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a

; . "o 0w w A & VoA d
ﬂﬂﬂﬂﬂ J,m:ﬁuq AULLANTIDDANLUL nﬂ‘luﬁmmgmmﬂsu‘anus:mmﬂummu mannwﬁ

r as o o ¥ S
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Tahis and Description

ASCIl stands for Amarican Standard Coda for Indermation irterchanga. Computers can only understand numbars, so an ASCH code is the

numerical representation of a character such as 'a' or '@ or an'action of some sort. ASC]) was developed @ longtime ago and naw the
non-prirting characters are rarely used for thair original purpose. Balow is tha ASCIl character table 3nd this includes descriptions of tha first 32
ren-prirking charscters. ASCI was aciually designed far use with teletypes snd o the desoriptions are somewhat obscure. ¥ samecnie says thay

wart your CV howaver in ASCI format, all this means is they want 'plairf teot vth no tormatting such as tabs, bold or underscoring - the raw
format that any compuber can understand. This s usually so they can sasily | mport tha file Into their own applications without issuag. Notepad exe
creates ASCIHexd, or in MS Word you can save afile as text only

Dec HxQct Char Dec Hx Cet Himl Chr |Dec Hx Oct Himl Chr| Dec Hx Oct Himl Chr
0 0000 NOL (null) 32 20 040 «#32; Space| 64 40 100 «#64; B | 96 60 140 &d96; °
1 1 001 50H [start of heading} 33 21 041 4¥33; ! 65 41 101 &#65: A | 97 61 141 «#97; &
2 2 002 3TX (start of text) 34 22 042 «#34: 7 66 42 102 &¥66; B | 98 62 142 &498; b
3 3 003 ETX (end of text) 35 23 043 s#35; # 67 43 103 &#67; T | 99 63 143 <499, ¢©
4 4 004 EOT (end of tramsmission) 36 24 044 s#36; & 66 44 104 &¥#68; D |100 64 144 &4100; d
5 5 005 ENQ (enguiry) 37 25 045 &#37) % 69 45 105 «#69; E |101 65 145 &«4l01; e
& 6 D06 ACK [acknowledge) 38 26 046 <#38; ¢ 70 46 106 s#70: F |102 66 146 «dl02; f
7 7 007 BEL (bell) 39 27 047 &#39; ! 71 47 107 «#71; G |103 67 147 «#103; ¢
8 £ 010 BS ({backspace) 40 28 05D &#40; ¢ 72 48 110 «#72; H |104 68 150 s#104; h
9 5 011 TAE (horizontal tab) 4l 29 051 &#4l; ) 73 49 111 «#73; 1 |105 69 151 &#1D5; 1
10 & D12 LF (NL line feed, new line) 42 2A 052 e#42; * 74 4k 112 &#74; 7 [10b 6A 152 &#106; ]
11 B 013 ¥T (vertical tabj 43 2B 053 &443; + 75 4B 113 &#75; X (107 6B 153 &#107; k
12 C 0l4 FF (NP form feed, hew pagej| 44 2C 054 &444: 76 4C L14 &#76; L |108 6C 154 «#108: 1

13 D 0lS CR (carriage return) 45 2D 055 «445; - 77 4b 115 «#77; M {109 6D 155 <#109; B
14 E 016 30 ({shift out) 46 2E 056 s446; . 78 4E L16 «#78; N |L110 6E 156 «¥ll0; n
L5 F 017 51 [shift in) 47 2F 057 s447; / 79 4F 117 &#79. 0O |11) 6F 157 <#111; 0
16 10 020 DLE (data link e=cape) 48 30 060 <#46: 0 B0 50 120 &#80; F |112 70 160 <#ll2; p
17 11 021 DC1 (device contral 1} 49 31 061 &¥49; 1 gl 51 121 &#8l; @ |L13 7L 161 «#Ll3:; ¢

18 12 022 DC2 (dewvice control 2} 50 32 062 s#50; 2 82 52 122 &#62; R |114 72 162 4#lld: t

19 13 023 DC3 (device control 3) 51 33 063 s#5L; 3 A3 53 123 &#83; 5 |115 73 163 &#ll5: s

20 14 024 DC4A (device control 4) 52 34 064 s¥52; 4 84 54 124 «#84; T |116 74 164 e«fll6; T

21 15 025 NAK (negative ackmowledge) | 53 35 065 &#53: S 85 55 125 «#85; U 117 75 165 «fll7; U

22 16 026 SYN (synchronous idle} 54 36 066 &#54; 6 86 56 126 &«#B6; ¥ |118 76 166 &dl1B: V

23 17 027 ETB (end of trans. block) 55 37 067 «#55; 7 B7 §7 127 &¥B87; W {119 77 167 &fl19: U

24 18 030 CAN (cancel] S6 38 070 &#56; B A6 58 130 &«#80; X [L20 78 170 &#l20; X
25 19 031 EM  (end of medium} 57 39 071 «457: 9 B9 59 131 &«¥B9; ¥ (121 79 171 &#l2l.: ¥
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. 1502-cMOS MT8870D/MT8870D-1
MITEL Integrated DTMF Receiver

Features ISSUE 3 May1085
- Complete DTMF Receiver Ordering Information

+  Low power consumption MTB870DE/DE-1 18 Pin Plastic DIP

» Internal gain setting amplifier MTB870DC/DC-1 18 Pin Ceramic DIP

MT8870DS/DS-1 18 Pin SOIC

« Adjustable guard time )
MTBB870DN/DN-1 20 Pin SSOP

» Central office quality MT8870DT/DT-1 20 Pin TSSOP
+ Power-down mode .40 °C to +85 °C

+ Inhibit mode

» Backward compatible with Description

MT8870C/MT8870C-1
The MTB870D/MT8B70D-1 is a complete DTMF

Applications receiver integrating both the bandsplit filter and
. Receiver system for British Telecom (BT) or digital decoder functions. The filter section uses
CEPT Spec (MT8870D-1) switched capacitor techniques for high and tow

group filters; the decoder uses digital counting
techniques to detect and decode ali 16 DTMF tone-
pairs into a 4-bit code. External component count is

- Paging systems
+ Repeater systems/mobile radio

» Credit card systems minimized by on chip provision of a differential input
+ Remote control amplifier, clock oscillator and latched three-state bus
+ Personal computers interface.
« Telephone answering machine
VDD VSS VRef iNH
' )
\ 3
. Bias
FPWDN - Circuit VRef
Buffer |
—1 Lad®
Chip Chi .
Power Bias High Group o Digital Code
Filter Detection Converter - 2
Algarithm and Latch
IN+ -R:ﬁL Zero Crossing
IN- Filter Detectors - 13
L ow Group |
6s Filter _D- &—* Q4
__Do—~——+ 'c"':’h?g »| st Stesring Z&
Clocks - GT Logic 1
L AAA————
' /
0501 0sc2 SUGT ESt 5TD TOE

Figure 1 - Functional Block Diagram



MT8870D/MT8870D-1 1S0%-CMOS

iN+[] 4 18] voo N+ ] 1 2001 voD

IN-T 2 170 sver IN-T] 2 19 ] svGT
Gs[]a 160 ESt es{] 3 18} ESt
vRef[} 4 15[] stD VRef ] 4 17 stp
INH[] 5 1411 Q4 INH[] 5 161 NG
PWDN[] & 13[] @3 PWDN[] & 15[ q4
osci[] 7 127 Q2 NC[] 7 140 qa
oscz2[] 8 1113 a1 osci1[] s 130 a2
vss[} 9 10[] TOE osc2[] o 1200 1
vss[]10 1 ToE

18 PIN CERDIP/PLASTIC DIP/SOIC 20 PIN SSOPTSSOP

Pin Description

Figure 2 - Pin Connections

Pin#

18 | 20 Name Description

111 IN+  [Non-Inverting Op-Amp (Input).

22 IN- Inverting Op-Amp {Input).

GS Gain Select. Gives access to output of front end differential amplifier for connection of
feedback resistor.

4| 4 VRef |Reference Voltage (Output). Nominally Vpp/2 is used to bias inputs at mid-rail (see Fig. 6
and Fig. 10).

5158 INH Inhibit (Input). Logic high inhibits the detection of tones representing characters A, 8, C
and D. This pin input is internally pulled down.

6 | 6 | PWDN |Power Down {Input). Active high. Powers down the device and inhibits the oscillator. This
pin input is intemally pulled down.

7 0SsC1 (Clock (Input).

819 0SC2 |Clock (Output). A 3.579545 MHz crystal connected between pins 0SC1 and OSC2
completes the internal oscillator circuit.

g9 |10 Vgg |Ground (Input). OV typical.

10 | 11 JOE |Three State Output Enable (Input). Logic high enables the outputs Q1-Q4. This pin is
pulled up internally.

11-{12-| Q1-Q4 |Three State Data (Output). When enabled by TOE, provide the code corresponding to the

14 | 15 last valid tone-pair received (see Table 1). When TOE is logic low, the data outputs are high
impedance.

15 | 17 StD  |Delayed Steering (Output).Presents a logic high when a received tone-pair has been
registered and the output latch updated; retumns to logic low when the voltage on SYGT falls
below VTSt'

16 { 18 ESt |Early Steering (Output). Presents a logic high once the digital algorithm has detected a
valid tone pair (signal condition). Any momentary loss of signal condition will cause ESt to
retumn to a logic low.

17| 19| SUGT |Steering Input/Guard time (Output} Bidirectional. A voltage greater than Vg, detected at
St causes the device to register the detected tone pair and update the output latch. A
voltage less than Vg, frees the device to accept a new tone pair. The GT output acts to
reset the external steering time-constant; its state is a function of ESt and the voitage on St.

18 | 20 Vpp |Positive power supply (Input). +5V typical.

7, NC No Connection.
16




1ISo%-cMos MT8870D/MT8870D-1

Functional Description

The MTBB70D/MTBB70D-1 monolithic DTMF
receiver offers small size, low power consumption
and high performance. Its architecture consists of a
bandsplit filter section, which separates the high and
low group tones, followed by a digital counting
section which verifies the frequency and duration of
the received tones before passing the corresponding
code to the output bus.

Filtaer Section

Separation of the low-group and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the low
and high group frequencies. The filter section also
incorporates nolches at 350 and 440 Hz for
exceptional dial tone rejection (see Figure 3). Each
filter output is followed by a single order switched
capacitor filter section which smooths the signals
prior to limiting. Limiting is performed by high-gain
comparators which are provided with hysteresis to
prevent detection of unwanted low-level signals. The
outputs of the comparators provide full rail logic
swings at the frequencies of the incoming DTMF
signals.

Dacoder Section

Following the filter section is a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while

Voo 4
_
Voo
SUGT Ve
ESt ~ AN
R
St -
MTas70D/
. laTa=(RC)In(Vpp/Vrsy
MTB8700-1 fserfRC)Jﬂ; VSD’( oo Vs

Figure 4 - Basic Steering Circuit

providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the "signal condition” in
some industry specifications) the “Early Steering”
(ESt} output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state (see “Steering Circuit").

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration {referred
to as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causes v, (see Figure 4) to
rise as the capacitor discharges. Provided signal

5 PRECISE
DIAL TONES
10 X=350 Hz
¥=440 Hz
DTMF TONES
20
ATTENUATICN l S:'?% ni
(dB) ' C=B52 Hz
30 D=041 Hz
’ ‘ E=1209 Hz
F=1336 Hz
’ G=1477 Hz
40 _ v H=1633 Hz
g 7 .‘.""' 3
50 i
' t 1 1kHz 1 1 1
X Y AB C D E F G H
FREQUENCY (Hz}

Figure 3 - Filter Response
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condition is maintained {(ESt remains high) for the
validation period {tg7p), V¢ reaches the threshold
(Vysy) of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Table 1)
into the output latch. At this point the GT output is
activated and drives v, to Vpp. GT continues to drive
high as long as ESt remains high. Finally, after a
short delay to allow the output latch fo settie, the
delayed steering output flag (StD) goes high,
signalling that a received tone pair has been
registered. The contents of the output latch are made
available on the 4-bit output bus by raising the three
state control input (TQE) to a logic high. The
steering circuit works in reverse to validate the
interdigit pause between signals. Thus, as well as
rejecting signals too short to be considered valid, the
receiver will tolerate signal interruptions (dropout)
too short to be considered a valid pause. This facility,
together with the capability of selecting the steering
time constants externally, allows the designer to
tailor performance to meet a wide variety of system
requirements.

Guard Time Adjustment

In many situations not requiring selection of tone
duration and interdigital pause, the simple steering
circuit shown in Figure 4 is applicable. Component
values are chosen according to the formula:

lrec=lopticTP
tio=tpattcra

The value of tpp is a device parameter (see Figure -

11) and tggg is the minimum signai duration to be
recognized by the receiver. A value for C of 0.1 pF Is

torr=(ReClin{Vop/Vpp-Vrs)]

vV
o O I tera=(R1C)in{Vop/Vrsy)
Gy

Rp={R;R MR +R)
sueT()

Ry

ESt (O

a) decreasing tgre: (teTr<taTa)

tarp=(R1CINVpp/(Vpp-Vrs)l

Voo O . | tara=(RpC)in(Vop/ Vs

k Re=(RiRMR*Ry)
sueT()
Ry

Est O

b} decreasing tga: (taTe>lgTA)

Figure 5 - Guard Time Adjustment
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undetected, the output code
will remain the same as the
previous detectad code

I il A A = = e R = =0 = S = 0= il (= o i i (s o [ s o e

I|lrxrlx|xz|lxixz|xT|xT|T|T|T|T|IT|T|T|T|T|{T}IT|IT|r
TIT|T|TiTjr|rr|r x> XXX xpx| XXX XXX

O|O(wel» 0|0l >|

L

Table 1. Functional Decode Table

L=LOGIC LOW, H=LOGIC HIGH, Z=HIGH IMPEDANCE
X = DON'T CARE

recommended for most applications, leaving R to be
selected by the designer.

Different steering arrangements may be used fo
select independently the guard times for tone
present (tgrp) and tone absent {ig7a). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters
such as talk off and noise immunity. Increasing treg
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short tgec with
a long tpg would be appropriate for extremely noisy
environments where fast acquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 5.
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Power-down and Inhibit Mode

A logic high applied to pin 6 (PWDN) will power down
the device to minimize the power consumption In a
standby mode. It stops the oscillator and the
functions of the filters.

Inhibit mode is enabled by a logic high input to the
pin 5 (INH}. It inhibits the detection of tones
representing characters A, B, C, and D. The output
code will remain the same as the previous detected
code (see Table 1).

Differential Input Configuration

The input arrangement of the MT&870D/MT8870D-1
provides a differential-input operational amplifier as
well as a bias source (VRes) which is used to bias the
inputs at mid-rail. Provision is made for connection of
a feedback resistor to the op-amp output (GS) for
adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Figure 10
with the op-amp connected for unity gain and Vgt
biasing the input at '/;Vpp. Figure 6 shows the
differential  configuration, which permits the
adjustment of gain with the feedback resistor Rs,

Crystal Oscillator

The internal clock circuit is completed with the
addition of an external 3.579545 MHz crystal and is
normally connected as shown in Figure 10 (Single-
Ended Input Configuration). However, it is possible
to configure several MT8870D/MT8870D-1 devices
employing only a single oscillator crystal. The
oscillator output of the first device in the chain is
coupled through a 30 pF capacitor to the oscillator
input (OSC1) of the next device. Subsequent devices
are connected in a similar fashion. Refer to Figure 7
for details. The problems associated with
unbalanced loading are not a concern with the
arrangement shown, i.e., precision balancing
capacitors are not required.

o /AN MTB870D/
C; Ry IN+ MT8870D-1
.-...-.G +
—
— 0 .
IN-
O~ AN
G Ry
Rs GS
-
Ry
Rz
VRBf
! O

Differentlal Input Amp!ifier
C4=C;=10 nF
R,=R4=R5=100 kQ
Ry=60kQ R3=37.5 ka2

All resistors are +1% tolerance.
All capacitors are 5% tolerance.

RoRs

Ra=
3 Ra+Rg

VOLTAGE GAIN (A, diff}= %-
1

INPUT IMPEDANCE

1 2
{Zinoire) = 24/ Ry2+ (ﬁ)

Figure 6 - Differential Input Configuration

_| |_, To OSC1 of next
C MT8870D/MT8B70D-1
7 X-tal 7

0sc1 0sC2

L
-]
08C2 _T_I '—— o5 10f
C

C=30 pF
X-tal=3 579545 MHz

Figure 7 - Oscillator Connection

Parameter Unit Resonator
R1 Ohms 10.762
L1 mH 432
C1 pF 4.984
Co pF 37.915
Qm - 896.37
Af % +0.2%

Table 2. Recommended Resonator Spacifications
Note: Qm=quality factor of RLC model, i.e., 1/2IIfR1C1.
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Applications

RECEIVER SYSTEM FOR BRITISH TELECOM
SPEC POR 1151 tarp=(ReC 1INV (Vop-Vrsyl

The circuit shown in Fig. 9 illustrates the use of -

MTB8870D-1 device in a typical receiver system. BT ‘ara~(RiCrllolVooVrs)
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be Voo O——_L Re=(R4R/Ry+Rz)
attained by choosing a suitable values of Ry and R;

to provide 3 dB attenuation, such that -34 dBm input

signal will correspond to -37 dBm at the gain setling

pin GS of MT8870D-1. As shown in the diagram, the

companent values of Ry and C; are the guard time

requirements when the total component tolerance is Ry S oK 0+ 1%
6%. For better performance, it is recommended to ESt Ri=2.2M O £ 1%
use the non-symmetric guard tirne circuit in Fig. 8. C,=100nF + 5%

SHGT

R; Notes:

Figure 8 - Nan-Symmetric Guard Time Circuit

L 4
C,
orme O—1 ,
Input R MT8870D-1
IN+ H VDU I'—.
—{ ] IN- SUGT [
~{]Gs ESt[1— Ry
Ry ] Vpa st0 [ —1—-0C
O] v 0
Q———— | PwDN a3 | ——0
asc 1 a{F——0 NOTES:
Xy B—oscz2 Q3 —a0 Rq=102KQ 1%
Vsg ToE [ 3— Ry =715KQ ¢ 1%
Ry = 390KQ +1 %
C;,C; = 100 nF + 5%

Xq = 3.579545 MHz + 0.1%
Vop = 5.0V 5%

Figure 9 - Single-Ended Input Configuration for BT or CEPT Spec

4-16
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Absolute Maximum Ratings?

Parameter Symbol Min Max Units
1 | DC Power Supply Voltage Vop 7 v
2 | Voltage on any pin Vi Vgg-0.3 Vppt+0.3 v
3 | Current at any pin (other than supply) I 10 mA
4 | Storage temperature Tste -85 +150 °C
5 | Package power dissipation Pp 500 mw

1 Exceeding these values may cause permanent damage. Functional operation under these conditions is not imptied.
Derate above 75 °C at 16 mW / °C. All leads soldered to board.

Recommended Operating Conditions - Voltages are with raspact to ground (Vgg) unless otherwise stated.

Parameter Sym | Min Typ* Max | Units Test Conditions
1 | DC Power Supply Voltage Vop 4.75 5.0 5.25 V
2 | Operating Temperature To -40 +85 °C
3 | Crystai/Clock Frequency fc 3.579545 MHz
4 | Crystal/Clock Freq.Tolerance Afc $0.1 %
1 Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

DC Electrical Characteristics - vpp=5.0v+ 5%, Vgg=0V, -40°C < T s +85°C, unless olherwise stated.

Characteristics Sym Min Typ* Max Units Test Conditions

1 3 Standby supply current lopg 10 25 A |PWDN=Vpp
2 | p |{Operating supply current oo 3.0 9.0 mA

t Power consumption Po 15 mW | fc=3.579545 MHz

Y
4 High level input Vi 3.5 Vo Vpp=b.0V
5 Low level input voltage ViL 1.5 Vo | Vpp=5.0V
6 | Input leakage current hnfli 0.1 A |Vin=VggorVpp
7 g Pull up (source) current Iso 7.5 20 HA $0E_(g)glv1 0)=0,

u bp=5.
8 ; Pull down (sink) current Ig) 15 45 A | INH=5.0V, PWDN=5.0V,

Vpp=5.0V
9 Input impedance (IN+, IN-) Ry 10 MQ |@ 1kHz
10 Steering threshold voltage Vst 2.2 24 2.5 V  [{Vpp=50V
" Low level output voltage VoL Vggt0.03 V  [Noload
12 8 High level output voltage Vou |Vpp-0.03 V  |No load
131 T | Output low {sink) current loL 1.0 2.5 mA |Vour=04V
14 E Output high (source) current lon 0.4 0.8 mA  |Voyur=46V
15 ; VRet output voltage VRef 2.3 2.5 2.7 V. |Noload, Vpp = 5.0V
'l 6 VRet OUtput resistance Ror 1 kQ
T Typlcal figures are at 25°C and are for design aid only: not guaranteed and not subjsct lo production testing.
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Operating Characteristics - v;;=5.0v5%, V=0V, 40°C < T < +85°C unless atherwise stated.
Gain Setting Amplifier

Characteristics Sym Min | Typ* | Max | Units Test Conditions
1 | Input leakage current iy 100 nA | Vgg=Viy=Vpp
2 | Input resistance Rin 10 M
3 | Input offset voltage Vos 25 mV
4 | Power supply rejection PSRR 50 dB 1 kHz
5 | Common mode rejection CMRR | 40 dB 0.75V <V|y<4.25V biased
at Vpes=2.5 V
6 | DC open loop voltage gain Ayol. 3z dB
7 | Unity gain bandwidth fo 0.30 MHz
8 | Output voltage swing Vo 40 Vpp | Load 2100 kf2 to Vgg @ GS
9 | Maximum capacitive load (GS) CL 100 pF
10 | Resistive load (GS) Ry 50 kQ
11 | Common mode range Vem 2.5 Vpp | No Load

MT8870D AC Electrical Characteristics - vpp=5.0v 5%, V55=0V, 40°C < T < +B5°C , using Test Circuit shown in

Figurs 10.
Characteristics Sym Min Typt | Max | Units Notes*

Valid input signal levels {each -29 +1 dBm 1,2,3,5,6,9
1 | tone of composite signal) 275 869 | mVems | 1,2:3,5.6.9
2 | Negative twist accept 8 dB 2,36,9,12
3 | Positive twist accept 8 dB 2,369,112
4 | Frequency deviation accept £1.5% £ 2 Hz 2,359
5 | Frequency deviation reject +3.5% 2,359
6 | Third tone tolerance -16 dB 2,3,4,5,9,10
7 | Noise tolerance -12 dB 23,457,910
8 | Dial tone tolerance +22 dB 2,3,4,5,8,9,11

1 Typical figures are at 25 °C and are for design aid only: not guaranteed and nol subject to production testing.

*NOTES

WO~ B Who =

10. Referenced to lowest level fraquency companent in DTMF signal,
11. Refarenced to the minimum valid accept laval.
12. Guaranteed by design and characterization.

. dBm= decibels above or below a reference power of 1 mW into a 600 ohm load.
. Digit sequence consists of all DTMF tones.

. Tone duration= 40 ms, tone pause= 40 ms.
. Signal condition consists of nominal DTMF frequencies.

. Both tones in composite signal have an equal amplitude.
. Tone pair is deviated by +1.5 %+t 2 Hz.
. Bandwidth timited (3 kHz ) Gaussian noise.
. The precise dial tone frequencies are (350 Hz and 440 Hz) + 2 %.
. For an error rate of better than 1in 10,000.
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MT8870D-1 AC Electrical Characteristics - vy,=5.0v15%, Vg5=0V, -40°C < T < +B5°C , using Test Circuit shown in

Figure 10.
Characteristics Sym Min Typt | Max | Units Notes*

1 | tons of cormpbstc signa) o O s
21.8 B69 | mVgms

2 | Input Signal Leve! Reject 37 dBm '1I'ezs tg cé%tgm:S.DV
10.9 MVeMms T

3 | Negative twist accept dB 2,36,9,13

4 | Positive twist accept dB 2,36,9,13

5 | Frequency deviation accept £1.5%x 2 Hz 2359

6 | Frequency deviation reject +3.5% 2359

7 | Third zone tolerance -18.5 dB 2,345,912

8 | Noise tolerance =12 dB 2,3,4,5,79,10

9 | Dial tone tolerance +22 dB 2,34,589,11

1 Typical figures are al 25 °C and are for design aid only: not guaranteed and not subject to production testing.

*NOTES

D~ &A=

10. Referanced to lowest level frequency component in DTMF signal.
11. Refarenced to the minimum valid accept level.
12. Referenced to Fig. 10 input DTMF fone levei at -25dBm (-28dBm at GS Pin) interference frequency range between 480-3400Hz.
13. Guaranteed by design and characterization.

. dBm= decibels above or below a refarence power of 1 mW inte a 600 ohm load.
. Digit sequence cansists of ali DTMF tones.
. Tone duration= 40 ms, tane pause= 40 ms.
. Signai condition consists of nominal DTMF frequencies.

. Both lones in composite signal have an equal amplitude,

. Tone pair is deviated by +1.5 %+ 2 Haz,

. Bandwidth limited (3 kHz ) Gaussian noisa.

. The pracise dial tone frequencies are (350 Hz and 440 Hz) & 2 %.
. For an error rate of better than 1 in 10,000.



MT8870D/MT8870D-1 1S0%-CMOS

AC Electrical Characteristics - vy,=5.0vi5%, Vgg=0V, -40°C < To < +85°C , using Test Circuit shown in Figure 10.

Characteristics Sym | Min | Typt | Max | Units | Conditions
1 Tone present defect time top 5 11 14 ms |Note 1
2 | 1 |Tone absent detect time toa 0.5 4 8.5 ms |Note 1
3 nla Tone duration accept trec 40 ms [Note 2
4 'L Tone duration reject trReC 20 ms |Note 2
5 | € |Interdigit pause accept Lo 40 ms |Note 2
6 Interdigit pause reject tho 20 ms |Note 2
7 Propagation delay (St to Q) trq 8 11 s |TOE=Vpp
8 | o |Propagation delay (St to SiD) tpsip 12 16 @ |TOE=Vpp
8 lTJ Qutput data set up {Q to StD) tosip 3.4 s |TOE=Vpp
10 E Propagation delay (TOE to Q ENABLE) | tpre 50 ns |load of 10 ke,
T 50 pF
1 s Propagation delay (TOE to Q DISABLE)| tprp 300 ns |load of 10 k}
50 pF
12 | P |Power-up time tpu 30 ms (Note 3
13 \Zv Power-down time tpp 20 ms
14 Crystal/clock frequency fc | 3.5759|3.5795 | 3.5831 | MHz
15 <L> Clock input rige time tLHeL 110 ns |Ext clock
16 | 0 |Clock input fall time thic 110 ns |Ext clock
17 ﬁ Clock input duty cycle DCq 40 50 60 %  |Ext. clock
18 Capacitive load (OSC2) Clo 30 pF

 Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

*NOTES:

1. Used for guard-time calculation purposes only.

2. These, user adjustable parameters, are not device specifications. The adjuslable seltings of these minimums and maximums
are recommendations based upon network requirements.

3. With valid tone present at input, tpy equals time from PDWN going low until ESt going high.

Voo .
e Ok :
MTES70D/MT8870D-1
L] IN+ H Vo[ +H—9
{1 IN- SUGT [ 11— Ry
\?{v\p——E Gs ESt[
2 —{ | Vret stDl_} o
O———{] INH au3——10
O—————{jrownN a0—1+—C0
[-_——E OSC1 [ —+—O NOTES: . -
walgfosc: o f—0  nomears
Ves TOE ©4,C5=100 nF + 5%
X-tal=3.579545 MHz £ 0.1%

Figure 10 - Single-Ended Input Configuration
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1IS02-cMOS MT8870D/MT8870D-1

| b
EVENTS A | B | C , E | F ] G
i
tﬁr‘;—-—: :4— —-—: trec [ :--— tp —» —I‘-: oo ,L'—
' l TONE TONE
Vin I I TONE #n #n+1 #n+ 1
tDP—--| - - Y
Es I T1 ' L L
‘GTP—-: e =l I'-'— toTa
I S ‘ J . Vst
SUGT Pz A !/rl oL i
hg p| e
I tasip
L HIGH IMPEDANCE
Q;-Q DECODED TONE #(n-1) | >( | #n Hin+1)
' !
IpsiD —-! |- | |
L |
S0 | e
ol e -
TOE [

EXPLANATION OF EVENTS

A) TONE BURSTS DETECTED, TONE DURATION INVALID, OUTPUTS NOT UPDATED.

B) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS

C) END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMIAN LATCHED UNTIL NEXT VALID
TONE.

D) OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.

E} TONE #n + 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS (CURRENTLY
HIGH IMPEDANCE).

F) ACCEPTABLE DROPOUT OF TONE #n + 1, TONE ABSENT DURATION INVALID, OUTPUTS REMAIN LATCHED.

G) END OF TONE #n + 1 DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT
VALID TONE, g

EXPLANATION OF SYMBOLS

Vin DTMF COMPOSITE INPUT SIGNAL.

ESt  EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.

SUYGT  STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING GiRCUIT.

Q4-Qq 4-BIT DECODED TONE QUTPUT.

StD  DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL.

TOE  TONE OUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q;-Q, TO ITS HIGH IMPEDANCE STATE.

fRec  MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID

lwec  MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION

to MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.

1o MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.

top TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.

toa TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.

ot GUARD TIME, TONE PRESENT.

igta  GUARD TIME, TONE ABSENT.

Figure 11 - Timing Diagram
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Features

* Compatible with MCS-51™ Products

+ 4K 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

+ 128 x 8-Bit Internal RAM

+ 32 Programmable I/OQ Lines

+ Two 16-Bit Timer/Counters

» Six Interrupt Sources

« Programmable Serial Channel

* Low Power Idle and Power Down Modes

Description

The ATB3CS51 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 PDIP
—
P1.0 ] 1 40 3 ¥VCC
P1.10 2 18 1 PO.D (ADD)
P1.2] 3 3B [0 PO.1 {AD1)
P1.3 ] 4 a7 O Pa.2 {AD2Z)
P1.40] s 16 [0 PQ.3 {AD3)
P15 8 35 [1 PO.4 {(AD4}
P1.6C]7 34 [7 PO.5 (ADS5}
P1.7 8 a3 [1 PO.6 (ADE)
RST ] 8 32:1;_2\_.7 (AD7)
(RXD) P3.0C] 10 kEm {¥YPP
PQFPITGFP (TXD} P3.10] 11 30 [ ALE/PROG
gy (THTO) P3.2] 12 28 1 FSEN
aooo (INTT) P3.a] 13 28 b8 P2.7 (A15)
1L (1T0) Pa.4 ] 14 27 [0 P2.8 (A14)
INDEX - - (T1) P3.6C) 15 26 [0 P2.5 (A13)
GORNER RERLIERI O B il ;mri P3.B -] 18 25 [0 P2.4 (A12)
- aagfanzzonldo (RO) P3.7 ] 17 24 1 P2.3 (A11)
p I xTaL2 0 18 231 P2.2 (A10}
44,492, 40, 38,38, 34 XTALY O} 19 221 P2.1 (AB)
P1.5 1 33 P04 {AD4) GND ] 20 21 |1 P2z.a (A8)
P1.6 (]2 32 [OP0.5 {ADS)
P1.7 ] 3 11 QO PO.B {ADB) PLCC
RST (] 4 30 MIFQ0.7 (ADT)
(RXD} P30 5 29 EAIVPP Py
NC ] & 28 NG o 3223
(TXD) P3I 1] 7 27 (O ALE/PRGG St
(TRTD} P3.2 8 26 M PSEN INDEX - o -m
(IRTT) P3.3 ] @ 25 P27 (a8 CORNER 727 2,82555
(T4) P3.4 ] 10 24 [OP2.8 {A14) o teoooZ>»aodd
{(T1] P3.5 ] 11 23 [IP2.5 {A13) £y L o
12131415151?1519,202122 pis7 & 3 143 4i3g/5p0.4 {AD4)
U oo P1.6C]8 38|0P0.5 {ADS5)
emjLgganant P1.7039 37TP0.6 {ADB)
FEffoonaadd RSTC]10 36[1P0.7 {AD7)
S "2 (RXD) Pa.0C11 35 EANVPP
EE zoord NG cl12 34[INC
e ——gag (TXD) P3.4413 333 ALE/PROB
(INTY) P3.2C]14 32|71 FSEN
(THTT) Pa.ar|1s I[P (A1S)
(70) Pa.4rc]18 3001P2.6 (A14)
T P.'J.5E1T 28/ P2.5 (A13
(TH 1950215723, 25, 2 TEE (A13)
HUHDUL]ULJLJUU
n5sgsnany
crEEsceiins
Ed PR
-~ -TLss

ATmEL

8-Bit
Microcontroller
with 4K Bytes
Flash

AT89C51

0265F-A-12/97
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lock Diagram

PORT 1 PORT 3
LATCH LATCH

PO.O - PO.7 P20 - P2.7
P $-I--I--1-$—I--$-i —————— 1—_I-- --3-$-$-I~-I‘.--"--,-”--'-----_-----_--‘-_’.
Veo | , _ , :
i PORT 0 DRIVERS PORT 2 DRIVERS E
GND | Y Y 2 E
L E
R RAM ADDR. PORT D PORT 2 {
| REGISTER RAM LATCH LATCH FLASH :
' ] y )
: 1
E E
. ,
' h F 3 A E
‘ :
' L]
E A A i
' PROGRAM :
; R STACK ADDRESS :
; REGISTER ACC POINTER ADDRESS ;
: :
: :
H y !
5 +—P BUFFER  [4—» )
; TMPZ TMP1 ]
: :
: :
: ;
: PC P :
1 ALU INCREMENTER '
| |
i INTERRUPT, SERIAL PORT, :
. AND TIMER BLOCKS :
H L]
! L]
i PROGRAM '
5 PSW COUNTER .:
: :
4 L)
; :
PSEN <+—+— |
ALE/PROG <j: TIMING | INsTRUCTION y DPTR  —p !
EA | Ve — CONTROL REGISTER y ‘ 3 i
RST ——M E
Y y .
1
1
1
1
1
i
1
1
i
)
1
.

L

T

n
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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 idie Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power Down Mcode 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 bidirectiona! /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 {l, ) 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 ¥O 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 pulted high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled fow 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

AIMEL

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
contro! signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bidirectional /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 vatious special features
of the AT89C51 as listed below:

Port Pin Altermnate Functions

P3.0 RXD (serial input port)

P31 TXD (serial output port)

P3.2 INTO (external interrupt Q)

P3.3 INTT (external interrupt 1)

P3.4 TO (timer O external input)

P3.5 T1 {timer 1 external input)

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

Port 3 also receives some contro! signals for Flash pro-
gramming and verification,

RST
Reset input. A high on this pin for two machine cycies 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 duting each access to external Data Mem-
ary.

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 pin is
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 ATBA9C51 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.

EANpp _

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 enable volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vpp.

XTAL1
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Ouiput 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.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

idle Mode

in idie mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by

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 tha 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. Cscillator Connections

cz2
]| ) XTAL2
C1 -
e Il * XTAL1
. GND

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

= 40 pF x 10 pF for Ceramic Resonators
Figure 2. Extemnal Clock Drive Configuration

NC ———— XTAL2
EXTERNAL
QOSCILLATOR XTAL1
SIGNAL

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

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

4.32
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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 Ve is
restored to its normal operating leve! 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 EApin
is sampled and latched during reset. I 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 leve! 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 fram 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.

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

Programming the Flash

The ATB9C51 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
(Vo) program enable signal. The low voltage program-
ming mode provides a convenient way to program the
AT89C51 inside the user’s system, while the high-voitage
programming mode is compatible with conventional third
party Flash or EFROM programmers.

The ATB9C51 is shipped with either the high-voitage or
jow-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 ATA9C51
XXXX XxXx-5
Yyww Yyww
Signaiture (030H)=1EH (030H)=1EH
{031H)=51H (031H)=51H
{032H)=FFH (032H)=05H

The ATBICS51 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.

ATMEL

Programming Algorithm: Before programming the

ATB89C51, 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 ATB9CS51, take the follow-

ing steps.

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

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

4. Raise EAVpp 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 tha
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.

w
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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 must be pulled
to a logic low. The values returned are as follows.

(030H) = 1EH indicates manufactured by Atmel
{031H) = 51H indicates 89CH1

(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 EANpp | P28 | P27 | P36 | P37
Write Code Data H L HMA2V L H H H
—~_/
Read Code Data H L H H L L H H
Write L.ock Bit - 1 H L Hi12V H H
—~_
Bit-2 H L H/12V H H L L
-~
Bit-3 H L H/12V H L H L
—~_
Chip Erase H L M H/12V H L L L
—~_/
Read Signature Byte H L H H L L L L
Note. 1. Chip Erase requires a 10-ms PROG pulse.
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Figure 3. Programming the Flash Figure 4. Verifying the Flash
+5\ +5Y
AT89C51 T AT89C51 j’
ADDR, 29- ATy pq Vee pDDR, 20 ATy py Vae
QOOOH/OFFFH PGM OOQOHIOFFFH PGM DATA
P2.0 - P23 PO M— pata P20 - P23 PO > (USE 10K
AB - A1 A8 - AN PULLUPS)
——» P26 ——» P26
SEE FLASH ——» P27 ALE |&—— PROG SEE FLASH —» P27 ALE
PROGRAMMING PROGRAMMING
MODES TABLE | —®| P38 MODES TABLE | —® P36

——p| P37 P3.7

XTALZ

VVep XTAL2
3.24 MHz 3.24 MHz

—P

] ]
XTAL* RST Vi XTAL1 RST j&—— Viy
GND PSEN GND PSEN

Flash Programming and Verification Characteristics
To=0°C to 70°C, Ve = 5.0 10%

2l
|
2l

)|
+

Symbol Parameter Min Max Units
veplt Programming Enable Voltage 11.5 12.5 v
lppt" Programming Enable Current 1.0 mA
o Oscillator Frequency 3 24 MHz
taveL Address Setup to PROG Low 48t oL

tgHAX Address Hold After PROG 4Bic oL

tOvGL Data Setup to PROG Low ‘ 48te oL

teHDX Data Hold After PROG 48t oL

teHSH p2.7 (ENABLE) High to Vpp 48te oL

tsHGL Vpp Setup to PROG Low 10 1s
tars! Vpp Hold After PROG 10 s
taLeh PROG Width 1 110 1S
tavav Address to Data Valid 48tci oL

teLqy ENABLE Low to Data Valid 48tc oL

teraz Data Float After ENABLE 0 4BtocL

tGHBL PROG High to BUSY Low 1.0 us
two Byte Write Cycle Time 2.0 ms

Note: 1. Only used in 12-volt programming mode.
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Flash Programming and Verification Waveforms - High Voltage Mode (Vpp = 12V)

P1.0 - P1.7 PROGRAMMING VERIFICATION
P20 - P23 —A ADDRESS /j ADDRESS

«— tavav
PORT © DATA IN DATA OUT }p——
«— tovgL  YorHox ¢
taveL r " tohax
ALE/PROG A
tsra [* ety o™
o A e
EANge T |____koelco o
t
2 7 Fﬁ EHSH te qv o i tenoz
(ENABLE)
teHeL —
P34
(RDY/BSY) BUSY READY

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

P1.0 - P1.7 PROGRAMMING VERIFICATION
+— tavay
S
PORT O DATA IN — DATA OUT p—
«— v tonox ¢
taveL [¢ “ tsHax
ALE/PROG /1
t - b
SHEL —togn ™
__ ‘ LOGIC 1
EANpp sy b LOGIC 0| e
f t
P27 b—_— EHSH tELQV l— |<_ EHQZ
(ENABLE)
teHeL —"
P34 _
(ROY/BSY) BUSY READY
twe
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Absolute Maximum Ratings*

Operating TEMPErature ...........-eimrmsiesoer: 587G 10 #125°C SNOTICE: ~ Stresses beyond those listed under "Absoluto
Maximum Ratings” may cause permanent dam-
Storage Temperature ......o.eiensinees -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 10 Ground .........cureimsne -1.0Vto +7.0V operational sections of this specification is not
. implied. Exposure to absolute maximum rating
Maximum Operating VORAGE. .....ccoviererrmmniminsnensieees 6.6V conditions for extended periods may affect device
reliability.
DC OUIPUE CUIMEME.coveceeieer e s s s 15.0 mA
DC Characteristics
Tp=-40°C 10 85°C, Ve = 5.0V + 20% (unless otherwise noted)
Symbol Parametar Condition Min Max Uniis
Vi Input Low Voltage {Except EA} 05 0.2 Ve - 0.1 v
ViL1 Input Low Voltage (EA) -0.5 0.2 Vgc-03 v
Vi Input High Voltage {Except XTAL1, RST) 0.2Vec+0.9 Vegt 0.5 \
Vin Input High Voltage {(XTAL1, RST) 0.7 Vee Vgo+ 0.5 v
VoL Output Low Voitage(!) (Ports 1,2,3) lo, =16 mA 0.45 v
VoL1 Output Low Voltage'™ loL = 3.2 MA 0.45 v
(Port 0, ALE, PSEN)
VoH Output High Voltage lon = 60 pA, Ve =5V £ 10% 2.4 v
(Ports 1,2,3, ALE, PSEN)
IOH =-25 A Q.75 Vcc \Y 4‘
lon = -10 pA 0.8 Ve v
Vori1 Qutput High Voltage lon =-B00 pA, Vg = 5V 1 10% 24 Vv
Pal Exl | M -
{Port 0 in External Bus ode) o = -300 A 075 Vec v
lDH =-80 pA 09 Vcc \Y
I Logical 0 Input Currant {Porls 12.3) Vin = 0.45V -50 pHA
L Logical 1 to 0 Transilion Current Vi = 2V, VEC = 5V + 10% -650 HA
(Ports 1,2,3)
L) Input Leakage Current (Port 0, EA) 0.45 <V < Vee +10 A
RRST Reset Pulidown Resistor ‘ 50 300 KQ
Co Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
ice Powar Supply Current Active Mods, 12 MHz 20 mA
Idle Mode, 12 MHz 5 mA
Fower Down Mode(® Veg = 6V 100 HA
Veo =3V 40 pA
Notes: 1. Under steady state (non-transient} conditions, I, must be externally limited as follows:

Maximum I, per port pin: 10 mA
Maximum lg_ per 8-bit port:

Port 0: 26 mA

Ports 1, 2, 3: 15 mA

Maximum total ig,_ for all output pins: 71 mA

If |y exceeds the test condition, Vg, may exceed the re

than the listed test conditions.

2. Minimum Vg for Power Down is 2V.

lated specification. Pins are not guaranteed to sink current greater
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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 Osgcillator 16 to 24 MHz Oscillator Units
Min Max Min Max
MeroL Oscillator Frequency 0 24 MHz
tLHLL ALE Pulse Width 127 2te 40 ns
taviL Address Valid to ALE Low 43 tcLoL-13 ns
trax Address Hold After ALE Low 48 toLcr-20 ns
v ALE Low to Valid Instruction In 233 Moo -65 ns
thpL ALE Low to PSEN Low 43 torc-13 ns
tpLPH PSEN Pulse Width 205 3tc cL-20 ns
tpLIv PSEN Low to Valid instruction In 145 3ty cL-45 ns
texix Input Instruction Hold After PSEN 0 0 ns
texiz Input Instruction Float After PSEN 59 tac-10 ns
tpxav PSEN to Address Valid 75 toLoL-8 ns
taviv Address to Valid tnstruction In 312 5tecL-55 ns
tpraz PSEN Low to Address Float 10 10 ns
tri RH RD Pulse Width 400 Bte o -100 ns
bLWH WR Pulse Width 400 Bt o -100 ns
trov RD Low to Valid Data In 252 StcrcL-90 ns
tRHDX Data Hold After RD 0 0 ns
triDz Data Float After RD 97 2toy L -28 ns
tov ALE Low to Valid Data In 517 Btcy oL -150 ns
tavpy Address to Valid Data In 585 9tg) L -165 ns
WL ALE Low to RD or WR Low 200 300 3o o 50 ey o +50 ns
tavwL Address to RD or WR Low 203 Atg o175 ns
tovwx Data Valid to WR Transition 23 tey cL-20 ns
tavwH Data Valid to WR High 433 Ttepc-120 ns
twHax Data Hold After WR 33 topcL-20 ns
triAZ RD Low to Address Float 0 0 ns
tWHLH RD or WR High to ALE High 43 123 tepc-20 toLcL+25 ns
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External Program Memory Read Cycle

1:LHLL—_—‘J
ALE
. A N » teLen
taviL n * tv
—» e (e
PSEN N tpuv
— e tp az +texa
ol texiz
LLAX >
toxix > [
PORT 0 > AD-A7T  P——— K INSTRIN b > Ao-a7 <

N tAVN — ¥

PORT 2 X A8 - A15 W AB-A15

External Data Memory Read Cycle

- th >

ALE
L B TP
PSEN
« tioy >
- tRirn >
- tow »
RD -4 tLLAX »
t -4 » tRLDV - » tRHDZ
h AVLL P t
RLAZ > t
> RHDX
PORT 0 AD - A7 FROM RI OR DPL DATA IN AD - A7 FROM PCL  INSTR IN
« tavwL >
« tavov >
PORT 2 P2.0 - P27 OR A8 - A15 FROM DFH AB - A15 FROM PCH
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External Data Memory Write Cycle

- LT »

ALE
» <ty
PSEN
- LT e bwwn >
WR - tLLAX »
a e » towwx * » < twhox
<« town »
PORT O AO - AT FROM RI OR DPL DATA OUT AQ - A7 FROM PCL  INSTR IN
- tAVWL »>
PORT 2 P20 - P27 OR A8 - A15 FROM DPH AB - A1S FROM PCH
External Clock Drive Waveforms
terex
toien — " = tena

Vg - 0.5V

o asy 0.2 Vge- 01V < v N
— toox
* teLcu *
External Clock Drive

Symbol Parameter Min Max Units
UeLeL Oscillator Frequency , 0 24 MHz
toLoL Clock Pariod 41586 ns
tonex High Time 15 ns
teLex Low Time 15 ns
toLcH Rise Time 20 ns ]
teHoL Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions
(Vee = 5.0 V £ 20%; Load Capacitance = BO pF)

Symbol Parameter 42 MHz Osc Variable Osclilator Units
Min Max Min Max

i Serial Port Clock Cycle Time 1.0 12tcLoL TE:

tavxH Output Data Setup to Clock Rising Edge 700 10t oL -133 ns

tyHoX Output Data Hold After Clock Rising Edge 50 2te e-117 ns

txHDX Input Data Hold After Clock Rising Edge 0 0 ns

tyxHDv Clock Rising Edge to Input Data Valid 700 10tg 133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION o] 1 2 3 4 5 6 7 8
ALE
- > b
CLOCK
favxH « »
> o txrax
WRITE TO SBUF 0 1 2 3 4 5 6 7
v > - t 4
QUTPUT DATA tyoy 4 > XHDX SETTI
CLEARRI VALID vALID VALID VALID VALID VALID VALID VALID
v A
INPUT DATA SETRI

AC Testing Input/Output Waveforms!!)  Float Waveforms(")

Vgg- 0.5V _
e 02 Vg + 0.5V Vioap* OV oLt O
TEST POINTS Viorn Timing Reference
Points
0.2 Vg - OV Vi oap™ 0.1v Vgt OV

045V

Note: 1. AC Inputs during testing are driven at Vgg - 05Vior Note: 1. For timing purposes, a port pin is no longer fioating

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 Vyy min. for a logic 1 and V' port pin begins to float when 100 mV change from
max. for a logic 0. the loaded VoV, level occurs.

AIMEL 4
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range

12 5V 1 20% ATBAC51-12AC 44A Commercial
AT89C51-12JC 444 (0°C to 70°C)
AT89C51-12PC 40P6
AT85C51-12QC 44Q
ATB9C51-12A! 44A industrial
AT89C51-12J1 44) (-40°C to 85°C)
AT89C51-12P1 40P6
AT89C51-12Q1 44Q
AT89C51-12AA 44A Automotive
ATBAC51-12JA 444 (-40°C to 105°C)
ATBSC51-12PA 40P6
AT89C51-12QA 44Q

16 5V + 20% AT89C51-1BAC 44A Commercial
AT89C51-16JC 44) (0°C to 70°C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q)
ATB9C51-16Al 44A industrial
ATBAC51-16J 44 (-40°C to 85°C)
AT83C51-16PI 40P6
ATBSC51-16Q1 44Q
AT89C51-16AA 44A Automotive
AT89C51-16JA 44) (-40°C to 105°C)
ATBIC51-16PA 40P6
AT89C51-16QA 44Q

20 5V 1+ 20% AT89C51-20AC 44A Commercial
ATB9C51-20JC 444 (0°C to 70°C)
AT89C51-20PC 40P6
AT88C51-20QC 44Q)
ATBAC51-20Al 44A Industrial
AT89C51-200 "\ 44J (-40°C to 85°C)
AT89C51-20P1 40P6
AT89C51-20QlI 44Q
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Ordering Information

Speed Power
(MHz) Supply Ordaring Code Package Operation Range
24 5V 1 20% AT89C51-24AC 44A Commercial
ATB8C51-24JC 44) {0°C to 70°C)
AT89C51-24PC 44P6
AT89C51-24QC 440
ATBOCS51-24Al 44A Industrial
ATBICS51-24J 44.) {-40°C to 85°C)
ATB9C51-24PI 44P6
L AT89C51-24Q) 44Q
Package Type
44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44.) 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
46P% 40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP}
44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)

ATmEL
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SN54HC32, SN74HC32
QUADRUPLE 2-INPUT POSITIVE-OR GATES

SCLSZOO'D ~ DECEMBER 1982 - REVISED AUGUST 2003

® Wide Operating Voltage Range of 2Vto 6 V ® Typicaltpg=8ns
® Outputs Can Drive Up To 10 LSTTL Loads ® i4-mA Output Drive at5V
® Low Power Consumption, 20-pA Max Icc ® Low Input Current of 1 pA Max

SN54HC32 . .. FK PACKAGE
(TOP VIEW)

SN54HC32...J OR W PACKAGE
8N74HC32...D, DB, N, NS, OR PW PACKAGE

(TOP VIEW) o

m<Q Om

U ~ L > <

1A ] 1R% g e  no { o

! M e 3212019
1B[l2 13]]4B 1Y [4 [ 4A
MIE 12[] 4A NC[]5 17[J NC
2A [l 4 1nflay 28 )6 16[] 4Y
28[]s  10[)3B NC[]7 15[ NC
2v([ls o[} 34 2B[]8 14[] 3B

GND [}z 8[] av S0 12 13

>00y> «

Nz Z0oo

G

NC - Na internal connection
descriptionfordering information

The 'HC32 devices contain four independent 2-input OR gates. They perform the Boolean function

Y =AsBorY = A+ Bin posilive logic.

ORDERING INFORMATION
Ta PACKAGET PARTNUMBER | MARKING
PDIP - N Tube of 256 SN74HC3IZN SN74HC32N
Tube of 50 SN74HC32D
SOIC-D Reel of 2500 SN74HC32DR HC32
Reel of 250 SN74HC32DT
—40°C to 85°C SOP - NS Reel of 2000 SN74HC3IZNSR HC32
SSOP-DB Reel of 2000 SN74HC32DBR HC32
Tube of 90 SN74HC3ZPW
TSSOP - PW Reel of 2000 SN74HC3IZPWR HC32
Reel of 250 SN74HC32ZPWT
ChiP-J Tube of 25 SNJS4HC32J SNJ54HC32)
~55"Ct0125°C |CFP-W Tube of 150 SNJb4HCI2W SNJS4HC3I2W
LCCC - FK Tube of 55 SNJ54HC32FK SNJs4HC32FK

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guldelines are
available at www.tl.com/sc/package.

Please be aware that an important natice concerning availability, standard warranty, and use in critical applications of
Taxas Instrumenis semiconducter products and disclaimers thereto appears at the end of this data sheet.

— N —
PRODUCTION DATA information | cument as of IFM" datn, Copyright @ 2003, Texas Instruments Incorporated
Products conform to specifications per the d:;n:n!‘:f oxas Illj;m'mm: ¢ E:lgsmd.ms compliant Ind Illéﬂnriumi paramatirs mmd
¥- ¥ P ] s otherwise noted. On a products, tion
Yesting of al parameters. TEXAS processing does not necessadly include testing of all pﬂmuus.

INSTRUMENTS

POST QFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



SN54HC32, SN74HC32
QUADRUPLE 2-INPUT POSITIVE-OR GATES

SCL52000 - DECEMBER 1982 — REVISED AUGUST 2003

FUNCGTION TABLE
{each gate)

INPUTS

A

DUTPUT
Y

- I X|m

H
X
L

H
H
L

logic diagram (positive logic)

) >

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)t

SUPplY VORAGE FaNgE, VOC - v v in et e ittt ittt e e 0D5Vio7V
Input clamp current, g (V| <0orVy>Veel(seeNote 1} ... n +20 mA
Output clamp current, Ik (Vg <0orVo>Vegl(seeNote 1) ..ot 120 mA
Continuous output current, in (Vo =0toVeg) - oo e e +25 mA
Continuous current through Ve or GND Lo 150 mA
Package thermal impedance, 64 (see Note 2 Dpackage ............. ..o iinnini, B6°C/W
DBpackage ........ccoviiiiriiariiinninins 96°C/W
Npackage ........c.vviiiiiiiiiiiiienienns BO°C/W
NSpackage ..........coiiiiiiiinrineeinn.ns 76°C/W
PWopackage .........ciiiiiiiniiiniiniiian. 113°C/wW

Storage temperature range, Tgiq

.................

T Stresses beyond those listed under “absolute maximum ratings™ may cause permanent damage to the device. These ara stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended apsrating conditions” is not
impiied. Exposure to absalute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and oulput voltage ralings may he exceeded if the input and output current ratings are observed.

2. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Note 3)

SN54HC32 SN74HC32 UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voltage 2 5 6 2 5 6 v
Vog=2V 15 15
VIH High-level input valtage Ve =45V 315 315 A
Veo=6V 42 4.2
Veg=2V 05 05
VIL Low-level input voltage Voo =45V 1.35 1.35 Vv
Ve =6V 18 1.8
Vi input voltage Voo Y Vee Vv
Vo Qutput voltage 0 Voo 0 Voo '
Vog =2V 1000 1000
At/Av  Input transition rise/fail time Voo =45V 500 500 ns
Voo =6V 400 400
Ta Operaling free-air temperature -55 125 =40 B85 °C

NOTE 3:  All unused inputs of the device must be held at Vs or GND to ensure proper device aperation. Refer to the TI application report,
implications of Stow or Floating CMOS Inputs, literature numbear SCBAQ04.

*5‘ TEXAS
INSTRUMENTS
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SN54HC32, SN74HC32
QUADRUPLE 2-INPUT POSITIVE-OR GATES

SCLS200D - DECEMBER 1982 — REVISED AUGUST 2003
- N—

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

Ta=25°C SN54HC32 SN74HC32
PARAMETER TEST CONDITIONS Yoo UNIT
MIN TYP MAX| MIN MAX| MIN MAX
2v 19 1.998 1.9 1.9
loH =-20 pA 45V 44 4499 4.4 44
VOH VI=VIH or VL 6V 59 5999 5.9 59 v
loH=-4 mA 45V 3as 43 37 3.84
loH = -5.2 mA 6V 5.48 58 52 5.34
2y 0.002 Q.1 0.1 0.1
loL =20 pA 45V 0.001 0.1 0.1 0.1
VoL Vi=ViHor VL 6V 0.001 Q.1 0.1 0.1 v
lgL =4 mA 45V 017 026 04 0.33
loL=52mA 6V 015 0.26 04 0.33
| Vi=Vggor0 6V 0.1 +100 +1000 +1000 | nA
Icc Vi=Vegor0, p=0 6v 2 40 20 UA
G 2Vio6V 3 10 10 0] pF

switching characteristics over recommended operating free-air temperature range, C| = 50 pF
(unless otherwise noted) (see Figure 1)

PARAMETER FROM To Veo Tp = 25°C SN54HC32 SN74HC32 UNIT
{INPUT) {OUTPUT) MIN TYP MAX| MIN MAX| MIN MAX
2V 50 100 150 125
tpd AorB Y 45V 10 20 30 25| ns
&6V 8 17 25 21
2v a3 75 110 85
t Y 45V 8 15 22 19| ns
6V 6 13 19 16
operating characteristics, Ta = 25°C
PARAMETER TEST CONDITIONS | TYP| UNIT
Cpd Power dissipation capacitance per gate No load 20 pF

{f’ Texas
INSTRUMENTS

POST OFFICE BOX 655303 # DALLAS, TEXAS 75285 3



SN54HC32, SN74HC32
QUADRUPLE 2-INPUT POSITIVE-OR GATES

§CLS200D — DECEMBER 1982 — REVISED AUGUST 2003

-
PARAMETER MEASUREMENT INFORMATION
From Dutput Test L e——— T T T T T T Vce
Under Test Point |“P“t_/|(50% | 50%
ov
C| =50 pF
I (see Note A) l|4— tPLH *Hl Ih_ tpHL —Hl
= In-Phase | i i — ] — — YOH
ot | son Jf 90% | 90% N 509,
LOAD CIRCUIT 10% f | | | % d0%
| —H ek Y
v [ tpHL —M - tpLy P
90% 90% ce | VoH
input _50% | N 50% Out-of Phase 90% s o 7 90%
10% 10% oy 1 50% 50% |
—> —» —» —t b —t
VOLTAGE WAVEFORM VOLTAGE WAVEFORMS
INPUT RISE AND FALL TIMES PROPAGATION DELAY AND OUTPUT TRANSITION TIMES

NOTES: A. C includes probe and test-fixture capacitance.
B. Phase relationships betwaen waveforms ware chosen arbitrarily. All input pulses are supplied by generators having the following
characteristics: PRR <1 MHz, Zg = 50 £, t =6 ns, tf =6 ne.
The outputs are measured one at a time with ona input transition per maasurement,
tpLH and tpH_ are the same as tpg.

o0

Figure 1. Load Circuit and Voltage Waveforms

‘? Texas
INSTRUMENTS
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19-4323; Rev 11; 203

+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX249 family of line driversfreceivers is
intended for all EIATIA-232E and V.28/V.24 communica-
tions interfaces, particularly applications where +12V is
not available.

These parts are especially useful in battery-powered sys-
tems, since their low-power shutdown mode reduces
power dissipation to less than S5uW. The MAX225,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no external components and are recommendad for appli-
cations where printed circuit board space is critical.

Applications

Portable Computers

Low-Power Modems

interface Translation
Battery-Powered RS-232 Systems
Multidrop RS-232 Networks

INAKXIMV

Drivers/Receivers

Features

Superior to Bipolar

¢ Operate from Single +5V Power Supply
{(+5V and +12V—MAX231/MAX239)

¢+ Low-Power Receive Mode in Shutdown
{MAX223/MAX242)

¢+ Meet All EIA/TIA-232E and V.28 Specifications
¢ Multiple Drivers and Recelvers

¢+ 3-State Driver and Receiver Qutputs

¢ Open-Line Datection (MAX243)

Ordering Information

PART TEMP RANGE PIN-PACKAGE
MAX220CPE 0°C to +70°C 16 Plastic DIP
MAX220CSE 0°C to +70°C 16 Narrow SO
MAX220CWE 0°C to +70°C 16 Wide SO
MAX220C/D 0°C to +70°C Dice”
MAXZ220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wida SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220M.JE -55°C to +125°C 16 CERDIP

Ordering Information continued at end of data sheel.
*Contact faciory for dice specifications.

Selection Table

Power Mo. of Nominal SHDN Rx
Parl Supply RS-232 No. of Cap. Valua & Thres- Activein Data Rats
Number V) Drivers/Rx_Ext. Caps (pF} State SHON (kbps) Features
MAX220 +5 22 4 1] No — 120 Ulira-low-power, industry-standard pinout
MAX222 +5 2/2 4 01 Yos — 200 Low-power shutdown
MAX223 (MAX213) +5 4/5 4 1.0(0.1) Yes v 120 MAX241 and receivers active in shutdown
MAX225 +5 5/5 0 — Yes 4 120 Available in SO
MAXZ230 (MAX200) +5 5/0 4 1.0(0.1) Yas — 120 5 drivers with shutdawn
MAX231 (MAX201) +5and 2{2 2 1.0(0.1) ko — 120 Standard +5/+ 12V or battery supplies;
+7.510+13.2 same functions as MAX232
MAX232 (MAX202) +5 2{2 4 1.0(0.1) No — 120(64)  Industry standard
MAX232A +5 22 4 0.1 No — 200 Higher slaw rate, small caps
MAX233 (MAX203) +5 22 0 — No — 120 No exdernal caps
MAXZ33A +5 22 0 — No — 200 Mo external caps, high slew rate
MAX234 (MAX204) +5 4/0 4 1.0{0.1) No — 120 Replaces 1488
MAX235 (MAX205) +5 5/5 o] — Yas — 120 No exiemal caps
MAX236 (MAX206) +5 413 4 1.0(0.1) Yas — 120 Shutdown, threa state
MAX23T (MAX20T) +5 5/3 4 1.0(0.1) No — 120 Complemants IBM PC serial port
MAXZ238 (MAX208) +5 4/4 4 10(0.1) No - 120 Replaces 1486 and 1489
MAX233 (MAX209) +5 and 35 2 1.0{0.1) No — 120 Standard +5/+12V or battery supplies;
+7.510 +13.2 single-packege solution for 1BM PC serial post
MAX240 +5 5/5 4 10 Yes s 120 DIF or flatpack package
MAX241 (MAX211) +5 45 4 1.0{0.1) Yes — 120 Complate {BM PC serial port
MAX242 +5 22 4 0.3 Yes v 200 Separate shutdown and enable
MAX243 +5 272 4 0.1 No — 200 Open-line detection simplifies cabling
MAX244 +5 8M10 4 10 No — 120 High slew rate
MAX245 +b 810 [¢] - Yes v 120 High slew rate, int. caps, two shutdown mades
MAX246 +5 10 [¢] - Yes v 120 High slew rate, int. caps, three shutdown modes
MAX247 +5 89 [¢] — Yes 4 120 High slew rate, int. caps, nine operating modes
MAX248 +5 8/8 4 10 Yes v 120 High slew rate, selective half-chip enables
MAX249 +5 6/10 4 1.0 fes v 120 Avallable in quad flatpack package
MAXI/W MaxIm Integrated Products 1

For pricing, delivery, and ordering information, piease contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MAXZ20-MAXZ9Y

+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243

Supply VOIAGE (VOG) v ieererieeeieiemineres s -0.3V 1o +6Y 20-Pin Plastic DIP (derate 8.00mW/°C above +70°C} ..440mW

Input Voltages 16-Pin Narrow SO (derate 8. 70mwW/°C abave +70°C) ..696mW
TN e everermeenreeeresbernssr st sr e st 16-Pin Wida SO (derate 8.52mW/°C above +70°C).....762mwW
Rin (Except MAX220) ... 18-Pin Wide SO (derate 9.52mW/°C abave +70°C).....762mW
RINAMAX220)...ccoiiicre st 20-Pin Wide S0 (derate 10.00mW/°C above +70°C)....800mW
Tout (Except MAX220) (Note 1) 20-Pin SSCP {derata 8.00mW/°C above +70°C) .......... 640mwW
ToUT (MAX220) ..o 16-Pin CERDIP (derate 10.00mW/C above +70°C).....800mW

Output Voltages 18-Pin CERDIP (derate 10.53mW/°C above +70°C).....842mW
T veeeeirirtesssrseem s e eeee e bbb eb b ab e st +15V Operating Temperature Ranges
ROUT o oveevereervrermnmerec e eeriiess e -0.3Vio(Vco + 0.3V) MAXZ2_ _AC_ _ MAXZ2_ _C_ . 0°C to +70°C

E__ ..-40°C to +85°C

MAX2_ _AM_ _, MAX2_ _M__.... -55°C to +125°C
Storage Temperature Range ... -65°C to +160°C
Lead Temperature (soldering, 108) .....ccovcviiicciiciiens +300°C

DriverfReceiver Qutput Short Circuited to GND.........Continuous MAX2__AE__ MAXZ2__E__ ...

Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP {derate 10.53mW/°C above +70°C)... 842mW
18-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....BBIMW

Note 1: Input voltage measured with Tout in high-impadance state, SHDN or Vo = OV.
Note 2: For the MAX220, V+ and V- can have a maximum magnitude of 7V, but their absolute diflerence cannot excesd 13V.

Shresses beyond those listed under "Absolute Maximum Ratings™ may cause permanent damage 1o the device. These are siress ratings only, and functional
operatian of the davice at these or any other conditions beyond those indicated in the operational sections of ihe specifications Is not implied. Exposure 1o
absolite maximum raling canditions for extended periods may affact device refiability.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243
(Voo = +5V £10%, C1-C4 = 0.1uF, MAX220, C1 = 0.047pF, C2-C4 = 0.33pF, T = TMiN to TmAx, UNtess otherwise notad.)

PARAMETER | CONDITIONS | MmN TYP MAX | uNiTS
RS-232 TRANSMITTERS
Output Vaoltaga Swing All transmitter outputs loaded with 3k to GND +5 +8 v
input Logic Threshold Low 14 0.8 v
. All devices except MAX220 2 14
Input Threshold High \
nputLogic Thresnold Hig MAX220: Vog = 5.0V 24
Loaic Pul-Unfinput Current All except MAX220, normal aperation 5 40 A
g pAnpUL A SHON = 0V, MAX222/242, shutdown, MAX220 w001 =zt | ¥
Voo = 5.8V, SHDN = 0V, Vout = 15V, MAX222/242 +0.01 10
Output Leakage Cusrent e A
up ge Lurre Voo = BHON = OV, Yout = £ 15V @001 =0 "
Data Rate 200 116 kbps
Transmitter Qutput Resistance vog = Vi = V- = 0V, Vour = +2V 300 10M (9]
Output Short-Circuit Current VouT = 0V +7 +22 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range 30 v
MAX . .
RS-232 input Threshold Low Voo = 5V All except MAX243 R2iy o8 13 v
MAX243 R2iN {Note 2) -3
RS-232 Input Threshoid High Vee =5V Al except MAX243 Ri2iy 18 24 1y
MAX243 R2jy (Note 2) -0.5 -0
AX 24 = is i . . .
RS-232 Input Hysteresis All except M 3, Voo = 5V, no hysterasis in shdn 0.2 0.5 1 v
MAX243 1
RS-232 Input Resistance 3 5 7 kQ
TTL/CMOS Qutput Voltage Low lout = 3.2mA 0.2 0.4 v
TTL/CMOS Qutput Valtage High louT = -1.0mA a5 Vec-02 v
L Sourcing Vout = GND -2 -10
TTL/CMOS Output Short-Circuit Current - A
P Shrinking Your = Voo 10 30 m

2 MAXIM




+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHAFIACTERISTlCS——MAX220[222!232AI233AI2421243 (continued)
{Vce = +5V £10%, C1-C4 = 0.1F, MAX220, C1 = 0.047pF, C2-C4 = 0.33pF, Ta = TMiNtO Tmax, unless otherwise noted.)

6ZXVIN-0ZZSXVIN

PARAMETER CONDITIONS MIN TYP MAX | UNITS
SHDN = Ve or EN = Vo (SHDN = OV for MAX222),
TTL/CMOS Output Leakage Current | o, VouT s Vco +0.05 +10 HA
EN Input Threshold Low MAX242 1.4 0.8 v
EN Input Threshotd High MAX242 2.0 1.4 v
Cperating Supply Voltage 45 55 v
MAX220 0.5 2
Mo load
VoG Supply Current (SHDN = Voc), MAX222/232A/233A/242(243 4 10 mA
Figures 5,6, 11,19 3k load MAX220 12
both inputs MAX222/232A/233A/242/243 15
Ta = +25°C 0.1 10
Ta = 0°C to +70°C 2 50
Sh | MAX222/242 A
utdown Supply Current / Ta= 40°C 1o +65°C 5 25 v
Ta = -65°C to +125°C 35 100
SHON Input L.eakage Current MAX222/242 x1 pA
SHDN Threshold Low MAX222/242 1.4 0.8 vV
SHDN Threshald High MAX222(242 20 1.4 v
CL = 50pF to 2500pF,
R = 3k to 7K, MAX222/232A/233A/242/243 6 12 30
Transition Slew Rate Voo =5V, Ta = +25°C, Vius
measured from +3V | pax220 15 q 30
to -3V or -3V to +3V
PHLT MAX222/232A/233A/242/243 1.3 a5
Transmitter Propagation Delay MAX220 4 10
TLL ta RS-232 {Normal Operation), Hs
Figure 1 tpLHT MAX222/232A/233A(242/243 1.5 35
MAX220 5 10
tPHLR MAX222/232A233A/242{243 0.5 1
Receiver Propagation Delay MAX220 06 3
RS-232 ta TLL (Normal Operation), -
Figure 2 ( peration) MAX222/232A/233A1242/243 0.6 1 Hs
1PLHR
MAX220 0.8 3
Receiver Propagation Delay tPHLS MAX242 0.5 10 .
R5-232 to TLL {Shutdown), Figure 2 | tp_ g MAX242 25 10 H
Receiver-Output Enatile Time, Figure 3 | ter MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | IDR MAX242 160 500 ns
Transmitter-Output Enable Time t MAX222/242, 0. 1QF caps 250 <
(SHDN Goes High), Figure 4 ET {includes charge-pump start-up) H
Transmittar-Output Disable Time
(SFDN Goes Low), Figure 4 toT MAX222/242, 0.1pF caps 600 ns
Transmitter + (o - Propagation LT - 1 MAX222/232A/233A/242/243 300
Delay Differance (Narmal Operation) PHLT - IPLHT MAX220 2000 ns
Raceiver + lo - Propagation ¢ - MAX222/232A/233A/242/243 100
Delay Difference (Normal Operation} PHLR - IPLHR MAX220 295 ns
Nate 3: MAX243 R2oyT is guaranteed to be low when R2y is = OV or is floating.
MAXIMN 3
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+5V-Powered, Multichannel RS-232

Drivers/Receivers

Typical Operating Characteristics

MAX220/MAX222/MAX232A/ MAX233A/MAX242/MAX243

DUTPUT VOLTAGE vs. LOAD CURRENTY

AVAILABLE OUTPUT CURRENT

vs. DATA RATE

MAX222/MAX242

ON-TIME EXITING SHUTDOWN

10 = " T T T +10¥ —
8 uF é ~ QUTPUT LOAD BURRENTJ§ <Y roaes —— §
| EITHER V- OR V- LOADED 10 FLOWS FROM ¥+ TO V- N Za
6 . t R R v S P i o KT
= | Voo =25V | b |l = 9 |- e . |
= 4 W Y
& NDLOAD OK E T = SN
2 2 | TRANSMITTEROUTPUTS  —] B g Vg = +5.25V 8 v
B |{EXCEPTMAXZZ0, MAX233A) & 2w
e l 1 I a ALL GAPS = \
2 2 _V—LUADED.NULICIADONW——w E [ e T NS Py > \
2 0pF wW— 8 M 3 \— 1uF CAPS
& o :§-‘*¢ .‘-‘"d\ \ ]. |
8 ’1%.—-}" 5 s v w——0.1pF CAPS y
- | v+ L0020, NO LOAD DK V- \ o .
¢ 5 W 1B B B o 10 ®» B 4 50 60 S0ty
LOAD CURRENT (mA) DATA RATE (ibis/s0c)
4 MAXIMN




+5V-Powered, Multichannel RS-232
Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX223/MAX230-MAX241

1Yo, o DTV ORI -0.3V to +6V 20-Pin Wide SO (derate 10 00mW/°C above +70°C)........BOOMW
.(Voo - 0.3V ta +14V 24-Pin Wide 50 (derate 11.76mW/°C above +70°C)...... 941mW

............................................................................ +0.3V to -14V 28-Pin Wide SO (derate 12.50mW/"C abave +70°C) v W
44-Pin Plastic FP (derate 11.11mW/°C above +70°C) .... 889MW
0.3V ta {Veg + 0.3V) 14-Pin CERDIP (derate 9.09mW/°C ahove +70°C) ......... T72TmMW
...................................................................................... +30V 16-Pin CERDIP (derate 10.00mW/°C above +70°C)........BOOmMW
Output Voltages 50-Pin CERDIP (derate 11.11mW/°C ahove +70°C) eenn BEBOMW
Tout (V++ 0.3V to (V-- 0.3V) 24-Pin Narrow CERDIP
BT <o voeverrereesseesemtansssmssasssn s sssnsssssenss 0.3V to (Vg + 0.3V) (derate 12.50mW/°C above +70°C) v 1W
Shart-Circuit DUration, TOUT «veeemiese s Continuous 24-Pin Sidebraze (derate 20.0mW/C above +70°C) e 1.6W
Cantinuous Power Dissipation (Ta = +70°C) 28-Pin SSOP (derate 9.52mW/°C above +70°C).cer e TB2MW
14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)....800mW Operating Temperature Ranges
16-Pin Plastic DIP (derate 10.53mW/C above +70°C)...B42mW MAXZ _ € o i °Cto +70°C
20-Pin Plastic DIP {derate 11.11mW/°C above +70°C)....BBOMW MAX2 __E_ ... coereen.~40°C to +85°C
24-Pin Narrow Plastic DIP MAXZ WM e -55°C to +125°C
{derate 13.33mW/°C above +70°C) .o 1.07W Starage Temperature RaNgB ... -65°C ta +160°C
24-Pin Plastic DIP (derate 9.09mW/°C above +70°C}......500mw Lead Temperature (soldering, 4 1015) JUURIPO TS +300°C

16-Pin Wide SO (derate 9.52mW/°C abave +70°C) s 762mwW

Strasses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage {0 tha device. These are stress ratings only, and functiona!
oparation of the device at these or any other conditions beyond those indicatad in the operational sections of the specifications is not implied. Exposura to
absolute maximurm rating condilions for extended periods may aflect device reliability.

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241

(MAXQ23!230."232!234!236}237[288!240!241. Voo = +5V £10; MAX233/MAX235, Voo = 5Y £5%, C1-C4 = 1.0pF,; MAX231/MAX239,
Voo = 5V 210%; V+ =75V o0 13.2V; Ta = Trin to Tpax; untess otherwise noted.}

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Voltage Swing All transmitier outputs loaded with 3k§2 to ground +5.0 +7.3 vV
MAX232/233 5 10
Ve Power-Supply Current 2‘: l:ig'af*c MAX223/230/234—238/240/241 7 i5 mA
MAX231/239 0.4 1
MAX231 18 5
V+ Power-Supply Current mA
MAX239 5 15
o | MAX223 15 50
Shutdown Supply Current | Ta = +28 C  AXSa0/235] 23612401241 " 5 PA
Input Logic Threshold Low | Tin; EN, TSHDN (MAX233); EN, SHDN (MAX230/235-241) 0.8 v
TiN 20
input Logic Threshold High E,_SW)N(MAXZZS); 04 v
EN, SHDN (MAX230/235/236/240/241) ’
Logic Pull-Up Current Tin=0V 1.5 200 pA
e e w | v

MAXIMN 5
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+5V-Powered, Multichannel RS-232

Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 (continued)

(MAX223/230/232/234/236/237/238/240/241, Voo = +5V +10; MAX233/MAX235, Voo = 5V £5%, C1-C4 = 1.0pF; MAX231/MAX239,

Voo = 5V £10%:; V+ = 7.5V 10 13.2V; Ta = TMIN 10 Taaax: unless otharwise noted.)

PARAMETER CONBDBITIONS MIN TYP MAX | UNITS
Normal operation
SHON = 5V (MAX223) 0.8 1.2
_ o SHDMN = OV (MAX235/236/240/241)
AS-232 Input Threshold Low \T,A _"23 C. v
cC= Shutdown (MAX223}
SHDN = OV, 0.6 15
EN = 5V (R4in, RSN}
Normal oparation
SHDN = 5V {MAX223} 17 2.4
- o SHDN = OV (MAX235/236/240/241)
RS-232 Input Threshold High i +2C v
cc=5 Shutdown {(MAX223)
SHDN = 0V, 1.5 24
EN = 5V (R4|N, R5in)
RAS-232 Input Hysteresis Voo = 5V, no hysterssis in shutdown 0.2 05 1.0 v
RS-232 Input Resistance Ta = +25°C, Vgo =5V 3 5 7 kQ
TTL/CMOS Qutput Voltage Low lguT = 1.6mA (MAX231/232/233, louT = 3.2mA) 0.4 v
TTL/CMOS Qutput Voltage High IpuT = -1mMA 35 Vgco-04 v
OV < Rayr £ Voo EN = OV (MAX223);
TTL/CMOS Output Leakage Current BN = Voo (MAX235-241 ) 0.05 +10 WA
MAX223 600
Receiver Output Enable Time Normall ns
operation MAX235/236/239/240/241 400
, _ ‘ Normal MAX223 900
Receiver Output Disable Time : ns
P operation MAX236/236/238/240/241 250
RS-232 IN [0 Narmal operation 0.5 10
Propagation Delay TTL/CMOS OUT,| SHDN = 0V PHLS 4 40 Hs
CL = 150pF (MAX223) tPLHS & 40
MAX223/MAX230/MAX234-241, Ta = +25°C, Voe = 9Y,
Ry = 3k to 7k, C). = 50pF to 2500pF, measured from 3 5.1 30
+3V to -3V ar -3V to +3V
Transition Region Slew Rate Vips
MAX231/MAX232/MAX233, Ta = +25°C, Voo = OV,
RL = 3k to 7kel, CL = 50pF to 2500pF, measurad from 4 30
+3V io -3V or -3V to +3V
Transmitter Output Resistance Voo = V+ = V- = 0V, Vput = £2V 300 Q
Transmitter Qutput Short-Circult
Current 10 mA
6 MAXIM




+5V-Powered, Multlchannel RS-232

Vou (V)

VoL W)

Typical Operating Characteristics
MAX223/MAX230-MAX241
TRANSMITTER OUTPUT VOLTAGE (Vor)
TRANSMITTER DUTPUT vs. LOAD CAPACITANGE AT TRANSMITTER SLEW RATE
VOLTAGE {Vou) ¥s. Vs DIFFERENT DATA RATES vs. LDAD CAPACITANGE
85 74 120
| ]
) TAANSMITTERS é ) g s 1 TRANSMITIER LOADED I'Zc 2 \;; E
LUADED ’ s \k LOADED, Ry = 32
80 P 10.0 C1-C4 = 1uF—
70 ~ o \ | |
1 TRANSMITTER PLove d w 2 TRANSMITTERS -}
o0 7 AL T T = N L0H0ED
15 : > 3 TRANS- z b /\\ 5 80
MITERS 1 = g5 | aokbils/se = £ ] N
LOADED | g w =
Ta=+25°0 64 M= +25°c 3 TRANSMITTERS \\\
10 — Ct-Cd=14F 7] T vie= 60 I Loaped | N
TRANSMITTER P TRANSMITTEHS LOADED 4 TRANSHITTERS
A TRANSMITTERS LOADS = il R 30 LOADED | |
. LOADED. © 31l 2500pF o LEroe .0 ! |
45 50 55 T g s0 1000 1500 2000 2500 T o0 50 000 1500 2000 2500
Ve V) LOAD CAPACITANCE (pF} LOAD CAPAGITANCE (pF)
TRANSMITTER OUTPUT VOLTAGE {VoL)
TRANSMITTER OUTPUT vs. LDAD CAPACITANCE AT TRANSMITTER DUTPUT VOLTABE {V+, V)
VOLTAGE (Vo) vs. Ve DIFFERENT DATA RATES vs. LOAD GURRENT
60 : 5 -0 , 0 ,
ATRANS-  Ta=+25C E Ta=+35°C E §
65 MITTERS  Ci-Cd=1uF | 2 Vg =Y 8 .
' LOADED " TRANSMITTER 3TRANSMITTERS LOADED / ; Tp=+25C <
\ LOADS = 84 R -3 4 4 Y
70 P \\ 3 (| 2500pF I IR / C1-C4= TuF
e | 2 -
75 \1\\ \\ = 65 | 16kbis/sec / f o ‘EESL‘H M_Nutfdfgn'ﬁ_mmnm_
I <t =" BUkbits/sec §/ ¥ ADEL ON Vs NOLOAD
 TRANS- 2 [ A S 2 [LOMDED ONV-
40 | :
woapeD /- \“ 12 4 ag"
2 TAANS- 3 TRANS- ' ® A =T
85 T wimrers T wrTeRs 74 Lol = 5 P -
LOADED  LOADED ———
" ' a5 10 | AL, TRANSMITTERS UNLLADED
45 50 55 0 500 000 1500 2000 2500 0 5 1015 20 25 20 35 40 45 50
Voo ) LOAD CAPACITANCE (pF) CURRENT {mA}
V+, V- WHEN EXTTING SHUTDOWN
{(1uF CAPACITORS)
[
V+
(R ‘hr«v 1""‘!"§"*‘Pi—-‘#ifvi+'—l' ]
L. SH-—DN,

S00ms/div
*SHUTDOWN POLARITY IS REVERSED
FOR NDN MAX241 PARTS

MAXIN 7
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Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX225/MAX244-MAX249

Supply VoIage (VOC) v -0.3Vto +6V Continuous Power Dissipation (Ta = +70°C}

Input Voltages 28-Pin Wide SO (derate 12.50mW/°C above +70°C) .......... W
Tin, ENA, ENB, ENR, ENT, ENRA, 40-Fin Plastic DIP {derate 11.11mW/°C above +70°C) ..611mW
EMRB, ENTA, ENTB -0.3V to (Voo + 0.3V) 44-Pin PLCC (derate 13.33mW/°C above +70°C) ......... 1.07W
RIN +ovrevmeeneeemesnenersisssnnnsnsnass +26V Operating Temperature Ranges
Tout (Note 3)eevee £15V MAX225C_ _, MAX24_C_ _ il 0°C to +70°C
BROUT voovorerierreereessismsisnessssss e iasassssesss -0.3V to {Vcg + 0.3V) MAX225E_ _, MAX24_E__ ...

Short Circuit (one output at a time) Storage Temperature Bange .............

TOUT 10 GND o s b Continuous Lead Temperature (soldering, 108] ... +300°C
ROUT 10 GND oo s Continuous

Note 4: Input voltage measured with transmitter output in a high-impedance state, shutdown, or Ve = ov.
Stresses beyond those fisted under “Absolule Maximum Ratings™ may cause parmanent damage 1o tha davica. These are stress ratings only, and functional

oparation of the device at these or any other conditions beyond those indicaled in the operational seclions of the spacifications is not implied. Exposure to
absolule maximum rating conditions for extended pariods may aftect device reliability.

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249

(MAX225, Vo = 5.0V 15%; MAX244-MAX249, Voi = +5.0V +10%, external capacitors C1-C4 = 1yF; Ta = Tmin to Tmax; unless oth-
grwise noted.)

PARAMETER | CONDITIONS [ "MIN_ TYP  MAX| UNITS
RS-232 TRANSMITTERS
Input Logic Threshold Low 1.4 08 Vv
Input Logic Threshold High 2 1.4 v
Logic Pull-UpAnput Current Tables 1a-1d Normal operation 10 20 pA
Shutdown +0.01 +1
Data Rate Tables 1a-1d, normal operation 120 64 kbps
Cutput Voliage Swing All transmitter outputs foaded with 3kQ to GND +5 75 Y
Sgg \ngr Erﬂ'sEINTA' ENTB +0.01 +05
Output Leakage Current {Shutdown) Tables 1a-1d HA
Voo =0V,
Vout = 15V =0.01 +25
Transmitter Qutput Resistance Voo = V+ = V- = DV, Vaur = 2V (Nota 4) 300 10M Q
Output Short-Circuit Current Vout = OV £7 +30 mA
AS-232 RECEIVERS
RS5-232 Input Voltage Operating Range +25 v
RS-232 Input Threshold Low Voo =5V 0.8 1.3 v
R5-232 Input Thrashold High Voo = 8V 1.8 24 v
RS-232 Input Hysteresis Voo =5V 0.2 05 1.0 v
RS-232 Input Resistance 3 5 7 K
TTL/CMOS Output Voltage Low lout = 3.2mA 0.2 0.4 vV
TTL/CMOS Output Voltage High louT = -1.0mA a5 Vvee-02 Y
o Sourcing Vout = GND -2 -10
TTL/CMOS Output Short-Circuit Current Shrinking VouT = Voo T 0 mA
TTL/CMOS Cutput Leakage Current ?;;122' 10 irglngs'sottgﬁs gd\lfsgl%%ﬁ_ Voo +0.05 010 PA

8 MAXIMN




+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249 (continued)

(MAX225, Ve = 5.0V 5%, MAX244-MAX248, Voo = +5.0V +10%, external capacitors C1-C4 = 1uF; Ta = Tmin to TMax; unless oth-
arwise noted.)

PARAMETER | CONDITIONS [ MIN  TYP  MAX |UNITS
POWER SUPPLY AND CONTROL LOGIC
Operating Supply Voltage MAX22s 475 5.25 v
perating Supply ¥oliad MAX244_MAX249 45 55
MAX225 10 20
No load
Ve Supply Current MAX244-MAX249 11 30 mA
(Normal Operation) 3K(l loads on | MAX225 40
all outputs MAX244-MAX249 57
Ta = +25°C 8 25
Shutdown Supply Curmrsnt A
u upply Cun Ta = Trm 10 ThIAX 0 | "
l.eakage current +1 HA
Controt Input Threshold low 1.4 0.8 y
Threshold high 2.4 1.4
AC CHARACTERISTICS
e C\ = 50pF to 2500pF, AL = 3kQ to 7k, Voo =5V,
Transition Slew Rate Ta = +25°C, measured from +3V fo -3V or -3V to +3V 5 10 30 Viks
Transmitter Propagation Delay tPHLT 13 35
TLL to RS-232 (Normal Operation), ps
Figure 1 TPLHT 1.5 35
Receiver Propagation Delay tPHLA 0.6 1.5
TLL to RS-232 (Normal Operation), e
Figure 2 tPLHA 0.6 15
Raceiver Propagation Delay tPHLS 06 10
TLL to RS-232 (Low-Power Mods), Hs
Figure 2 tPLHS 3.0 10
Transmitter + to - Propagation .
Delay Difference (Normal Operation) IPHLT - IPLHT 350 ns
Receiver + 10 - Propagation _
Delay Difference (Normal Operation) tPHLR - tPLHR 350 ns
Receiver-Output Enable Time, Figure 3 | teR 100 500 ns
Receiver-Output Disable Time, Figure 3 | tDR 100 500 ns
MAX246-MAX249 5 <
(excludes charge-pump startup} H
Transmitter Enable Time teT
MAX225/MAX245-MAX249 10 ms
(includes charge-pump starup)
Transmitter Disable Time, Figure 4 tor 100 ns

Note 5: The 3000 minimum specification complies with EAA/T IA-232E, but the actual resistance when in shutdown mode or Voo =
0V is 10M12 as is implied by the leakage spacification.

M AXIV g
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

Typical Operating Characteristics

MAX225/MAX244-MAX249

TRANSMITTER DUTPUT VOLTARE (V+, V-}

TRANSMITTER SLEW RATE DUTPUT VOLTAGE vs, LOAD CAPACITANCE AT
vs. LOAD CAPACITANCE vs. LOAD CURRENT FOR ¥+ AND V- DIFFERENT DATA RATES
% N ooty g 1: ——— § 80 g SV WITH ALL TRANGHATTERS DRIVER |3
- 16 vMovimm | ] 85 e LOADED W"j”“ —
% " \ 6 | EITHER Vs O] 80 e i R GLE
p \\ EXTERNAL POWER SUPPLY E 4 Pgew V-104DED ' \\ Iy . .
z 1 14F CAPACITORS § 5 | EXVERNAL CHARGE PUMP 75 AP o
z = 14F CAPAGITORS = M \.__
A 10 N S o |STRANSMITTERS > 12 S
E N |[MwsDATARATE [ 5 | DRviNG sk D * N \
8 BTRANSMITTERS 1 & 2 [ 20000 AT 2Kbisfsec 85 <
= Nlowowmsal 2 4 o V-10ADED | \ N
g 6 ~ £ tv Arlmv- lenscl 80 N 100kbge
- * e 200kbisec I
4 -] 3 65 N <
, o V+ LOADED o LALCAPACIIORS 17
0 1 2 3 a 5 005 W % D B W N T 1 2 a 4 5
LOAD GAPACITANGE (nF) LOAD GURRENT (mA) LOAD CAPACITANCE (1F)

10 MAXIM
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+3V
INPUT N
. oV

.

QUTPUT

tpLHT — -— — w— IpHLT

rademmmm e

o

3

=
8
=

..
;

*EXCEPT FOR A2 ON THE MAX243
WHERE -3v IS USED.

Figure 1. Transmitter Propagation-Delay Timing

Figure 2. Receiver Propagation-Delay Timing

[
BOUT  1hs2
FxIN b Voo -2V
a) TEST CIRCUIT
. 150F
]
BRNeUT —
1T W m
— il —— OUTPLT EMABLE TIME {ten)
RECEVER
puTRLTS — 3
) ENABLE TIMING
+3V m
B INPUT \
—]  ja—— OUTPUT DISABLE TIME (gs)
Vou !
o VoK - 0.5V
RECEIVER ; Voe- ¥
OUTPUTS :
Vo ':
!
t) DISABLE TIMING '

oy — 2
W
- -,.._. OUTPLT DISABLE TIME {lo)
Vi !
v

- |
1) TIMING DIAGRAM
1000

% 50pF

b) TEST CIRCUIT

Figure 3. Receiver-Output Enable and Diséble Timing

MAXIMN

Figure 4. Transmitter-Output Disabls Timing

1
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Table 1a. MAX245 Control Pin Configurations
ENT ENR OPERATION STATUS TRANSMITTERS RECEIVERS
1] 1] Narmal Operation All Active All Active
1] 1 Narmal Operation All Active All 3-State
1 0 Shutdawn Ali 3-State All Low-Power Receive Mode
1 1 Shutdown All 3-State All 3-State
Table 1b. MAX245 Control Pin Configurations
I S OPERATION TRANSMITTERS RECEIVERS
ENT ENR STATUS
TA1-TA4 TB1-TB4 RA1-RAS RB1-RB5
0 0 Narmmal Operation All Active All Activa All Active Al Active
. . . RA1-RA4 3-State, RB1-RB4 3-State,
0 1 Narrmal Operation All Active All Active RAB Active RB5 Active
All Low-Power All Low-Power
1 0 Shutdown All 3-State All 3-State Receive Made Recaive Mods
RA1-RA4 3-State, RB1-RB4 3-State,
1 1 Shutdown All 3-State All 3-State RAS Low-Power RBS Low-Power
Raceive Mode Receiva Made
Table 1¢. MAX246 Control Pin Configurations
ENK &S OPERATION TRANSMITTERS RECEIVERS
STATUS TA1-TA4 TB1-TB4 RA1-RAS RB1-AB5
0 0 Normal Operation All Active All Active All Active All Active
! . . RB1-RB4 3-Stats,
1] 1 Normal Operation All Active All 3-State All Active RBS Active
. RA1-RA4 3-State, ,
1 0 Shutdown All 3-Stale All Active RAS Active All Active
RA1-RA4 3-State, | RB1-RB4 3-State,
1 1 Shutdown All 3-State All 3-State RAS Low-Power RAS Low-Power
Receive Mode Receive Made

12

MAXIMV
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Drivers/Receivers
Table 1d. MAX247/MAX248/MAX249 Control Pin Configurations
eI TRANSMITTERS RECEIVERS
e le—|———| OPERATION MAX247 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB5
N
ENTA| ENTB | ENRA | ENRB STATUS MAX248 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB4
MAX249 | TA1-TA3 | TB1~TB3 RA1-RAS RB1-RBS
0 0 0 | Normal Operation | 75775 "] All Active | All Active | All Active All Active
o - All 3-State, except
0 0 1 | Normal Operation |- | Al Active | All Active | All Active RB5 stays active on
P MAX247
0] 1] ¢ | Normal Qperation | | Al Active All Active | All 3-State All Active
sELLL All 3-State, except
0 0 1 Normal Operation {- | Al Active | All Active | All 3-State RB5 stays active on
MAX247
0 1 0 | Normal Operation |5 “| All Active | All 3-State | Al Active All Active
AT All 3-State, except
0 1 1 Normal Operation |- .. | All Active | All 3-State | All Active RB5 stays active an
- MAX247
0 1 0 | Normal Operation “TAll Active | All 3-State | Al 3-State All Active
: o All 3-State, except
0 1 1 Normal Operation |:7= | All Active | All 3-State | All 3-State RB5 stays active on
e MAX247
1 0] 0] Narmal Operation 1| All 3-5tate | All Active | All Active Alk Active
' All 3-State, except
1 0 1 Normal Operation All 3-State | All Active | All Active RB5 stays active on
MAX247
1 0 0 | Normal Operation i Al 3-Gtate | Al Active | All 3-State All Active
v All 3-State, excapt
1 0 1 Normal Operation |- ... | All 3-State | All Active | All 3-State RB5 stays active on
: MAX247
S Low-Power Low-Power
1 1 o} Shutdown o All 3-State | All 3-State Receive Mode Receive Mode
- All 3-State, except
1 1 1 Shutdown | All 3-State | All 3-State E?;;T:?ewﬂ:; de RB5 stays active on
MAX247
1 0 Shutdawn | All 3-State | All 3-State | All 3-State Low-Power
Receive Moda
S All 3-State, except
1 1 1 Shutdown | All 3-State | All 3-State | All 3-State RBS stays active on
MAX247

MAXINV
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Detailed Description

The MAX220-MAX249 contain four sections: dual
charge-pump DC-DC voltage converters, RS-232 dri-
vers, RS-232 receivers, and receiver and transmitter
enable control inputs.

Dual Charge-Pump Voltage Converter
The MAX220-MAX249 have two internal charge-pumps
that convert +5V to +10V (unloaded) for R5-232 driver
operation. The first converter uses capacitor C1 to dou-
ble the +5V input to +1QV on C3 at the V+ output. The
second converter uses capacitor G2 fo invert +10V to
-10V on C4 at the V- output.

A small amount of power may be drawn from the +10V
(V+} and -10V (V-} oulputs to power external circuilry
(see the Typical Operating Characteristics section),
except on the MAX225 and MAX245-MAX247, where
these pins are not available. V+ and V- are not regulated,
so the output voltage drops with increasing load current.
Do not load V+ and V- to a point that violates the mini-
mum +5V EIA/TIA-232E driver output voltage when
sourcing cutrent from V+ and V- 10 external circuitry,

When using the shutdown feature in the MAX222,
MAX225, MAX230, MAX235, MAX236, MAX240,
MAX241, and MAX245-MAX248, avoid using V+ and V-
o power external circuitry. When these parts are shut
down, V- falls to OV, and V+ falls to +5V. For applica-
tions where a +10V external supply is applied to the V+
pin (instead of using the internal charge pump 1o gen-
erate +10V), the C1 capacitor must not be installed and
the SHDN pin must be tied to Vce. This is because V+
is internally connected to V¢ in shutdown mode.

RS-232 Drivers
The typical driver output voltage swing is BV when
loaded with a nominal 5kQ RS-232 receiver and VGC =
+5V. Output swing is guaranteed to meet the EIA/TIA-
232E and V.28 specification, which calls for +5V mini-
mum driver output levels under worst-case conditions.
These include a minimum 3k load, Vcc = +4.5V, and
maximum operating temperature. Unloaded driver out-
put voltage ranges from (V+ -1.3V) to (V- +0.5V).

Input thresholds are both TTL and CMOS compatible.
The inputs of unused drivers can be left unconnected
since 400kQ2 input pull-up resistors to Vcc are built in
(except for the MAX220). The pull-up resistors force the
outputs of unused drivers low because all drivers invert,
The internal input pull-up resistors typically source 12pA,
except in shutdown mode where the pull-ups are dis-
abled. Driver outputs turn off and enter a high-imped-,
ance slate—where leakage current is typically
microamperes (maximum 25pA}—when in shutdown
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mode, in three-state mode, or when device power is
removed. Outputs can be driven to +15V. The power-
supply current typically drops to 8pA in shutdown mode.
The MAX220 does nat have pull-up resistors to force the
outputs of the unused drivers low. Connect unused
inputs to GND or VcC.

The MAX239 has a receiver three-state control line, and
the MAX223, MAX225, MAX235, MAX236, MAX240,
and MAX241 have both a receiver three-state control
line and a low-power shutdown control, Table 2 shows
the effects of the shutdown control and receiver three-
state control on the receiver outputs.

The receiver TTL/CMOS outputs are in a high-imped-
ance, three-state mode whenever the three-state enable
line is high (for the MAX225/MAX235/MAX 236/MAX2393-
MAX241), and are also high-impedance whenever the
shutdown control line is high.

When in low-power shutdown mode, the driver outputs
are turned off and their leakage current is less than 1uA
with the driver output pulled to ground. The driver output
leakage remains less than 1pA, even if the transmitter
output is backdriven between OV and (VCC + 6V). Below
-0.5V, the transmilter is diode clamped to ground with
1KQ series impedance. The transmilter is also zener
clamped to approximately Vcc + 6V, with a series
impedance of 1kQ.

The driver output slew rate is limited to less than 30V/us
as required by the EIA/TIA-232E and V.28 spscifica-
tions. Typical slew rates are 24V/ps unloaded and
10V/us loaded with 302 and 2500pF.

RS-232 Receivers
EIA/TIA-232E and V.28 specifications define a voltage
level greater than 3V as a logic 0, so all receivers invert.
input thresholds are set at 0.8V and 2.4V, so receivers
respond to TTL level inputs as well as EIA/TIA-232E and
V.28 levels.
The receiver inputs withstand an input overvoltage up
to +25V and provide input terminating resistors with

Table 2. Three-State Control of Receivers

PART [SHDN|SHDN| EN | EN(R} RECEIVERS
Low [X High Impedance
MAX223 __ tHigh |Low | Active
High | High High Impadance
Low High Impedance
MAX225 | | — | — |High |Active
MAX235 | Low Low High Impedance
MAX236 | Low — . | High | Active
MAX240 | High X High Impedance

WAXIV
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nominal 5k values. The receivers implement Type 1
interpretation of the fault conditions of V.28 and
EIA/TIA-232E.

The receiver input hysteresis is typically 0.5V with a
guaranteed minimum of 0.2V. This produces clear oul-
put transitions with slow-moving input signals, even
with moderate amounts of noise and ringing. The
receiver propagalion delay is typically 600ns and is
independent of input swing direction.

Low-Power Receive Mode
The low-power receive-mode feature of the MAX223,
MAX242, and MAX245-MAX249 puts the IC into shut-
down mode but still allows it to receive information. This
is imporiant for applications where systems are periodi-
cally awakened to look for activity. Using low-power
receive mode, the system can still receive a signal that
will activate it on command and prepare it for communi-
cation at faster data rates. This operation conserves
sysiem power.

Negalive Threshold—MAX243
The MAX243 is pin compatible with the MAX232A, differ-
ing only in that RS-232 cable fault protection is removed
on ane of the two receiver inputs. This means that conlrol
lines such as CTS and RTS can either be driven or left
floating without interrupting communication. Different
cables are not needed to interface with different pieces of
equipment.
The input threshold of the receiver without cable fault
prolection is -0.8V rather than +1.4V. Its output goes
positive only if the input is connected lo a control line
thal is actively driven negative. If not driven, it defaults
1o the 0 or "OK to send” state. Normally, the MAX243's
other receiver (+1.4V threshold) is used for the data line
(TD or RD), while the negative threshaold receiver is con-
nected to the control line (DTR, DTS, CTS, RTS, etc.).

Other members of the RS-232 family implement the
oplional cable faull protection as specified by EIATIA-
230F specifications. This means a receiver output goes
high whenever its input is driven negative, left floating,
or shorted to ground. The high output telis the serial
communications C to stop sending data. To avoid this,
the control lines must either be driven or connecied
with jumpers 1o an appropriate positive voltage level.

MAXIMN

Drivers/Receivers

Shutdown—MAX222-MAX242
On the MAX222, MAX235, MAX238, MAX240, and
MAX241, all receivers are disabled during shutdown.
On the MAX223 and MAX242, two receivers continue to
operate in a reduced power mode when Ihe chip is in
shutdown. Under these conditions, the propagation
delay increases to about 2.5ps for a high-to-low input
transition. When in shutdown, the receiver acts as a
CMOS inverter with no hysteresis. The MAX223 and
MAX242 also have a receiver output enable input {EN
for the MAX242 and EN for the MAX223) that allows
receiver output control independent of SHDN {SHDN
for MAX241). With ali other devices, SHDN (SHDN for
MAX241) also disables the receiver outputs.

The MAX225 provides five transmitters and five
receivers, while the MAX245 provides ten receivers and
eight transmitters. Both devices have separale receiver
and transmitier-enable controls. The charge pumps
turn off and the devices shut down when a logic high is
applied to the ENT input. in this state, the supply cur-
rent drops to less than 25pA and the receivers continue
to operate in a low-power receive mode. Driver outputs
enter a high-impedance state (three-state mode). On
the MAX225, all five receivers are contralled by the
ENR input. On the MAX245, eight of the receiver out-
puts are controlled by the ENR input, while the remain-
ing two receivers (RA5 and RB5) are always active.
RA1-RA4 and RB1-RB4 are put in a three-state mode
when ENR is a logic high.

Receiver and Transmitter Enable

Control inputs

The MAX225 and MAX245-MAX249 feature fransmitter
and receiver enable controls.

The receivers have three modes of operation: fuli-speed
receive {normal active), three-state {disabled), and low-
power receive (enabled receivers continue to function
at lower data rates). The receiver enable inputs control
the full-speed receive and three-state modes. The
transmitters have two modes of operation: full-speed
transmit {normal active) and three-state (disabled). The
transmitter enable inputs also contral the shutdown
mode. The device enters shutdown mode when all
transmitters are disabled. Enabled receivers function in
the low-power receive mode when in shutdown.

15
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Tables 1a-1d define the control states. The MAX244
has no control pins and is not included in these tables.

The MAX246 has ten receivers and eight drivers with
two contro! pins, each controlling one side of the
device. A logic high at the A-side control input (ENA)
causes the four A-side receivers and drivers 10 go into
a three-state mode. Similarly, the B-side contro! input
(ENB) causes the four B-side drivers and receivers 1o
go into a three-state mode. As in the MAX245, cne A-
side and one B-side receiver (RA5 and RB5) remain
active at all limes. The entire device is put into shut-
down mode when both the A and B sides are disabled
(ENA = ENB = +5V).

The MAX247 provides nine receivers and eight drivers
with four control pins. The ENRA and ENRB receiver
enable inputs each contro! four receiver outputs. The
ENTA and ENTB transmitter enable inputs each control
four drivers. The ninth receiver (RBS) is always active.
The device enters shutdown mode with a logic high on
both ENTA and ENT8.

The MAX248 provides eight receivers and eight drivers
with four control pins. The ENRA and ENRB receiver
enable inputs each control four receiver outputs. The
ENTA and ENTB transmitter enable inputs contral four
drivers each. This part does not have an always-active
receiver. The device enters shutdown maode and trans-
mitlers go into a three-state mode with a logic high on
both ENTA and ENTB.

16

The MAX249 provides ten receivers and six drivers with
tour control pins. The ENRA and ENRB receiver enable
inputs each control five receiver outputs. The ENTA
and ENTB transmitter enable inputs control three dri-
vers each, There is no always-active receiver. The
davice enters shutdown mode and transmitters go into
a three-state mode with a logic high on both ENTA and
ENTB. in shutdown mode, active receivers operate ina
low-power receive mode at data rates up to
20kbits/sec.

Applications Information

Figures 5 through 25 show pin configurations and typi-
cal operating circuits. In applications that are sensitive
to power-supply noise, VCC should be decoupled to
ground with a capacitor of the same value as C1 and
C2 connected as close as possible to the device.

MAXIMN
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