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ABSTRACT

This thesis presents designing and constructing a biomixer for blood, which receives
from donating. The machine is applied for anti — blood clotted by shaking at an appropriate
vibration, well mixing with a chemical solution. The machine can select weight of blood with the
proper fraction of chemical solution. Improve construct the body of machine, the salver of purse
blood and the equipment of shaking the salver. Next make the weight measurement and display
which are controlled by MCS-51 Microcontroller from C- Language. Including test efficiency and
function of machine. Finally, the biomixer will be improve and resolve as could be distributed to

hospital and health center as well
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3.2.2 Counter type A/D
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3 1 3.14 Timing diagram counter type A/D
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3.16 Timing Diagram
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2.) Dual Slope Converter
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in :/1R1 (3.5)
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#pragma code

#include <reg52.h>
#include "lcd_h.h"

#include "h_to_s.h"

sbit sw_limit=P3"0;

sbit sw_start=P3"1;

sbit sw_center=P3"2;

sbit m_run=P2"7,

sbit alarm=P2"6;

sbit clamp=?2A5;

sbit sw_buffer=pP2°4;
unsigned int limit;

unsigned int temp_limit=0;
unsigned int two_triger=0;
unsigned int mode=0;
unsigned int k=0;

unsigned int check=0;
unsigned int center=0;
unsigned int stop_motor=0;
unsigned int check_stop=0;//no stop
unsigned int count_error=0;
unsigned int see_error=0;

unsigned char diff_error;

void select_weight(unsigned int temp_| ){

iftemp_l==1){ /itle
init();
clear_lcd();
if(sw_start==0){two_triger=1;mode=1;}
else show_lcd(" --Please Put--",1,1); //show_text(text,line,pos)
if(sw_start==0){two_triger=1;mode=1;}

else show_lcd("CPD Whole Blood *,2,1);
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for(k=0;k<40000;k++){if(sw_start==0){two_triger=1;mode=1; }}
delay(50);
}
else if(temp_l==2){
if(sw_start==0){two_triger=1;mode=1;}
else show_lcd("*Select Volume*',1,1); //show_text(text line,pos)
if(sw_start==0){two_triger=1;mode=1;}
else show_lcd(* 350/450 ml. “,2,1);
for(k=0;k<40000;k++){if(sw_start==0){two_triger=1;mode=1;} }
delay(50);
}
else if(temp_l==350){
show_led(* Choose 350 ml. *,1,1); //show_text(text,line,pos)

show_lcd("START WHEN READY",2,1);

else if(temp_[==450){
show_led(* Choose 450 ml. ",1,1); //show_texi(text, line,pos)

show_|lcd("START WHEN READY",2,1);

temp_I=0;

}

/

void sound(unsigned int long_sound){

unsigned int i,j;

for(j=0;j<=long_sound;j++){
alarm=1,
for(i=0; i<=2;i++);
alarm=0;

for(i=0; i<=2;i++);

el

void clear_p2(){



m_run=0; /Iclear
alarm=0;
clamp=0;
'
void main (){
center=0;
init(); //initial lcd
clear_led();
sw_limit=0;
sw_buffer=0; //enable 74|s244
clear_p2();
delay(50);
temp_limit=sw_limit;
while(center!=1){
m_run=1;
for(k=0;k<10000;k++)if(sw_center==0){center=1; }
!
m_run=0;
while(1){
if(mode==0){

if(sw_start==0){two_triger=1;mode=1;delay(50);}
else if(sw_limit!=temp_limit){two_triger=1;mode=1;}

else select_weight(1); //1=show initial

if(sw_start==0){two_triger=1;mode=1;delay(50);}

else if(sw_limit!=temp_limit){mode=1;two_triger=1;}



else select_weight(2);

else if(mode==1){

I/ Begin start mortor

for(k=0;k<10000;k++)if (sw_start==0){two_triger=2;mode=2; }
delay(50);

/1 chane weight

if(two_triger==2){mode=2;two_triger=0;} //adj pluse contact

if(sw_limit==0){limit=350;select_weight(350);} //show 350 ml.

else if(sw_limit==1){limit=450;select_weight(450);} //show 450 ml.

temp_limit=sw_iimit;
}
else if(mode==2){
clear_lcd();
show_lcd(*--- RUN MODE ---',1,1);
show_lcd("Volume",2,2);
show_lcd("ml.",2,13);

delay(100);

stop_motor=0;
count_error=0;
diff_error=0;

while(1){
m_run=1; //start run

count_error++;

get_weight(P1);

if(count_error==1){ diff_error=temp;}//mem start check error
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else if(count_error>160){

if(temp-diff_error<2){
m_run=0;
see_error=0;
while(see_error!=1){
show_|cd(" Blood not flow ",1,1);
for(k=0;k<30000;k++){if(sw_start==0){see_error=1;} }
show_lcd(" { CHECK ERROR “/1,1);
alarm=1;
for(k=0;k<20000;k++){if(sw_start==0){see_error=1;} }
alarm=0;
for(k=0;k<20000;k++){if(sw_start==0){see_error=1;} }
alarm=1;
for(k=0;k<20000;k++){if(sw_start==0){see_error=1:} }
alarm=0;

blink_lcd(1);

}
show_lcd(-—- RUN MODE ---",1,1);

count_error=0;
}
if(stop_motor==1){
m_run=0;
check_stop=0;
while(check_stop!=1){
show_lcd(* --- PAUSE --—- "/1,1);

for(k=0;k<30000;k++){if(sw_start==0){check_stop=1;} }

show_lcd(“--—- RUN MODE ---",1,1);
stop_motor=0;

}
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get_weight(P1); //convert hex to [string number*2]
/lweight poitive (string=display int=temp)
Ilweight event  (int event_weight)
if(temp>=limit) {
m_run=0;// stop motor
clamp=1;
if(limit==350){
clear_lcd();
show_led(* --- FULL ---",1,1);
show_lcd(*  350ml ."2,1):
alarm=1;
blink_led(1);
alarm=0;
show_lcd(* Please Reset ",2,1);
blink_lcd(1);
alarm=1;

delay(600);

}
else if(limit==450){
clear_led();
show_lcd(* -— FULL ---",1,1);
show_lcd(*  450ml.",2,1);
alarm=1;
blink_lcd(1);
alarm=0;
show_lcd(" Please Reset “,2,1);
blink_lcd(1);
alarm=1,

delay(600);

else{

command(0xc8);
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show_lcd(display,2,9);
for(k=0;k<5000;k++){if(sw_start==0){stop_motor=1;}}
delay(50);
'
}lend loop event weight

} //lend else mode1

Y/end while
1
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PW6KR / PW6KRC3

Single point load cell
&3

NN

Max. Capacities:
3kg...40kg

Dimensions (in mm; 1mm = 0.03937 inches

HBM

Special features

 Accuracy class 0.1% or
C3 with OIML-R60 approval

 Off center load compensated
(OIML R 76)

¢ Protection class |IP65
(according to EN 60 529)

Options on request

¢ Reduced Minimum LC verfication
_interval (Vmin) for multi range
application with PWEKRC3

Center of
paiform
65+0.2
| qu |
gt it i TS
£ 1.1 F-No plate 11
Sy y =
! | i 350+10
-
Cable length
130+0.2
i 10620.1 112
* | 1 Plug
0o O dode%ee LRI [
co 1 ______ ol ‘0’020'02030.04“.0:”0o’og»m; ==
+<’:: 3%03:.0% 353 ozoo;:‘o:: o —1:F’G
i <
qT \
b 4hte \ Silicone coating
[Te) .
0.3
*40kg: 30 g

Cable:
4-core round cable (4x0.14mm?)
with PVC-jacket

Colour code:

Excitation + blue
Excitation - black
Signal + white
Signal - red

Screen floating
Connector: CE 100F26-4 (Panduit)

Mounting:

Cylindrical screw M6-8.8
Tightening torque: 1ONm
Material:

Aluminum

D.PW6K.0e - 304.06 - 1050.4 - Version a -24.07.2001

Data sheet D.PW6KR.Oe
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Type PW6KR PW6KRC3
Accuracy class 0.1% c3)
Maximum number of load cell intervals (n| c) - 3000
Maximum capacity (Emax) kg |33|5 [10] 15|20 |30 |40|3%| 5 | 10| 15|20 | 30 | 40
Minimum LC verification interval(vmin) 1] 2 5 |10 10|20 | 20|05 1 2 5 5 5 |10
[Option: Ve, contracted in area] g Lol oo - - - (o2les)| | @R R (s
Maximum platform size mm 300 x300 300 x300
Sensitivity (Cp) 2.0 0.1 2.0 0.1
mVN
Zero balance 0 +0.1 0 +0.1
Temperature effect 2l gl8|8l8|s|g|eqey|e®|e5|28|28|9R
on zero balance (TKq) 818181838 |38|3|5555/58|55|58|58|55
[With Option: v contract. in area] 22121912132 33 ? S‘i S 3‘ Cﬁi Cﬁi 2 Sl 2 i
= % v. Cn
Temperature effect /10K
on sensitivity (TKg) 2
Temperature range:
+20 ... +40°C [+70 ... +105°F] +0.0500 -
-10 ... +20°C [+15 ... +70°F] +0.0500 +0.0140
Hysteresis error (dpy) 2 +0.0200 +0.0150
Non-linearity (djin) 2 , +0.0200 +0.0150
Creep (dgr; dpr) over 30 min. oV >n - +0.0166
Off center load error +0.0400 +0.02334)
Input resistance (R ¢) 420 =20 420 20
Output resistance (Ro) . 300...360, typ. 350 +5 350 +5
Reference excitation voltage (Ug) 5 5
Nominal range \Y
of excitation voltage (By) 1015 o 1
Insulation resistance (R;g) at 100Vpg GQ ¢ 11
Nominal temperature range(Bry) -10... 450 -10 ... +40
Service temperature range (By,) °C -10... +50 -10... +50
Storage temperature range (By) -25..+70 -25...+70
Safe load limit (E_) * G 150 150
V. Enzd
*) at max. eccentricity mm 100 100
Lateral load limit (Eq), static % 300 300
Breaking load (Eg) V. Emax 300 300
Deflection at Eqnax (Snom) @PProx. mm <04 <04
Weight (G), approx. kg 0.17 0.17
Protection class according to EN605289
(IEC529) P65 1P65
Material: Measuring element Aluminum Aluminum
Coating Silicone rubber Silicone rubber
Cable-sheath pPvC PVC

1) According to OIML R60 with P ¢ = 0.7
2) The data for Non-linearity (djin), Hysteresis error (dpy) and Temperature effect on sensitivity (TKg) are typlcal values. The
sum of these data meets the requirements accordmg to OIML R60.

3) Max. capacity 3kg in preparation

4) Refers to the scale capacity (Max) for 3000d.
The tolerance value corresponds to 70% of the permissible scale error according to OIML R76, Class M.

HBM

D.PW6K.0Oe - 304.06 - 1050.4 - Version a - 19.07.2001

Hottinger Baldwin Messtechnik GmbH

Im Tiefen See 45, D-64293 Darmstadt, Germany

Tel.: +49 (0)6151 /803 O; - Fax: +49 (0)6151 /803 9 100
www. hbm.com;  e-mail: support@hbm.com

Modifications reserved.

All details describe our products in
general form. They are not to be
understood as express warranty and do

§ not constitute any liability whatsoever.

Wt 07.01 - (pdf)
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Data Sheet

8-Bit, Microprocessor-Compatible, A/D
Converters

The ADCO080X family are CMOS 8-Bit, successive-
approximation A/D converters which use a modified
potentiometric ladder and are designed to operate with the
8080A control bus via three-state outputs. These converters
appear to the processor as memory locations or 1/O ports,
and hence no interfacing logic is required.

The differential analog voltage input has good common-
mode-rejection and permits offsetting the analog zero-input-
voltage value. In addition, the voltage reference input can be
adjusted to allow encoding any smaller analog voltage span
to the full 8 bits of resolution.

Typical Application Schematic

ADC0803, ADC0804

August 2002 FN3094.4

Features

. 80C48 and 80C80/85 Bus Compatible - No Interfacing
Logic Required

« ConversionTime . ........oooueeoeininnannn. <100pus
- Easy Interface to Most Microprocessors

- Will Operate in a “Stand Alone” Mode

Differential Analog Voltage Inputs

. Works with Bandgap Voltage References
« TTL Compatible Inputs and Outputs

+ On-Chip Clock Generator

- Analog Voltage Input Range
(Single + 5V Supply) ... ..o 0V to 5V

- No Zero-Adjust Required

. 80C48 and 80C80/85 Bus Compatible - No Interfacing
Logic Required

Jcs U v Zoesv 1s0pF
2| RD  CLKR 149 Pinout
ol = m—ll—;!
W K 10K
%9 #:Ta K ADC0803, ADC0804
9 (PDIP)
o e TOP VIEW
ANY <::> 8 <— DBg
UPROCESSOR o 3| oBs -
‘14 DBgs ViN(#) : 9 DIFF cs |1 EV“‘ OR VRer
4_:% 0By VNIl }mpurs 70 2 [19] CLK R
DB, AGND -VV—R- E E DBg (LsB
| 17| DBy Vrer2 9 VRer/2 )
N 8] b8 DGND 19 cuki [4 [17] 084
<] 0 — L |
A INTR [5] (16| B,
vin (+) [€] 15| 0B
vin( [7] 14 0B,
8-BIT RESOLUTION
OVER ANY AGHD IE % DBs
DESIRED Veer/2 | 9 12| DBg
ANALOG INPUT
VOLTAGE RANGE DGND [19 11| DB7 (msg)
Ordering Information
PART NUMBER ERROR EXTERNAL CONDITIONS TEMP. RANGE (°C) PACKAGE PKG. NO
ADCO0803LCN 11/2 LSB |VRgfF/2 Adjusted for Correct Full Scale 0to70 20 Ld PDIP E20.3
Reading -
ADCO804LCN +1LSB  |VReF/2 = 2.500Vpc (No Adjustments) 0to 70 20 Ld PDIP E20.3
1 CAUTION: These devices are sensitive lo electrostatic discharge; follow proper IC Handling Procedures

1-888-INTERSIL or 321-724-7143 | Intersil (and design) is a registered trademark of Intersil Americas Inc.
Copyright © lntersil Americas Inc. 2002. All Rights Reserved
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ADC0803, ADC0804

Functional Diagram

INTR

READ
“1" = RESET SHIFT REGISTER
“g” = BUSY AND RESET STATE RESET
INPUT PROTECTION
FOR ALL LOGIC INPUTS
INPUT CLK
TO INTERNAL
CIRCUITS
N BV =30V N
DFF1
7 GEN
CLKS
l{ osc | START FIF | Q
! 10
! DGND T
START
SN g | \\ CONVERSION
4 ~
MSB = l—l
v+ 20 < <
(Vrer) © < <
LADDER |’ SUCCESSIVE _8-BIT
anp ¢ APPROX. [ SHIFT
i DECODER [* REGISTER |€ | REGISTER .
0 < AND LATCH. [« W IF RESET = “0
VRer/2 © > Y R [¢—
< " B RESET INTR FIF
DAC e Q
AGND g Vour {
e L CLKA
r—a V+ j v
D
comp DFF2
5 + | Q
L +
Vin (+) © i O_ / YYYVVYVY
THREE-STATE XFER (s SET
7 OUTPUT LATCHES
ViN() © 7
7 o MSB LsB
CONV. COMPL.
111213141516 17 18
v —| |=—8xut
DIGITAL OUTPUTS
THREE-STATE CONTROL
“1" = QUTPUT ENABLE

2
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ADC0803, ADC0804

Absolute Maximum Ratings

SupplyVoltage . . ... cooiiii i 6.5V
Voltage at Any Input. . .. ... ... .. ...

Operating Conditions

Temperature RaNge . . ...« vovvnenenanaeannneenn 0°C to 70°C

Thermal Information

Thermal Resistance (Typical, Note 1)
PDIP Package

Maximum Junction Temperature

Plastic Package
Maximum Storage Temperature Range
Maximum Lead Temperature (Soldering, 10s)

0y (°CIW)

80

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage fo the device. This is a stress only rating and operation of the

device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

1. 9,4 is measured with the component mounted on a low effective thermal conductivity test board in free air. See Tech Brief TB379 for details.

Electrical Specifications (Notes2, 8)
PARAMETER | TEST CONDITIONS | wmiN TYP MAX UNITS
CONVERTER SPECIFICATIONS V+ =5V, Ta = 25°C and fo k = 640kHz, Unless Otherwise Specified
Total Unadjusted Error
ADC0803 VREF/2 Adjusted for Correct Full Scale Reading - - :1:1/2 LSB
ADC0804 VREF/2 = 2.500V - - 1 LSB
VREeg/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 - kQ
Analog Input Voltage Range (Note 3) GND-0.05 - (V+) +0.05 \Y
DC Common-Mode Rejection Over Analog Input Voltage Range - ‘-*-1/16 *1/8 LSB
Power Supply Sensitivity V+ =5V +10% Over Allowed Input Voltage - ¢1I16 11/8 LSB
Range
CONVERTER SPECIFICATIONS V+ = 5V, 0°C to 70°C and fg i = 640kHz, Unless Otherwise Specified
Total Unadjusted Error
ADC0803 VRer/2 Adjusted for Correct Full Scale Reading = 1 e LSB
ADCO0804 VRefF/2 = 2.500V - - ol LsSB
VRef/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 1 kQ
Analog Input Voltage Range (Note 3) GND-0.05 - (V+) +0.05 Vv
DC Common-Mode Rejection QOver Analog Input Voltage Range - t1/8 1—1/4 LSB
Power Supply Sensitivity V+= 5V £10% Over Allowed Input Voltage - :1/16 :t1/g LSB
Range
AC TIMING SPECIFICATIONS V+ =5V, and Tp = 25°C, Unless Otherwise Specified
Clock Frequency, fo K V+ =6V (Note 4) 100 640 1280 kHz
V+=5V 100 640 800 kHz
Clock Periods per Conversion (Note 5), 62 - 73 Clocks/Conv
tcony e ) o~
Conversion Rate In Free-Running Mode, CR | INTR tied to WR with CS =0V, ok = 640kHz - - 8888 Conv/s
Width of WR Input (Start Pulse Width), CS = 0V (Note 6) 100 2 2 ns
WWR)!
Access Time (Delay from Falling Edge of | C_= 100pF (Use Bus Driver IC for Larger Cy) - i35 200 ns
RD to Output Data Valid), tacc
Three-State Control (Delay from Rising C = 10pF, R(= 10K - 125 250 ns
Edge of RD to HI-Z State), t{H, toH (See Three-State Test Circuits)
Delay from Falling Edge of WR tc Reset of - 300 450 ns
INTR, tw. tR
Input Capacitance of Logic Control Inputs, - 5 - pF
CiN
Three-State Output Capacitance (Data - 5 - pF

Buffers), Coyt

3 et ersil
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ADC0803, ADC0804

Electrical Specifications (Notes 2, 8) (Continued)

PARAMETER TEST CONDITIONS I MIN TYP MAX UNITS
DC DIGITAL LEVELS AND DC SPECIFICATIONS V+ =5V, and TN to Tmax. Unless Otherwise Specified
CONTROL INPUTS (Note 7) ’

Logic “1* Input Voltage (Except Pin 4 CLK |V+=5.25V 2.0 - V+ Vv
IN), VINH

Logic “0" Input Voltage (Except Pin 4 CLK | V+=4.75V - - 0.8 Y
IN), VINL

CLK lN'(Pin 4) Positive Going Threshold 2.7 3.4 35 Y
Voltage, V+CLK

CLK IN (Pin 4) Negative Going Threshold 1.8 1.8 21 \Y
Voltage, V-c K

CLK IN (Pin 4) Hysteresis, V4 0.6 1.3 20 \Y
Logic “1" Input Current (All Inputs), 11 | VIN= SV - 0.005 1 HA
Logic “0" Input Current (All Inputs), into | ViN= OV -1 -0.005 - HA
Supply Current (Includes Ladder Current), I+| fc g = 640kHz, T = 25°C and CS = Hi - 1.3 25 mA
DATA OUTPUTS AND INTR :

Logic “0" Output Voltage, Vo Io=1.6mA, V+ =475V - - 04 Y
Logic “1" Output Voltage, VoH 1o =-360pA, V+ = 4.75V 24 - - \Y
Three-State Disabled Output Leakage (All | Voyt = 0V -3 - - RA
Data Buffers), I o Vour =5V = K 3 vA
Output Short Circuit Current, ISOURCE Vout Short to GND, Tp = 25°C 4.5 6 - mA
Output Short Circuit Current, IS|NK Vourt Shortto V+, Ta = 25°C 9.0 16 - mA

NOTES:

2. All voltages are measured with respect to GND, unless otherwise specified. The separate AGND point should always be wired to the DGND,
being careful to avoid ground loops.

3. For Vin(-) 2 VIN(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will
forward conduct for analog input voltages one diode drop below ground or one diode drop greater than the V+ supply. Be careful, during testing
at low V+ levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct - especially at elevated temperatures, and cause
errors for analog inputs near full scale. As long as the analog V does not exceed the supply voltage by more than 50mV, the output code will
be correct. To achieve an absolute OV to 5V input voltage range will therefore require a minimum supply voltage of 4.950V over temperature
variations, initial tolerance and loading.

4. With V+ = 6V, the digital logic interfaces are no longer TTL compatible.

5. With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process.

6. The CS input is assumed to bracket the WR strobe input so that timing is dependent on the WR pulse width. An arbitrarily wide pulse width will
hold the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see Timing Diagrams).

7. CLK IN (pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately.

8. None of these A/Ds requires a zero-adjust. However, if an all zero code is desired for an analog input other than 0V, or if a narrow full scale span exists
(for example: 0.5V to 4V full scale) the Vin(-) input can be adjusted to achieve this. See the Zero Emor description in this data sheet.

Timing Waveforms
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Timing Waveforms (Continued)
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FIGURE 1. THREE-STATE CIRCUITS AND WAVEFORMS

Typical Performance Curves
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Typical Performance CuUrves (Continued)
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Timing Diagrams
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Timing Diagrams (Continued)
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Understanding A/D Error Specs

A perfect A/D transfer characteristic (staircase wave-form) is
shown in Figure 11A. The horizontal scale is analog input
voltage and the particular points labeled are in steps of 1
LSB (19.53mV with 2.5V tied to the VRgr/2 pin). The digital
output codes which correspond to these inputs are shown as
D-1, D, and D+1. For the perfect A/D, not only will center-
value (A-1, A, A+1,...)analog inputs produce the correct
output digital codes, but also each riser (the transitions
between adjacent output codes) will be located 1112 LSB
away from each center-value. As shown, the risers are ideal
and have no width. Correct digital output codes will be
provided for a range of analog input voltages which extend
i1/2 LSB from the ideal center-values. Each tread (the range
of analog input voltage which provides the same digital
output code) is therefore 1 LSB wide.

The error curve of Figure 11B shows the worst case transfer
function for the ADCO80X. Here the specification guarantees
that if we apply an analog input equal to the LSB analog
voltage center-value, the A/D will produce the correct digital
code.

Next to each transfer function is shown the corresponding
error plot. Notice that the error includes the quantization
uncertainty of the A/D. For example, the error at point 1 of
Figure 11A is +1/2 LSB because the digital code appeared
1/2 LSB in advance of the center-value of the tread. The
error plots always have a constant negative slope and the
abrupt upside steps are always 1 LSB in magnitude, unless
the device has missing codes.

Detailed Description

The functional diagram of the ADC080X series of AID
converters operates on the successive approximation
principle (see Application Notes AN016 and ANO20 for a
more detailed description of this principle). Analog switches
are closed sequentially by sUccessive-approximation logic
until the analog differential input voltage [V|N(+) - V|N(_)]
matches a voltage derived from a tapped resistor string
across the reference voltage. The most significant bit is.
tested first and after 8 comparisons (64 clock cycles), an 8-
bit binary code (1111 1111 = full scale) is transferred to an
output latch.

The normal operation proceeds as follows. On the high-to-low
transition of the WR input, the internal SAR latches and the
shift-register stages are reset, and the INTR output will be set
high. As long as the CS input and WR input remain low, the
A/D will remain in a reset state. Conversion will start from 1 to
8 clock periods after at least one of these inputs makes a low-
to-high transition. After the requisite number of clock pulses to
complete the conversion, the INTR pin will make a high-to-low
transition. This can be used to interrupt a processor, or
otherwise signal the availability of a new conversion. A RD
operation (with CS low) will clear the INTR line high again.
The device may be operated in the free-running mode by

connecting INTR to the WR input with CS = 0. To ensure start-
up under all possible conditions, an external WR pulse is
required during the first power-up cycle. A conversion-in-
process can be interrupted by issuing a second start
command.

Digital Operation

The converteris started by having CS and WR simultaneously
low. This sets the start flip-flop (F/F) and the resulting “1” level
resets the 8-bit shift register, resets the Interrupt (INTR) F/F
and inputs a “1” to the D flip-flop, DFF 1, which is at the input
end of the 8-bit shift register. Internal clock signals then
transfer this “1" to the Q output of DFF 1. The AND gate, G1,
combines this “1” output with a clock signal to provide a reset
signal to the start F/F. If the set signal is no longer present
(either WR or CS is a “1"), the start F/F is reset and the 8-bit
shift register then can have the “1” clocked in, which starts the
conversion process. If the set signal were to still be present,
this reset pulse would have no effect (both outputs of the start
F/F would be at a “1" level) and the 8-bit shift register would
continue to be held in the reset mode. This allows for
asynchronous or wide CS and WR signals.

After the “1” is clocked through the 8-bit shift register (which
completes the SAR operation) it appears as the input to
DFF2. As soon as this “1” is output from the shift register, the
AND gate, G2, causes the new digital word to transfer to the
Three-State output latches. When DFF2 is subsequently
clocked, the Q output makes a high-to-low transition which
causes the INTR F/F to set. An inverting buffer then supplies
the INTR output signal.

When data is to be read, the combination of both CS and RD
being low will cause the INTR F/F to be reset and the three-
state output latches will be enabled to provide the 8-bit
digital outputs.

Digital Control Inputs

The digital control inputs (CS, RD, and WR) meet standard
TTL logic voltage levels. These signals are essentially
equivalent to the standard A/D Start and Output Enable
control signals, and are active low to allow an easy interface
to microprocessor control busses. For non-microprocessor
based applications, the CS input (pin 1) can be grounded and
the standard A/D Start function obtained by an active low
pulse at the WR input (pin 3). The Output Enable function is
achieved by an active low pulse at the RD input (pin 2).

Analog Operation

The analog comparisons are performed by a capacitive
charge summing circuit. Three capacitors (with precise ratioed
values) share a common node with the input to an auto-
zeroed comparator. The input capacitor is switched between
VIN(+) and V|N(.), while two ratioed reference capacitors are
switched between taps on the reference voltage divider string.
The net charge corresponds to the weighted difference
between the input and the current total value set by the
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successive approximation register. A correction is made to
offset the comparison by 1/2 LSB (see Figure 11A).

Analog Differential Voltage Inputs and Common-
Mode Rejection '

This A/D gains considerable appliéations flexibility from the
analog differential voltage input. The V|N(_) input (pin 7). can
be used to automatically subtract a fixed voltage value from
the input reading (tare correction). This is also useful in 4mA
- 20mA current loop conversion. In addition, common-mode
noise can be reduced by use of the differential input.

The time interval between sampling Vin(+)and ViNG) is 41/2
clock periods. The maximum error voltage due to this slight

time difference between the input voltage samples is given by:

AVE(MAX) - (VPEAK)(anCM)[f_“E_]
CLK
where:
AVE is the error voltage due to sampling delay,
VpEeaK is the peak value of the common-mode voltage,
fcm is the common-mode frequency.

For example, with a 60Hz common-mode frequency, fop, and
a 640kHz A/D clock, fo k, keeping this error to 1/,4 LSB (~5mV)
would allow a common-mode voltage, Vpgak, givenby:

[AVE(MAX)“CLK)]

VPEAK T —Zmic @8

or

(5x1072)(640 x 10%) 3y
(6.28)(60)(4.5) ~— T

The allowed range of analog input voltage usually places

more severe restrictions on input common-mode voltage

levels than this.

Vpeak ~

An analog input voltage with a reduced span and a relatively
large zero offset can be easily handled by making use of the
differential input (see Reference Voltage Span Adjust).

Analog Input Current

The internal switching action causes displacement currents to
flow at the analog inputs. The voltage on the on-chip
capacitance to ground is switched through the analog
differential input voltage, resulting in proportional currents
entering the V\(+) input and leaving the V|y(.) input. These
current transients occur at the leading edge of the internal
clocks. They rapidly decay and do notinherently cause errors
as the on-chip comparator is strobed at the end of the clock
perlod.

Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
and cause a DC current to flow through the output resistances
- of the analog signal sources. This charge pumping action is
worse for continuous conversions with the Vi« input voltage
at full scale. For a 640kHz clock frequency with the Vin(+)

input at 5V, this DC current is at a maximum of approximately
SpA. Therefore, bypass capacitors should not be used at
the analog inputs or the VRgg/2 pin for high resistance
sources (>1kQ). If input bypass capacitors are necessary for
noise filtering and high source resistance is desirable to
minimize capacitor size, the effects of the vbltage drop across
this input resistance, due to the average value of the input
current, can be compensated by a full scale adjustment while
the given source resistor and input bypass capacitor are both
in place. This is possible because the average value of the
input current is a precise linear function of the differential input
voltage at a constant conversion rate.

Input Source Resistance

Large values of source resistance where an input bypass
capacitor is not used will not cause errors since the input
currents settle out prior to the comparison time. If a low-
pass filter is required in the system, use a low-value series
resistor (<1kQ) for a passive RC section or add an op amp
RC active low-pass filter. For low-source-resistance
applications (£1kQ), a 0.1uF bypass capacitor at the inputs
will minimize EMI due to the series lead inductance of a long
wire. A 100Q series resistor can be used to isolate this
capacitor (both the R and C are placed outside the feedback
loop) from the output of an op amp, if used.

Stray Pickup

The leads to the analog inputs (pins 6 and 7) should be kept
as short as possible to minimize stray signal pickup (EMI).
Both EMI and undesired digital-clock coupling to these inputs
can cause system errors. The source resistance for these
inputs should, in general, be kept below 5kQ. Larger values of
source resistance can cause undesired signal pickup. Input
bypass capacitors, placed from the analog inputs to ground,
will eliminate this pickup but can create analog scale errors as
these capacitors will average the transient input switching
currents of the A/D (see Analog Input Current). This scale
error depends on both a large source resistance and the use
of an input bypass capacitor. This error can be compensated
by a full scale adjustment of the A/D (see Full Scale
Adjustment) with the source resistance and input bypass
capacitor in place, and the desired conversion rate.

Reference Voltage Span Adjust

For maximum application flexibility, these A/Ds have been
designed to accommodate a 5V, 2.5V or an adjusted voltage
reference. This has been achieved in the design of the ICas
shown in Figure 12.

Notice that the reference voltage for the IC is either 1/2 of the
voltage which is applied to the V+ supply pin, oris equal to
the voltage which is externally forced at the VRgg/2 pin. This
allows for a pseudo-ratiometric voltage reference using, for
the V+ supply, a 5V reference voltage. Alternatively, a
voltage less than 2.5V can be applied to the VRgg/2 input.
The internal gain to the VRgg/2 input is 2 to allow this factor
of 2 reduction in the reference voltage.
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Such an adjusted reference voltage can accommodate a
reduced span or dynamic voltage range of the analog input
voltage. If the analog input voltage were to range from 0.5V to
3.5V, instead of OV to 5V, the Span would be 3V. With 0.5V
applied to the VIN(-) Pin to absorb the offset, the reference
voltage can be made equal to 1/2 of the 3V span or 1.5V, The
AID now will encode the Vin(+) signal from 0.5V to 3.5V with
the 0.5V input corresponding to zero and the 3.5V input
corresponding to full scale. The full 8 bits of resolution are

therefere =wwi~d avar this reduced analog input voltage
range. The requisite connections == ehewn in Figure 13. For

expanded scale inputs, the circuits of Figures 14 and 15 can
be used.
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VRer/2 o
DIGITAL
} CIRCUITS
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FIGURE 12. THE Vrergrence DESIGN ON THE |0
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FIGURE 13. OFFSETTING THE ZERO OF THE ADC080X AND
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FIGURE 15. HANDLING +5V ANALOG INPUT RANGE

Reference Accuracy Requirements

The converter can be operated ina pseudo-ratiometric mode
or an absolute mode. [n ratiometric converter applications,
the magnitude of the reference voltage is a factor in both the
output of the source transducer and the output of the A/D
converter and therefore cancels outin the final digital output
code. In absolute conversion applicatlons, both the initial
value and the temperature stability of the reference voltage
are important accuracy factors in the Operation -of the A/D
converter. For VReg/2 voltages of 2.5V nominal value, initial
errors of 10mV will cause conversion errors of +1 LSB due
to the gain of 2 of the VREF/2 input. In reduced span
applications, the initial value and the stability of the VRefg2
input voltage become €ven more important. For example, if
the span is reduced to 2.5V, the analog input LSB voltage
value is correspondingly reduced from 20mV (5v span) to
10mV and 1 LSB at the VREF/2 input becomes 5my. As can
be seen, this reduces the allowed initial tolerance of the
reference voltage and requires 'correspondingly less
absolute change with temperature variations. Note that
Spans smaller than 2.5v place even tighter requirements on
the initial accuracy and stability of the reference source.

In general, the reference voltage will require an initial
adjustment. Errors due to an improper value of reference
voltage appear as full scale errors in the A/D transfer
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function. IC voltage regulators may be used for references if
the ambient temperature changes are not excessive.

Zero Error

The zero of the A/D does not require adjustment. If the
minimum analog input voltage value, ViN(MiN). is not ground, a
zero offset can be done. The converter can be made to output
0000 0000 digital code for this minimum input voltage by
biasing the A/D V() input at this Vinyviny value (see
Applications section). This utilizes the differential mode
operation of the A/D.

The zero error of the A/D converter relates to the location of
the first riser of the transfer function and can be measured by
grounding the Vy(.) input and applying a small magnitude
positive voltage to the V+) input. Zero erroris the difference
between the actual DC input voltage which is necessary to
just cause an output digital code transition from 0000 0000 to
0000 0001 and the ideal 1/2 LSB value (1I2 LSB =9.8mV for
VRef/2 = 2.500V).

Full Scale Adjust

The full scale adjustment can be made by applying a
differential input voltage which is 11/2 LSB down from the
desired analog full scale voltage range and then adjusting
the magnitude of the VRgg/2 input (pin 9) for a digital output
code which is just changing from 1111 1110 to 1111 1111.
When offsetting the zero and using a span-adjusted VRgg/2
voltage, the full scale adjustment is made by inputting VN
to the V|(-) input of the A/D and applying a voltage to the
VING+) input which is given by:

\ -V
Vinenfsaps = Vmax - 15[%]'
where:

Vmax = the high end of the analog input range, and

VMIN = the low end (the offset zero) of the analog range.
(Both are ground referenced.)

Clocking Option

The clock for the A/D can be derived from an external source
such as the CPU clock or an extemal RC network can be
added to provlde self-clocking. The CLK IN (pin 4) makes
use of a Schmitt trigger as shown in Figure 16.

7
CLKR
19 =1
Apcosos-| | fcLk= T7RC
R ADC0804
R =10kQ

CLKIN
c

.

FIGURE 16. SELF-CLOCKING THE A/D

Heavy capacitive or DC loading of the CLK R pin should be
avoided as this will disturb normal converter operation.

Loads less than 50pF, such as driving up to 7 A/D converter
clock inputs from a single CLK R pin of 1 converter, are

allowed. For larger clock line loading, a CMOS or low power
TTL buffer or PNP input logic should be used to minimize the
loading on the CLK R pin (do not use a standard TTL buffer).

Restart During a Conversion

If the A/D is restarted (E‘g and WR go low and return high)
during a conversion, the converter is reset and a new
conversion is started. The output data latch is not updated if
the conversion in progress is not completed. The data from
the previous conversion remain in this latch.

Continuous Conversions

In this application, the €5 input is grounded and the WR
input is tied to the INTR output. This WR and INTR node
should be momentarily forced to logic low following a power-
up cycle to insure circuit operation. See Figure 17 for details.

J_ ,1‘22 5V (VRer)
150pF . ADC0803 - ADC0804 ‘J;
1 cs U V+ E__o_
! Eﬁ 2|RD  CLKR[ig—— L*0 ¢
A g WR DBg[18}—o LSB_]:
START aml) sy § i =
—°—E INTR DBZE_.O
ANALOG —o— 6| Vin (*)  DB3[15—o | pata
INPUTS oo 71V () | DBy[ial—o [ OUTPUTS
8| AGND  DBs[13}—o
I o—{ 9] Vrer/2  DBg[1}—o
== ”I;—@ DGND DBy [11}—o ) MSB

FIGURE 17. FREE-RUNNING CONNECTION

Driving the Data Bus

This CMOS A/D, like MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circultry, which is tied to the data
bus, will add to the total capacitive loading, even in three-
state (high-impedance mode). Back plane busing also-
greatly adds to the stray capacitance of the data bus.

There are some alternatives available to the designer to
handle this problem. Basically, the capacitive loading of the
data bus slows down the response time, even though DC
specifications are still met. For systems operating with a
relatively slow CPU clock frequency, more time is available
in which to establish proper logic levels on the bus and
therefore higher capacitive loads can be driven (see Typical
Performance Curves).

At higher CPU clock frequencies time can be extended for
1/0 reads (and/or writes) by inserting wait states (8080) or
using clock-extending circuits (6800).
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Finally, if ime is short and capacitive loading is high, external
bus drivers must be used. These can be three-state buffers
(low power Schottky is recommended, such as the 74LS240
series) or special higher-drive-current products which are
designed as bus drivers. High-current bipolar bus drivers
with PNP inputs are recommended.

Power Supplies

Noise spikes on the V+ supply line can cause conversion
errors as the comparator will respond to this noise. A
low-inductance tantalum filter capacitor should be used
close to the converter V+ pin, and values of 1uF or greater
are recommended. If an unregulated voltage is available in
the system, a separate 5V voltage regulator for the converter
(and other analog circuitry) will greatly reduce digital noise
on the V+ supply. An ICL7663 can.be used to regulate such
a supply from an input as low as 5.2V.

Wiring and Hook-Up Precautions

Standard digital wire-wrap sockets are not satisfactory for
breadboarding with this A/D converter. Sockets on PC
boards can be used. All logic signal wires and leads should
be grouped and kept as far away as possible from the
analog signal leads. Exposed leads to the analog inputs can
cause undesired digital noise and hum pickup; therefore,
shielded leads may be necessary in many applications.

A single-point analog ground should be used which is
separate from the logic ground points. The power supply
bypass capacitor and the self-clocking capacitor (if used)
should both be returned to digital ground. Any VRgr/2
bypass capacitors, analog input filter capacitors, or input
signal shielding should be returned to the analog ground
point. A test for proper grounding is to measure the zero
error of the A/D converter. Zero errors in excess of 1/4 LSB
can usually be traced to improper board layout and wiring
(see Zero Error for measurement). Further information can
be found in Application Note ANO18.

Testing the A/D Converter

There are many degrees of complexity associated with testing
an A/D converter. One of the simplest tests is toapply a
known analog input voltage to the converter and use LEDs to

display the resulting digital output code as shown in Figure 18.

For ease of testing, the VRgg/2 (pin 9) should be supplied
with 2.560V and a V+ supply voltage of 5.12V should be
used. This provides an LSB value of 20mV.

If a full scale adjustment is to be made, an analog input
voltage of 5.090V (5.120 - 11/2 LSB) should be applied to
the Vin(+) pin with the VIN(-) pin grounded. The value of the
VREeF/2 input voltage should be adjusted until the digital
output code is just changing from 1111 1110 to 1111 1111.
This value of VRgp/2 should then be used for all the tests.

The digital-output LED display can be decoded by dividing
the 8 bits into 2 hex characters, one with the 4 most-

significant bits (MS) and one with the 4 least-significant bits
(LS). The output is then interpreted as a sum of fractions
times the full scale voltage:

_(Ms, LS
Vour = (B4 L3)(s.12)v.

10kQ
T AN
150p|=,;l_ 1 hd 23— 5120V
i 7;' E 10uF
7 z Eg TANTALUM
$ E LSB
N.O. =
START i 14]
—{5| Apcosoa-
Vin (+) 001“': ¢ l 6 ADC0804 o
AWF =
AGND {——TF]
2.560V .-
Vrerl2 € [ Eg

0.1pF 10 MS8
+ 13kQ | Eps
— DGND (8) (8)

FIGURE 18. BASIC TESTER FOR THE A/D

For example, for an output LED display of 1011 0110, the
MS character is hex B (decimal 11) and the LS characteris
hex (and decimal) 6, so:

i/ g6

Vout. - (ﬁ+ﬁ)(5.12) - 3.64V.

Figures 19 and 20 show more sophisticated test circuits.

8-BIT VANALOG OUTPUT

ANALOG
INPUTS & g

» 100X ANALOG
ERROR VOLTAGE

FIGURE19. A/D TESTERWITH ANALOG ERROR OUTPUT.THIS
¢ CIRCUIT CAN BE USED TO GENERATE “ERROR
PLOTS" OF FIGURE 11.

DIGITAL DIGITAL

INPUTS ouTPUTS
A/D UNDER
TEST

FIGURE 20. BASIC “DIGITAL" A/D TESTER

VaNALOG

Typical Applications
Interfacing 8080/85 or Z-80 Microprocessors
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ADC0803, ADC0804

This converter has been designed to directly interface with
8080/85 or Z-80 Microprocessors. The three-state output
capability of the A/D eliminates the need for a peripheral
interface device, although address decoding is still required
to generate the appropriate CS for the converter. The A/D
can be mapped into memory space (using standard
memory-address decoding for CS and the MEMR and
MEMW strobes) or it can be controlled as an 1/0 device by
using the 1/OR and I/OW strobes and decoding the address
bits AQ — A7 (or address bits A8 — A15, since they will
contain the same 8-bit address information) to obtain the €5
input. Using the I/O space provides 256 additional
addresses and may allow a simpler 8-bit address decoder,
but the data can only be input to the accumulator. To make
use of the additional memory reference instructions, the A/D
should be mapped into memory space. See AN020 for more
discussion of memory-mapped vs I/O-mapped interfaces. An
example of an A/D in I/O space is shown in Figure 21.

The standard control-bus signals of the 8080 (ﬁ, RD and
W_R) can be directly wired to the digital control inputs of the
A/D, since the bus timing requirements, to allow both starting
the converter, and outputting the data onto the data bus, are
met. A bus driver should be used for larger microprocessor
systems where the data bus leaves the PC board and/or
must drive capacitive loads larger than 100pF.

Itis useful to note that in systems where the A/D converter is
1 of 8 or fewer I/O-mapped devices, no address-decoding
circuitry is necessary. Each of the 8 address bits (A0 to A7)
can be directly used as cs inputs, one for each I/0 device.

Interfacing the Z-80 and 8085

The Z-80 and 8085 control buses are slightly different from
that of the 8080. General RD and WR strobes are provided
and separate memory request, MREQ, and I/0 request,
IORAQ, signals have to be combined with the generalized
strobes to provide the appropriate signals. An advantage of
operating the A/D in I/O space with the Z-80 is that the CPU
will automatically insert one wait state (the RDand WR
strobes are extended one clock period) to allow more time
for the I/0 devices to respond. Logic to map the A/D in I/O
space is shown in Figure 22. By using MREQ in place of
IORQ, a memory-mapped configuration results.

Additional I/O advantages exist as software DMA routines are
available and use can be made of the output data transfer
which exists on the upper 8 address lines (A8 to A15) during
I/0 input instructions. For example, MUX channel selection for
the A/D can be accomplished with this operating mode.

The 8085 also provides a generalized RD and WR strobe, with
an l0/M line to distinguish I/0 and memory requests. The circuit
of Figure 22 can again be used, with IO/M in place of IORQ for
a memory-mapped interface, and an extra inverter (or the logic
equivalent) to provide 10/M for an 1/0-mapped connection.

Interfacing 6800 Microprocessor Derivatives (6502,
etc.)

The control bus for the 6800 microprocessor derivatives does
not use the RD and WR strobe signals. Instead it employs a
single R/W line and additional timing, if needed, can be derived
from the ¢2 clock. All I/O devices are memory-mapped in the
6800 system, and a special signal, VMA, indicates that the
current address is valid. Figure 23 shows an interface
schematic where the A/D is memory-mapped in the 6800
system. For simplicity, the CS decoding is shown using 1/2
DM8092. Note that in many 6800 systems, an already decoded
475 line is brought out to the common bus at pin 21. This canbe
tied directly to the CS pin of the A/D, provided that no other
devices are addressed at HEX ADDR: 4XXX or 5XXX.

In Figure 24 the ADC080X series is interfaced to the MC6800
microprocessor through (the arbitrarily chosen) Port B of the
MC6820 or MC6821 Peripheral Interface Adapter (PIA). Here
the CS pin of the A/D is grounded since the PIA is already
memory-mapped in the MC6800 system and no CS decoding
is necessary. Also notice that the A/D output data lines are
connected to the rhicroprocessor bus under program control
through the PIA and therefore the A/D RD pin can be grounded.

Application Notes

NOTE # DESCRIPTION

AN016 “Selecting A/D Converters”

AN018 “Do's and Con'ts of Applying A/D Converters”

AN020 “A Cookbook Approach to High Speed Data Acquisition
and Microprocessor Interfacing”

ANO030 “The ICL7104 - A Binary Output A/D Converter for
Microprocessors”

13 istersit



93

ADC0803, ADC0804

Dc > INT (14)

O WR (27) (NOTE)
O RD (25) (NOTE)

10K

Wy
ADC0803 - ADC0804

U ]r__l_*

cs .~ v+ [0 5v l"’PF

RD  ClkR[il—1 =

WR DB, [18 LS8, DB, (13) (NOTE)
CLKIN  DB1[17]———4 DB (16) (NOTE)
INTR  DBy[16l ___, DB, (11) (NOTE)
Vin(*)  DB3[18—— 4 DB; (9) (NOTE)

ANALOG ©
INPUTS ,,

mmme%h

ViN()  DB4[1d—— DBy (5) (NOTE)
AGND  DBs[13}—» DB5 (18) (NOTE)
VRer/2  DBg[1Z———» DB (20) (NOTE)
DGND DB, [TFMSE_, pg, (7) (NOTE)

150pF

)

5v
|8
Tg - OUT — V& Bsl—< AD;5(36)
T4 Bg ——< AD44(39)
8131
T B3 |—< AD3(38
3 20 3 13 (38)
T2 COMPARATOR B2 |—=< AD12(37)
Ty B{ —< ADq (40)
To Bg =< AD1q (1)
1w

NOTE: Pin numbers for 8228 System Controller: Others are 8080A.

FIGURE 21. ADC080X TO 8080A CPU INTERFACE
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> IRQ(4)T O1FF

< | RIW (34) [6]
10K
ADC0803 - ADC0804 1+
—\ 10pF
Ji]es T v+ g i
— = ABC
L J2|]rRD  cLKR[19] o5V(8)(123)
Y L 3|wr 0Bo[18| .58, b, (33) (31]
RD = - [4]cikin - DBy[T7— 4 Dy (32) 129]
J DB
z INPUTS Shiire 21— 0, BN
o {6]Vin ) DB3[18———y D3 (30) [H]
— o E Vin() DBy E—» D4 (29) [32]
IORQ ADC0803-
ADC0804 —{ 8| AGND  DBs[1d——— D5 (28) [30]
L 150pF o——] 98| VRer2  DBg[12—— D4 (27) 1]
. — L[ oenD DB, [T}MSE_, b, (26) 1]
WR 3 y — 3
1
74C32 Aq2 (22) [34]
2 —
- —3——a<—< Ar3 (23) N]
p At4 (24) [M]
1/, DM8092 5r<:<-< Ags (25) [33]
VMA (5) [F]
Numbers in parentheses refer to MC6800 CPU Pinout.
TT Numbers or letters in brackets refer to standard MC6800 System Common Bus Code.
FIGURE 22. MAPPING THE A/D AS AN FIGURE 23. ADC080X TO MC6800 CPU INTERFACE

1/0 DEVICE FOR USE
WITH THE Z-80 CPU.

18
> CB1
19
CBjy
10K
AWV
ADC0803 - ADC0804 MC6820
— (MCS6520)
—1]cs 7 v+ 2 osv
J2|RD  CLKR[ig PIA
mm L3 WR DB (18] LSB LN A
11
[4]cLkin DBy _1__7}___. PB4
INTR DByl 12 les,

Vin(+)  DBa[i— 13 Ips;
Vin()  DB,[14 14 lpB,
AGND  DBs[13——15 ,{pB;

ANALOG ©
INPUTS

1))

VRer/2  DBgl12] {PBg
DGND DB7(11 PBy

——150pF

=

FIGURE 24. ADC080X TO MC6820 PIA INTERFACE

L
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Dual-In-Line Plastic Packages (PDIP)

—_ E20.3 (JEDEC MS-001-AD ISSUE D)

- 20 LEAD DUAL-IN-LINE PLASTIC PACKAGE
INDEX NI2 INCHES MILLIMETERS
AREA
= SYMBOL MIN MAX MIN MAX | NOTES
ry A - 0.210 - 5.33 4
A1 0.015 - 0.39 - 4
BASE
PERiE A2 0.115 0.195 293 4.95 -
SEATING\_;_ 0.014 0.022 0.356 0.558 -
PLANE B1 0.045 0.070 1.55 1.77 8
D1—> c 0.008 0.014 0.204 0.355 -
B1 D 0.980 1.060 24.89 26.9 5
.00 - K -
0010 (025 @] c| A[8B®) | - & 0,005 013 5
0.300 0.325 7.62 8.25 6
E1 0.240 0.280 6.10 7.11 (3
NOTES: e 0.100 BSC 2.54 BSC -
1. Controlhrgg leens'lons: INQH. In c.?ase of conflict between English en 0.300 BSC 762 BSC 5
and Metric dimensions, the inch dimensions control.
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. B d 0.430 3 10.92 7
3. Symbols are defined in the “MO Series Symbol List” in Section 2.2 L 0.115 | 0.150 293 3.81 4
of Publication No. 95. N 20 20 9
4. Dimensions A, A1 and L are measured with the package seated in Rev. 0 12/93

JEDEC seating plane gauge GS-3.

5. D, D1, and E1 dimensions do notinclude mold flash orprotrusions.
Mold flash or protrusions shall not exceed 0.0710inch (0.25mm).

6. Eand [eal| are measured with the leads constrained to be perpen-
dicular to datum E

7. eg and ec are measured at the lead tips with the leads uncon-
strained. ec must be zero or greater.

8. B1 maximum dimensions do not include dambar protrusions. Dam-
bar protrusions shall not exceed 0.010 inch (0.25mm).

9. N is the maximum number of terminal positions.

10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, E28.3,
E42.6 will have a B1 dimension of 0.030 - 0.045 inch (0.76 - 1.14mm).

All Intersil products are manufactured, assembled and tested utilizing ISO8000 quality systems.
Intersil Corporation's quality certifications can be viewed at website www.intersil.com/quality/iso.asp.
Intersil products are sold by description only. Intersil Corporation reserves the right to make changes in circuit design and/or specifications at any time without notice.
Accordingly, the reader is cautioned fo verify that data sheets are current before placing orders. Information fumished by Intersil is believed fo be accurate and reliable. How-

ever, no responsibility is assumed by Intersil or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of Intersil or fts subsidiaries.

For information regarding Intersil Corporation and its products, see web site www.intersil.com
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Features

« Compatible with MCS-51™ Products

« 4K Bytes of In-System Reprogrammable Flash Memery
— Endurance: 1,000 Write/Erase Cycles

« Fully Static Operation: 0 Hz to 24 MHz

¢ Three-Level Program Memory Lock

« 128 x 8-Bit Internal RAM

* 32 Programmable I/O Lines

« Two 16-Bit Timer/Counters

« Six Interrupt Sources

* Programmable Serial Channel

« Low Power Idle and Power Down Modes

Description

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash Programmable and Erasable Read Only Memory (PEROM). The
device is manufactured using Atmel's high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instruction set and pinout. The
on-chip Flash allows the program memory to be reprogrammed in-system or by a con-
ventional nonvolatile memory programmer. By combining a versatile 8-bit CPU with
Flash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which
provides a highly flexible and cost effective solution to many embedded control appli-
cations. ;

(continued)
Pin Configurations o\
Pr.od1 40 o vee
P1.1d 2 39 {1 P0.0 (ADO)
P1.2 3 38 {3 P0.1 (AD1)
P1.3 Q4 37 O Pu.2 (AD2)
P1.405 36 {3 P0.3 (AD3)
P1.50] 6 351 PU.4 (AD4)
P1.6 7 34 (7 PO.5 (ADS)
P1.78 23 {7 P0.6 (ADG)
RST 9 32 {0 P0.7 (AD7)
(RXD) P3.0 ] 10 31 {1 EA/VPP
PQFP/TQFP (TXD) P3.1 ] 11 30 {0 ALE/PROG
ac e (TNTO) P3.2 (0 12 29 ) PSEN
ceaea (TNT1) P3.2 ] 13 28 {0 P2.7 (A15)
A Bl (To) P3.4 ] 14 27 {7 P2.6 (A14)
INDEX . . W (T1) P3.5 15 260 P2.5 (A13)
CORNER o b W, i (WR) P3.6 ] 16 251 P2.4 (A12)
a.a 4 = > 0\R. IR0 (RD) P3.7 0 17 24 O P2.3 (A11
o A0nAnNNNnan )XTALZC 18 237 P2.2 (A10))
44,342, 40,438,395 XTAL1 O 19 22 P2.1 (A9)
1.5 (51 33 [1P0.4 (AD4) GND O 20 21 P2.0 (AB)
EA b 32 {JP0.5 (ADS)
217 31 [IPU.6 (ADS) PLCC
RST 7 4 30 (B P0O.7 (AD7T)
(RXDy P30 ] 29 EA/IVPP Soae
NC O 6 28 [ONC oo
(TXD) V:Haj 27 [JALE/PROG 1%
(INYU) #2402 5 26 [QPSEN INDE X R
(TNTT) Pa.3 9 25 P2.7 (A15) CORNER © CaclS
(T0) P3.4 10 24 [OP2.6 (A14) a6 ac
(T1) P3.5 11 23 [JP2.5 (A13) R X
4 44 42 &
| ; P1scr 5 3 1 43 4l393po.4 (AD4)
‘ P16 0|8 38{JP0.5 (ADS5)
P1 79 37{JP0.6 (ADS)
RST CJ10 36{0P0.7 (ADT)
(RXD) P3.0 11 35{JEA/IVPP
NC 12 34NC
(TXD) P3.1J13 33{3JALE/PROG
(TNYY) P3 214 32{0PSEN
(INTT) P3.3C]15 31{OP2 7 (A15)
(To) P2.4C]16 30{3P2.6 (A14)
T1) P3 517 29 5
mn 18'%20%122%%4% %6 e P2 (A1)
guoguuduouygugs
e sa08"ang
clgraTdeRey
XX s
& Sk

h.
—
m
-

8-Bit
Microcontroller
with 4K Bytes
Flash

AT89C51

0265F-A—12/197
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Block Diagram

P0.0 - PO.7 P2.0 - P2.7

__________________________________ PARRAAAA Arpaares
v : [ 1 1
cc | !v YYVYVYY v :
! | PORT 0 DRIVERS | PORT 2 DRIVERS ‘l
GND | i T N T
Sl :' v 4 :
= RAM ADDR. | PORT 0 PORT 2 .
: REGISTER ¥ RAM LATCH LATCH FLASH :
X y 3 X :
: ‘ :
; v 4 ¥ ¥ ! .
i A & N .
; I :
‘ ¥ ¥ 4 ;
| PROGRAM :
B STACK '
: ACC ADDRESS :
: REGISTER POINTER REGISTER | :
v i \d
<— BUFFER b .
' T™P2 T™P1 :
: i j
: i PC :
‘ "l ALU INCREMENTER [¥—F ;
INTERRUPT, SERIAL PORT,
; AND TIMER BLOCKS :
: ¥ !
. x 4 | PROGRAM oo
: pSW ‘ COUNTER [¥ % :
| 3 ;
PSEN <t——— ;
ALE/PROG <-—— TIMNG |\ arpicTion ¥ v 4 N _ :

AND b DPTR e
EA / Ve —21 »! CONTROL REGISTER A A :
RST ———3 :
5 A \id v .
: PORT 1 PORT 3 ;
. LATCH LATCH :
\ Fy y. )
1 osc 4 | ¥

PORT 1 DRIVERS ] ] PORT 3 DRIVERS

z | ] l
B R 1L R ’

P10 - P17 P3.0 - P3.7
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The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 /O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT89C51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

Vee

Supply voltage.
GND

Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional /O port. As an
output port each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 may also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PO has internal pul-
lups.

Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program verifica-
tion. External pullups are required during program verifica-
tion.

Port 1

Port 1 is an 8-bit bidirectional 1/0 port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port 2

Port 2 is an 8-bit bidirectional I/0 port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (I;) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
“external data memory that use 16-bit addresses (MOVX @
DPTR). In this application it uses strong internal pullups

AlMEL

when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bidirectional I/O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51 as listed below:

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INTT (external interrupt 1)

P3.4 TO (timer O external input)

P3.8 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)
P3.7 RD (external data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST
Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses to external memory. This
pin is also the program pulse input (PROG) during Flash
programming.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external Data Mem-
ory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pinis
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN
Program Store Enable is the read strobe to external pro-
gram memory.
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When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine

cycle, except that two PSEN activations are skipped during
each access to external data memory.

EAVpp .

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V¢ for internal program execu-
tions.

This pin also receives the 12-volt programming enab‘Ie volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vpp. .

XTALA1
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven as shown in Figure 2.

100

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle is terminated by
reset, the instruction following the one that invokes Idle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

Cc2

— )—I——~ XTAL2

L]

C1

&—) XTAL1

GND

ll”}

Note:  C1,C2 =30 pF % 10 pF for Crystals

=40 pF + 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

There are no requirements on the duty cycle of the external || J D i

clock signal, since the input to the internal clocking circuitry A -

is through a divide-by-two flip-flop, but minimum and maxi-

mum voltage high and low time specifications must be

observed.

EXTERNAL
OSCILLATOR XTALA

Idle Mode SIGNAL

In idle mode, the CPU puts itself to sleep while all the on-

chip peripherals remain active. The mode is invoked by GND

software. The content of the on-chip RAM and all the spe- ~

cial functions registers remain unchanged during this

mode. The idle mode can be terminated by any enabled = I _

interrupt or by a hardware reset.

Status of External Pins During Idle and Power Down Modes
Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power Down Internal 0 0 Data Data Data Data
Power Down ! External 0 0 Float Data Data Data
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Power Down Mode

In the power down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. The only exit from power down is a hardware reset.
Reset redefines the SFRs but does not change the on-chip
RAM. The reset should not be activated before Vg is
restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and sta-
bilize.

Lock Bit Protection Modes

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional features listed in the table below:

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to
function properly.

Program Lock Bits Protection Type
LB1 LB2 LB3

1 u U U No program lock features.

2 P U u MOVC instructions executed from external program memory are disabled from fetching code
bytes from internal memory, EA is sampled and latched on reset, and further programming of the
Flash is disabled.

3 P P u Same as mode 2, also verify is disabled.

4 P P P Same as mode 3, also external execution is disabled.

Programming the Flash

The AT89CS51 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vcc) program enable signal. The low voltage program-
ming mode provides a convenient way to program the
ATB89CS51 inside the user's system, while the high-voltage
programming mode is compatible with conventional third
party Flash or EPROM programmers.

The AT89C51 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

Vpp =12V Vpp= 5v
Top-Side Mark AT89C51 AT89C51
XXXX XXXX-5
yyww yyww
Signature (030H)=1EH (030H)=1EH
(031H)=51H (031H)=51H
(032H)=FFH (032H)=05H

The AT89C51 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

AlMEL

Programming Algorithm: Before programming the

AT89C51, the address, data and control signals should be

set up according to the Flash programming mode table and

Figures 3 and 4. To program the AT839C51, take the follow-

ing steps.

1.  Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data iines.
3. Activate the correct combination of control signals.

4. Raise EA/Vpp to 12V for the high-voltage programming
mode.

5. Pulse ALE/PROG once to program a byte in the Flash
array or the lock bits. The byte-write cycle is self-timed
and typically takes no more than 1.5 ms. Repeat steps
1 through 5, changing the address and data for the
entire array or until the end of the object file is reached.

Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle

has been completed, true data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.
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Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all “1"s. The chip erase operation must be executed
before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H,

031H, and 032H, except that P3.6 and P3.7 mustbe pulled
to a logic low. The values returned are as follows.

(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

(032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Flash Programming Modes

Mode RST PSEN ; ALE/PROG _EK/VPP R2% P2.7 P3.6 P3.7
Write Code Data H I H/12V L H H H
2 L IR
Read Code Data H L H H
Write Lock Bit - 1 H U H/12V H H
A
Bit - 2 H L H/12Vv H H L L
SNt
Bit- 3 H L H/12V H . H L
R e
Chip Erase H L ™) H/12V H L L L
o
Read Signature Byte i H L H H Ls L L L
Note: 1. Chip Erase requires a 10-ms PROG pulse.
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Figure 3. Programming the Flash
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AT89C51

Figure 4. Verifying the Flash

+5V +5V
AT89C51 9 AT89C51 Q@
poDR. 20 AT by Vee J aoDR. A0 AT by Vec J
OOOOH/OFFFH PGM OOOOH/OFFFH PGM DATA
At - P20 - P23 PO [—— pa7p Asm P2.0 - P23 PO —PEDUUSLEJS;S()
T P26 —— P26
SEE FLASH <{ —» P27 ALE [¢—— PROG SEE FLASH —p P27 ALE f¢——
PROGRAMMING PROGRAMMING i
MODES TABLE | > P36 MODES TABLE | —*| P36 Lv
L— P37 ——] EEY [
XTAL2 EA [&—— V/Vee — XTAL2 EA <—’
3-24 MHz I_ 3-24 MHz | <,
= C19N
- XTALA RST — V,, S XTAL1 RST |« Vi
&—i GND PSEN GND PSEN (—
L - f 1
Flash Programming and Verification Characteristics
Tp=0°Cto 70°C, Vg =5.00 10%
Symbol Parameter Min Max Units
Vppl!) Programming Enable Voltage 11.5 1225 Vv
IPP“) Programming Enable Current 1.0 mA
MeLeL Oscillator Frequency < 24 MHz
tavGL Address Setup to PROG Low 48te oL
{GHAX Address Hold After PROG 48t oL
tovGL Data Setup to PROG Low 48tc oL
tGHDX Data Hold After PROG 48tc oL
teHsH P2.7 (ENABLE) High to Vpp 48tc oL
tSHGL Vpp Setup to PROG Low 10 is
toms Y Vpp Hold After PROG 10 is
toLaH PROG Width 1 110 's
tavay Address to Data Valid 48teLcL
teLqy ENABLE Low to Data Valid 48tc oL
teHaz Data Float After ENABLE 0 48t oL
tamsL PROG High to BUSY Low 1.0 's
twe Byte Write Cycle Time | 2.0 ms
Note: 1. Only used in 12-volt programming mode.
4-35
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Flash Programming and Verification Waveforms - High Voltage Mode (Vpp=12V)

P10 - P17 PROGRAMMING VERIFICATION
P20 - P23 ADDRESS % ADDRESS
— tavav
PORT 0 | DATA IN b " DATA OUT
el torox [
tavaL > toHax
ALE/PROG
t N t
SHGL < tGLGH > GHSL
_ A Ve T\LOGIC 1
EANpp B} P | Ni— | S—— O GIC O
* [ t
P2.7 ' ‘ol terav — e ez
(ENABLE) ' g
|
torer =
P34
(RDY/BSY) s BUSY READY
f€ twe >
Flash Programming and Verification Waveforms - Low Voltage Mode (Vpp = 5V)
P10 - P17 PROGRA!;ASAASING : VEARDlggng
P2.0 - P2.3 = ¢ P ADDR 5 Y
“— tavav
PORT 0 } DATA IN b DATA OUT  p—
L‘—’1 tover terox [
taveL " L *1 tohax
ALE/PROG
t <
et —toreh——>
_ LOGIC 1
EAN gp . 0 N Y T TP G Y A
le— t t
P27 . teLav = T lenaz
(ENABLE) ’
toneL = g
P34 | e
(RDY/BSY) 1 BUSY " READY
i tWC
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Absolute Maximum Ratings*

Operating Temperature .........ccocceevevevvevnnnne.n. -55°C to +1v25°C *NOTICE:
Storage Temperature .........cccceveevveeveeecnininnnnns -65°C to +150°C

Voltage on Any Pin

with Respect to Ground...........ccoovveuivicveenennnn. -1.0Vto +7.0V

Maximum Operating Voltage...............coccoovvooeeeoeeer. 6.6V

DC Output CUITeNt ... 15.0 mA

DC Characteristics

Tp =-40°C to 85°C, Ve = 5.0V 0 20% (unless otherwise noted)

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliability.

Symbol Parameter Condition Min Max Units
Vie Input Low Voltage (Except EA) -05 0.2 Vge- 0.1 %
ViLt Input Low Voltage (EA) 0.5 0.2 Vge-03 v
ViH Input High Voltage (Except XTAL1, RST) 02Vec+0.9 Vec+ 0.5 \Y
ViH1 Input High Voltage (XTAL1, RST) 0.7 Vee Vee+ 0.5 \%
VoL Output Low Voltage") (Ports 1,2,3) lo =.1.6 mA 0.45 v
VoLs Output Low Voltage(" log =3.2mA 0.45 v
(Port 0, ALE, PSEN)
Vou Output High Voltage loy =-60 3 A, Vec =5V 0 10% 24 \%
(Ports 1,2,3, ALE, PSEN) o = 255 A 0.75 Ve v
loy=-103 A 0.9 Voo \Y
VoH1 Output High Voltage loy =-800 3 A, Vo =5V 0 10% 24 \%
(Port 0 in External Bus Mode) low = -300 £ A 0.75 Vee v
loy =-803 A 0.9 Ve v
e Logical O Input Current (Ports 1,2,3) Vin = 0.45V -50 A
Ire Logical 1 to 0 Transition Current Vin =2V, VCC =5V 0 10% -650 A
(Ports 1,2,3)
Iy Input Leakage Current (Port 0, EA) 045 < Vy < Vee 010 A
RRST Reset Pulldown Resistor 50 300 KE
Cio Pin Capacitance Test Freq. =1 MHz, Tp =25°C 10 pF
lcc Power Supply Current Active Mode, 12 MHz 20 mA
Idle Mode, 12 MHz 5 mA
Power Down Mode”) Vee = 6V 100 A
Vee = 3V 40 A
Notes. 1. Under steady state (non-transient) conditions, |o_ must be externally limited as follows:

Maximum g per port pin: 10 mA
Maximum I per 8-bit port:

Port 0: 26 mA

Ports 1, 2, 3: 15 mA
Maximum total Ig_ for all output pins: 71 mA
If Ig| exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum V¢ for Power Down is 2V.

ATET
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AC Characteristics

(Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all other
outputs = 80 pF)

External Program and Data Memory Characteristics

Symbol Parameter 12 MHz Oscillator 16 to 24 MHz Oscillator Units
Min Max Min Max
1hcLeL Oscillator Frequency A 0 24 MHz
tLHLL ALE Pulse Width 127 2tcrc-40 ns
taviL Address Valid to ALE Low 43 toLel-13 ns
tLLAX Address Hold After ALE Low 48 torcL-20 ns
tLuy ALé Low tg —Vaiidwlgstvrt;ction In 233 . 4i;JLCL'65 ns
tupL ALE Low to PSEN Low 43 tolel-13 ns
teLpH PSEN Pulse Width 205 3toLel-20 ns
tpLiy PSEN Low to Valid Instruction In 145 . 3teroL-45 ns
tpxix Input Instruction Hold After PSEN 0 0 ns
toxiz Input Instruction Float After PSEN 59 toLcr-10 ns
tpx Ay PSEN to Address Valid 75 tcLoL-8 ns
taviv Address to Valid Instruction In 312 St cL-55 ns
toLaz PSEN Low to Address Float 10 10 ns
tRLRH RD Pulse Width 400 BtccL-100 ns
bWLWH WR Pulse Width 400 6te c-100 ns
tRLDV RD Low to Valid Data In 252 5tcreL-90 ns
tRHDX Data Hold After RD 0 0 ns
tRHDZ Data Float After RD 97 2tcicL-28 ns
tLiov ALE Low to Valid Data In 517 8tcLcL-150 ns
tavov Address to Valid Data In 585 StorcL-165 ns
L ALE Low to RD or WR Low 200 300 3teLel-50 3teLeL*50 ns
lavwiL Address to RD or WR Low 203 MeoLoL-75 ns
7QV“WX Data Valid to WR Transition 23 toLol-20 ns
tovwH Data Valid to WR High 433 Ttorc-120 ns
twHax Data Hold After WR 33 toLoL-2C ns
tRLAZ RD Low to Address Float 0 0 ns
tWHLH RD or WR High to ALE High 43 | 123 toreL-20 toLoLt25 ns
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External Program Memory Read Cycle

AT89C51

SN
< » t
R PLPH
tAVLL ¢ e tLLIV
E=a tLLPL ==
PSEN / : 7 teuw t -
—'PXAV
i [ teaz t
tLLAX N PXIZ |¢—»
tF’XIX <
PORT 0 —X A0 - A7 4———; INSTR IN > A0 - A7 ~1:
N tAVlV i
PORT 2 A8 - A15 A8 - A15

External Data Memory Read Cycle

e AT Ee
ALE
----- >
PSEN / Y
tuov 0
— tRiRH —
o tLLWL - g
RD ; &
R D tLLAX ------- 3 -~~~-A-~--~--£ ------------ t
tAVLL ot * 'RLDV RHDZ
triaz T+ t
—ERY 1 RHDX
PORT 0 _ »>A0 - A7 FROM RI OR DPLYX X > DATA IN A53KA0 - A7 FROM PCL>— INSTR IN
emeee e | VTV R =
t;’-\VDV »
TN
PORT 2 K P2.0 - P2.7 OR A8 - A15 FROM DPH o 4 A8 - A15 FROM PCH

AlMEL
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PSEN P

< twe pie— by wH —

{ Pl twhax

e tAVLL — tOVW)(

PORT 0 >—A0 - A7 FROM RI_OR DPLI | DATA OUT X A0 - A7 FROM PCL—INSTR IN

e tavwe. ¥

PORT 2 > P2.0 - P2.7 OR A8 - A15 FROM DPH X A8 - A15 FROM PCH

External Clock Drive Waveforms

teter r
External Clock Drive
Symbol Parameter Min Max Units
MeLeL Oscillator Frequency 0 24 MHz
tcLoL Clock Period 41.6 ns
teHex High Time . 15 ns
teLex Low Time 15 ns
tcLcH Rise Time 20 ns
teneL Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions
(Voo = 5.0 V £ 20%; Load Capacitance = 80 pF)

Symbol Parameter . 12 MHz Osc Variable Oscillator ) Units
Min Max Min Max

tyxL Serial Port Clock Cycle Time 1.0 12tci oL us

tQuxH Output Data Setup to Clock Rising Edge 700 10tg g -133 ’ ns

txHax Output Data Hold After Clock Rising Edge 50 2t o - 117 ns

txHDX Input Data Hold After Clock Rising Edge 0 0 . ns

txHDV Clock Rising Edge to Input Data Valid 700 10t o -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION P N P S NN\ |1/ Al e RN I, \:, N S U S B
ALE P MR [T P INNS LT
A | txxe
cLock — b7 SR N\ L
VXH +
e F—— tle)x .
WRITE TO SBUF, a_ | B NP L2 R i 5 X 6. X _1
v ] e t
OUTPUT DATA tSTTioY <——~] 1 xwox SET TIT
_CLEARRI IR A RS S TS GX
v .
INPUT DATA SETRIT

AC Tesfing Input/Output Waveforms(!)  Float Waveforms!!)

0.2 Vg + 0.9V o VoL OV

TEST POINTS
0.2 Vg - 0.1V

Timing Reference

Points //
LN+ 04V
0.45V X oL

Note: 1. AC Inputs during testing are driven at Vgc - 0.5V for - Note: 1. For timing purposes, a port pin is no longer floating

a logic 1 and 0.45V for a logic 0. Timing measure- when a 100 mV change from load voltage occurs. A
ments are made at V\y min. for a logic 1 and Vi port pin begins to float when 100 mV change from
max. for a logic 0. the loaded Vou/VoL level occurs.

ATHEL
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 5V +20% AT89C51-12AC 44A Commercial
AT89C51-12JC 44J (0°C to 70°C)
AT89C51-12PC 40P6
AT89C51-12QC - 44Q
AT89C51-12Al : 44A Industrial
AT89C51-12J1 ) 44J (-40°C to 85°C)
AT89C51-12PI 40P6
AT89C51-12Ql 44Q
AT89C51-12AA 44A Automotive
AT89C51-12JA 444 (-40°C to 105°C)
AT89C51-12PA 40P6
AT89C51-12QA 44Q
16 5V £ 20% AT89C51-16AC 44A , Commercial
AT89C51-16JC 44y (0°C to 70°C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q
AT89C51-16Al 44A Industrial
AT89C51-16JI 444 (-40°C to 85°C)
AT89C51-16PI 40P6
AT89C51-16Ql 44Q
AT89C51-16AA ] 44A Automotive
AT8SC51-16JA \ 444 (-40°C to 105°C)
AT89C51-16PA 40P6
AT89C51-16QA 44Q
20 5V +20% AT89C51-20AC 44A Commercial
AT89C51-20JC 444 (0°C to 70°C)
AT89C51-20PC 40P6
AT89C51-20QC 44Q
AT89C51-20Al 44A Industrial
AT89C51-20J1 44) (-40°C to 85°C)
AT89C51-20PI 40P6
AT89C51-20Ql 44Q
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Ordering Information

Speed Power ) ‘
(MHz) Supply Ordering Code Package Operation Range
24 5V +20% AT89C51-24AC 44A Commercial
AT89C51-24JC 444 (0°C to 70°C)
AT89C51-24PC 44P6
AT89C51-24QC 44Q
AT89C51-24Al 44A Industrial
AT89C51-24J1 444 (-40°C to 85°C)
AT89C51-24P| 44P6
AT89C51-24Ql 44Q
Package Type
44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44J 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
40P6 40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)

AIMEL
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SGS-THOMSON
MICROELECTRONICS

BD135
BD137/BD139

NPN SILICON TRANSISTOR

a SGS-THOMSON PREFERRED SALESTYPES

DESCRIPTION

The BD135, BD137 and BD139 are silicon
epitaxial planar NPN transistors in Jedec SOT-32
plastic package, designed for audio amplifiers
and drivers utilizing complementary or quasi

compementary circuits.

The complementary PNP types are the BD136

BD138 and BD140.

SOT-32

INTERNAL SCHEMATIC DIAGRAM

Co (2)
(1
£0(3)
SC06960
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
BD135 BD137 BD139
Veeo Collector-Base Voltage (le =0) 45 60 80 Vv
Vceo |Collector-Emitter Voltage (Ig = 0) 45 60 80 Vv
Veso Emitter-Base Voltage (Ic = 0) 5 \Y,
Ic Collector Current 1.5 A
lem Collector Peak Current 3 A
s Base Current 0.5 A
Pt |Total Dissipation at Tc < 25 °C 12.5 W
Pt |Total Dissipation at Tamb < 25°C 1.25 W
Tstg Storage Temperature -65 to 150 °c
Tj Max. Operating Junction Temperature 150 °c
October 1995 1/4
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BD135/BD137/BD139

THERMAL DATA

cw |

Rihj-case ]Thermal Resistance Junction-case Max, 10

ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
lcego  |Collector Cut-off Ves =30V 0.1 pA
Current (Ig = 0) Veg=30V Tc=125°C 10 pA
leso Emitter Cut-off Current |Veg =5V 10 pHA
(lc =0)
Vceo(sus)* | Collector-Emitter lc =30 mA
Sustaining Voltage for BD135 45 \%
for BD137 60 \Y%
for BD139 80 \Y
Vce(say* |Collector-Emitter lc=0.5A Il = 0.05 A 0.5 \Y
Saturation Voltage
VBE* Base-Emitter Voltage |lc =0.5 A Vece =2V 1 Y,
hre* DC Current Gain le=5mA Vece =2V 25
le =05 A Vece =2V . 25
lc =150 mA Vee =2V 40 250
hre hre Groups lc =160 mA  Vece =2V
for BD139 group 10 63 160

# Pulsed: Pulse duration = 300 ys, duty cycle 1.5%

2/4
¢ 7 e
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BD135/BD137/B139
SOT-32 MECHANICAL DATA
mm inch
DIM.
MIN. TYP. MAX. MIN. TYP. _ MAX.
A 7.4 7.8 0.291 0.307
B 105 10.8 0.413 0.445
b 07 0.9 0.028 0.035
b1 0.49 0.75 0.019 0.030
c 24 27 0.04 0.106
c1 1:2 0.047
D 15.7 0.618
e 2.2 0.087
e3 4.4 0.173
F 3.8 0.150
G 3 3.2 0.118 0.126
H 254 ' 0.100
G A
: 7
(A o e
& @
L =
o
ci e | I
b b |
el 0016114
L7 SGS-THOMSON L
Y/ wucronircTronics
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BD135/BD137/BD139

Information furnished is believed to be accurateand reliable. However, SGS-THOMSON Microelectronics assumes no responsability for the
consequence of use of such information nor forany infringemert of patents or other rights of third parties which may results from its use. No
license is grarted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specifications mentioned
in this publicationare subjectto change without notice. This publication supersedes and replaces all information previously supplied.

SGS-THOMSON Microelectronics products are not autharized for use as critical components in life support devices or systems withoutexpress

written approval of SGS-THOMSON Microelectanics.

© 1995 SGS-THOMSON Microelectronics - All Rights Reserved

SGS-THOMSON Microelectrorics GROUP OF COMPANIES
Australia - Brazil - France - Germany - HongKong - Italy - Japan - Korea - Malaysia - Malta - Morocco - The Netherlands -
Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - U.S.A
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2SC458, 2SC2308

Silicon NPN Epitaxial

HITACHI

ADE-208-1043 (Z)
1st. Edition
Mar. 2001

Application

e Low frequency amplifier

e Complementary pair with 2SA1029 and 2SA1030

Outline
TO-92 (1)
1. Emitter
2. Collector
3. Base
Hitach? g

semiconductor
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25C458, 25C2308

Absolute Maximum Ratings (Ta = 25°C)

Item Symbol 25C458 25C2308 Unit
Collector to base voltage Veso 30 55 \
Collector to emitter voltage Veeo 30 50 \
Emitter to base voltage Vego 5 5 \
-Collector current le 100 100 mA
Emitter current le -100 -100 mA
Collector power dissipation Pe 200 200 mwW
Junction temperature Tj 150 150 °C
Storage temperature Tstg -55 to +150 -55 to +150 °C
HITACHI
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25C458,28C2308

Electrical Characteristics (Ta = 25°C)

See characteristic curves of 2SC458 (LG) and 2SC2310 except for the followings.

HITACHI

25C458 25C2308

Item Symbol Min Typ Max Min Typ Max Unit Testconditions
Collector to base Vereso 30— — 55 — — \Y, lc=10pA, I =0
breakdown voltage
Collector to emitter Vermeeo 30 — — 50 — — Vv lc =1TmA, Rgg =

- breakdown voltage
Emitter to base Virgso 5 — — 5 — — \ le=10pA, I;=0
breakdown voltage
Collector cutoff current I, — —— 0.6 — — 05 pA V=18V, =0
Emitter cutoff current leso — — 0.5 — — 0.5 pA Veg =2V, I.=0
DC current transfer ratio hgg*' 1000 — 500 100 — 320 Vee =12V, . =2 mA
Collector to emitter Vel — = 0.2 — — 02 V lc=10mA, I;=1mA
saturation voltage
Base to emitter voltage Vg — 0.67 -0.757, — 0.67--0.75 -V Vee =12V, . =2 mA
Gain bandwidth product f, = 123000 = | |\=1A0280 —leMHZ V= 12V, I =2 mA
Collector output Cob — 1878 5ey \~& 1.8 35y pk Vg =10V, I =0,
capacitance f=1MHz
Noise figure NF -— 4 10 — 4 10  dB Vee =6V, I = 0.1 mA,

f=1kHz, R, =500 Q
Small signal input h;, — 16.5 — — 165 — KQ V=5V, I.=0.1mA,
impedance : f=270 Hz
Small signal voltage h,. — L FOQELACILON 76 7T\ Sy
feedback ratio
Small signal current h;, — 130 — — 130 —
trancefer ratio
Small signal output hee - 11.0 — — 110 — uS
admittance
Note: 1. The 2SC458 and 2SC2308 are grouped by hee as follows.
B 0 D

2SC458 100to 200 160 to 320 250 to 500
28C2308 100t0 200  160to320 —
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2SC458, 2SC2308
Noise Figure vs. Frequen
Maximum Collector Dissipation Curve 20 el AHeney

~ 300 [T TTI
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£ " Ry =500 Q
O(_J E VCE =6V
S o
% 200 Lo
L2 )
2 3
2 Y Log
g ™ 2 N
2 100 3

N
a Z N
5 . ~
C 1
2 1|
S
e 0

0 50 100 150 30 100 300 1k 3k 10k 30k
Ambient Temperature Ta (°C) Frequency f (Hz)

Noise Figure vs. Collector to Emitter Voltage
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2SC458, 25C2308

Package Dimensions

As of January, 2001

Unit: mm

48104 3.8+04
‘f PSSV
= @
o
+H
o
w
| |
T I
: ' X
©
=
! ™
= -
0.60 Max '\' ~
3 o
0.55Max 7 Vi 0.5Max
N
o
1.27]
2.54
Hitachi Code TO-92 (1)
JEDEC Conforms
EIAJ Conforms
Mass (reference value) | 0.25g

HITACHI
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2SC458, 2SC2308

Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s patent,
copyright, trademark, or other intellectual property rights for information contained in this document.
Hitachi bears no responsibility for problems that may arise with third party’s rights, including
intellectual property rights, in connection with use of the information contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that you have
received the latest product standards or specifications before final design, purchase or use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability. However,
contact Hitachi’s sales office before using. the product in an application that demands especially high
quality and reliability or where its failure or malfunction may directly threaten human life or cause risk
of bodily injury, such as aerospace, acronautics, nuclear power, combustion control, transportation,
traffic, safety equipment or medical equipment for life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi particularly

for maximum rating, operating supply voltage range, heat radiation characteristics, installation

conditions and other characteristics. Hitachi bears no responsibility for failure or damage when used
beyond the guaranteed ranges. Even within the guaranteed ranges, consider normally foreseeable
failure rates or failure modes in semiconductor devices and employ systemic measures such as fail-
safes, so that the equipment incorporating Hitachi product does not cause bodily injury, fire or other
consequential damage due to operation of the Hitachi product.

This product is not designed to be radiation resistant.

6. No one is permitted to reproduce or duplicate, in any form, the whole or part of this document without
written approval from Hitachi. |

7. Contact Hitachi’s sales office for any questions regarding this document or Hitachi semiconductor
products.
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