Philips Semiconductors

10-bit, 500 Msps Digital-to-Analog
Converter (DAC)

FEATURES

e 10-bit resolution

« Conversion rate up to 500 MHz

¢ 10K/100K ECL input levels

« Internal reference voltage generator

» No deglitching circuit required

« Internal input register

« Power dissipation only 925 mW (typical)

« Internal 50 © output load (connected to the analog
ground)

o Very few external components required.

QUICK REFERENCE DATA

Product specification

TDA8776

APPLICATIONS

High-speed digital-to-analog conversion for:
¢ High resolution videc and graphics

¢ Direct Digital Synthesis (DDS)

» Telecommunication

¢ High-speed modems.

GENERAL DESCRIPTION

The TDA8776 is a 10-bit Digital-to-Analog Converter
(DAC) for high resolution video and other high frequency
applications. it converts the digital input signal into an
analog output voltage at a maximum conversion rate of
500 Msps. No external reference voltage is required and
all digital inputs are 10K/100K-ECL compatible.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. | UNIT
VEEA analog supply voltage -546 |-5.20 |-4.94 |V
Veep digital supply voltage -546 |-5.20 |-494 |V
VEeE input stages digital supply note 1 -5.46 |-520 |-494 |V

voltage
leea analog supply current note 1 - 108 145 mA
leep digital supply current note 1 - 60 85 mA
Ieg) input stages digital supply note 1 - 10 15 mA
current
Vout - VoUuT full-scale analog output voltage | notes 1 and 2; Z; = 50 Q 1.7 2.0 25 v
(peak-to-peak value)
INL DG integral non-linearity note 3 - +0.3 0.5 LSB
DNL DC differential non-linearity note 3 - .2 +0.45 |LSB
foiimax) maximum clock frequency 500 - - MHz
ts1 settling time (differential) 10% to 90% full scale; Fig.9 | - 05 - ns
Piot total power dissipation - 925 - mwW
Notes

1. DO to D9 connected to either HIGH or LOW level, CLK is HIGH and CLK is LOW.

2. The analog output voltages (Vour and V3gT) are negative with respect to AGND (see Table 1). The external output
resistance between AGND and each of these outputs is typicaily 50 Q.

3. Awarm-up time is necessary to reach optimal performances.

ORDERING INFORMATION

PACKAGE
TYPE NUMBER
NAME DESCRIPTION VERSION
TDA8776K PLCC28 plastic leaded chip carrier; 28 leads S0T261-2
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Philips Semiconductors Product specification

10-bit, 500 Msps Digital-to-Analog

TDA8776
Converter (DAC)
BLOCK DIAGRAM
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Fig.1 Block diagram.

1996 Jun 04 3

M 711082t 01044kl 372 WA



Philips Semiconductors

Product specification

10-bit, 500 Msps Digital-to-Analog

Converter (DAC) TDAg776
PINNING
SYMBOL | PIN DESCRIPTION SYMBOL | PIN DESCRIPTION
n.c. 1 not connected D2 15 | data input; bit 2
DGND1 2 |digital ground 1 D3 16 |datainput; bit 3
VEED1 3 |digital supply voltage 1 (-5.2 V) D4 17 |data input; bit 4
VeeD2 4 |digital supply voltage 2 (-5.2 V) D5 18 |data input; bit 5
AGND1 5 | analog ground 1 D6 19 |[data input; bit 6
VouTs 6 | analog voltage output 1 D7 20 |data input; bit 7
Vourz 7 | analog voltage output 2 D8 21 | data input; bit 8
VouTT 8 | complementary analog voltage D9 22 |data input; bit 9 (MSB)
output 1 n.c. 23 |not connected
Voot 9 | complementary analog voltage VEga 24 | analog supply voltage (-5.2 V)
output 2 VEE| 25 |input supply voltage for ECL input
AGND2 10 | analog ground 2 buffers (-5.2 V)
VEED3 11_|digital supply voltage 3 (-5.2 V) CLK 26 | complementary clock input
IGND 12 |input ground for ECL input buffers CLK 27 | clock input
Do 13 | data input; bit O (LSB) DGND2 | 28 |digital ground 2
D1 14 | data input; bit 1
Bas 8 _
YEee83lB
=11 [] [F1 (2] [R] [€]
-
AGND1 E( [25] Veg
Vour1[6] [24] VEEA
Vourz [7] 23] n.c.
VouTi [8] TDA8776 27] D9
VauTs [9] 21] D8
AGND2 [10] 20] D7
Veeps [1] [19] b6
EIL?JEIEJIE“EIE' MLD201
535883 3
(4]
Fig.2 Pin configuration.
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Philips Semiconductors

Product specification

10-bit, 500 Msps Digital-to-Analog

Converter (DAC) TDA8776
LIMITING VALUES
In accordance with the Absolute Maximum Rating System {IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT

VEea analog supply voltage -7.0 0.3 \'
VEeD digital supply voltage -7.0 0.3 \Y%
Ve input stages digital supply voltage -7.0 0.3 Vv
Veea - VEep supply voltage differential -0.5 +0.5 Vv
AGND - DGND | ground voltage differential -0.1 +0.1 \)
V) input voltage VEg| +0.3 \'
lout/laGT total output current Z, =50Q -5 +50 mA
Teg storage temperature -55 +150 °C
Tamb operating ambient temperature 0 +70 °C
T junction temperature - +150 °C
HANDLING

Inputs and outputs are protected against electrostatic discharges in normal handling.
desirable to take normal precautions appropriate to handling integrated circuits.

THERMAL CHARACTERISTICS

However, to be totally safe, it is

SYMBOL PARAMETER VALUE UNIT
Rinj-a thermal resistance from junction to ambient in free air 55 (typ.) KW
1996 Jun 04 5
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Philips Semiconductors Product specification

10-bit, 500 Msps Digital-to-Analog

Converter (DAC) TDA8776

CHARACTERISTICS

VEeEa = Vs to Vs and Vg = =5.46 t0 —4.94 V; Vggp = V3, V4 and Vi to Vp and Vog = ~5.46 10 4.94 V;

Veei = Va5 10 V12 = -5.46 to —4.94 V; Vgep and Veg shorted together; Tamp = 0 to +70 °C; AGND, DGND and IGND
shorted together; Vour — Vout = 2 V (p-p); ZL = 50 Q; unless otherwise specified (typical values measured at

VEga = Vegp = -5.2 V and Tamp =25 °C).

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT

Supply

VEEA analog supply voltage -546 |-5.20 |-4.94 |V
Veep digital supply voltage -5.46 |-5.20 |-4.94 |V
VEE| input stages digital supply voltage note 1 =546 |-520 |-494 |V
lgea analog supply current note 1 - 108 145 mA
lgep digital supply current note 1 - 60 85 mA
lgg; input stages digital supply current note 1 - 10 15 mA
AGND ~ DGND | ground voltage differential -0.1 - +0.1 |V
Inputs

DIGITAL INPUTS (D9 TO DO) AND CLOCK INPUTS (CLK AND CLK)

ViL LOW level input voltage -1.9 -1.8 -1.6 Vv
ViH HIGH level input voltage -1.2 028 ~0.8 \%
" LOW level input current Vi=-18V - - 10 MA
W1 HIGH leve! input current Vi=-08V - - 20 HA
feik(max) maximum clock frequency 500 - - MHz
Outputs (referenced to AGND); notes 1 and 2
Vour - VouTr full-scale analog output voltage ZL=50Q 1.7 2.0 2.5 \%
{peak-to-peak value)
Zo output impedance - 50 - Q
Transfer function
INL DC integral non-linearity note 3 - 0.3 0.5 LSB
DNL DC differential non-linearity note 3 - #.2 {+045 |LSB
Spurious free dynamic range (foy, = 500 MHz); Vega = Vegp = 5.2 V; Tamb = 25 °C; note 4; see Fig.3
SFDR spurious free dynamic range
four = 10 MHz -65 -69 - dB
fout = 50 MHz - -50 - dB
fout = 80 MHz - -59 - dB
fout = 100 MH2 -52 -59 - dB
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Philips Semiconductors Product specification

10-bit, 500 Msps Digital-to-Analog

TDA8776
Converter (DAC)
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT

Switching characteristics (foy = 500 MHz); notes 5 and 6; see Figs 8 and 9
tsupaT data set-up time - 400 500 ps
tHp.pAT data hold time 100 150 - ps
tep propagation delay time - 0.8 0.9 ns
tsq settling time 10% to 90% full scale - 0.8 - ns
tso settling time change to 1 LSB - 2.0 - ns
ty input to 50% output delay time - 1.4 1.5 ns
Output transients; glitches (fq = 500 MHz); note 7, see Fig.10
Eg differential glitch energy from code | fransition 511 to 512 | - | 1 | 2 [pV.s

Notes

1. DO to D9 connected to either HIGH or LOW level, CLK is HIGH and CLK is LOW.

2. The analog output voltages (Vour and VGgT) are negative with respect to AGND (see Table 1). The external output
resistance between AGND and each of these outputs is typically 50 Q.

3. Due to on-chip regulator behaviour a warm-up time is necessary to reach optimal performances; a typical time is
1 minute.

4. Devices with higher SFDR (min.) can be delivered on request.

5. The worst case characteristics are obtained at the transition from input code 0 to 1023 and if an external load
impedance greater than 50 Q is connected between Vour or Vgir and AGND in parallel with the external 50 Q load.
The specified values have been measured directly on a 50 Q2 load between Vour and AGND. No further load
impedance between Voyt and AGND has been applied. All input data is latched at the falling edge of the clock.

6. The data set-up (tsupat) is the minimum period preceding the falling edge of the clock that the input data must be
stable in order tc be correctly registered. A negative set-up time indicates that the data may be initiated after the
falling edge of the clock and still be recognized. The data hold time (tp.pat) is the minimum period following the
falling edge of the clock that the input data must be stable in order to be correctly registered. A negative hold time
indicates that the data may be released prior to the falling edge of the clock and still be recognized.

7. The definition of glitch energy and the measurement set-up are shown in Fig.10. The glitch energy is measured at

the input transition between code 511 to 512,

Table 1 Input coding and DAC output voltages (typical values; referenced to AGND regardless of the offset voltage)

DAC OUTPUT
BINARY INPUT DATA VOLTAGES (V)
CODE Z,=50Q

D9 D8 D7 D6 D5 D4 D3 D2 D1 DO Vour VouT

0 0 0 0 0 0 0 0 0 0 0 0 -1.0
1 0 0 0 0 0 0 0 0 0 1 | -0.0010 | -0.9990

512 1 0 0 0 0 0 0 0 0 0 0.5 -05
1022 1 1 1 1 1 1 1 1 1 0 | -0.9990 | -0.0010

1023 1 1 1 1 1 1 1 1 1 1 -1.0 0
1996 Jun 04 7



Philips Semiconductors Product specification

10-bit, 500 Msps Digital-to-Analog
Converter (DAC)

TDA8776
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Fig.3 Typical spurious free dynamic range (SFDR) as a function of output frequency.
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Fig.4 Typical output spectrum; fg, = 500 MHz; fout = 10 MHz.
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Philips Semiconductors Product specification

10-bit, 500 Msps Digital-to-Analog

Converter (DAC) TDA8776
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Fig.5 Typical output spectrum; fq, = 500 MHz; fout = 50 MHz.
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Fig.6 Typical output spectrum; fgx = 500 MHz; four = 80 MHz.
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Philips Semiconductors

Product specification

10-bit, 500 Msps Digital-to-Analog

TDA8776
Converter (DAC)
MGD473
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Fig.7 Typical output spectrum; foy = 500 MHz; fout = 100 MHz.
tsy;DAT — ™| 'HD;DAT

7 —o8V

ot cits 7/ e ///%f__m

L 18V

\ 09V

CLK 135V

\ — 18V

MLD202

The shaded areas indicate when the input data may change and be correctly registered. Data input update must be completed within tbf s after the
talling edge of the clocK (tsu;pat is negative; tbf ns). Data must be held at least tbf ns atter the falling edge (thp pat = tbf ns).

Fig.8 Data set-up and hoid times.
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Philips Semiconductors Product specification

10-bit, 500 Msps Digital-to-Analog

TDA8776
Converter (DAC)
c.ck  Ae—————————— — 135V
code 1023
input data 135V |
(exampie of a code 0 /
full-scale input 1LSB
transition) |
|
ov i
(code0)
: ——————— 10%
| \
:k—-— ta —————150%
|
Vout I N I 90 %
: 10V
| A ™ (code 1023)
: tg1md ‘ 1LSB
:lq- tpp ’L— tgo MLD203
Fig.9 Switching characteristics.
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Philips Semiconductors

Product specification

10-bit, 500 Msps Digital-to-Analog

Converter (DAC)
HP80000
Yelk /10 . TEK 11801A
@ DS MSB Voot 20 GHz
DATA —{ D8 v SAMPLING
GENERATOR — b7 out SCOPE
folk /10 $—] D6
R —1ps TDA8776
— D4
—] o3
S clock
‘— po (LsB) (3)||H||||H||I|II
chik \
1 PULSE 1 I LJ I
clk GENERATOR M
@ (MASTER) |
MODEL HP8133A
1LSB @
code 512
code 511 timing diagram
MLD204
VouTt — VouT
The value of the glitch energy is the sum of the shaded areas measured in pV.s.
Fig.10 Glitch energy measurement.
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Philips Semiconductors

Product specification

10-bit, 500 Msps Digital-to-Analog

TDA8776
Converter (DAC)
INTERNAL PIN CONFIGURATIONS
IGND
3
DO to D9 internal reference
A
VEEI
MLD205
Fig.11 D9 to DO.
AGND
'y ; 500 []] ﬁso Q
. DGND
VouT
Vour ¥ 3
4 A —_
CLK —— CLK
VEEA
bit bit
n n
2 A
Vv
switches and EED MLD207
MLO206 L————  current generators
Fig.12 Analog outputs. Fig.18 CLK and CLK.
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Philips Semiconductors Product specification

10-bit, 500 Msps Digital-to-Analog

Converter (DAC)
APPLICATION INFORMATION
50 Q digital input matched linee
vVrT r A ~
1uF 1of 1of 1of 1of 1of mf
HH nFT |nFT |[nFT |[nFT |nFT [nFT
son[:]- mn[l 509[:]— sonqq wnq 500
- D3 D4 D3 D2 D1 Do TlGND
18 17 16 15 14 13 12
50 @
HH D6 Veeps G .
[ 19 1 |
10 nF
Hi soe
- o7 AGND2
) 20 10 —HR
it maed 4 'S0
mal
lines g_I'_‘,_{%_l De Vo—Ue‘,-é
21 9
10 nF
Hi 500 y 507
H— o ouTi
\ 22 TDAB776 8
50 Q analog
output matched
v, lines
] n.c. x 7 ouT2
—— OUT
VEgA2 VouT
o % 6
HH
VEE| AGND1 |
25 5 ___k
26 27 28 1 2 3 4 /
22 uF K |cwK DGND27Ln.c. J’DGNm VEEp1 |Veepz
¥l J ? r T
ch
50 Q 50 @ ;
';" wFo 10 = 1 = LM337T
12 ? ; ;; IN ouT Vi 2w
hH 2§ J. .]. 1F ADJ 120 .L1F 12'2:
50 © clock input W *;L J;" @ I" “I"
matched lines 4 4 1 4 4
Veg {(-52V) 75
o)
MBE378
{1) C =1 pF in parallel with 10 nF in paraliel with 1 nF; all three mounted close to the supply pin of the DAC with 1 nF the nearest.
Fig.14 Application diagram.
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Philips Semiconductors

Product specification

10-bit, 500 Msps Digital-to-Analog

Converter (DAC)
PACKAGE OUTLINE
PLCC28: plastic leaded chip carrier; 28 leads SOT261-2
i ’/’\\\
L/ \
I !
) /
N | N o
- OE r
[Ty
25 19 N LA_—I
A ] [ o | | ]
: Zg [ b1
26 [] I 8 I
28 [ ' 1
1 O - =" ——'} E HE
O ™~ pin 1 index _:_'__i
0 ] A A
_3 } Ay
51\4\5 ' 112 Kk ‘ ¢ L r_ ‘(A )
= 3
$_K : o }
¥ IEJ u I.I_:_J T L.!” 7 A _J
- =]v®]A] Lp ™=
—-] Z —
°
- : (6]
Hp——————={=]v @[B]
0 5 10 mm
| W W N SN NN TR SR TN U |
scale
DIMENSIONS (miilimetre dimaensions are derived from the original inch dimensions)
A4 Aq M g ky zpM|zg
UNIT| A | in.| 3 |max| Pp | b1 | DV E °© || | Mo He | k| ol VWY max.| max.| P
4.57 053 | 081 [11.58|11.58 10.92|10.92|12.57}12.57| 1.22 1.44
MM | 419 | 051 [ 02513051 553 | 066 |11.43]|11.43| 127 | 901 | 091 [12.:32[12.32 1,07 | @51 | 102 | 0-18 [ 018 | 0.10 | 216 | 2.16 .
45
0.180 0.0210.032 {0.456 | 0.456 0.430]0.430 | 0.495| 0.495 | 0.048 0.057
['"ch“ 0.165|0-020) 0.01 | 012 16 913 0,026 | 0450 | 0.450 | %5 |0:390 | 0.390 [ 0.485 | 0.485 | 0.042 | 9-020] 9,040 ©-007 |0.007 | 0.004 ) 0.085 0.085
Note
1. Plastic or metal protrusions of 0.01 inches maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION IEC JEDEC ElAJ PROJECTION
80T261-2 = @ 95-02-25
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Philips Semiconductors

Product specification

10-bit, 500 Msps Digital-to-Analog
Converter (DAC)

TDA8B776

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 PLCC
packages.

The choice of heating method may be influenced by larger
PLCC packages (44 leads, or more). If infrared or vapour
phase heating is used and the large packages are not
absolutely dry (less than 0.1% moisture content by
weight), vaporization of the small amount of moisture in
them can cause cracking of the plastic body. For more
information, refer to the Drypack chapter in our “Quality
Reference Handbook” (order code 9397 750 00192).

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.

1996 Jun 04

16

Wave soldering

Wave soldering techniques can be used for all PLCC
packages if the following conditions are observed:

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

* The longitudinal axis of the package footprint must be
parallel to the solder flow.

* The package footprint must incorporate solder thieves at
the downstream corners.

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 soldered 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 fiux 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 S seconds between

270 and 320 °C.
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