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SIGNAL PROCESSING EXCELLENCE

FEATURES

m Four 12-Bit DACs on a Single Monolithic
Chip

m Independent VREF Input For Each DAC

B Low Power CMOS (5 mW)

m Single +5V Operation

m Double Buffered Input Structure for uP
Interface

m Available in 40-Pin DIP or 44-Pin LCC/PLCC

DESCRIPTION

The HS 7584 contains four CMOS current output D/A
converters on a single monolithic chip. All four DACs pro-
vide 4-quadrant multiplication with a separate reference
input and feedback resistor for each DAC. Monolithic
construction ensures excellent matching and tracking
between all four DACs.

The double buffered input structure is designed to accept
12-Bit parallel data or 8-Bit/4-Bit data allowing easy

HS 7584

Quad 12-Bit MDAC

microprocessor interface. All four DACs may be simul-
taneoulsy updated using a single XFER command.

The HS 7584 is packaged in a 40-Pin DIP as well as a

44-Pin LCC and PLCC and operates from a + 5V power
supply. Processing to MIL-STD-883B, Rev C is available.
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SPECIFICATIONS

(Typical @25°C with Vpp=Vgg= +5V. VREF= + 10V uniess otherwise nated.)

MODEL HS 7584
PACKAGE DIP/LCC PDIP/PLCC
DIGITAL INPUTS
Resolution 12-Bits *
V|H Logic Level 2.4V min *
0.8V max *

ViL Logic Level

IiN Input Current

2 Quad, Unipolar Coding
4 Quad, Bipolar Coding
REFERENCE INPUT

1 A typ, 4u A max
Straight Binary
Otfset Binary

input Resistance
STATIC PERFORMANCE

Skomin, 10kQtyp, 15ke@max

Integral Linearity

Differential Linearity
Monotonicity

DYNAMIC PERFORMANCE

0.006% FSR typ, 0.012% FSR max
0.006% FSR typ, 0.024% FSR max
12-Bits

Output Current Settling Time
Data Set-Up Time

Data Hold Time

Write Pulse Width

ANALOG OUTPUT

2. sec typ, 3u sec max
100 nsec min

0 nsec min

100 nsec min

Scale Factor
Scale Factor Accuracy

100u AIVREF
+0.0488% typ, 0.0976% max

+0.15% max

Io Leakage 1 nA typ, 10 nA max

Output Capacitance 80 pF typ *
STABILITY

Scale Factor 1 ppm/°C typ, 2 ppm/°C max 10 ppm/°C

Integral Linearity

Differential Linearity

Input impedance

louT Leakage (TMIN-TMAX)

Scale Factor Tracking {DAC to DAC)

POWER REQUIREMENTS

0.5 ppm/°C typ, 1 ppm/°C max
0.5 ppm/°C typ, 1 ppm/°C max
— 400 ppm/°C typ

100 nA typ, 200 nA max

2 ppm/°C typ, 4 ppm/°C max

Operating Voltage
Supply Current
VIN = Oor 5V
VN = 0.8V or 2.0V
Power Supply Rejection Ratio
Power Dissipation
ViN = Oor 5V
VIN = 0.8V or 2.0V

+5V +5%

0.5 mA typ, 1 mA max
5 mA typ, 10 mA max

0.0005%/ %typ, .002%/% max

25 mW typ, 50 mW max
25 mW typ. 50 mW max

0.0025%/%

* Specifcations same as HS 7584-DIP/LCC

ABSOLUTE MAXIMUM RATINGS

VDD Y
Vgg .- . +£0.4V
VREFABCD - - . 20V
RFBAB.C.D . 20V
Digital Input Voltage . -0.3Vto 5.5V
VPIN9.10,11,12,29.30.31,32 - 104V
ANGNDto DGND . . +0.4V
Power Dissipation (Any Package)

To +75°C .. .. R ... A50mW

Deratesabove +75°C . ... o L. BmwWIeC
Operating Temperature Hange

Commercial . R ....0to +70°C

Extended A . - 55°C10 +125°C
Storage Temperature . .. ... —65°Cto +150°C
Lead Temperature (Soldering. 10 Secs) . . . .. .. +300°C
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PIN ASSIGNMENTS (DIP, PDIP)

PIN ASSIGNMENTS (LCC, PLCC)

APPLICATIONS INFORMATION

THEORY OF OPERATION

The HS 7584 is a quad MDAC designed to provide
maximum flexibility. Each current output DAC provides
4-quadrant multiplication for unipolar and bipolar out-
put and has an individual reference input and feed-
back resistor. The monolithic HS 7584 gives a
designer four DAC's with excellent matching and track-
ing which accept separate AC or DC signals. The quad
MDAC is therefore ideal for those applications where
multiple digital to analog conversion roles are required
in a small package with optimum thermal and gain
error matching characteristics.

PIN | FUNCTION DESCRIPTION PIN | FUNCTION DESCRIPTION
1A Address Line 1 1 1Al Address Line 1
2 | xXFer Transfer. Updates all DAC's 2 | XFER Transfer. Updates all DAC's
3 |wR2 Wiile Input. Active Low. Gates Transfer Fuction 3 |wRz2 Write Input. Active Low, Gates Transfer Fuction
4 | WR1 wate Input, Active Low, Gales DAC Selection 4 | WRY Write Input, Active Low. Gates DAC Selection
s |T8 Chip Select input. Active Low s |Cs Chip Select Input. Active Low
6 |NIC No Connection 6 | NIC No Connection
7 [VREF A voltage Reference Input to DAC A 7 | VREF A Voltage Reterence Input to BAC A
8 |RFBA Reference Feedback Resistor of DAC A 8 | RFB A Reference Feedback Resistor of DAC A
g |IC1A Current Qutput 1o Virtual Ground S 1101 A Current Qutput 1o Virtual Graund
10 {102 A Current Output — Complement of (01 A 10 | 102 AF Current Output (FOICIHQ))Complemen( ot101 A
11 |1028 Current Output — Complement of 102 B 11 102 AS Current Output (Sensing)
12 {101 8B Current Output to Virtual Ground 12 {102 BS Current Output (Sensing|
omplement of 102 B
13 |RFBB Reference Feedback Resistor of DAC B 13 | 102 8F Current Output (Forong)
14 I VRer B Voltage Reference nputto DAC B 14 f1O1B Current Output ta Vitual Ground
15 | DB11 Data Bit 11 (MSB}) 15 | RFBB Reference Feedback Resistor of DAC B
16 | DB10 Data Bit 10 16 | VRer B Voltage Reference Input to DAC B
17 | DB9 Data Bt 8 17 | DB Data Bit 11 (MSB}
18 | D88 Data Bit 8 18 | DB1O Data Bit 10
19 | DB7 Data Bit 7 19 | DB9 Data Bit 9
20 | D86 Data Bit 6 20 | DB8 Data Bt 8
21 | OB Data Bit 5 21 | DB7 Data B1 7
22 | DB4 Oala Bit 4 22 | DBB Data Bil 6
23 |D0B3 Data B3 23 | OBS Data Bit 5
24 | DB2 Data Bit 2 24 | DB4 Data Bit 4
25 | DBt Data But t 25 | DB3 Data Bit 3
26 | DBO Data Bit O (LSB) 26 | DB2 Data Bit 2
27 | VRercC Vollage Reference Input to DAC C 27 | DB Data Brt 1
28 |RFBC Relference Feedback Resistor of DAC C 28 | bBO Data Bit 0 (LSB)
29 |01 C Current Dutput to Viriual Ground 29 |VRerc Voltage Relerence Input to DAC C
30 {1o2C Current Outpul — Complement of 101 C 30 |RFBC Reference Feedback Resistor of DAC C
31 fio2D Curreat Qutput - Complement of 101 D 31 Jio1C Current Output to Virtual Ground
32 |IOtD Current Output 1o Virtual Ground 32 |oa2cCF Current Output (Forcing)
Complement of 101 C
a3 |RFBO Reference Feedback Resistor of DAC D 33 b02Cs Current Output (Sensing):
34 YVREFD Voliage Reference Input to DAC O 34 |02 DS Current Output (Senslng)>c°mp‘emem o1 D
35 | AVsS Analog Ground 35 | 102 DF Current Output (Forcing)
36 | Dvss Digitai Ground 36 1010 Current Output to Virtual Ground
37 |Avpp Analog Supply 37 |rRFBO Reference Feedback Resistor of DAC D
38 | DOvpp Digital Supply 38 L VREF D Voltage Reference input to DAC D
39 | 81582 Byle 1/Byle 2. Selects Dala Input Format 8-Biv4-Bit or 12-Bil Paraliel 39 | AVgg Analog Ground
40 A0 Address Line 2 40 | Dvgs Digitat Ground
41  AVpp Analog Supply
42 | ovpp Digital Supply
43 | 81782 Byte 1/Byte 2. Selects Data Input Format 8-Biid Bit or 12:Bit Paraliel
44 1 A0 Address Line 2

Maximum flexibility has also been applied to the
microprocessor compatible control inputs. A double
buffered input structure allows simple interface to
many microprocessors without the need for external
latches. The first buffer has been spilit to accept 12-Bit
parallel data or 8-Bit/4-Bit data allowing direct interface
to 8- or 12-Bit bus structures. A separate control line
“B1/B2’" allows the four MDAC's to be selectively con-
nected to an 8- and a 12-Bit bus without the need for
rewiring.

The monolithic CMOS construction results in very low
system level power requirements with a total dissipa-
tion of 2mW. The very low power requirement contri-
butes to the excellent thermal and gain error matching
between the four DAC’s.
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PACKAGE OUTLINE (DIP)

PACKAGE OUTLINE (PDIP)
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j—(14.99) —»
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BOTTOM VIEW SIDE VIEW TOP VIEW
PACKAGE OUTLINE (LCC)
0.500 ;0.008 SQ
[ (1270 :0.21) ™| 0.085 +0.007
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HS 7584 CONTROL INPUTS

Ag | A1 | C8 | WRi B1/B2 | WR2 | XFER HS 7584 OPERATION DESCRIPTION

0 0 (o} ] 1 1 1 Address DAC A register and loads data {register only)
1 0 0 4} 1 1 1 Address DAC B register and loads data (register only)
¢} 1 0 0 1 1 1 Address DAC C register and loads data (register only)
1 1 0 0 1 1 1 Address DAC D register and loads data (register only)
X X X X X 0 0 Transfers data from first registers to all DAC's

X X 1 X X X X No updated information

X X X 1 X X X No updated information

HS 7584 Truth Table 12-Bit Parallel Load

HS 7584 CONTROL INPUTS

Ag | A1 | Cs | WR1 B1/B2 | WR2 | XFER HS 7584 OPERATION DESCRIPTION

0 0 0 0 1 1 1 Address DAC A register and loads data (register only)
¢} 0 0 0 0 1 1 Address DAC A register and updates lower 4 Bits

1 o} 0] 0 1 1 1 Address DAC B register and loads data (register only)
1 0 o] 0 0 1 1 Address DAC B register and updates lower 4 Bits

0 1 o} 0 1 1 1 Address DAC C register and loads data (register only)
0 1 ¢} o] 0 1 1 Address DAC C register and updates lower 4 Bits

1 1 0 0 1 1 1 Address DAC D register and loads data (register only)
1 1 0 0 0 1 1 Address DAC D register and updates lower 4 Bits

X X X X X 0 0 Transfers data from first registers to all DAC's

X X 1 X X X X No updated information

X X X 1 X X X No updated information

HS 7584 Truth Table 12-Bit Parallel Load
CONTROL FUNCTIONS

PIN FUNCTION

AQ Address 0 for DAC selection

A4 Address 1 for DAC selection

] Enables DAC input and Ag, A1 (along with WR1) for writing (Active low)

WR1 Enables Ag, A1 (along with CS), active low, gated with CsS
B1/B2 | Selects high and low bytes. In 12-Bit mode, B1/B2 tied high; in 8-Bit mode. a_12-Bn word is loaded into lirst register
when B1/B2 is high, and a 4-Bit word is updated to the lower bits when B1/B2 1s low.

WR2 Gated with XFER. used 1o load all DAC's simultaneously (Active low)
XFER Gated with WR2, used to load all DAC's simultaneously (Active low)

TIMING CHARACTERISTICS

LIMIT AT LIMIT AT
PARAMETER Ta = +25°C —-55°C to +125°C UNITS
Tps 100 min 125 mir ns Data Set Up Time
(To rising edge of WR1 command)
ToH 0 min 0 min ns Data Hold Time
TWR 100 min 120 min ns Write Pulse Width
Tcs 100 min 125 min ns Chip Select Width
TXFER 100 min 120min ns Transfer Pulse Width
Twc 200 min 245 min ns Total Write Command
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Write Cycle Timing Diagram
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UNIPOLAR OPERATION

2 1000 OPTIONAL GAIN
E 1 ADJUST (DECREASE)
34 27 14 7 OPTIONAL G;IN se
INCI
. . r_l ADJUST (INCREASE)
N out & s 5002 <
DAC A out2a_|o . ouT A
L 15V sKa
T" 13 RFB B 1
N lour 18 112 ~
DAC B 2 ourz8 | oute
.
sKQ
HS 2700 L L
RFB C 28
( louT ¢ 29 ~
DAC C E loutr 2¢ |30 ourc
7 +
5KQ
l RFB O 3 - -
( loyt 10§32 ~
pAC O > tourzo |a outo
.
sKg
36 35

due to the op-amp, could be nulled out by the offset

B1/82 = 1 BUBZ = 0 adjust circuit given by the op-amp manufacturer. The
MSB s —— oy 5K Q resistor, from the positive summing junction to
16 ground, reduces offset voltages due to bias currents of
2 10 — D10 . .
17 the op-amp. They may be eliminated if cost factors out
3 " ® os ways offset demands.
¢ Lse ol 2 Gain Adjust. The circuit may be modified which would
5 L A lead the user to adjusting gain. A 100 Ohm trimpot in
6 i ———— %06 series between the reference and reference input
7 i —— s would allow for a 0 to — 1.4% adjustment range In
22 gain. A 500 Ohm trimpot in series with the feedback
8 NUI —— D4 .
2 resistor o output of the op-amp would allow for a O to
20 b3 + 7% adjustment range.
ol Note: Trimpots reduce stability coefficients given in
1 specifications and shouid be used only in cases where
28 oo the specified end point accuracy is not sufficient.

Coding: Straight Bina
NUI = No Updated information. During the second load cycle, the informa- ng. g 4

tion on pins 15 thru 18 will be loaded into the lower bils of the first register;
information on pins 19 through 22 will not be recognized. Note: Upper 8 bits INPUT QUTPUT
should be loaded first, then lower bits. e -

MSB Lse
8-Bit Bus Configuration 0000 0000 0000 0
0000 0000 0001 1LSB
o111 1111 1111 -VREF/2 - 1LSB
1000 0000 0000 - VREF/2
OFFSET AND GAIN ADJUSTMENT 1000 0006 0001 ~VREF/2 + 158
f : s 1111 1111 1111 ~-VReF + 1LSB
Offset Adjust. Since the maximum output leakage is
200nA (over temperature range) the offset voltage, due yLSB = —VREF
to the DAC, would be + 1.4mV. This, plus any offset’s o
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BIPOLAR OPERATION

1000 OPTIONAL GAIN
i: ADJUST (decrease) OPTIONAL GAIN
2 27 14 7 ADJUST (increase)
8 { l
\( ° 5000 _
DAC A E $5KQ + " op amp 2
+ 15V 2.5k2
OPTIONAL =
OP AMP 1
ADJUST
11 13
. 13 a
Q 12
DAC B " sKQ 5KQ (—+ OP AMP 2
HS 2700 / 2.5
OP AMP 1
2.5KQ
! 28 =
7 \( 29
pacc 30 ska 352 1" op amp 2
| 2.5KQ
oP AMP 1
2.5KQ
I 33 =
AN 2 ~
DAC O 3 ske  Soke—{+ OF AMP 2
| 2.5KQ
36 3as OP AMP 1
i 2.5KQ
OFFSET AND GAIN ADJUSTMENT Coding: Complementary Binary
Offset Adjust. The resistor in feedback loop of the
first op-amp can be a 3KQ resistor in series with a INPUT OUTPUT
5K trimpot. This will give enough adjustment range MSB LSB

to match the absolute tolerance of the DAC's resistors.

Apply a 1 MSB and ail 0's code and adjust for 0000 0000 0000 VREF

0.000 Volts. 0000 0000 0001 VRer - 1LSB
Gain Adjust. The circuit may be modified which would 0111 1111 1111 0-1LsB
allow the user to adjust gain. 100 Ohm trimpots in 1000 0000 0000 0

series between the reference and reference input 1000 0000 0001 0+ 1LSB
would allow for a 0 to — 1.4% adjustment range. A 500 1111 111 1IN -VREF - 1LSB

Ohm trimpot in series with the feedback resistor of the
second op-amp would allow for a 0 to + 7% adjust-
ment range.

118 = VREF
212

Note: Trimpots reduce stability coefficients given in
specificalions and should be used only in cases where
the specified end point accuracy is critical.
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BIPOLAR OPERATION

34 27

DAC A

+ 15V

;

5KQ

DAC B

HS 2700

Hw

33

5K (VouT = VREF )
2

10KQ (VOUT = +VREF)

DACD

32

-

31

OFFSET AND GAIN ADJUSTMENT

Offset Adjust. The resistor from VREF to the negative
summing junction of the secand op-amp can be a

OK @ resistor in series with a 2K @ trimpot. This will
give a + 10% adjustment range. Apply a 1000 0000
0000 code and adjust for 0.000 Volts.

Gain Adjust. Gain adjust should be performed after
offset adjust and is done by utilizing a trimpot in the
feedback loop of the second op-amp. Apply all ones
digital input code and adjust for + VREF — 1 LSB.

A 4.0K @ resistor in series with 2KQ trimpot will adjust
out any errors, for + VREF/2, or a 9K @ resistor in
series with a 2K trimpot for + VREF.-

Note: Trimpots reduce stability coefficients given in
specifications and sould be used only in cases where
the specified end point accuracy is not sufficient.

or
9K 2KQ

2.5KQ
10KQ
N 28 9
\( 29 | l 5KQ
DAC C a0 v -
+
N
5KQ
2.5KQ
= = 3 9KQ
OPTIONAL OFFSET
AND GAIN ADJUST
2K
I 2K < aKQ 2K2
32

2.5KQ

Coding: Straight Binary

INPUT OouTPUT
MSB LSB 10KQ FEEDBACK 5KQ FEEDBACK
0000 0000 0000 - VREF - VREF/2
0000 0000 0001 - VREF + 1LSB - VREef/2 + 1 LSB
0111 1111 1111 0 - 1LSB 0 - 1LSB
1000 0000 0000 O 0

11113111 1111

+VREfF - 1LS8B

2 VREF
2!2

1LSB =

+VREF/2 + 1LSB

1LsB = VREF
212
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NOTE: For clarity only the schematic for DAC A 1s shown in full

TRIANGLE/SQUAREWAVE GENERATOR

TRIANGLE/SQUAREWAVE GENERATOR
A programmable triangie/squarewave generator can
easily be implemented utilizing the HS 7584, providing
micropressor control of multiple signal sources.
The outputs are derived from an 8-Bit or 12-Bit source
determined by the state of B1/B2. In a 12-Bit system
this control line should be tied high. The digitally con-
trolled integrator has a frequency determined by:

f = Digital Input

4RC

288

C is the value of C to C4 and R is the resistance of the
DAC. With the four DACs on a single chip the
resistance matching is excellent resulting in very stable
timing relationships at the generator outputs. The out-
put of the comparator A, determines whether the con-
stant current source provided by Az and A4 is positive
or negative. The system performance is determined by
the selection of the amplifiers Ay, Az, Az and A,4. For
good high frequency performance the SP 2510 has
been used. The SP 2510 has a slew rate of 65V/ us
and settles to 0.1% of the final output in 0.25 us.
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INTEGRAL LINEARITY

OIFFERENTIAL LINEARITY
ERROR IN LSB's

ERROA IN LSB's
20 2.0

= TN
. — - 1 L ° L | I
10 B a B w0 -10 -5 ° B 10
REFERENCE IN VOLTS REFERENCE IN VOLTS

Integral Linearity Error Vs. Reference Voltage

Differential Linearity Error Vs. Reference Voltage
Typical Results For 5V Supply

Typical Results For 5V Supply

weuT
VSUPPLIES = + 5. REFERENCE - 10V PIP

ALL BITS ON

0d8

1% one o Toox MMz
ORDERING INFORMATION
TEMPERATURE

MODEL DESCRIPTION RANGE PACKAGE SCREENING
HS 7584C 12-Bit Quad DAC Oto +70°C 40 Pin DIP

HS 7584C/LCC 12-Bit Quad DAC Oto +70°C 44 Pin LCC —

HS 7584B 12-Bit Quad DAC —-55°Cto +125°C 40 Pin DIP MIL-STD-883C
HS 7584B/LCC 12-Bit Quad DAC -55°Cto +125°C 44 Pin LCC MIL-STD-883C
HS 7584C/PLCC 12-Bit Quad DAC Oto +70°C 44 Pin PLCC -

HS 7584C/PDIP 12-Bit Quad DAC 0to +70°C 40 Pin PDIP —
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