YAMAHAL Si

YTM403C

MD9624 (FAX/DATA/VOICE LSI)

Bl OUTLINE

The YTM403C is a single-chip MODEM LSI that can be used both as a facsimile MODEM and as a data
MODEM.

As a facsimile MODEM, it has a built-in 9600/7200/4800/2400/300 bps half-duplex synchronous (CCITT
V.29, V.27ter, V.21ch2) data pump function, and is the most suitable MODEM for G3 facsimile machines.
As a data MODEM, it has a built-in 2400/1200/600/300 bps asynchronous full-duplex data pump function
(CCITT V.22bis, V.22, V.21, BELL 212A, 103), and is best suited for data transmission applications such as
a personal computer communications and data base retrieval.

In addition to the built-in data pump functions, the YTM403C has a USART function which allows HDLC
framing processes and start-stop processing independently. The USART function is indispensable for ECM
(error correction mode) compatible G3 facsimiles. The YTM403C also provides built-in ADC and DAC
functions for VOICE recording and reproducing compatibilities through external accessing and VOICE data
compression, and expansion functions for telephone line VOICE recording and reproduction independently.
A power down function is also built-in to the YTM403C, which is indispensable for saving when the machine
is not in use. Substantial power of modems used with portable facsimile units and laptop personal computers
while YTM403C is not in use. All of the functions of the YTM403C are controlled by external micro-
processors, which are not restricted, but are selectively connectable to external terminals.

B FEATURES

Communication compatibility
e CCITT V.29, V.27ter, V.26bis, V.23, V22bis, V.22 (A/B), V.21
e Bell 212A, 202, 103
Communication speed
 Synchronous half-duplex communication: 9600/7200/4800/2400/1200/300bps
 Asynchronous full-duplex communication: 2400/1200/600/300bps
« Modified full-duplex communication: 4800 (75) /1200 (75) bps
Built-in VOICE function
» Sampling frequency: 9600 Hz
* 16-bit PCM
» 4-bit ADPCM (YAMAHA system)

YAMAHA CORPORATION

YTM403C CATALOG
CATALOG No.: LSI-4TM4032
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VAMAKA YTM403C

_ Built-in scrambler/descrambler:V.29/V.27ter/V.22bis/V.22/212A
_ Built-in training sequencer: V.29/V.27ter
_ Built-in handshake sequencer: V.22bis/V.22/212A
__ Built-in asynchronous/synchronous and synchronous/asynchronous conversion function
e CCITT V.22bis/V.22 compatibility
» Bell 212A compatibility
¢ Character length: 8,9, 10 and 11 bits
T Built-in equalizer function
* Sending subscriber cable equalizer (3 types)
* Receiving subscriber cable equalizer (3 types)
* Adaptive automatic equalizer
U DTE interface
e Serial interface (V.24)
» Parallel interface (microprocessor bus)
» USART function (HDLC framing, start-stop framing)
__ Built-in programmable tone generating function
¢ Simultaneous 4 tone generation capability
* Programmable frequency and level
» Useful for sending guard tone, call progress tone and DTMF tone
_ Built-in programmable tone detection function
* Programmable center frequency, bandwidth and level (11 channels)
¢ Allows call progress tone and DTMF detection capability
— Built-in guard tone notch filter: V.22bis/V.22
— Built-in trainig signal detection function: V.29/V.27ter
_ Built-in S1 signal sending/detection function: V.22bis
" Built-in V.21ch2 flag sequence detection function
__ Transmission clock selection capability: Internal clock/external clock/slave mode

" Reception dynamic range: 0~-50dBm
- Control capability for carrier detection level
— Built-in AGC (Mode control capability)
— Sending level control capability: -6~—eedBm
— Built-in transmit/receive band pass filter
— Built-in ADC/DAC: External control ability
_ Eye pattern output capability
. Built-in loopback connection function
* Remote digital loopback
* Local digital loopback
* Local analog loopback
General purpose I/O port: for NCU control use
Power down mode/ power save mode
Low power consumption of CMOS
. +5V single power supply
Package: 64-pin QFP/ 64-pin SDIP/ 64-pin TQFP
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B SYSTEM BLOCK DIAGRAM
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8 BLOCK DIAGRAM

Data Terminal Equipment (DTE)

Parallel interface
(D0-~D7, RS0-RS4, /RD, WR, /CS,

Serial interface
(ST1, §T2, RT, /ATS, /CTS,

/EN65, IRQ1~3, A5~A8, B5~B8) TXD, RXD, /CD)
USART function V.24
interface
«HDLC :

. os  framing Synchronous/
Intertace register asynchronous

* Start-stop conversion

framing L

. Scrambler/

descrambler

3 y

* Modulation/demodulation function (V.29, V.27ter, V.26bis, V.22bis, V.22,
V.21, V.23, BELL212A, 202, 103)

* Automatic equalizing function

» Subscriber cable equalizing function

* Roll-off filter

¢ Band-pass filter

* AGC function

» Carnier detection function

* Transmission level adjustment

* Programmable tone detection function

¢ Programmable tone transmission function
* V.21ch2 flag pattern detection function

» External clock synchronization function

» Sequence control function

» Voice data compression/expansion function

i { t i

Digital signal processing

Timing signal
generation
Eye P attern D/A converter A/D converter
output intertace
Oscillator
] Y
1
X'tal osciltator Eye pattern output Monitor Transmission  Received
(XTAL1) (EYEPAT) output signal output  signal input
(XTAL2) (EYECLK) (AUDIO)  (TXO) (RXI)
: Iy
Yy

Network control unit (NCU)

Other inputs/outputs General purpose inputs (P11~PI4)
and outputs (PO1~PO4)
1/0-Reset input (/RESET)
I/0-Test input (/TEST)
Power down input (/PWDM)
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VANMARA

B OPERATION MODE AND COMMUNICATION PROTOCOL

The YTM403C has the following operating modes:

- 9600 bps half-duplex communication:
_ 7200 bps half-duplex communication:
_ 4800 bps half-duplex communication:
2400 bps half-duplex communication:
__ 1200 bps half-duplex communication:

600 bps half-duplex communication:

" 300 bps half-duplex communication:

75 bps half-duplex communication:
150 bps half-duplex communication:

V.29

V.29

V.29/V 27ter
V.27ter/V.26bis
V.26bis/V.23/Bell202
V.23

V.21ch2
V.23/V.26bis/V.2Tter
V.23/V.26bis/V.2Tter

(150 bps is outside the scope of CCITT recommendation)

2400 bps full-duplex communication: V.22bis

1200 bps full-duplex communication: V.22 (A, B) /Bell212A
600 bps full-duplex communication: V.22 (A, B)
300 bps full-duplex communication: V.21/ Bel1103

PCM (VOICE) record and playback 16-bits resolution
ADPCM record and playback: YAMAHA 16-bit — 4-bit compression

Table 1 shows the communication protocol specifications applicable to the YTM403C.
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VAMARA YTM403C

Table 1 Communication protocols

Communication | Transmission | Modulation Carrier frequency Modulation Communication
protocol speed (bps) | speed (Baud) (Hz) method method
9600 2400 1700 16-QAM
CCITT V.29 7200 2400 1700 8-QAM
4800 2400 1700 4-QAM Half-duplex
COITT V.27t 4800 1600 1800 8-PSK (two-wire)
. er
2400 1200 1800 4-PSK Synchronous
2400 1200 1800 4-PSK
CCITT V.26bis
1200 1200 1800 2-PSK
Space 2100
1 FSK
200 1200 Mark 1300 S Half-duplex
Space 1700 (two-wire)
600 600 Mark 1300 FSK
CCITT V.23
* 150 150 Space 450 FSK
Mark 390 Half-duplex
S 250 (two-wire)
pace Backward
7S 75 Mark 390 FSK
BELL 202 1200 1200 Space 1200 FSK Half-duplex
2 Mark 2200 (two-wire)

Low ch 1200
High ch 2400

Low ch 1200

1200 600 High ch 2400 4-QAM

CCITT V.22bis 2400 600 16-QAM

CCiTT V.22
Low ch 1200 2.QAM
600 600 Highch 2400 -
h1 Space 1180 ESK Full-duplex
cCcIT ¢ 300 300 Mark 980 (two-wire)
V.21 Space 1850
ch2 300 300 Mark 1650 FSK
Low ch 1200
BELL 212A 1200 600 High ch 2400 4-QAM
hi 30 300 Space 1070 FSK
pect | °© 0 Mark 1270
103 Space 2025
ch2 300 300 M’:ark 2005 FSK

* : 150 bps is outside the scope of CCITT recommendation
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B DESCRIPTION OF PINS
1. Pin assignment
~ 64-pin SDIP
vest [ | 1@ s¢[ ] RS4
po [ ]2 63| _] RS3
pr []s 62| | RS2
o2 [+ 61| | RS
pa []s e[ ]Rso
pa [1s so| ] vDD
ps []~7 ssl__]/CS
pe [ _|s s7| ] MWR
pz []o s6|__]|/RD
As [ ss[__] /EN65
As [ sa| | /IRQ3
A7 I: 12 ss[_]/RQ2
A8 [ s2[ | /RQ1
Bs [ | st ]/cD
B6 [_|s sol | RT
= YTM403C-K s
Be [ v | ]/cTS
TEST [_|18 a7[_]sT2
AUDIO [ |1e s _] ST
AVDD [ |20 s | /RTS
™0 [t asf ]1TXD
Avssi [ |22 43| ] EYEPAT
RXF [_|23 a2 ] EYECLK
RXI [_]os 4[] XTAL2
RXC1 [_|es so[ ] xTAL1
Rxc2 [ |26 [ ]/PWDM
rRxc3 [_]er 38| | /RESET
Avss2 [ |2s [ ]Pia
Po1 [ |20 | |PI3
Po2 [ |3 sl P2
poz [ s al PN
Pos4 [ |3 33| ] vss2
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__ 64-pin QFP

D6
D7
A5

A6

A7

A8

B5

B6

B7

B8
/TEST
AUDIO
AVDD
TXO
AVSSt
RXF
RXI
RXC1
RXC2
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e oo B 338538
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1 51 |
2 O 50 ]
3 a9 ]
4 48| |
5 a7 ]
6 a6) ]
7 a5 |
8 4[]
9 43%
10 42
y YTM403C-F a ]
12 s |
13 a9 [ ]
14 38| |
15 37 ]
16 36| ]
17 as| |
18 3| ]
19 33 ]
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ST1
/RTS
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YTM403C

64-pin TQFP
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VANAEA YTM403C

2. Function Assignment to Pins

Pin name ~sgip ——PBF':"' TOFP | TYPE Function
RS0~RS4 | 60~64 | 53~57 |52~56 | DI Interface register selective input (5 bits)
A5-~A8. 10-13, | 3~6, 2-5, DIO Address decoder input/test input/output
B5~-B8 | 14-17 |7~-10 |6~9 (When A input and B input are the same and pin /CS is LOW, the
register can be accessed.)
Do-~-D7 2-9 59-64 |58~64 | DIO Data bus (8 bits)
1,2 1
/EN65 55 48 47 Di Microprocessor selective input
{LOW: 6520 type, HIGH: 80 type)
/RD 56 49 48 Dt (/ENE5: HIGH) register read strobe input
{/EN65: LOW) strobe pulse input
MWR 57 50 49 o]} {(/EN65: HIGH) register write strobe input
(/EN65: LOW) R/R input
/ICS 58 51 50 DI Chip select input
/IRQ1 52 45 44 DOD Transmission interrupt request output (open-drain output)
/IRQ2 53 46 45 DOD Reception interrupt request output (open-drain output)
IRQ3 54 47 46 DOD General interrupt request output (open-drain output)
/TEST 18 11 10 DiP Test input (pull-up resistor incorporated)
TXD 44 37 36 DiP Transmit data input (pull-up resistor incorporated)
RXD 49 42 41 DO Receive data output
/RTS 45 38 37 DIP Request to send input (pull-up resistor incorporated)
ICTS 48 41 40 DO Clear to send output
/CD 51 44 43 DO Data channel receive carrier detection output
ST1 46 39 38 DIP Transmit data clock input (pull-up resistor incorporated)
ST2 47 40 39 DO Transmit data clock output
RT 50 43 42 DO Receive data clock output
RXI 24 17 16 Al Receive signal input
RXC1 25 18 17 AO AD conversion capacitor pin
RXC2 26 19 18 AO AD conversion capacitor pin
RXC3 27 20 19 AO AD conversion capacitor pin
RXF 23 16 15 AO AD conversion output
TXO 21 14 13 AO Transmit signal output (1 bit DAC output)
AUDIO 19 12 1 AO Receive signal monitor output (1 bit DAC output)
PO1 29 22 21 DO General purpose output port 1
PO2 30 23 22 DO General purpose output port 2
PO3 31 24 23 DO General purpose output port 3
PO4 32 25 24 DO General purpose output port 4
PI1 34 27 26 Di General purpose input port 1
PI2 35 28 27 Di General purpose input port 2
PI3 36 29 28 DI General purpose input port 3
Pl4 37 30 29 DI General purpose input port 4

0 o gqys5524 0001999 002 WM




YTM403C VAMARA

Pin name SOIP Pi-)"T;'—,‘,g'—mT TYPE Function
EYEPAT 43 36 35 DO Eye pattern data output
EYECLK 42 35 34 DO Eye pattern clock output
vDD 59 52 51 PWR Digital +5V source
VSSt 1 58 57 GND Digita! ground 1
V882 33 26 25 GND | Digital ground 2
AVDD 20 13 12 PWR | Analog +5V source
AVSS1 22 15 14 GND Analog ground 1
AVSS2 28 21 20 GND Analog ground 2
/RESET 38 31 30 DI Reset input
/PWDM 39 32 31 Di Power down mode setting input
XTAL1 40 33 32 X1 Crystal oscillator pin or external oscillator clock input
XTAL2 41 34 33 X0 Crystal oscillator pin
NOTE:
Type symbols DI ................ Digital input
DO...covvenne Digital output
DIP.......ccco. Pull-up resistor incorporated digital input
DOD............ Open drain output
DIO ....cccccene Digital input/output
Al s Digital input
AOQ . Analog output
PWR........... Power supply
GND............ Ground

B 9945524 0002000 422 WM
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YTM403C

B INTERFACE REGISTER MAP

RS4-RSO| Reg. No. (;';;) bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 (f'.ég)
11111 1F| D TXCONF

11110 1E| D ZIXNGA __ — TXTDIS | TXEPT [ TXCBL2 | TXCBL1 | TXCLK2 | TXCLK1
11101 iD| D RTS B202 — — — TXMHD | SDIS TXS1
11100 1IC| D B €IS “TXE — — — — — —
11011 1B | U | THDLC2 | THDLC1 | TXRUN2 | TXRUN1 | TXHDIE ETXABRT 22 TXFCSZA. TXFLAG
11010 1A | U XASYN | TXOSP | TXCHR2 | TXCHR1 — — TXPON | TXPODD
11001 19 | U TXROIE TXPDM LB3 LB2 LB1 TXBRK | TXD8
11000 18| U TXDATA

10111 17 ] D RXCONF

10110 16 | D FZRXINIT — RXTDIS — RXCBL2 | RXCBL1 — —
10101 15| D — — — — EQRS DDIS Al
10100 14 | D FCDOET | FCO 1 S0D {1 * 3SMDET 1 UMDET T S1P2DET]
10011 13 | u | rRHDLC2 | RHDLCA — — VRXABRTA/RXCRCA/RXFLAGA
10010 12 ] U RXOSP | RXCHR2 | RXCHR1 — — | RXPON | RXPODD |
10001 11 | U [ZRXREQZ| RXRQIE | RXDSEL PRXOVRNZRXPERRZ: RXFERH RXD8
10000 10 { U S T T T TURXDATA T ETIUTTTOTUUT NI ST
01111 oF | D P(RAMRQ I xraMIE | XxRAMW | XBYTE | XTIME | XBAUD | XRAMAS | XRAMAS
01110 0E | D XRAMA

01101 0| D  XBAMDM 7 /777777
01100 oc| D ; XRAMDL 777 2 72
01011 oB | D FYRAMRQ[ YRAMIE | YRAMW | YBYTE | YTIME | YBAUD | YRAMA9 | YRAMAS
01010 oA | D YRAMA

01001 09| b ¥ YRAMDM

01000 08 | D YRAMD

00111 07 | D | TONE4 | TONE3 | TONE2 | TONE1 — — — AGC1
00110 06 | D AHS AUDIO — FRSP GC4 GC3 GC2 GC1
00101 05 | D F TIME4 | TIME3 | TIME2 | TIME1 - - T 2§ i
00100 04 | D F COL4 g TR J:Pow2 1 BOW1 |
00011 03 | D | TME4E | TiME3E | TIME2E | TIME1E | TIMEIR | TIME1E — —
00010 02| D — — — — — — — —
00001 01 | ¥ | SRESET | PWRSV | PI2IE PIIE PO4

00000 00 | ¥ PwnrRBUSY] -4A1 -1 -iA2 A3 - {  PM .

NOTE: For the bits indicated by —, “0” must always be written.

: Control bit
E:j : Status bit
: Bit with both control bit and status bit functions
: Bit that causes an interrupt
D : DSP-related register
U : USART circuit-related register
¥ : Registers composed of asynchronous circuits, and remain operational even during the power
save mode.
12
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YTMA403C VANARA

B ELECTRICAL CHARACTERISTICS
1. Absolute Maximum Ratings (VSS1=VSS2=AVSS1=AVS§S2=0V)

Rating .
item Symbol - Unit
min. max.
Source voltage Voo -0.5 +7.0 \
Input voltage Vi 0.5 Voo+0.5 Vv
Output voltage Vo -05 Voo+0.5 \)
Storage temperature Teg -50 +125 °C

(The electrical characteristics are all target specifications.)

2. Recommended Operating Conditions (VSS1=VSS2=AVSS1=AV§82=0V)

Rating

item Symbol - Unit
min. typ. max.
Source voltage Voo 45 5.0 55 Vv
Operational ambient Tor 40 25 +85 oc
temperature
Clock frequency feux 19.6588 19.6608 19.6628 MHz

(The electrical characteristics are all target specifications.)

M 9945524 0002002 275 WM
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VAMARA YTM403C

3. DC Characteristics
(Where not otherwise specified, the recommended operating conditions apply)

Applicable pin Rating
ftem Symbol and measuringt Unit
condition min. typ. max.
High-level input voltage Vom DI, DIP, DIO 2.0 - - v
Low-level input voltage Vou DI, DIP, DIO _ _ 0.8 \
Input leak current (*1) low DI =10 - +10 HA
Puli-up current (*1) (1) DIP =20 — =200 A
Input capacitance (*1) C DI, DIP - 10 — pF
High-level output voltage VooH D0, DIO —\:rx:) — —_ v
Low-level output voltage VooL @2.0mA — — 0.4 v
Open-drain output lowlevel current}  looo DOD@0.4V - —_ 4.0 mA
Output leak current (*1) hour DIO, DOD -10 — +10 A
At HI-Z
Output capacitance (*1) Co DO, DIO, DOD — 15 — pF
High-level clock input voltage Vo X1 (*2) Voo -— — \'
-1.0

Low-level clock input voltage Ve Xl (*2) —_ —_ 1.0 Vv
Clock input leak current (*1) bk Xi(*2) -100 — +100 pA
Clock input capacitance (*1) Cu Xi(*2) —_ 15 — pF
Analog input voltage range Va Al 0.0 - Voo \
Analog input leak current 7Y Al -1 —_ +1 mA
Analog output voltage range Vao AQO 0.0 —_ Voo \
Source | Normal operation loo PWR, GND - 70 100 mA
current Power save lpsv PWR, GND —_ 200 500 KA
(*3) Power down lewn PWR, GND — 5 50 HA

(The electrical characteristics are all target specifications)

(*1) Under operational ambient temperature Top=25°C, and source voltage Voo=5.0V

(*2) When external clock is input

(*3) The source current (type) is under source voltage Voo=5.0V, and operational ambient temperature
Towp=25°C, and (max) is under Voo=5.2V, Top=recommended condition.




YTM403C VAMAA

4. AC Characterintics
(Where not otherwise specified, the recommended operating conditions apply)

Rating
Item Symbol Condition Unit
min. typ. max.

Reset input pulse width IWRESET) 1.0 — — ms
/CS set-up time tscs) 0 —_ — ns
/CS hold time tHies) 0 — — ns
ABn set-up time ts(ABn) 10 — — ns
ABn hold time tHeaen) 10 — — ns
RSn set-up time ts(rsn) 10 — — ns
RSn hold time tH(Asn) 10 - — ns
Write data setup time tswo) 30 - — ns
Write data hold time triwo) 10 —_ — ns
Write strobe pulse width twown) 60 —_ —_ ns
Read data access time tamo) —_ —_ 80 ns
Read data hold time tHrRD) 10 -_ 50 ns
Read strobe pulse width tamo) 60 —_ — ns
Read/write access interval tagmw (*1) 1 —_ — us

(The electrical characteristics are all target specifications)
(*1) Interface register access interval

B 9945524 0002004 078 HM 15



VAMARA YTM403C

5. AC Characteristics Timing Chart
(a) 80 type mode (/EN65 = HIGH)

READ WRITE
ts(CS) — ! tH(CS)
/C8 Vor ST — VoiL
ts(ABn) }—i —1 tH(ABN) ts(aBn) tH(ABn)
gg:gg ¢~ |VpiH — VoiH
— |Voi —7 VoL
ts(Rsn) fo— ~—1 tH(RSN) ts(Rsn) tH(RSN)
RSO~ ¢~ VoIH ) Vo
RS4 ) |VoiL w; VoiL
W(RD)
N ANy
DiH
/RD x— 7—7 VoiL
tagTvL) ItW(wn)
/WR
tA(RD)
/D0~D7

6 mm gqy5524 poo2005 TOu WM
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VANMARA

(b) 6502 type (68 type) mode (/EN65 = LOW)

/CS

A5-A8
B5~B8

RS0~
RS4

RW
( WR)

22
(/RD)

/ DO~D7

(c) Reseting

/ RESET

READ WRITE
ts(cs) tH(CS) 1 tH(CS)
VoiL 7Z
ts(ABn) tH(ABN) ts(ABn) 1 tH(aBn)
VDIH VDIH S
VoiL VoL —
ts(RSn) 1 tH(RSN) {S(RSn) tH(RSN)
Vo — VoiH
VoiL — VoL
ts(cs) t'_' —s] tH(CS) tsics) tH(cs)
VDIH AR
VbiL
| WD) tArTVL) WWR) !
VDIH
7 ~ VDIL
tA(RD) tHwD)

tw(RESET)

VoL

d

M 9945524 0002006 940 WA
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The specifications of this product are subject to improvement changes without prior notice.
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YAMAHA CORPORATION——

Address inquiries to:

Semi-conductor Sales Department

B Head Office 203, Matsunokijima, Toyooka-mura,
Iwata-gun, Shizuoka-ken, 438-01
Electronic Equipment business section
Tel. 0539-62-4918 Fax. 0539-62-5054

B Tokyo Office 3-4, Surugadai Kanda, Chiyoda-ku,
Tokyo, 101
Ryumeikan Bldg. 4F
Tel. 03-3255-4481 Fax. 03-3255-4488

8 Osaka Office 3-12-9, Minami Senba, Chuo-ku,
Osaka City, Osaka, 542
Shinsaibashi Plaza Bldg. 4F
Tel. 06-252-7980 Fax. 06-252-5615

8 U.S.A. Office YAMAHA Systems Technology
981 Ridder Park Drive San Jose, CA95131
Tel. 408-437-3133 Fax. 408-437-8791

Copying prohibited © 1987 YAMAHA CORPORATION
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