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Single Chip MODEM

1. Somporn Sawang
2. Apichart Uswadisyanggoon
Dr. Danial Breen Advisor

1987

Abstract

A MODEM 1is & device that converts digital data into an enslog
signsl snd vice versa so that two electronic devices (such as a computer
and a dete terminal) may communicate over an analog communication system
such as the telephone system . The word MODEM is & contraction for
MOdulator / DEModuletor .

The TMS 99532 single chip modem , by Texas Instruments , is =&
telecommunations device that transmits and receives serial date over the
switched telephone network using freguency-shift keyed (FSK) modulation.
It provides all the necessary modulation , demodulation , and filtering
required to implement a serial , asynchronous communicetion link . This
thesic describes the design , development and implementation of s
direct comnect modem ubilizing the TMS 898532 integrated circuit modem .
The modem communicates at any rate up to 3¢@ bits per second (baud) in
simplex , half duplex , or full duplex modes . The results aof the modem
experiment derive from the applicetion of the IBM PC in assembler
language programming to control a serial-communications adapter . The
program transmits the specified charecters and displays all the received
characters and the number of incorrect characters on the screen monitor.
Another experiment on an Autoanswer modem is a&lso described in this

thesis .
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7ﬂn 4. 7 uaﬂanoﬂmnuumnweuﬂuﬂmmaowanw7mauﬁuaen11uanawum11un High uav Low
%04 Filter B9 2 mownawﬂiwﬂniaﬂaumnoasLsﬂutwiﬂeQWﬂmauunn17watuﬂu (distortion)
,ﬂammmauLummﬂiﬂﬂmgmsaamﬁ (communication network) au f) ﬂﬂ%ﬂ\lﬂ‘lﬂ W37
Fitter §¢ 2 taunsaldom It lumadonariy ﬁuaanUﬂ17LaanTuunmaon171ﬁe1u .
4.19 Antialiasing Filter nnawqasnfaeéWwiniaaﬁqgnufunﬁu
T™S gsssz,ﬁnﬂn-Anéialieing Filter (29a1nfosdnivedaduninsunin Feldew
¥ snedeusenindy sonantidle1#8uTuue EX1 (External Tone Input) éam Iﬂﬁ 4.8 UAAY
& SWANTROUANDIAINATO IR Antisliasing Filter .
4.11 Carrier Detection NIARTIRIUAEIMWINE
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6.3 MARTISILAYBNTERY [Ring Detection]
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El.so ls0.040 - o 4 5.0%0 20,485 0.2
Al .0£0.8 | 42.0- 0.6 15.0*%, [35.04 0.6 | 15,075 [25.04 0.4 (6.5 2 0.2
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1.5 & . 2+5 &

I 1
t /72

T o 0

s A, D% /%
19 = 6t

v & 2

NIUY A_ & 1 cm
1 = 6 cm

NNIWIUTEUID 99T [ undoutlasaranTafunmemniEnn L (nductence)

15a1n§m7
L = @.4 W sz/xe LA /1 1 x 19 °° (H) vevus (641D
Tnet
L = AMENUY Loug (H)
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AL = L/ N LN ' veeis (6.2)
Toeh ,
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E - = wrodufidouliwdioutas  v__
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Qumsdwma1dnineeie (gein) UAEAITYIRY, (1oss) Tonldwing 0% @By Tagh
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10 x Log,  (Output Power / lnput Power) ieres (6.6)

dB

v a2 e w o oot Vi e e ou £ | N . a o
udtfiohnrnAen19Buyn (Input Pawer) §ATLMIY 1 HARIAA aelémiaeiiu den’ Togfef
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fi odem ald Log,_ (1) = o
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o Go
731600
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(MNYLUA ¢ ANNIT (6.6 fa (6 &) loanmieFod1ede &

nmInaAoLAINTAYLAEAIY 9 (Loss) vowiionlas w1 mMIgmRen ANy
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11 6.8 usneniloutlauarANTAYL AR

6.7 NIAUENAWUTIURLAY (Two—To-Four Wire Hybrid)
diosannaraTnsfuirenouieansl 2 1 Forerradnnnfents Sunazdaon 1y Fadu
Tuibuedn fugoefintg “Two-To-Four Wire Hybrid” & Wonsndyade 2 Hoonan dmy
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lae TXA (fawﬁwn)

6.7.1 293778UNIAAY (Transmit Amplifier)
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6:.7.2 QGQTﬂHWHﬂﬂﬂgu (Hybrid Receive Amplifier)
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%1ﬂ§ugﬁmaquﬁauUau nnauANliEng s g9 TMS 99532 (AMMMIANKIND WU TEHUATT
WT?QﬁUﬁ@@WNWﬂﬂeﬁﬁ (Carrier detect turn-on level) A1LNNY -42 dBm .

2. 7ediulunTefignansationl¥fun rova ifidnagrening -5 Toat B9 +12 Toaft Tam
dsnRaefindsean +5.5 Taan SouﬁiﬂazﬁﬁaLﬁuﬂsegﬁaﬁﬂﬂgoa§ﬁﬂ1 RCVA H013 usinT9siu
nswiientiFatuannnis dasindresunasannty o1 Wresubinrsianas i -5 Toad
ﬁeﬁuLﬁd?ﬂﬁﬁseﬁuusqﬁumseqafqﬁLnuweau cawﬁwnﬁ1ﬁq1naoaimﬂn831ﬂ¥u enneo LIy
2937AAMOU  (Attenustor fatfiu Voltege Divider) ansediuas 8 (i1 Cindiadiuny
20 #laTody uar 10 AlaTodn aeldTedunsedufiielusie TS dosaz o8 U129 +4 Tratiflo
Vieufus oin Tl Aeraseatuond ¢ +12 Taah TuRoseimTanteduasiiy -9.5424 dBn .
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inverting Amplifier) §idmsnmeneusodn = 1+ (R, / (R, // R)I i9fife

14.5424 dBn = 20 log, [ 1+ [R,/ (R, // R 1 ciers (6410
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1/ 41+ CR_ /L RA//RB 3 3
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4. puauiiam1s lihtes TS 99532

“The electrical specifications for the<TMS99532A are covered in section 4.1,
while section 4.2 describes the electrical specifications for the TMS99534A.

4.1 TMS99532A ELECTRICAL SPECIFICATIONS

4.1.1 TMS99532A Absolute Maximum Ratings Over Operating Free-air Temperature
Range (Unless Otherwise Noted)*

Supply voltage,VCC *¥* ... ..cceeencecens ceese =0.3 to 20V
Supply voltage, VDD ** ........ teesesecveses -0.3 to 25V
Supply voltage, VSS *¥ ......icnececcccnens -0.3 to 20V
All input voltages eeceeeeccccces Sy NP -0.3 to 20V
Output VOltagesS .eececocscensoonccccnes s e * - -0.3 to TV
Continuous power dissipation .eeeececcce.e. W eeeeae 300 mW
Operating free-Air temperature range ccese.. 0CtoT70C
Storage temperature range ..... vesesesese =H5 C to 125 C

* Stress beyond these absolute maximum ratings may cause permanent damage to the
device. This is a stress rating only and functional operation of the device
at these or any other conditions beyond those indicated under "RECOMMENDED
OPERATING CONDITIONS" is not implied. Exposure to absolute maximum-rated
conditions for extended periods may affect the device reliability.

##% Under "ABSOLUTE MAXIMUM RATING", voltage supply values are with respect to the
normally most negative supply voltage, VBB (substrate). Throughout the
remainder of this data sheet, voltage values are with .respect to VSS (ground

reference), unless otherwise noted.

4.1.2 TMS99532A Recommended Operating Conditions

PARAMETER MIN NOM MAX UNIT
Supply voltage, VCC . 4.75 5.00 5.25 vV .
Supply voltage, VDD 11.40 12.00 12.60 \4
Supply voltage, VBB -5.25 -5.00 -4.75 V
Supply voltage, VSS 0 v
High-level input voltage, VIH (all inputs) 2.0 2.4 VCC v
High-level input voltage, VIHC (XTAL1) 2.4 3.0 VCC
Low-level input voltage, VIL (all inputs) VSS 0.6 0.8 v
Input clock frequency (+/- 0.01%) 4.032 MHz
Operating free-air temperature, TA 0 25 70 C
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4,1.3 TMS99532A Electrical Characteristics (Digital) Over The Full Range Of
Recommended Conditions (Unless Otherwise Noted)*®

TEST
PARAMETER CONDITION MIN NOM MAX UNIT
ICC  Supply current . VCC = MAX 10.0 20.0 mA
IDD  Supply current VDD = MAX 10.0 20.0 mA
"IBB  Supply current VBB = MAX -10.0 | -25.0 ud
II Digital input VI = VSS to VCC -10 10 uA
current
XI XTAL1/CLKIN input VI = VSS to VCC -50 50 ul
current
I0OZ TXA, RCVD off-state VI = YSS to VCC | ,-20 20 ul
leakage current .
VOH  DCD, RCVD high level IOH = -400 ul 2.4 vcC v
output :
VOL  DCD, RCVD low level IOH = 2.0 mA VSsS 0.6 v
output
VOHC "0OSCOUT high level IOH = -400 uA 2.2 vVCC v
output
VOLC OSCOUT low level IOH = 2.0 mA VSS 0.6 v
output

* All typical values are at TA = 250C and nominal voltages.

4,1.4 TMS99532A Clock Characteristics And Timing Requirements Over The Full
Range Of Recommended Operating Conditions

The TMS99532A can use either its internal oscillator or an external source for
a clock.

4.1.4,1 TMS99532A Internal Clock Option

The internal oscillator is enabled by connecting a parallel resonant crystal
‘across XTAL1/CLKIN and XTAL2 (See Figure 4-1). The frequency of O0SCOUT is
equal to the fundamental crystal frequency.

PARAMETER MIN NOM MAX UNIT
] FX CryStal frequency 4.0320 MHz
(+/- 0.01% accuracy)
C1  Stabilizing capacitance *# 18 { 22 27 pF
C2  Stabilizing capacitance *¥ 18 22 27 pF

* C1 and C2 represent the total capacitance on these pins including stray and
parasitic.
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’ XTAL? XTAL2
. . .
c1 c2
I_. I_

FIGURE 4-1. CRYSTAL OSCILLATOR CONNECTION FOR THE TMS99532A

TMS99532A External Clock Option

vy

An external freguency source may be used by injecting the frequency directly
into XTAL1/CLKIN' (See Figure 4-2). However, the external frequency must
conform to the following specifications.
that of the injected signal.

The frequency of OSCOUT is equal to

FIGURE 4-2. EXTERNAL OSCILLATOR CONNECTION FOR THE TMS99532A

PARAMETER MIN NOM MAX UNIT
fext External source frequency 4,0320 MHz
(+/- 0.01%) . | -
tR1 Input oscillator rise time 10 12 ns
twh1 Input oscillator pulse-width high 100 124 148 ns
tfy Input oscillator fall time 10 12 ns
twll Input oscillator pulse-width low 100 124 148 ns
XTAL1 XTAL 2
NOT CONNECTED
EXTERNAL
OSCILLATOR
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4.1.5 TMS995324 Timing Requirements And Switching .Characteristies Over Recom
mended Operating Conditions

PARAMETER MIN NOM MAX UNIT

TD1_Delay time, CLKIN to OSCOUT 0 ‘ 90 ns
TC2 QSCOUT CYCLE TIME: ’ ’

External clock source fext | fext fext MHz

Internal oscillator

XTAL FREQ = fx fx fx fx MHz
Tr2 OSCOUT rise time 15 40 ns
Twh2 OSCOUT pulse-width high 104 ns
Tf2 OSCOUT fall time 15 L0 ns
Twl2 OSCOUT pulse-width low 104 ) ns

%.1.6 TMS99532A Tramsmitter Specifications

4.1.6.1 TMS99532A Transmitter Input Requirements Over Fu:_. Range Of .Operating

Conditions
PARAMETER MIN NOM MAX UNIT
tw(XMTD MARK) .XMID High level width 3.33 ms
tw(XMTD SPACE) XMTD Low level width 3.33 ' ms
f(EXI) EXI Frequency ) 3.0 KHz
VI(EXI) EXI Voltage level® .40 Vp-p

* The permitted EXI input voltage leve{ﬂmay vary according to the signal atten-
uation versus frequency curve shown in Figure 2-8.

4.1.6.2 TMS995324 Transmitter Characteristics At Nominal Operating Conditions

PARAMETER MIN NOM MAX UNIT |
TXA Frequency: :
f(TOM) Originate mark (Note 1%~~~ 1269 1270 1271 Hz
frequency .- )
f(TOS) Originate space (Note 1) 1069 1070 1071 Hz
frequency
f(TAM) Answer mark (Note 1) 2223 2225 2227 Hz
frequency -
f(TAS) Answer space (Note 1) . 2023 2025 2027 Hz
frequency
f(ATE) Answer tone (Note 1) - 2098 2100 2102 Hz
enable . .
TXA Output voltage levels: e
Vde(TXA) TXA DC offset -~ (Note 1) 5.5 v
voltage
Vac(TXA) TXA carrier (Note 2) 0.9 1.1 1.25 Vp-p
voltage
"TXA 2nd Harmonic energy ~50 dB
(down from fundamental) )
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The following table is used to generate the carrier frequencies when
ALB = 0 and §8T = 0: :

MODE XMTD | &/0 ATE | FREQUENCY
ANSWER 0 0 1 2025 Hz
1 0 1 2225 Hz
ORIGINATE 0 1 1 1070 Hz
1 : 1 1 1270 Hz
ATE X 0 0 2100 Hz

The voltage levels are measured at all frequencies with -the loading shown in

Figure 4-3.
0.1 uF
XA ——3 - TEST POINT
20 K
FIGURE 4-3. LOADING FOR VOLTAGE LEVEL MEASUREMENT
NOTE 2. The RCVA and TXA carrier voltage levels are specified in volts

peak-to-peak. The typical nomenclature for these values is in dBm,
i.e., the energy of the signal given a 600 ohm loading. With a given
loading, there is a one-to-one correspondence between voltage levels
and dBm. The specification is given in volts because the TMS99532A
does not present a 600 ohm load and, strictly speaking, there is not
a correspondence with dBm values. However, with an impedance
matching circuit (with a voltage gain of 1y, a correspondence does
éxist. The equation to conmvert the peak-to-peak ‘voltage levels to dBm
energy levels is:

P(dBm) = 20 * Logqo((0.3535 * Volt(p-p))/0.7T7TH597).
This equation assumes very low distortion of the carrier sine wave.

Examples using this relationship are:

-44 dBm = 13.5 mVp-p
-42 dBm = 17.5-mVp-p
-40 dBm = 22.0 mVp-p
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4.,1.7 TMS99532A Receiver Specifications

u.1‘7.1

TMS99532A Receiver Input Requirements Over Full Range Of Operating
Conditions

PARAMETER MIN NOM MAX UNIT
RCVA Input Frequencies: )
f(ROM) Originate mark frequency 1270 Hz
f(RQS) Originate space frequency 1070 Hz
f(RAM) Originate mark frequency 2225 Hz
f(RAS) Originate space frequency 2025 Hz
VI(RCVA)  RCVA Carrier voltage level 400 700 mVp-p
(Note 2) -
4,1.7.2 TMS99532A Receiver Characteristics Over Nominal Operating Conditions
TEST
PARAMETER CONDITIONS | MIN NOM MAX UNIT
D(BD) Receiver bias distortion (NOTE 4) -5 2 9 %
(-12 dBm to -40 dBm)
D(PJOH) Receiver peak jitter. (NOTE 14) 15 25 7
, (originate mode high level)
D(PJOL) Receiver peak jitter _ (NOTE §) 25 %
(originate mode low level)
D(PJAH) Receiver peak jitter (NOTE 4) 17 25
(answer mode high level)
D(PJAL) Receiver peak jitter (NOTE 4) 23 ]
(answer mode low level)
Carrier detect turn-on level (NOTE 3) | =44 =42 -40 dBm
Hysteresis (NOTE 5) |- 2 5 7 dB
Carrier detect turn-on time (NOTE 6) 45 ms
Carrier detect turn-off time (NOTE 6) 25 &S
NOTE 3. The RCVA carrier voltage levels are specified in dBm, 1.e.y the

energy of the signal given a 600 ohm loading. With a given loading,
there is a one-to-one correspondence between voltage levels and dBm.
The specification is given in volts because the TMS99532A does not
present a 600 ohm load and, strictly speaking, there is not a
correspondence with dBm values. However, with an impedance matching
circuit (with a voltage gain of 1), a correspondence does exist. The
equation to convert the peak-to-peak voltage levels to dBm energy
levels is:

P(dBm) = 20 * Logq0((0.3535 * Volt(p-p))/0.TT4597).

This equation assumes very low distortion of the carrier -sine wave.



NOTE 4.
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The distortion tests are made under the following conditions:

1) The received signal levels are at 0.55 Vp-p (~12 dBm, high level)
and at 0.022 Vp-p (-40 dBm, low level).

2) The received signal is a "back-to-back" signal. No distortion is
added to the sighal.

3) A 127-bit pseudo-random (noise) pattern is generated via the
following logic, and is sent to the RCVD pin of the device. The
register starts with all ones.

716l 514 3] 2] 1]

' Pattern

To help explain peak individual distortion, an example sequence of 14
consecutive bits of the pattern are shown in Figure 4-4. The numbers
at the top of the figure represent the theoretical time for the
bit-to-bit signal transition. A number of the signal transitions are
shown with either early or late distortion, labeled +Dy through 4D13
(provided they exist). The degree of peak individual distortion i$§
given by the largest number of the set regardless of sign ("-" if the
actual transition occurs early, "+" if the transition occurs late).
In this example, the peak individual distortion is Dq4.

IS
o
»
+—~
®

? 10 11 13 1F

]

3 | |
AR R AR
= | | |

-Dg -D1 -D3 +D4 Ds +Dg +D7 -D10+D11  +D13

FIGURE 4-4. MEASURING PEAK JITTER AND INDIVIDUAL DISTORTION




NOTE 5.

NOTE 6.

Bias distortion is determined by comparing the total mark time (M) to
the total space time {S), in the following equation.

Bias Distortion = ((M - S)/(M + S)) * 100%

Figure 4-4 is also used in helping to éxplain peak jitter. The
numbers at the top of the figure represent the theoretical time for
the bit-to-bit signal transition. A number of the signal transitions
are shown with either early or late distortion, labeled +Djy through
+D13 (provided they exist). Peak jitter is defined to be the sum of
The earliest and latest bit transition on the leading or. trailing
edge, i.e., peak jitter is the sum of the absolute values of the
greatest "-" peak individual distortion and the greatest "+" peak
individual distortion. In this example, the peak Jltter is the sum

of D5 and D1j.

Hysteresis is the difference in voltage levels, expressed in dB,

between the carrier detect turn-on‘level and the carrier detect

turn-off level.

These measurements are made with Rext =-4.7 megohms and Cext = 0.009
microfarads.
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The TMS99532A and .the TMS99534A come in 18-pin plastic packages, as sho
below..

TMS99532A8 & TMS995344A

& <
| _162:026
(0.300 : 0.010)

— 6,99 (0.275) MAX

2,03 10.080) NOV

C 0.25 {0.010) NOM

23,4 {0.920) MAX ———!

PEEOOE

®
ANANNAAN

2,36 10,093} R NOM——
4,06 10 160) NOM ——

=i
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PaPas
==
VAV
0]0)

SAVAVAVASAVAV/
QOOOOOE

076 1003 MAX 18 PLACES

t.—

0.5110.020}

508 0200) max  MIN

——SEATING PLANE

308°
0

18 PLACES

o 0279 - 00%

1

A

3.17 (0.125) MIN

ol [ 0.76 (0.035 WIN
1B PLACES

—w{ po—— 0457 : 0076

(0.018 : 0.003}

!
|
b 0011 - 0.003 |
18 PLACES }".I'_l 18 PLACES
191 (0.075) | i
0.22 10,009} PIN SPACING 2.5410.100) T P
4PLACES iSae.NGue b}
Notes a Bach pun contorins 13 located wrettun 0,260 0101 of its true kongrudinat posmon
© Al snass ore wn mi anc " ches iInch Ermensions govern
ALS ‘\ ) ] vss.

[] ext
[ ] ™a
] cva
] voo-
[] sar
[] a0
] ves
] xmro
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6. AT 1IM3 19 mTuussinge 9 199 ™S o532

- MODE . TRANSMITTED RECEIVED TOUCH
CONTROLS DATA DATA TONES
MODE —
SQT ALB A/Q ATE XMTD TXA RCVA RCVD EXI
(Digital) (Digital)|(Analog) | (Analog)|(Digital) | (Analog)
Hz Hz
Answer 0 0 0 1 Mark=1 2225 | Mark=1270 1 X
] Space=0 2025 | Space=1070
Originate 0 o0 1 1 Mark=1 1270 | Mark=2225 1 X
Space=0 1070 | Space=2025 0
- Answer, 1 0 0] 1 X Disabled | Mark=1270 1 X
Squelch Space=1070 0
Originate, 1 0 1 1 X Disabled [ Mark=2225. 1 X
Squelch : Space=2025 0
Analog Loop 0 1 0 1 Mark=1 Disabled | Disabled 1 X
Back, Answer y Space=0 0
Analog Loop | 0 1 1 1 |Mark=1 Disabled |Disabled 1 X
Back, Space=0 * 0
Originate
. . I
ALB. Test, 1 1 0 1 X Disabled |Disabled 1 X
Answer
ALB Test, 1 1 1 1T | x Disabled |Disabled 1 X
Originate
1 EXI as 1 0 1 0 X  Same as EXI, X x | External
Input Inverted Tone
(Note 1) . Source
EXI as ] 6 o0 o0 x  Same as EXI, X x | External
Input Inverted Tone
(Note 1) Source
2100 Hz 0 0 0 0 X 2100 X Three-State X
CCITT V.25
Answer Tone
(Note 2)
Note: These 0 0 1 0 Notes:
states are 0 1 60 0 X = don't care
undefined 0 1 1 0 1 = Assumes AC coupling at EXI .
and should 1 1 0 0 2 = Typically not used in USA applicatidns
not be used. 1 1 1 0

-
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