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Combine two 8-hit outputs to make one 16-bit DAC

Steve Woodward, Chapel Hill, NC

NEXPENSIVE, 16-BIT, monolithic DACs
can serve almost all applications.
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tion. The control circuitry included two
16-bit DACs that interface to the radia-
tion-hardened, 8051-variant 699RHO051A
microcontroller. Because of the intend-
ed space-flight-qualified specification,
everything in the design had to consist
solely of components from the NPSL
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tion posed a challenge, because, at design
finalization, the NPSL included no ap-

was only tens of hertz, and the 69RH-
051A had a number of uncommitted, 8-
bit, 14.5-kHz PWM outputs. These out-
puts made one 16-bit DAC; a second pair
of PWM bits and an identical circuit
made the other (Figure 1).
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4 Lhra gl outputs are accurate analog square waves.
= , ;35p . o2rst e The low-order PWM-signal output,
Vo s Zg PWMO, of the 8051 .controls the V,
AL Zggk v, 3;22k v, 5\2 A13[250 square wave, and the high-order PWM
O—¢ olno A2 zg output, PWMI, controls the V, square
orxo  Al0 20 wave. R, and R passively sum the two
e Zg square waves in the ratio R /R, =3290/1
e million=1/255 to produce V,, duplicat-
WR 20 . o . .
o lzo ing the 28 ratio of the 16-bit sum. This ac-
ALE 2O tion makes the dc component of V, equal
35 to 5V(REF)(PWMO0+255PWM1)/256.
o-8loexa o %8 Thus, if you write the 0 to 255, high-or-
o—é CEX3 ﬁgi 58 der byte of a 0 to 65,535, 16-bit DAC set-
P O Eéﬁ AD3 ) ting to the CEX1 register of the 8051 and
HCO4 PWMO___ 4loevo  api 58 write the 0 to 255, low-order byte to
Aof20 CEXO, a corresponding 16-bit analog
o&mmo FsENfR20 representation appears in the dc compo-
nent of V. The accuracy of the R -to-R,
5 ic, |2 ratio is the only limit on the monotonic-
HCo4 ity and accuracy of this circuit. For ex-
5V (REFERENCE) ample, one part in 25,500=14.5 bits for
- 1%-tolerance R, and R, and a full 16 bits
Figure 1 . for 0.3% tolerance or better. But the sto-
0.0113 . HCO4 ry doesn’t end there. Two problems re-
Two PWM outputs from a main.
microcontroller combine to s The first problem is the extraction of
form a monotonic 16-bit DAC. - V,’s desired dc component from all—or

SEPTEMBER 30, 2004 | EDN 85


papay
Highlight

papay
Highlight

papay
Highlight


— “Bideas

at least 15 or 16 bits=99.995%—of the
undesired square-wave ac ripple. The R .-
C, lowpass filter does some of this work.
If you make C, large enough, in princi-
ple, the filter could do the whole job. The
reason this simple approach wouldn’t
work is that, to get such a large ripple at-
tenuation of approximately 90 dB with a
single-stage RC filter would require an
approximately 300-msec time constant
and a resultant 3-sec, 16-bit settling time.
This glacial response time would be too
slow even for this undemanding applica-
tion. To speed things, the R, R,, R, C,
network synthesizes and then sums V,: an
inverse-polarity duplicate of V,’s 14.5-
kHz ac component. This summation ac-

tively nulls out approximately 99% of the
ripple. This nullifying action leaves such
a small residue that an approximately 2-
msec and, therefore, approximately 25-
msec-settling-time R,C, product easily
erases it.

The other problem is compensation for
the low, but still nonzero, on-resistance of
the HC14 internal CMOS switches, so
that the resistance doesn’t perturb the
critical R -to-R ratio. This issue is of no
particular concern for R , because the R -
to-on-resistance ratio is greater than
10,000-to- 1, making any associated error
negligible. This situation is not the case
for R,, however, in which, despite the
triple-parallel gates, the R,-to-on-resist-

ance ratio is approximately 300-to-1,
which is small enough to merit attention.
Load-cancellation resistor R provides
such attention. R, sums a current into the
R, driving node that, because it is equal in
magnitude but opposite in phase to the
current through R , effectively cancels the
load on the R, drivers. This process makes
the combined on-resistance approxi-
mately 100 times less important than it
otherwise would be. The result is a sim-
ple, highly linear and accurate voltage-
output DAC with a respectable, if not
blazingly fast, settling time of approxi-
mately 25 msec. And the most important
result, in this case, was a parts list with an
impeccable NPSL-compliant pedigree.C]

LED driver provides software-controlled intensity

Neda Shahi and Bjorn Starmark, Maxim Integrated Products, Sunnyvale, CA

ECENT ADVANCES in b SMB ]
. . 1
operating efficiency ) CMSH1-100 51
v, b .
have expanded the use ce c 92 uH ' I A v T
1 n 2

of LEDs from one of mere 3.3 uF  ELLG6RH To47pF R, 4 TOLluf LED,
indi b i 1206 Q = 1210  16kS = 1206 N
indicators to becoming GND Tov RLL110 100V
driving forces in electronic S0T223
lighting. Increased reliabili- - LED,
ty and ruggedness (versus c >
other lighting technologies) 01 4uFI VIN  GATE
gives the LED a bright fu- = 4

. . CA+ N/
ture indeed. Vendors in re- N E MMBT5551
cent years have introduced IC, soT2s

. 12
many ICs for driving LEDs, T0 ——cs  pacoutle MMBT3906 1%4k ¥ LEDy.y
but the problem of driving | CONTROLLER —>—; SCLK  rg |7 s0T23 ] N
. . ——2IpIN Rs
serial chains of LEDs has re- compl® 510k
ceived less attention. One Sum— [} GND 9—_L Re = ¥ LED,
approach to that problem VIREER = 12k
12GFN

adapts a bias-supply IC
for APDs (avalanche
photodiodes) to provide
adjustable-current,  soft-
ware shutdown, and logic
indication of open-circuit faults (Figure
1). This design reconfigures the APD-bias
IC, IC,, to allow its low-voltage DAC out-
put to modulate the high-voltage, cur-
rent-sense feedback via a high-voltage-
output transconductance stage com-
prising Q, and Q,. These two comple-
mentary transistors provide first-order
temperature-compensation sufficient for
the application.

Equations from the MAX1932 data

Figure 1
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sheet help you select components for the
step-up dc/dc converter. The current-ad-
justment transfer function is:

_ CODEX125V R,

Loy = Veu 256 R,
Ry
where V. is the current-limit threshold
(2V), CODE is the digital code to the

DAC in decimal format, and I, is the

desired output current. For this circuit,

c
losqu

The APD driver, IC, provides high-voltage LED modules with software-adjustable intensity control.

these conditions correspond to a full-
scale output of 39 mA and a resolution of
150 pA. The three-wire serial interface
that controls IC, allows you to shut down
IC, by writing code 00hex to the DAC.
The circuit also provides an output-volt-
age limit. If an LED fails open, the R -R
divider limits the output voltage, in this
case, to 50V. Simultaneously, the CL pin
goes high to indicate the open-fault con-
dition.O
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