AMO012/6012A « AmB022/6022A

12-Bit High and Ultra-High Speed Multiplying D/A Converters

DISTINCTIVE CHARACTERISTICS

® All grades 12-bit monotonic over temperature
o Differential nonlfinearity to +0.012% (13 bits) max over
temperature (A grades)
® Fast settling output current:
75ns (Am6022/A)
250ns (AmB012/A)
® Full scale current: 4mA

® High output impedance and compliance: —5 to +10V
e Differential current outputs
® Low cost
¢ High-speed multiplying capability
e Direct interface to TTL, CMOS, ECL, HTL, NMOS
® Low power consumption:
230mW (AmB012/A)
500mW (Am6022/A)

GENERAL DESCRIPTION

The Am6012/6022 series of 12-bit monolithic multiplying
digital-to-analog converters represent new leveis of speed, ac-
curacy and low cost. The Am6012 and its high-performance,
pin-compatible twin, the Am6022 are the first 12-bit DACs to be
built using standard processing without the need for thin-film
resistors or active frimming.

The Am6012/6022 design guarantees a more uniform step size
than is possible with standard binarily weighted DACs. This
+1/2 LSB differential nonlinearity is desirable in many applica-
tions where local linearity is critical. The uniform step size
allows finer resolution of levels and in most applications is
more useful than conformance to an ideal straight line from
zero to full scale.

The Am6012/6022 have high voltage compliance, high imped-
ance dual complementary outputs which increase their
versatility and enable differential operation to effectively double

the peak to peak output swing. These outputs can be used
directly without op amps in many applications. The dual com-
plementary outputs can also be connected in A/D converter
applications to present a constant load current and significantly
reduce switching transients and increase system throughput.
Output full scale current is specified at 4mA, allowing use of
smaller load resistors to minimize the output RC delay which
usually dominates settling time at the 12-bit level.

The Am6012/6022 series guarantees full 12-bit monotonicity for
all grades and differential nonlinearity as tight as 0.012% (13
bits), for the A grades and 0.025% (12 bits) for the standard
grades over the entire temperature range. Device performance
is essentially independent of power supply voltage, and
devices work over a wide operating range from +5 and, —12V
to =18V.
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006878-ANA



Am6012/6012A -+ Am6022/6022A

Am6012/6012A ,
MAXIMUM RATINGS (above which useiul life may be impaired)

Operating Temperature Power Supply Voitage +18V
Am6012ADM, Am6012DM —5510 +125°C | Logic Inputs -5to0 +18v
Am6012ADC, Am6012DC 0to +70°C | Analog Current Qutputs -8to +12V

Storage Temperature —65 to +125°C | Reference Inputs V44, Vq5 V- toV+

Lead Temperature Reference Input Differential Voltage (V44 to Vq5) +18V

{Soldering, 60sec) 300°C | Reference Input Current (l,4) 1.25mA

ELECTRICAL CHARACTERISTICS

These specifications apply for V¥ = +15V¥, V~ = —15V, Iggr = 1.0mA, over the operating temperalure range unless otherwise specified.
Am6012A - Am6012
Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
Resolution 12 12 12 12 12 12 Bits
Monotonicity 12 12 12 12 12 12 Bits
DN.L D'"e".*'"'a'. Dewiation from ideal step size - - =012 _ - *.025 %FS
Noniinearity 13 - — 12 - — Bits
N.A. Nonkinearity Deviation from ideal straight line - - +.05 - - +0.06 %FS
VRer = 10.000V
lIFs Full Scale Current Rqy4 = Ryg = 10.000k 3.967 3.999 4.031 3.935 3.999 4.063 mA
Ty = 26°C
=
- +5 +20 - +10 +40 pm/°C
TClgg Full Scale Tempco S NEDIE
- +.0005 +.002 +.001 +.004 | %FS/°C
D.N.L. Specification guaranteed .
Voc Ocug:“u( ﬁ\::t:}:ge over compliance range -5 - +10 -5 - +10 Volts
P Royt > 10 megohms typ.
Fuil Scale —
Iess Symmetry Ies — Irs *0.2 +1.0 - 0.4 +2.0 uA
Izs Zero Scale Current - - 0.10 - - 0.10 pA
tg Settling Time To +1/2 LSB, all bits ON or OFF, Ty = 25°C - 250 500 - 250 500 nsec
tpLH Propagation . _
tore Delay - all bits 50% to 50% 25 50 25 50 nsec
Cout Output Capacitance - 20 - - 20 - pF
v Logic Logic “0" - - 0.8 - - 0.8
1L Input —— Volts
Viy Levels Logic “1 2.0 - - 20 - -
N Logic Input Current ViN = ~5to +18V - - 40 - - 40 HA
Vis Logic Input Swing V- = 15V -5 - +18 -5 - +18 Volts
Reference Current
IREF Range 0.2 1.0 11 0.2 1.0 14 mA
lis Reference Bias Current 0 -05 -2.0 o -0.5 -2.0 pA
Reference Input Ry4(eq) = 8000 4 _ _
di/dt Siew Rate CC = OpF .Q 8.0 4.0 8.0 mA/us
PSSlps+ | Power Supply V+ = +13.5V 1o +16.5V, V— = —15V +.00005 | =.001 _ <0005 | s001 |
o oFSI%
PSSlgg— Sensitivity V- = -13.5V to ~16.5V, V+ = +15V - +.00025 | =.001 - +.00025 | +.001
v+ 4.5 - 18 45 - 18
Power Supply Vout = OV Volts
v_ Range -18 - -108 -18 - -10.8
I+ - 57 8.5 - 57 8.5
V+ = +5V, V- = —15V
- Power Supply - -13.7 -18.0 - -13.7 -18.0
Current mA
1+ 57 8.5 - 57 a5
V+ = +15V, V- = —15V
i~ -13.7 -18.0 - -13.7 -18.0
P Power V+ = +5V, V- = —15V 234 312 - 234 312 oW
b Dissipation V+ = 415V, V= = —15V 291 397 - 291 397
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Am6012/6012A - Am6022/6022A

Am6022/6022A
MAXIMUM RATINGS (above which useful life may be impaired)

Operating Temperature Power Supply Voitage +18V
AmB022ADM, Am6022DM —55 to +125°C | Logic Inputs -5toV+
AmB022ADC, Am6022DC 0to +70°C | Analog Current Outputs —8to +12V

Storage Temperature 6510 +125°C | Reference Inputs Vy4, Vq5 V-toV+

Lead Temperature Reference Input Differential Voltage (V14 to Vy5) +18V

(Soldering, 60sec) 300°C | Reference Input Current (144) 1.25mA

ELECTRICAL CHARACTERISTICS
These specifications apply for V* = +15V, V= = —15V, Iggr = 1.0mA, over the operating temperature range unless otherwise specified.
AmS022A Am6022
Parameter Description Test Conditions Min. Typ. Max. Min Typ. Max. Units
Resolution 12 12 12 12 12 12 Bits
Monotonicity 12 12 12 12 12 12 Bits
D.N.L. Dlﬁerenliai. Deviation from ideal step size _ _ =012 - - =025 %FS
Nonlinearity 13 - ~ 12 — - Bits
N.L. Nonlinearity Deviation from ideal straight line - *0.012 - - +0.025 - %FS
VRgF = 10.000V
les Full Scale Current Ry4 = Ryg = 10.000kQ 3.967 3.999 4.063 mA
Tp = 25°C
- m°C
TCleg Full Scale Tempco PR
- GFS/C
D.N.L. Specification guaranteed
Voc OCutput IYonage over compliance range +10 Volts
ompliance Royt > 10 megohms typ.
Full Scale J—

ess Symmetry 'fs -~ IFs =04 - wh

Izg Zero Scale Current 0.10 - HA

g Settling Time BYAbits ON © 75 - nsec

-

tPLH Propagation ) 10 10 _ nsec

tpHL Delay —

Cout - 10 - - 10 - pF

Vie g - - 0.8 - - 0.8

Voits

Vin s LAg® 1 20 - - 20 - -

iy L nput Current Viy = ~5to +15 - - 40 - - 40 nA

Vig Logic Input Swing V- = ~15V -5 - +15 -5 - +15 Volts

Reference Current _
lRer Range VRer(-) = OV 0.2 1.0 1.1 0.2 1.0 1.1 mA
s Reterence Bias Current a -a.5 -20 o -05 -20 nA
Reference tnput Ria(eq) = 80052 _ 1 _ 16.0 _

et Slew Rate CE - OpF 60 i Al

PSSieg .« Power Supply V+ = +13.5V to +16.5V, V- = —15V - +.00005 - +0.0005 ESI

+FSI%

PSSigg_ Sensitivity V- = -13.5V 10 ~16.5V, V+ = +15V - +.00025 - +.00025

Vi Power Supply 45 - 18 45 - 18

Vi =0V Volts

v Range out = @ _18 - 108 —18 - —108

1+ - 11 - 1" -

V+ = 45V, V- = —18V
)-- Power Supply - ~24 - - —24 -
mA
P Current 13.0 - - 13.0 -
V+ = +18V. V- = —15V
1- - ~24 - - ~24 -
Power V+ = +5V, V- = —15V - 415 - - 415 —
Pp . mw
Dissipation V4 = +15V, V- = —15V - 555 - - 555 -
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Am6012/6012A - Am6022/6022A

ACCURACY SPECIFICATIONS

The design of the 6012/22 emphasizes differential linearity
which is a measure of the uniformity of each step in the transfer
characteristic. The circuit design, described in greater detail on
page 6, requires resistor matching and tracking tolerances of 8
times lower than that of previous designs to achieve and
maintain monotonicity over temperature. This advantage has
been used in the 6012A/22A to provide 13-bit differential
nonlinearity over temperature, a level of performance not
generally available in previous designs, even when using thin
film resistors.

The figures illustrate that =1/2 LSB (13-bit) differentiai non-
linearity guarantees a converter with 4096 distinct output levels.
+1 LSB D.N.L. guarantees monotonicity, so that when the input
code is increased the output will not decrease. Note that non-
linearity, or deviation from an ideal straight line through zero and
full scale, cannot be visually determined from the figures. In
most applications, 12-bit resclution and differential linearity are
more important than linearity. This is especiatty true in video and
graphics, where the human eye has difficulty discerning non-
linearity of less than 5%.

DIFFERENTIAL NONLINEARITY
WORST CASE AT TEMPERATURE EXTREME

B; B, B, (MSB) v* T
32 120 19
18 g
17 v
16 COMP
15 Vaer(-)
4 Veer(+)
01 12 13
By By Byp(LSB) GND/Vi ¢ 0068785

tout lout
DIGITAL INPUT  —— DIGITAL INPUT ——=
11/2 LSB ONL (=.012% OR 13 B{TS) =1 LSB DNL (=.025% OR 12 BITS)
006878-4
METALLIZATION AND PAD LAYOUT
Am6012 Amé6022

COMP

VREF(-}

VREF(+)

12
By2(LSB)

B4y GNO/V, ¢

006878-6

DIE SIZE 0.083" X 0.134"
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Amé6012/6012A - Am6022/6022A

APPLICATION HINTS:

1. Reference current and reference resistor.
There is a 1 to 4 scale factor between the reference current

i

Io+7g = kg
FOR ALL INPUT CODES

v

(!rer) and the full scale output current (Igg). If Vggr = +10V Rag comp v
and Irg = 4mA, the value of the Ry, is: h VREF(+) I
4% 10 Vo REF —— AmB012/22
x 10 Volt T
R‘M 10K R14 = R15 MA VREF(-) lo
4mA = 00687B-7
2. Reference amplifier compensation. (Am6012)
For AC reference applications, a minimum value compensa-
tion capacitor (C¢) is normally used. The vaiue of this
capacitor depends on the equivalent resistance at pin 14, The
values to maximize bandwidth without oscillation are as foi-
lows:
Reference Amplifier Output Voltage
Frequency Response Compliance
ALL BITS ON
MINIMUM SIZE ST o T T
COMPENSATION CAPACITOR ne o topF “ . -
o f
(lFS = 4mA, IREF = 1.0mA) 17 R 'é 6.0 :
| |
R4 (Eq) (kD) Cc (pF) 5 i .
2 o0 z Vo= 15
5 LARGE SIGNAL +50% % 9 40
10 50 O _,| MODULATION OF 4mA” [\ | | 3 ' I J Iv_ T v
5 25 g‘ FULL SCALE CURRENT _| L 8 { |
Py SR AT T AL | e : !
2 10 e SMALL SIGNAL = 1% ; g 20 |
1 5 T _g} MODULATION OF 2mA | | 5 : i
FULL SCALE CURRENT __| | o | I
5 0 Y T A A 0 |
.01 01 1.0 10 -10 -5 [ 5 1G
FREQUENCY ~ MHz OUTPUT VOLTAGE — VOLTS
00687B-8 006878-9
Note: A 0.01uF capacitor is recommended for fixed reference operation.
[ V-] REFERENCE AMPLIFIER BIASING
= R Am6012/22
Rin 1“4 JREF -
A\
ML rien A\
o~ = trs
FOR ALL INPUT CODES
TD 19
17
22,F TANTULUM
T Ce {NOTE 5) /
2 I o1 I/ I 04
\ v 00687B-10
Reference Configuration R14 R1 5 H|N CC IREF
Positive Reference VR4 ov N/C 01uF VR+/Rya
Negative Reference ov VR— N/C O1uF -Vg_/Rqs
Lo Impedance Bipolar v ov v (Note 1) (Ve+/Ryq} + (ViN/Rin)
Reference R+ N AmM6012 (Note 2)
Hi Impedance Bipolar (Note 1) (VR+ — VIN)R14
Reference Va+ Vin NIC Am6012 {Note 3)
Pulsed Reference (Note 4) VR ov ViN c::; (VR4+/Ry4) + (VINRIN)

Notes: 1.
R4 < BOOQ no capacitor is necessary.

O s WwN

The compensation capacitor is a function of the impedance seen atthe +Vggg input and must be at least C = 5pF x Ry 4(eq) in k2. For

. For negative values of V), Vg4/R14 must be greater than -V, Max/Ry so that the amplifier is not turned off.
. For positive values of VN, Vg+ must be greater than V| Max so the ampiifier is not furned off.
. For pulsed operation, V.4 provides a DC offset and may be set to zero in some cases. The impedance at pin 14 should be 800Q or less.
. For optimum setiling time, decouple V— with 20{} and bypass with 22uF tantulum capacitor.
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Am6012/6012A - Am6022/6022A
5.000k(2 2.000mA
A‘A‘Ar ——
RoFr
Ry Ry
AN —— AW
Ria
e f
+10V “1“{) v —
REF \AAE REF(+) Io a c - v
Am6012/22 OP AMP our
VREF(-1 T b 4 +
Ais
10k 8, B4z
9 Rz
OPTIONAL
(SEE CQDE TABLE)
v msBe LSB = =
Ry, = —REF
14 TomA
Rep = REF
OFF = TomA 00687B-11
MSB LSB| Ty
CODE FORMAT CONNECTIONS OUTPUT SCALE B1 B2 B3 B4 BS B6 B7 B8 BS B10 B1t B12| (mA) | (mA) | Vour
Positive full scale 11 1t 1 1t 11 1 1 1 1 {3899 000, 99976
Straight binary; one Positive full scale ~ LSB Tt 11 11t 111 1 0 [3.998 | .001 9.9951
polarity with true input a<c Zero scale 000O0OOGO® GO O O O | .000|3999 | .0000
code, true zero output. bg
R1 = R2 = 25K
UNIPOLAR
) Positive full scale 6 00O0COODOGO O O O | 000]|3999 | 99976
1 binary, e
OC::‘;’LL":‘%":““; ary Positive full scale —LSB | 0 0 0 0 0 0 0 0 © 0 0 1 | 0013998 | 99951
complementary input ::g Zero scale t 11 1t 1 1 1 11 1 1 1 3.999 .000 .0000
code, true zero output. A1 = R2 = 2.5K
Positive full scale + 171111111 1 1 113999 .000| 99976
, o Positive full scale —LSB | 1 1 1 1 4 1 1 1 1 1 1 0 |3998| 001 | 99927
Straight offset binary; ac (+) Zero scale 1 0000O0OGOO D O 0 [2000]1999 | .0024
offset half scale, b-d () Zero scale 001111111 1 1 1 1 |1909 2000 |-0024
symmetrical about zero, t-g Negative full scaie - LSB | ¢ 0 0 0 0 0 0 0 0 0 0 1 001 | 3.998 |-9.9927
no true zero output. R1 = R3 = 2.5K | Negative full scale 0o00O0GCO0O0CO0OO0O O O 0 .000 | 3.998 |-9.9976
SYM- R2 = 1.25K
METRICAL —
OFFSET s complement; Positive full scale o1 1 1 1 1 111 1 1 1 | 3.999 .000 9.9976
m:"m“e' Postive full scale —LSB | @ 1 1 1 1 1 1 1 1 1 1 0 |3.888 | 001 | 99927
o e i |b<;tzr a-c (+) Zero scale 00 0O0O0O0OGOOC O 0 0 |2.000 ; 1.999 .0024
SV"t'r’:"'z‘:o:ut"m“' b-d (-) Zero scale 11111111 1 1 1 [199 2000 |-.0024
"M°Sa°m smeg( od f-g Negative full scale —LSB | 1 0 0 0 0 0 0 0 0 © 0 1 .001)3998 -9.9927
compl At = R3 = 25K | Negalive full scale 4+ 000D0DO0O0DO O ©0 O | 0003999 ;-99976
(need inverter at B1). _
R2 = 1.25K
Positive full scale 111 1 11 1 1 1 1 1 1 {3999 000 9995
Positive full scale —LSB | 1 1 1 1 1 1 1 1 1 1 1 0 [3008| .001 | 9.9902
Offset binary; e-ac +LSB 4y 000000 0G O O 1 {20018 .0049
offset half scale, b-g Zero Scale 100000000 O O O |2000]199 000
frue zero output. R1=R2= ~ LSB 601 1 1 1 1 1 1 1+ 1 1 1 1999 2000 | -.0049
OFFSET Negative full scale +LSB | 0 0 ¢ 0 0 0 0 0 0 0 ©0 1 | 00135998 -9.9951
WITH Negative full scale 000CO0OOGOO OO 0 © 0| .000]|3899 -10.000
TRUE Positive full scale 011 111 111 1 1 1[399][ 006 | 9995
ZERO 2's complement; Positive full scale ~LSB | © 1 1 1 1 1 1 1 1 1 1 0 |3998] 001 989902
offset half scale e-a-c +1LSB 0 0000000 O0 0 O 1 |2000|1898 ) .0049
true zero output b-g Zero scale 060000000 0O 0O O [2000]1999 000
MSB complemented A1 =R2=5K |-1158 41 ¢t 1 1t 1 1 1 1 1 1 |1999|2000 | -0049
(need inverter at B1). Negalive full scale + LSB | 1 0 0 0 0 0 0 0 0 0 0 1 | 0013998 —9.9951
Negative full scale 1 000000O0OGGOG O © 0| .000]|3999 [-10000

ADDITIONAL CODE MODIFICATIONS

1. Any of the offset binary codes may be complemented by reversizng the output terminal pair.
3-



Am6012/6012A - Am6022/6022A

SEGMENTED DAC DESIGN INFORMATION

The design of a 12-bit D/A converter has traditionally required
precision thin film resistors, a trimming method, and a binarily
weighted ladder network. The 6012/22 is a 12-bit DAC which
uses diffused resistors and requires no trimming, cutting, blow-
ing, or zapping to guarantee monotonicity for all grades over the
temperature range. A proprietary design technique, departing
from the traditional R-2R approach used in virtually afl high
speed high resolution converters, provides inherent monoto-
nicity and differential linearity as high as 13 bits. This guarantees
a more uniform step size over the temperature range than avail-
able trimmed 12-bit converters. The converter's performance is
immune to variations in temperature, time, process, and
mechanical stress. The circuit also features differential high
compliance current outputs, wide supply range, and a multiply-
ing reference input.

In most converter applications, uniform step size is more impor-
tant than conformance to an ideal straight line. Most 12-bit con-
verters are used for high resolution rather than high linearity,
since few transducers are more linear than +0.1%. All classic
binarily weighted converters require = 1/2 LSB (+.012%) linear-
ity in order to guarantee monotonicity, which requires very tight
resistor matching and tracking. This new circuit uses conven-
tional bipelar pracessing to achieve high differential linearity and
monotonicity without requiring correspondingly high linearity, or
conformance to an ideal straight line.

One design approach which provides monotonicity without re-
quiring high linearity is the MQOS switch-resistor string. This cir-
cuit is actually a full complement to a current switched R-2R
DAC since it is slower, has a voltage output, and if implemented
at the 12-bit level would use 4096 low tolerance resistors rather
than a minimum number of high tolerance resistors as in the
R-2R network. Its lack of speed and density for 12 bits are its
drawbacks.

The technique used in the Am6012 combines the advantages of
both the R-2R and 2"R approaches. It is inherently monotonic,
fast, and uses untrimmed resistors which are actually fewer in
number than the classic R-2R ladder.

In order to properly describe the new design technique, the stan-
dard R-2R ladder approach used in previous 12-bit DAC's will first
be discussed. Figure 1 shows the twelve-bit currents which are
used in all possible binary combinations 1o generate 4096 analog
output levels. The resistar ladder tolerance is most critical for the
major carry, where the 11 least significant bits turn off and the
most significant bit turns on. If the MSB is more than 1xA low, or
—.05%, the converter will be nonmonotonic. Table 1 shows the
maximum tracking error which can be allowed over a 100°C range
to maintain monotonicity, which is =1 LSB D.N.L. Achieving =1/2
LSB differential nonlinearity is especially difficult since it requires
a tracking temperature coefficient of +1.25 ppm/°C.

Figure 2 shows the transfer characteristic for the new technique,

called the segmented DAC. The 4096 output levels are com-
posed of 8 graups of 512 steps each. Each step group is gener-

ated by a 9-bit DAC, and each of the segment slopes is deter-
mined by one of 8 equal current sources, as shown in Figure 3.
The resistors which determine monotonocity are in the 9-bit DAC.
The major carry of the 9-bit DAC is repeated in each of the 8
segments, and requires eight times lower initial resistor accuracy
and tracking to maintain a given ditferential nonlinearity over
temperature.

The operation of the segmented DAC may be visualized by
assuming an input code of all zeroes. The first segment current
lg is divided into 512 ievels by the 9-bit multiplying DAC and fed
to the output, lgyt. As the input code increases, a new segment
current is selected for each 512 counts. The previous segment is
fed to output lgyt where the new step group is added to it, thus
ensuring monotonicity independent of segment resistor values.
All higher order segments feed Toyt.

At each segment endpoint, monotonicity is assured because no
critical resistor tolerances are involved. For examiple, at the mid-
point of the transfer characteristic, as shown in Figure 2, l; o is
actually generated by the same segment resistor as 3 511 and
has been incremented by the remainder current of the 9-bit
DAC.

In the segmented DAC, the precision of the 8 main resistors
determines linearity only. The influence of each of these resis-
tors on linearity is four times lower than that of the MSB resistor
in an R-2R DAC. Hence, assuming the same resistor tolerances
for both, the linearity of the segmented approach would actually
be higher than that of an R-2R design.

The step generator or 9-bit DAC is composed of a master and a
slave ladder. The slave ladder generates the four least signifi-
cant bits from the remainder of the master ladder by active cur-
rent splitting utilizing scaled emitters. This saves ladder resistors
and greatly reduces the range of emitter scaling required in the
9-bit DAC. All current switches in the step generator are high
speed fully differential switches which are capable of switching
low currents at high speed. This allows the use of a binary scaled
network all the way to the least significant bit which saves power
and simplifies the circuitry.

Diffused resistors have advantages over thin film resistors be-
yond simple economy and bipolar process compatibility. The
resistors are fabricated in single crystal rather than amorphous
material which gives them better long term stability and tracking
and much higher moisture resistance. They are diffused at
1000°C and so are resistant to changes in value due to thermai
and chemical causes. Also, no burn-in is required for stability.
The contact resistance between aluminum and silicon is more
predictable than between aluminum and an amorphous thin film,
and no sandwich metals are required to enhance or protect the
contact or limit alioying. The initial match between two diffused
resistors is similar to that of thin film since both are defined by
photomasks and chemical etching. Since the resistors are not
trimmed or altered after fabrication, their tracking and long term
characteristics are not degraded.

TABLE 1
RESISTOR SPECIFICATIONS

Initial Matching Tracking Required for Tracking Req’d. for
No. of Regquired for +1 LSB DNL (ppm/°C) +1/2 LSB DNL (ppm/°C)
Ladder Type | Resistors | =1LSB DNL (%) | O Initial DNL | 1/2 LSB Initial DNL 1/4 LSB Initial DNL
Straight R-2R 37 *.05 5 25 1.25
Segmented .
3 Bits + 9 Bits 24 =4 40 20 10




Am6012/6012A - Am6022/6022A

VRerF

Figure 1. Traditional R-2R D/A Converter.
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Figure 2. Transfer Characteristic of Segmented Design.
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Figure 4. Interfacing Circuits for ECL, CMOS, HTL Logic Inputs.
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INTRODUCTION

Advanced Micro Devices” Am6012 is the first 12-bit DAC ever
built using standard processing without the requirements of thin
film resistors and/or active trimming of individual devices. The
resuit is a high-speed and high-accuracy converter with low
cost. Offering a =2 least significant bit (LSB) differential non-
linearity, the Am6012’s uniform step size allows finer resolution
of levels, and in most applications is more useful than confor-
mance 1o an ideal straight line from zero to full scale.

DESCRIPTION OF THE Am6012

Figure 1 shows a simplified schematic for a traditional R-2R
D/A converter used in previous 12-bit DACs. Twelve current
sources are used in all possible binary combinations to gener-

Am6012 Application Note

ate the 4096 analog output levels. The resistor ladder tolerance
is most critical at the major carry where the 11 least significant
bits are turned off and the most significant bit (MSB) turns on. If
the MSB is more than —0.05% low, the converter will be non-
monotonic. Achieving the initial resistor matching for +1LSB
differential nonlinearity (+0.05%) has required precision resis-
tors plus some sort of trimming method, such as laser trim-
ming, cutting, blowing or zapping to guarantee monotonicity for
all grades over the temperature range. The Am6012 uses a
proprietary design technique, departing from the traditional
R-2R design, which offers inherent monotonicity and differen-
tial nonlinearity as high as 13 bits (0.012%). The performance
of the converter is immune to variations in temperature, time,
process and mechanical stress.

7

REFERENCE
AMPLIFIER

VLA LEDL DL TR+
ARG R R R B BB BEEER

1000 0000 0DOC  2.000mA
0111 1111 1111 1.999mA

MAJOR
CARRY

{

LiC-862

Figure 1. Traditional R-2R D/A Converter

lout(mA)

4.0

2.0

0000 0000 0000
0001 111% 1111
0011 1111 1111
0101 1111 1111
o111 1111 1111
1001 1111 1111
1011 H111 1111
101 1111 1N
1111 1111 11t

DIGITAL INPUT
Lic-863

Figure 2. Transfer Characteristic of Segmented Design

Figure 2 shows the transfer characteristic for the new
technique called a segmented ladder used in the Am6012. The
4096 output levels are composed of eight groups of 512 steps
each.

Each step of the group is generated by a 9-bit DAC and each
of the segment slopes is determined by one of eight equal cur-
rent sources as shown in Figure 3. The resistors that deter-
mine monotonicity are in the 9-bit DAC, and the major carry of
the 9-bit DAC is repeated in each of the eight segments. This
results in the need for eight times lower initial resistor accuracy
and provides tracking to maintain a given differential nonlinear-
ity over temperature.

If we assume that the input code is all ZEROES, the first seg-
ment current lg is divided into 512 levels by the 9-bit multiply-
ing DAC and fed to the output IgyT. An increasing digital input
code selects a new segment for every 512 counts. The previ-
ous segment is fed to output gyt where the new group is
added to it, thus ensuring monotonicity independent of seg-
ment resistor values.

In the segment DAC, the precision of the eight main resistors
determines linearity only. The influence of each of these resis-
tors on linearity is four times lower than that of the MSB resistor
in a R-2R DAC. Thus, if the resistor tolerances were the same,
then the segmented approach would actually be higher in
linearity than that of the R-2R design.
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SEGMENT GENERATOR CODE SELECTED: 0111 1111 1111
LIC-864
Figure 3. Segmented DAC Functional Diagram Used in Am6012
The 9-bit DAC is composed of a master and a slave ladder.
The slave ladder generates the four least significant bits from ans%lﬁ [ 2
the remainder of the master ladder by using scaled emitters to IDEAL OUTPUT — 5" 7
split the current actively. All of the current switches in the step // /’
generator are fully ditferential switches capable of switching y
low currents at high speed. This allows the use of a binarily // -
scaled network all the way to the least significant bit which DIGITAL Vs ,/ NONLINEARITY
. g . . INPUT —
saves power and simplifies the circuitry. e /A (+115B)
Like other monolithic DACs, the Am6012 has two types of errors s
that cannot be eliminated by adjustment. They are integral non- //
linearity and differential nonlinearity. The integral nonlinearity -
show_n in Figure 4 i; tht_e maximum deviation of the transfer //, /:/ Z’SSSI.‘EA‘S.??EZ“&"%"L
function from the straight line drawn from actual zero through the enes L/ |
full-scale' output of the converter. Integral nonlinearity is ex- LiC86s ANALOG OUTPUT FULL-SCALE
pressed in LSBs or as a percentage of full-scale. Some prod-

ucts use the “best fit" straight line and specify the deviation in
LSBs, however, this straight line will usually not terminate at
the full-scale value. The user then must adjust his converter to
this full-scale value, but is then unable to calibrate the con-
verter to benefit from the better value offered by this specman-
ship. Most users are interested in the absolute value of the
full-scale output and can calibrate it either manually or au-
tomatically.

Differential nontinearity (DNL) is a measure of the deviation of
each individual step size from the ideal least significant bit. A
DNL of more than 1LSB defines nonmonotonicity, and a perfect
converter has a zero DNL.

The AmB012A is specified as having 13 bits of DNL over tem-
perature, a level of performance generally not available in other
12-bit converters even when using thin film resistors. This
+14L.SB (13-bit) DNL guarantees the converter has 4096 sepa-
rate and distinct output levels, whereas a +1LSB DNL only
guarantees monotonicity. It must be stressed again that these
DNL figures are guaranteed over the complete temperature
range. Also, DNL gives a measure of curve smoothness. The
DAC transfer function may be more than 1LSB nonlinear and
yet be smooth and useful with 2LSB DNL. This is especially
frue in video and graphics where the human eye has difficulty
discerning nonlinearity of less than 5%. In most applications,
12-bit resolution and DNL are more important than integral non-
linearity. Figure 5 shows the nonlinearity of an actual device.
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Figure 4. Monotonic DAC with =1 LSB Nonlinearity
and +1/2 LSB Differential Nonlinearity

MULTIPLYING DAC

The Am6012 uses a fixed reference for most applications, but it
can also handle an AC reference source. The output current
loyT is @ product of the digital input and analog reference vol-
tage (VReF) or current (IRgF)-

The output current for current reference can be expressed as:

8 B. B. B. B B, B8
lo-4.ipee(St+ B2, B B Bs B B7
2 4 8 16 32 64 128
B B B Bu Buw
256 512 1024 2048 4096

where By is MSB.
The Am6012 has complementary/differential current outputs.
The complement of |g is expressed as:

lo=1Irs —lo
where the addition of Iy and Ig is a constant regardless of the
digital code.
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Figures 6 and 7 show the relationship of Ipgr to Ig and g for
the basic DC connections. The reference may be positive or
negative, and a bipolar output voitage may be obtained using
the high-compliance current outputs alone or with an output
op-amp, as described later.

An application of the external positive reference voltage
(+VReF) forces current through a reference resistor (RRgr)
into the reference input (VREF(+))’ which is a virtual ground
created by the reference amplifier feedback loop. Reference
current (Iggg) is defined as:

+VRer

Iner =
RREF

A +10V supply for +Vger is recommended for optimum full-
scale temperature operation. Resistor Ry5 minimizes the tem-
perature coefficient of output offset voltage of the reference
amplifier by matching it to Ryg4.
In negative reference applications, the external negative refer-
ence voltage is applied to the negative reference input
(VReF(~)) of the Am6012. The voltage at (VREF(+)) pin tracks
the vollage at (VRer(—)). IRer flows from ground through RRer
inte the (VHEF(+)) input.
This connection produces high impedance at the (VRgg(—))
input, thus isolating the signal source from the toad. Again, Ryg
is normally used to cancel input bias current efrors and is

Figure 5. Nonlinearity Plot of Actual Device

nominally equal to Rgeg.

4095
ks = (*VR_EF X

Rrer 4096

Rrer 14y, +
+Vier REF(+)
Ry
R4 SETS Ieg
VRer(—
Ays 15 REF(-)

Ry, BIAS CURRENT CANCELLATION

)

lo+To = lgs
AmE012 FOR ALL INPUT CODES

LIC-867
Figure 6. Positive Reference Connection
_ 4 {~YREF y 4095
trs =4 <RREF x‘“‘)
Rrer 14 VRer(+)
Ris +Tp = lgg
= Am6012 'FOOR ALL INPUT CODES
-V, O—AWA———
REF Rys 15| VREF(-)
Lic-868

Figure 7. Negative Reference Connection
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BIPOLAR OPERATION

Figure 8 shows a low input impedance bipolar connection. The
current into (VReF(+)) is IReF plus liN. IREF must be equal to or
greater than the maximum negative value of Iy, so the refer-
ence amplifier will not turn off. For a high-impedance connection
(Figure 9} IgeF is calculated from:

lrer = (VREF — VINYRREF
where +VRgF must be equal to or greater than the maximum
positive value of V. The IggF current range is set at a
minimum of 0.2mA and a maximum of 1.1mA. Fifty percent
modulation is recommended to maintain speed and linearity
(0.55mA =0.5mA) over commercial temperature range.

TABLE 1. MINIMUM SIZE COMPENSATION CAPACITOR

(IFS = 4mA, IREF = 1.0mA)

R14 (£q) (k) Cc (pF)
10 50
5 25
2 10
1 5
5 0

+VRgrF

Iper = PEAK NEGATIVE
SWING OF I,y

VRer(+)

Rys = (Rrer * Rin)/{Rrer + AN

LIC-869

Figure 8. Low Input Impedance Bipolar Reference

lrer = {+VRer ~ VinVRuer

Irer  Rmer
14
+VREe O VRer(+)
Rig
Vin
O—AA——
15
Ris

VREF > VN POSITIVE PEAK

LIcC-870

Figure 9. High-Input Impedance Bipolar Reference

REFERENCE AMPLIFIER COMPENSATION

For AC reference applications, a minimum-value compensation
capacitor (Cg) is normally used. The value of this capacitor
depends on the equivalent resistance seen at (VRer(+)). Table
1 gives the compensation capacitors required for different val-
ues of Rggr; and Figure 10 shows the frequency response of
the reference amplifier with Rger = 2K and C¢ = 10pF.

For the fastest response to a pulse, low values of Rgefr should
be used resulting in a low Cg value. When Rggf is 800 ohms,
Cg is not required and a fuil-scale transition of 1usec maximum
and 500nsec typical is obtained. For fixed reference operation
a 0.01uF capacitor should be used.

AC COUPLED MULTIPLICATION

Sometimes multiplying applications are more easily achieved
by AC coupling, and a high impedance input is often required
to avoid loading the high source impedance. Figure 11 uses the
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Cc pin as the input. This is passible because the Cc connection is
2Vge away from the ladder determining resistors internal to the
AmB012 and gives wider bandwidth than using the reference
amplifier. ’

VOLTAGE OUTPUTS USING Am6012

The settling time for the Am6012 is specified for the current mode
or the fastest operating mode. Many DAC applications require a
current-to-voltage conversion. This can be achieved simply by
connecting a low-value resistor directly to the output. If the output
current is 4mA, a unipolar output would limit the resistor value to
1.25K ohms to ground because of the —5V DAC output voltage
compliance limitation. The output settling time is determined by
the RC time constant produced by the DAC output capacitance of
20pF (plus stray capacitance) and the value of the load resistor.
Settling to 0.01% (x=12LSB) of full-scale would require approxi-
mately 300nsec, or nine time constants. An operational amplifier

Ris (EQ) = 2k
C¢ = 10pF

T T
I T

1]
i
L
LARGE SIGNAL =50% 4]
MODULATION OF 4mA”_|
FULL SCALE CURRENT _|
el T
SMALL SIGNAL =1%
MODULATION OF 2ma
FULL SCALE CURRENT
T V|
0.1 1.0

RELATIVE QUTPUT — dB

FREQUENCY — MHz LICBTY

Figure 10. Reference Amplifier Frequency Response

RRer 14
+Vrer O—AAA— Vrer(-)
Ryq
Am6012
Vaer(+)
Ris 15
- cc
I 0.9uF
Vin

Licer2

Figure 11. High-Impedance AC-Coupled Multiplication



is required if lower output impedance or larger output swings are
desired, but some settling time will be lost because the output
response is limited by the amplifier's slew rate and settling time. A
feedback capacitor Ct (Figure 12) can compensate for the pole
produced by the DAC output capacitance, op-amp input capaci-
tance and the feedback resistor. Careful selection of this
capacitor also optimizes the response time. Fastest operation is
achieved by minimizing lead lengths, impedances and stray
capacitances and bypassing the supplies o the DAC and opera-
tional amplifier.

The Am6012 has a maximum zero scale current of 0.14A over
the full temperature range. This represents only 1/10LSB zero
offset error. Therefore, the only error that needs to be corrected
will be the operational amplifier offset voltage. A typical
amplifier, such as the LF156, has an offset valtage (Vog) of
13mV over temperature and 0.5uV/°C per mV change in aver-
age temperature coefficient with Vog adjusted to zero. This will
produce a total error of 1LSB over temperature, whereas if the
LF156A were used only 1LSB error would occur. in Figure 13
the Vg of the amplifier should be adjusted to zero with all of
the bits turned OFF. One L.SB is equal to 10/4096V = 2.44mV.

Am6012 Application Note

UNIPOLAR OPERATION (Figure 13)
Galn adjustment

Turn all the bits ON and adjust gain trimmer Ry until the output is
9.9978V. This represents 1LSB less than the nominal 10V full-
scale because the DAC outputs 4096 levels including zero so
VFs = 4095/4096 (10V) = 9.9976V.

BIPOLAR OPERATION (Figure 14)

This configuration will provide a bipolar output voltage from
—10.000V to 9.9951V for an offset binary digital input code.
Offset Adjustment

With all bits OFF, adjust offset trimmer Ry to give ~10.000V atthe
output.

Gain

Turn all the bits ON, and adjust gain timmer R4 to give an output
voltage of 9.9951V.

By using Figure 15 and Table 2, different input code formats
and output polarities can be accommodated.

C
Lt
[ 2.5k !
v‘ P
R
L !
+VREF O— AW VRee(+) -
14 A
4 -
Amgotz T —o
= Vo = 0 TO +10V
Vrer(-)
M4 15
= " b = € =Co+ G
- = ' i uc-e73
Figure 12. Voitage Output DAC
Rper = (Ry + R}
2.5k
AvAvAv
GAIN ADJUST
! IreF \.18_b
+VREF Vaer(+) -
Ry Ria 1
Am6012 —o
2.5k Vo = 0to +9.9076V
7 Vrer(-) + °
Ry 5
+15V
UNIPOLAR ZERO
ADJUST uc-e74
Figure 13. +10V Full-Scale Unipolar DAC
R BIPOLAR OFFSET
2 ADJUST kil
AA ANA- byV
2000 4.9k
GAIN ADJUST
975k 14 \ 18
_ Ve —AAA AN Vrer(+) 1 -
- 5000 Rig Vo
Ry Am6012 —0
15 ~10V to +9.8951V
Vaer(-) +
Ry
= 10K = Lc-87s

Figure 14. +10V Full-Scale Bipolar DAC
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5.000k{} 2.000mA
Rore
A3 Ry
A ANA—
Paa L] r
. 10RQ g
ﬂ‘ED: AN VREF(+} c - Vour
QP AMP —
—WW——1 VRer(—) d )+
Rys 15
ANALOG_L. 1%k B8y
GROUND =
1 9 Rz
OPTIONAL
(SEE CODE TABLE) DIGITAL
GROUND
. = VREE nse Lse ANALOG GROUND
14 = TomA
R VREF.
°FF=2_DmA
LIC-876
Figure 15. Voltage Output Connection
TABLE 2. INPUT CODE FORMATS
MSB Ls8| I T
CODE FORMAT CONNECTIONS OUTPUT SCALE B1 B2 B3 B4 B5 86 B7 B8 B9 B10 B11 B12| (mA) | (mA) | Vour
Pasitive full scale T1 1 1 1 1 111 1 1 1 [3999 000 | 9.9976
Straight binary; one Positive full scale ~LSB | 1 1 1 1 1 1 1 1 1 1 1 0 |3998| .001 | 99951
polarity with trua input a-c Zero scale 0000000D0O 0O 0 O O/ 000|399 .000
code, true zaro output. b-g
R1 = R2 = 25K
UNIPOLAR
. Pasitive full scale 000000000 0O 0 O 000|399 | 99976
S::;Tss;\':g‘mnary, Positive full scale - LSB | 0 0 0 0 0 0 0 0 0 0 O 1 | 001 [3998 | 9.9951
complementary input :E Zero scale 11 1 1t 1 1t 1 11 1 1 3.999 .000 0000
code, true zero output. RY = R2 = 2.5K
Pasitive full scale LA O N E N A S B B | 1 1 3.999 .000 9.9976
. . . Positive full scale - LSB LU T S A H B R B B 1 0 {3998 | .001 9.9927
Straight affset binary; ac (+) Zero scale 100000 000G O 0 © 2000|1999 | .0024
offset half scale, b-d (-) Zero scale 01 1 1t t 11 1 1 1 1 1 |1999|2000 |-.0024
symmetrical about zero, tg Negative fullscale —LSB [ 0 0 0 0 0 0 D 0 0 O O 1 | .001|3.998 [-9.9927
o true zero output. R1 = R3 = 25K | Negative full scale 000O0COO0OOGOC O 0 0| .00 3999 |-9.9976
R2 = 1.25K
METRICAL
” I nt: Positive full scaie ot 1t 1 1 1 1t 1 1t 1 1 1 |3.998 .000 9.9976
;:f’:::":l' Positive ful scale —LSB | 0 1 1 1 1 1 1 1 1 1 1 0 [3998 | 001 | 9.9927
offse . sla;‘ a-c (+) Zero scale 0000000 O0OC 0 0 O |2000]199 | .0024
sy t"""‘"’ o m‘“"" b-d (-) Zero scale 111111111 1 1 1 |tg9s]2000 |-.0024
'h‘:sé”e f:p“"e "" " ig Negative full scale ~LSB | 1 0 0 0 0 0 D 0 O O © 1 | .001 {3998 |-9.9827
comeremen R1 = A3 = 2.5K | Negative full scale 1000000 O0G 0O 0 O 0003999 -9.9976
(need inverter at B1). R2 = 1.95K
Pasitive full scale LIRS I S H TS D AR S | 1 1 3.999 .000 9.9951
Positive full scale —LSB | 1 1 1 1 1 1 1 1 1 1 1 0 |3998| 001 | 99902
Offset binary: e-ac +LSB 10000000 0 0 1 |200 1998 | .0049
offset half scale, b-g Zero Scale 1 00000D0DO0O 0 0 O |2000]1.909 000
\rue zero output. A1 =R2=5K | - LSB 01 1 1 1 1 1t 1 % 1 1 1 [1999 2000 | -.0049
OFFSET Negative full scale + LSB | 0 0 © 0 0 0 © 0 0 O © 1 | 0013998 |-9.9951
T Negative full scale ©000000O0G O ©0 O .000]389 [~10.000
TRUE Positive full scale © 1 1 1 1 1 1 1 1 1 1 1 |39 000 | 9.9951
ZERO 2's complement; Positive full scale - LSB o1t 1 1t 1 1 1 1 1 1 0 |3.998 .001 9.9902
offset half scale e-a-C +1LSB o000 0G0 OO0 O0 O 0 1 |2.001 | 1.998 .0049
true zero output b-g Zero scale 0 0 0 0 O0O0CO0O 00 O [\ 0 | 2.000 | 1.999 1000
MSB complamented A1 - R2=5K |-1LSB 11111 1111 1 % 1 |1999 (2000 | -0.049
(need inverter at B1). Negative full scale + LS8 | 1 0 0 0 0 0 0 0 0 © © 1 | .001 |3.998 |-9.9851
Negative full scale 1 00000OGOCO O ©0 O | 000|399 |-10000
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TWO-QUADRANT MULTIPLICATION DAC

There are two types of two-quadrant muitiplication: bipolar digi-
tal, where the digital code controls the output polarity; and bipolar
analog, where the analog reference input controls output polarity.

Figure 14 shows a bipolar digital two-quadrant multiplication with
the output polarity controlled by an offset binary-coded input
word. Two DACs are required for the bipolar analog method
(Figure 16) because the Am6012 reference input cannot reverse
the output polarity. A bipolar reference voltage is connected to the
upper Am6012 and modulates the reference current by £0.5mA
around the quiescent current of 0.55mA. The lower Am6012 also
has a reference current of 0.55mA, and both DACs have the
same digital inputs. The lower Am6012 effectively subtracts out
the quiescent 0.55mA of the upper Am6012 reference current at
alt digital input codes by differentially connecting them to an
op-amp, thus the output voltage, Voyr, is a product of a digital
input code and a bipolar analog reference voltage.

FOUR-QUADRANT MULTIPLICATION

By combining bipolar digital and bipolar analog (two-quadrant
multiplication) the output analog polarity is controlled by the
analog reference input or by the offset binary digital input code. In
Figure 17 two Am6012s are connected to implement a four-
quadrant multiplying DAC. The circuit shows that a differential

Am6012 Application Note

input signal can be accepted and differential ouiput currents
produced that can either be connected differentially to an op-amp
to produce a voltage cutput or be used to drive balanced loads
such as transformers, transducers and transmission lines.

USING THE Am6012 IN A/D CONVERTERS

Successive approximation is probably the method most widely
used for implementing an ADC offering relatively fast conversion
times with a low component count. Requiring ‘n’ comparisons for
an ‘n’ bit conversion makes the technique capable of high speed.

As illustrated in Figure 18, the most significant bit is turned ON
first, and the DAC output is compared with the input. The bit is
switched OFF or left ON, depending upon whether the input
signal is smaller or larger than the DAC output signal. The re-
maining bits are successively switched ON and comparisons
made until all respective bits are either left ON or switched OFF.
Each time one bit is tried, the DAC is required to settle to within
+%LSB. The Am2504 Successive Approximation Register
(SAR) contains the necessary A/D logic, and the timing diagram
(Figure 19) relates to the Am2504. Holding the startinput LOW for
at least one clock period initiates the conversion. The MSB is set
LOW and all of the other bits are set HIGH for the first trial. Each
trial takes one clock period, proceeding from the most significant
to the least.

VREF

= +10V +15V —15v
100pF
T 1"
= 20 16 17 =
18
INPUT Veeel4) ¥F Cc V-
L5V REF(+) Ip)
AmB012
Vaer(-) 5
LSB GND,
.45k 15 | MSB Ve / 19 25K
= 1 t2 |13 = "
MSBO————9 — AAA—
o
o—
o—
o—
DIGITAL <
OUTPUTS o—
o——
o
o
o
LS8 O 7 12
v 18280 441 usa LsB ®
o—"VW——§
REF VRer(+) o
L
AmE012 _ 2 25K0
VRer(~-)
18.2k02 15 hbi Ce y- SNoie /1e L
= 20 1a| 17 !13 = =
100pF
A Ap
I +15V 15V I

Lc877

Figure 16. Bipolar Analog Two-Quadrant Multiplication
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Figure 17. Four-Quadrant Multiplication with High iImpedance Input

The time required to complete a 12-bit successive approximation
A/D conversion is determined by adding the duration of the 12
trials, the comparator decision delays and one clock cycle. Three
dynamic considerations must be taken into account: DAC output
current settling time to +%LSB, the comparator propagation
delay, and the SAR propagation delay and setup requirements.

For example, with 300nsec allowed for the DAC to settle to
+%,1.8B, and 300nsec for the comparator respense time plus
50nsec SAR logic delay a complete conversion could result in
8.5usec.

A major factor affecting the settling time of the DAC is the RC time
constant formed by the input resistor (Ryy) and the DAC output
capacitance (Cg) plus any stray capacitance present at the
summing node. The settfing to within +12LSB at 12 bits (=0.01%)
requires 9.2 RC time constants. Thus the Am6012, with an out-
put capacitance of 20pF, would influence the settling time if Ryy
were around 300 ohms. But Ryy would become the dominant
factor when greater than 500 ohms. Hence, if the A/D full-scale
range were. 10V and the DAC current was 4mA, then Ryy would

be equal to 2.5K, resulting in a time constant of 50nsec and a
settling time of approximately 500nsec. Lowering the effective
resistance at the summing node is a compromise between DAC
settling time and comparator overdrive because the V2LSB cur-
rent is only 0.5xA and, for an equivalent resistance of 500
ohms, wouid only result in a DAC output voltage corresponding
to %.LSB or 0.25mV, which is inadequate for most com-
parators. With Ryy of 2.5K this would resuit in %2LSB of
1.25mV, which is an adequate overdrive for the Am111s (Figure
18). producing a response time of 200nsec. The propagation
delay of the SAR is 50nsec. Hence, the total conversion time is
11.5usec for a full-scale signal range of 10V.

The input impedance of an ADC changes during the conversion®
process and can aiter the performance of the input amgplifier, or
sample and hold amplifier if used. Because the comparison point
can swing by a large amount, the input current can be modulated.
The output impedance of the input ampiifier is made LOW by the
loop gain of the feedback ampiifier. This gain reduces at high
frequencies, and the output impedance rises to its open loop
value, which is usually between 10 and 200 ohms.
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Figure 18. Fast Precision Successive Approximation A/D Converter

Errors can be introduced into the instantaneous input voitage if
the bandwidth of the amplifier is not sufficient and the output ofthe
input amplifier does not return to its normal voltage before the
converter makes a comparison. The Am6012 offers dual com-
plementary outputs that can present a constant load current to the
input signal significantly reducing switching transients and in-
creasing system throughput. Because the full-scale output cur-
rent of the Am6012 is 4mA, smaller load resistors can be used.
These minimize the output RC delay that usually dominates the
settling time for a 12-bit ADC. In the design of high-resolution,
high-speed ADCs, one must ensure that the analog wiring be kept
as short as possible and be separated from the vicinity of digital
lines. This precaution refers especially to the comparator output
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which can capacitively couple edge transients back to the input of
the comparator and cause the comparator to oscillate.

Digital ground and anatog ground should only meet at one
point to prevent digital ground currents from creating voltage
errors in the analog ground.

Ground loops should also be avoided within the analog sections
since they can introduce errors. Adequately bypassing supplies is
essential for high-speed and high-resolution ADCs and should
include high-frequency ceramic as well as tantalum capacitors to
decouple the high-frequency components of the digital switching
transients.
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Figure 19. Typical Timing Diagram for Successive Approximation Converter

MICROPROCESSOR-BASED SYSTEM INTERFACING

The Am6012 can be interfaced to a microprocessor-based sys-
tem. But microprocessors with an B-bit bus have the problem of
interfacing to the 12-bit DAC. This is solved by breaking the 12-bit
word into 8- and 4-bit bytes and storing each into a memory
location. Figure 20 shows a 12-bit DAC interfaced to the popular
AMYOB0A using an Am9555 Programmable Peripheral interface.
This allows two Am6012s to be connected. For a simpier system
the Am9555 could be replaced with a 12-bit latch and some
control logic.

Interfacing the Am6012 to a 16-bit microprocessor such as the
AmZ8001/8002 is shown in Figure 21. The DAC peripheral loca-
tion is addressed by the CPU and decoded by the AmZ8136 (8-bit
decoder with control storage), which contains input latches, al-
{lowing the peripheral address to be latched and decoded from the
address bus. The AS (address strobe) signal from the CPU
informs the decoder when the address is stable and is used as the
input register laich command. Two transparent latches are used
to latch the data off the address/data bus. The DS (data strobe)
command produces a CS (chip select) to force the AmZ8173 actal
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Figure 21. AmZ8000 Interface for Am6012 12-Bit DAC
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latches inlo their transparent mode. When DS goes HIGH this
causes CS to go HIGH and retains the data in the AmZ8173. This
prevents erroneous data from appearing at the Am6012 inputs
during CPU operations and causing the output from displaying
the wrong infermation. The AmZ8000 has the capability of out-
putting not only single words of data, but also blocks of data from
contiguous memory locations. The time for each data transfer is
10 clock cycles, resulting in a data update time of 2.5usec.
Additional time can be allowed for the DAC to settle by including
extra WAIT states. Each wait state period is 250nsec.

When used in a successive approximation type of ADC described
earlier, the Am6012 can be interfaced to an Am9080A to allow
analog information into the microprocessor system (Figure 22).
The ADC data conversion procedure is controlied by the
Am9080A Micropracessor set (Am9080A 8-bit microprocessor,
Am8224 clock generator and driver, and Am8228 system con-
troller and bus driver). The Am26S02 is used as the START
monostable circuit and is activated by (CS = 0, and IOW = 0).
START ADC command sets the S input of the SAR circuit
Am2504 to a logic 0. The width of the monostable pulse must be
greater than the period of the DATA CLOCK signal to initialize the

SAR logic. The DATA CLOCK period must be sufficiently long to
allow for the worst-case settling time of the Am60t12 DAC and
comparator Am111 and to ensure valid data at the SAR input.
After S goes LOW the first clock sets 60, changing itto logic ONE,
and the sample and hold reverts back to the sample mode. The
microprocessor is then allowed to resume its function by remov-
ing the logic ZERO from the RDYIN input of the Am8224 chip.
Logic ONE at the SAR’s S input prevents DATA CLOCK from
changing the digital data outputs of the SAR after the completion
of a conversion. When the microprocessor issues a READ ADC
command (CS = 0, IOR = 0), the data buffer (Am9555) is ena-
bled to transfer the data outputs of the SAR to the system data
bus and into the microprocessor accumulator where on a sub-
sequent memory write command stores the data into a memory
location. The ADC must be given another START ADC command
by the microprocessor before another conversion cycle can be
started.
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Figure 22. Microprocessor Controlled 12-Bit Analog to Digital Acquisition System
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