SIGNAL
PROCESSING
TECHNOLOGIES

HDAC7545A

CMOS 12-BIT BUFFERED MULTIPLYING DAC

FEATURES:

« Improved Version of the AD7545

» Maximum Gain Error < 2LSB

« Low Output Capacitance ( < 75 pf.)
« 500 ns Settling Time

= 12-Bit Linearity Over Temperature

= 8 or 16-Bit Bus Compatible

GENERAL DESCRIPTION

The HDAC7545A is a monolithic, low cost,
multiplying 12-bit digital to analog converter (DAC)
designed for direct microprocessor interface. It is
compatible with the industry standard 7545 but has
significant performance improvements in speed and
gain accuracy. The HDAC7545A is fabricated ina 3
micron, polysilicon gate BEMOS process and
operates from a single +5 volt (maximum) supply.
Excelient linearity and gain accuracy are acheived
through the use of laser-trimmed thin film resistors.
Latch-up immunity is insured by the use of an epi
process base; this eliminates the need for external
Schottky clamping diodes for latch-up protection.

BLOCK DIAGRAM

APPLICATIONS:

= uP Controlled Gain Circuits
= uP Controlled Function Generation
= Bus Structured Instruments
» uP Based Control Systems

The HDAC7545A incorporates a parallel loading
architecture for the DAC conversion bits. When pins
CS and WR are low, the twelve input data registers
read the bus data. This single load and convert
operation allows one-cycle updating by 16-bit
Mmicroprocessors.

With direct parallel bus data loading, the HDAC7545A
is ideally suited for microprocessor-based instruments
and industrial or process controllers.
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HDAC7545A

ABSOLUTE MAXIMUM RATINGS (Beyond which damage may occur)! 25°C

Supply Voltages
VDD 10 DGND.....iee +7V
AGND o DGND......cvvereireccerinccecienneee -0.3to VDD
Input Voltages
Digital Inputsto DGND.......cccoveiinmrenencnns -0.3to VDD
VRfeedback or VREF 10 DGND.......ccconeeeerernnn. +25V
Outputs
VOUTT 10 GND.coorreecrcriremmcininsne. -0.3Vio VDD

Notes:

Temperature

Operating Temperature, ambient
junction

-5510 +1250C
+1500C

Lead Temperature, {soldering 10 seconds).......+300°C

Storage Temperature

-6510+150°C

Power Dissipation (Any Package) to +75°C......450mwW
(derates above 75°C by 6 mW/°C)

1. Operation at any Absolute Maximum Ratingis notimplied. See Electrical Specifications for proper nominal
applied conditions in typical applications.

2. CAUTION - ESD SENSITIVE DEVICE: The logic and analog ports of this device have special circuits to protect it
against ESD damage. Although this protection should prevent permanent damage to the inputs, care should be

taken in handling.

ELECTRICAL SPECIFICATIONS

Test Conditions: Unless Otherwise Noted, VDD =5V, VREF = +10V, OUT1 = 0V, AGND = DGND,
T =0to 70°C for Commercial Grade Units,
Ta = -25to 85°C for Industrial Grade Units,
Ta= -5510125°C for Military Grade Units

(Please Refer to Ordering Information for Grade Descriptions)

DC ELECTRICAL TEST TEST HDAC7545AA/G| HDAC7545AA| HDAC7545AB
PARAMETERS CONDITIONS LEVEL | MIN TYP MAX | MIN TYP MAX | MIN TYP MAX | UNITS
ACCURACY

Resolution 1 - 12 - - 12 - - 12 - bits
Relative Accuracy | -1/2 £1/4 +1/2 1 -1/2 +12 | 1 +1 LSB
Differential Nonlinearity 1 -1/2 +1/4 +1/2] -1/2 +1/2 | -1 +1 LSB
Gain Error, Using Rfgedback 25°C | -1/2 +1/2 | -2 +2 | -3 +3 LsSB
Gain Error, Using Rteedback Tmin - Tmax ] -15 +15 | -3 +3 | -4 +4 LSB
Gain Temperature Coefficient [l 03 3 03 3 03 3 | ppm~°C
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ELECTRICAL SPECIFICATIONS

Test Conditions: Unless Otherwise Noted, VDD = 5V, VREF = +10V, OUT1 = 0V, AGND = DGND,
Ta =010 70°C for Commercial Grade Units,
Ta = -2510 85°C for Industrial Grade Units,

Ta= -5510125°C for Military Grade Units
(Please Refer to Ordering Information for Grade Descriptions)
DC ELECTRICAL HDAC7545AA/G| HDAC7545AA | HDAC7545AB
PARAMETERS TEST TEST
(CONTINUED) CONDITIONS LEVEL |MIN TYP MAX | MIN TYP MAX | MIN TYP MAX | UNITS
OUTPUT LEAKAGE (3)
PinOUT1 25°C { -5 +5]-5 +5]-5 +5] nA
. Military Grades | -100 +100]-100 +100}-100 +100]| nA
Pin OUT1
Other Grades | -10 +10]-10 +10]-10 +10| nA
INPUT RESISTANCE
Pin 1 ND
Input VREF n19t0 G b |7 125 18l7 125 18|7 125 18lka
25°C
Input VREF Temp. Coefficient Il -180 -180 -180 ppmv°C
LOGIC INPUTS
V|H (High input voltage) | 2.0 20 2.0 Volts
VL (Low input voltage) | 08 08 0.8 Volts
liN (Input current) | 1 1 1}pA
CiN (Input capacitance) of
. Vin=0V I 5
Pins DBO - DB11, WR, CS IN 5 5| PF
POWER SUPPLY
All Logic Inputs
| i 4 4 4
DD atViLor VIH mA
Logic Inputs at
I | 10 100 10 100 10 100
oD OV or VDD,25°C HA
Logic Inputs at
| | 500 500 5
DD OVor VDD 00| kA
NOTE 3. Digital inputs WR and CS at 0 volts.
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ELECTRICAL SPECIFICATIONS

Test Conditions: Unless Otherwise Noted, VDD =5V, VREF = +10V, OUT1 = 0V, AGND = DGND,
Ta =010 70°C for Commercial Grade Units,
Tp = -25t0 85°C for Industrial Grade Units,
Tp= -55t0125°C for Military Grade Units
(Please Referto Ordering Information for Grade Descriptions)

AC ELECTRICAL TEST TEST HDAC7545AA/G HDAC7545AA| HDAC7545AB
PARAMETERS CONDITIONS LEVEL | MIN TYPMAX | MIN TYP MAX| MIN TYP MAX | UNITS
. ) VREF = AGND
Digital to Analog Glitch Impulse Note 4 I 200 400 200 400 200 400|nV-sec
Muttiplying Feedthrough Error Note 5 i 3 5 3 5 3 5|mvVPP
CouT (Output Capacitance) DBO-11-0V I 30 30|pF
1 _
our (bulputap WR=C8=0V 30 P
Cout (Output Capacitance) DB0-11-VDD [ 75 75|pF
) e ——
our LR =ap WR=CS=0V i P
Output Current Settling Time Note 4,6 I 0.5 1 05 1 0.5 1|usec.
Propagation Delay Note 7 | 50 100 50 100 50 100fnsec.
tcs (Chip select set-up time) | 60 60 60 nsec.
tcH (Chip select hold time) ! 0 0 0 nsec.
twR (WR pulse width) tcS2WR I 100 100 100 nsec.
tpg (Data set-up time) ! 50 50 50 nsec.
tpH (Data hold time) | 9 9 9 nsec.

NOTES: 4. Loadon Pin OUT1 =100Q + 13 pF.
5. VREF =110V @ 10 KHz Sinewave.
6. Measured fromfalling edge of WR..
7. Measured fromfalling edge of WR to 90% of final output value.
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ELECTRICAL CHARACTERISTICS TESTING

All electrical characteristics are subject to the following conditions:

HDAC7545A

Parameters having Min./Max. specifications are guaranteed. The Test Leve! column indicates the specific device
testing actually performed during production and Quality Assurance inspection. Any blank sections in the data
columns indicates that the specification is not tested at the specified condition.

Unless otherwise noted, all tests are pulsedtests, therefore Ty =T = Ta.

TEST LEVEL TEST PROCEDURE
| Production tested.

1l Parameter is guaranteed by design and sampled characterization data. B

WRITE CYCLE TIMING DIAGRAM
o [f——tcs ——-——b«cﬂ;‘/——voo
cs S
I 0
fe—— typ — VDD
L N
0

tok

t >4
[4—tos VDD

v
DBO-DB11 X vjy, DATAVALID )24
0

MODE SELECTION

WRITE MODE:

CS and WH low, DAC responds to data inputs DBO-DB11.
HOLD MODE:

Either CS or WR high, data inputs DBO-DB11 are locked out;

DAC hoids last data present when WR or TS assumes high
state.
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TERMINOLOGY
RELATIVE ACCURACY

Relative accuracy or endpoint nonlinearity is a
measure of the maximum deviation from a straight line

OUTPUT CURRENT SETTLING TIME

passing through the endpoints of the DAC transfer  to Full Scale.

function. It is measured after adjusting for zero and

full scale and is expressed in % of full scale range or  PROPAGATION DELAY
(subymultiples of 1 LSB.

DIFFERENTIAL NONLINEARITY

Differential nonlinearity is the difference between the

Time required for the output of the DAC to setile to
within 1/2LSB for a given digital input stimulus, i.e., 0

This is a measure of the internal delay of the circuit

and is measured from the time a digital input changes

to the point at which the analog output at OUT1

measured change and the ideal 1 LSB change

between any two adjacent codes. A specified DIGITAL TO ANALOG GLITCH IMPULSE

differential nonlinearity of 1 LSB (max) over the

operating temperature range ensures monotonicity.

GAIN ERROR

output. For the HDAC7545A ideal full-scale output is

-(4095)/(4096)+(VREF).

zero using external trims as shown in Figures 6 and 7

and Table I.

OUTPUT LEAKAGE CURRENT

Current which appears at OUT1 with the DAC loaded

toall0's.

reaches 90% of its final value.

This is a measure of the amount of charge injected

from the digital inputs to the analog outputs when the
inputs change state. It is usually specified as the area
of the glitch in nV-secs and is measured with VREF=
Gain error or full-scale error is a measure of the output ~ GND.
error between an ideal DAC and the actual device

Gain error is adjustable to

GENERAL CIRCUIT DESCRIPTION

As shown in the Block Diagram of the cover sheet, the

HDAC7545A consists of a 12-bit multiplyng DAC and
a 12-bit data latch. Data at pins DBO - DB11 is latched

when both pins CS and WR are low. Current latched

data establishes the digital-to-analog conversion

code, therefore, conversion is actually controlled by

pins CS and WR. This is further described in the

Interface Logic section.

MULTIPLYING FEEDTHROUGH ERROR

AC error due to capacitive feedthrough from the

Figure 1 shows a simplified version of the 12-bit

VREF terminalto OUT1 with the DAC loadedto all 0's.
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FIGURE 1 SIMPLIFIED HDAC7545A DAC CIRCUITRY
(WITH EXTERNAL OP AMP)

multiplyng DAC circuitry. Note that the HDAC7545A
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uses a modified R-2R ladder technique that provides
for superior linearity over similar devices which use the
basic R-2R ladder.

A basic R-2R ladder portion is used within the
HDAC7545A for the nine least-significant bits (bits 0-
8). This ladder portion successively divides the
(remaining) VREF input to produce a binary weighted
nine-stage current division. In other words, in moving
from left to right, each 2R resistor leg has half the
current flow of the previous leg.  Double-pole
switches within each leg are controlled by the
respective input data bit. The switch routes the bit-
weighted current of the leg to either analog ground or
to the ouput (pin OUT1). OUT1 is a virtual ground by
means of the external active circuitry. Hence, with
every switch in either position, the R-2R ladder
resistive integrity is maintained. Input resistance of
pin VREF is kept constant.

Modification of the basic R-2R ladder structure occurs
in the 3 most-significant bits. Here, the switches of
seven equally weighted current dividers are
controlled by bits 9-11 via a logic decoder. Although
more complex, this method provides increased
accuracy. Application of the HDAC7545A is identical
to similar devices that use an unmodified R-2R ladder
network.

The DAC output current is converted to a voltage by
the feedback resistance composed of the external
resistor of Figure 1 in series with internal resistor
Rfeedback-  The operational amplifier provides a
butfered VOUT, and in combination with the feedback
resistance, maintains OUT1 at virtual ground. The
transfer function of Figure 2 shows the relationship of
VOUT for an equivalent R-2R resistor network, shown
in the same figure. A more detailed understanding of
the circuit operation and performance aspects are
found in the following Equivalent Circuit Analysis
section.

EQUIVALENT CIRCUIT ANALYSIS

The equivalent output circuit of the HDAC7545A is
the key to understanding offset, linearity and settling
time. Figures 3 and 4 illustrate these effects.

In Figure 3, the equivalent unipolar operation is
illustrated with an extemal op-amp and all switches
LOW to route all current to pin OUT2. QUT2 is
internally connected to AGND in packaged versions of
the HDAC7545A. The current from OUT2 is
composed of (4095/4096)-th's of the input current at
pin VREF plus parasitic leakage currents of the
switches. These leakage currents are due to both
junction and surface leakage on the MOS switches.
1/4096-th of the input current passes to the ground
through the ladder terminal 2R resistor. OUT1 DC
current is due only to switch leakage.

Figure 4 shows the same equivalent circuit when all
switches are HIGH thereby routing all current to QUT1.
The conditions are symmetrical in this case to Figure
3.

The main effect of switch leakages in either case is an
offset voltage from the DAC when used in voltage
output mode as shown in Figures 3 and 4.

The output resistance seen at the input terminals of
the op-amp varies with the code chosen. Between
Figures 3 and 4, resistance at each op-amp input can
change from 10K Ohms to an open for extremes in
code. This causes the gain of the offsets (due to
either leakage currents of the DAC or op-amp offset)
to be code dependent. For example, the gain of
offsets of the op-amp under these extreme cases is
given below: (next page)

VREF A AN—g——AAA \
' n " n ' The transfer function for the
: P =® e R L X equivalent network shown is:
\ | Breedback  lour
X 24511 PASI LA Se Paso ) . Vout = -VREF (ﬁl +A10 4--Ag |
' ! ) ‘ : ot 2 o1
N 8 S () S 1 3 poum
X \ N 0 e Lacwo | A >4——aVour  Where Ay assumes avalue of 1
! ' \ RS : > fora "HIGH" bit and O fora
. ° ° ° \ "LOW" bit.
‘ BIT 11 (MSB) BIT 10 BIT 9 BIT 0 (LSB) \
! A A Ag: + - Ag l
' \

FIGURE 2 EQUIVALENT R-2R RESISTOR NETWORK FOR THE HDAC7545A DAC CIRCUITRY
(WITH EXTERNAL OP AMP)
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FIGURE 3
HDAC7545A DAC EQUIVALENT CIRCUIT
ALL DIGITAL INPUTS LOW

Rjsedback
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Rigedback

(WITH EXTERNAL OP AMP) vREF
(e iv";
Re
VREF R
FIGURE 4 ° ‘_:
HDAC7545A DAC EQUIVALENT CIRCUIT REF

ALL DIGITAL INPUTS HIGH
(WITH EXTERNAL OP AMP)

Offsetgain = 1 + Rfgedhack/ RDAC

With all code bits LOW:
RDAC >> Rfeedback; offset gain =1

With all code bits HIGH:
RDAC = Rieedback; Offset gain =2

Thus, the offset is not amplified by a constant gain
over the range of code inputs. This variation in offset
gain is seen as a non-linearity in the voltage output
over the full scale output. The magnitude of non-
linearity is the difference in the gains at code
extremes times the offset voltage. in this DAC, the
non-linearity is equal to the offset itself. Thus, the
total offset voltage of the op-amp plus leakage
induced offset of the DAC and op-amp must be kept
to less than 1 LSB to prevent degradation to the DAC
linearity performance.

The dynamic output impedance of OUT1 and OUT2 is
composed of the DAC switch capacitances to ground.
OUT2 has the capacitance of the OFF switches while
OUT1 has switch capacitance for ON switches.

The capacitance on OUT1 creates a feedback pole in
the voltage output operation mode (Figures 3 and 4).
Instability of the output amplifier can occur due to the
presence of this pole. This pole's instability effect is
typically compensated by the use of a feedback
capacitor - C1 (Figures 6 and 7). Although all R-2R
DAC's have the need for this type of compensation,

T om
L%'uwe Té'LEAKAGE 115;#

the HDAC7545A maintains faster settling times when
used in the voltage output mode. This is due to the
lower output capacitance of the HDAC7545A.

The choice of compensation capacitor is bounded by
three limits:

+ C1 along with Rigedback determines the settling
time of the output voltage from the op-amp; therefore
C1 should be as small as possible for minimum settling
time.

*+ The pole defined by C1 and Rigedhack should be
smaller than secondary poles in the op-amp - as a rule
of thumb, about one half of the op-amp's gain-
bandwidth.

* Seftlingtime is proportionalto  VCoyT1+C1 .

For an OP-27 used as an output op-amp with an 8
MHz gain-bandwidth, the choice of C1 would be:

(2*mC1*Rieedback) ' = 4 MHz,
or C1= 4pf (Rfeedback = 12.5 KQ)

Fast settling time with small amounts of ringing are
obtained when the small values of C1 (given by the
criteria above) are as close as possible to the DAC
output capacitance. The HDAC7545A 's low output
capacitance comes much closer to fulfilling this goal
than most other 7545 compatible DAC's. Thus,
faster, more well controlled settling is obtained with
the HDAC7545A.
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ADDRESS BUS >

A15- A0 ADDRESS
DECODE 12 )%
Go*
cPu
WA
07- D0

I
DATA BUS >

* T0 = Dacoded Address for the IDAC7545A

MULTIPLEXED BUS ARCHITECTURE

ADDRESS BUS

)

o+

ADDRESS 6
DECODE [, Qlf==
cPU
HDAC7545A
WR
D7- Do

DATA BUS

)

SEPARATE ADDRESS/DATA BUS ARCHITECTURE

* 0 = Decoded Address for the HDAC7545A
1 = Decoded address for thelatch

FIGURE 5 TYPICAL MICROPROCESSOR BUS INTERFACES FOR HDAC7545A

INTERFACE LOGIC

The HDAC7545A is designed to allow control of the
output via a parallel microprocessor bus 1/O. This
section describes operation of the interface controls
o accomplish this.

A typical parallel bus I/O configuration is shown in
figure 5 . The microprocessor provides the DAC code
as well as all control signals to load the code and
update the analog output. During loading the
HDAC7545A accepts the DAC input code in a 12 bit
word.

When the CS pin is at logic "0", the input register of
the HDAC7545A is enabled. The WR input actually
stobes the input data from the parallel bus into the
HDAC7545A data register. This occurs on the falling
edge of this WR pulse. The Write Timing Diagram of
page 4 defines the minimum set-up and hold times
required by the control lines to successfully transfer
data in this fashion.

UNIPOLAR BINARY OPERATION -
2 QUADRANT MULTIPLICATION

Figure 6 illustrates the use of the HDAC7545A in a
unipolar (or 2 quadrant multiplication) mode. The
VREF is applied from pin 19 to ground voltage or an
input current can be applied to pin 19. Positive or
negative voltages/currents can be applied. The input
is multiplied by (-1) times the DAC code scaling.

R1 can be used to provide full scale output trimming
capability. The adjustment is made by selecting code
1111 1111 1111 and changing R1 for (4095/4096) of

the VREF voltage out. If the source of VREF is
adjustable, VREF could be directly adjusted for full
scale calibration (refer to table Il).

The output capacitance of OUT1 must be
compensated as described in Equivalent Circuit
Analysis by the use of C1 in the feedback path. This
cancels the feedback pole caused by OUTT1's
capacitance.

Vour

v,
& oigrrar COMMON

GROUND

*REFER TO TABLE 1.

FIGURE 6 UNIPOLAR BINARY OPERATION

The op-amp used with the HDAC7545A should be
selected for low offset voltage and low bias currents to
reduce offset and linearity errors as described in
Equivalent Circuit Analysis. The op-amp's bias
currents appear as errors in the same fashion as the
DAC's leakage currents. The op-amp offset voltage
should be less than approximately 10% of an LSB (of
the output full scale voltage). This is due to the fact
that the offset effect is code dependant and
contributes to the nonlinearity in proportion to its size
with respect to full scale output voltage.
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BIPOLAR OPERATION -
4 QUADRANT MULTIPLICATION

The use of the HDAC7545A in a bipolar (or 4
quadrant multiplication) mode is illustrated in Figure 7.
The VREF is applied from pin 19 to ground voltage or
an input current can be applied to pin 19. Positive or
negative voltages/currents can be applied. The
output is either +1 or -1 times the code scaling of the
DAC. The polarity is selected by the MSB of the DAC
input code.

Amplifier A1's output is subtracted from 1/2 the value
of VREF to produce a maximum output which is half of
VREF in either polarity (see Table 3 for the exact
scaling). The MSB of the DAC selects the polarity of
the output.

Full scale calibration of the output can be made by
adjusting R5 or the VREF source itself. Calibration of
the zero output at code 1000 0000 0000 is made by
adjusting R1. 1t is key that R3, R4 and R5 track one
another for the stability of the summation made at A2.
Failure of these resistors to track will result in both gain
and offset drift over temperature even though
calibration is done at room temperature.

As with unipolar operation, C1 is needed to
compensate for OUT1 capacitance. A1 must be
selected for low offset voltage and bias current to
minimize nonlinearity and offset errors.

Yin

FIGURE 7 BIPOLAR OPERATION

TRIM
RESISTOR
"A" grades | "B" grades
R1 20Q 100Q2
R2 6.8Q 33Q
* REFER TO TABLE 1.
TABLE |

RECOMMENDED TRIM RESISTANCE

BINARY NUMBER IN BINARY NUMBER IN
DAC ANALOG OUTPUT, V ¢ ;1 DAC ANALOG OUTPUT, V o,y
MSB LSB MSB LS8
111 1111 1111 VN (:z: ) 111 11 1111 VN (:3: )
1000 0000 0000 | -V ( :_:%) =12V )y 1000 0000 0001 Vin ( 1 )
2048
0000 0000 0001 YN (4‘;6 ) 1000 0000 0000 ov
0000 0000 0000 0 Volts o111 1111 111 Vi ( 1 )
2048
0000 0000 0000 VN ( :04: )
TABLE Il TABLE Ill
UNIPOLAR BINARY CODE BIPOLAR CODE
FOR CIRCUIT OF FIGURE 6 FOR CIRCUIT OF FIGURE 7
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PIN PIN NAME FUNCTION

1 OUT1 ANALOG CURRENT OUTPUT
our1 [+ | e 20 | Rieedback 2 AGND ANALOG GROUND
3 DGND DIGITAL LOGIC GROUND
AGND | 2 19 | VREF 4 DB11 INPUT DATA BIT 11 (MSB)
5 DB10 INPUT DATA BIT 10
paNp [ 3 | 18 | vbb 6 DB9 INPUT DATA BITS
7 DB8 INPUT DATABITB
ey og11 [ 4 | < 7 | WR 8 DB7 INPUT DATA BIT7
i 9 DBG INPUT DATABIT6
DB10 II E 6 | TS 10 DBS INPUT DATA BIT5
5 1 DB4 (NPUT DATABIT 4
oss [ 6 | < 15_| DBO (LSB) 12 DB3 INPUT DATA BIT3
2 13 DB2 INPUT DATA BIT2
oss [ 7 | 14 | o8 14 DB1 INPUT DATA BIT 1
15 DBO INPUT DATA BIT 0 (LSB)
13 DB2
oe7 o | 16 s CHIP SELECT
17 WA DATA WRITE
9 12 DB3
oss [ 5| 18 VDD POSITIVE POWER SUPPLY
oss [ 1o pran R 19 VREF REFERENCE INPUT VOLTAGE
: 20 Rigedback INTERNAL FEEDBACK RESISTOR
HDAC7545A PIN ASSIGNMENT HDAC7545A PIN FUNCTIONS
(TOP VIEW)
N/C

2 2 1 2 )19 18

e m

NC | B

] H 8
7 8 9 10 11 12 13 14
N/C = No Connection.

HDAC7545A DIE PLOT
BONDING PAD LOCATION

Die Size 130 x 106 mils

**For Ordering Information See Section 1.
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