ANALOG
DEVICES

Ultrahigh-Speed
Multiplying D/A Converter

HDM-1210

FEATURES

12-Bit Multiplying Accuracy
Highest Speed Available
Good Drive: 10.24mA
Small Size: 24-Pin DIP

APPLICATIONS

CRT Displays

Waveform Generation

Vector Generation

MHz-Rate Digital or Analog Attenuators

GENERAL DESCRIPTION

The HDM-1210 D/A converter is an ultrahigh-speed current
output multiplying converter which offers circuit designers a
chance to obtain high speed, good drive, and flexible design
parameters in a DIP package. Its output is the product of 12
bits of digital input data and the analog input(s), providing
flexibility for a wide variety of applications.

Typical analog settling time to 1% is only 85ns; and 3dB analog
bandwidth is 10MHz. Digital settling time to 0.1% accuracy at
the major carry transition is an incredible 80ns, making the
HDM-1210 D/A extremely attractive for a range of high-speed
multiplying functions.
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In one mode of operation, its output current is precisely propor-
tonal to the analog input signal, multiplied by the digital input
code. The analog signal being multiplied can be a sine wave,
triangle wave, sawtooth, or any one of a variety of complex
waveforms. The output is an accurate scaled version of the
input, with the digital input used as the scale factor.

In another mode of operation, the analog input voltage can be
used as the scale factor for the digital input code. In addition to
this kind of flexibility, the HDM-1210 also has various offsetting
capabilities which allow the analog input, digital input, analog
output, and/or an external amplifier to be combined. With these
features, the HDM-1210 can be used to accommodate unipolar
or bipolar operation; and provide either one-quadrant or two-
quadrant multiplication.
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SPECIFICATIONS

(typical @ + 25°C with nominal power supplies; Vauugg (1) = —5V;
and Vyuunc (2) = OV unless otherwise noted)

Parameter HDM-1210BD HDM-1210SD/SDB | Units NOTES
RESOLUTION 12 - Bits ;S, (Pir[n 23 con_necxe: t0 Ipac (Pin 24).
urrent outpur into short circut.
LEAST SIGNIFICANT BIT (LSB) WEIGHT *Bit inputs at 0" and Vanagoq (1) @ ~SV.
Current 2.5 * wA *But inputs at “1” and Vayarog (1 @ OV,
Voluage' 250 * wV *Senling times shown are slightly longer at low levels of analog input.
ACCURACY (FS = FullScale)® ®Recovery nme shown is for 0.5V analog overdrive at Vanapog il
i o0 . 3 with Vanarog 12) grounded (see text).
Differential Lincarity =12(0 * LSB{max) "Value which 15 shown for digital “0" for Bits 3-12. Bir 1 = 5.0mA:
Integral Linearity =121 * LSB (max) Bit 2 = 2.5mA.
Gain +0.2(+0.5) - % FS (max) BFS accuracies are = 1% when using Vanapog <21 input.
Monotonicity Guaranteed - lQrimmed 10 value.
TEMPERATURE COEFFICIENTS e i apyadran, mlplying requires external
Differenial Lincarity =3(=6) N ppm°C(max)  !''See Section 14 for package outline nformanon.
Integral Linearity *3(=6) * ppm/°C(max) N -
Gain £207+50) - pproe°C{max) Spec:ﬁ:{llons sar}')c as HDM-lleBD.
Digital Offser?? 22(=5) . ppmC (max) Specifications subject to change without notice
Analog Offset?* =3.5(=8) * ppm°Cimax)
DYNAMIC CHARACTERISTICS
Voltage Settling Time®
Digial (Major Carry Teansiion) N ) . ABSOLUTE MAXIMUM RATINGS
To +0.1% 80110} * ns{max)
To +0.025% 1201709 * s (max) SupPl); Voltages . . . . ... ..... ... ...... =18V
Analog Settling o = 1% FS L"gic puts, ,
(Vanaroc'l) = 0V - 5V Step; D'D'ta.l wr T +7:,
All Digital Inputs i 1"} 85(120) . ns (max) At T —0.8
Overveltage Recovery Time® 200 v ns og fnputs
Glitch Impulse 700 > pV-s
DIGITAL DATA INPUTS
Logic Compatability TTL *
Logic Levels
. +3.5(+2.4+5.0) * V(min/max}
“o +0.2(0.0/ + 0.6} * V (min/max)
Loading” Each Bst; with Typical PIN DESIGNATIONS
I“Pr‘flf[[:?_%’f Levels) 08 . AioF {As Viewed from Bottom)
4. nA/
TTL. 0" 1.25:4.8 ~ mApF
Coding PIN FUNCTION PIN | FUNCTION
Unipolar Binary (BIN; . 24 Ipac (OUTPUT) 1 BIT 1(MSB)
Ajl“1s" Input Max Positive Qurpur . :g ':av SPAN ; :::rrg
Al 0™ Input Max Negative Output - 21 GROUND 3 BIT4
OUTPUT®FS = Full Scale) 20 ] GRouNS 5 | BITS
Current Range{ = 1% Accurate (¢ FS) Oto +10.24FS * mA 18 GROUND g g:;g
Voltage Range | = 1% Accurate ¢ FS) Oto + 1.024 FS - v 17 ~15V 8 BITS
Digital Zero Offser™” 0.5(2.5) . wA (max’ 16 | Vanarogi2) 9 | BITY
Analog Zero Offset>* 2.5(10) > WA (max} :i cMPUF'%RlGROUND ‘!I?I BIFI’“I“’I
Vol Noise, 0.1Hzto IOMH2) 15 * v ANALOG Bl
Compliance vl . v N I 12| eiTise)
Impedance'’ 100(2) * 1]
MULTIPLYING CHARACTERISTICS'®
Vanaroc (11 [nput Impedance 4{ =5.0%) . k{} max)
VanaLoc(2) [npur Impedance 8{ +5.0%) b k) {max)
VanacLog (11 Input Range (Pin 14
Vanarog(2) = OV O -5VS > v
0 to
Vanarog(2) = =5V +2.510 -2.5FS * Y
10 to
VanaLoci2) = - 10V +5t0FS * v
VanaLoc (2) Input Range (Pin 163
Vanarog(l) = 0V Ot - 10VS * \Y
[ 0
VanaLooili = =25V +5t0 —SFS * v
to o
Vanaroclll = =SV +10100FS * v
Analog Feedthrough at Ipac (Output?
(VanarLoctli = 5V p-p;
All Digital Inputs (@ “0™)
At |.4MHz Input Frequency 0.024 - % FS
At [OMHz Input Frequency 0.1 b %FS
FS Analog Bandwidth{3dB) 10 * MHz
POWER REQUIREMENTS
+15V £ 3% 60(72) * mA (max)
-15V =3% 25(35) . mA (max}
Power Dissipation 1.3{1.6) * W {max)
Power Supply Rejection Ratio 0.01¢0.05} * %V [max)
TEMPERATURERANGE
Operating (Case) —2510 +85 —55t0 + 100 C
Storage —55t0 + 150 * C
PACKAGE OPTION"
DH.24B HDM-1210-BD HOM-1210SD
HDM-1210SDB

For applications assistance, call Computer Labs Division at (919) 668-9511.
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Theory of Operation — HDM-1210

THEORY OF OPERATION
Refer to the block diagram of the HDM-1210 D/A Converter.

The HDM-1210 uses the analog input voltages to set the reference
current, designated as Igrgr in the block diagram. Since this
reference current is limited to 1.25mA, maximum inputs applied
o VANALOG (1) (Pm 14) and VanarLog (2) (Pm 16) are also
limited. When VanarLoc (2) is open or grounded, the maximum
input at Vanaroc (1) is —5V; when Vanarog (1) is open or
grounded, maximum input at Vanarog (2) is — 10V.

If some combination of voltages in excess of those cited above is
applied to the analog inputs, the analog output becomes limited
to zero and remains at that value until the excessive analog
input(s) is removed.

The output of the unit will not be limited if:

Vanaros (1) | Vanaros @) _

-1.25mA = K 3k =

OmA

Permanent damage to the HDM-1210 may take place if the
input at Vanaroc (1) exceeds + 1V with Vanarog (2) open or
grounded; with Vanaroc (1) open or grounded, voltage at
VanarLoc (2) should not exceed +2V.

The amount of overvoltage (up to the levels which may cause
damage) will have an effect on the interval required for the
converter to recover; the larger the overvoltage, the longer the
interval. As shown in the SPECIFICATIONS section, a voltage
of +0.5V overdrive is applied 10 Vanaroc (1) when specifying
recovery time.

Maximum output at Ipsc (Pin 24) is a function of the reference
current established by the inputs; with all digital inputs at logic
*1”*, the output current is based on the equation:

Ioyt (max) = Iggr (8.192)
where

— Vanarog (2)
8k(}

— Vanavog (1)
4kQ

Iper =

Irgr (max) is 1.25mA; therefore, maximum output current is
10.24mA.

This characteristic of the HDM-1210 means output current can
be digitall} adjusted, just as it is in a conventional D/A which
has a variable maximum output current.

—o0 1
CURRENT CELLS our

& R/2R LADDER

4k ‘ IREF
V. O—A—¢

8k
v, O—AM—4 -

Figure 1. HDM-1210 Functional Block Diagram

There are 4,096 digital steps from zero to full-scale output for
the HDM-1210, calculated with the equation:

Iour = (D) (8.192) (Irer)
where
D = 0 to 1 digital word in 4,096 steps (0.024%/step)

The two analog inputs at Pins 14 and 16 provide various offsetting
capabilities which allow the HDM-1210 to accommodate either
unipolar or bipolar input operation. When one of these inputs is
properly offset to a negative voltage, the other input can be
used for both negative and positive inputs. Iggg is still limited
to 1.25mA, which limits the total output to the range from 0 to
10.24mA. Examples of outputs versus various inputs are shown
in Table I.

Voltage @ Voltage @ D/A Output @ Pin 24
vmm (1) vmm (2) Au (3 1’7 All “0“
(Pin 14) (Pin16) Digital Input | Digital Input
ov Ground OmA OmA
-5V +10.24mA OmA
+2.5V -5V OmA OmA
-2.5V +1.024mA OmA
+5V - 10V OmA OmA
oV +10.24mA OmA
Ground ov OmA OmA
- 10V +10.24mA OmA
—-2.5V +5V OmA OmA
-5V +10.24mA OmA
-5V +10V OmA OmA
ov +10.24mA OmA

Tablel. Outputyvs. Inputs

There are two methods of obtaining a voltage output from the
current output HDM-1210. The first method simply requires
connecting a load resistor from Pin 24 to ground, as shown in
Figure 2.

Vanaroa (1) 0

Vanatog (2} @

HDM-1210

VOUY
@9

Rioao

5 &

DIGITAL
INPUT

Figure 2. Passive I-to-V Converter (External Load)

The output voltage for this circuit is established by the equation
Vour = (RLoaplRiapoer) (Iout): RLapDEr is approximately
200Q). The user must exercise care to avoid exceeding the com-

pliance of the HDM-1210.
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Alternatively, the output of the HDM-1210 can be connected to
an internal load, as shown in Figure 3. This connection provides
output resistance of 100£} ( =2%) and an output voltage swing
of OV to 1.024V.

Vanatog (1} @

Vanatoc (2) @

HDM-1210

DIGITAL
INPUT

Figure 3. Passive I-to-V Converter (Internal Load)

The second method of obtaining a voltage output from the
HDM-1210 D/A converter requires an external operational
amplifier and a feedback resistor, as shown in Figure 4.

When the correct op amp is chosen, the output voltage from the
combination shown in Figure 4 can be considerably greater than
the output of an HDM-1210 operating as a passive I-to-V
converter.

Rea
Vanaros (1) (14)
HDM-1210 -
VanaLoa (2) @ + —0 Vour
DIGITAL
INPUT

Figure 4. Active I-to-V Converter

If the Analog Devices’ HOS-050A or HOS-060 operational
amplifier is selected, the user will have wide output range, good
drive, and easy compensation.

An internal feedback resistor of 1,0000} in the HDM-1210 makes
the circuit shown in Figure 4 capable of providing an output
voltage of OV to —10.24V.

Vin
+5V
9
' () HOM-1210
< Ra
3 5000
Rg
50002
—AM—
HDM-1210
1 #2
BIPOLAR OFFSET

—-25VTO -3V

TWO-QUADRANT ANALOG MULTIPLYING

Two HDM-1210 D/A converters can be used in combination
with op amps to provide two-quadrant analog multiplying, as
illustrated in Figure 5. The circuit uses standard binary coding;
it will accept a bipolar input and provide a bipolar output.

The offset at the VanarLog (1) input (Pin 14) of each D/A converter
allows maximum analog speed over the entire analog input
range. The signal is inverted after the D/A in the lower channel,
so effects of any offset are cancelled at the output of the circuit.
The overall analog output range can be adjusted by changing

the value of feedback resistor Rgp in the output driver circuit
changing the value of this resistor will not affect the linearity of
the circuit.

Any gain errors which may exist between the HDM-1210 D/As
can be compensated by adjusting the values of R and Ry to
match the gain of the lower channel to the gain of the upper
channel.

The output voltage of the two-quadrant multiplier is calculated
with the equation:

'V,
Vour= (D) (16.384) (30) (Rew)

where D is a digital word which varies from 0 to 1.

FOUR-QUADRANT ANALOG MULTIPLYING
Adding a feed-forward resistor, as shown in Figure 6, expands
the circuit in Figure 5 to a four-quadrant multiplier whose
output voltage is based on the equation:
R <
Vour= (— R Viu + (D) (16.384) (%) (Ryg)
FF /

where D is a digital word which varies from 0 10 1.

Overall, the circuit in Figure 6 uses offset binary coding; indi-
vidually, the HDM-1210 ID/A converters continues to use standard
binary coding.

Gain error between the two channels can be adjusted by varing
the values of R, and Rp, as explained earlier. After their gains
have been matched, the feed-forward resistor Rgg must be adjusted
to match the gain of the two converters. To accomplish this, set
the digital input code to 1000 000 000 000 and vary the value of
RgF to obtain an analog output Vour of zero volts.

Res
5000
v‘v‘v
-0
Vour
£ ES 5?1 2V
:& Ro
1’ 5000

R,
50002

Figure 5. Two-Quadrant Analog Multiplier
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Figure 6. Four-Quadrant Analog Multiplier

The overall offset of the input signal should be fixed at zero in
the four-quadrant multiplier because it cannot be cancelled out
as it is in the two-quadrant version. The value of Rgr will be
approximately 976(2, as shown in Figure 6. The value is based
on the equation:

Rer = Ivmn:de
where V max = maximum input voltage (5V)
I max = maximum HDM-1210 output (10.24mA)
In the circuits shown in Figures 5 and 6, the recommended op

amp is the Analog Devices’ HOD-050A or HOS-060 operational
amplifier, just as it is in Figure 4.

OUTPUT VERSUS INPUTS
Table I above lists various output currents versus several combi-
nations of input voltages a Vanaroc (1) and Vanarog (2). Ad-

0.0
.
7/ N\
VA N
-10 4
\
7 \
II ‘\
il 4 \
v
5
: \ II
-3.0 \ vi
\ 7
\ 7/
\ 4
-40
AN
\ /
A
-5.0
o 1 20 30 40 S 6 0 B S 100
TIME-ns

Figure 7. Input for Circuit in Figure 3

ditional information regarding outputs with various inputs is
shown in Figure 7 through Figure 11.

In Figures 8, 10, and 11, varying outputs which are the result
of changes in digital inputs are designated as follows:

Digital Input Code | BIN OBN Output
111 111 111 11} Full Scale | Max Positive A
110 000 000 000 3/4 Scale 1/2 Scale Positive B
100 000 000 000 Half Scale | Zero C
010 000 000 000 1/4 Scale 1/2 Scale Negative D
000 000 000 000 Zero Max Negative E
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Figure 8. Outputs of Circuit in Figure 3
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The input signal at Vyy in Figures 5 and 6 is shown in
Figure 9.
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Figure 9. Inputs for Circuits In Figures 5 and 6

The outputs of the two-quadrant multiplying circuits of
Figure 5 are shown in Figure 10, with the outputs labeled for
various digital multiplying inputs.
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Figure 10. Outputs of Circuit in Figure 5
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Refer to Figure 11.
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Figure 11. Outputs of Circuit in Figure 6

Four-quadrant multiplying of an analog input is shown in this
illustration. The changes in output which result from variations
in the digital inputs are labeled as described earlier.

SETTLING VERSUS INPUT

The SPECIFICATIONS table and footnote 5 point out digital
settling time is affected by the level of the analog input signal.
This characteristic of the HDM-1210 is shown in Figure 12.

-50

/

Vanatoa (1) - Volts
y

~-0.1

30 40 50 60 70 80 920 100 110 120
NANOSECONDS

Figure 12. Digital Settling Time to 1%

Settling is fastest with high levels of analog input; settling time
increases as levels decrease, but there is no direct ratio between
the two variables.

ORDERING INFORMATION

There are three versions of the HDM-1210 D/A converter, all in
hermetic ceramic DIP housings; with the exception of temperature
ranges, all models meet the same electrical specifications.

The HDM-1210BD operates over a temperature range of —25°C
to + 85°C; the HDM-1210SD operates over a range of —55°C

to + 100°C. For this latter temperature range and military screening
of components, order part number HDM-1210SDB; contact the
factory for details.



