits
fi=1 MHz - 9.3 - bits
fi = 3.58 MHz - 8.0 - bits
Timing (fax = 20 MHz; Cy = 20 pF); see Fig.4; note 6
tas sampling delay time - - 5 ns
th output hold time 5 - - ns
tq output delay time Vobo =4.75V 8 12 15 ns
VDDO =3.15V 8 17 20 ns
Vppo=27V 8 21 24 ns
3-state output delay times; see Fig.5
tazH enable HIGH - 14 18 ns
tazL enable LOW - 16 20 ns
tanz disable HIGH - 16 20 ns
taLz disable LOW - 14 18 ns
Standby mode output delay times
tasTBLH standby {(LOW-to-HIGH transition) - - 200 ns
t4sTBHL start-up (HIGH-to-LOW transition) - - 500 ns

Notes

1.

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.

Analog input voltages producing code 0 up to and including 1023:

a) Vosg (voltage offset BOTTOM) is the difference between the analog input which produces data equal to 00 and
the reference voltage BOTTOM (Vg) at Tamp = 25 °C.

b) V.e1 {voltage offset TOP) is the difference between Vgr (reference voltage TOP) and the analog input which
produces data outputs equal to 1023 at Tamp = 25 °C.

In order fo ensure the optimum linearity performance of such converter architecture the lower and upper extremities
of the converter reference resistor ladder {corresponding to output codes 0 and 1023 respectively) are connected to
pins Vrg and Vgt via offset resistors Rog and Rgt as shown in Fig.3.

VHT B VHB

a) The current flowing into the resistor ladderis I = A SR B
OB L oT

and the full-scale input range at the convetter,

Ry

to cover code O to code 1023, is V|, = R x| = o————2—
Rog + B +R
o T LT Hor

X (Vpr - Vag) = 0.871 x (Vg7 - Vi)

b) Since R, Rog and Rot have similar behaviour with respect to process and temperature variation, the ratio

R
—L _ willbe kept reasonably constant from part to part. Consequently variation of the output codes
Rog + B+ Ror
at a given input voltage depends mainly on the difference Vrr — Vpg and its variation with temperature and supply
voltage. When several ADCs are connected in parallel and fed with the same reference source, the matching

between each of them is then optimized.

1996 Mar 20 8
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Philips Semiconductors Product specification

10-bit high-speed 2.7 to 5.25 V
analog-to-digital converter

TDA8766

4. The analog input settling time is the minimum time required for the input signal to be stabilized after a sharp full-scale
input (square-wave signal) in order to sample the signal and obtain correct output data.

5. Effective bits are obtained via a Fast Fourier Transform (FFT) treatment taking 8K acquisition points per equivalent
fundamental period. The calculation takes into account all harmonics and noise up to half of the clock frequency
(NYQUIST frequency). Conversion to signal-to-noise ratio: S/N = EB x 6.02 + 1.76 dB.

6. Output data acquisition: the output data is available after the maximum delay time of t4.

code 0

MGD281

Fig.3 Explanation of note 3.

1996 Mar 20 9
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Philips Semiconductors Product specification

10-bit high-speed 2.7 t0 5.25 V

. TDA8766
analog-to-digital converter
Table 1 Output coding and input voltage (typical values; referenced to Vgsa)
) BINARY OUTPUT BITS
STEP Kp-p) IR
V) Do | b8 | b7 | pée | D5 | D4 | D3 | D2 | D1 DO
Underflow | <1.335 0 0 0 0 0 0 0 0 0 0 0
0 1.335 1 0 0 0 0 0 0 0 0 0 0
1 . 1 0 0 0 0 0 0 0 0 0 1
1022 . 1 1 1 1 1 1 1 1 1 1 0
1023 3.165 1 1 1 1 1 1 1 1 1 1 1
Overflow >3.165 0 1 1 1 1 1 1 1 1 1 1
Table 2 Mode selection
OE D9 TO DO IR
1 high impedance high impedance
0 active; binary active
Table 3 Standby selection
STDBY D9 TO DO Ippa + loop (typ.)
1 last logic state 1.2mA
0 active 15 mA
topL *
1 'ePH
CLK \ \ \ \ ,|V \\- 50%
sample N sample N+ 1 | sample N+ 2

Fig.4 Timing diagram.

1996 Mar 20 10
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Philips Semiconductors Product specification

10-bit hlgh-§peed 2710525V TDA8766
analog-to-digital converter

Voop

7 50 %

HIGH
output
data
-l le-tgz 14zl
HIGH
output
data 50 %
LOW
TEST s1
v
DOD | ty4 VoD
33ka 1 v
TDAS8766 s1 dzL DDD
20 pF !dHZ GND
l ; tdzH GND
OE ! :

MLGCB55

f5E = 100 kHz.

Fig.5 Timing diagram and test conditions of 3-state output delay time.
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Philips Semiconductors Product specification

10-bit high-speed 2.7 10 5.25 V

. TDA8766
analog-to-digital converter
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Fig.6 Typical integral non-linearity (INL) performance.
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Fig.7 Typical differential non-linearity (DNL) performance.
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Philips Semiconductors

Product specification

10-bit high-speed 2.7 to 5.25 V

L. TDA8766
analog-to-digital converter
tsSTLH tSTHL
pett— —
code 1023 s
Vi s0% 50 %
code 0
5ns S nsl<—
CLK 50% ‘ 50 %
MBD875 j 2ns —>| -2 NS
Fig.8 Analog input settling-time diagram.
MLD117
0
A
(aB)
-20
-40
-60
-80 1 | i I 3
-100
-120 I II ”
0 125 25 376 5.01 6.26 751 876 10
t (MH2)

Effective bits: 9.59; THD = -76.60 dB.
Harmonic levels (dB): 2nd = -81.85; 3rd = ~87.56; 4th = -88.81, 5th = —-88.96; 6th = -79.58.

Fig.9 Typical Fast Fourier Transform (fcy = 20 MHz; f; = 1 MHz).
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Phitips Semiconductors Product specification

10-bit high-speed 2.7 10 5.25 V
analog-to-digital converter

TDA8766

INTERNAL PIN CONFIGURATIONS

Vbbo VbDA ——--
o I x

D9 to DO

1 Ig \7 ’ l) 'ﬁ _—

L 1 P o
Vsso VssA + ----
MLC8S6 MLC857
Fig.10 CMOS data and in Range (IR) outputs. Fig.11 Analog inputs.

v DDO VDDA
A % A

ry VAT

5 Vam :] RLap
(STDBY) VRB

7y f x

Vsso Vssa

WLCB58 MLCB59

Fig.12 OE (STDBY) input. Fig.13 Vga, Vam and Vgr.
1996 Mar 20 14
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Philips Semiconductors

Product specification

10-bit high-speed 2.7 to0 5.25 V
analog-to-digital converter

TDA8766

VbDD +
A
CLK —— Vppp
VssD
—{ 1
—I; MLG850
Fig.14 CLKinput.
1996 Mar 20 15
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Philips Semiconductors Product specification

10-bit high-speed 2.7 t0 5.25 V
analog-to-digital converter

TDA8766

APPLICATION INFORMATION

Additional application information will be supplied upon request (please quote number “AN96012").

Tn.c.(z)lDS ID7 Ios le lo4 |03 IDZ

32 31 30 29 28 27 26 25
D9 nc(z) .
— 1 24 ——R
R, 23 |1
v
sso1 |, 25 |20
v, v
oop1 |, oy | V880
TDA8766 v
CLK )¢ 20 |/DDO
v
sToBY | 1 | VoSD2
v v
DDA L, 15 |/DDD2
@ @)
5! n.c. 8 17 n.c. E
9 10 11
IVSSA VHB()VRMU) nc(?) nc(?) |v,(4) VRTU)IOE mLCa61
3,
100 e 100
nF
Vssa VssA

100 r

Vssa

The analog and digital supplies should be separated and decoupied.

The external voltage reference generator must be built such that a good supply voltage ripple rejection is achieved with respect to the LSB value.
Eventually, the reference ladder voltages can be derived from a weil regulated Vppa supply through a resistor bridge and a decoupled capacitor.
(1) Vas, Vrm and Vg are decoupled 1o Vgsa.

(2) Pins 8, 12,13, 17, 24 and 32 should be connhected to the closest ground pin in order to prevent noise influence.

(3) When Vgy is not used, pin 11 can be left open, avoiding the decoupling capacitor. In any case, pin 11 must not be grounded.

{4) When analog input signal is AC coupled, an input bias or a clamping level must be applied to V) input (pin 14).

Fig.15 Application diagram.
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Philips Semiconductors Product specification

10-bit high-speed 2.7 t0 5.25 V

L TDAB766
analog-to-digital converter
PACKAGE OUTLINE
LQFP32: plastic low profile quad flat package; 32 leads; body 5 x5 x 1.4 mm S0T401-1
————— /// \\ N o o v
[ ] A\ [[ 1
et ] e feped ] oo -— — —
[ J
_ﬂ_ _I___\_m/ ¢ = ______WL
N / F
\Ofy] -
QU ®
25 ¢ ' N 16 Zg
o — I :E-I—f
T i L
= | == AR
—T A .
= - I _ :_':__{ E Hg A 2A1 :[:1:1 .
e ' —T l l y
| —— QJM 1 index —— Late _—_4— ﬁie
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2 N\ P L
\
I s
Zp [~ =v@]A]
’ip e O
- D {8]
Hp ~—=|v @8]
0 25 5mm
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scale
DIMENSIONS (mm are the original dimensions)
UNIT m:x_ Ay A2 | A3 | bp | ¢ |[DMIEM| & tHp | HEL L [ Ly | @ | v | w |y [ZpM]2zel! o
015 | 15 027|018 51 | 51 715 | 7.15 0.75 | 0.70 095 |095| 7°
mm 1601 go5| 13 [©25| 017 {012 | 49 | 49 | O | 685 685| 'O |o0as|057| 02 {012 | 01 I 055|055 oo
Note
1. Plastic or metal protrusions ot 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION IEC JEDEC ElAJ PROJECTION ISSUE DATE
B4-04-25-
S0T401-1 E’@ 95-12-18
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Philips Semiconductors

Product specification

10-bit high-speed 2.7 t0 5.25 V
analog-to-digital converter

TDA8766

SOLDERING
Introduction

There is no soldering method that is ideal for all IC
packages. Wave soldering is often preferred when
through-hole and surface mounted components are mixed
on one printed-circuit board. However, wave soldering is
not always suitable for surface mounted ICs, or for
printed-circuits with high population densities. In these
situations reflow soldering is often used.

This text gives a very brief insight to a complex technology.
A more in-depth account of soldering ICs can be found in

our “IC Package Databook” (order code 9398 652 90011).

Reflow soldering

Reflow soldering techniques are suitable for all LQFP
packages.

Reflow soldering requires solder paste (a suspension of
fine solder particles, flux and binding agent) to be applied
to the printed-circuit board by screen printing, stencilling or
pressure-syringe dispensing before package placement.

Several techniques exist for reflowing; for example,
thermal conduction by heated belt. Dwell times vary
between 50 and 300 seconds depending on heating
method. Typical reflow temperatures range from
215 to 250 °C.

Preheating is necessary to dry the paste and evaporate
the binding agent. Preheating duration: 45 minutes at
45 °C.

Wave soldering

Wave soldering is not recommended for LQFP packages.
This is because of the likelihood of solder bridging due to
closely-spaced leads and the possibility of incomplete
solder penetration in multi-lead devices.

1996 Mar 20
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If wave soldering cannot be avoided, the following
conditions must be observed:

+ A double-wave (a turbulent wave with high upward
pressure followed by a smooth laminar wave)
soldering technique should be used.

¢ The footprint must be at an angle of 45° to the board
direction and must incorporate solder thieves
downstream and at the side corners.

Even with these conditions, do not consider wave
soldering LQFP packages LQFP48 (SOT313-2),
LQFP64 (SOT314-2) or LQFP80 (SOT315-1).

During placement and before soldering, the package must
be fixed with a droplet of adhesive. The adhesive can be
applied by screen printing, pin transfer or syringe
dispensing. The package can be soidered after the
adhesive is cured.

Maximum permissible solder temperature is 260 °C, and
maximum duration of package immersion in solder is

10 seconds, if cooled to less than 150 °C within

6 seconds. Typical dwell time is 4 seconds at 250 °C.

A mildly-activated flux will eliminate the need for removal
of corrosive residues in most applications.

Repairing soldered joints

Fix the component by first soldering two diagonally-
opposite end leads. Use only a low voltage soldering iron
(less than 24 V) applied to the flat part of the lead. Contact
time must be limited to 10 seconds at up to 300 °C. When
using a dedicated tool, all other leads can be soldered in
one operation within 2 to § seconds between

270 and 320 °C.




