
AM6012
AM6012A

r z 7  S C S -T H O M S O N

12-BIT HIGH SPEED D/A CONVERTERS

■ ALL GRADES 12-BIT MONOTONIC OVER 
TEMPERATURE

■ DIFFERENTAL NONLINEARITY TO ±0.012% 
(13 BITS) MAX OVER TEMPERATURE
A GRADES)

■ 2SOns TYPICAL SETTLING TIME
■ FULL SCALE CURRENT 4mA
■ HIGH SPEED MULTIPLYING CAPABILITY
■ 'TL/CMOS/ECL/HTL COMPATIBLE
■ -IGH OUTPUT COMPLIANCE: -5 V T O  +10V

■ COMPLEMENTARY CURRENT OUTPUTS
■ _OW POWER CONSUMPTION: 230mW

DESCRIPTION
_ -e  AM6012 is an industry standard monolithic 

l o t  digital-to analog converter. Complementary 
: -~ent output and high speed multiplying capabi- 

-  ake the AM6012 useful in a wide range of ap- 
: : a: ons such as video displays, process control 
: — _ try and fast A/D converters. The 6012 is the 
— D A to achieve 12-bit differential linearity wi- 
- :  _t the use of thin film resistors or active trim-

-  The 6012’s unique circuit design insures
-  : - r rnicity without the precision trimming asso-

.vith most other 12-bit DAC architectures. 
-M6012 is packaged in a 20-pin plastic DIP 

:  s SO-20L for surface mounting. Although te
ase and specified at ±  15V, the AM6012 works well 

t - = wide range of power supply voltages. Per- 
— ;^ce is essentially independent of supply vol- 

; i r : ,er the range of + 5 volts, -  12 volts to ±  18 
■; "tie AM6012 series guarantees full 12-bit mo- 

- :  : - city for all grades and differential nonlinea-
-  as high as 0.012% (13 bits) for the A grades 
a*a :  025% (12 bits) for the standard grades over 
-a  entire temperature range.
> .a--~:eed monotonicity and low cost make the
- 5:12 an ideal choice for high volume applica- 
: r s  -squiring fine local resolution. Typical appli- 

:ar :>-< include printer graphics and video displays. 
*--ese applications need a minimum of 12 bits of 
-a; _aon, although conformance to an ideal

a ; - ,  ine from zero to full scale is less important.

PIN CONNECTION

-588 1/12
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A M 6012-A M 6012A

ABSOLUTE MAXIMUM RATINGS

Operating Temperature Range 0 to 70 °C
Storage Temperature - 6 5  to + 125 °C
Power Supply Voltage ±18 V
Logic Inputs -  5 to +18 V
Voltage at Current Outputs Pins - 8  to +12 V
Reference Inputs + Vs to -  Vee ±18V V

max Differential
Reference Input Current 1.25 mA

CONNECTION DIAGRAM AND ORDERING INFORMATION

Type Differential 
linearity (%)

Temperature 
Range (°C) Package

AM6012PC 0.025
0 to 70 DIP.20

AM6012APC 0.012

AM6012 D 0.025
Oto 70 SO.20L

AM6012 AD 0.012

BLOCK DIAGRAM

THERMAL DATA

Rthj-amb Thermal resistance junction-ambient max 100 °C/W

2/12
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A M 6012-A M 6012A

ELECTRICAL CHARACTERISTICS
"■"ese specifications apply for V s=  +15V, Ve e = -15V , Iref = 1 .OmA, over the operating temperature 
-ange unless otherwise specified

Pa ram. Description Test Conditions

AM6012A AM6012

UnitsMin. Typ. Max. Min. Typ. Max.

Resolution 12 12 12 12 12 12 Bits

Monotonicity 12 12 12 12 12 12 Bits

3 X L
Differential
Nonlinearity Deviation from ideal step size

- - ±.012 - - ±.025 %FS

13 - - 12 - - Bits

ILL Nonlinearity Deviation from ideal straight line - - ±.05 - ' - ±0.05 %FS

^5 Full Scale Current
VREF = 10.000V
r14= r15= lo.oookn 
Ta  = 25°C

3.967 3.999 4.031 3.935 3*999 4.063 mA

■Ofs Full Scale Temp.Co.
- ±5 ±20 - ±10 ±40 ppm°C

- ±.0005 ±.002 ±.001 ±.004 ’/oFS°C

*oc
Output Voltage 
Compliance

D.N.L. Specification guaranteed 
over compliance range 
Ro u t> 1° megohme typ.

-5 - + 10 -5 - + 10 V

^ss
Full Scale 
Symmetry Ifs-'fs - ±0.2 ±1.0 - ±0.4 ±2.0 „A

25 Zero Scale Current - - 0.10 - - 0.10 r*A

*s Setting Time To ±1/2 LSB, all bits ON or 
OFF, Ta  = 25°C - 250 500 - 250 500 nSec

Propagation 
Delay - all bits 50% to 50% - 25 50 - 25 50 nSec

“ OUT Output Capacitance - 20 - - 20 - pF

H . Logic
Input
Levels

Logic “ 0 ” - - 0.8 - - 0.8
V

h Logic "1” 2.0 - - 2.0 - -

In Logic Input Current ViN = -5 to  +18V - - 40 - - 40 vA

*5 Logic Input Swing Ve e =-15V -5 - + 18 -5 - + 18 V

Reference Current 
Range 0.2 1.0 1.1 0.2 1,0 1,1 mA

Reference Bias 
Current

0 -0.5 -2,0 0 -0.5 2.0 /rA

SCS-THOMSON 3/12

53



A M 6012-A M 6012A

ELECTRICAL CHARACTERISTICS (Continued)

Param. Description Test Conditions

AM6012A AM6012

UnitsMin. Typ. Max. Min. Typ. Max.

di/dt Reference Input 
Slew Rate

Rl4(eq) = 800^ 
CC = OpF 4.0 8.0 - 4.0 8.0 - mA/Fs

PSSIFS +
Power Supply 
Sensitivity

Vs = ( + 13.5V to + 16.5V) 
VEE=-15V - ±.00005 ±.001 - ±0.0005 ±.001

'/oFS/%

PSSIfs -
VEE= -13.5V to -16.5V 
Vs = + 15V - ±.00025 ±.001 - ±.00025 ±.001

VS Power Supply 
Range VoUT-OV

4.5 - 18 4.5 - 18
V

Vee -18 ’ - -10.8 -18 - -10.8

l+

Power Supply 
Current

Vs = +5V, VEE= -  15V
- 5.7 8.5 - 5.7 8.5

mAI - - -13.7 -18.0 - -13.7 -18.0

l+
Vg = +15V, VEE= -15V

5.7 8.5 - 5.7 8.5

I - - -13.7 -18.0 - -13.7 -18.0

Pd
Power
Dissipation

Vs = +5V, VEE= -15V - 234 312 - 234 312 mW

Vs = +15V, VEE= -15V - 291 397 - 291 397

Fig. 1 - Relative Accuracy Error Fig. 2 - Example o f Nonm onotonic Behavior

A60ie-io::ois tMiu-tti:: lih
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A M 6012-A M 6012A

APPLICATION INFORMATION

FUNCTIONAL DESCRIPTION
T ie  segmented design of the AM6012, shown in 
le  block diagram, insures that there are no signi-

- cant differential nonlinearities in the transfer cha- 
'acteristic. The eight major carries of the most 
= gnificant bits are not subject to the gross diffe- 
-ential nonlinearities that can occasionally occur
-  an R-2R type DAC. This advantage is due to the 

---idamentally different way that the current is han- 
z-ed in an AM6012.
-  a conventional R-2R type DAC, when the input 
: oae is increemented past a major carry, a current 
p resen ting  the new code is substituted for the 
sum of all the less significant bit currents that we-
3 previously on. To avoid any nonlinearities, the 

-•vo total currents must be extremely well matched.
-  me case of the MSB major carry in a 12-bit DAC, 
-« match must be better than one part in 2048 to

-  = ntain monotonicity. However, in the AM6012, 
£ ~ew current is never substituted for the sum of 
several smaller ones, but redirected through alter-
- r e  channels and incremented one step at a time. 
For example, consider the MSB carry in an
- *.'6012. In the initial state of 011111111111 as 
snown in the block diagram, the switches in the 
se-cment generator are set in such a way that cur- 
p :s lo, l| and I2 are steered directly into the no- 

■ - . erting output loUT- In addition, a portion of I3 
= : 'ected through the 9-bit DAC that is controlled 
: me 9 least significant bits into loUT- With the 
r_S8s set to “ I” , all of the I3 current is directed 
: kXJT except for the 1/512 that goes to ground

-  ^gh the right-most transistor in the 9-bit DAC. 
Vremhe input word is changed to 100000000000, 
~-z segment decoder switch for I3 will be all the 
•2 . to the right, the switch for I4 will be in the mid- 
: e and all the switches in the 9-bit DAC will be 
: —e left. Iout will be composed of lo, h, I2 and

•: ne of I4 will be directed into Iout  until a hi- 
:*e r code is reached. In other words, I3 is now 
m ped directly to Iout  instead of being divided 

s ‘ actor of 511/512 in the 9-bit DAC. Since no 
- - a  current substitution occurs, there is less 

• :  " c  of a large nonlinearity at this transition than
- i  comparable R-2R DAC.

- n a t iv e  ACCURACY VS DIFFERENTIAL NON- 
JNEARITY
* : :?*ines relative accuracy as the maximum de-
• ar on of the actual, adjusted DAC Output from the 
; ;  5, analog output (a straight line drawn between 

—e rwest code output voltage and the highest GG- 
r r  cutout voltage) tor any Pit comDinatien. Reiati-
4 accuracy is often referred to as nonlinearity. The 

‘  -ansfer function shown in Figure 1 has a BOW

that results in a maximum relative accuracy error 
of 3LSB. This must be distinguished from a diffe
rential linearity error. Differential nonlinearity is the 
measure of the variation in analog value, normali
zed to full scale, associated with a ILSB change 
in digital input code.
For example, for a 4mA full scale output, a chan
ge of ILSB in digital input code should result in a 
0.98/iA change in the analog output current 
(ILSB = 4mA x 1/4096 = 0.98/iA). If in actual use, 
however, a ILSB change in the input code results 
ina change of only 0.24fiA (1/4LSB) in output cur
rent, the differential linearity error would be 0.74/iA 
or 3/4LSB.
The AM6012 has very good differential linearity in 
spite of the porr relative accuracy. Conversely, the 
DAC of Figure 1 has very good relative accuracy 
but poor differential linearity. The anomaly in the 
middle of the transfer function is the result of a po
sitive differential linearity error followed by a ne
gative differential linearity error greater than 1LSB. 
A negative output step for an increase in digital in
put code is referred to as nonmonotonic behavior. 
In general, if a DAC has a differential linearity er
ror specification greater than 1 LSB, it may be non
monotonic at one or more of the major carries. In 
most case the worst differential linearity error will 
occur at the MSB transition point.
As noted in the functional description, the 6012’s 
unique design minimizes differential linearity errors 
at the transition points of the 3MSBs. This results 
in a tight specification on maximum differential non
linearity over temperature. Differential linearity is 
verified on all AM6012s with 100% final testing. 
In many converter applications, uniform step size 
(or minimum differential linearity error) is more im
portant than conformance to an ideal straight line. 
Twelve-bit onverters are usually needed for high 
resolution rather than high linearity as evidenced 
by the fact that few transducers are more linear 
than 0.1 %. This is also true in video graphics, whe
re the human eye has difficulty discerning nonli
nearity of less than 5%. The AM6012 is especially 
well suited for these applications since it has in
herently lOW differential linearity error.

5G5 THOMSON 5/12
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A M 6012-A M 6012A

APPLICATION INFORMATION (Continued)

ANALOG OUTPUT CURRENTS
Both true and complemented output sink currents 
are provided where lo + lo  = Ifr. Current appears 
at the “ true”  output when a “ 1 ”  is applied to each 
logic input. As the binary count increases, the sink 
current at pin 18 increases proportionally, in the 
fashion of a “ positive logic”  D/A converter. When 
a “ 0”  is applied to any input bit, that current is tur
ned off at pin 18 and turned on at pin 19. A decrea
sing logic count increase lo  as in a negative or 
inverter logic D/A converter. Both outputs may be 
used simultaneously. If one of the outputs is not 
required it must still be connected to ground or to 
a point capable of sourcing Ifr; do not leave an 
unused output pin one.
Both outputs have an extremely wide voltage com
pliance enabling fast direct current-to-voltage con
version through a resistor tied to ground or other 
voltage source. Positive compliance is 25V above 
V -  and is independent of the positive supply. Ne
gative compliance is + 10V above V - .
The dual outputs enable double the usual peak-to- 
peak load swing when driving loads in quasi
differential fashion. This feature is especially use
ful in cable driving, CRT deflection and in other ba
lanced applications such as driving center-tapped 
coils and transformers.

POWER SUPPLIES
The AM6012 operates over a wide range of power 
supply voltages from a total supply of 20V to 36V. 
When operating with V -  supplies of - 1 0V or less, 
Iref < 1mA is recommended. Low reference cur
rent operation decreases power consumption and 
increases negative compliance, reference ampli
fier negative common mode range, negative logic 
input range, and negative logic threshold range; 
consult the various figures fro guidance. For exam
ple, operation at -  9V with Iref = 1 mA is not re
commended because negative output compliance 
would be reduced to near zero. Operation from lo
wer supplies is possible, however at least 8V total 
must be applied to insure turn-on of the internal 
bias network.
Symmetrical supplies are not required, as the 
AM6012 is quite insensitive to variations in supply 
voltage. Battery operation is feasible as no ground 
connection is required; however, an artificial ground
may be used to insure logic swings, etc, remain
between acceptable limits.

TEMPERATURE PERFORMANCE 
The nonlinearity and mononicity specifications of 
the AM6012 are guaranteed to apply over the en
tire rated operating temperature range. Full scale

6/12

output current drift is flight, typically ± 10ppm/°C 
with zero scale output current and drift essentially 
negligible compared to 1/2 LSB.
The temperature coefficient of the reference resi
stor R14 should match and track that of the out
put resistor for minimum overall full scale drift.

SETTLING TIME
The AM6012 is capable of extremely fast settling 
times, typically 250ns at Iref = 1 0mA. Judicious 
circuit design and careful board layout must be em
ployed to obtain full performance potential during 
testing and application. The logic switch design 
enables propagation delays of only 25ns for each 
of the 12 bits. Settling time to within 112 LSB of the 
LSB is therefore 25ns, with each progressively lar
ger bit taking successively longer. The MSB set
tles in 250ns, thus determining the overall settling 
time of 250ns. Settling to 10-bit accuracy requires 
about 90 to 130ms. The output capacitance of the 
AM6012 including the package is approximately 
20pF; therefore, the output RC time constant do
minates settling time if Rl >  5000.
Settling time and propagation delay are relatively 
insensitive to logic input amplitude and rise and fall 
times, due to the high gain of the logic switches. 
Settling time also remains essentially constant for 
Iref values down to 0.5mA, with gradual increa
ses for lower Iref values lies in the ability to at
tain a given output level with lower load resistors, 
thus reducing the output RC time constant. 
Measurement of settling time requires the ability 
to accurately resolve ±2/iA, therefore a 2.5kf2 load 
is needed to provide adequate drive for most oscil
loscopes. At Iref values of less than 0.5mA, ex
cessive RC damping of the output is difficult to 
prevent while maintaining adequate sensitivity. Ho
wever, the major carry from 011111111111 to 
100000000000 provides an accurate indicator of 
settling time. This code change does not require 
the normal 6.2 time constants to settle to within 
±0.1%  of the final value, and thus settling times 
may be observed at lower values of Iref. 
AM6012 switching transients or “ glitches”  are very 
low and may be further reduced by small capaciti
ve loads at the output at a minor sacrifice in set
tling time.
Fastest operation can be octained by using short 
leads, minimizing output capacitance and load re
sistor values, and by adequate bypassing at the 
supply, reference, and Vlc terminals. Supplies do 
not require large electrolytic bypass capacitors as
the supply current drain is independent of input lo
gic states; 0 .V F  capacitors at the supply pins pro
vide full transient protection.
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A M 6012-A M 6012A

APPLICATION INFORMATION (Continued)

REFERENCE AMPLIFIER SETUP 
"he AM6012 is a multiplying D/A converter in which 
the output current is the product of a digital num- 
oer and the input reference current. The referen
ce current may be fixed or may vary from nearly 
zero to + 1 .OmA. The full range output current is 
a linear function of the reference current and is gi
ven by:

RF= ——  x 4 x (Iref) = 3.999 Iref ,

where |ref = Ii 4

■ positive reference applications, an external po- 
5.*ive reference voltage forces current through R14 
-to the Vref(+) terminal (pin 14) of the reference 
amplifier. Alternatively, a negative reference may 
ce applied to Vref(-) at pin 15. Reference current
* dws from ground through R14 into Vref( + ) as in 
~e positive reference case. This negative reference 
connection has the advantage of a very high im- 
cedance presented at pin 15. The voltage at pin 
*4 is equal to and tracks the voltage at pin 15 due 
*: the high gain of the internal reference amplifier. 
:  15 (nominally equal to R14) is used to cancel bias 
: -rrent errors. (Figure 3).
5 polar references may be accommodated by off- 
FfTting Vref or pin 15. The negative common- 
-od e  range of the reference amplifier is given by:
• OM -  = V -  plus (Iref x 3kf2) plus 1.8V. The po- 
; - ve common-mode range is V + less 1.23V.

-en a DC reference is used, a reference bypass 
capacitor is recommended. A 5.0V TTL logic sup- 

s not recommended as a reference. If a regu- 
i'ed  power supply is used as a reference, R14 
• : jld  be split into two resistors with the junction 

: rassed to ground with a 0.1/rF capacitor.
-c r most applications the tight relationship between 
p=EF and Ifs will eliminate the need for trimming 
-Ec. If required, full scale trimming may be ac- 
: :■—plished by adjusting the value of R14, or by 

-g a potentiometer for R14.

W __TIPLYING OPERATION 
~e AM6012 provides excellent multiplying perfor 

-ance with an extremely linear relationship Pet- 
l*een |pg and Iref ouer a range ot 1mA to 1/xA 
■ :i-otonic operation is maintained over a typical 
3-ge  of Iref from 100/iA to 1.0mA.

REFERENCE AMPLIFIER COMPENSATION FOR 
MULTIPLYING APPLICATIONS 
AC reference applications will require the referen
ce amplifier to be compensated using a capacitor 
from pin 16 to V - .  The value of this capacitor de
pends on the impedance presented to pin 14. For 
R14 values of 1.0, 2.5 and 5 Okfl; minimum values 
of Cc are 5, 12 and 25 pF. Larger values of R14 
require proportionately increased values of Cc for 
proper phase margin (See Figure 4 and 5).
For fastest response to a pulse, low values of R14 
enabling small Cc values should be used. If pin 14 
is driven be a high impedance such as a transistor 
current source, none of the above values will suf
fice and the amplifier must be heavily compensa
ted which will decrease overall compensated which 
will decrease overall bandwidth and slew rate. For 
R14 = 1kf) and Cc = 5pF, the reference amplifier 
slews at 4mA/ms enabling a transition from 
Iref = 0 to Iref= 1mA in 250ns.
Operation with pulse inputs to the reference am
plifier may be accommodated by an alternate com
pensation scheme. This technique provides lowest 
full scale transition times. An internal clamp allows 
quick recovery of the reference amplifier from a cu
toff (Iref = 0) condition. Full scale transition (0 to 
1 mA) occurs in 62.5ns when the equivalent impe
dance at pin 14 is 800Q and Cc = 0. This yields a 
reference slew rate of 8mA/^s which is relatively 
independent of Rin and V in values.

LOGIC INPUTS
The AM6012 design incorporates a unique logic in
put circuit which enables direct interface to all po
pular logic families and provides maximum noise 
immunity. This feature is made possible by the lar
ge input swing capability, 40fiA logic input current, 
and completely adjustable logic inputs may swing 
between - 5  and +10V.
This enables direct interface with + 15V CMOS lo
gic, even when the AM6012 is powered from a + 5V 
supply. Minimum input logic swing and minimum 
logic threshold may be adjusted over a wide range 
by placing an appropriate voltage at the logic thre- 
shold control pin (pin 13. Vlc). For TTL interface, 
simply ground pin 13, When interfacing FCL, an 
IREF e 1mA is recommended. For interfacing 
other logic families, S60 PlOCk titled ' “Interfacing 
With Various Logic Families". For general setup of 
the logic control circuit, it Should P@ hOted that pin 
13 Will Sink 1,1mA typical, external circuitry should 
be designed to accommodate this current (Figure 6).
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Fig. 3 - Reference am plifier biasing

Reference Configuration R f4 R15 R in Cc I REF

Positive Reference Vr + ov N/C .01/iF V R  + /R 1 4

Negative Reference OV Vr - N/C ,0V F -V R -/R 1 4

Lo Impedance Bipolar 
Reference Vr + OV V|N (Note 1) Vr +/R u ) + (Vin/R in) 

(Note 2)

Hi Impedance Bipolar 
Reference Vr + V|N N/C (Note t) (VR+ — VlN)/Rl4 

(Note 3)

Pulsed Reference (Note 4) Vr + OV V in No Cap (VR R. /R14) + (Vin/R in )

Notes:
1. The compensation capacitor a function of the impedance seen at the + Vpgp input and must be at least 5pF « R )0(Bq) 

in kSJ. For Ri 4 <  800St no capacitor is necessary.
2. For negative values of V im . Vr + /R i 4 must be greater than -  V in Max/R|N se that the amplifier is not turned off.
3. Fer positive values of V|n , Vr + must be greater than V|m Max so the amplifier is not turned off.
4. For pulsed operation, Vr + provides a DC Offset and may be set to zero in some cases. The impedance at pin 14 

should be 800S2 or less.
5. For optimum settling time, decouple V . with 20SJ and bypass with 22«F tantulum capacitor,
6. Reference current and reference resistor - there is a 1 to a schale factor between the reference current (Ipef) and 

the full scale output current (las), If Vr e f -  +10V and Ipg-Am A, the value of the R is:

R 14 =
4x10 Veit 

4m A * *
10kn R̂ 4 = R^j

8/12
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Fig. 4 - Minimum size compensation capacitor 
(1FS= 4mA, lREF = 1.0mA)

R 14(EQ)(K!2) Cc (pF)

10 50
5 25
2 10
1 5
5 0

Vote: A 0.01 i»F capacitor is recommended for fixed reference operation.

Fig. 5 - Reference Am plifier Frequency response

(dB)

3

0

-3

- 6

i — i— i I r
----  SMALL SIGNAL
----  LARGE SIGNAL

\

\
\R 14 = 2K 

Cc =  lOpF
AI____ 1____ 1___

0.01 0.1 1 10 
(MHz)

A6012-11:: DI

- g. 6 • Interfacing Circuits

CMOS

ECL

Fig. 7 - Accomodating Bipolar Reference

VREF +

IREF > PEAK NEGATIVE SWING OF Iin

VREF (t)

r \ _ J U1MHIGH INPUT
IMPiDANCS

VREF (A) MUST BE ABOVE PEAX POSITIVE SHINS OF YIN
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Fig. 8 - AM6012 Logic Inputs

3 KOhm

Code F orm at C on ne c .
O u tp u t

Scale

M SB 

B1 B2 B3 B4 B5 B6 B7 B8 B9 B 1 0  B11

LSB

B12
■o 'o

V 0UT

S tra ig h t bynary a-c Positive fu ll scale 1 1 1 1 1 1 1 1 1 1 1 1 3 .99 9 .000 9 .9 9 7 8

one po larity b-g Positive fu ll scale-LSB 1 1 1 1 1 1 1 1 1 1 1 0 3 .99 8 .001 9.9951

w ith  true  inp u t R1 = R 2  =  2 .5K Zero scale 0 0 0 0 0 0 0 0 0 0 0 0 .000 3.999 .0000

code, tru e  zero

Unipolar
ou tp ut.

Com plementary a-g Positive fu ll scale 0 0 0 0 0 0 0 0 0 0 0 0 .000 3.99 9 9.99 76

b inary one b-c Positive fu ll scale-LSB 0 0 0 0 0 0 0 0 0 0 0 1 .001 3.998 9.9951

po larity  w ith R1 =  R2 =  2 .5K Zero scale 1 1 1 1 1 1 1 1 1 1 1 1 3 .99 9 .000 .0000

com plem entary
inp u t code, true
zero ou tput.

S tra ig h t offset a-c Positive fu ll scale 1 1 1 1 1 1 1 1 1 1 1 1 3.999 .000 9.99 76

binary ; offset b-d Positive fu ll scale-LSB 1 1 1 1 1 1 1 1 1 1 1 0 3 .99 8 .001 9.99 27

halt scale, sym- f-0 ( + )  Zero scale 1 0 0 0 0 0 0 0 0 0 0 0 2.000 1.999 .0024

m etrica l about R1 = R 3  =  2 .5K (-)  Zero scale 0 1 1 1 1 1 1 1 1 1 1 1 1.999 2.000 -.00 24

zero, no true R2 =  1 .25K Negative fu ll scale-LSB 0 0 0 0 0 0 0 0 0 0 0 1 .001 3.998 -9 .9 92 7

zero ou tput. Negative fu ll scale 0 0 0 0 0 0 0 0 0 0 0 0 .000 3.999 -9 .9 97 6

Offset 1 's  com plem ent a-c Positive fu ll scale 0 1 1 1 1 1 1 1 1 1 1 1 3 .99 9 .000 9 .99 76

o ffse t half scale b-d Positive fu ll scale-LSB 0 1 1 1 1 1 1 1 1 1 1 0 3 .99 8 .001 9 .99 27

sym m etrica l f-g (+ )  Zero scale 0 0 0 0 0 0 0 0 0 0 0 0 2 .00 0 1.999 .0024

about zero, no R1 =  R3 =  2.5K (-)  Zero scale 1 1 1 1 1 1 1 1 1 1 1 1 1.999 2.000 -.00 24

tru e  zero ou tput R2 =  1.25K Negative fu ll scale-LSB 1 0 0 0 0 0 0 0 0 0 0 1 .001 3.99 8 -9 .9 92 7

MSB com ple- Negative fu ll scale 1 0 0 0 0 0 0 0 0 0 0 0 .000 3.99 9 -9 .9 97 6

m ented (need
inve rte r at B1).

Offset b inary, e-a-c Positive fu ll scale 1 1 1 1 1 1 1 1 1 1 1 1 3.99 9 .000 9.9951

offset half b-g Positive fu ll scale-LSB 1 1 1 1 1 1 1 1 1 1 1 0 3.998 .001 9 .99 02

scale, true  zero R1 = R 2  =  5K +  LSB 1 0 0 0 0 0 0 0 0 0 0 1 2.001 1.998 .0049

ou tput. Zero Scale 1 0 0 0 0 0 0 0 Q 0 0 0 2.000 1.999 .000

-LSB 0 1 1 1 1 1 1 1 1 1 1 1 1.999 2.000 -.0 0 4 9

Negative fu ll s ca le + L S B 0 0 0 0 0 0 e • 0 0 0 1 001 3.998 -9.9951

Offset w ith Negative fu ll scale 0 0 0 0 0 0 0 • 9 • 0 0 000 3.999 -10 .00 0

True Zero
2 ’s com plem ent e-a-c Positive fu ll scale 0 1 1 1 1 1 1 1 3.999 .006 9.9951

offset ha lf scale b-g Positive fu ll scale-LSB 0 1 1 1 1 1 i 1 1 1 1 0 3.998 .001 9 .99 02

tru e  zero ou tput R1 =  R2 =  5K +  1 LSB 0 0 0 0 0 0 0 0 0 0 0 1 2.001 1.998 .0049

MSB com ple- Zero scale 0 0 0 0 0 0 0 0 9 0 0 0 2.000 1.999 .000

m ented (need -1 LSB 1 1 1 1 1 t 1 1 1 1 1 1 1.999 2.000 -0 .0 49

inve rte r a t B1) Negative fu ll scale +  LSB 1 0 0 0 0 0 0 0 0 0 0 1 .001 3.99 8 -9.9951

Negative fu ll scale 1 0 0 0 0 0 0 0 0 0 0 0 .000 3.999 -10 .00 0

ADDITIONAL CODE MODIFICATIONS
1. Any of the offset binary codes may be complemented by reversing the output terminal pair.
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A M 6012-A M 6012A

Pig. 9 - Basic Negative Reference Operation

RR EF
14

.R E F  ( - )  O --------------C Z F -

R 15
15

A M 6 0 1 2

Fig. 11 - CRT Display Driver

Io
\ 18
) = :
7 19

10

Fig. 10 - Recommended Full-scale Adjustm ent C ircuit

RR EF I o

Rig. 12 - 12-BIT High-Speed A/D Converter
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A M 6012-A M 6012A

Fig. 13 - Interface with 8-bit M icroprocessor Bus

BUS

7
6
5
4
3
2
1
0
E2
El

A6012-4:: LIB

Fig. 14 - Interface w ith d igita l signal processor TS68930/31
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