D ANALOG

8-, 10-, 12-Bit Video Speed

DEVICES current .and Voltage Out D/A Converters

FEATURES

Current Settling Times to 15ns

+1.5V Compliance

Voltage Settling Times to 100ns (MDH)
Monotonicity Guaranteed Over Temperature
High Output Currents — 15mA

-30°C to +85°C Operating Range

Industry Standard Pin Outs

20V, p-p Out (MDH)

TTL or ECL Logic

This broad famii
“‘state of thr: art”

resents the
and current

make engmeenng trade offs between resolution, speed
and logic type. The first 3 are high compliance current output
units which make possible linear output swings greater than
+1.5V. The voltage output MDH series contain a fast settling
hybrid operational amplifier which provides 10V outpur at
+50mA. To simplify selection these major specifications are
summarized in Table 1.

FULL SCALE FULL SCALE INPUT
MODEL BITS OUTPUT SETTLING TIME LOGIC
(Fastest Settling High Current Out)
MDS-0815 8 15mA 15ns to 0.4% FS TTL
MDS-1020 10 15mA 20ns to 0.1% FS TTL
MDS-1240 12 15mA 40ns to 0.025% FS TTL
(MDS with ECL Logic)
MDS-0815E 8 15mA 15ns to 0.4% FS ECL
MDS-1020E 10 I15mA 20ns to 0.1% FS ECL
(Low Current MDS)
MDSL-0825 8 SmA 25nsto 0.1% TTL
MDSL-1035 10 SmA 25nsto 0.1% TTL
MDSL-1250 12 SmA S0ns to 0.025% TTL
(Volzage Out MDSL)
MDH-0870 8 10V/50mA  150ns to 0.4% TTL
MDH-1001 10 10V/50mA 200ns to 0.1% TTL
MDH-1202 12 10V/50mA 500ns to 0.025% TTL
Table 1.

SPEED WITH PRECISION

Analog Devices’ model MDS-1240 is the first D/A converter
available with highly reliable, internal hybrid construction teo

eliminates thfe
A’s constructg

plications because of Trs~unf
bilities. The high output current (1
impedance loads so that settling times remai
with higher output voltage levels. The ability to drive
pacitance is at least 3 times that of other 12-bit D/A’s thus
providing capability to drive a terminated transmission line
directly. The MDS-815 and MDS-1020 provide similar per-
formance at 8 and 10 bits, while the MDS-E units provide it
with ECL logic. MDSL-0825, MDSL-1035 and MDSL-1250
also utilize this reliable hybrid construction. The use of laser
trimmed resistor networks within the D/A’s not only elimi-
nates thermal time lag errors but provide the linearity temp-
co of 2ppm/°C; guaranteeing monotonic operation over the
extended temperature range of ~30°C to +85°C. The power
dissipation of the MDSL series is one-half that of competi-
tive D/A’s, but a full 5mA output current is maintained. This
allows driving transmission lines or other low impedance loads
directly.

(continued on page 1955)
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SPEC'FICATIONS (typical @ +25°C unless otherwise specified)

CURRENT OUTPUT

CURRENT OUTPUT

MDS MDS-E (ECL)
MODEL UNITS 0815 1020 1240 0815 1020
RESOLUTICN Bits 8 10 12 8 10
LSB {Weight) HA 58.6 14.6 3.66 58.6 14,6
ACCURACY .
Initial (Adjust to 0) *%FS 0.2 0.05 0.012 0.2 0.05
Linearity (Integral) LSB max | £1/2 * b oo *
Monotonicity Guaranteed Over Operating Temp Range " *
Zero Offset (Adjust to 0) 15nA max . b2 . *
TEMPERATURE COEFFICIENTS 5
Linearity ppmfoc 5 * 2 2 2
Gain ppm/ C |30 ¢ 20 ». *
Offset (Bipolar) ppm/°C 15 * * N ¥
STABILITY WITH TIME *%/yrmax| 0.5 k2 * " 4
TFL * " ECL ECL
\4 +210+5.0 ks " -0.9 -0.9
v 0to +0.4 * * -1.7 -1.7
H-A * * *
-5 max * *
A -10 max * *
All Units Bigary (BN} for Unipolar, *
BN) for Bipolar
OUTPUT
Current Range
Unipolar mA d
Bipolar mA i
Impedance (See Figure 3) Q 208
Compliance (MDH Vgyt) v 2
Load Resistance for Vou (See Figure 5)
Oto+1V Q 112 . 100
1V Q 4,32k i 750 . .
INTERNAL REFERENCE VOLTAGE OUT \4 N/A * -6.215% 5 s
SETTLING TIME?
Current ns to %. 1510 0.4 20to 0.10 2010 0.1 * 2010 0.10
40 to 0.025
Unipolar Voltage (R = 300821l 10pF) ns to %
Bipolar Voltage (R = 23258 || 10pF) ns to %
POWER REQUIREMENTS
Range \Y% *ilto %16 * +14.5 to £16.5f * b
Current at Nominal +V mA max | 105 120 55 * 120
Current at Nominal -V mA max |15 B 20 * i3
POWER SUPPLY REJECTION RATIO %/V 0.04 . . 2
+15V %/ V -0.0001
-15V (Bipolar) %/V -0,002
-15V (Unipolar) %/V -0.2
TEMPERATURE RANGE
Operating ¢ -20t0+75 * -30 to +85 . s
Storage c -55tw0 +85 * -55 to +125 % *
CASE Diallyl Phthalate per MIL-M-14 Type SDG-F i ?
PRICE
(1—4) $ 115 137 149 129 149

*Specifications same as MDS-0815.
NOTES:

i 4 o —
1ppm/“C for current output. Op amp is 504V/°C. (See tables in Figures 15, 16 and 17,

1fm- overall TC in various configurations.)
For Full Scale Step.

1928 D/A CONVERTERS

*0 to +5V Out
“0to +10V Out
$15V Out

See Figures 15 and 16 for test circuits.

Specifications subject to change without notice.
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CURRENT OUTPUT

VOLTAGE OUT

MDSL MDH
0825 1035 1250 0870 1001 1202
8 10 12 8 10 12
19.6 4.88 1.22 Depends on Vout
0.2 0.05 0.012 0.2 0.05 0.012
™ * * = ® -
- - ® * £ -
x * " 10mV 10mV 10mV
2 2 2 2 2 2
20 20 20 20 20 20
. ¥ id See Note 1
- * - - = *
- - ® * = *
- - -
* * L]
-
-1.6 < -1.6
: - QU [}
N
0to +5 Oto+5 Oto +5 50 max - +50 max
£2.5 2.5 +2.5 150 max TS50 max +50 max
600 1% 600 £1% 600+1% 0.1 max 0.1 max ax
* * " +10 +10
300 300 300 N/A N/A N/A
2.325k 2,325k 2,325k N/A N/A N/A
-6.2%5% -6.2%5% -6.2 5% -6.2+5% -6.2+5% -6.2 5%
2510 0.1 25 10 0.1 5010 0.25 15t00.2 25 t0 0.10 50 to 0.25
4510 0.4 70 to 0.1 7010 0.1 70 to 0.4° 100 to 0.13 200 to 0.025°
70 to 0.1 8010 0.05 90t00.025 | 150 to0 0.4* 200 to 0.1 400 o 0.025%
75 to 0.4 100 to 0.1 100 to 0.1 100 to 0.4° 130 to 0.1° 250 to 0.025°
100 to 0.1 110 1o 0.05 125 to0 0.025
+12t0+15 +12to*15 *12t0%15 | *14.5t0£16.5 *145t0+16.5 *14.51t0+£16.5
26 26 26 50 50 50
16 16 16 35 35 35
0.0001 0.0001 0,0001 0.003 0.003 0.003
0.001 0.001 0.001 0.01 0.01 0.01
0.2 0.15 0.15 0.15 0.15 0.15
-30 to +85 =30 to +85 -30 to +85 =30 to +85 =30 to +85 ~30 to +85
-55to0+125 -55to+125 -55to+125 | =55 to+125 -55 to +125 =55 to +125
- - * - * -
112 119 129 204 214 224
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MDS-1240, MDSL-0825, 1035, 1250
OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

MDS-0815, 0815E, 1020, 1020E
OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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PIN DESIGNATIONS
MDS-0815, MDS-1020

MDH-0870, 1001, 1202
OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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PIN DESIGNATIONS
MDS-1240, MDSL-0825, 1035, 1250

~—_ PIN FUNCTION PIN FUNCTION
—‘PTK‘/FUN¢TI¢?N ;%\ FuNCT}QN\ PIN /F \\ PIN FUNCTION 3 BIT 1 INPUT (MSB} 15 BIT 11 INPUT
T 1/MsE) 9 BIT9O BIT 1(MSE 9 T9 4 BIT 2 INPUT 16 BIT 12 INPUT
2 B 2 BIT 10 BIT 2 0 T 10 5 BIT 3 INPUT 17 REFERENCE INPUT
3 BIT3 1BV BIT 3 1 5V 6 BIT 4 INPUT 18 REFERENCE OUTPUT
4 BIT 4 12 OFKS BIT 4 2 FFSET BIT 5 INPUT 28 ANALOG OUTPUT
5 BITS 13 CO N / BITS 3 COMMON Bl | 29 OFFSET
6 BIT 6 14 OuUTPUT BITE 14 OUTPUT n Bl I 30 GROUND
7 BIT7 15 COMMON 7 15 COMMON 12 BIT 8 INPU ?’Q -15V POWER INPUT
8 BITS 16 -15V g 16, +15V IT ?;l:l::;ll}" + WER INPUT
415V -15V MDSE %
KTV +15V MDS PIN DESIGNATIONS
H-08 1,
Tn 16 7 12
- i PIN FUNCTION PIN [ FacTion
ST | 18 3 BIT 1INPUT (MSB) | 17 REF
3 =0 OUTRLY 4 BIT 2 iINPUT 18 REFERENCE
BIT3 O Z b 5 BIT 3 INPUT 22 ANALOG OUTPUT
BIT4 O = = PRECISION 1 6 BIT 4 INPUT 24 +INPUT
DIGITAL BITS O ; ELECTRONIC =1 LAADNDDER —O OFFSET 7 BIT 5 INPUT 25 ~INPUT
INPUTS BITE O SWITCHES | ol REFERENCE 10 BIT 6 INPUT 26 FIXED GAIN
BIT7 O—0 L] 1 BIT 7 INPUT 28 CURRENT OUTPUT
8 13 12 BIT 8 INPUT 29 OFFSET
s ™ © COMMON 13 BIT 9 INPUT 30  GROUND
T = p 4 BIT 10 INPUT 31 -15V POWER INPUT
B::s: o ] ~O COMMON 15 BIT 11 INPUT 32 +15V POWER INPUT
16 BIT 12 INPUT
MDS and MDSE Block Diagram
(Ms8) 5 Zo=80001 1y =5MAFS. 28
((BIT1 o o CURRENT
o oUTPUT
g 3.16k
BIT3 o : 124 5 N
MSB 30 BIT4
R | 5—0 GROUND - o 22 33#3?
P T CURRENT HYBRID sl pepy
: ob 28 __ CURRENT DIGITAL BITE " ou:;:ur OF-AMP =50MA (MAX)
) 8 — ouTtPuT INPUTS 7} BIT7 o L B
| 7 BITE o
) CTJ‘I(!BHREIIET 29 BITS 0 1
DIGITAL L i OUTPUT 0 QFFSET BIT 10 o— 2 o2k 126 _ FiXED
INPUTS I © D/A 6.2V 15 ‘[ ke ]’ ~ GAIN
| o2 CONVERTER S0 15
VOLTAGE BIT 12
1 L REFERENCE | |20 +15v N (LsB) pF
| o= SOURCE REF IN oj-—-—————f 82V} _ REF - [c82V 129 5 oFFseT
I o8 3 ) (010 -6.2V = Zin = 464k i 237
J 16 © -1V 07O 5MA 32
- sgsm = m OUTPUT) 40 415V
SN ELEPOPTY
18 0
17 18 REF QUT & ——o& GND
REF
N o V]
MDS-1240 and MDSL Series Block Diagram Page 4 of 8 MDH Series Block Diagram
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MDH SERIES APPLICATIONS

By using external feedback resistor and capacitor as shown
in Figures 15 and 16, other full scale output ranges from 2V
to 10V may be obtained.

+15V
10 10k Mmay BE
SEE OMITTED
NOTE 2
CURRENT R
OUTPUT
e e
1 ot 24 _+INPUT 3220
I 5
Qe ANALOG QUTPUT
| o Zo C Vg * UP TO 10V :50mA
! ol MOH = OUTPUT CURRENT (SEE BELOW)
I =
o0 DiA
~INPUT R
mﬂ&;'& ) 1] converter 122 o i
1 o5 17 _REFIN
1 O3
o3 L
! o4 S 5001 > FS ADJ
P 8 :l
BIT 12 o018 30 REF OUTPUT
Lse GND
lzl laz
SBV 1BV

ANJE OF C |5 APPROXIMATE. A FIXED
WPANTOR WITH TOLERANCE OF 21pF MAY

SEN IF 50% DEPSRADATION OF SETTLING
G TIME IS

2. OFFSET NULLING MAY BE ACCOMPLISHED BY

CONNECTING A 10k POTENTIOMETER BETWEEN

+15V AND -15V, AND CONNECTING ITS ADJUST-

ABLE TAP TO A 10k RESISTOR. THE OTHER END

OF THE RESISTOR 1S CONNECTED TO PIN 28

TYPICAL UNCOMPENSATED OFFSET IS 1% OF
SCALE.

0 to +10V 200ns
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* USE INVERTER OR

FF @ FOR 2'S COMPL. 20061
. DIGITAL INPUTS OFFSET ADJ
MSB y.’ 3 20 _OFFSET
y
B'r ' [ +INPUT R
P
[ SN 28 _CURRENT OUTPUT Vi
[] Pl — e
o——
I 7 22 _ ANALDG OUTPUT
| 2 70| MDH Vo
DIGITAL o D/A -inpUT T-€ R
INPUTS | CONVERTER
L & 17__REFIN
| : 50082 » F§ ADJ
l 1
[ — S
alT 2.4 18 20 REF OUTPUT
LsB —%{F"‘D
N 32
S5V 1BV

NOTES:

. The 2005 POTENTIOMETER IS ADJUSTED
FOR AN CUTPUT OF -FSWITH ALL ZEROES
IN THE DIGITAL INPUT.

. THE 50041 POTENTIOMETER 1S ADJUSTED
FOR AN OUTPUT OF +FS-1LSE WITH ALL

]

3. FOR TWO'S COMPLEMENT (25C) OPERATION,
AN EXTERNAL INVERTER MUST BE USED TO
COMPLEMENT BIT 1 |MZB),

4. AN ADJUSTABLE CAPACITOR MAY BE USED
FOR C AND ADJUSTED TO OPTIMIZE SET-

ONE'S IN THE DIGITAL INPUT TLING TIME.

VOLTAGE SETTLING OFFSET

OUTPUT TIME TEMPCO Rp C R
70ns 100uvFAC 383 10pF 2k

200uvV/°C 383 2pF 6k
250uvV/°C :

0.5pF 18k

ding



(MDS-1240, MDSL-0825, 1035, 1250 continued)

o2 - ——o—3 oUTPUT
DIA S e
< -
1] convenren |, 3 23262 (7500 MDS-1240}

12 —O--‘L—*—"".' GROUND

TS 18 _REF OUT

1

i

I

]

1
DIGITIAL I v

INPUTS W i

1

1

1

ADJ

313

14 R2 EXT
2 15 1002 TO » FS
O

REF IN

an a2

=18V +15V
CALIBRATION PROCEDURE

WITH INFUT CODE 000000000000
ADJUST THE 50013 (R1) POTENTIOMETER
FOR -1 moo VOLTS OUTPUT. WITH
INPUTCODE 111111111111 ADJUST

10011 (R2) POTENTIOMETER FOR
RN OLTS OUTPUT.

T 1 D/A
D:S;._ﬁ: 1 | conveRTeEm

1
BiT9 oL

BIT 100i

L5B)

Figure 11. Voltage Output

MDS-1240, MDSL (all)

SEE
NOTE -16V +15V

29 N 32 "1

Vout *

I
I
1
: D/A
DIGITIAL I
4 11| CONVERTER
INPUTS . o
1
|
|
|

FOR UNIPOLAR VOLTAGE GUTPUT CONNECT
JUMPER BETWEEN PINS 28 AND 30, FOR BIPOLAR
VOLTAGE OUTPUT CONNECT A 50002 POTENTIC-
METER BETWEEN PINS 28 AND 29 AND ADJUST FOR
ZERO OUTPUT WITH 100000000000 INPUT.

o~
Figure 12. Inverting Unipolar or Bipolar Voltage Output

VOLTAGE
CUTPUT

R1X Ig)

GROUND

MDSL

NOTE -16V +16V

Tzs HOS-050

OF AMP
MSE 5 __-0-125 VOLTAGE
( BIT1 0— ~g~8= OUTPUT
o— Vourt =
R1 R1 (IN ki)

&
]

I 3

i % RZS A +1VOLTS F§
[ 3000 2 hY} UNIPOLAR
1

1

|

1

]

1

~

O it 10V IMAX])

o1 D/A < R4 AT £100mA
CONVERTER 4

-
=

INPUTS o
O

i 18 REF OUT
14
o 15 R3 } EXT

(LE

DIGITIAL
1 GROUND

-
W

1 50001
\_ BIT 12 0— 17
Ls8

REF IN

1. CIRCUIT SHOWN FOR UNIPOLAR POSITIVE 4. FOR BIPOLAR OUTPUT CONNECT B0DOSI
OUTPUT. OUTPUT SETTLING TIME IS APPROX!-  PCTENTIOMETER BETWEEN PINS 28 AND
MATELY 150ns. 28 AND UNGROUND PIN 29. RZ IS 50 .70

2. FOR 0 TO +10V OUTPUT R2 = 3000, R1=0kq, 2322 AND Vour (pp) = 2(R1UN ki =1l

5.C11S APPROXIMATELY 10pF AND MAY BE
3. 13 16 ADJUSTED FOR DEBIRED SHTVL. ADJUSTED FOR BEST TRANSIENT RESPONSE.

Figure 13. Noninverting Unipolar or Bipolar Voltage Output

APPLICATIONS
18V +15V
OUTPUT VOLTAGE
31 |32 SETTLING TiMe -
2 e 28 _ 13 T,m
. [ J OUTPUTS
e Al UPTO2V
o— 30 j 1
o— ~
—
4574 MDS. Dfm
INPUT 1] 1240
GISTER T 4 oy
| 1 18 3 v
: o— L R2
D] 1B 2000
! LSB 16 10
58 © R 8 —0C -5.2v
| h 15
STROBE O——#
TTL
sthose = L— NOTES ON DEGLITCHED D/A:
AOng MAX UPDATE RATE » 11MHz 1. CONSULT DGM DATA SHEET FOR
MIN FOR 0.01% ACCURACY DEGLITCH CIRCUIT DETAILS.

2. R115 VARIED TO OBTAIN DESIRED
OUTPUT LEVEL: FOR 0 TO +1V OUT.
PUT, R1 = 1008,

Figure 14. Ultra High-Speed Deglitched D/A
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ANALOG OUTPUT
BIPOLAR, NONINVERTING OFFSET BINARY

+FS§, -1LSB b B2 i e
+1/2 FS £ 11 | [P —
0 100......

~1/2 F§ 01000
-FS D00 v

CURRENT CONTROLLED BY
INFUT DIGITAL CODE

Figure 3. Current Equivalent Circuit

RorrseT
AN Lo oreser

OuUTPUT

|
|

|

|

|

|

|

| S }—o GRrOuND
Lol _J

VOLTAGE CONTROLLED BY
DIGITAL INPUT CODE

Figure 4. Voltage Equivalent Circuit

VOLTS - v

=

= I | | ! | T
| | | | |

] 165U R | | { |

1 |

| B, L max outeut | 1
st hainiiatl

CURVE 1 | | 111
0 TO PEAK VOLTS | | |
UNIPOLAR OUTPUT CURVE 2 (.
: | PEAK TOPEAK VOLTS
| BIPOLAH OUTPUT |

|
| orsrmmm oy L]
- e ==+
| 1 REF 50q | I ! 1
I |
‘ [ & L
I :@.1551: Ry |
4 i o o
i .
it T

|
| |

| | | BIPOLAR OUTRUT
|

? 15V o]

MDS-0815, - 1020

50 100 150 200 250 300 350 400 1k | 3k

AL -1 .

Figure 5. VouyT vs. Load Resistance
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ANALOG OUTPUT
UNIPOLAR, NONINVERTING

+FS, -1LSB

+3/4 FS

+1/2 FS

+1/4 FS

0

Input Coding

(X}
08
07
06

0s

% ~ ACCURACY

04
03
02

['A]

Figure 6. Accuracy vs. Time — MDS and MDSE

ASIC CONN,
MDS/MDSE-08/15, 102

DIGIT,
INPUTS

DIGITAL
INPUTS

DIGITIAL
INPUTS

STRAIGHT BINARY

T

(M5

BIT 1 0——
BIT2 D—-IL

BITS Ot

BIT 10 l:>lL
(LSB)

Figure 7.

M58] 1
BIT 1 00—

BITZ2 0—-2

1
BIT9 oL

BIT 13 0—‘1
[Lse}

MSE

AND CALIBRATIONS

Unipolar Output Current

14

15

Figure 8. Bipolar Output Current

MDS-1240, MDSL-0825, 1035, 1250

29

28

17

The 1001 POTENTIOMETER MAY RE OMITTED
IF ABSOLUTE ACCURACY OF FULL SCALE IS
NOT REQUIRED. IN THIS CASE PINS 17 AND

1B SHOULD BE SHORTFD AND THE FULL SCALE
CURRENT WiLL BE 5 ImA :5% (MDS.1240,
10.2ma -5%)

Figure 9. Unipolar Current Output

WITH INPUT CODE OF
1000000000 ADJUST
POTENTIOMETER FOR
ZERO VOLTS OUTPUT

12 OFFSET

——0 GROUND

-—-0—-1r—h-
9
23000 MDSL. 100i1 MDS- 1240

30

g HEF OUT
o



(continued from page 191S)

Each D/A is housed in industry standard size cases, and each has
an internal precision reference. Bipolar operation is achieved
by external pin interconnection. In normal circumstances, no
external components are required for operation into low im-
pedance loads. Designed primarily for PCB mounting, these
D/A’s may also be plugged mto standard DIL sockets mounted
on 1.8" centers (MDS series 2" centers).

For ultra-high reliability, this D/A series is optionally avail-
able with burn-in extended beyond the Analog Devices
standard of 96 hours at +25°C.

NOTES ON FAST-SETTLING D/A CONVERTERS
Invariably, fast-settling D/A converters use current rather than
voltage switching.

ereNre mhcrent advantages to currcnt-swltchmg CONVerters,

2. The settling time of the outpur current chaxg

If the settling time of the D/A converter under constderation
is determined by the RC time constant, the output capacitance
and output impedance become very important.

As a typical example in the Analog Devices’ D/A converters,
output capacitance is 5pF, and nominal output impedance
is 16582.

For test purposes, the output of these D/A converters are
loaded with approximately 1508 . (There is no “trick” or
“gimmick” in loading the output of the converter; it is done
to provide an output voltage of approximately 1.0V to 1.2V.)
This loading means RC = 80 X 5 X 107'2 = 0.4ns. Since set-
tling time is approximately 7 RC, the overall settling time, if
determined by the RC time constant, would be 2.8ns.

Based on this, it becomes obvious the RC time constant of such
converters outputs is not the limiting factor in establishing set-
tling time. Instead, the settling time of the converters is based
primarily on the settling time of the overall (output) current
change, since the effect of the RC time constant is “‘swamped.”
Expressed in another way, this means settling time for the
MDS series converters is relatively independent of load resis-
tance, unless substantial load capacitance is present. The set-
tling time of the output current, in turn, is based on:

1. The settling time of each switch within the converter.

2. The time skew among the digital inputs which cause the
switching action.

Some manufacturers of fast-settling D/A converters spec set-
tling time under the conditions of all digital inputs changing
from 0" to 1", or vice versa. At first glance, it would appear
this is the “‘worst case” condition for measuring settling time,
since maximum current is being switched.

Unfortunately, this method of specifying neglects an important
characteristic of saturated logic .. . the propagation delay for

negative-going inputs is different from the delay fcpag'éiwg-of 8

going inputs on all forms of saturated logic. The TTL or DTL
driving logic, and the D/A input circuits for current-switching
D/A’s are subject to this same characteristic.

Thus, the time skew of the individual current switches within
the converter is worse when one or more input bits are out of
phase with the others. This is true even for ideal inputs in
which the digital inputs arrive simultaneously; if there is time
skew among the bit inputs, of course, the problem becomes
more pronounced.

Note, settling times even better than those specified for the
MDS series become possible if digital input bit arrivals are
deskewed.

These differences among the switches cause a discontinuity or
“glitch” in the output. The true “worst case” glitch always
occurs at the switching point of the Most Significant Bit or the
center point of the output range, because nearly equal and
opposite currents are being switched within the converter.

In addition, all 0" to all “1”" switching overlooks the prac-

tical aspects involved. There are relatively few times when all
of the input bits will be changing from one state to the other
an successive input changes; however, the MSB will switch out
f phase with all other bits each time the analog output of the

2. Is the settling time specified’
impedance load?

If the RC time constant of the converter output is the
factor in establishing settling time (because of high output
capacitance and/or resistance), 2 low impedance load helps
make settling time look better.

A low impedance load means the voltage being developed at
the output is oftentimes too small to be useful.

A higher-impedance load which can develop a useable output
of 1.0V or more sometimes negates the fast settling time of
the spec sheet.

A test setup for this worst-case measurement is shown in Fig-
ure 1. Two pulse generators are used to generate the required
out-of-phase pulses, and the delays are adjusted for minimum
skew. Figure 2 is an unretouched photo of the oscilloscope
trance of an MDS-815 under test.

o

EXT.TRIG

A TRACE
MDS.0815

TRIGGER

OSCILLOSCOPE
B TRACE

& LN
APPROX
PULSE GENS 15041

TEKTRONIX
454 A OR EQUIV.
PROBES: TEK PBO54

HIGH SPEED
TTL LOGIC GATES
OR INVERTERS
SUCH AS 74H04
OR 74504 TYPE

Figure 1.
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