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1) ON-OFF Action

2) Proportional Action (P-Action)

3) Integral or Reset Action (I-Action)

4) Derivative Action (D-Action)
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Proportional — integral — Derivtive (PID)
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m(t) = Kple(t)+1/Ti e(t)dt+Td de(t)/dt] (14)
Trausfer function A®
m(t)/e(t) = Kp[1+1/Ti *S+Td *S]
= Kp[1+Ki/S+Kd *S] (15)
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Features

« Compatible with MCS-51™ Products

-+ 8K Bytes of In-System Reprogrammable Flash Memory
« Endurance: 1,000 Write/Erase Cycles

+ Fully Static Operation: 0 Hz to 24 MHz

* Three-level Program Memory Lock

+ 256 x 8-Bit Internal RAM :

* 32 Programmable 1/O Lines

» Three 16-bit Timer/Counters

= Eight Interrupt Sources

« Programmable Serial Channel

« Low Power Idle and Power Down Modes

Description

The AT89C52 is a low-power, high-performance CMOS 8-bit microcomputer with 8K
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 80C51 and 80C52 instruction set and pinout.
The on-chip Flash allows the program memory to be reprogrammed in-system or by a
conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU
with Flash on a monolithic chip, the Atmel AT89C52 is a powerful microcomputer
which provides a highly flexible and cost effective solution to many embedded control
applications.
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The AT89C52 provides the following standard features: 8K
bytes of Flash, 256 bytes of RAM, 32 /O lines, three 16-bit
timer/counters, a six-vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator, and clock cir-
cuitry. In addition, the AT89C52 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 1/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 can also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode, PQO has internal
pullups.

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

Port 1

Port 1 is an 8-bit bidirectional /O 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.

In addition, P1.0 and P1.1 can be configured to be the
timer/counter 2 external count input (P1.0/T2) and the
timer/counter 2 trigger input (P1.1/T2EX), respectively, as
shown in the following table.

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

Port 2

Port 2 is an 8-bit bidirectional I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are writien to Port 2 pins, they are pulied 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, Port 2 uses strong internal pul-

lups when emitting 1s. During accesses to external data

memory 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 shown in the following table.

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

Port Pin | Alternate Functions

P1.0 T2 (external count input to Timer/Counter 2),
clock-out

P1.1 T2EX (Timer/Counter 2 capture/reload trigger and
direction control)

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)
73.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)

P8 RD (external data memory read strobe)
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 is an output pulse for latching the
low byte of the address during accesses to external mem-
cry. 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

ATNEL :
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Flash Programming and Verification Waveforms - High Voltage Mode (Vpp=12V)

P1.0 P17 PROGRAMMING VERIFICATION
1 . o= .
s s ADDRESS ﬁ ADDRESS
<— tavav
e e
PORT 0 DATA IN DATAIOUT e b= =
“— toyer  loHox [
baver [* 4 * lonax
ALE/PROG
tSHGL tGHSL
LOGIC 1
EAN G o e e NCC0E
[e— 1
P2.7 teLav S e
(ENABLE) |
toneL =
P3.4 ]
(RDY/BSY) BUSY READY

Flash Programming and Verification Waveforms - Low Volitage Mode (Vpp=5V)

P10 - P1.7 PROGRAMMING VERIFICATION
P20 - P24 ADDRESS ——% ADDRESS
» 7 < tavav
—— |
PORT 0 l DATA IN DAIA @Wd B
St G tover | tempx 7%
taver N *| toHax
ALE/PROG /|
tshoL f*_tGLGH—_’
iy LOGIC 1
EANpp TR 0. e et o e LOQES O - s
le—t, Bro
P2 7 EHSH t By EHQZ
(ENABLE)
toheL
P3.4
(RDY/BSY) BUSY READY
* twe >
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Absoiute Maximum Ratings*

Operating Temperature ............ococooeeeeens -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings”‘may cause permanent dam-
Storage Temperature ..........oocoemoeseee. -65°C to +150°C age to the device. This is a stress rating only and
; functional operation of the device at these or any
Voltage on Any Pin other conditions beyond those indicated in the
with Respect to Ground ..........cooooeeeies S -1.0V to +7.0V * operational sections of this specification is not
implied. Exposure to absolute maximum rating
Maximum Operating Voltage.........ooomernniiismne s 6.6V conditions for extended periods may affect
device reliability.
DC OUtpUt CUITENE.....ooioiiriicinnmsss e 15.0 mA J

DC Characteristics
The values shown in this table are valid for T = 240°C to 85°C and V. = 5.0V £ 20%, unless otherwise noted.

Symbol parameter | Condition Min Max Units
Vi Input Low Voltage (Except EA) 0.5 0.2 V0.1 \Y,
Vi Input Low Voltage (EA) -0.5 0.2 V0.3 A%
Vin Input High Voltage (Except XTAL1, RST) 0.2 Vect0.9 Veet0.5 \Y%
Vins Input High Voltage (XTAL1_,E;ST) / : 0.7 Ve Vee+0.5 \Y
Voo Output Low Voltage!" (Ports 1,2,3) loy = 1.6 mA 0.45 \Y;
Vo4 Output Low Voltage!” loL = 3.2 mA 0.45 \Y
(Port 0, ALE, PSEN)
Von Output High Voltage lon = -60 pA, Ve = 5V £ 10% 24 Y
(Ports 1,2,3, ALE, PSEN) 1 -l 0.75 Ve v
loy = -10 pA 0.9 Vee Vv
Vou1 Output High Voltage lgy = -800 pA, Ve =5V 10% 2.4 2 = Vv
(Port 0 in External Bus Mode) lo, = -300 pA 075 Vee v
loy = -80 PA 0.9 Ve \Y
I Logical 0 Input Current (Ports 1,2,3) Vi = 0.45V -50 pA
I Logical 1 to 0 Transition Current Vin = 2V, Ve = 5V = 10% -650 pA
(Ports 1,2,3)
I Input Leakage Current (Port 0, EK) 0.45 < Viy < Vee +10 pA
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, T, =25°C 10 pF
lec Power Supply Current Active Mode, 12 MHz 25 mA
|dle Mode, 12 MHz 6.5 mA
Power Down Mode!" Vee = 6V = 100 pA
Vee =3V 40 pA

Notes:. 1. Under steady state (non-transient) conditions, I, must be externally limited as follows:
Maximum o, per port pin: 10 mA
Maximum |, per 8-bit port:
Port 0: 26 mA Ports 1, 2, 3: 15 mA
Maximum total |, for all output pins: 71 mA
If 15, exceeds the test condition, Vg 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.



AT83C52

AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for al! other
outputs = 80 pF. Ve

External Program and Data Memory Characteristics

12 MHz Oscillator Variable Oscillator
Symbol Parameter Min Max Min Max Units
1MeieL Oscillator Frequency 0 24 MHz
L ALE Pulse Width 127 2tc o 40 ns
tavie Address Valid to ALE Low 43 tec-13 ns
tLiax Address Hold After ALE Low 48 tore-20 ns
iy ALE Low to Valid Instruction In 233 4te o -65 ns
titen ALE Low to PSEN Low 43 toi ol 3 ns
toier PSEN Mulse Width 205 3tc o 20 ns
to PSEN Low to Valid Instruction In 145 3to o 45 ns
toxix Input Instruction Hold After PSEN 0 0 ns
{5 Input Instruction Float After PSEN 59 t 8 -10 ns
vy PSEN to Address Valid 75 : teicl-8 ns
taviv Address to Valid Instruction In 312 5t o -55 ns
e PSEN Low to Address Float 10 10 ns
(i RD Pulse Width 400 Bt o -100 ns
twiwn WR Pulse Width 400 6tc o -100 ns
g RD Low to Valid Data In 252 5tor o -90 ns
ey Data Hold After RD ‘f 0 0 ns
toae Data Float After RD g7 2tc 28 ns
tov ALE Low to Valid Data In 517 8tcic-150 ns
tavov Address to Valid Data In 585 e o 165 ns
ik ALE Low to RD or WR Low 200 300 3te 50 3te o +50 ns
tavwe Address to RD or WR Low 203 ME c1-T5 ns
Towk Data Valid to WR Transition 23 terc-20 ns
tavwi Data Valid to WR High 433 Ttoic-120 ns
tiax Data Hold After WR 33 teLc 20 ns
trins RD Low to Address Float 0 0 ns
tviitt RD or WR High to ALE High 43 123 tocL-20 toclt25 ns

AIMEL i



AlMEL

External Program Memory Read Cycle

“‘ = L x
ALE /‘
i p torph
tavie ¢ iy t "ty
g e U e e
PSEN g * oLy
t e—tpxav
=R Pl t
t 5 PXIZ
LLAX >
tpxxx**{ &=
PORT 0 AQ- A7 L INSTRIN AO - A7
tavv >
PORT 2 A8 - A15 A8 - A15

External Data Memory Read Cycle

b p—
ALE
— = twhH

PSEN LA : ___;l

<A RERHY A

— tw —

RD
‘—'tLLAX—_’l ]
t ~ > trLov trupz
e AV 3% t
RLAZ T t
—>] RHDX
PORT 0 __ »KA0 - A7 FROM RI OR DPL DATA IN A0 - A7 FROM PCL>—INSTR IN

tawe ———

tAVDV T

PORT 2 X P20 - P27.0R AB GA15,FROM DPHY . X " A8.<"A1S FROM PCH
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External Data Memory Write Cycle

Y H—
ALE

AT89C52

tWHLH
PSEN
e— tLw ——«— twowh —
Db sl )
i «—1{ L ax
le— tavi L —> tavwx b= "< twhax
— Tovwh —>
PORT 0 _ »>KA0 - A7 FROM RI'OR DPL DATA 0UT . )X A0 - A7 FROM PCL>—INSTR IN
S - tAVWL .
PORT 2 >( P2.0 - P27 OR A8 - A15 FROM DPH ) A8 - A15 FROM PCH

External Clock Drive Waveforms

4= ([T ‘ f e Ol : ‘
SHEx W telcy =™ = ‘ I tchel
VCC - 0.5V %4 s B e SO 3T ¢ 1
7% 08V T 53 D (e - '1\,' |
V4 : /,, N |
£ W 201V B I 2
0.45V —— | S | >
A\ - ;
% toret e ]
External Clock Drive
Symbol Parameter Min Max Units
1heieL Oscillator Frequency 0 24 MHz
terel Clock Period 41.6 ns
tehex High Time 15 ns
telex Low Time 15 ns
tercn Rise Time 20 ns
teneL Fall Time 20 ns

ATmEL
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Serial Port Timing: Shift Register Mode Test Conditions

The values in this table are valid for V¢ = 5.0V, % 20% and Load Capacitance = 80 pF.

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
tyxe " | Serial Port Clock Cycle Time 1.0 12t oL us
tquxn Output Data Setup to Clock Rising Edge 700 10te o 133 ns
txrax Output Data Hold After Clock Rising Edge 50 2te e -117 ns
txHox Input Data Hold After Clock Rising Edge 0 0 ns
tyxrov Clock Rising Edge to Input Data Valid 700 10tg o -133 ns
Shift Register Mode Timing Waveforms
INSTRUCTION 0 | 1 [ | 3 1/t sl et 6 | 7 | 8 |

ALE } i l l l !—U l_J I__I l___l
l‘_—”tXLXL
cLock O /NN AT TN\ L[

tavxr '4——» | |
AT txrox
WRITE TO SBUF 0>(1>(2 XE Vo & g < o<
v t
OUTPUT DATA e V—_T [+ baox SET Tl
, CLEfR RI G GG a4 X
INPUT DATA SETRI

AC Testing Input/Output Waveforms" Float Waveforms("

Vee- 0.
ces 9 o 0.2 Vg + 0.9V ol
TEST POINTS i s Timing Reference
o 1 L Points
0.45V oo, Vioao Vg * 01V
Note: 1. AC Inputs during testing are driven at V¢ - 0.5V Note: 1. Fortiming purposes, a port pin is no longer floating
for 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,,; min. for a logic 1 and V, max. port pin begins to float when a 100 mV change from
for a logic 0. the loaded Vou/Vo, level occurs.
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D HARRIS ICL232

+5V Powered Dual RS-232

December 1993 Transmitter/Receiver
Features Description
« Meets All RS-232C Specifications The ICL232 is a dual RS-232 transmitter/receiver interface

circuit that meets all EIA RS-232C specifications. It requires
a single +5V power supply, and features two onboard charge
pump voltage converters which generate +10V and -10V

» Requires Only Single +5V Power Supply
« Onboard Voltage Doubler/Inverter

+ Low Power Consumption supplies from the 5V supply.
e Ernvers L The drivers feature true TTL/CMOS input compatibility, slew-
- $9V Output Swing for +5V Input rate-limited output, and 300Q power-off source impedance.
- 300Q Power-off S°U.r°_e Impedance The receivers can handle up to +30V, and have a 3kQ to 7kQ
- Output Current Limiting input impedance. The receivers also have hysteresis to
- TTL/ICMOS Compatible improve noise rejection.
- 30V/us Maximum Slew Rate
i 2Recoivers Ordering Information
- +30V Input Voltage Range
- 3kQ to 7kQ Input Impedance TEMPERATURE
- 0.5V Hysteresis to Improve Noise Rejection PART NUMBER RANGE PACKAGE
« All Critical Parameters are Guaranteed Over the Entire ICL232CPE 0°C to +70°C 16 Lead Plastic DIP
Commercial, Industrial and Military Temperature
Ran ICL232CJE 0°C to +70°C 16 Lead Ceramic DIP
ges
& : F 9 70° 16 |
Appllcatlons »lCL232CB 0860 .+ 70°C Lead SOIC (W)
O, O H
« Any System Requiring RS-232 Communications Port ILER2RE o i 5 S0 EER G
- Computer - Portable and Mainframe ICL232IJE -40°C to +85°C 16 Lead Ceramic DIP
- Peripheral - Printers a.nd Terminals (CL232IBE 20°C 10 +85°C 16 Lead SOIC (W)
- Portable Instrumentation :
- Modems ICL232MJE -55°C to + 125°C | 16 Lead Ceramic DIP
- Dataloggers
Pinouts Functional Diagram
ICL232
(PDIP, CDIP, SOIC) +5V TO +10V
TOP VIEW ik Ej voLAGEbousLer 1€ Vee
U ]
Ci+{1 E] Vee Vi E +10V TO -10V 7_5—] GND
VOLTAGE INVERTER

V+E 15| GND
:I ci-[3 14| Tgur

ci-[3 1_4_] o 5k0

Cc2+ E _1—_3—| Ry c2+ IZ — E Ry
c2- E EI Riout fi R1
V- E [11] Tt - E E T
T2our| 7 E T2y V- E L S E TN
c

Ve
R2)y E E] R2out 400kQ
400kQ
T20ut [7] 10] T2y

T2

R2|y E % s I >° '—El R2oyt
5kQ

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3020 2
Copyright © Harris Corporation 1993 11-8



Specifications ICL232

Absolute Maximum Ratings

Thermal Informaticn

Vee to Ground . .. it : (GND -0.3V) <V < 6V Thermal Resistance TN Oy
VitoiGround 2rie e iar i s i i (Ve -0.3V) <V+ < 12V Ceramic DIP Package . .............. 80°C/W  24°C/w
V-0 Ground - Sl aiEess tas i e -12V < V- <(GND +0.3V) Blastic.DIP.Package o= 03 00t o 100°C/W -
Input Voltages S@|EiPackage Fuiiaia n oA s ren 100°C/W -
S P A s S S L (V- -0.3V) < Vi <(V++0.3V)  Maximum Power Dissipation. .............. .0 .. ... 250mw
RIpRZiNG e s ek it e Sl e S e +30V . Operating Temperature Range
Output Voltages [GLE23DEC el Sl o i e e e 0°C to +70°C
T U El200T e (V- -0.3V) < Vyyxout < (V+ +0.3V) 1GE232 s il e vl s s Bl -40°C to +85°C
RIGUT- R 2017 i (GND -0.3V) < Vpyout < (Vcc +0.3V) 1GE232Ma e senlsiin il e i L -55°C to +125°C
Short Circuit Duration
] S 20T e s e i i e e Continuous
RS UTeR20UT o e e i e e e Continuous

Storage Temperature Range .. ..............
Lead Temperature (Soldering 10s). .. ....... ..

-65°C to +150°C

........ +300°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to 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.

Electrical Specifications

Unless Otherwise Specified

Test Conditions: V¢ = +5V +10%, T = Operating Temperature Range. Test Circuit as in Figure 8

LIMITS
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Transmitter Output Voltage Swing, Toyr T1oyrand T2y loaded with 3kQ to o +9 +10 \%
Ground
Power Supply Current, I Outputs Unloaded, T, = +25°C = 5 10 mA
Tn Input Logic Low, V. - = 0.8 \%
Tne Input Logic High, Vi, 2.0 - = \%
Logic Pullup Current, Ip T T2 = OV - 15 200 UA
RS-232 Input Voltage Range, V,y -30 - +30 \
Receiver Input Impedance, Ry Vin =13V 3.0 5.0 7.0 kQ
Receiver Input Low Threshold, V;y (H-L) Ve = 5.0V, Ty = +25°C 0.8 1.2 - \%
Receiver Input High Threshold, V y (L-H) Ve = 5.0V, Ty = +25°C - bt 2.4 \Y
Receiver Input Hysteresis, Vyygt 0.2 0.5 1.0 \V4
TTL/CMOS Receiver Output Voltage Low, Vg | loy7 = 3.2mA - 0.1 0.4 \4
TTL/CMOS Receiver Output Voltage High, Voy | loyr=-1.0mA 3.5 4.6 - \%
Propagation Delay, tpp RS-232t0 TTL - 0.5 - us
Instantaneous Slew Rate, SR C =10pF, R = 3kQ, T, = +25°C - - 30 Vius
(Notes 1, 2)
Transition Region Slew Rate, SRy Ry =3kQ, C, = 2500pF Measured - 3 = Vius
from +3V to -3V or -3V to +3V
Output Resistance, Royrt Voo =V+=V-=0V, Vo1 = £2V 300 - - Q
RS-232 Output Short Circuit Current, Igc T10yr or T2pyt shorted to GND - +10 z mA

NOTES:
1. Guaranteed by design.
2. See Figure 4 for definition.




ICL232

Typical Performance Curves

550

500

450

400

350

300

V+, V- SUPPLY IMPEDANCES (Q)

200

150

10
\
e —— —
——— 9 I b
Tp = +25°C \\ V- SUPPLY 5ed \\ ] V+ {(Vec = 5V)
> 8N V+ (Vog = 4.5V
EXTERNAL SUPPLY LOAD = N (Ve =4.5V)
w \ .\1'\ e
1k BETWEEN V+ + GND 5] ]
< \ -
OR V- + GND Rl s
= \ \ S —]
TRANSMITTER OUTPUT S b NG
OPEN CIRCUIT Ea6 V- (Vee = 4.5V) — V- (Vee = 5V)
GUARANTEED 2 \ \
OPERATING i N b
250 I— v+ syppPLY - RANGE ° N \
4| Ta=+25°C N\ A
e TRANSMITTER OUTPUTS N \
! 5 LOPEN CIRCUIT \
3 4 5 6 T Mo, Ve O e S A R ]

FIGURE 1. V+, V- OUTPUT IMPEDANCES vs V¢

INPUT SUPPLY VOLTAGE V¢ (V)

llLoanl (mA)

FIGURE 2. V+, V- OUTPUT VOLTAGES vs LOAD CURRENT

Pin Descriptions

PLASTIC DIP, PIN
CERAMIC DIP SOIC NAME DESCRIPTION
1 1 C1+ External capacitor “+” for internal voitage doubler.
2 4 Ve Internally generated +10V (typical) supply-
8 & C1- External capacitor “-" for internal voltage doubler.
4 4 C2+ External capacitor “+" internal voltage inverter.
5 5 C2- External capacitor “-" internal voltage inverter.
6 6 V- Internally generated -10V (typical) supply.
7 % T20ut RS-232 Transmitter 2 output =10V (typical).
8 8 R2\n RS-232 Receiver 2 input, with internal 5K pulldown resistor to GND.
9 9 R2out Receiver 2 TTL/CMOS output.
10 10 T2 Transmitter 2 TTL/CMOS input, with internal 400K pullup resistor to Vc.
11 11 TN Transmitter 1 TTL/CMOS input, with internal 400K pullup resistor to Vc.
12 12 Rigur Receiver 1 TTL/CMOS output.
13 13 RN RS-232 Receiver 1 input, with internal 5K pulldown resistor to GND.
14 14 Tlout RS-232 Transmitter 1 output +10V (typical).
15 15 GND Supply Ground.
16 16 VCC Positive Power Supply +5V £10%

11-10




ICL232

Detailed Pascription

The ICL232 is a dual RS-232 transmitter/receiver powered by
a single +5V power supply which meets all EIA R$232C spec-
ifications and features low power consumption. The functional
diagram illustrates the major elements of the iCL232. The cir-
cuit is divided into three sections: a voltage doubler/inverter,
dual transmitters, and dual receivers.

Voltage Converter

An equivalent circuit of the dual charge pump is illustrated in
Figure 3.

R+

Wy

E + ho\, S7
R-< - Cq Cr3
>
b1\ s8
V-
VOLTAGE | _
OSCIEE:ATOR g gy 4
TRANSLATOR |— 02

FIGURE 3. DUAL CHARGE PUMP

The voltage quadrupler contains two charge pumps which use
two phases of an internally generated clock to generate +10V
and -10V. The nominal clock frequency is 16kHz. During
phase one of the clock, capacitor C1 is charged to Vcc.
During phase two, the voltage on C1 is added to Vi,
producing a signal across C2 equal to twice Vqc. At the same
time, C3 is also charged to 2V, and then during phase one,
it is inverted with respect to ground to produce a signal across
C4 equal to -2Vsc. The voltage converter accepts input
voltages up to 5.5V. The output impedance of the doubler (V+)
is approximately 200Q, and the output impedance of the
inverter (V-) is approximately 450Q. Typical graphs are
presented which show the voltage converters output vs input
voltage and output voltages vs load characteristics. The test
circuit (Figure 8) uses 1uF capacitors for C1-C4, however, the
value is not critical. Increasing the values of C1 and C2 will
lower the output impedance of the voltage doubler and
inverter, and increasing the values of the reservoir capacitors,
C3 and C4, lowers the ripple on the V+ and V- supplies.

TN, T2IN / \

90% VoH
T1out T20uT 10% v
oL
. te —~— tr = =

Instantaneous _ (0-8) (Von - Vou) o (0.8) (VoL - Von)
Slew Rate (SR) ~ tr te

FIGURE 4. SLEW RATE DEFINITION

Transmitters

The transmitters are TTL/CMOS compatible inverters which
translate the inputs to RS-232 outputs. The input logic
threshold is about 26% of V¢, or 1.3V for Vs = 5V. A logic
1 at the input results in a voltage of between -5V and V- at
the output, and a logic 0 results in a voltage between +5V
and (V+-0.6V). Each transmitter input has an internal 400k
pullup resistor so any unused input ¢an be left unconnected
and its output remains in its low state. The output voltage
swing meets the RS-232C specification of 5V minimum
with the worst case conditions of: both transmitters driving
3kQ minimum load impedance, Vo = 4.5V, and maximum
allowable operating temperature. The transmitters have an
internally limited output slew rate which is less than 30V/us.
The outputs are short circuit protected and can be shorted to
ground indefinitely. The powered down output impedance is
a minimum of 300Q with +2V applied to the outputs and
VCC = 0V.

v+o——mM8M

Vee

400kQ 3000

Txin TouT

GND < Txn < Vce V- < VrouT < V4

V- 0
FIGURE 5. TRANSMITTER

Receivers

The receiver inputs accept up to £30V while presenting the
required 3k to 7kQ input impedance even it the power is off
(Ve = OV). The receivers have a typical input threshold of
1.3V which is within the 3V limits, known as the transition
region, of the RS-232 specification. The receiver output is
0V to Vee. The output will be low whenever the input is
greater than 2.4V and high whenever the input is floating or
driven between +0.8V and -30V. The receivers feature 0.5V
hysteresis to improve noise rejection.

Ve o

Rxino
-30V < Ryy < +30V

°Rout
GND < Vgout < Vce

GNDo

FIGURE 6. RECEIVER

T T2IN
OR
R1in, R21y

Tlout T20ut
OR
Rioum R2out

tPHL— |~ tpLH

terL « toLn

Average Propagation Delay = 5

FIGURE 7. PROPAGATION DELAY DEFINITION
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ICL232

Test Circuits

+4.5VTO
+5.5V INPUT
A/ >__T
c1+ Vee _1—5]-4

2 |V+

C17T-
3 |C1-

4 |C2+
1“F+_|—_—E

GND |15

i

3k

Tomlll g W
T4 OUTPUT ==
Rl E_< RS-232
30V INPUT

c2
Ceer our b BHEACS
1uF C4
aed l i TTLICMOS
V-
_E“_E Tt E—<INPUT
3kQ —
7 | T20ut
— T2 OUTPUT

TTLICMOS
OUTPUT

TTL/CMOS
T2y E_< INPUT
sl st 7]
+30V INPUT

R2oyt

FIGURE 8. GENERAL TEST CIRCUIT

A E
Eev  velml
[«]c2+ R [13]
l 5 |ce- RiouT E]
B
o—-‘ 6 |v- TN |11
7 | T20ut T21n E—
E R2n R2out E
T20ut I
¢
>____—.
T TiouTt

FIGURE 9. POWER-OFF SOURCE RESISTANCE CONFIGURATION

Applications

The ICL232 may be used for all RS-232 data terminal and
communication links. It is particularly usefui in applications
where 12V power supplies are not available for conven-
tional RS-232 interface circuits. The applications presented
represent typical interface configurations.

A simple duplex RS-232 port with CTS/RTS handshaking is
illustrated in Figure 10. Fixed output signals such as DTR
(data terminal ready) and DSRS (data signaling rate select)
is generated by driving them through a 5kQ resistor
connected to V+.

+5V >—--—4

16

1 CTR (20) DATA
c1 ] TERMINAL READY
1uF T3 DSRS (24) DATA
7 ICL232 - SIGNALING RATE
SELECT
c2 il = RS-232
1uF -] 5 +| 1uF ~
— INPUTS & OUTPUTS
1| N? 14 T :
D >— 0 (2) TRANSMIT DATA
INPUTS  RTS >1.°_—-Dzy—7-. RTS (4) REQUEST TO SEND
OUTPUTS 12 13
TTLICMOS RD <+— L—< RD (3) RECEIVE DATA
R R1

2
8—< CTS (5) CLEAR TO SEND

SIGNAL GROUND (7)

w
1|

FIGURE 10. SIMPLE DUPLEX RS-232 PORT WITH CTS/RTS
HANDSHAKING

In applications requiring four RS-232 inputs and outputs
(Figure 11), note that each circuit requires two charge pump
capacitors (C1 and C2) but can share common reservoir

capacitors (C3 and C4). The benefit of sharing common res-
ervoir capacitors is the elimination of two capacitors and the
reduction of the charge pump source impedance which
effectively increases the output swing of the transmitters.

1 4
c1l IcL232 Irce
IR 33 | S¥T-(1nF
1IN 14 .
D > ——— TD.(2) TRANSMIT DATA
INPUTS  RrTs >3 _.l o |7, RTS (4) REQUEST TO SEND
OUTPUTS 2 i
TTLICMOS  RD +— L~ < RD (3) RECEIVE DATA
9 R2 R1 8
CTS «— L° < CTS (5) CLEAR TO SEND
15
6 2
LG4 ,C3 +5V
_L—| £ V- v++—_<| I_—P_]
——2lF 2uF RS-232
= 6 2 INPUTS AND
46 OUTPUTS
ICL232
1 4
c1 I rltic2
g Ech SST[= Rk
1 I 14 DTR (20) DATA TERMINAL
DIR 2 = | ReEADY
INPUTS  psrs 52 7  DSRS (24) DATA SIGNALING
OUTPUTS :12 13 RATESELECT
SR e ¢ DCD (8) DATA CARRIER
R2 R1 DETECT
R1 44—— 8 ¢ R1(22) RING INDICATOR

15 SIGNAL GROUND (7)

|

FIGURE 11. COMBINING TWO ICL232s FOR 4 PAIRS OF RS-232
INPUTS AND OUTPUTS
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Philips Semiconductors

Product specification

8-bit A/D and D/A ccnverter RPER8591
6 PINNING
SYMBOL | PIN DESCRIPTION
AINO 1
AIN1 2 analog inputs
AIN2 3 (A/D converter) e E U T_e—l Voge
AIN3 4 :
2 15| AOUT
i = ANt [2] 15 ]
A1 6 hardware address AIN2 | 3 [14] Veer
A2 7 AIN3 [ 4 13] AGND
F .

Vss 8 negative supply voltage A0 'S il 2] EXT
SDA 9 I2C-bus data input/output

Al ls 1] osC
SCL 10 | I2C-bus clock input
0scC 11 | oscillator input/output Az 7 0] sct
EXT 12 external/internal switch for oscillator Vss rs__— 9 | SDA

inpjt '7280959 i

AGND 13 analog ground
VREF 14 voltage reference input
AOUT 15 analog output (D/A converter) Fig.2 Pinning diagram.
Vpp 16 positive supply voltage

1998 Jul 02



Philips Semiconductors

Product specification

8-bit A/D and D/A converter

PEESSI |

7 FUNCTIONAL DESCRIPTION
71 Addressing

Each PCF8591 device in an 12C-bus:systemis activated by
sending a valid address to the device. The address
consists of a fixed part and a programmable part.

The programmable part must be set according to the
address pins A0, A1 and A2. The address always has to
be sent as the first byte after the start condition in the
12C-bus protocol. The last bit of the address byte is the
read/write-bit which sets the direction of the following data
transfer (see Figs 3, 15 and 16).

MsB LsBe

10| ol 1|az]|ar]A0R/W

b 23 4 ‘f_'—J
fixed part programmable part

Fig.3 Address byte.

7280960

1998 Jul 02

7.2 Control byte

The second byte sent to a PCF8591 device will be stored
in its control register and is required to control the device
function. ‘

The upper nibble of the control register is used for enabling
the analog output, and for programming the analog inputs
as single-ended or differential inputs. The lower nibble
selects one of the analog input channels defined by the
upper nibble (see Fig.4). If the auto-increment flag is set
the channel number is incremented automatically after
each A/D conversion.

If the auto-increment mode is desired in applications
where the internal oscillator is used, the analog output
enable flag in the control byte (bit 6) should be set. This
allows the internai oscillator to run continuously, thereby
preventing conversion errors resulting from oscillator
start-up delay. The analog output enable flag may be reset
at other times to reduce quiescent power consumption.

The selection of a non-existing input channel results in the
highest available channel number being allocated.
Therefore, if the auto-increment flag is set, the next
selected channel will be always channel 0. The most
significant bits of both nibbles are reserved for future
functions and have to be set to 0. After a Power-on reset
condition all bits of the control register are reset to 0.

The D/A converter and the oscillator are disabled for power
saving. The analog outputis switched to a high-impedance
state.



Philips Semiconductors

Product specification

8-bit A/D and D/A converter

PCF8591

MSB

L

SB

0 X X X 0 X X X

AINO
AIN1
AIN2
AIN3

AINO

AIN1

AIN2
AIN3

AINO
AlIN1
AIN2

AIN3

AING

AIN1
AIN2

AIN3

L—l——J— A/D CHANNEL NUMBER:

00

AUTOINCREMENT FLAG:

CONTROL BYTE

channel 0
channel 1
ciiannel 2
channel 3

(switched on if 1)

— ANALOGUE INPUT PROGRAMMING:

00 Four singie ended inputs

01 Three differential inputs

AL

&

J

11 Two differential inputs

Fig.4 Control byte.

ol

ANALOGUE OUTPUT ENABLE FLAG:
(analogue output active if 1)

channel O
channel 1
channel 2
channel 3

channel 0

channel 1

channel 2

10 Single ended and differential mixed

channel O
channel 1

channel 2

channel 0

channel 1

7280961
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Philips Semiconductors

Product specification

8-bit A/D and D/A converter

0

CEE591

7.3 D/A conversion

The third byte sent to a PCF8591 device is stored in the
DAC data register and is converted to the corresponding
analog voltage using the on-chip D/A converter. This D/A
converter consists of a resistor divider chain connected to
the external reference voltage with 256 taps and selection
switches. The tap-decoder switches one of these taps to
the DAC output line (see Fig.5).

The analog output voltage is buffered by an auto-zeroed
unity gain amplifier. This buffer amplifier may be switched
on or off by setting the analog output enable flag of the
control register. In the active state the output voltage is
held until a further data byte is sent.

The on-chip D/A converter is also used for successive
approximation A/D conversion. In order to reiease the
DAC for an A/D conversion cycle the unity gain amplifier is
equipped with a track and hold circuit. This circuit holds the
output voltage while executing the A/D conversion.

The output voltage supplied to the analog output AOUT is
given by the formula shown in Fig.6. The waveforms of a
D/A conversion sequence are shown in Fig.7.

VREF —— DAC OUT
R256
i FF
R255
1 ! I
1 1 1
1 | !
l¢—— D7
R3 ¢— D6
TAP |
DECODER lI
02
R2
l¢— DO
R1 =
AGND
00
7280962

Fig.5 DAC resistor divider chain.

1998 Jul 02



Philips Semiconductors Product specification

8-bit A/D and D/A converter PCF8591
MSB LS8 7280963
2 DAC data
D7 | D6 | DS | D4 | D3 | D2 | D1 | DO | ooicier
VAOUT i 7
v =V +V—————REF ~ VAGND > Dix 2!
AOQUT = YAGND

Yo : 256 55
VREF i i

T L

5 b ./

1 ot

L
.
/
pret
/
/'/
] >
<+ ./
~
VAGND“'_T
Vss e =
00 01 02 03 04 FE FF HEX CODE
Fig.6 DAC data and DC conversion characteristics.
PROTOCOL[S ADDRESS o | A 1 CONTROL BYTE | A I DATA BYTE 1 A DATA BYTE 2 l A r

|
TN T e T T

VaouTt
S e o S e I et PREVIOUS VALUE VALUE OF
HELD IN DAC DATA BYTE 1
HIGH IMPEDANCE STATE OR REGISTER
PREVIOUS VALUE HELD IN DAC REGISTER
7280964 time

Fig.7 D/A conversion sequence.

1998 Jul 02 9
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8-bit A/D and D/A converter

PEE8591

7.4 A/D conversion

The A/D converter makes use of the successive
approximation conversion technique. The on-chip D/A
converter and a high-gain comparator are used
temporarily during an A/D conversion cycle.

An A/D conversion cycle is always started after sending a
valid read mode address to a PCF8591 device. The A/D
conversion cycle is triggered at the trailing edge of the
acknowledge clock pulse and is executed while
transmitting the result of the previous conversion (see
Fig.8).

Once a conversion cycle is triggered an input voltage
sample of the selected channelis stored on the chip andis
converted to the corresponding 8-bit binary code. Samples
picked up from differential inputs are converted to an 8-bit
two's complement code (see Figs 9 and 10).

The conversion result is stored in the ADC data register
and awaits transmission. If the auto-increment flag is set
the next channel is selected.

The first byte transmitted in a read cycle contains the
conversion result code of the previous read cycle. After a
Power-on reset condition the first byte read is a
hexadecimal 80. The protocol of an I12C-bus read cycle is
shown in Chapter 8, Figs 15 and 16.

The maximum A/D conversion rate is given by the actual
speed of the 12C-bus.

PHOTOCOLI: ] ADDRESS | 1 l A | DATA BYTE O

l A l DATA BYTE 1

A l DATA BYTE 2 1 A L

SVAN b 2T IR = e

PR [& /N [

L SAMPLING

7280965
SAMPLING SAMPLING

BYTE 1 BYTE 2 BYTE 3
CONVERSION CONVERSION CONVERSION
OF BYTE 1 OF BYTE 2 OF BYTE 3

F 31 F > b el
TRANSMISSION TRANSMISSION TRANSMISSION
OF PREVIOUSLY QEBY | Eg OF BYTE 2

CONVERTED BYTE

Fig.8 A/D conversion sequence.

1998 Jul 02
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HEX
CODE

7280966

FF +

FET  vigg=

04 +

VRer — VAGND

256

03+

01+

! £ ! !
T

00 + 1 1

el

1 t
254 25

Viss

Fig.9 A/D conversion characteristics of single-ended inputs.

Vain ~ VAGND

HEX
CODE 7280967
7F+ !
7JE+ 7Z
1 ,
i A
02+ 74
o1t //
(% - 4 i 00 } ' 1 i
—128 =127 --- -2 —1 05571 2 7o 9BLIaT Ly v
T Viss
+FE
’ ]
Lok ! _ VRer ~ VaGND
Vise = 256
T 81
4 180

Fig.10 A/D conversion characteristics of differential inputs.

1998 Jul 02
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Philips Semiconductors

Product specification

8-bit A/D and D/A converter BEESS9
9 LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER MIN. MAX. UNIT
Vpp 1 supply voltage (pin 16) -0.5 +8.0 \%
\ input voltage (any input) -0.5 Vpp + 0.5 Vv
Iy DC input current - +10 mA
lo DC output current - +20 mA
Iop, Iss Vpp or Vggs current - +50 mA
Piot total power dissipation per package - 300 mW
Po power dissipation per output - 100 mw
bt operating ambient temperature -40 +85 26
Tstg storage temperature -65 +150 °E
10 HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is
desirable to take precautions appropriate to handling MOS devices. Advice can be found in Data Handbook 1C12 under
“Handling MOS Devices”. S

1998 Jul 02
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Philips Semiconductors Product specification

8-bit A/D and D/A converter PCF8591

11 DC CHARACTERISTICS
Vpp=25V1to6V;Vss=0V; Tamp= —40 °C t6 +85 °C unless otherwise specified.

SYMBOL PARAMETER - CONDITIONS | min { e | max. | uniT
Supply
Vop supply voltage (operating) 2:5 - 6.0 V
lop supply current
standby V| = Vgs or Vpp; no load - 1 15 HA
operating, AOUT off fscL = 100 kHz - 125 250 pA
operating, AOUT active fgcL = 100 kHz - 0.45 1.0 mA
VpoRr Power-on reset level note 1 0.8 - 2.0 \
Digital inputs/output: SCL, SDA, A0, A1, A2
Vi LOW level input voltage 0 — 0.3xVpp |V
V4 HIGH level input voltage 0.7 xVpp | = Vop \Y
I leakage current
A0, A1, A2 V=Vss to Vpp -250 - +250 nA
SCL, SDA V| =Vss to Vpp —1 = %1 UA
Ci input capacitance —- - 5 pF
loL LOW level SDA output current Vg =04V 3.0 — - mA
Reference voltage inputs
VRer reference voltage VRrer > VagnD; note 2 Vgs+1.6 |— Vobp V
VAGND analog ground voltage Vrer > Vacnp; note 2 Vss - Vpp — 0.8 |V
Iy input leakage current -250 - +250 nA
RRrer input resistance pins Vrer and AGND - 100 - kQ
Oscillator: OSC, EXT
L input leakage current = S 250 nA
fosc oscillator frequency 0.75 - 1.25 MHz
Notes

1. The power on reset circuit resets the 12C-bus logic when Vpp is less than Vpor.

2. A further extension of the range is possible, if the following conditions are fulfilled:

Vv

V +V +V
REF AGND REF . AGND 5 0 4y

5 > 0.8V, Vpp -
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8-bit A/D and D/A converter PCE8591

12 DI/IA CHARACTERISTICS
Vpp = 5.0 V; Vss = 0 V; Vrer = 5.0 V; Vagnp = 0V; RL = 10 kQ; C = 100 pF; Tamp = —40 °C to +85 °C unless otherwise
specified.

sYmBOL | PARAMETER CONDITIONS [ wn. | v | max | unr
Analog output
Voa output voltage no resistive load Vss - Vpp Vv
RL =10 kQ Vesg - 09xVpp |V
Lo output leakage current AOUT disabled - - 250 nA
Accuracy
0Se offset error Tamp =25 °C - - 50 mV
Le linearity error - — +1:5 LSB
Ge gain error no resistive load - — 1 %
tpac settling time to 1, LSB full scale step z i 90 us
foac conversion rate - - Y kHz
SNRR supply noise rejection ratio | f = 100 Hz; - 40 - dB
Vpopn = 0.1 x Vpp

13 A/D CHARACTERISTICS
Vpp = 5.0 V; Vgs = 0 V; Vrgr = 5.0 V; Vagnp = 0 V; Rg = 10 KQ; Tamp = =40 °C to +85 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS | MIN. ] TP’ I MAX. l UNIT

Analog inputs

Via analog input voltage Vss - Vop \Y%

lua analog input leakage current - - 100 nA

Cia analog input capacitance - 10 - pF

Cip differential input capacitance - 10 - pF

Vis single-ended voltage measuring range VAGND - VREF V

Vip differential voltage measuring range; WV n - eVt \Y%
VEs = VRer — VaGND % >

Accuracy :

OSe offset error Tamp =25 °C - - 20 mV

Le linearity error - - 125 LSB

Ge gain error - - 1 %

GSe small-signal gain error AVi=16 LSB - - 5 %

CMRR common-mode rejection - 60 - dB

ratio

SNRR supply noise rejection ratio | f= 100 Hz; - 40 - dB
Vpon = 0.1 x Vpp

tapc conversion time - - 90 us

fanc sampling/conversion rate - - 111 kHz
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8-bit A/D and D/A converter PCE8591
565 7294726 160 3 7294727
oD ‘op
{uA) (pA)
150 P 120
/ /
B /1//
-40°C
G L1 o //Z/
/
/ k +85°C
]
i +270¢
50 40 /1/
0 0
2 3 4 5 6 2 3 4 5 6
Vpp (V) Vpp (V)
(a) Internal oscillator; Tymp = #27 °C. (b) External oscillator.

Fig.17 Operating supply current as a function of supply voltage (analog output disabled).

7294728

i 500 i 500 7294729
G a
S 400 S
3 S 400
: i
= E
2 5
5 300 g 300
3 2 /
< (o)
= < A
3 N < ,
200 h
200 4
100
]
\ 100
/
Ty
\"h\ [
o 0
00 g2 04 06 1 o2 7 o BO. L COL. D0 iED FO FE
exunputeoce hex input code
(a) Output impedance near negative power rail; Tamy = +27°C. (b) Output impedance near positive power rail; Tamp = +27 °C.

The x-axis represents the hex input-code equivalent of the output voltage.

Fig.18 Output impedance of analog output buffer (near power rails).
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PCE8SIH

14 AC CHARACTERISTICS

All timing values are valid within the operating supply voltage and ambient temperat

Vi with an input voltage swing of Vss to Vpp.

ure range and reference to V_and

SYMBOL PARAMETER | min. | e | max. [ uniT
12C-bus timing (see Fig.19; note 1)
fscL SCL clock frequency - - 100 kHz
tsp tolerable spike width on bus - - 100 ns
tsuF bus free time 4.7 - — us
tsu.sta START condition set-up time 47 - - us
tHD:sTA START condition hold time 4.0 - - us
tLow SCL LOW time 4.7 - - us
thicH SCL HIGH time 4.0 - - us
tr SCL and SDA rise time = - 1.0 us
t SCL and SDA fall time - = 0.3 us
tsu:DAT data set-up time 250 — — ns
tHp:DAT data hold time 0 - — ns
tvp:DAT SCL LOW-to-data out valid - - 3.4 us
tsu:sTo STOP condition set-up time 4.0 — — us
Note

1. A detailed description of the 12C-bus specification, with applications, is given in brochure “The

use it". This brochure may be ordered using the code 9398 393 40011.

2C-bus and how to

MBD820

Fig.19 I2C-bus timing diagram; rise and fall times refer to Vy_and V.

START BIT7 BIT6 BITO | ACKNOWLEDGE STOP
PROTOCOL CONDITION MSB (AB) LSE (A) CONDITION
(S) (A7) (RIW) (P)
Usu;sTA tlow  'HIGH s
- - | | l<—— SCL —
“L' Fat | o
SCL /
/ B B
Sy Noacnin
- tBUF -t t [ e e e tf
UHD:STA Usu;pAT U HD:DAT LvD:DAT tsu:sTo
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8-bit A/D and D/A converter

15 APPLICATION INFORMATION

Inputs must be connected to Vgs or Vpp when not in use. Analog inputs may also be connected to AGND or Vger.

In order to prevent excessive ground and supply noise and to minimize cross-talk of the digital to analog signal paths the
user has to design the printed-circuit board layout very carefully. Supply lines common to a PCF8591 device and noisy
digital circuits and ground loops should be avoided. Decoupling capacitors (>10 uF) are recommended for power supply

and reference voltage inputs.

Fig.20- Application diagram.

Voo
%
Vpp NG + UH
\ v Vop
¥ = AINO AOUT
AIN1 VREF
AIN2 AGND
v,
5P AIN3 EXT
7 or e PCFB591 [ o
Al SCL
A2 SDA
Vss
+0
7 VL/ AT
Voo
Voo
AINO AOUT —Vout
AIN1 VREF
¥ AIN2 AGND —R
Vo v, 1 AIN3 EXT — vy
7 7 Vpp —1 A0 PCFB8591 OSC (— 7
Al ScL
A2 SDA
Vss
Voo
J;; ANALOGUE GROUND MASTeR
TRANSMITTER
_LDlG!TAL GROUND
1} VL
_l_ 12¢ BUS
7280970.1
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8-bit A/D and D/A converter PCE8591
16 PACKAGE OUTLINES
DIP16: plastic dua! in-line package; 16 leads {300 mil); long body SOT38-1

D | Mg
3
i Fli |
&

»L

ﬁﬁﬁﬁbﬁﬁ%

pin 1 index '

%

0 5 10 mm
Wb o] bt e APVl
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A A4 Az (1) (1) z U
UNIT e T A b by c D E e eq L Mg My w e
= 1.40 0.53 0.32 21.8 6.48 3:9 8.25 9.5
T dl %l e e ae ]l oos | ol | s | 250 me2 | o [ gs fe0254) 02
; 0.055 | 0.021 0.013 0.86 0.26 0.15 0.32 0.37
inches 0.19 0.020 0.15 0.045 | 0.015 | 0.009 0.84 024 0.10 0.30 0.13 0.31 0.33 0.01 0.087
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION PROJECTION oeUE eIE
IEC JEDEC EIAJ
92-16-02
SOT38-1 050G09 MO-001AE == @ TR
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PCE8591

S016: plastic small outline package; 16 leads; body width 7.5 mm SOT162-1
D E —{A]
| | ol
[T | sl ‘—'—J i( \
L l/ 3
- - 7
i\ SN
st C*,_l T /I/
b
m He = v@.
—>IZ<—
16 9
|
¥
1 T Q
B L 7 X [ - A2
I Hade @
pin 1.index
f 0
— —| LD - f ’
| I
1 8 detail X
el
P
0 5 10 mm
L 1 1 1 ' Il 1 1 1 1 1
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A
UNIT | | A1 | Az | A3 | by c pM | EM | e He L Lp Q v w y zMW | o
0.30 | 2.45 049 | 032 | 105 | 76 10.65 e ol 0.9
mm | 265 | 70 | 58 | 925 | 036 | 023 | 101 | 7.4 | V¥ {1000| M | 04 | 10 | 02|02 0T | o4 | g
o
: 0.012 | 0.096 0.019 {0.013 | 041 | 0.30 0.419 0.043 | 0.043 0035| O
inches | 010 | 0% | 0o | 901 | 0'014 | 0.009 | 040 | 029 | %050 | 0304 [ 0055 | 0016 | 0039 | O-01 | 001 | 0004 516
Note
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
REFERENCES 1
VERSION ' PROJECTION | 'SSUEDATE
IEC JEDEC EIAJ
-95-84-24-
SOT162-1 075E03 MS-013AA == @ P
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I‘C ON DUC|T|OR S
2N3055

POWER LINEAR AND SWITCHING
APPLICATIONS

The 2N3055 is a silicon epitaxial-base NPN transistor in JEDEC TO-3 metal case.
It is intended for power switching circuits, series and shunt regulators, output stages
and high fidelity amplifiers.

ABSOLUTE MAXIMUM RATINGS

Symbol Ratings Value Unit
Veso Collector to Base Voltage 100 V
Vceo #Collector-Emitter Voltage 60 V

_VCER Collector-Emitter Voltage 70 V
Vego Emitter-Base Voltage : 7 N
Ilc Collector Current — Continuous 15 Adc
Is Base Current — Continuous 74 Adc
Pp Total Device Dissipation | (D@elac’t;azbi:ve 550 01.(;557 \\//VV?OﬁCS
T, Junction Temperature 200 HE;
Ts Storage Temperature _+625 ot(()) o

THERMAL CHARACTERISTICS

Symbol Ratings Value Unit

Rinsc Thermal Resistance, Junction to Case 1.52 °C/IW

COMSET SEMICONDUCTORS 12



2N3055

ELECTRICAL CHARACTERISTICS

1C=25°C unless otherwise noted

Symbol Ratings Test Condition(s) Min | Typ | Mx | Unit
Collector-Emitter Sustaining |, _ = 2 3
VCEO(SUS) VoItage (1) 1c=200 mAdc, 1g=0 60 = = Vdc
Collector-Emitter = i - :
BVcer Breakdown Voltage (1) 1c=200 mAdc, Rge=100Q2 70 - Vdc
lceo Collector-Emitter Current Cve=30 Vdc, lg=0 - - 0.7 | mAdc
V=100 Vdc, Vegen=1.5 Vdc - - 5:0
lcex Collector Cutoff Current Vee=100 Vdc, Vegem=1.5 Vdc, mAdc
0 30
Tc=150°C
lero Emitter Cutoff Current Vge=7.0 Vdc, Ic=0 - - 5.0 | mAdc
f 1c=4.0 Adc, Vee=4.0 Vdc 20 - 70
hee DC Current Gain [ =16 Aoy b & 50 - 7
v Collector-Emitter saturation |lc=4.0 Adc, Ig=0.4Adc - - 15 Vil
Sl Voltage [c=10 Adc, Is=3.3Adc 8.0
Vae Base-Emitter Voltage 1c=4.0 Adc, Vce=4.0 Vdc - 1.8 - Vdc
hye Small Signal Current Gain | Veeg=4.0 Vdc, Ic=1.0 Adc, f=1.0 kHz 15 - 120 -
Small Signal Current Gain \ W i
fis Cutoff Frequency Vee=4.0Vdc, Ic+=1.0Adc, f=1.0kHz | 10 |* - - kHz
Second Breakdown ] 2 =
lsib cdidotonc s t=1'S (non repetitive), V=60 Vdc 1.95 - - A
In accordance with JEDEC Registration Data
(1) Pulse Width ~ 300 us, Duty Cycle £ 2.0%
MECHANICAL CHARACTERISTICS CASE-TO-3
DIMENSIONS . N . 2.
mm inches WV~ Al
A | 2551] 1,004 , il P f '
] | A : !
B 38,93 1,53 e O\ g
G 30,12 118 | / : \; ,' sl o
D 17,25 0,68 i g\ 1 |
= o =) |
E 10,89 0,43 oL : 1 S = ' t;1
G 11,62 0,46 e . |
N 7 P 1
H 8,54 0,34 /.
b ety NGy
L 1.55 0,6 | \w/ ;
i £ R
M 19,47 0,77
N 1 0,04
P 4,06 0,16
IPin1: Base
Pin 2 : Emitter
Case: Collector
Information furnished is believed to be accurate and reliable. However, CS assumes no responsability
for the consequences of use of such information nor for errors that could appear.
Data are subject to change without notice.
COMSET SEM.CONDUCTORS 2/2




MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Order this document
by 2N3055/D

Compiementary Silicon Power

Transistors

... designed for general-purpose switch:ing and amplifier appiications.
e DC Current Gain — hpg = 20-70 @ Ic = 4 Adc

e Collector—Emitter Saturation Voltage —

VCE(sat) = 1.1 Vdc (Max) @ Ic =4 Adc

* Excellent Safe Operating Area

MAXIMUM RATINGS

Rating Symbol Value Unit
Coliector-Emitter Voltage VCEO 60 Vdc
Coliector-Emitter Voltage VCER 70 Vde
Collector-Base Voltage VcB 100 Vdc
Emitter—Base Voltage VEB X Vdc
Collector Current — Continuous Ic 15 Adc
Base Current B 7 Adc
Total Power Dissipation @ T = 25°C PD 115 Watts
Derate above 25°C 0.657 W/°C
Operating and Storage Junction Temperature TJ: Tstg —65 to + 200 °C
Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Rouc j).52 °C/W
160
— 140
w
=
<
= 120
& 100 <
=
& 80
2]
[=]
o 60 ™
= e
40 <
& o [~ |
0
0 25 50 75 100 125 150 175 200

Tc. CASE TEMPERATURE (°C)

Figure 1. Power Derating

Prefeired devices are Motorola recommended choices for future use and best overall value.

© Motorola, Inc. 1995

NPN

2N3055*
PNP 4

MJ2955

*Motorola Preferred Device

15 AMPERE
POWER TRANSISTORS
COMPLEMENTARY
SILICON
60 VOLTS
115 WATTS

=

CASE 1-07.
TO—204AA
(TO-3)

@ MOTOROLA




2N3055 MJ23955

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

Characteristic

Symbol I Min ] Max ’ UnitJ

*OFF CHARACTERISTICS

Cciector—Emitter Sustaining Voltage (1)
(Ic =200 mAdc. Ig = Q)

VCEO(sus) 60 — Vdc

Collector—Emitter Sustaining Voltage (1)
(Ic = 200 mAdc, Rgg = 100 Ohms)

VCER(sus)

Collector Cutoff Current
(Vcg =30Vdc, Ig=0)

ICEO e 0.7 mAdc

Collector Cutoff Current
(Vg = 100 Vdc, VBE(Off) =1:5.Vdc)
(Vcg = 100 Vdc, VBE(off) = 1.5-Vdc, Tg = 150°C)

ICEX mAdc

Emitter Cutoff Current
(VB =7.0Vdc, Ig =0)

IEBO — 5.0 mAdc

*ON SHARACTERISTICS (1)

DC Current Gain
(lc =4.0 Adc, Vg = 4.0 Vdc)
(Ic =10 Adc, Vg = 4.0 Vdc)

hFE o
20 70
5.0 —

Collector—Emitter Saturation Voltage
(Ic = 4.0 Adc, Ig = 400 mAdc)
(Ic =10 Adc, Ig = 3.3 Adc)

VCE(sat) Vde

3.0

Base—Emitter On Voltage
(Ic = 4.0 Adc, VGE = 4.0 Vdc)

VBE(on) — 135 Vdc

SECOND BREAKDOWN

Second Breakdown Collector Current with Base Forward Biased
(VcE =40 Vdc, t = 1.0 s, Nonrepetitive)

Is/b 2.87 — Adc

DYNAMIC CHARACTERISTICS

Current Gain — Bandwidth Product
(Ilc = 0.5 Adc, Vog = 10 Vdc, f = 1.0 MHz)

i 25 i MHz

*Small-Signal Current Gain
(Ic=1.0 Adc, Vo = 4.0 Vdc, f = 1.0 kHz)

hte 15 120 e

“Small-Signal Current Gain Cutoff Frequency
(Vg =4.0Vdc, Ic = 1.0 Ade, f = 1.0 kHz)

fhie 10 — kHz

* Indicates Within JEDEC Registration. (2N3055)
(1) Pulse Test: Puise Width < 300 ps, Duty Cycle = 2.0%.

2N3055, MJ2955

20 T
~ 1 50 ps
T 10 =~ de 1}5\\
-3 o0 5 I B, X
< . P N \
e 6 B RNt
& 4 ] B O A G B
% 500 < ~\\\\ =
us
D0 250 s —-N N
o N\
= N
y =
=
S osf =
o O — = — BONDING WIRE LIMIT #
= 04F _ ___THERMALLY LIMITED @ Tg =25°C (SINGLE PULSE) ]
SECOND BREAKDOWN LIMIT 3
02 I3 1 1 7 1 1 1 1 1
6 10 20 40 60

VcEg. COLLECTOR-EMITTER VOLTAGE (VOLTS)

Figure 2. Active Region Safe Operating Area

There are two limitations on the power handling ability of a
transistor: average junction temperature and second break-
down. Safe operating area curves indicate Ic — VCE limits of
the transistor that must be observed for reliable operation,
i.e., the transistor must not be subjected to greater dissipa-

tion than the curves indicate.
The data of Figure 2 is based on Tg = 25°C; Ty(pk) is

variable depending on power level. Second breakdown pulse
limits are valid for duty cycles to 10% but must be derated for

temperature according to Figure 1.

Motorola Bipolar Power Transistor Device Data
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PACKAGE DIMENSIONS

h A —>

<— N NOTES !

| [ _ﬂ_ 1 DIMENSIONING AND TOLERANCING PER ANSI
i__,_.:L, C Y14.5M, 1982

_T— SEATING 2. CONTROLLING DIMENSION: INCH
t £ PLANE 3 ALL RULES AND NOTES ASSOCIATED WITH
Erpiiiiniod oo | = REFERENCED TO-204AA OUTLINE SHALL APPLY
—>lle—D 2pL INCHES MILLIMETERS

[@I@ 0413(0-005)®|Tl Q @l Y@] | OM[ MIN | MAX | MIN | MAX

A | 1550REF 3037 REF

B | — [1050]| — [o2667

C | 0250 | 0335 | 635 [ 851

D | 0038 | 0043 | 097 | 1.09

E | 0055 | 0070 | t40 | 177

G | 0430BSC 10.92BSC

H | 02158SC 546 BSC

K | 0440 [ 0480 | 11.18 | 12.19

L | 06658SC 16.69 BSC
—Q- N — [0830 | — [ 2108

Q [ 0151 [ 0165 | 384 [ 419

[$]@0.130005@]1]Y @] Ul tierBsc |7 301585C
v |0131 Jotes | 333 [ 477
STYLE 1:
PIN 1. BASE
2 EMITTER

CASE: COLLECTOR

CASE 1-07
TO-204AA (TO-3)
ISSUE Z

Motorolareserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
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