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;Program 8 Bit Parallel To Serial Converter By AT89C2051

ORG 0000H

JMP START

ORG 0003H
SERVICE

MOV A, P1

CALL SEND

RETI

Initial Serial Port

;

SINIT
MOV TMOD, #21H
MOV SCON, #52H
MOV TH1, #OFFH
ORL PCON, #80H
SETB TR1
RET

send Data to Serial Port

'

SEND
JNB TI, $
CLR TI
MOV SBUF, A
RET

START
CALL SINIT
SETB ITO
SETB EXO
SETB EA
JMP $

END
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;Program Serial to 8-Bit parallel Converter By AT89C2051

SERVICE

H

SINIT

i

RECV

START :

STOO :

ORG
JMP

ORG

CLR
DJNZ
SETB
MOV
S _ouT

MOV
MOV
MOV
ORL
SETB
MOV
SETB
RET

Receive Data From

CLR
MOV
RET

CALL
MOV

SETB
SETB

CALL
MOV

0000H
START

000BH

P3.7
R3, S_OUT
p3.7

R3, #16
RETI

Initial Serial Port

TMOD, #22H
SCON, #52H
TH1, #OFFH
PCON, #80H
TR1

THO, #244
TRO

Serial Port

RI, $
RI
A, SBUF

SINIT
R3, #16
ETO
EA

RECV
P1, A
STO0O
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ADC0800

General Description

The ADCO800 is an 8-bit monoalithic A/D converter using P-
channel ion-implanted MOS technology. It contains a high
input impedance comparatof, 256 series resistors and ana-
log switches, control logic and output latches. Conversionis
performed using & successive approximation technique
where the unknown analog voltage is compered 1o the re-
sistor tie points using analog switches. When the appropri-
ats tie point voltage matches the unknown voltage, conver-
sion is complete and the digital outputs contain an 8-bit
complementary binary word corresponding to the unknown.

ADC0800 8-Bit A/D Converter

NNational Semiconductor

Features

o Low cost

u £5V, 10V input ranges
= No missing codes

| Ratiometric conversion
n TRI-STATE outputs

u Fest

w Containg output fatches
u TTL compatible

& Supply voltages

Tc=50 ps :

5Vpcand —12Vpc | -
8 bits

1148

40 clock perods |

50 to 800 kHz

.

ANALOG 1
l SWITCHES

300 _____L_ ’
~+—

% O

-
l

l

|

I

l

|

I

I

|

|

l
L

R-NETWORK Vin
BOTTOM ANALDG  oure
INPUT

150 l\ '
L —

The binary output is TRI-STATE® to permit bussing on com-- mu Resolution
mon data lines. u Linearity
The ADCOBOOPD is specified over —55°C to +125°Cand @ Conversion speed
the ADCOBO0OPCD is specified over 0°C to 70°C. u Clock range
Block Diagram
Vg
#M0S
"‘,m"" s00Y}
. AV YA AV TA W
4>IT P-AESISTOR
L X-800Y
50 | et
N | v v
256R l —L
NETWORK

SELECTION
AND
CONTROL

oy Lo6IC

s St m— "

!
I

y ENDOF
towvEST"

T
LATCH

COMPLEMENTARY
DIGITAL QUTPUT

{DO000000 = + full-scale)

I 7 TRISTATE®

i ouTPUT
ENASLE
Voo

l DIGITAI:-GROUND i
s {32 |y (sl -
"ss . 158 -

START
CONVERSION

|

TL/H/5870-1 -

we!

2-10
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Absolute Maximum Ratings note1) )
# Military/Aerospace specified devices are required, Power Dissipation (Note 3) 875 mwW
please contact the National Semiconductor Sales ESD Susceptibiity (Note 4) 500V
Otfice/Distributors for avaliiability and specifications. Storage Te ture 150°C
Supply Voltage (Voo) Vss—22V Lead Temperature (Soldering, 10 sec.) 300°C
Supply Voltage (Vgg) Vgg—22V
voitage at Any input Vsg+0.3Vto Vsg—22V Operating Ratings (ote 1)
Input Current at Any Pin (Note 2) SmA Temperature Range Trmin € Ta < Tmax
Package Input Current (Note 2) 20mA ADCO800PD —~55"C < Tp £ +125°C

ADCOB00PCD O*'C<Ta< +70°C

Electrical Characteristics

These specifications apply for Vgs=5.0 Vpg, Vgg= —12.0 Voc. VDD-O Voc- a reference voltage of 10.000 Vpg across the
on-chip R-network (VR.neTwork ToP = 5.000 Vpe and VRneETwORK BOTTOM™ —5.000 Vpe), and a clock frequency of 800
kHz For all lests, a 4750 resistor is used from pin § t0 VR.NETWORK BOTTOM = —5 Vpc. Unless otherwise noted, these
specifications apply over an ambient temperature range of —55°C to + 125°C for the ADCO800PD and 0°C to +70°C for.the

008000V

i

|
)
i
i
[
t

ADCOB00PCD. )
Parameter Conditions Min Typ Max Units
Non-Lineacity Ta=25°C, {Note 8) *1 Lsse
Over Temperature, (Note 8) +2 LS8
Ditierantial Non-Linearity *% Ls8
Zeoro Error +2 LSB
ero Evor Temperature Coefficient (Note 9) 0.01 %/°C
Full-Scale Emror +2 LS8
Fuil-Scate Error Temperature Coetficient {Note 9) 0.01 %/°C
Input Leakage 1 RA
ivgcal “1” Input Voltage All Inputs Vss—1.0 Vss v
Logcal "0 input Voltage All Inputs Vg Vgg—4.2 v
Logwcal Input Leakage Ta=25°C, All inputs, Vy_= 1 rA
Vgs—10V
Logrcat 1" Output Voltage All Outputs, lop™ 100 pA 24 v
Lugical “0" Output Voltage All Outputs, lo = 1.6 mA 0.4 v
Disabled Output Leakage Ta= 25°C, All Outputs, Vor = 2 pA
Vss@10v
Clock Frequency 0*'CSTAL +70°C 50 800 kHz
—55'CSTa< +125C 100 500 kHz
Ciock Putse Duty Cycle 40 60 %
TRI-STATE Enable/Disable Time 1 ps
Stant Conversion Pulse (Note 10) 1 3% Clock
_ Periods
_Fower Supply Cument Ta=25C 20 mA
Note 1; Abs. M Ratngs m‘szmmamﬁmquowmowimmym.ocmmmwﬁmmaonmmmnopmw

1

S

T Sewvce beyond its rfu > ]

Note 2: When the input voltage (Vi) 8t any pin exceeds the power supply rails (Viy < V= or Viy > V*} the absolute valua of current at that pin should be fimited
€ mA or less. The 20 mA package input curtent imits the number of pins that can exceed the power supply boundaries with 8 S MA current kmit 1o four.

Note X: The Power must be st o d snd is

StCandie power di 8t any temp is Pp = (Tpaax — T;o/ouolmcnmqmnm
Gevce, Typuax = 125°C, and the typcal junction-t :

Note 4: Human body model, 100 pF di ged a15kn

Note §: Typicals sre at 25°C and rep most fikely p: tric norm.

Mote §; Tested limvts are gusranteed 1c National's AOQL (Average Oulgoing Qusity Level).
Keta 7: Dagign limits.are guarantesd but not 100% tesied. These kmits are not used 10 caicudate outgoing quality levels.
Mot §: Non-ifeirity specificasons are based on best straight line. .

Note ¥; Guarantesd by desion only.

Note 10: Start conversion puise doration greater than 31, clock peniods will Cause CONVersion emors.

Dv"'m‘u-lﬂd'h‘

L 2e

Ratings,
of the ADCOB00PD and ADCOBOOPCD when board mounted is 66°C/W.

Ta. The
is lower. For this

2-11
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ADC0800

Timing Diagram

cLock
INPUT

pnnnnnnnnnng

@8V —
START l s
CONVERSION -
o -
“!v <7
€oc \Y axam J[
v :
oot  son N s
eoAME y N 4
“w o
oATA w---—-—anTnT—--—d'—_ 1ex },:-
w— — weH =
TLs8T0-
Datals complementary binary (full scale is alt “0's™ output).
Application Hints

OPERATION

The ADCO800 contains a network with 256-30041 resistors
in series. Analog switch taps are made at the junction of
each resistor and at each end of the network. In operation,
a reference (10.00V) is applied across this network of 256
resistors. An analog input (Vin) is first compared to the cen-

. ter point of the ladder via the appropriate switch. If Vi is

targer than Veg/2, the internal logic changes the switch
points and now compares Vi and % VREF- This process,
known as successive approximation, continues until the
best match of Vi and Vegp/N is made. N now defines a
specific tap on the resistor network. When the conversion is
complete, the logic loads a binary word comresponding to
this tap into the output fatch and an end of conversion
(EOC) logic leve! appears. The output fatches hold this data
valid until a new conversion is completed and new data is
loaded into the latches. The data transfer occurs in about
200 ns so that valid data is present virtually ali the time in
the latches. The data outputs are activated when the Output
Enable is high, and in TRI-STATE when Output Enable is
tow. The Enable Delay time is approximately 200 ns. Each
conversion requires 40 clock periods. The device may be
operated in the free running mode by connecting the Start
Conversion line 1o the End of Conversion fine. However, to
ensure start-up under afl possible conditions, an external
Start Conversion pulse is required during power up condi-
tions.

REFERENCE

The reference applied across the 256 resistor network de-
termines the analog input range. Vrer = 10.00V with the top
of the R-network connected to 5V and the bottom connect-
ed to —5V gives a 5V range. The reference can be level
shifted between Vgg and Vgg. However, the voltage, ap-
plied 10 the top of the R-network (pin 15), must not exceed
Vgs. 1o prevent forward biasing the on-chip parasitic silicon
diodes that exist between the P-ditfused resistors {pin 15)
and the N-type body (pin 10, Vgg). Use of a standard logic
power supply for Vgg can cause problems, both due to initial
voltage tolerance and changes over temperature. A solution
is 1o power the Vgg line (15 mA max drain) from the output
of the op amp that is used to bias the top of the

R-network {pin 15). The analog input voitage and the volt. :

age that is applied to the bottom of the R-network (pin 5)
must be at least 7V above the —Vgg supply voitage 1o
ensure adequate voltage drive 1o the analog switches.
Other reference voltages may be used (such as 10.24V). H{a
5V reference is used, the analog range will be SV and accu-
racy will be reduced by a factor of 2. Thus, for maximum
accuracy, it is desirable to operate with at least & 10V refer.
ence. For TTL logic levels, this requires 5V and —5V for the
R-network. CMOS can operate at the 10 Vp¢ Vss level and
a single 10 Vpg reference can be used. All digital voltage
levels for both inputs and outputs will be from ground to
Vss. ]

ANALOG INPUT AND SOURCE RESISTANCE
CONSIDERATIONS

The lead fo the analog input (pin 12) should be kept as short
as possible. Both noise and digitai clock coupling to this
input can cause conversion errors. To minimize any input
errors, the -following source resistance considerations
should be noted:

For Rg< 5k

No analog input bypass capacitor re-

quired, although a 0.1 uF input bypass .
capacitor will prevent pickup due to un-

avoidable series lead inductance.

A 0.1 pF capacitor from the input (pin
12) to ground should be used.

For Rg> 20k Input butfering is necessary.

If the overall converter system requires lowpass filtering of
the analog input signal, use a 20 k2 or less series resislor
for a passive RC section or add an op amp RC active fow-

For Sk<Rgx2Ck

pass filter (with its inherent low output resistance) to ensuré

accurate conversions.

CLOCK COUPLING

The clock lead should be kept away from the analog input
line to reduce coupling.
LOGIC INPUTS

The togical 1" input voltage swing for the Clock, Start Corr
version and Output Enable should be (Vss—1.0V).- 7

LN 4
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Application Hints (Continued)

OMOS will satisty thic requirement but a pull-up resistor
should be used for TTL logic inputs.

RE-START AND DATA VALID AFTER EOC

he EOC fine (pin 9) will be in the low state for a maximum
of 40 clock periods to indicate “busy”. A START pulse that
occurs while the A/D is BUSY will reset the SAR and starta
naw conversion with the EUC signal remaining in the low
s:ate until the end of this new conversion. When the conver-
sion is complete, the EOC fine will go to the high voltage
stata. An additional 4 clock periods must be allowed to
slapse after EOC goes high, before & new conversion cycle
is requested. Start Conversion puises that occur during this
tast 4 clock period interval may be ignored (see Figure 1 and
2 tor high speed operation). This is a problem only for high
conversion rates and keeping the number of conversions
per second less than fciock/44 automatically guarantees
oroper operation. For example, for an 800 kHz clock, ap-
proximately 18,000 conversions per socond are aliowed.
The transfer Gi the new digital data to the output is initiated
when EOC goes to the high voltage state.

POWER SUPPLIES

Standar” supplies are Vgg=+5V, Vgg=—12V and
Vpo = 0V. Device accuracy is dependent on stability of the
reference voltage and has slight sensitvity 10 ¥ss—Vga-
vpo has no effect on accuracy. Noise spikes on the Vgg
and Vgg supplies can cause improper conversion; there-
fore, filtering each supply with a 4.7 uF tantalum capacitor is
recommended.

CONTINUOUS CONVERSIONS AND LOGIC CONTROL
Simply tying the EOC output to the Start Conversion input
will allow continuous conversions, but an oscillation on this
fine will exist during the first 4-clock periods atter EOC goes
high. Agding a D flip-flop between EOC (D input) to Start
Conversion (Q output) \.ill prevent the oscillation and will
allow a stop/continuous control via the “clear” input.

To prevent missing a start puise that may occur after EOC
goes high and prior to the required 4 clock period time inter-
val, the circuit of Figure 7 can be used. The RS latch can be
set at any time and the 4-stage shift register delays the
application of the start pulse to the A/D by 4 clock periods.
The RS latch is reset 1 clock period after the A/D EOC
signal goes to the low voltage state. This circuit also pro-
vides a Start Conversion pulse to the A/D which is 1 clock
period wide.

A second control logic application circuit is shown in Figure
2. This aliows an asynchronous-start pulse of arbitrary
length {ess than Tg. 1o continuously convert for a fixed high
fevel and provides a single clock period start puise to the
A/D. The binary counter is loaded with a count of 11 when
the start pulse 1o the A/D appears. Counting is inhibited
until the EOC signal from the A/D goas high. A carry pulse
is then generated 4 clock periods after EOC goes high and
is used 10 reset the input RS latch. This carry pulse can be
used 1o indicate that the conversion is complete, the data
has transferred 10 the output buffers and the system is
ready for a new conversion cycle.

1
!
i ’-1 I el —r‘L
t 103 Py ' ' ‘. I sTaat
ll yeomaTt® de o
; K< i 4
SLEAR CLIAN £i0a8
bt
; .JL .cuu >
ant
coavimmon
e
! TUH/S670-3
) FIGURE 1. Delaylng an Asynchronous Start Puise

i
! JL
‘ s gL

convernion — btk e
; a0 a0
i
! Ve ENANE P
. fueans to ol
!
i CARAY
i
t (L3 [RaSLET meurs  SLOCK] . éf.‘!:'
] (rReu A Gno_ 4 3 Cc O

+ L
‘ READY FOR sxo Veo Vee S0 Ve
nEXT CONVERMON

) TL/H/S670-10
1 FIGURE 2. A/D Control Logic
\
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ADC0800

Application Hints (Continued)

ZERO AND FULL-SCALE ADJUSTMENT

Zero Adjustment: This is the offset voltage required at the
bottorn of the R-network (pin 5) to make the 11111111 10
11111110 transition when the input voltage is % LSB (20
mV for a 10.24V scale). in most casss, this can be accom-
plished by having a 1 kit pot on pin 5. A resistor of 4750
can be used as a non-adjustable best approximation from
pin 5 to ground.

Typical Applications

General Connection
v -1y ctocx

1% 18 AL L 1

7

fe—oveuT ENASLE
AGCMeS -'—SC
p——tec
3 12
2417 WORD
Sy Ve
TL/H/5670-11

Hi-Voltage CMOS Output Levels

oV

o

-1V Vin

ADCS08

317 WORD

TL/HI5670-12

Full-Scale Adjustment: This is the offset voltage required
at the top of the R-network (pin 15) to make the 00000001
1o 00000000 transition when the input voltage is 1 % LS8
from fufl-scale (60 mV less than full-scale for & 1024V
scale). This voitage is gueranteed to be within +2 LSB for
the ADCO800 without adjustment. in most cases, adjust.
ment can be accomplished by having a 1 k(1 pot on pin 15,

Ratiometric Input Signal with Tracking Reference -

v

e AAA
v

A/
roTERTIOMETRIC & L i
TRANSOUCER

OV o0 10V Vi range
OV to 10V output levels

- gt
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Typical Applications (Continueq)

Vgep= 10 Vpco With TTL Logic Levels

e ey
- ,\L_ o
vy YW~ -~ $voc n . .
4 & ] o 1
> — —
mQ %um‘u . 18 W= " =
]l ousex f—=0O 8¢
L1173 = svee stant, ¢ svema LN
convirnea® EnaoE
am
"
-
™
ar
*See apphcation hints = o
At snd A2=(M358N dust op amp TL/H/S670-13
Vges™ 10 Vpc With 10V CMOS Logic Levels
™ 3vge
L Ans18C
> noyy
! <
> A AA
9 VWA~ 3 .
L a
-1 "= 1=
L—O €oc
» Y o taanit
ouTewy
=t 1] L1}
*See application hinis
TL/H/5670-14

ABIUST FOR -3V
VT WTN OV tnryT

Input Level Shitting

=4V T §V JrwT
10 AdCaete

TL/H/56T0-5

* Permits TTL compatdie outputs with

OV to 10V input range (OV to =10V

input range achievad by reversing

polanty of zener diodas and tetuming

the 6.8k resistor to V).
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Typical Applications (Continued)

TESTING THE A/D CONVERTER

There are many degrees of complexity associated with test-
ing on A/D conventer. One of the simplest tests is to apply &

known anslog input voltage to the converter and use LEDs

to display the resulting digital output code as shown in Fig-
we 3. Note that the LED drivers invert the digital output of
the A/D converter to provide a binary display. A lab DVM
can be used if a precision voltage source is not available.
After adjusting the zero and full-scale, any number of points
can be checked, as desired.

For ease of testing, a 10.24 Vpg reference is recommended
for the A/D converter. This provides an LSB of 40 mV
(10.240/256). To adjust the zero of the A/D, an analog input
voltage of ¥ LSB or 20 mV should be applied and the

—

..
)

zero adjust potentiometer should be set to provide a flick
on the LSB LED readout with all the other display LEDs
OFF.
To adjust the full-scale adjust potentiometer, an analog in-
put that is 1/ZLSB lecs than the reference (10.240-0.0€0
or 10.180 Vpc) should be appfied to the analog input and
the full-scale adiusted for a flicker on the LSB LED, but this
time with ait the pther LEDs ON.
A compiete circurt for a simple A/D tester is shown in Figure
4. Note that the clock input voltage swing and the digital
outpul voltage swings are from OV to 10.24V. The
MM74C901 provides a voltage transiation to 5V operation
. and also the logic inversion so the readout LEDs are in bina-

1y.

. START I I e msa
w ~V

s
W
d
oC amaLOG A
wout vortace O uwoen Test v
1 e o
| : LT
L4 . d
| ove l W
ouTPYT J - v
EmABLE
SWARY DISPLAY
v
TL/H/S670-15
FIGURE 3. Basic A/D Tester
10.249 vpc
wowen supeLy) O I+
()
; 7y
FULLSCALE .
ABIUST = svpe
1$ 7 " nsLse
1024V — 0UT EN Vs <
A 4
v N O—qciK [} $vge
1 008 hiix
ADCOIN : .
UNDER TEST M .
5 ¢ Cd
ANALOG o f}" ! !
eyt Law $Voc
S.1uF Voo  -Veo g0 5T
s J:u [} 4 = L2
< - 2EAMMIACIO
<n ¥ {cMOS 70 TTU
= 28R0 18aF
LAWST l +
= veE
=1¥o¢
. TL/HISETO-T

FIGURE 4. Complete Basic Tester Circuit

2-16

e



A

-

e B

Typical Applications (continued)

The digital output LED display can be decoded by dividing
the 8 bs into tha 4 most significant bits and 4 least signifi-
cant bits. Table | shows the fractional binary equivalent of
these twq 8-bit groups. By adding the decoded voltages
which are obtained from the column: “Input Voltage Value
with & 10.240 Vree" of both the MS and LS groups, the
value of the digital display can be determined. For example,
for an output LED display of “1011 0110" or “B6" (in hex)
the vollage valses from the table are 7.04 + 0.24 or

7.280 Vpc. These voltage values represent the center val-
ues of a perfect A/D converter, The input voltage has to
change by +7; LSB (+20 mV), the “quantization uncertain-
ty” of an A/D, to obtain an output digital code change. The
effects of this quantization error have to be accounted for in
the interpretation of the test results. A plot of this natural
error source is shown in Figure 5 where, for clarity, both the
enalog input voltage and the error voltage are normalized to
LSBs. Co

TABLE 1. DECODING THE DIGITAL OUTPUT LEDs

INPUT VOLTAGE
FRACTIONAL BINARY VALUE FOR VALUE WITH
HEX BINARY ' 10.24 Vper
MS GROUP LS GROUP MS GROUP LS GROuP
F |1 1 1 1 15716 1 15/256 $.600 0.600
E 1 1 1 0 7/8 ) 7/128 8.960 0.560
D 1 1.0 1 13716 13/256 8.320 0.520
(o] 1 1 0o o /4 3/64 7.680 0.480
B 1 o 1 1 11716 117256 7.040 0.440
A 1 0 1 0 5/8 5/128 6.400 0.400
9 1 0 0 1 9/16 9/256 5.760 0.360
P8 1 o 0 0 172 1/32 5.120 0.320
i 7 ] 1 1 1 7/16 7/256 4.480 0.280
., 6 ] 1 1 ] 3/8 3/128 3.840 0.240
- g 1 0 1 5/16 5/256 3.200 0.200
i 4 o 1 0 0 1/4 1/64 2.560 0.160
I 3 g 0 1 1 3/16 3/256 1.920 0.120
2 o 0 1 0 1/8 17128 1.280 0.080
P 0 0 0o 1 1716 1/256 0.640 0.040
Vo 0 0 0 O 0 0
! -t
§ i \NWIITTTTY T L TITTOTRYC /e € ot
o
NG NN
g T \J_ LN l —
3
i E-np—bt—— .
: g E ) ANALOG INPUT VOLTAGE (IN LS5}
| TL/H/9670-8
FIGURE 5. Error Plot of a Perfect A/D Showing Etfects of Quantization Error
t
!
|
—

2417

008004V
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ADC0800

Typical Applications (Continued)
A tow speed ramp generator can also be used to sweep the
analog input vottage and the LED outputs will provide a bi-
nary counting sequence from zero to fuli-scale.

The techniques described so far are suitable for an engi-
ing evaluation or a quick check on performance. For a
higher speed test system, of 1o obtain plotted data, a digital-
to-analog converter is needed for the test set-up. An accu-
rate 10-bit DAC can serve as the precision voltage source
{or the A/D. Emors of the A/D under test can be provided as
sither analog voltages or differences in two digital words.

For operation with & microprocessor or a computer-based
test system, it is more convenient to present the errors digi-
tally. This can be done with the circuit of Figure 7 whete the
output code transitions can be detected as the 10-bit DACis
incremented. This provides Y, LSB steps for the 8-bit A/D
under test. If the results of this test are automatically plotted
with the analog input on the X axis and the error (in LSB's)
as the Y axis, a useful transfer function of the A/D under
test results. For acceptance testing, the piot is not neces-
sary and the testing speed can be increased by establishing
intemal limits on the allowed error for each code.

o

A basic A/D tester which uses a DAC and provides the emor
as an analog output voitage is shown in Figure 6. The 2 op
amps can be eliminated if a lab DVM with a numerical sub-
traction feature is available to directly readout the difference

voltage, “A=-C".

sorr
VanaiLes ouTrUT

M
UNDER TEST

ANALDE eyt [
voLTaét -

) 1M ANALEE
[RASA YOLTAGE

= Al R's=0.05% tolerance

\ TL/H/S670-18
FIGURE 6. A/D Tester with Analog Error Output
Yaaased!
ez M e Rl 2 e
TL/HIS670-17
FIGURE 7. Basic “Digital” A/D Tester
Connection Diagram
Duzi-In-Line Package
La
ufT-
wORK i
veg ¢ 4 e 7 ' Ym ask Vs
1" 17 " L " 12 12 1" 18
| ||
) 1 3 L] A\ & ? '} ]
P P P = B S A FINT SUTYT yoo  EOC
[ 8EY.  Comv (uastl
WOAR
wrm TL/H/5670-9
Top View
Order Number ADCO800PD
or ADCOB0OPCD
See NS Package Number D18A
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&National Semicondu

ctor

DAC0808/DAC0807/DACO0806 8-Bit D/A Converters

General Description

The DACOBO0S series is an 8-bit monolithic digital-to-analog
converter (DAC) featuring a full scale output current settling
time of 150 ns while dissipating only 33 mW with =5V sup-
plies. No reference current (Iggr) trimming is required for
most applications since the full scale output current is typi-
cally =1 LSB of 255 Iggp/ 256. Relative accuracies of bet-
ter than =0.19% sassure 8-bit monotonicity and linearity
while zero level output current of less than 4 pA provides
8-bit zero accuracy for Ingp22 mA. The power supply cur-
rents of the DAC0808 series are independent of bit codes,
and exhibits essentially constant device characteristics over
the entire supply voltage range.

The DAC0808 will interface directly with popular TTL, DTL
or CMOS logic levels, and is a direct replacement for the

MC1508/MC1408. For higher speed applications, see
DAC0800 data shaet.

Features

R Relative accuracy: $0.19% emror maximum (DAC0808)

® Full scale current match: +1 LSB typ

s 7 and 6-bit accuracy available (DAC0807, DAC0806)

R” Fast settling time: 150 ns typ

= Noninverting digital inputs are TTL and CMOS compati-
ble

& High speed multiplying input slew rate: 8 mA/us

& Power supply voltage range: 4.5V to +18V

®m Low power consumption: 33 mW @+ 5V

Block and Connection Diagrams

Duai-In-Line Package
L) 158
Al Al A3 M A M A M
138§§85¢% T e
2 "
conraoy O‘-{ comntat puTcas . Order Number < N ':"‘""
f INBZ ORI DAC0808, DAC0B07, "= [ vserea
4 1
a38¢a0060 | has cmewnt I—o e SeorNDSAgoags .- T ey '_"'“
e ackage  yg uiY [ as 1
1o -~ 1 Number J16A, ! b,
o CURSENT F—0 vee M16A or N16A y
savacs ram - L
Yagei) O
AgeLnEnCE $—=O Coroln M-‘-' Ll‘
CURAENT Aws
1 TLINISE8T-2
vy TL/H/5687 -1
Small-Outline Package
Yt 16f=as 150
Yaer ()12 134—a7
Yogr (143 taf=as
courensaTION 4 13f=as
o {MOTE 2} S 12f—a4
GND =4 11p=43
a=y7 10f—az
0—i3 Al s
TLAW/5687-13
Top View
Ordering Information
ACCURACY OPERATING TEMPERATURE g ORDER NUMBERS
RANGE J PACKAGE (J16A)° N PACKAGE (N16A)* SO PACKAGE (M16A)
DACO808LCN| MC1408P8 DACD808LCM
7-bit 0°CLTaoAS +75°C DAC0807LCJ| MC1408L7 | DACOSO7LCN|MC1408P7 DACOBO7LCM
6-bit 0°C<Tas +75'C DACO0806LCJ{ MC1408L6 ] DACOBOGLCN|MC1408P6 DACOBO6LCM

“Note, Devices may be ordered by using either order number,

3-15
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DAC0808/DAC0807/DAC0806

Absolute Maximum Ratings (ote 1)
if Military/Aerospace specified devices are required, . Storage Temperature Rangs -65°C tq +150°C
please contact the National Semiconductor Sales Lead Temp. (Soldering, 10 seconds)
Oftfice/Distributors for availability and specifications. Dual-In-Line Package (Plastic) '260°C
Power Supply Voltage LRI Dual-in-Line Package (Ceramic) T 300
Ve +18Vpe Surface Mount Package
Vee -18Vpc Vapor Phase (60 seconds) ~215'C
. Digital Input Voltage, V5-V12 —10Vpcto +18Vpe Intrared (15 seconds) - . 220C
Applied Output Voltage, Vo —11Vpgto +18 Vpc N N v
Reference Current, ly4 SmA g:peef:f;;gngneatmgs = 's . ; < T
. . MIN S TA < Tyay
Reference Amplifier inputs, V14, V15 Vee. VEE DACOBOBLC Serios 0<Ta £ +75C
Power Dissipation (Note 3} 1000 mW ,
ESD Susceptibility (Note 4) TBD
Electrical Characteristics
(Ve = 5V, Vgg = — 15 Vpc, VRer/R14 = 2mA, DACO808: Ty = —55°Clo + 125°C, DAC0808C, DACNB07C, DACOBOSC, Ty,
= 0°C o +75°C. and all digital inputs at high logic level unless otherwise noted.)
Symbol Parameter Conditions Min Typ Max Units |
E, Relative Accuracy (Error Refative (Figure 4) %
to Full Scale 1)
DAC0808LC (LM 1£08-8) +0.19 %
DAC0807LC (LM1408-7), (Note 5) +0.39 *
DAC0806LC (LM1£08-6), (Note 5) +0.78 %
Setting Time to Within ', LSB Ta=25°C (Note 6), 150 ns
{Inctudes to ) (Figure 5)
tpLn. toy | Propagation Delay Time Ta = 25°C, (Figure 5) 30 100 ns
TClo Output Full Scale Cument Drift +20 ppm/°C
MS8 Digital Input Logic Levels (Figure 3)
ViH High Level, Logic “1” 2. Voo
ViL Low Level, Logic 0" 08 Voe
MSB Digital input Current (Figure 3)
High Level Vig = 5V (1] 0.040 mA
Low Level Vi = 0.8V -0.003 -0.8 mA
lys Reference Input Bias Current (Figure 3) -1 -3 pA
Output Current Range (Figure 3)
Vgg = -5V 0 2.0 2.1 mA
Veg = — 15V, Tp = 25°C 0 2.0 4.2 mA
lo Output Current Vger = 2.000V,
R14 = 10009,
(Figure 3} _ 1.9 1.99 2.1 mA
Output Current, All Bits Low (Froure 3) 0 4 pA |
Output Voltage Compliance {Note 2) €, £ 0.19%, Ty = 25°C
Veg= -5V, lggp=1mA -0.55, +0.4 Voc
Vez Below — 10V —-50, +04 Voc
—
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~65°Cto +50°C

260°C
300°C

215'C
220°C

" e

TMIN < TA < TMAX
0<Ta £ +75C
!

L1

1807C, DACOBOSC, Ty

Max Units
%
=0.19 *®
+0.39 « |
£0.78 « |
n |
i
Too ns i
porr./'C |
} Vo
0.8 Voc
0.04¢ mA
~0.6 mA |
-3 sA
21 A
4.2 mA
[ 3
1 2.1 mA
14 pA
-0.55, +0.4 Voc
-50,+04 | Voo
]
'
1
3
_—_————"

a

—_—

i

glectrical CharacteristiCs (Continued)
SV, Vegg = —15Vpc, VRee/R14 =

2mA, DAC0D808: T = —

55°C to + 125°C, DACOBOBC, DACO807C, DAC0806C, Ta

V .
( Ug-c o +75°C, and all digital inputs at high logic leva! unless otherwise noted.)
““gymbol Parameter Conditions Min Typ Max Units
: sF," ®F Reference Current Slew Rate (Figure 6) 4 8 - mA/ps
_Shuw
! Outp .t Current Power Supply —5V < Vgg < ~16.5V 0.05 27 . AV
Sensitivity .
- Power Supply Current (ARBits | .(Figure 3} )
Low) . .
- . 2.3 - mA
Iee -43 |- -13 mA
Power Supply Voltage Range Ta = 25°C, (Figure 3) .-
N . 45 50 |. 58 Voc
Vg ) -45 -15 -16.5 Voc
’ Power Dissipation
All Bits Low Veg = 5V, Vgg = -5V 33 170 mw
Ve = 5V, Vegg = —15V 106 305 mw
All Bits High Voo = 15V, Vgg = —5V 80 |- e mw
Vee = 15V, Vgg = —15V ~ 160 . mW
Taote t: Nngs m}wmcamgaxowmmym.&ﬁﬁobmdsmdmmmmmﬁca«aw
the Crwice beyond its specifed operating conditio .

note 2: Range control is NOt required.

Note 3 The manemum pOwer crSSDAtON Musi be devated at ok

andis

-

by Tsaan. 834, and the

2% Jatie DOwer a1 any

Awct, Tagax = 125°C, 2na e typecal juncton-t

D 5 Pp = (Tymax — Tal/€ya ot the

given in the A

wee N pachage, the number increases to 175°C/W and for the small outing M package this number s 100°C/W.
Note & Human body mooel, 100 pF discharged through a 1.5 k2 cesistor,
Nole §: AL Current switches are tested to guaranies at least 50% of rated current.

Nole 6: AR bits swiched.

4. The

Note 7: Pnout numbaers for the DALOBOX represent the dual-in-line package. The small outline package pinout ditfers from the dual-in-line cackage.

Typical Application

veeo by

owIta

40— pacom
mryrs

Vg -0

" $om,
O AAA =0 10507 * V¢

(n1 A2
Vom0V { =4+ =2
° (2 i

2)
TTU2s6

TL/H/S887-3

FIGURE 1. + 10V Output Digital to Analog Converter (Note 7)

Ratings, whichever is lower. For This
of the duatin-kne J package when the board mounted is 100°C/W. For tha duakin-
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DAC0808/DAC0807/DAC0806

Ig = LOGICINPUT CURRENT Al

19 - OUTPUT CURRENT (mA)

POWEA SUPPLY CURRENT (mA}

Typical Performanc
Veg = 5V, Vgg = — 15V, Ta = 25°C, unless otherwise noted

Logle Input Current ve
Input Voltage

Al TRAQUGH A3

[}
_12-10-8-44-282 4 § DRI NANIE

¥y - LOGIC INPUT VOLTAGE (Vi

Output Current vs Output
Voltage (Output Voitage
Compliance)
8 e on- ‘ I
4 i g
Vgge -15V |V e -V
: | YR
18 4
12 heo Vma
w HH— I
i | |
. : = 02ma
d [ § 1
JRYQURT ISR Sy N B R U

Vg - OUTPUT VOLTAGE (V1

Typical Power Supply
Current vs Veg

ALL BITS HIGH OR LOW ] |
ORI LA
Igg MITH lyg = T mA

Ige MW:“- 1mA

- ® u =

I

T 1 i UL
Igg MINIyg - 2mA
T !
fee

|

, N

§-24-5 -1 -12-34-16-10-20
Vee - NEGATIVE POWERSUPPLY (V)

- e s

QUIPYE YRLTAGL

POWER SUPPLY CURRENT (mA)

19 ~ DUTPUT CURRENT {mA}

e Characteristics

Bit Transier Characteristics

"
12 1 henimd !

Ra 'YX
U ewa

3V
I
L\

A
1

i ta
1T M

-4

14
i

N\ i
. YT
~17-10-8-8-4-28 24 60 11214 1618

¥y - 10GiC eyT VOLTAGE (V)

[
'—"—"J

Output Voltage Compiiance

vs Temperature
» T

ADLO AREA INDICATES:
€ ouTrut
VOLTACE RANGE FOR
vege =18V, s lmd

" o
'

-6 L] 59 R T
TEMPERATURE ('C)

Typical Power Supply
Current vs Vo

ALY 91TS MIGH OA LOW
 tyee 28 i ;

- & - =

‘e

-~ e o.

L]
"1 48 11T

Vg - FOSITIVE POWER SUPPLY (V)

Loglc Threshoid Voltage ve - -
Temperature . )

Vyy - LOGIC THAESNOLE VOLTAGE {vpg)

$5-31-10 =1 17 3% §3 TSR0
T, - TEMPERATURE £C)

Typical Power Supply
Current vs Temperature
L ALL SITS MIGH OR LOW —
FERT R LTI Ltes |
£ -
R tee
£
2
> o
§ 0]
5 29 lee
&
- 1t
]

-5 (] 8 we 188

TEMPERATURE Q)
Reference input
Frequency Response
5
: ‘l
- (e
g ~J 1
- TR
£ NN,
3 N,
-5
E
< \*
o ~19
€ 2
-1
-
(X ] 1 3 "
t - FREQUENCY (M2}
Turses?-$

Unless otherwise specified: R14 =
RS = 1 k), C = 15 pF, pin 16 10
Veg: Ry = 500, pin 4 to ground.
Curve A: Large Signal Bandwidth
Method of Figure 7, Vrer = 2 VPP
offset 1 V above ground.

Curve B: Small Signal Bandwidth
Mathod of Figwre 7, R = 25011, VREF
= 50 mVp-p offset 200 mV above
ground.

Curve C: Large and Smali Signs!
Bandwidth Method of Figure 9 (no of
amp, Ry = 509),Rg = 500, VRer *
2V, Vg = 100 mVp-p centered at ov.

e
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DAC0808/DAC0807/DAC0806

Test Circuits
*
3 " v, and |y apply to inputs A1-AB.
1 " “The resistor tied to pin 15 is to temperzture conipensate the
—y o bmsumemmmaynotbenecessarﬂoraﬂapplm
o0 Vot
' TR At A2 A3 A4 A5 A5 A7
ao— o : — ¢ — —t— +—<+
o] oy orK T T et R ™ 1zs+ase)
oerar ] MO pacsm [O——d , . R Vi ’
ot ] ey . L Lo VRer
m A LE : WhGNK o ——— R14 .
:E T . 21
o] . 1% '~-¢1_1d,AN-“1“foNisathighlevoi
" n . Ay = “0" if Anis at low level
Y lu] Sem P % PRI
“—— ! * -
= g Tumssesr-s :
FIGURE 3. Nohuon Definitions Test Clrum (Note?7) =
&
T
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D
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e O 2
o 5 1
cowts [ o oY usas —o—
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i LIt R E
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2] 95 w TUH/SE87-7
FIGURE 4. Relative Accuracy Test Clrcuit (Note 7)
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Application Hints

REFERENCE AMPLIFIER DRIVE AND COMPENSATION
e seference amplifier provides a voitage at pin 14 for con-
veriag the reference voltage 10 a current, and a tum-around
cucator curent micror for feeding the ladder. The reference
ampsier input currrent, ly4, must always flow into pin 14,
regatess of the set-up method or reference voltage potarity.
Conmextions for a positive voltage are shown in Figure 7.
The seference voitage source supplies the full current 4.
For Sinolar veference signals, as’in the muitiplying mode,

—
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FIGURE 9. Programmable Gain Amplifier or
Digital Attenuator Clrcult (Note 7)

R15 can be tied 1o a negative voltage corresponding to the
minimum input level. L is possibie to eliminate R15 with only
a smalt sacrifice in accuracy and temperature drift.

The compensation capacitor value must be increased with
increases in R14 to maintain proper phase margin; for R14
vaiues of 1, 2.5 and 5 k2, minimum capacitor values are 15,
37 and 75 pF. The capacitor may be tied to either Vgg or
ground, but using Vgg increases negative supply rejection.
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Application Hints (Continuedy

A negative reference voltage may be usad it R14 is ground-
ed and the reference voltage is applied to R15 as shown in
Figura 8. A high input impedance is the main advantage of
this method. Compensation invalves a capacitor to Vgg on
pin 16, using the velues of the previous paragraph. The neg-
ative raference voitage must be at least 4V above the Veg
supply. Bipolar input signals may be handled by connecting
R14 to a positive reference voltage equal to the peak posi-
tive input fevel at pin 15.

. When a DC reference voltage is used, capacitive bypass to

ground is recommended. The 5V logic supply is not recom-
mended as a reference voltage. if & well regulated SV sup-
ptywhichdﬁveslogicistobohsodasﬂn reference, R14
should be decoupled by connecting it to SV through another
resistor and bypassing the junction of the 2 resistors with
0.1 pF 1o ground. For referencs voltages greater than 5V, a
clamp diode is recommended between pin 14 and ground.

prin14isdﬁvenbyahighimpedancesuchasltansistor f

current source, none of the above compensation methods
apply and the amplifier must be heavily compensated, de-
creasing the overall bandwidth.

OUTPUT VOLTAGE RANGE

The voltage on pin 4 is restricted to @ range of —0.55 o
0.4V when Vgg = —5V due to the current switching meth-
ods employed in the DACO808.

" The negative output voltage compfiance of the DAGOB08 is

extended 1o — SV where the negative supply voltage is more
negative than —10V. Using a full-scale current of 1.992 mA
and load resistor of 2.5 k(1 between pin 4 and ground will
yield a voltage output of 256 levels between 0O and
—4.980V. Floating pin 1 doss not affect the converter
speed or power dissipation. However, the value of the load
resistor determines the switching time due to increased voit-
age swing. Values of Ry up to 50002 do not significantly
affect performance, but a 25k load increases worst-case
settling time 10 1.2 ps (whenall bits are switched ON). Refer
to the subsequent text section on Settling Time for more
details on output loading.

OUTPUT CURRENT RANGE

The output current maximum rating of 4.2 mA may be used
only for negative supply voltages more negative than -8V,
dus 1o the increased voitage drop across the resistors in the
reference current amplifier.

ACCURACY

Absolute accuracy is the measure of each output current
level with respect to its intended value, and is dependent
upon relative sccuracy and full-scale current drift. Relative
sccuracy is the measure of each output current level as a
fraction of the full-scale current. The relative accuracy of the
DACO808 is essentially constant with temperature due to

* tion provided by the DAC0808.

" DACOB0S-is rfiordtonic for hil'values of reference curreat

T
9]

the excellent temperature tracking of the monoiithic resigyy
ladder. The raference cument may drift with

causing a change in the absolute accuracy of outaut ay.
rent. wa«.momeoamnwwmmu,
rent drift with temperature. . :
TheDAooeoasaiosisgmrnmoedlmbtom*%
LS8 at a full-scale output current of 1.982 mA. This carry.
spondstoanforoncoampliﬁ«outptnmmddnu“
tadder network of 2 mA, with the loss of 1 LSB (8 pA) which
hmummmmmwmmmw
topinﬂha;aguarmtudv;kno'betwoenmwu
mA, allowing some mismatch in the NPN current-source
pair.TheacancytestciuﬁtisshownlnFoyznl.m;g.
Mwmﬁuisuwfuamwmmd
1.992 mA. This is an optiona step since the DACO0S08 acoy-
racy is essentially the same between 1.5 and 2.5 mA. Then
the DAC0808 circuits’ full-scale current is trimmed to the
same value with R14 so that a zero veiue appears at the
errorampﬁﬁefoutpmmooumrisncﬁvabdmdmm
bandmybedisp(ayodonanosdﬂoseop‘.domw
comparators, or stored in a peak detector.
Two&th-to—Amﬂammaym(beusodwm.
16-bit accuracy D-to-A converter. 16-bit accuracy implies §
total error of Y, of one part in 65,536 o +0.00076%,
which is much more accurate than the +£0.019% specifica-

L

MULTIPLYING ACCURACY

The DAC0808 may be used in the muttiplying mode with
8-bit accuracy when the reference current is varied over 8
range of 256:1. If the reference current in the muttiplying
moderangosfrommp.AtolmA,theuddiﬁomlmm i
tributions are less than 1.6 pA. This is well within 8-bit acos
racy when referred to full-scale. L
Amnotoniceonvsdsr!sonewhidtsuppﬁos anincrease in
current for each increment in the binary word. Typically, the

above 0.5 mA. The recommended range for operation with -
a DC reference current is 0.5 to 4 mA.

SETTLING TIME .
Theworst-casoswﬂdﬁngcondiﬁonocanwhenaﬂbi‘uﬂ
switched ON, which corresponds to a low-to-high transition
Yor all bits. This time is typically 150 nis for sattliing to within
£, LSB, for 8-bit accuracy, and 100 ns to 1, LSB for 7 end
6-bit accuracy. The tum OFF is typically under 100 M.
These.times apply when Ry <,5001) and Co < 25 pF.
Extra care must 52 taken in boafddayout since this is ususly -
the dominant factor in satistactory test results when mes:
suring settling ime. Short leads, 100 pF supply bypassing
for low frequencies, and minimum scope lead length are sf
mandatory. . T,
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Features

¢ Compatible with MCS-51™ Products

¢ 2 Kbytes of Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles

2.7V to 6 V Operating Range

Fully Static Operation: Q0 Hz to 24 MHz

Two-Level Program Memory Lock

128 x 8-Bit Internal RAM

15 Programmable /O Lines

Two 16-Bit Timer/Counters

Five Interrupt Sources

Programmable Serial UART Channel

Direct LED Drive Outputs

On-Chip Anaiog Comparator

Low Power Idle and Power Down Modes

Description

The ATE9C205 1 is a low-voltage, high-performance CMOS 8-bit microcomputer with 2 Kby-
tes af Flash programmzble and erasable read only memory (PEROM). The device is manufac-
tured using Atmel’s high density noqvolatile memory technology and is compatible with the
industry standird MCS-51™ ingtruction sct and pinout. By combining 2 versatile 8-bit CPU
with Flash on @ monolithic chip, the Atmel ATB9C2051 is a powerful microcomputer which
provides a highly flexible and cost of! fective solution ta many embedded control applications.
The AT89C2081 provides the following standard features: 2 Kbytes of Flash, 128 bytes of
RAM. 15 VO lines. two 16-hit timer/counters, a five source two-level interrupt architecture, a
full Juplex serial port, a precision analog comparator, on-chip osciltator and clock circuitry.
In addition, the ATY9C20S1 is designed with static logic for operation down 1o zero frequency
and supports two software selectable power saving modes. The Idie Mode stops the CPU while
allowing the RAM, timer/eounters, serial port and interrupt system (o continue functioning,
The Power Down Mode saves the RAM contents but freezes the oscillator disabling all other
chip functions untif the next hardware reset,

Pin Configuration
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Pin Description

Vee

Supply voltage.
GND

Ground.

Po 1

Port 1 is an §-bit bidircctional 10 port. Port pins P1.2 10 P17
provide internal pulups. P1.0 and P1.1 require external pullups.
P1.0 and PI.1 also serve as the positive input (AINO) and the
negative input (AIN1), respectively. of the on-chip precision
analog comparator. The Port 1 output buffers can sink 20 mA
and can drive LED displays dircctly. When 1s arc written to Por
| pins, they can be used as inputs. When pins P1.2 1o P1.7 arc
used as inputs and are externally pulled low, they will source
current (11L) because of the internal pullups.

Port | alvo seceives code data during Flash programming and
program venfication.

Pon3

Port 3 pins P3.0 to P3.5, P3.7 arc seven bidirectional 1/0 pins
with internal putlups. P3.6 is hard-wired as an input to the output
of the an-chip comparator and is not aceessible as a geacral pur-
pose /O pin. The Port 3 output bufTers can sink 20 mA. When
Is are writien to Port 3 pins they are pulled high by the internal
pullups and can be used as inputs. Ax inputs, Port 3 pins thatare
externally being pulled fow will source current (I ) because of
the pullups.

Port 3 also serves the functions ¢f various special features of the
ATXIC2051 ax listed below:

Port Pin | Alternate Functions
P3.0 | RXD (serial input port)
"P3.1 TXD (serial output port)
P3.2 i I—m(extemal interrupt 0)

. P33 | INT1 (external interrupt 1)
i P34 ! TO (timer 0 external input) ]
P3.5 | _T1 (timer 1 external input) '

Paort 3 also reccives some controf signals for Flash programming
and programming verification.

RST

Resetinput. All /O pins are reset to s as soon as RST goes
high. Holding the RST pin high for two machine cycles while
the uscillator is running resets the device.

Each machine cycle takes 12 osciilator or clock cycles.

XTALT

laput to the inverting oscillator zmplificr and input to the inter-
nal clock operating circuit.

X7~22

Quiput from the inverting osciliior amplificr.
§ B P

Oscillator Characteristics

XTALI and XTAL?2 are the input and output, respectively, of
an inverting amplifier which can he configured for use as an
on-chip oscillator, as shown in Figure 1. Either a quanyz ervstal
or ceramic resonator may be used. To drive the device Trom an
external clock source, XTAL2 should be left unconnected
while XTALL is driven as shown in Figure Z. There are no re-
quirements on the duty cycle of the external clock signal, since
the input 1o the internal clocking circuitry is through a divide-
by-twa flip-flop, but misimum and maximum valiage high and
low time specifications must be observed.,

Figure 1. Oscillator Conncctions

c2

i =) —--- - T XTAL2
; A
N~
—j)|———eo—— XTALI
|

!

t

° GND

Notes: CL.C2 = 30 pF % 10 pF for Crystabs
=40 pF £ 10 pF for Ceranue Resonntors

Figure 2. External Clock Drive Conliguration

NC ———--——{ XTAL2
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OSCILLATOR XTAL1
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Special Function Registers

A map of the on-chip memory arca called the Special Function
Register (SFR) space is shown in the table below,

Note that not alt of the addresses are aceupicd, und unoceupicd
addresses may not he implementcd on the chip. Read acuesscs
(0 these addresses will in general return random data, and write
accesses will have an indeterminate effect.

User soltware should not write 1s to these unlisted locations,
since they may be used in future products to invoke new fea.
tures. Jo that case, the reset or inactive values of the new bits will
always be ().

Table 1. AT89C2051 SFR Map and Reset Vatues
OFsH OFFH
OFOH B OF7H
00000000
OE8H OEFH
ACC
OEOH | om oo 0E7H
0D8H ODFH
PSW
000H | 40000000 0D7H
0C8H OCFH
0COH 0C7H
0B8H P 0BFH
: X0000000
P3
0BOH | 414911111 0B7H
0ABH Ie OAFH
00000000 \
OAOH a7 0ATH
SCON SBUF
98H | 50000000 |XXXXXXXX 9FH
P1 ’
SOH | yy111111 97H
sgri| TCON TMOD TLO L1 THO TH1 oFH
00000000 | 00000000 | 00000000 |-00000000 | 000000C0 | 00000000
. sP DPL OPH PCON
80H 00000111 | 00000000 | 00000000 oooocooo | 87H

%8 AT89C2051




Restrictions on Cenrtain Instructions

The AT89C2051 and AT89CI051 are cconomical and cost-ef-
fective members of Atmel’s growing family of microcontrol-
lers. They contain 2 Kbytes and | Kbyte of flash program mem-
ory, respectively. Both are fully compatible with the MCS-51
architecture, and can be programmed using the MCS-51 instruc-
tion sct. However, there are a few considerations one must keep
in mind when utilizing certain instructions to program these de-
vices.

All the instructions related to jumping or branching should be
restricted such that the destination address falls within the
physical program memory space of the device, which is 2K for
the AT8YC2051. This should be the responsibility of the soft-
ware programmer. For example, LCALL 7EOH would be valid
for the AT89C205! (with 2K of memory). but LCALL 900H

would not.

}. Branching instructions:

LCALL, LIMP, ACALL, AJMP, SIMP, JMP @A+DPTR
These unconditional branching instructions will exceute cor-
rectly as long as the programmer keeps in mind that the destina-
tion branching address must fall within the physical boundaries
¢f the program memory size {focations 00H 10 7FFH for the
RYC20S1). Violating the physical space limits may cause un-
known program hehavior. -

CINE [...]. DINZ (...}, JB. JNB, JC, JNC. JBC, JZ, JNZ With

these conditional branching instructions the same rule above ap-

- T AT89C2051

plics. Again, viol-ting the memory boundarie$ may cause er-
ratic execution.

For applications involving interrupts the normal interrupt serv-
ice routine address locations of the 80C51 family architecture
have been preserved.

2. MOVX-related instructions, Data Memory:

The AT89C2051 contains 128 bytes of internal data memory,
while the AT89C1051 has 64 bytes. Thus, in the AT89C1051
the stack depth is limited to 64 bytes, the amount of available
RAM. Extcrnal DATA memory access is not supported in
cither device, nor is external PROGRAM memory execution.
Therefore, no MOVX [} instructions should be included in the
program.

A typical 80C51 assembler will still assemble instructions, even
if they are writien in violation of the restrictions mentioned
above. It is the responsibility of the controller user 10 know the
physical features and limitations of the device being used and
adjust the instructions used correspondingly.

ATMEL | 59
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Program Memory Lock Bits

On the chip are two lock bits which can be left unprogrammed
(U) or can be programmed (P) to obtain the additional featurcs
listed in the table below:

Lock Bit Protection Modes!"

Program Lock Bits
LB1 LB2 | Protection Type
1 U U No program lock features.
2 p U Further programming of the
Flash is disabled.
Same as mode 2, also verily
: 3 P P is disabled.
Note: 1. The Lock Bits can only be erased with the Chip Erasc
operation
Idle Mode

In idle mode, the CPU puts itsclf to sleep while all the on-chip
peripherals remain active. The mode is invoked by software.
The content of the on-chip RAM and all the special functions
registers remain unchanged during this mode. The idle mode can
be terminated by any cnabled interrupt or by a hardware resct.

P1.0and P1.1 should be set 10 *0" if no external pullups arc used,
ar set to ' 1" if external pullups are used.

1t should be nated that when idle is terminated by a hardware
reset, the device normally resumes program cxccution, from
where it left off, up to two machine cycles before the internal
Teset algorithm takes control. On-chip hardware inhibits access
to internal RAM in this event, but access to the port pins is not
inhibited. To climinate the possibility of an uncxpected write to
a port pin when Idle is terminated by reset, the instruction fol-
lowing the one that invokes Idle should not be one that writes to
a port pin or to external memory.

Power Down Mode

In the power down mode the osciflator is stopped. and the in-
struction that invokes power down is the last instruction exe-
cuted. The on-chip RAM and Special Function Registers retain
their values until the power down mode is terminated. The only
eut from power down is a hardware reset. Reset redefines the
SFRs but does not change the on-chip RAM. The reset should
r.ot he activated before Ve is restored to its normal operating
level and must be held active long enough to allow the oscillator
1o restart and stabilize.

Pt.0and P1.1 should be set 1o "0 if no external pullups are used,
crset1o 1 if external pullups are used.

100 AT89C2051

Programming The Flash

The AT89C2051 is shipped with the 2 Kbytes of on-chip
PEROM code memory array in the erased state (i.c., contents =
FFH) and ready to be programmed. The code memory array is
programmed one byte at atime. Once the array is programmed,
1o re-program any non-blank byte, the enlire memory urray
needs to be erused electrically.
Internal Address Counter: The AT89C205! contains an in-
ternal PEROM address counter which is always reset to 000H on
the rising edge of RST and is advanced by applying a positive
going pulsc to pin XTALI.
Programming Algorithm: To program the ATSSC2051, the
following sequence is reccommended.
1. Power-up scquence:

Apply power between Voc and GND pins

Set RST and XTALI 10 GND

With all other pins floating. want for geeates than 10

milliscconds
2. Scipin RSTto 'H'

Setpin P3.2 10 'H’
3. Apply the appropriatc combination of "H™ or L logic
levels to pins P3.3, P3.4, P1.5, P3.7 10 sclect one of the pro-
gramming opcrations shown in the PEROM Programming
Modes table:
Program and Verify the Array:

4. Apply data for Code byte at location OO0H to P! 010 PLLT.

5

5. Raisc RST to 12V to enable programmeng

6. Pulse P3.2 once to program a byvte in the PEROM array or
the lock bits. The byte-write cycle is self-timed and typi-
cally takes 1.2 ms.

7. To verify the programmed data, lower RST from 12V to
logic "H" level and set pins P3.3 10 P3.7 to the appropiate
leveis. Qutput data can be read at the port Pl pins.

8. To program a byte at the next address location, pulse
XTALI pin once to advance the internal address counter.
Apply new data to the port Pl pins.

9. Repeat steps 5 through 8, changing data and adyancing the
address counter for the entire 2 Kbyites array or until the
end of the object file is reached.

10. Power-off sequence:
set XTALl oL
set RST1o 'L’
Float all other 1O pins
Turn Vee power of
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Data Polling: The AT89C2051 features Data Polling 10 indi-
cate the end of a write cycle. During a write cycle, an attempted
read of the last byte written will result in the complement of the
written data on P1.7. Once the write cycle has been completed,
truge data is valid on all outputs, and the next cycle may begin.
Data Polling may begin any time after a write cycle has been
initiatcd.

Ready/Busy: The Progress of hyte programming can also be
monitored by the RDY/BSY output signal. Pin P3.1 is pulled
low after P3.2 goes High during programming to indicate
BUSY. P3.1 is pulled High again when programming is done to
indicate READY.

Program Verify: If lock bits LB! and LB2 huave not been pro-
grammed code data can be read back via the data lines for veri-
fication:

1. Reset the internal address counter o (XKXOH by bringing RST
from 'L" 10 "H".

2. Apply the appropriate control signals for Read Code data
and read the output data at the port P1 pins.

1. Pulse pin XTAL1 once to advance the internal address
couater.

4. Read the nexe code data byte at the port Pi pins.
S. Repeat steps 3 and 4 until the entire array is read.

Flash Programming Modes

AT89C2051

The lock bits cannat be verified dircctly. Verification of the lock
bits is achicved by observing that their features arc enahled.
Chip Erase: The entirc PEROM array (2 Kbytes) and the two
Lock Bits are crased clectrically by using the proper combina-
tion of contro! signals and by holding P3.2 low for 10 ms. The
cade array is written with all "1%s in the Chip Erase operation
and must be exceuted belore any non-hlank memory hyte can be
fe-programmed. .
Reading the Signature Bytes: The signature bytes are read by
the same procedure as a normal verification of locations 000H,
OMH, and 002H, cxcept that P3.S and P3.7 must be putled to a
logic low, The values returned are as follows,

(O00H) = 1EH tndicates manulactured by Atmel

(001H) = 21H indicates 89C205 1

Programming InteYface

Every code byte in the Flush array can be written and the entire
array can be crased hy using the appropriate combination of con-
trol signals. The write operatian cycle is self-timed and once in-
itiated, will automatically tinw itseil to completion,

All major programming vendors offer worldwide suppaort for the
Atmel microcontroller series. Please contact your local pro-
gramming vendor for the apprapriate software revision.

P32

Mode RST PROG P33 P3.4 P3.5 P3.7
Write Code Data!'¥ 12v N L H H H

Read Code Data!" H H L L H H

Write Lock Bit - 1 12v NS H H H H

Bit-2 12v A H H L L

. 2
Chip Erase 12v S H L L L
Read Signature Byte H H L L L i
Notes: 1. The internal PEROM address counter is reset 1o 000H cathe 2, Chip Erase requires 3 1O ma PROG pulse.

rising cdge of RST and is advanced by a positive pubse st
XTAL! pin.

3.P3.1is pulled Low during programming to indicate RDY/BSY\
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Figure 3. Programming the Flash Memory
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Figure 4. Vcrifying the Flash Memory
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Flash Programming and Verification Characteristics
Ta=21°C1027°C, Vcc = 5.0 £ 10%

sV
AT89C2051 T
vl
[ PGM
—» P3.2 » DATA
~——»{ P3.3
——p{ P3.4
——p» P3.5
—p P37

XTAL 1

RST f¢—— V,,

' Symbol Parameter Min Max . Units
Vep Programming Enable Voltage 11.5 12.5 \
lpp Programming Enable Current 250 pa

i toveL Data Setup 1o PROG Low 1.0 us

. 1GHOX Data Hold After PROG 10 us
1EHSH P3.4 (m) High to Vpe 1.0 us

. 1SHGL Vpp Setup to PROG Low 10 us

_tGHSL Vep Hold After PROG 10 us
tGLGH PROG Widih 1 110 us
leLav ENABLE Low to Data Valid 1.0 ys
tEHQZ Data Float After ENABLE 0 1.0 us
1GHBL PROG High 1o BUSY Low 50 ns
twe Byte Write Cycle Time 2.0 ms
1BHIH RDY/BSW\ to Increment Cloc< Delay 1.0 us
tHIL Increment Clock High 200 ns
102
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Flash Programming and Verification Waveforms

) e
PORT 1 —  DATAIN »———— DATAQUT p—-~
be—i tovaL  tomox 4%
P3.2 |
(PROG) /l
! DR
(GLGH 5 ! GHSL
RST Ve i N .LOGIC 1
(Vep) T oIl I IIITIli L leieol -
~ lensn Ty, Pilluans *— lencz
P34 : Au—*
ENABLE ;
( ) tomaL — ¥, I;"_
P3.1_ i {
(RDY/BSY) ! ) BUSY READY
i ! <-- ¢
' — twc ! THIH
XTALY tarun l/—\L-
(INCREMENT - ——
ADDRESS)
Absolute Maximum Ratings*
. o A «NOTICE: Stresses beyond those hsted under “Absolute Maximum
Operating Temperature -65°C 10 +125°C Ratings™ may cause permanent damage 10 the device. This isa
Y & streas rating only and functional operation of the device at these
Storage Temperature -65°C t0 +150°C or any other conditions beyond those indicated in the operational
Voltage on Any Pin sections of this specification is not implicd. Exposure to absolute
with Respect 1o Ground 1.0Vio+7.0V maximum rating conditions for extended periods may affect de-
pect 10 Ground .......cccceueueee. Y . vice reliability.
Maximum Operating Voltage ........oeveeeeeecnces 6.6V
DC Output CUITeNt...covenecnrerrenrasesnsesassennaes 25.0 mA
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D.C. Characteristics
Ta=-40°C to 85°C, Vcc =2.7 V10 6.0 V (unless otherwise noted)

~ AImEL

Symbol Parameter Condition Min Max Units
ViL Input Low Voitage -0.5 0.2 Vce-0.1 Y
Vin input High Voltage (Except XTAL1, RST) 0.2 Vcc+0.9 Vce+0.5 -V
Vir1 Input High Voltage (XTAL1, RST) 0.7 Vce Vce+0.5 Y
Output Low Voltagem loL=20mA, Vcc=5V
Vou | (Ports 1.3) loL= 10mA, Vcc=2.7V 05 v
S utout High Volt lou=-80uA.Vcc=5Vi10% 2.4 v
utput High Voltage
VoH Ports 1. 3) lox = -30 pA 0.75 Vcce '
loH=-12 pA 0.9Vce v
|_ogical 0 Input Current _ 3
I Ports 1, 2. 3) Vin=0.45V 50 HA
Logical 1 to O Transition.
= V -
. Current (Ports 1, 2, 3) Y=g 750 KA
nput Leakage Current
u Port P1.0, P1.1) 0<Vin < Vee 10 HA
Comparator Input Offset ~
Vos Voltage Vec=5V 20 mv
Comparator Input
Vew Common Mode Voltage Y Vee v
RRST | Reset Pulldown Resistor 50 300+ KQ
i Cio Pin Capacitance Test Freq. = 1 MHz, Ta = 25°C 10 pF
i Active Mode, 12 MHz, Vec =6 Vi3 V 15/5.5 mA
' Power Supply Current idle Mode, 12 MHz, Vec =6 VI3 V 1 mA
! e P1.0& P1.1 =0V orVcc
‘- Voc=6VP1.0&P1.1=0VorV 10 A
; Power Down Mode!? o O 0 £
Vcc=3VP1O&PIL1T =0V orVce 20 HA
Notes: 1. Under steady state (non-teansient) conditions. foL must 1f IOL exceeds the test condition, YOL may ¢xceed the

be externally limited xs follows:
Maximum loL per pest pin:20 mA
Maximum total IOL sor all output pins:80 mA

retated specification. Pins are not guaranteed to sink
current greater than the listed test conditions.
2. Minimum Ve for Power Downis 2 V.
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External Clock Drive Waveforms

»

tonex ———]
teen — 1 tence
|
0.2Vee-0.1V
045V LJ L
[ torex —*
t toece
External Clock Drive
Symbol  Parameter Min Max Units
Mcier | Oscillator Frequency 0 24 MHz
fcieL Clock Period 41.6 ns
tcHex High Time 15 ns
tcLex Low Time 15 ns
tcien Rise Time 20 ns
_cHeL Fall Time 20 ns

ATMEL
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Serial Port Timing: Shift Register Mode Test Conditions
{Vce = 5.0 V £ 20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator
Symbol | Parameter Min Max Min Max Units
txixe Serial Port Clock Cycle Time 1.0 12tcLcL pus
tQvxH Output Data Setup to Clock Rising Edge 700 10tctcr-133 ns
IxHOX Output Data Hold After Clock Rising Edge 50 2tcLee-33 l?
tXHDX input Data Hold After Clock Rising Edge 0 0 : ns
txHoV Clock Rising Edge to Input Data Valid 700 101ICLCL-133 | ns

Shift Register Mode Timing Waveforms

INSTRUCTIACi: | :r_lij__!:_!_‘l i 2 ! rli ] 4 | 5 i 6 _‘r 7 i 8 _lr_
l“——’l tax

CLOCK —
tovie | Ly |
a Yy iyaa ‘mpx
WRITE TO SBUR NAb/ XK 2 X 3 X 4« X 5 X8 X717
M i N T2y tn(OX SETTI
OUTPUT DATA tyov ~—'1 .
1 1y .
_CLEARRI, 0 3 < AR G O
v 4
INPUT DATA SETAI!

AC Testing Input/Output Waveforms'’  Float Waveforms "

Ve 0.5V ——
ce 02V +08V Vo o'V
TEST POINTS Voo Timing Reference
02V -01V Points
. - 0. 0.1V
045V cc Vioao Vo o1V
Note: 1. AC Inputs during testing are driven at Voc-0.5 V for a Note: 1. For timing purposes, a port pin is no longer Noating when 2
logic 1 and 0.45 V for a logic 0. Timing measurements 100 mV change from load voltage occuns. A port pin be-
are made at Vi min. for alogic | and Vi1, max. for a gins (o float when a 100 mV change from the losded

logic 0.
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> 3

20

15 -

10

0~ d
0 6 12 18 24

AT89C2051
TYPICAL ICC - ACTIVE (85°C)
| l o ——I Voc=6.0V |
E ; : ;
| Vee=5.0V
! i
— ; ,
? | Vce=3.0V
! 1 ‘—/—1

' .
i !

. ! i I

! ! ! ;

' 5 . f i

: s : :

i

FREQUENCY (MHz)
AT89C2051

TYPICAL ICC - IDLE (85°C)

! : i Vce=6.0V

FREQUENCY (MHz)

ATMEL

107




i
AT89C2051 3
TYPICAL ICC vs. VOLTAGE - POWER DOWN (85°C) "

20 {

e T

o //
A /

0
3.0v . 4.0V 5.0V 6.0v
Vee VOLTAGE
Note: 1. XTALLI tied to GND for Icc (power down).

2. P.1.0and PI1.1 = Vccor GND.
3. Lock bits programmed.
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