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List of Registers (sorted by name)

@ Please note !

Register addresses are assigned independently for write and read access, i.e. in
many cases there are different registers for write and read access with the same
address. Only registers with the same meaning and bitmap structure in write and
read direction are declared to be read & write.

It must be distinguished between registers, array registers and multi-registers.

Array registers have multiple instances and are indexed by a number. Thisin-
dex is either the FIFO number (R_FIFO with 13 indexed registers), the
PCM time slot number (R_SLOT with 2 indexed registers) or the S/T in-
terface number (R_ST_SEL with 15 indexed registers). Array registers
have equal name, bitmap structure and meaning for every instance.

Multi-registers have multiple instances, too, but they are selected by a bitmap
value. With this value, different registers can be selected with the same
address. Multi-register addresses are 0x15 (14 instances selected by
R _PCM_MDO0) and OxOF (2 instances selected by R_FIFO_MD) for
HFC-4S/8S. Multi-registers have different names, bitmap structure and
meaning for each instance.

Thefirst |etter of array register namesis‘A_..." whereasall other registers begin
with*R_...". Theindex of array registers and multi-registers has to be specified
in the appropriate register.

Write only registers: Address  Name 5%555 Page
Address Name 5%556 Page Oxa7 R_BRG_MD 0 223
0x02 R _BRG_PCM_CFG H 221
OxF4 A _CH_MSK 01 123 0x4C R_BRG_TIM_SELO1 0 225
OxFC  A_CHANNEL 01 126 0x4D R_BRG _TIM_SEL23 0 226
OxFA  A_CON_HDLC 01 124 OX4E R _BRG_TIM SEL45 0 226
0xD1 A_CONF - 200 O0x4F R _BRG_TIM_SEL67 0 227
OXFD  A_FIFO_SEQ 01 126 0x48 R _BRG_TIMO 0 224
OxOE R_INC_RES FIFO - 136 0x49 R BRG TIM1 0 224
OxFF  A_IRQ_MSK 01 234 O0x4A R _BRG_TIM2 0 224
0xDO0 A _SL CFG 0,3 122 0x4B R_BRG_TIM3 0 225
0x3C A ST B1 TX 0,13 167 0x00 R CIRM H 86
0x3D A ST B2 TX 0,1,3 167 0x18 R_CONF EN 0,2 200
0x37 A ST CLK_DLY - 166 0x01 R CTRL H 87
0x31 A _ST CTRLO 0,13 163 ox1C R_DTMFO 0 207
0x32 A _ST CTRL1 0,1,3 164 0x1D R_DTMFl 0 208
0x33 A _ST CTRL2 0,13 165 0x0D R_FIFO MD H 119
Ox3E A _ST D TX 0,13 168 OXOF R_FIFO_ 0,1 120
0x34 A_ST_SQ_WR 0,1,3 165 0x0B R_FIRST_FIFO 01 118
0x30 A ST WR_STA 0,1,3 162 OXOF R FSM IDX 0,1 120
OxFB A SUBCH_CFG 0,1 125 0x42 R_GPIO_ ENO 0 252
0x1B  R_BERT _WD_MD 01 211 0x43 R GPIO EN1 0 253
0x45 R_BRG_CTRL 0 222 0x40 R_GPIO_OUTO 0 250
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Reset Reset
Address Name group Page Address Name group Page
0x41 R _GPIO_OUT1 0 251 0x04 A ZI1L 0,1 137
0x44 R _GPIO_SEL 0 254 0x06 A 72 0,1 138
0x13 R _IRQ CTRL 0 232 0x07 A Z2H 0,1 138
0x11 R _IRQMSK_MISC H 232 0x06 A Z2L 0,1 138
0x14 R _PCM_MDO 0,2 179 0x1B R _BERT ECH 0,1 213
0x15 R_PCM_MD1 0,2 185 0x1A R _BERT_ECL 0,1 212
0x15 R _PCM_MD2 0,2 186 0x17 R_BERT_STA 0,1 212
0x46 R _PWM_MD 0 194 0x16 R_CHIP_ID H 92
0x38 R_PWMO 0,1,3 193 O0x1F R_CHIP_RV - 92
0x39 R _PWM1 0,13 193 0x14 R_CONF_OFLOW 0,1 201
0x08 R_RAM_ADDRO 0 88 0x19 R_FO _CNTH 0,1 189
0x09 R _RAM_ADDRI1 0 88 0x18 R_FO_CNTL 0,1 189
O0x0OA R _RAM_ADDR2 0 89 0x44 R_GPI_INO - 257
0x0C R_RAM_MISC H 90 0x45 R_GPI_IN1 - 258
0x12 R_SCI_MSK 3 159 0x46 R_GPI_IN2 - 259
0x15 R_SHOH 0,2 187 0x47 R_GPI_IN3 - 260
0x15 R_SHOL 0,2 187 0x40 R_GPIO_INO - 255
0x15 R_SH1H 0,2 188 0x41 R_GPIO_IN1 - 256
0x15 R_SHIL 0,2 187 0x88 R_INT_DATA - 140
0x15 R_SL _SELO 0,2 180 0xC8 R_IRQ _FIFO BLO 0,1 238
0x15 R_SL SEL1 0,2 181 0xC9 R _IRQ _ FIFO BL1 0,1 239
0x15 R_SL SEL2 0,2 182 O0xCA R _IRQ FIFO BL2 0,1 240
0x15 R_SL SEL3 0,2 182 0xCB R _IRQ_FIFO BL3 0,1 241
0x15 R_SL _SEL4 0,2 183 0xCC R_IRQ _FIFO BL4 0,1 242
0x15 R_SL _SEL5 0,2 183 0xCD R_IRQ_FIFO_BL5 0,1 243
0x15 R_SL SEL6 0,2 184 OxCE R _IRQ_FIFO BL6 0,1 244
0x15 R_SL_SEL7 0,2 184 O0xCF R_IRQ_FIFO_BL7 0,1 245
0x10 R_SLOT 0,2 121 0x11 R_IRQ_MISC 0,1 236
0x16 R_ST SEL 0,3 160 0x10 R_IRQ_OVIEW 0,1 235
0x17 R_ST _SYNC 0,3 161 0x15 R_RAM_USE 0,1 91
0x1A R _TI_WD 0,1 233 0x12 R_SCI 0,1 168
0x1C R_STATUS - 237
Read only registers:
Read / Write registers:
Reset
Address Name group Page
Reset
0x0C A F1 0,1 139 Address Name group Page
Ox0C — A_F12 01 140 0x84 A FIFO DATAO NOINC - 142
OxOD A F2 0,1 139 - - .
- 0x80 A FIFO_DATAO - 141
0x3C A ST B1 RX 0,3 170 - -
- T . 0x84 A FIFO DATA1 NOINC - 143
0x3D A ST B2 RX 0,3 171 - - -
- = 0x80 A FIFO DATA1l - 141
O0x3E A ST D RX 0,3 171 - =
OX3F A ST E RX 03 17 0x84 A FIFO_DATA2 NOINC - 143
0x30 A ST RD STA 0.3 169 0x80 A FIFO_DATA2 - 142
- 0xCO R RAM DATA - 91
0x34 A ST SQ RD 0,3 170 - =
0x04 A 71 0,1 137
0x04 A 712 0,1 139
0x05 A Z1H 01 137 Note: Seetable12.4 on page 231 for ‘ Reset group’
a explanation.
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HFC-4S

Cologne
List of Registers (sorted by address)
@ Please note!
See explanation of register types on page14.
Write only registers: Address  Name glr%sl?rt) Page
Address  Name 5%855 Page 0x33 A ST CTRL2 0,1,3 165
0x34 A ST SQ WR 0,1,3 165
0x00 R_CIRM H 86 0x37 A ST CLK DLY - 166
0x01 R_CTRL H 87 0x38 R_PWMO 0,1,3 193
0x02 R BRG_PCM_CFG H 221 0x39 R PWM1 0,13 193
0x08 R_RAM_ADDRO 0 838 0x3C A ST B1 TX 0,1,3 167
0x09 R_RAM_ADDR1 0 838 0x3D A ST B2 TX 0,1,3 167
O0x0A R _RAM_ADDR2 0 89 Ox3E A ST D TX 0,13 168
0x0B R_FIRST_FIFO 01 118 0x40 R GPIO OUTO 0 250
0x0C  R_RAM_MISC H 90 0x41 R_GPIO_OUT1 0 251
0x0D  R_FIFO_MD H 119 0x42 R_GPIO_ENO 0 252
OxOE R_INC_RES FIFO - 136 0x43 R GPIO EN1 0 253
OXOF R_FSM_IDX 01 120 Ox44 R GPIO SEL 0 254
O0xOF  R_FIFO 01 120 0x45 R BRG _CTRL 0 222
0x10 R_SLOT 0,2 121 ox46 R PWM MD 0 194
0x11 R _IRQMSK_MISC H 232 0x47 R_BRG _MD 0 223
0x12  R_SCI_MSK 3 159 0x48 R_BRG_TIMO 0 224
0x13 R_IRQ_CTRL 0 232 0x49 R _BRG TIM1 0 224
0x14 R _PCM_MDO 0,2 179 0x4A R BRG TIM2 0 224
0x15 R _PCM_MD1 0,2 185 0x4B R_BRG_TIM3 0 225
0x15 R_PCM_MD2 0,2 186 0x4C R BRG_TIM SELO1 0 225
0x15 R_SHOH 0,2 187 0x4D R _BRG_TIM SEL23 0 226
0x15 R_SHI1H 0,2 188 O0x4E R _BRG_TIM_SEL45 0 226
0x15 R_SHOL 0,2 187 Ox4F R _BRG TIM_SEL67 0 227
0x15 R_SHIL 0,2 187 0xDO A SL CFG 0,3 122
0x15 R_SL SELO 0,2 180 0oxD1 A CONF — 200
0x15 R_SL SEL1 0,2 181 OxF4 A_CH MSK 0,1 123
0x15 R_SL_SEL2 0,2 182 OXFA A _CON_HDLC 0,1 124
Ox15 R_SL_SEL3 0,2 182 OXFB A SUBCH CFG 0,1 125
0x15 R_SL_SEL4 0,2 183 OXFC A CHANNEL 0,1 126
0x15 R_SL_SEL5 0,2 183 OXFD A _FIFO _SEQ 0,1 126
0x15 R_SL_SEL6 0,2 184 OXFF A IRQ MSK 0,1 234
0x15 R_SL SEL7 0,2 184
0x16 R_ST SEL 0,3 160
0x17 R_ST SYNC 0,3 161
0x18 R_CONF_EN 0,2 200
OxIA R Tl WD 0,1 233 Read only registers:
0x1B R _BERT WD MD 0,1 211
Ox1€R_DTMFO 0 207 Address Name g?r%sl% Page
0x1D R _DTMF1 0 208
0x30 A ST WR STA 0,1,3 162 0x04 A_Z12 01 139
0x31 A ST _CTRLO 0,1,3 163 0x04  A_ZiL 01 137
0x32 A ST CTRL1 0,1,3 164 0x04 A_Z1 01 137
0x05 A Z1H 0,1 137
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HFC-4S

Cologne
Reset Reset

Address Name group Page Address Name group Page

0x06 A Z2L 01 138 0x84 A _FIFO DATA2 NOINC - 143

0x06 A Z2 0,1 138 0x84 A _FIFO_DATAO NOINC - 142

0x07 A Z2H 0,1 138 0x84 A FIFO_DATAL NOINC - 143

0x0C A F1 01 139 0xCO R_RAM DATA - 91

0x0C A F12 0,1 140

0xOD A F2 0,1 139

0x10 R_IRQ OVIEW 01 235 Note: Seetable12.4 on page 231 for ‘ Reset group’

0x11 R _IRQ MISC 0,1 23  explanation.

0x12 R_SCI 0,1 168

0x14 R_CONF_OFLOW 01 201

0x15 R_RAM_USE 0,1 91

0x16 R_CHIP_ID H 92

0x17 R_BERT STA 01 212

0x18 R_FO CNTL 01 189

0x19 R_FO CNTH 0,1 189

0x1A R _BERT ECL 0,1 212

0x1B R _BERT ECH 01 213

0x1C R_STATUS - 237

0x1F R_CHIP_RV - 92

0x30 A ST RD_STA 0,3 169

0x34 A ST SQ RD 0,3 170

0x3C A ST B1 RX 0,3 170

0x3D A ST B2 RX 0,3 171

O0x3E A_ST D RX 0,3 171

0x3F A ST E RX 0,3 172

0x40 R_GPIO_INO - 255

0x41 R_GPIO_IN1 - 256

0x44 R_GPI_INO - 257

0x45 R_GPI_IN1 - 258

0x46 R_GPI_IN2 - 259

0x47 R_GPI_IN3 - 260

0x88 R_INT_DATA - 140

0xC8 R_IRQ FIFO_BLO 0,1 238

0xC9 R_IRQ FIFO BL1 01 239

OXCA R_IRQ FIFO BL2 0,1 240

0XCB R _IRQ FIFO BL3 0,1 241

0XCC R_IRQ _FIFO BL4 0,1 242

0xCD R_IRQ _FIFO BL5 0,1 243

OXCE R_IRQ FIFO BL6 0,1 244

OXCF R_IRQ FIFO BL7 01 245

Read/Write registers:

Reset
Address Name group Page
0x80 A FIFO DATA2 - 142
0x80 A FIFO DATAO - 141
0x80 A FIFO DATA1 - 141
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Chapter 1

General description

8 S/T Interfaces
RAM 32 for Receive: B, D, PCM S/IT
,,,,,,,,, R 32 for Transmit: B, D, PCM > ) Sx S/T
i i 32K x 8 Interface
! i
i L 1 Confe-
i SRAM « » FIFO rence
i N
3 64 Sub- = 1 CODEC
O 4> HDLC |4= €= Channel €= Connect | I Select
128K x 8 FIFO Controllers Processing
512K x8 Controller Channel DTMF
for Detect Channel PCM128
64 FIFOs PCM128/ PCM64
HDLC / Transparent | Transmit/Receive Bit Count / Conference / .
Mode Select Channel Start Bit/ DTMF and bp| | Timeslot| | gy PCM64/ g » PCM30
for Channel for FIFO Mask Bits Connect Assigner PCM30 MST
7S Options Interface (Iom2)
Slot
© (GCl)
Select PCM
Timeslot 1
Configuration Registers |/
=== ==== 1 v
! |
| EEPROM | () Universal External Bus Interface ) 8 Bit
i i
tommmmmmm o rF'S
(required for
PCMCIA and
ISA-PnP, v

optional for PCI)

PC1/ISA-PnP/PCMCIA/
Microprocessor Interface / SPI

Figure 1.1: HFC-8S block diagram
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HFC-4S
HFC-8S General description “ g::_:g ne

1.1 System overview

The HFC-4S and HFC-8S are ISDN S/IT HDLC basic rate controllers for al kinds of BRI
equipment, such as

e high performance ISDN PC cards
e ISDN multi-BRI terminal adapters
e ISDN PABX for BRI

Vol P gateways

Integrated Access Devices (IAD)
e ISDN LAN routersfor BRI
ISDN least cost routers for BRI
ISDN test equipment for BRI

The integrated universal bus interface of the HFC-4S/8S can be configured to PCI, ISA
Plug and Play, PCMCIA, microprocessor interface or SPI. A PCM128 / PCM64 / PCM30
interface for CODEC or inter chip connection is also integrated. The very deep FIFOs of the
HFC-4S/8S isrealized with an internal or external SRAM.

4 S/T Interfaces

RAM 32 for Receive: B, D, PCM SIT
,,,,,,,,, 32 for Transmit: B, D, PCM > ) 4x S/T
i ' 32K x 8 Interface
i
i ! y
& N Confe-
i SRAM ! rence
} ! FIFO
i ! 64 Sub- < CODEC
e — ‘ 4> HDLC |4= 4= Channel (4mb Connect | . | Select
128K x 8 FIFO Controllers Processing
512K x 8 Controller Channel DTMF
for Detect Channel PCM128
64 FIFOs HDLC / Transparent | Transmit/Receive Bit Count / Conference / PCM128/ PCMG4
Mode Select Channel Start Bit/ DTMF and bty | | TiMeslot) gyl PCM64 / |g » PCM30
for Channel for FIFO Mask Bits Connect Assigner PCM30 MST
Options Interface (lIom2)
lot
Sto (GCl)
Select PCM
Timeslot 1

Configuration Registers |/

) L 2
i

| EEPROM | () Universal External Bus Interface }ﬁl Bridge }_‘ 8 Bit

i i

(required for
PCMCIA and

ISA-PnP, : 2
optional for PCI) PCI/ISA-PnP /PCMCIA/
Microprocessor Interface / SPI

Figure 1.2: HFC-4S block diagram
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HFC-4S
HFC-8S General description “ g::_:g ne

1.2 Features

e 4 (HFC-4S) resp. 8 (HFC-8S) integrated S/T interfaces
e single chip ISDN-S/T controllers with HDL C support for all B- and D-channels
e full 1.430 S/T ISDN support in TE and NT mode

¢ Independent read and write HDL C channelsfor 8 (HFC-4S) resp. 16 (HFC-8S) ISDN
B-channels and 4 (HFC-4S) resp. 8 (HFC-8S) ISDN D-channels

e B-channel transparent mode independently selectable
e up to 32 FIFOsfor transmit and for receive data, FIFO sizes are configurable

e each FIFO can be assigned to an arbitrary HFC-channel, moreover each HFC-channel
can be assigned to a S/T-channel of one ST interface or to a time slot of the PCM
interface

e max. 31 HDLC frames (with 128 kByte or 512 kByte external RAM) or 15 HDLC
frames (with 32 kByte build-in RAM) per FIFO

e 1... 8hit processing for subchannels selectable
e 56 kbit/srestricted mode for U.S. ISDN lines selectable
e B-channelsfor higher data rate can be combined up to 256 bit

e PCM 128/ PCM64 / PCM30 interface configurable to interface MST™(MVIP™)  or
Siemens IOM2™and Motorola GCI™(no monitor or C/I-channel support) for inter
chip connection or external CODECs?

e Switch matrix for PCM included

e H.100 data rate supported

e integrated ISA Plug and Play interface with buffers for | SA-databus

e integrated PCMCIA interface

e integrated PCI businterface (Spec. 2.2) for 3.3V and 5V signal environment
e Mmicroprocessor interface compatible to Motorala bus and Siemens/ Intel bus
e Seria processor interface (SPI)

e multiparty audio conferences switchable

e DTMF detection on al B-channels

e Timer and watchdog with interrupt capability

e CMOS technology 3.3V (5V tolerant on nearly all inputs?®)

PQFP 208 package

!Mitel Serial Telecom bus
2All ™ marked names are registered trademarks of the appropriate organizations.
3Never connect the power supply of the HFC-4S/8S to 5V!

March 2003 (rev. A) Data Sheet 21 of 273



HFC-4S
HFC-8S

General description

1.3 Pin description

1.3.1 Pinout diagram

R_A4/GPI16
VDD

R_A3/GPI15
LEV_A3/GPI14
LEV_B3/GPI3
R_B3/GPH2
ADJ_LEV3
VDD_ST
T_A3/GPIO7
T_B3/GPIO6
T_B2/GPIO5
T_A2/GPIO4
GND
ADJ_LEV2
R_B2/GPI11
LEV_B2/GPI10
LEV_A2/GPI9
R_A2/ GPI8
VDD
R_A1/GPI7
LEV_A1/GPI6
LEV_B1/GPI5
R_B1/GPI4
ADJ_LEV1
VDD_ST
T_A1/GPIO3
T_B1/GPIO2
T_BO/GPIO1
T_A0/ GPIOO

PPrY T TR

ADJ_LEVO
R_B0/GPI3
LEV_BO0/GPI2
LEV_A0/ GPI1
R_A0/ GPIO
GND

VDD

VDD

IPME_IN

PME

VDD

Note: The HFC-4S pinning isvery similar. Some pinsare NC. See Table 1.1 on page 27 for

157

159
160
161
162
163
164
165
166
167
168

171

208

~o - 0o 29
ITo wo=Ff oS8, <R2N §232 L2 oo
s 0000 S & S S 0000 S o LLo-amngin
993y gaaas 2a%% a%%¢ zmaa 5a%% 2238556338«
3308 3885,50520 0520g 8888;50550 Souuluu'nl)
sl ssee Tw2%e e Sfel cenn On23s .83 SCRSImo oW
Bz538388283577982 %02 532%85583 8738820298882 7 e Nge
SO0 S S0 a0 FFFF> I a0 0 n RO O0OSLLLLLAL L20
NI MNHON O~ ONINNHON A~ ONINNHONDEONINNHONDEOINLNNHOND 10
MNNNNNIILLILLILILLLILIOOOOOOOOOMNOANNNNNNNNNNAAAAAAAIHOOOOO
b e b ek o o e e e R o o i R R R i e

u

= Cologne Chip

| |
HANMSNOEOAOHNMNMTNOEDNOHNMNMINOEVNOHNMNMTNOEVNOHNMIVODNOHN

A A A AT ANNNNNNNNNNOOONOOOONOSIS IS LNNN
N IO IO AT OO0 RN O AR E R AR E R YOO DI NAT-TOOnREAANODYAONT OO
NNNNS S LINNNNQZze e e N HEERHER eSS0 =2 ARS oooozoaaoa
oooQjwnaooan oooowz g2z h Zao o8z F 2
2333083333703 n0OZ 2P OFE>0 223023 TIp>0<TI<IIp IS
o~ o g—n-avm.m o B
v o

—— only normal function
=== normal and secondary function
= interface mode dependend function

NC pins must not be connected

Figure 1.3: HFC-8S pinout in PCI mode

detailed information.

Cologne
Chip

VDD
EE_SDA
EE_SLCIEN
GND
MODE1
MODEO
SYNC_O
SYNC_|
PWMO
PWM1
VDD

GND
CLK_MODE
0SC_ouT
OSC_IN
VDD

GND
ISR_OE / IBRG_RD
ISR_CS

/SR_WR | BRG_WR
SRD7 / BRG_D7
SRD6 / BRG_D6
SRD5 / BRG_D5
SRD4 / BRG_D4
SRD3 / BRG_D3
SRD2 / BRG_D2
SRD1 / BRG_D1
SRDO / BRG_DO
VDD

GND

NC //BRG_CS7
SRA18 / /BRG_CS6
SRA17 / IBRG_CS5
SRA16 //BRG_CS4
SRA15//BRG_CS3
SRA14/ /BRG_CS2
SRA13//BRG_CS1
SRA12/ /BRG_CS0
SRA11/BRG_A11
SRA10/ BRG_A10

SRA9
SRA8
GND

SRA7
SRA6
SRAS5
SRA4
SRA3
SRA2
SRA1
SRA0
GND

/BRG_A9
/BRG_A8

1 BRG_A7
1 BRG_A6
1BRG_A5
/BRG_A4
/BRG_A3
/BRG_A2
/BRG_A1
1 BRG_AO
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General description

R_A4/GPI16
VDD

R_A3/GPI5
LEV_A3/GPI4
LEV_B3/GPI13

R_B3/GPH2

ADJ_LEV3
VDD_ST

T_A3/GPIO7

T_B3/GPIO6

T_B2/GPIOS

T_A2/GPIO4

GND
ADJ_LEV2

R_B2/GPI11

LEV_B2/GPI10

LEV_A2/GPI9
R_A2/ GPI8
VDD
R_A1/GPI7
LEV_A1/GPI6
LEV_B1/ GPI5
R_B1/GPI4

T_A1/GPIO3
T_B1/GPIO2
T_BO/GPIO1
T_A0/ GPIOO

T T T R T

ADJ_LEVO
R_B0/GPI3
LEV_B0/GPI2
LEV_A0/GPI1
R_A0/GPIO
GND

VDD

VDD

GND

NC

NC

RESET
GND

GND

GND

VDD

SA15

SA14

SA13

SA12

GND

VDD

157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208

b

f—— 146 ADJ_LEV5

= 128 ADJ_LEV7

fe==mn 155 LEV_B4/GPI18

=== 154 R_B4/GPI19

fF—— 152 GND

f=—x 145 R_B5/GPI20
f==—oo 144 LEV_B5/GPI21

f==== 143 LEV_A5/GPI22

f==== 142 R_A5/GPI23

f==== 136 R_B6/GPI27

F——— 134 GND

=== 127 R_B7/GPI28

f==m0 125 LEV_A7/GPI30

=== 137 LEV_B6/GPI26
=== 124 R_A7/GPI31

T_A5/GPIO11
f==== 113 F1_1/SHAPE1
[l
|
[l
|
|
|
|
G

f——— 153 ADJ_LEV4

=== 150 T_B4/GPIO9

fF—— 141 VDD

f——— 135 ADJ_LEV6

f——— 123 VDD

=== 149 T_B5/GPIO10

=== 131 T_B7/Gl

=== 156 LEV_A4/GPI17
=== 151 T_A4/GPIO8
f==== 139 R_A6/GPI24
=== 138 LEV_A6/GPI25
f==== 133 T_A6/GPIO12
=== 130 T_A7/GPIO15
F—— 129 VDD_ST
=== 126 LEV_B7/GPI29

bl
<]
T
o
©
o
i
~
®
-

fe==—om 114 F1_0/SHAPEO

f—— 147 VDD_ST
= 140 GND
fF—— 122 GND
= 121 STIO2
= 120 STIO1
F—— 119 F0IO
F—— 118 C4I0
F—— 117 c20
F———= 116 GND
fF—— 115 VDD

= 148

HFC - 8S
ISDN Controller
= Cologne Chip

HANMINOEONOHANMINOEONOHNMNMINOVOEDAOHNMINOEVNOHNMNMINO~VANAOHN
A Al A dAA A ANNNNNNNNNNOOOOMOOOOOOSIS SIS SN0 N
re2xoceOreIa0 RN Telazr OO OQWVTNNATrO o aaRORTIARNNTOO
SEI<Z z5<130=<123 0852 L 80 RION0s 22080 5883288588
g%wwodowwmm>cwmmwgws=gddg§d>0£58330ggwwd>ommwwomwwm>
2 2 @
o

—— only normal function
=== normal and secondary function
== interface mode dependend function

NC pins must not be connected

Figure 1.4: HFC-8S pinout in ISAPnP mode

—— 093
— 92
——— 91
= 90
——— 89
——— 88

——— 86
=== 85
=== 84
== 83
== 82
=== 81
=== 80
== 79
== 78
= 77
= 76
—— 175
= 74
== 73
= 72
= 71
== 70
=== 69
=== 68
== 67
== 66
=== 65
== 64
=== 63
— 62
== 61

Cologne
Chip

VDD
EE_SDA

EE_SLCIEN
GND

MODE1

MODEO

SYNC_O

SYNC_I

PWMO

PWM1

VDD

GND

CLK_MODE
0SC_ouT

OSC_IN

VDD

GND

ISR_OE / /BRG_RD
ISR_CS

ISR_WR /[BRG_WR
SRD7 / BRG_D7
SRD6 / BRG_D6
SRD5 / BRG_D5
SRD4 / BRG_D4
SRD3 / BRG_D3
SRD2 / BRG_D2
SRD1 / BRG_D1
SRDO / BRG_DO
VDD

GND

NC / [BRG_CS7
SRA18//BRG_CS6
SRA17 / IBRG_CS5
SRA16 / /BRG_CS4
SRA15//BRG_CS3
SRA14//BRG_CS2
SRA13//BRG_CS1
SRA12/ [BRG_CS0
SRA11/BRG_A11
SRA10/ BRG_A10
SRA9 / BRG_A9
SRA8 / BRG_A8
GND

SRA7 | BRG_A7
SRA6 / BRG_A6
SRA5 / BRG_AS
SRA4 | BRG_A4
SRA3 / BRG_A3
SRA2 / BRG_A2
SRA1 / BRG_A1
SRA0 / BRG_AO
GND

Note: The HFC-4S pinningisvery similar. Some pinsare NC. See Table 1.1 on page 27 for
detailed information.
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~w -_ 0o P
EEe 8835 8328 335N, 5005  B3EE R
O%%s za ©a%9% a%%;¢ Faaa 5a°%% <<858383 8,
EEEH oowob—’ﬂwggw "ggo“_{ 0000530520 ﬁwu_lu_'u_lu_'u_lulol
13 0a330s aoe0de qelfieti cenn OE 0l 1085 SIRSImo v
SSN=203In0Ng Q20>><02<c>>m223 002 28>><022000 0009 NO T VO N~
CEEPoc k- paiminng == JwiTiopn <Fopvioiopel- ¥ it - ST - b o et ettt K
VLM ANHONOTVNIMNMANHONAXTVINTMNMNHONDFTVNIMNMANHONDFOVINITMANHON®MS WO
NMNNNNNIIIIILSILSILILILIOONOOOOOOOOMNOANNNNNNNNNNAAAAAAAAAHO0O0000
el e e e R R e R e R e R e e e e e R R R e e R R e R e R R R R R R e e R e e R R R R e R R R e R R R R R R
R_A4/GPH6 157 === 104 VDD
VDD 158 ——— 103 EE_SDA
R_A3/GPH5 159 === 102 EE_SLCIEN
LEV_A3/GPI14 160 === 101 GND
LEV_B3/GPI13 161 === 100 MODE1
R_B3/GPHM2 162 == 99 MODEO
ADJ_LEV3 163 == 98 SYNC_O
VDD_ST 164 ——| 97 SYNC_I
T_A3/GPIO7 165 === 96 PWMO
T_B3/GPIO6 166 = 95 PWM1
T B2/GPIO5 167 === 94 VDD
T_A2/GPIO4 168 === 93 GND
GND 169 ——| 92 CLK_MODE
ADJ_LEV2 170 ——| 91 0SC_OUT
R B2/GPI1 171 === 90 OSC_IN
LEV_B2/GPI0 172 == 89 VDD
LEV_A2/GPI9 173 = 88 GND
R_A2/GPI8 174 == 87 ISR_OE / IBRG_RD
VDD 175 =——| 86 ISR_CS
R_A1/GPI7 176 =—— 85 /SR_WR //BRG_WR
LEV_A1/GPI 177 = 84 SRD7 / BRG_D7
LEV_B1/GPI5 178 =—— 83 SRD6 / BRG_D6
R B1/GPI4 179 == - 82 SRD5 / BRG_D5
ADJ_LEV1 180 ——| 81 SRD4 / BRG_D4
VDD_ST 181 ——| 80 SRD3 / BRG_D3
T_A1/GPIO3 182 =—= 79 SRD2 / BRG_D2
TB1/pi03 165 — ISDN Controller 78 SRD1 /BRG D1
T_B0/GPIO1 184 =—— 77 SRDO / BRG_DO
T_A0/GPIOD 185 == 76 VDD
ND 186 —— n = 75 GND
ADJ_LEV0 187 ——] M COIO ne Chl 74 NC //BRG_CS7
R_BO/GPI3 188 =—= H 73 SRA18//BRG_CS6
LEV B0/ GPI2 189 =—— 72 SRA17/ /[BRG_CS5
LEV_A0/GPI 190 == 71 SRA16//BRG_CS4
R_A0/GPI0 191 =——] 70 SRA15//BRG_CS3
GND 192 —— 69 SRA14//BRG_CS2
VDD 193 ——| 68 SRA13//BRG_CS1
VDD 194 = 67 SRA12//BRG_CSO
GND 195 = 66 SRA11/BRG_A11
NC 106 65 SRA10/BRG_A10
IREQ# 197 ——mm 64 SRA9 / BRG_A9
RESET 198 = 63 SRA8 / BRG_A8
GND 199 —— 62 GND
GND 200 —=m 61 SRA7 / BRG_A7
GND 201 =——| 60 SRA6 / BRG_AG
VDD 202 —— 59 SRA5 / BRG_A5
A15 203 = 58 SRA4 / BRG_A4
A14 204 57 SRA3 / BRG_A3
A13 205 = . 56 SRA2 / BRG_A2
A12 206 = 55 SRA1 / BRG_A1
GND 207 ——| 54 SRA0 / BRG_AO
VDD 208 ——| 53 GND
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A A A A Al ANNNNNNNNNNOOOMOOOOOOOSIILIISI NN N
cooxao#rernInNdTofgonARRONQARLIMNQrOORRAQAROLTANNTOD
TS<<Zz 0L Z<I<IE | wwyE | Ne-c-vzTvnax
SRR A E R EEE R b L Rt L
o Qo "§=
z

—— only normal function
=== normal and secondary function
== interface mode dependend function

NC pins must not be connected

Figure 1.5: HFC-8S pinout in PCMCIA mode
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Note: The HFC-4S pinning isvery similar. Some pinsare NC. See Table 1.1 on page 27 for

detailed information.
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Rl e e e R R R e R R e e e e e R R R e e e R e R e R R e R R R R e e R R e R R R R e R e R R e R R R R R R
R_A4/GPI16 157 =—
VDD 158 ——
R_A3/GPI15 159 ==
LEV_A3/GPI14 160 ===—x
LEV_B3/GPI13 161 ====x
R_B3/GPI12 162 ==——x
ADJ_LEV3 163 ====x
VDD_ST 164 ——
T_A3/GPIO7 165 ====x
T_B3/GPIO6 166 =——=
T_B2/GPIO5 167 ====x
T_A2/GPIO4 168 ====x
GND 169 ——
ADJ_LEV2 170 ——
R_B2/GPI11 171 ====x
LEV_B2/GPI10 172 =——x
LEV_A2/GPI9 173 ===
R_A2/GPI8 174 ==
VDD 175 ——
R_A1/GPI7 176 =—=—
LEV_A1/GPI6 177 =
LEV_B1/GPI5 178 =——
R_B1/GPI4 179 =—= -
ADJ_LEV1 180 ——
VDD_ST 181 =——
T_A1/GPIO3 182 =—=
Tl e 16 — ISDN Controller
T_B0/GPIO1 184 =——=
T_A0/GPIO0 185 =—
ND 186 —— [ | =
ADJ_LEV0 187 ——] M o o ne I
R_B0/GPI3 188 =——| M
LEV_B0/GPI2 189 =———
LEV_A0/GPI1 190 =——x
R_A0/GPI0 191 ==
GND 192 ——
VDD 193 ——
VDD 194 c—==m
GND 195 c—=—m
NC 196 c—==m
/INT 197 c———m
RESET 198 —==m
GND 199 ——
GND 200 —==m
GND 201 ———
VDD 202 ———
FL_0 203
FL_0 204 i
FL_0 205 c——m .
FL0 206 ——mi
GND 207 ——
VDD 208 ———

VDD 28 ——

NIOR 21
NOW 22 c—mm
WD 23 c——m
ALE 24 c——m
/BUSDIR 25 C—=mm

FL O 27

IWAIT 26 =

—— only normal function
=== normal and secondary function
== interface mode dependend function

NC pins must not be connected

Figure 1.6: HFC-8S pinout in processor mode
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920
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88

86
85
84
83
82
81
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79
78
77
76
75
74
73
72
71
70
69
68
67
66
65
64
63
62
61
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VDD
EE_SDA

EE_SLCIEN
GND

MODE1

MODEO

SYNC_O

SYNC_I

PWMO

PWM1

VDD

GND

CLK_MODE
0SC_ouT
OSC_IN

VDD

GND

ISR_OE / /BRG_RD
ISR_CS

ISR_WR /[BRG_WR
SRD7 / BRG_D7
SRD6 / BRG_D6
SRD5 / BRG_D5
SRD4 / BRG_D4
SRD3 / BRG_D3
SRD2 / BRG_D2
SRD1 / BRG_D1
SRDO / BRG_DO
VDD

GND

NC / [BRG_CS7
SRA18 //BRG_CS6
SRA17 / IBRG_CS5
SRA16 / /BRG_CS4
SRA15//BRG_CS3
SRA14 //BRG_CS2
SRA13//BRG_CS1
SRA12//BRG_CS0
SRA11/BRG_A11
SRA10/ BRG_A10

SRA9
SRA8
GND

SRA7
SRA6
SRA5
SRA4
SRA3
SRA2
SRA1

/BRG_A9
/ BRG_A8

/BRG_A7
/BRG_A6
IBRG_A5
/BRG_A4
/BRG_A3
1 BRG_A2
/BRG_A1

SRA0
GND

1 BRG_A0

Note: The HFC-4S pinningisvery similar. Some pinsare NC. See Table 1.1 on page 27 for
detailed information.
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R_A4/GPI16 157

VDD 158
159
160
161
162
163
164
165

R_A3/GPI5
LEV_A3/GPI14
LEV_B3/GPI13

R_B3/GPI12

ADJ_LEV3
VDD_ST

T_A3/GPIO7

T_B3/GPIO6 166

T_B2/GPIO5 167

T_A2/GPIO4 168

GND 169
ADJ_LEV2 170

R_B2/GPI11 171

LEV_B2/GPI10 172

LEV_A2/GPI9 173
R_A2/GPI8 174
VDD 175
R_A1/GPI7 176
LEV_A1/GPI6 177
LEV_B1/GPI5 178
R_B1/GPI4 179
180
181
182
183
184
185
186
ADJ_LEVO 187

R_B0/GPI3 188
LEV_B0/GPI2 189
LEV_A0/GPI1 190

R_A0/GPI0 191

GND 192

VDD 193

194
195
196
/INT 197
RESET 198

GND 199
SPICLK 200

GND 201

VDD 202

FL_0 203

FL_0 204

FL_0 205

FL_0 206

GND 207
VDD 208

T_A1/GPIO3
T_B1/GPIO2
T_BO/GPIO1
T_A0/ GPIOO
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104 vDD
103 EE_SDA
102 EE_SLC/EN
101 GND
100 MODE1
99 MODEO
98 SYNC_O
97 SYNC_I
96 PWMO
95 PWM1
94 VDD
93 GND
92 CLK_MODE
91 OSC_ouT
90 OSC_IN
89 VDD
88 GND
87 /SR_OE / /BRG_RD
86 ISR_CS
85 /ISR_WR //BRG_WR
84 SRD7 / BRG_D7
83 SRD6 / BRG_D6
- 82 SRD5 / BRG_D5
81 SRD4 / BRG_D4
80 SRD3 / BRG_D3
79 SRD2 / BRG_D2
ontroller 78 SRD1 / BRG_D1
77 SRDO / BRG_D0O
76 VDD
[ | H 75 GND
= Cologne Chip
[} 73 SRA18//BRG_CS6
72 SRA17//BRG_CS5
71 SRA16//BRG_CS4
70 SRA15//BRG_CS3
69 SRA14//BRG_CS2
68 SRA13//BRG_CS1
67 SRA12//BRG_CS0
66 SRA11/BRG_A11
65 SRA10/BRG_A10
64 SRA9 / BRG_A9
63 SRA8 / BRG_A8
62 GND
61 SRA7 /| BRG_A7
60 SRA6 / BRG_A6
59 SRA5 / BRG_A5
58 SRA4 /| BRG_A4
57 SRA3 /| BRG_A3
. 56 SRA2 /| BRG_A2
55 SRA1 / BRG_A1
54 SRAO / BRG_A0
53 GND
— MLV OHANMINOEONOHANMNMINOVOEDAOHNMINOEVNOHNMNMINO~VANAOHN
A A A A Al ANNNNNNNNNNOOOMOOOOOOOSIILIISI NN N
j'j'j‘j‘g 3'2 °|jljljlg 2 jljjlcljlg STTS°22282°°29°2 22 °R82 2292 22998
e e R ol rof o e o o ol o ol ol Rl Rl ol e Rl el el R el el R e el

—— only normal function
=== normal and secondary function
== interface mode dependend function

NC pins must not be connected

Figure 1.7: HFC-8S pinout in SPI mode
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Note: The HFC-4S pinning isvery similar. Some pinsare NC. See Table 1.1 on page 27 for
detailed information.
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1.3.2 Differences between HFC-4S and HFC-8S

The HFC-4S and HFC-8S differ only in the number of S/T interfaces. Table 1.1 shows
al pins which are different between the two chips. Some of the listed pins have a sec-
ondary function. This is implemented for both chips and must be enabled in the register
R_GPIO_SEL.

T A4... T A7andT_B4 ... T _B7 may output signals even in NC mode. The input pins
marked with *NC*’ in Table 1.1 should betied to ground if they are not used as GPI function.

@3 Please note !

HFC-4S and HFC-8S are pin compatible except for ST interface pins
listed in Table 1.1.

Table 1.1: Pin differences of HFC-8S and HFC-4S

Pin normal / secondary normal / secondary
function of HFC-8S function of HFC-4S
124 R_A7 /[ GPI31 NC* / GPI31
125 LEV_A7 /  GPI30 NC* /  GPI30
126 LEV_B7 !/ GPI29 NC* /  GPI29
127 R _B7 /|  GPI28 NC* /|  GPI28
128 ADJ LEV7 | - NC [ -
130 T A7 /  GPIO15 NC /  GPIO15
131 T B7 /| GPIO14 NC /| GPIO14
132 T B6 /  GPIO13 NC /  GPIO13
133 T A6 /  GPIO12 NC /  GPIO12
135 ADJ LEV6 | - NC [ -
136 R _B6 /| GPI27 NC* !/ GPI27
137 LEV B6 /|  GPI26 NC* !/  GPI26
138 LEV_A6 /  GPI25 NC* /  GPI25
139 R_A6 |/ GPI24 NC* /| GPI24
142 R_A5 /| GPI23 NC* /| GPI23
143 LEV_A5 /  GPI22 NC* /| GPI22
144 LEV_B5 /[ GPI21 NC* / GPI21
145 R B5 !/ GPI20 NC* !/ GPI20
146 ADJ LEVS [ - NC [ -
148 T A5 /  GPIO11 NC /  GPIO11
149 T B5 /  GPIO10 NC /  GPIO10
150 T B4 /  GPIO9 NC !/  GPIO9
151 T Ad /  GPIO8 NC / GPIO8
153 ADJ LEV4 | - NC /I -
154 R B4 /[  GPI19 NC* /  GPI19
155 LEV B4 / GPI18 NC* /  GPI18
156 LEV_A4 /  GPI17 NC* /  GPI17
157 R A4 /|  GPI16 NC* /  GPI16

March 2003 (rev. A) Data Sheet 27 of 273



“ Cologne
Chip

HFC-4S
HFC-8S General description
1.3.3 Pinlist

@ Important !

The following list contains al HFC-8S pins. See page 27 for differences to
HFC-4S pinning!

Pin Interface Name 1/0  Description Uin/V Iout /mA
Universal bus interface
1 PCI AD27 IO  Address/Databit 27 LVCMOS 8
ISA PnP SAll | Address bit 11 LVCMOS
PCMCIA All | Addressbit 11 LVCMOS
Processor FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
SPI FLO I Fixed level (low), connect to LVCMOS
ground via ext. pull-down
2 PCl AD26 IO  Address/Data bit 26 LVCMOS 8
ISA PnP SA10 I Address bit 10 LVCMOS
PCMCIA A10 I Address bit 10 LVCMOS
Processor FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
3 PCl AD25 IO  Address/Datahit 25 LVCMOS 8
ISA PnP SA9 I Address hit 9 LVCMOS
PCMCIA A9 I Address bit 9 LVCMOS
Processor FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
SPI FLO [ Fixed level (low), connect to LVCMOS
ground viaext. pull-down
4 PCI AD24 IO  Address/Databit 24 LVCMOS 8
ISA PnP SA8 I Address hit 8 LVCMOS
PCMCIA A8 I Address hit 8 LVCMOS
Processor FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
SPI FLO [ Fixed level (low), connect to LVCMOS
ground viaext. pull-down
5 GND Ground
6 PCl C/BE3# I Bus command and Byte Enable3  LVCMOS
ISA PnP FL1 I Fixed level (high), connect to LVCMOS
power supply viaext. pull-up
PCMCIA FL1 I Fixed level (high), connect to LVCMOS
power supply viaext. pull-up
Processor /IBE3 I Byte Enable 3 LVCMOS
SPI FL1 I Fixed level (high), connect to LVCMOS
power supply viaext. pull-up
(continued on next page)
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(continued from previous page)
Pin Interface Name 1/0  Description Uin/V Tout / mA
7 PCI IDSEL I Initialisation Device Select LVCMOS
ISA PnP GND I Ground LVCMOS
PCMCIA REG# | PCMCIA Register and Attr. Mem.  LVCMOS
Select
Processor GND I Ground LVCMOS
SPI GND I Ground LVCMOS
8 PCl AD23 IO  Address/Databit 23 LVCMOS 8
ISA PnP SA7 | Address bit 7 LVCMOS
PCMCIA A7 | Address bit 7 LVCMOS
Processor A7 I Address bit 7 LVCMOS
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
9 PCl AD22 IO  Address/Databit 22 LVCMOS 8
ISA PnP SA6 I Address bit 6 LVCMOS
PCMCIA A6 I Address bit 6 LVCMOS
Processor A6 I Address bit 6 LVCMOS
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
10 PCl AD21 IO  Address/Datahit 21 LVCMOS 8
ISA PnP SA5 I Address bit 5 LVCMOS
PCMCIA A5 I Address bit 5 LVCMOS
Processor A5 I Address bit 5 LVCMOS
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
11 PCl AD20 IO  Address/Datahit 20 LVCMOS 8
ISA PnP SA4 | Address bit 4 LVCMOS
PCMCIA A4 | Address bit 4 LVCMOS
Processor A4 I Address bit 4 LVCMOS
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
12 VDD +3.3V power supply
13 GND Ground
14 PCI AD19 10 Address/ Data bit 19 LVCMOS 8
ISA PnP SA3 I Address bit 3 LVCMOS
PCMCIA A3 I Address bit 3 LVCMOS
Processor A3 I Addressbit 3 LVCMOS
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
15 PCl AD18 IO  Address/Databit 18 LVCMOS 8
ISA PnP SA2 I Address bit 2 LVCMOS
PCMCIA A2 I Address bit 2 LVCMOS
Processor A2 I Address bit 2 LVCMOS
SPI FLO I Fixed level (low), connect to LVCMOS

ground viaext. pull-down

(continued on next page)
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(continued from previous page)

Pin Interface Name 1/0  Description Uin/V Iout /mA
16 PCI AD17 IO  Address/Datahit 17 LVCMOS 8
ISA PnP SAl I Address bit 1 LVCMOS
PCMCIA Al | Addresshit 1 LVCMOS
Processor Al I Address bit 1 LVCMOS
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
17 PCI AD16 IO  Address/Databit 16 LVCMOS 8
I|SA PnP SAO0 I Address hit 0 LVCMOS
PCMCIA A0 I Address bit 0 LVCMOS
Processor A0 I Address bit 0 LVCMOS
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
18 PCl C/BE2# I Bus command and Byte Enable2  LVCMOS
ISA PnP /I01S16 Ood  16bit access enable 8

PCMCIA I0IS16# (0] 16 bit access enable 8
Processor /BE2 I Byte Enable 2 LVCMOS
SPI FL1 I Fixed level (high), connect to LVCMOS
power supply viaext. pull-up

19 GND Ground

20 PCI FRAME# I Cycle Frame LVCMOS
ISA PnP /AEN I Address Enable LVCMOS
PCMCIA GND Ground
Processor ICS I Chip Select LVCMOS
SPI VDD +3.3V power supply

21 PCl IRDY# I Initiator Ready LVCMOS
ISA PnP /IOR I Read Enable LVCMOS
PCMCIA IORD# I Read Enable LVCMOS
Processor /IOR I Read Enable LVCMOS
SPI VDD +3.3V power supply

22 PCl TRDY# O  Target Ready 8
ISA PnP /IOW I Write Enable LVCMOS
PCMCIA IOWR# I Write Enable LVCMOS
Processor /IOW I Write Enable LVCMOS

I

SPI FL1 Fixed level (high), connect to LVCMOS
power supply viaext. pull-up
23 PCl DEVSEL# (0] Device Select 8
ISA PnP FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
PCMCIA OE# I PCMCIA Output Enable for Attr.  LVCMOS
Mem. Read
Processor /WD Ood  Watch Dog Output 8
SPI FLO I Fixed level (low), connect to LVCMOS

ground viaext. pull-down

(continued on next page)
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Pin Interface Name 1/0  Description Uin/V Tout / mA
24 PCI STOP# O Stop 8
ISA PnP FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
PCMCIA WE# I PCMCIA Write Enable for Conf. LVCMOS
Reg. Write
Processor ALE I Address Latch Enable LVCMOS
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
25 PCI PERR# IO  Parity Error LVCMOS 8
ISA PnP /BUSDIR O  BusDirection 8
PCMCIA INPACK# O  Read access 8
Processor /BUSDIR @) Bus Direction 8
SPI NC
26 PCI SERR# Ood  System Error 8
ISA PnP NC
PCMCIA NC
Processor NC
SPI NC
27 PCl PAR IO  Parity Bit LVCMOS 8
ISA PnP FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
PCMCIA FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
Processor FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
SPI FLO [ Fixed level (low), connect to LVCMOS
ground viaext. pull-down
28 VDD +3.3V power supply
29 GND Ground
30 PCI C/BE1# I Bus command and Byte Enablel  LVCMOS
ISA PnP /SBHE I High byte enable LVCMOS
PCMCIA CE2# I High byte enable LVCMOS
Processor /BE1 I Byte Enable 1 LVCMOS
SPI FL1 I Fixed level (high), connect to LVCMOS
power supply viaext. pull-up
31 PCI AD15 IO  Address/Databit 15 LVCMOS 8
ISA PnP SD15 IO  ISA DataBusBiIt 15 LVCMOS 8
PCMCIA D15 IO PCMCIA DataBusBit 15 LVCMOS 8
Processor D15 IO Datahit 15 LVCMOS 8
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
32 PCI AD14 IO  Address/Databit 14 LVCMOS 8
ISA PnP SD14 IO  ISA DataBusBit 14 LVCMOS 8
PCMCIA D14 IO  PCMCIA DataBusBit 14 LVCMOS 8
Processor D14 IO Datahit14 LVCMOS 8
SPI FLO I Fixed level (low), connect to LVCMOS

ground viaext. pull-down

(continued on next page)
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Pin Interface Name 1/0  Description Uin/V Iout /mA
33 PCI AD13 IO  Address/Datahit 13 LVCMOS 8
ISA PnP SD13 IO ISA DataBusBit 13 LVCMOS 8
PCMCIA D13 IO PCMCIA DataBusBit 13 LVCMOS 8
Processor D13 IO  Datahit 13 LVCMOS 8
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
34 PCI AD12 IO  Address/Datahit 12 LVCMOS 8
I|SA PnP SD12 IO  ISA DataBusBIt 12 LVCMOS 8
PCMCIA D12 10 PCMCIA DataBusBit 12 LVCMOS 8
Processor D12 IO Datahit 12 LVCMOS 8
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
35 GND Ground
36 PCI AD11 IO  Address/Databit 11 LVCMOS 8
ISA PnP SD11 IO ISA DataBusBIt 11 LVCMOS 8
PCMCIA D11 IO PCMCIA DataBusBIt 11 LVCMOS 8
Processor D11 IO Databit 11 LVCMOS 8
SPI FLO I Fixed level (low), connect to LVCMOS
ground via ext. pull-down
37 PCl AD10 IO  Address/Databit 10 LVCMOS 8
ISA PnP SD10 IO  ISA DataBusBit 10 LVCMOS 8
PCMCIA D10 IO PCMCIA DataBusBIt 10 LVCMOS 8
Processor D10 IO  Databit 10 LVCMOS 8
SPI FLO I Fixed level (low), connect to LVCMOS
ground via ext. pull-down
38 PCI AD9 IO  Address/Datahit9 LVCMOS 8
ISA PnP SD9 IO ISA DataBusBIt9 LVCMOS 8
PCMCIA D9 IO PCMCIA DataBusBit 9 LVCMOS 8
Processor D9 IO Datahit9 LVCMOS 8
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
39 PCI ADS8 IO  Address/Databit 8 LVCMOS 8
ISA PnP SD8 IO ISA DataBusBIt 8 LVCMOS 8
PCMCIA D8 IO PCMCIA DataBusBit 8 LVCMOS 8
Processor D8 IO Datahit8 LVCMOS 8
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
40 PCI C/BEO# I Bus command and Byte Enable0  LVCMOS
ISA PnP FLO I Fixed level (low), connect to LVCMOS
ground via ext. pull-down
PCMCIA CE1l# I Low byte enable LVCMOS
Processor /BEO I Byte Enable 0 LVCMOS
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
41 VDD +3.3V power supply
42 GND Ground
(continued on next page)
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(continued from previous page)

Pin Interface Name 1/0  Description Uin/V Tout / mA
43 PCI AD7 IO  Address/Datahit 7 LVCMOS 8
ISA PnP SD7 IO ISA DataBusBiIt7 LVCMOS 8
PCMCIA D7 10 PCMCIA DataBusBit 7 LVCMOS 8
Processor D7 IO Datahit 7 LVCMOS 8
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
44  PCI AD6 IO  Address/Datahit 6 LVCMOS 8
ISA PnP SD6 IO ISA DataBusBit 6 LVCMOS 8
PCMCIA D6 IO PCMCIA DataBusBit 6 LVCMOS 8
Processor D6 IO  Datahit6 LVCMOS 8
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
45 PCI AD5 IO  Address/Datahit 5 LVCMOS 8
ISA PnP SD5 IO ISA DataBusBit5 LVCMOS 8
PCMCIA D5 IO PCMCIA DataBusBit 5 LVCMOS 8
Processor D5 IO Datahit5 LVCMOS 8
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
46 PCl AD4 IO  Address/Databit 4 LVCMOS 8
ISA PnP SD4 10 ISA DataBusBit 4 LVCMOS 8
PCMCIA D4 10 PCMCIA DataBusBit 4 LVCMOS 8
Processor D4 IO Datahit4 LVCMOS 8
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
47 GND Ground
48 PCI AD3 IO  Address/Databit 3 LVCMOS 8
ISA PnP SD3 IO ISA DataBusBiIt 3 LVCMOS 8
PCMCIA D3 IO PCMCIA DataBusBIt 3 LVCMOS 8
Processor D3 IO Datahit3 LVCMOS 8
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
49 PCI AD2 IO  Address/Databit 2 LVCMOS 8
ISA PnP SD2 IO ISA DataBusBiIt 2 LVCMOS 8
PCMCIA D2 IO PCMCIA DataBusBit 2 LVCMOS 8
Processor D2 IO Datahit2 LVCMOS 8
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
50 PCI AD1 IO  Address/Databit 1 LVCMOS 8
ISA PnP SD1 IO ISA DataBusBiIt 1 LVCMOS 8
PCMCIA D1 IO PCMCIA DataBusBiIt 1 LVCMOS 8
Processor D1 IO Datahitl LVCMOS 8
SPI FLO I Fixed level (low), connect to LVCMOS

ground viaext. pull-down

(continued on next page)
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Pin Interface Name 1/0  Description Uin/V Iout /mA
51 PCI ADO IO  Address/Databit 0 LVCMOS 8
ISA PnP SDO IO ISA DataBusBIt 0 LVCMOS 8
PCMCIA DO IO PCMCIA DataBusBit0 LVCMOS 8
Processor DO IO Datahit0 LVCMOS 8
SPI FLO I Fixed level (low), connect to LVCMOS
ground viaext. pull-down
52 VDD +3.3V power supply
53 GND Ground
SRAM / Auxiliary interface
54 1stfunction SRAO (@) Address bit O for external SRAM 2
2nd function BRG_AO O  Bridge Addresshit O 2
55 1stfunction SRAL (@) Address bit 1 for external SRAM 2
2nd function BRG_A1l O  Bridge Address bit 1 2
56 1stfunction SRA2 O  Addresshit 2 for external SRAM 2
2ndfunction BRG_A2 O  Bridge Addressbit 2 2
57 1stfunction SRA3 O  Addresshit 3 for external SRAM 2
2ndfunction BRG_A3 O  Bridge Addressbit 3 2
58 1stfunction SRA4 O  Addresshit 4 for external SRAM 2
2nd function BRG_A4 O  Bridge Addresshit 4 2
59 1stfunction SRA5 (@) Address bit 5 for external SRAM 2
2nd function BRG_A5 O  Bridge Addresshit 5 2
60 1stfunction SRA6 O Address bit 6 for external SRAM 2
2ndfunction BRG_A6 O  Bridge Addressbit 6 2
61 1stfunction SRA7 O  Addresshit 7 for external SRAM 2
2ndfunction BRG_A7 O  Bridge Addressbit 7 2
62 GND Ground
63 1stfunction SRAS8 (@) Address bit 8 for external SRAM 2
2nd function BRG_A8 O  Bridge Address bit 8 2
64 1stfunction SRA9 O Address bit 9 for external SRAM 2
2ndfunction BRG_A9 O  Bridge Addresshit 9 2
65 1stfunction SRA10 O  Addresshit 10 for externa SRAM 2
2ndfunction BRG_A10 O  Bridge Addressbit 10 2
66 1stfunction SRA11l O  Addresshit 11 for externa SRAM 2
2nd function BRG_A1l O  Bridge Addresshit 11 2
67 1stfunction SRA12 O Addresshit 12 for external SRAM 2
2nd function /BRG_CSO O  Bridge Chip Select 0 2
68 1stfunction SRAL3 (@) Addresshit 13 for external SRAM 2
2nd function /BRG_CS1 (0] Bridge Chip Select 1 2
69 1stfunction SRA14 O  Addresshit 14 for externa SRAM 2
2nd function /BRG_CS2 (0] Bridge Chip Select 2 2
(continued on next page)
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Pin Interface Name 1/0  Description Uin/V Tout / mA
70 1stfunction SRA15 (@] Addresshit 15 for external SRAM 2
2nd function /BRG_CS3 O  Bridge Chip Select 3 2
71 1stfunction SRA16 (@] Addresshit 16 for external SRAM 2
2nd function /BRG_CS4 (@] Bridge Chip Select 4 2
72 1stfunction SRA17 (@] Addresshit 17 for external SRAM 2
2nd function /BRG_CS5 O  Bridge Chip Select 5 2
73 1stfunction SRA18 (@] Addresshit 18 for external SRAM 2
2nd function /BRG_CS6 (@] Bridge Chip Select 6 2
74 1stfunction NC
2nd function /BRG_CS7 (0] Bridge Chip Select 7 2
75 GND Ground
76 VDD +3.3V power supply
77 1stfunction SRDO I0  Databit O for externa SRAM LVCMOS 8
2nd function BRG_DO 10 Bridge Data bit 0 LVCMOS 8
78 1stfunction SRD1 I0  Databit 1 for externa SRAM LVCMOS 8
2ndfunction BRG_D1 IO  Bridge Databit 1 LVCMOS 8
79 1stfunction SRD2 I0  Databit 2 for externa SRAM LVCMOS 8
2nd function BRG_D2 10 Bridge Data bit 2 LVCMOS 8
80 1stfunction SRD3 10 Databit 3 for externa SRAM LVCMOS 8
2nd function BRG_D3 IO  Bridge Databit 3 LVCMOS 8
81 1stfunction SRD4 10 Databit 4 for externa SRAM LVCMOS 8
2nd function BRG_DA4 10 Bridge Data bit 4 LVCMOS 8
82 1stfunction SRD5 I0  Databit 5for externa SRAM LVCMOS 8
2ndfunction BRG_D5 IO  Bridge Databit 5 LVCMOS 8
83 1stfunction SRD6 I0  Databit 6 for externa SRAM LVCMOS 8
2nd function BRG_D6 IO  Bridge Databit 6 LVCMOS 8
84 1stfunction SRD7 10 Databit 7 for externa SRAM LVCMOS 8
2nd function BRG_D7 10 Bridge Data bit 7 LVCMOS 8
85 lstfunction /SR _WR O Write enable for externa SRAM 4
2ndfunction /BRG_WR O  Bridge Write enable/ RD/WR 4
86 /ISR_CS O  Chip Select for external SRAM 4
87 1stfunction /SR_OE O  Output enable for external SRAM 4
2nd function /BRG_RD O Bridge Read enable/ /DS 4
88 GND Ground
89 VDD +3.3V power supply
Clock
90 OSC_IN I Oscillator Input Signal
91 OSC _ouT (@) Oscillator Output Signal

(continued on next page)
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Pin Interface Name 1/0  Description Uin/V Iout /mA
92 CLK_MODE | Clock Mode LVCMOS
93 GND Ground
94 VDD +3.3V power supply
Miscellaneous
95 PWM1 O  Pulse Width Modulator Output 1 8
96 PWMO @) Pulse Width Modulator Output 0 8
97 SYNC | I Synchronization | nput LVCMOS
98 SYNC O O  Synchronization Output 4
99 MODEO I Interface Mode pin O LVCMOS
100 MODE1 I Interface Mode pin 1 LVCMOS
101 GND Ground
EEPROM
102 EE_SCL/EN 10 EbEIPROM clock / EEPROM en- LVCMOS 1
e
103 EE_SDA 10 EEPROM datal/O LVCMOS 1
104 VDD +3.3V power supply
105 GND Ground
PCM
106 1stfunction NC
2nd function F_Q6 O PCM time slot count 6 6
ISA PnP IRQ6 O  ISA Interrupt Request 6 6
107 1stfunction F1 7 O PCM CODEC enable 7 6
2nd function F_Q5 O PCM time slot count 5 6
ISA PnP IRQ5 O  ISA Interrupt Request 5 6
108 1stfunction F1 6 O PCM CODEC enable 6 6
2nd function F_Q4 O PCM time slot count 4 6
ISA PnP IRQ4 @) ISA Interrupt Request 4 6
109 1stfunction F1 5 O PCM CODEC enable5 6
2ndfunction F_Q3 O  PCM timeslot count 3 6
ISA PnP IRQ3 @) ISA Interrupt Request 3 6
110 1stfunction F1 4 O  PCM CODEC enable4 6
2nd function F_Q2 O  PCM timeslot count 2 6
ISA PnP IRQ2 O  ISA Interrupt Request 2 6
111 1stfunction F1 3 O PCM CODEC enable 3 6
2nd function F Q1 O  PCM timeslot count 1 6
I|SA PnP IRQ1 O  ISA Interrupt Request 1 6
(continued on next page)
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Pin Interface Name 1/0  Description Uin/V Tout / mA
112 1stfunction F1 2 O  PCM CODEC enable 2 6
2nd function F_QO O PCM time slot count O 6
ISA PnP IRQO @) ISA Interrupt Request O 6
113 1stfunction F1 1 O PCM CODEC enable 1 6
2nd function SHAPEL1 O PCM CODEC enable shape sig- 6
nal 1
114 1stfunction F1 O O  PCM CODEC enable0 6
2nd function SHAPEO @) PCM CODEC enable shape sig- 6
nal 0
115 VDD +3.3V power supply
116 GND Ground
117 Cc20 (0] PCM bit clock output 8
118 C410 IOpu  PCM double bit clock 1/0 LVCMOS 8
119 FOIO IOpu PCM frameclock 1/0O (8kHz) LVCMOS 8
120 STIO1 IOpu PCM databus 1, | or O per time LVCMOS 8
slot
121 STIO2 IOpu PCM databus 2, | or O per time LVCMOS 8
slot
122 GND Ground
123 VDD +3.3V power supply
S/T interfaces / GP1O
124 1stfunction R_A7 I ST interfaceno. 7 receiveinput A ST
2nd function GPI31 I General Purpose Input pin 31 LVCMOS
125 1stfunction LEV_A7 I ST interfaceno. 7 level detect A ST
2nd function GPI30 I General Purpose Input pin 30 LVCMOS
126 1stfunction LEV_B7 I ST interfaceno. 7 level detect B ST
2nd function GPI29 I General Purpose Input pin 29 LVCMOS
127 1stfunction R_B7 I ST interfaceno. 7 receiveinput B~ SIT
2nd function GPI28 I General Purpose Input pin 28 LVCMOS
128 ADJ LEV7 Ood ST interface no. 7 level generator
129 VDD_ST app. +2.8V nominal power sup-
ply (depends on the S/T transmit
amplitude)
130 1stfunction T_A7 O  YTinterfaceno. 7 transmit data A 16
2nd function GPIO15 IO  Genera Purpose /O pin 15 LVCMOS 16
131 1stfunction T_B7 O  STinterfaceno. 7 transmit data B 16
2nd function GPIO14 IO  Genera Purpose /O pin 14 LVCMOS 16
132 1stfunction T_B6 O YT interfaceno. 6 transmit data B 16
2nd function GPIO13 IO  Genera Purpose /O pin 13 LVCMOS 16

(continued on next page)
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Pin Interface Name 1/0  Description Uin/V Iout /mA
133 1stfunction T_A6 O 9T interfaceno. 6 transmit data A 16
2nd function GPIO12 IO  General Purposel/O pin 12 LVCMOS 16
134 GND Ground
135 ADJ LEV6 Ood ST interface no. 6 level generator
136 1stfunction R _B6 I SIT interface no. 6 receiveinput B ST
2nd function  GPI27 I Genera Purpose Input pin 27 LVCMOS
137 1stfunction LEV_B6 | S/T interface no. 6 level detect B S/T
2nd function GPI26 I General Purpose Input pin 26 LVCMOS
138 1stfunction LEV_A6 I ST interface no. 6 level detect A ST
2nd function  GPI25 I General Purpose Input pin 25 LVCMOS
139 1stfunction R_A6 I ST interfaceno. 6 receiveinput A ST
2nd function GPI24 I General Purpose Input pin 24 LVCMOS
140 GND Ground
141 VDD +3.3V power supply
142 1stfunction R_A5 I ST interfaceno. 5receiveinput A ST
2nd function  GPI23 I General Purpose Input pin 23 LVCMOS
143 1stfunction LEV_A5 I ST interfaceno. 5 level detect A ST
2nd function GPI22 I General Purpose Input pin 22 LVCMOS
144  1stfunction LEV_B5 I ST interface no. 5 level detect B ST
2nd function GPI21 I Genera Purpose Input pin 21 LVCMOS
145 1stfunction R _B5 I S/T interfaceno. 5receiveinput B ST
2nd function GPI20 I General Purpose Input pin 20 LVCMOS
146 ADJ LEVS Ood ST interface no. 5 level generator
147 VDD _ST app. +2.8V nomina power sup-
ply (depends on the SIT transmit
amplitude)
148 1stfunction T_A5 O 9T interfaceno. 5transmit data A 16
2nd function GPIO11 IO  Genera Purposel/O pin 11 LVCMOS 16
149 1stfunction T_B5 O  SfTinterfaceno. 5transmit data B 16
2nd function GPIO10 IO  Genera Purposel/O pin 10 LVCMOS 16
150 1stfunction T B4 O YT interfaceno. 4 transmit data B 16
2nd function GPIO9 IO  General Purposel/O pin 9 LVCMOS 16
151 1stfunction T _A4 O YT interfaceno. 4 transmit data A 16
2nd function GPIOS8 IO  Genera Purposel/O pin 8 LVCMOS 16
152 GND Ground
153 ADJ LEV4 Ood ST interface no. 4 level generator
154 1stfunction R _B4 I SIT interface no. 4 receiveinput B ST
2nd function GPI19 I General Purpose Input pin 19 LVCMOS
(continued on next page)
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Pin Interface Name 1/0  Description Uin/V  Iout/mA
155 1stfunction LEV_B4 | ST interfaceno. 4 level detect B SIT
2nd function GPI18 I General Purpose Input pin 18 LVCMOS
156 1stfunction LEV_A4 I ST interfaceno. 4 level detect A SIT
2nd function  GPI17 I General Purpose Input pin 17 LVCMOS
157 1stfunction R_A4 I ST interface no. 4 receiveinput A ST
2nd function GPI16 I General Purpose Input pin 16 LVCMOS
158 VDD +3.3V power supply
159 1stfunction R_A3 I ST interface no. 3receiveinput A SIT
2nd function GPI15 I General Purpose Input pin 15 LVCMOS
160 1stfunction LEV_A3 I ST interfaceno. 3level detect A SIT
2nd function GPI14 I General Purpose Input pin 14 LVCMOS
161 1stfunction LEV_B3 I ST interfaceno. 3level detect B SIT
2nd function GPI13 I General Purpose Input pin 13 LVCMOS
162 1stfunction R_B3 I ST interface no. 3receiveinputB ST
2nd function GPI12 I General Purpose Input pin 12 LVCMOS
163 ADJ LEV3 Ood ST interface no. 3 level generator
164 vVDD_ST app. +2.8V nominal power sup-
ply (depends on the SIT transmit
amplitude)
165 1stfunction T_A3 O YT interfaceno. 3transmit data A 16
2nd function GPIO7 IO  Genera Purpose /O pin7 LVCMOS 16
166 1stfunction T B3 O YT interfaceno. 3 transmit data B 16
2nd function GPIO6 IO  Genera Purpose /O pin 6 LVCMOS 16
167 1stfunction T_B2 O  YTinterfaceno. 2 transmit data B 16
2nd function GPIO5 IO  Genera Purposel/O pin5 LVCMOS 16
168 1stfunction T_A2 O  YTinterfaceno. 2 transmit data A 16
2nd function GPIO4 IO  Genera Purposel/O pin4 LVCMOS 16
169 GND Ground
170 ADJ LEV2 Ood ST interface no. 2 level generator
171 1stfunction R_B2 I ST interfaceno. 2 receiveinput B ST
2nd function GPI11 I General Purpose Input pin 11 LVCMOS
172 1stfunction LEV_B2 I ST interfaceno. 2 level detect B ST
2nd function GPI10 I General Purpose Input pin 10 LVCMOS
173 1stfunction LEV_A2 I ST interfaceno. 2 level detect A SIT
2nd function GPI9 I General Purpose Input pin 9 LVCMOS
174 1stfunction R_A2 I ST interfaceno. 2 receiveinput A ST
2nd function GPI8 I General Purpose Input pin 8 LVCMOS
175 VDD +3.3V power supply

(continued on next page)
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Pin Interface Name 1/0  Description Uin /V Iout /mA
176 1stfunction R_Al I ST interfaceno. 1receiveinput A ST
2ndfunction GPI7 I General Purpose Input pin 7 LVCMOS
177 1stfunction LEV_Al I ST interfaceno. 1 level detect A ST
2nd function GPI6 I General Purpose Input pin 6 LVCMOS
178 1stfunction LEV Bl I ST interfaceno. 1 level detectB~ S/T
2nd function GPI5 I General Purpose Input pin 5 LVCMOS
179 1stfunction R Bl I SIT interface no. 1 receiveinput B ST
2nd function GPI4 I General Purpose Input pin 4 LVCMOS
180 ADJ LEV1 Ood ST interface no. 1 level generator
181 VDD _ST app. +2.8V nomina power sup-
ply (depends on the SIT transmit
amplitude)
182 1stfunction T_Al O YT interfaceno. 1 transmit data A 16
2nd function GPIO3 IO  Genera Purposel/O pin 3 LVCMOS 16
183 1stfunction T Bl O YT interfaceno. 1 transmit data B 16
2nd function GPIO2 IO  Genera Purposel/O pin 2 LVCMOS 16
184 1stfunction T _BO O YT interfaceno. O transmit data B 16
2nd function GPIO1 IO  General Purposel/O pin1 LVCMOS 16
185 1stfunction T_AO O 9T interfaceno. Otransmit data A 16
2nd function GPIOO0 IO  Genera Purposel/O pin 0 LVCMOS 16
186 GND Ground
187 ADJ LEVO Ood ST interface no. O level generator
188 1stfunction R _BO I SIT interface no. Oreceiveinput B ST
2nd function GPI3 I General Purpose Input pin 3 LVCMOS
189 1stfunction LEV_BO I ST interfaceno. O level detect B S/T
2nd function GPI2 I General Purpose Input pin 2 LVCMOS
190 1stfunction LEV_AO I ST interfaceno. O level detect A ST
2nd function GPI1 I General Purpose Input pin 1 LVCMOS
191 1stfunction R_AO I ST interfaceno. O receiveinput A ST
2nd function GPIO I General Purpose Input pin 0 LVCMOS
192 GND Ground
193 VDD +3.3V power supply
Universal bus interface
194 PCI VDD I +3.3V power supply LVCMOS
ISA PnP VDD I +3.3V power supply LVCMOS
PCMCIA VDD I +3.3V power supply LVCMOS
Processor VDD I +3.3V power supply LVCMOS
SPI /SPISEL I SPI device select low active LVCMOS
(continued on next page)
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Pin Interface Name 1/0  Description Uin/V Tout / mA
195 PCI PME_IN I Power Management Event Input LVCMOS
ISA PnP GND Ground
PCMCIA GND Ground
Processor GND Ground
SPI SPI_RX I SPI receive datainput LVCMOS
196 PCI PME O Power Management Event output 4
ISA PnP NC
PCMCIA NC
Processor NC
SPI SPI_TX O  SPI transmit data output 4
197 PCI INTA# Ood Interrupt request 4
ISA PnP NC
PCMCIA IREQ# Ood Interrupt request 4
Processor /INT Ood Interrupt request 4
SPI /INT Ood  Interrupt request 4
198 PCl RST# I Reset low active LVCMOS
ISA PnP RESET I Reset high active LVCMOS
PCMCIA RESET I Reset high active LVCMOS
Processor RESET I Reset high active LVCMOS
SPI RESET I Reset high active LVCMOS
199 GND Ground
200 PCl PCICLK I PCI Clock Input LVCMOS
ISA PnP GND Ground
PCMCIA GND Ground
Processor GND Ground
SPI SPICLK I SPI clock input LVCMOS
201 GND Ground
202 VDD +3.3V power supply
203 PCI AD31 IO Address/Databit 31 LVCMOS 8
ISA PnP SA15 | Address bit 15 LVCMOS
PCMCIA Al15 | Address bit 15 LVCMOS
Processor FLO [ Fixed level (low), connect to
ground viaext. pull-down
SPI FLO I Fixed level (low), connect to
ground viaext. pull-down
204 PCI AD30 IO Address/Databit 30 LVCMOS 8
ISA PnP SAl4 I Address hit 14 LVCMOS
PCMCIA Al4 I Address hit 14 LVCMOS
Processor FLO I Fixed level (low), connect to
ground viaext. pull-down
SPI FLO I Fixed level (low), connect to

ground viaext. pull-down

(continued on next page)
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Pin Interface Name 1/0  Description Ui /V Iout /mA
205 PCI AD29 IO  Address/Databit 29 LVCMOS 8
ISA PnP SA13 I Address bit 13 LVCMOS
PCMCIA Al3 I Address bit 13 LVCMOS
Processor FLO I Fixed level (low), connect to
ground via ext. pull-down
SPI FLO I Fixed level (low), connect to
ground viaext. pull-down
206 PCI AD28 IO  Address/Databit 28 LVCMOS 8
ISA PnP SA12 | Addressbit 12 LVCMOS
PCMCIA Al2 | Address bit 12 LVCMOS
Processor FLO I Fixed level (low), connect to
ground viaext. pull-down
SPI FLO I Fixed level (low), connect to
ground via ext. pull-down
207 GND Ground
208 VDD +3.3V power supply
Legend: | Input pin
@) Output pin

10 Bidirectiona pin

Oad Output pin with open drain

IOpu  Bidirectional pin with internal pull-up resistor of app. 100k to VDD

NC Not connected

R_A7 Not connected, should betied to ground if the pinis not used as GPI
function

FLO Fixed level (low), must be connected to ground via external pull-down
(e.g. 1MQ)

VDD  Fixed level (high), must be connected to power supply via external
externa pull-up (e.g. 1MQ)

Unused input pins should be tied to ground. Unused /O pins should be tied via a 1 M2 resistor to
ground.

@ Important !

FLO and VDD pins might be driven as chip output during power-on. To prevent
a short circuit these pins must either be connected via a resistor (e.g. 1 M) to
ground resp. power supply or they can directly be tied to ground resp. power
supply, if RESET is always active during power-on.
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Chapter 2

Universal external bus interface

(Overview tables of the HFC-4S/8S bus interface pins can be found at the be-
ginning of the sections2.2 ... 2.6.)

Table 2.1: Overview of the HFC-4S/8S bus interface registers

Write only registers: Read only registers:

Address Name Page Address Name Page
0x00 R _CIRM 86 0x15 R _RAM USE 91
0x01 R _CTRL 87 0x16 R _CHIP_ID 92
0x08 R_RAM_ADDRO 88 0x1C R _STATUS 237
0x09 R _RAM ADDR1 88 O0x1F R _CHIP_RV 92
O0Xx0A R _RAM_ADDR2 89
0x0C R _RAM _MISC 90
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The HFC-4S/8S has an integrated universal external bus interface which can be configured as PCI,
ISA PnP, PCMCIA, microprocessor interface and SPI. Table 2.2 shows how to select the bus mode
viathe two pins MODEO and MODEL.

Table 2.2: Access types

Bus mode MODE1 MODEO 8 bit 16 bit 32 bit Page
PCI 0 0 47
PCl memory mapped mode v v v
PCI 1/0 mapped mode v v v
ISA Plug and Play 1 0 v v X 54
PCMCIA 1 1 v v X 60
Processor Interface 0 1 63
Mode 2: Motorola v v X
Mode 3: Intel, non-multiplexed v v X
Mode 4: Intel, multiplexed v v v
SPI* 0 1 v X X 83

(*: SPI modeis selected by using processor interface mode and connecting pin 200 to SPI clock.)

The external businterface supports 8 bit, 16 bit and 32 bit accesses. The avail able access types depend
on the selected bus mode like shown in Table2.2.

The sections 2.2 to 2.6 explain how to use the HFC-4S/8S in the different bus modes.
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2.1 Common features of all interface modes

Table 2.3: Overview of common bus interface pins *

Number Name Description
99 MODEO Interface Mode pin 0
100 MODE1 Interface Mode pin 1
102 EE_SCL/EN EEPROM clock / EEPROM enable
103 EE_SDA EEPROM data |/O

2.1.1 EEPROM programming

The ISA PnP and PCMCIA interfaces require an external EEPROM. For the PCI bus and the pro-
cessor interface mode, this EEPROM is optional. The EEPROM programming specification is only
available on special request from Cologne Chip to avoid destruction of configuration information by
not authorized programs or software viruses.

The EEPROM s used to store the configuration data for PCMCIA, PCI or ISA PnP. After a reset

(hardware reset or EEPROM load withV_RLD EPR = 1 of theregister R_CIRM) the HFC-4S/8S

copies a constant number of bytes from the EEPROM to the SRAM. The bytes which are not used by
the configuration data can be filled with vendor defined data. This data (and the configuration data as
well) can be read by RAM accesses to the HFC-4S/8S. Tables2.4 and 2.5 show how many bytes

are copied in the different modes and which start address is used for different SRAM sizes.

Table 2.4: EEPROM load size Table 2.5: SRAM start address
Number of Start address
Mode bytes copied SRAM size in SRAM
ISA PnP mode 512 32k x 8 0x1A00
PCMCIA mode 512 128k x 8 0x2A00
PCl mode 128 512kx 8 0x2A00
parallel processor mode 512

2.1.2 EEPROM circuitry

Figure 2.1 shows the connection of an EEPROM (e.g. 24C04 type) to theHFC-4S/8S pinsEE_SCL/EN
and EE SDA.

If no EEPROM isused, pin EE_SCL/EN must be connected to ground while EE_ SDA must remain
open as shown in Figure 2.2.

!See sections 2.2 to 2.6 for overview tables of the interface specific pins.
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U1 R1[ ] R2
=] =] U2

o TEST [

100 e VeC A0 [

EE_SLC/EN [~05 * 2| SsCL Al %

EE_SDA SDA A2

EEFROM 24C04  _|
HFC-4S/HFC-8S GND

Figure 2.1: EEPROM connection circuitry

ul

EE_SLCIEN
EE_SDA 88— ne

HFC-4S/HFC-8S

Figure 2.2: EE_SCL/EN and EE_SDA connection without EEPROM

2.1.3 Register access

In PCI I/0 mapped mode, | SA PnP, PCM CIA mode and SPI mode all registers are selected by writing
the register address into the Control Internal Pointer (CIP) register. Thisis done by writing the CIP
on the higher 1/0 addresses (AD2, SA2, A2, A/D =1). The CIPregister can also be read with AD2,
SA2,A2, A/D = 1.

All consecutive read or write data accesses (AD2, SA2, A2, A/D = 0) are done with the selected
register until the CIP register is changed.

In processor interface mode all internal registers can be directly accessed. The registers are selected
by AO ...A7.

In PCI mode internal AO and A1 are generated from the byte enable lines.

2.1.4 RAM access

The SRAM of the HFC-4S/8S can be accessed by the host. For doing so the desired RAM address
has to be written in the R_ RAM_ADDRO ...R_RAM_ADDR?2 registers first. Then data can be
read / written by reading/writing the register R_RAM_DATA. An automatic increment function can
be set in the register R_ RAM_ADDR2.
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2.2 PCI interface

Table 2.6: Overview of the PCI interface pins

p

Number Name Description
203...206,1...4 AD31...AD24 Address/ Data byte3
8...17 AD23...AD16 Address/ Data byte 2
31...39 AD15...AD8 Address/ Data byte 1
43...51 AD7...ADO Address/ Data byte 0
6,18,30,40 C/BE3#...C/BEO# Buscommand and Byte Enable3...
7 IDSEL Initialisation Device Select
20 FRAME# Cycle Frame
21 IRDY# Initiator Ready
22 TRDY# Target Ready
23 DEVSEL# Device Select
24 STOP# Stop
25 PERR# Parity Error
26 SERR# System Error
27 PAR Parity Bit
195 PME_IN Power Management Event Input
196 PME Power Management Event output
197 INTA# Interrupt request
198 RST# Reset low active
200 PCICLK PCI Clock Input

Cologne
Chip

The PCI mode is selected by MODEO = 0 and MODE1 = 0. Only PCI target mode accesses are
supported by the HFC-4S/8S.

5V PCI bus signaling environment is supported with 3.3V supply voltage of the HFC-4S /8S. Never
connect the power supply of the HFC-4S/8S to5V!

The PCI interface is build according to the PCI Specification 2.2.

2.2.1 PCI command types
Table 2.7 shows the supported PCI commands of the HFC-4S/ 8S.

Memory Read Line and Memory Read Multiple commands are aliased to Memory Read. Memory
Write and Invalidate is aliased to Memory Write.
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Byte
3 2 1 0 Hex Address
Device ID Vendor ID 00h
Status Register 04h
Class Code 08h
Latency |Cache Line
10h
14h
Base Address 2 18h
Base Address 3 1Ch
Base Address 4 20h
Base Address 5 24h
CardBus CIS Pointer 28h
Subsystem ID ‘ Subsystem Vendor ID 2Ch
Expansion ROM Base Address 30h
Reserved - 34h
Reserved 38h
Max_Lat | Min_Gnt 3Ch
40h
Data nggR 44h
B Register is implemented, value can be set by EEPROM
I Register is implemented
|| Register is not implemented and returns all 0's when read
Figure 2.3: PCI configuration registers
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Table 2.7: PCI command types

C/BE3# C/BE2# C/BE1# C/BEO0# nibblevalue Command type
0 0 1 0 2 1/0 Read
0 1 1 0 6 Memory Read
1 1 0 0 0xC Memory Read Multiple
1 1 1 0 OxE Memory Read Line
1 0 1 0 OxA Configuration Read
0 0 1 1 3 [/O Write
0 1 1 1 7 Memory Write
1 1 1 1 OxF Memory Write and Invalidate
1 0 1 1 OxB Configuration Write
Byte 3 Byte 2 Byte 1 Byte 0
I/0-Address DATA 3 DATA 2 DATA 1 DATA 0 } Data
Byte 7 Byte 6 Byte 5 Byte 4
Regist Regist cIP
l/O-Address+4 Segllesc‘:r ;gllchr } (bytes 4..5)

memory
address

1. If HFC-4S/8S isused in PCI memory mapped mode all registers can directly be accessed by

(PCI bridge only)

Figure 2.4: PCl access in PCI I/O mapped mode

Byte 3

Byte 2

Byte 1

Byte 0

DATA 3

DATA 2

DATA 1

DATA 0

Figure 2.5: PCI access in PCl memory mapped mode

2.2.2 PCI access description

Two modes exist for register access:

adding their CIP address to the configured Memory Base Address.

2. In PCI 1/0 mapped mode HFC-4S/8S only occupies 8 bytes in the 1/O address space.

In PCI 1/O mapped mode all registers are selected by writing the register address into the Control
Internal Pointer (CIP) register. Thisisdone by writing the HFC-4S/8S on the higher 1/0 addresses
(AD2 = 1). If the auxiliary interface is used (see Chapter 11) the CIP write access must have awidth
of 16 hit.

All consecutive read or write data accesses (AD2 = 0) use the selected register until the CIP register
is changed.
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2.2.3 PCI configuration registers

The PCI configuration space is defined by the configuration register set which is illustrated in Fig-
ure 2.3. In the configuration address space 0x00 ... 0x47 the PCI configuration register values are
either

e set by the HFC-4S/8S default settings of the configuration values or
e they can be written to upper configuration registers or
e they are read from the externa EEPROM.

The external EEPROM is optional. If no EEPROM is available, the pin EE_SCL/EN has to be
connected to GND and the pin EE_ SDA hasto beleft open. Without EEPROM the PCI configuration
registers will be loaded with the default values shown in Table2.8.

All configuration registers which can be set by the EEPROM can also be written by configuration
write accesses to the upper addresses of the configuration register space (from OxCO upwards). The
addresses for configuration writes are shown in Table2.8. Unimplemented registers return al '0’s
when read.

Table 2.8: PCI configuration registers

Register Name Address Width Default Value Remarks
Vendor ID 0x00 Word 0x1397 Value can be set by EEPROM. Base address
for configuration writeis 0xCO.
DevicelD 0x02 Word 0x08B4 ID of HFC-4S
0x16B8 ID of HFC-8S

Value can be set by EEPROM. Base address
for configuration writeis 0xCO.

Command Register 0x04 Word 0x0000 Bits  Function

0 Enables/ disables I/O space accesses

1 Enables/ disables memory space accesses
5.2 fixedto O

6 PERR# enable/ disable

7 fixedto’'0’

8 SERR# enable/ disable

15..9 fixedto O

(continued on next page)
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Table 2.8: PCI configuration registers

(continued from previous page)

Register Name

Address

Width

Default Value

Remarks

Status Register

0x06

Word

0x0210

Bits 0 ... 7 can be set by EEPROM. Base
address for configuration write is OxC4.

Bits Function

3.0 reserved

4 ']’ = Capabilities List exists, fixed to'1’

5 '0’ = 33 MHz capable (default)
']’ = 66 MHz capable

6 reserved

7 '0’ = fast Back-to-Back not capable (de-
fault)
"1’ = fast Back-to-Back capable

8 fixed to '0’

10..9  fixed to '01" timing of DEVSEL# is
medium

11 fixed to'0’

13..12 fixed to'00’

14 system error (address parity error)

15 any detected data or system parity error

Revision ID

0x08

Byte

0x01

HFC-4S/8S Revision 01

Class Code

0x09

3 Bytes

0x020400

Class code for ‘ISDN controller’ .Value can
be set by EEPROM. Base address for con-
figuration writeis OxC8.

Header Type

OxO0E

Byte

0x00

Header type 0

BIST

OxOF

Byte

0x00

No build in self test supported.

1/O Base Address

0x10

DWord

Bits 3 ... 31 are r/w by configuration ac-
cesses. 8 Byte address spaceis used.

Memory Base Address

0Ox14

DWord

Bits 12 ... 31 are r/w by configuration ac-
cesses. 4 kByte address space is used.

Subsystem Vendor ID

0x2C

Word

0x1397

Value can be set by EEPROM. Base address
for configuration writeis OXEC.

Subsystem 1D

Ox2E

Word

0x08B4
0x16B8

ID of HFC-4S
ID of HFC-8S

Value can be set by EEPROM. Base address
for configuration writeis OXEC.

Cap Ptr

0x34

Byte

0x40

Offset to Power Management register block.

Interrupt Line

0x3C

Byte

OxFF

This register must be configured by config-
uration write.

Interrupt Pin

0x3D

Byte

0x01

INTA# supported

Cap_ID

0x40

Byte

0x01

Capability ID. 0x01 identifiesthe linked list
item as PCl Power Management registers.

Next ltem Ptr

0x41

Byte

0x00

There are no next itemsin the linked list.

(continued on next page)

March 2003 (rev. A)

Data Sheet

51 of 273



HFC-4S
HFC-8S Universal external bus interface “ g::_:gne

Table 2.8: PCI configuration registers

(continued from previous page)

Register Name Address Width Default Value Remarks

PMC *! 0x42 Word OX7E22 Power Management Capabilities, see also
‘PClI Bus Power Management Interface
Specification Rev. 1.1 . Thisregister's value
can be set by EEPROM. Base address for
configuration write is OXEO.

Bits Function

0.2 ‘010" = PCI Power Management Spec.

Version 1.1.

3 '0’ = The HFC-4S/8S does not require
PCI-clock to generate PME.

4 Fixedto 0.

5 "1’ = Device specific initidisation is re-
quired.

8.6 '000’ = No D3_cold support **.

9 '’ = Supports D1 Power Management
State*?.

10 "I’ = Supports D2 Power Management
State*?.

15..11 PME can be asserted from DO, D1, D2
and D3_hot.

PMCSR 0x44 Word 0x0000 Power Management Control/Status
Bits  Function

1.0 PowerState: These bits are used both to
determine the current power state of a
function and to set the function into anew
power state*?.

'00": DO
'01: D1
10" D2
’11’: D3_hot
7.2 fixedto’0’
8 PME_En:
"1’ enables the function to assert PME.
'0’ = PME assertion is disabled.
14.9 fixedtoO

15 PME_Status: This bit is set when the
function would normally assert the PME
signa independent of the state of the
PME_En hit.

Writing a1’ to this bit will clear it and
cause the function to stop asserting a
PME (if enabled).

Writing 2’0’ has no effect.

*1: D3 _cold support isimplemented but must be set in the EEPROM configuration data.

*2: Changing the power management does not change the power dissipation. It is only implemented for PCI
specification compatibility.
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2.2.4 PCI connection circuitry

PCI
list of power-pins: POWER
+5V: A5, A8, A61, R62
B5, B6, B61, B62
A21, A27, A33, A39,
A45, A53, B25, B31,
B36, B51, B43, B54
A59, RA66, AT75, As4,
B19, B59, B70,B79,

B88
Al8,
A37,
A63,
A1,
B3,

+3.3V:

Vi/o:

GND: A24;
A42,
A69,
A87,
B15,
B34, B38,
B64, B67,
B82, B85,

a3o,
A48,
A72,
A90,
B22,
B46,
B73,
B91,

A35,
AS56,
A78,
A93,
B28,
B57,
B76,
BY4

PCI
INTERRUPT

PCI
CONTROL

PCI
ADDRESS

following pins are
not connected:
C/BE4# - C/BE7#
AD32 - AD63

+12V A2 . 433V  If D3_cold is supported
-12V FBL  nc the Chip must be
+5V nc supplied from 3.3Vaux.
+3.3V
3.3vaux [FAL4— nc
VIO nc
GND Only needed if
Power-Management Event
GND ‘ ————<__JAWAKE
(PME) _is_supported. ‘
PME# ‘ 01 R1 ‘ U1
ok 1 i 1961 pye
| BCM&_:E: 195
10k PME_IN
‘ R2 ' ’E 194
GND GND ISPISEL
iNTD# [BE— no'— = - = - - —
A7 +3.3V
INTC# ne
| BT ne
INTB# A6 197
INTA# INTA#
PRSNT2# [ELL 722 mopeo
PRSNT1# MODE1
TRST# [A4— ne
| A3 NC cmm— —
T™MS B2
TCK nc - GND GND
TDI 84— ne
100 FB4— nc
|-A60  nc
REQ64
| A67 ¢
PARG4
| B60 ¢
ACKB4 AlS 198
RST# RST#
B16 200
CLK CLK
FALT  nc
GNT#
| B18 ¢
REQ# [MRup 26
SERR# B40 o5 SERR#
PERR# PERR#
| B39
LOCK# A6 ne 7
IDSEL B37 53 IDSEL
DEVSEL# A28 24 DEVSEL#
STOP# B35 21 STOP#
IRDY# A36 29 IRDY#
TRDY# A34 20 TRDY#
FRAME# FRAME#
MosEN [BE—
GND
paR A4 271 pAR
C/BE3# Egg 12 C/BE3#
C/BE2# BAL 20 C/BE2#
C/BE1# A5? 40 C/BE1#
C/BEO# C/BEO#
ap31 -B20 2031 5p31
A20 204
AD30 AD30
B21 205
AD29 A2 206 AD29
AD28 B23 1 AD28
AD27 203 > AD27
AD26 B24 3 AD26
AD25 ADE 4 AD25
AD24 B27 3 AD24
AD23 A28 9 AD23
AD22 B29 10 AD22
AD21 229 11 AD21
AD20 B30 14 AD20
AD19 A31 15 AD19
AD18 B32 15 AD18
AD17 A32 17 AD17
AD16 ALL 31 AD16
AD15 B45 29 AD15
AD14 746 33 AD14
AD13 BA7 24 AD13
AD12 ALT 25 AD12
AD11 R4S 37 AD11
AD10 AD10
A49 38
AD09 AD9
B52 39
ADO8 AD8
B53 43
ADO7 AD7
A54 44
ADO06 AD6
B55 45
ADO5 AD5
AS55 46
ADO04 AD4
B56 48
ADO3 AD3
AS7 49
ADO02 AD2
B58 50
ADO1 A58 51 AD1
ADOO ADO
PCI slot HFC-4S/HFC-8S

Figure 2.6: PCI connection circuitry
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2.3 ISA Plug and Play interface

Table 2.9: Overview of the ISA PnP interface pins

Number Name Description
203...206,1...4 SA15...SA8 Addresshytel
8...17 SA7...SA0 Address byte 0
31...39 SD15...SD8 Datahytel
43...51 SD7...SDO Data byteO
106...112 IRQ6...IRQO ISA Interrupt Request 6 ...
18 /IOIS16 16 bit access enable
20 /AEN Address Enable
21 /IOR Read Enable
22 /IowW Write Enable
25 /BUSDIR Bus Direction
30 /SBHE High byte enable
198 RESET Reset high active

ISA Plug and Play mode is selected by MODEO = 0 and MODE1 = 1. The HFC-4S/8S needs
eight consecutive addresses in the 1/0 map of a PC for operation. Usually also one out of several 1SA
IRQ linesis used. Section 2.3.1 describes how to configure the interrupt lines of the HFC-4S/ 8S.

The port address is selected by the lines SAO ...SA15. The address with SA2 = "1’ is used for
register selection via the CIP (Control Internal Pointer) and the address with SA2 = "0’ is used for
dataread/write like shown in Table2.10. Thebits SA3 ... SAL5 are decoded by the address decoder
to match the PnP configuration address.

Table 2.10: ISA address decoding (X = don’t care)

SA2 /IOR /IOW J/JAEN Operation
X X X 1 No access
X 1 1 X no access
0 0 1 0 read data
0 1 0 0 write data
1 0 1 0 read CIP
1 1 0 0 write CIP

The HFC-4S/8S has no memory or DMA access to any component on the ISA PC bus. Because of
its characteristic power drive no external driver for the ISA PC bus data lines is needed. If necessary
(e.0. due to an old I SA specification which requires 24 mA output current) an external bus driver can
be added. In this case the output signal /BUSDIR determines the driver direction.
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/BUSDIR = 0 means that the HFC-4S/8S isread and datais driven to the external bus.
/BUSDIR = 1 meansthat datais driven (written) into the HFC-4S/8S.

2.3.1 IRQ assignment

The IRQ lines are tristated after a hardware reset.

The IRQ assigned by the PnP BIOS can be read from the bitmap V_PNP_IRQ of the register
R_CHIP_ID. The bitmap V_IRQ_SEL of the register R_CIRM has to be set according to the IRQ
wiring between HFC-4S/8S and the ISA slot on the PCB. Thus the IRQ number assigned by the
PnP BIOS is connected to the right IRQ line on the ISA bus.

2.3.2 ISA Plug and Play registers

Table2.11: ISA Plug and Play registers

Card level
control register Read/write  Accessable
address Mode in state Description
0x00 w Isolation state, Set read data port address register.
Config state*!  Bits0... 7 becomebits2... 9 of the port’s |/O address.
Bits 10 and 11 are hardwired to '00’ and bits 0 and 1 are
hardwired to'11".
0x01 r Isolation state ~ Serial isolation register.
Used to read the serial identifier during the card isolation
process.
0x02 w Sleep state,  Configuration control register.
Isolation state,  Bijts  Function
Config state
0 Reset Bit. Thevalue '1’ resetsall of the card’s configuration
registersto their default state. The CSN is not affected.
1 Return to wait for key state. When set to one, al cards

return to wait for key state. Their CSNs and configuration
registers are not affected. This command is issued after all
cards have been configured and activated.

2 Reset CSN to zero. When set to one, al cards reset their
CSN to zero. All bits are automatically cleared by the hard-
ware.

7.3 Reserved, must be zero

(continued on next page)
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Table 2.11: ISA Plug and Play registers

(continued from previous page)

Card level
control register
address

Read/write
Mode

Accessable
in state

Description

0x03

w

Sleep state,
Isolation state,
Config state

Wake command register.
Writing a CSN to this register has the following effects:

e If the value written is 0x00, al cards in the sleep
state with a CSN = 0x00 go to the isolation state.
All cards in configure state (CSN not 0x00) go to
the sleep state.

e If the value written is not 0x00, all cards in the
sleep state with a matching CSN go to the config-
ure state. All cardsin the isolation state go to the
Sleep state.

Every write to a card’'s wake command register with a
match on its CSN causes the pointer to the serial identi-
fier/ resource datato be reset to thefirst byte of the serial
identifier.

0x04

Config state

Resource data register.

This register is used to read the device's recource data.
Each time when a read is performed from this register
a byte of the resource data is returned and the resource
data pointer is incremented. Prior to reading each byte,
the programmer must read from the status register to de-
termine if the next byte is available for reading from the
resource data register.

The card's serial identifier and checksum must be read
prior to accessing the resource requirement list via this
register.

0x05

Config state

Status register.

Prior to reading the next byte of the device’ sresource data,
the programmer must read from this register and check bit
Ofora'l’. Thisistheresource databyte availablebit. Bits
1... 7arereserved.

0x06

riw

| solation state *2
Config state

Card select number (CSN) register.

The configuration software uses the CSN register to as-
sign a unique ID to the card. The CSN is then used to
wake up the card’s configuration logic whenever the con-
figuration program must accessits configuration registers.

0ox07

Config state

Logical device number register.

The number in thisregister pointsto the logical devicethe
next commands will operate on. The HFC-4S/8S only
supports one logical device. This register is hardwired to
all zeros.

(continued on next page)
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Table 2.11: ISA Plug and Play registers

(continued from previous page)

Card level
control register
address

Read/write
Mode

Accessable
in state

Description

0x30 r/w

Config state

Activate register.

Setting bit 0to "1’ activatesthe card on the | SA bus. When
cleared, the card cannot respond to any ISA bus transac-
tions (other than accesses to its Plug and Play configura-
tion ports). Reset clearshit 0. Bits1... 7 arereserved and
return zeros when read. The HFC-4S/8S only supports
one logical device, so it is not necessary to write the log-
ical device number into the card’s logical device number
register prior to writing to this register.

0x31 r/w

Config state

1/0 range check register.
Bits  Function

0 When set, thelogical device returns 0x55 in response to any
read from the logical device's assigned 1/0 space. When
cleared, OXAA isreturned.

1 When set to one, enables /O range checking and disables it
when cleared to zero. When enabled, bit O isused to select a
pattern for thelogical deviceto return. This bit is only valid
if the logical device is deactivated (see Activate register).

7.2  Reserved, return zero when read

0x60 r/w

Config state

1/0 decoder 0 base address upper byte.
I/O port base address hits 8 ... 15.

0x61 r/w

Config state

1/0 decoder 0 base address lower byte.
I/O port base address bitsO.... 7.

0x70 r/w

Config state

IRQ select configuration register 0.
Bits0... 3 specify the selected IRQ number. Bits4... 7
are reserved.

Ox71 r/w

Config state

IRQ type configuration register 0.
BitsOand 1 areignored. Bits2... 7 arereserved.

0x74 r

Config state

DMA configuration register 0.
Bits  Function

2.0  Select which DMA channel (0 ... 7) is used for DMA 0.
DMA channel 4, the cascade channel, indicates no DMA
channel is active.

7.3 Reserved.

Because no DMA is used this register is hardwired to
0x04.

(continued on next page)
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Table 2.11: ISA Plug and Play registers
(continued from previous page)
Card level
control register Read/write  Accessable
address Mode in state Description
0x75 r Configstate DMA configuration register 1.

Bits Function

2.0  Select which DMA channel (0 ... 7) is used for DMA 1.
DMA channel 4, the cascade channel, indicates no DMA
channel is active.

7.3 Reserved.

Because no DMA is used this register is hardwired to
0x04.

*1: Thisis an extension to the Plug and Play Specification.
*2: Only when the isolation process is finished. The last card remainsin isolation state until a CSN is assigned.

@ Important!

All I SA registers not implemented return 0x00 when read except the DMA con-
figuration registers 0x74 and 0x75. These two registers return 0x04 when read.
This means no DMA channel has been selected.
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2.3.3 ISA connection circuitry
v +3.3V
o 1 3 N
ISA PnP *gg Bs IN out
+12V B9 .. o
POWER v e o c1 2 c2 c3 c4
list of power-pins: 470n LM3940 100u 100u 100n
+5V: B3, B29, Dle N
GND: Bl, B10, B31, GND :
Dle —I—
GND U
-MASTER [-2L— ne —196 1\
ISA PnP TER Toig—
_RerLSE Bt +3.3V 195 1 6D
CONTROL \LE B2y A
194
ows HBE— VDD
osc —&Q—BZQ
CLK GND nc —197 | NC
ROg [-B25
IRQ4 [B24 +3.3V
IRQs5 [-B23 /|\ —29 1 yopEo
IRQ6 [-522 100§ \iopE1
o IRQ6 1 106-| MO0
following pins are Q B4 107 Q
IRQY —_— IRQS5
not connected: IRQ10 D3 ND 108 IRQ4
LA17 - LA23 IRQ11 D4 109 IRQ3
DRQO - DRO3 IRQ12 gg ﬁ[l) IRQ2
DRQS - DRQ7 IRQ14 21 L 1rot
-DACKO - -DACK3 IRQ15 ) IRQO
PRCKS = -DRCK7 RESET DRV B2 10K 198 J pESET
|_—m°— GND
GND
- —AlL nc nc
I{%SEHRBI AL nc ne —25 ;\‘BCUSDIR
“SMEMR [FB1Z— ne R* 7
-SMEMW [BL— nc GND
MEMR 23— =o FLO
MEMW RS- no GNDl “ FLO
B14 21
-or B4 2 nor
-low B3 22 jiow
AEN JAEN
R* can be omitted if reset
is active during power on.
LA nis
R* R*
isapnp | MRG0 o2 — ™ oo 3.3V 18 | s 16
SBHE <1 301 spHE
ADDRESS / DATA ™ 20| 5%
ono_[— LI
A6 203
o A i s
sa13 AL 205§ 5a13
sa12 AL 206 { 5a12
sa11 420 11 sa11
salo FA2L 21 SA10
SA09 A2 31 sa9
L saog [FAZ2 41 sag
following pins are SA07 A24 8 SA7
not connected: SA06 A25 9 SAG
SA16 - SAl9 sA05 A28 10 1 5a5
S04 [FA2L 111 sps
sao3 A28 141 sa3
sao2 [FA22 151 sa2
sao1 A0 16 1 sa1
sago AL 171 sp0
sp1s F&18 311 Spis
sp1s4 FELL 321 Sp14
sp13 il 331 sp13
sp12 42 341 Sp12
spi1 Fed4 36 1 sp11
sp1o F&L8 371 Sp1o
spog (&2 38 1 5pg
spog (oLl 39 1 Spg
spo7 (A2 431 sp7
spos A3 44 1 Spe
spos 24 451 Sps
spos A3 46 1 Spa
spo3 [HAG 48 1 5p3
spo2 AL 49 1 sp2
spo1 (A8 201 sp1
spoo [FA2 51 spo
ISA PrP siot HFC-4S/HFC-85
(ISA PnP interface)
Figure 2.7: ISAPnNP circuitry
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2.4 PCMCIA interface

Table 2.12: Overview of the PCMCIA interface pins

p

Number Name Description
203...206,1...4 Al5...A8 Addresshytel
8...17 A7...A0 Address byte 0
31...39 D15...D8 Databytel
43...51 D7...DO Data byteO
7 REG# PCMCIA Register and Attr. Mem. Select
18 10IS16# 16 hit access enable
21 |ORD# Read Enable
22 IOWR# Write Enable
23 OE# PCMCIA Output Enable for Attr. Mem. Read
24  \WE# PCMCIA Write Enable for Conf. Reg. Write
25 INPACK#  Read access
30 CE2# High byte enable
40 CE1# Low byte enable
197 IREQ# Interrupt request
198 RESET Reset high active

Cologne
Chip

The PCMCIA mode is selected by MODEO = 1 and MODE1 = 1. The HFC-4S/8S occupies eight
consecutive addresses in the 1/0 map.

The base I/O address must be 8 byte aligned. Thelines A3 ... Al5 are don’t care for 1/0 accesses.
The address with A2 = 1 is used for register selection via CIP. The address with A2 = 0 is used for

dataread/ write.

2.4.1 Attribute memory

After a hardware reset the card’s information structure (CIS) is copied from the EEPROM to the
SRAM, starting with the address shown in Table2.5. The CISislocated on even numbered addresses
from 0 to Ox3FE in the attribute memory space. The CIS occupies 512 byte. To avoid accesses in
this copy phase the signal IREQ# of the HFC-4S/8S is active. Thisis interpreted as ‘wait’ by the

PCMCIA host controller after card insertion.

2.4.2 PCMCIA registers
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Table 2.13: PCMCIA registers

Register Name Address*  Width Remarks
Configuration Option 0x400 Byte Reset
Register (COR) Bit Name value Function
5.0 Configuration 0x00 Bit 0 must be set to "1’
Index to enable accesses to the
HFC-4S/8S.

6 LeviREQ This bit is not implemented
and returnsaways’'1’ when
read to indicate usage of
level modeinterrupts.

7  SRESET SRESET card. Setting this
bit to "1’ places the card in
thereset state. Thisbit must
be cleared to zero for nor-
mal operation.

Card Configuration and 0x402 Byte Reset
Status Register (CSR) Bit Name value Function

0 Rsvd 0

1 Intr 0 Internal state of interrupt re-

quest (IREQ#).

2  PwrDwn 0 Unimplemented, returns 'O’

when read.

3 Audio 0 Unimplemented, returns 'O’

when read.

4 Rsvd 0 Unimplemented, returns 'O’

when read.

5 10is8 0 Returns '0’ when read to indi-

cate an 16 bit data path.

6 SigChg 0 Unimplemented, returns 'O’

when read.

7  Changed 0 Unimplemented, returns 'O’

when read.
(*: Register address in attribute memory)
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2.4.3 PCMCIA connection circuitry

‘ v J+3.3v
vee Ny 11 ouT H—1 ' A
PCMCIA I
a2 o .
VS1#/REFRESH nc not nesassary if
POWER C1 =4 Cc2 C3 C4 Y
VS2#/RSVD JJ—]B nc o |:_i| pr— ‘PCMCIA interface is
Mited v nc‘ 470n LM3940 100u 100u 100n " a 3.3V only interface
list of power-pins: VPP2 ne ~ ‘
vee: 17, 51 GND ‘L . I\
GND: 1, 34, 35, 68 _— u
GND ne 1964y
+3.3V GNrm‘L GND
PCMCIA VDD
CONTROL
IREQ# 18 197 1 REQ#
+3.3V
sPKR# [-B2— ne 3.3V H&’: MODEO
STSCHG# ne MODE1
R[] R2[J
(=] O
CD1# — — recommended by
CD2# PCMCIA spec.
GND R3 —‘
RESET 22 } 1 10k | o5 198 1 peseT
I—L | o
‘ GND, " GND
waTE (A — e ] e —284ne
INPACK# INPACK#
REG# gl 2; REG#
OE# 15 24 OE#
WE# a4 o1 WE#
IORD# 15 29 IORD#
IOWR# 20 IOWR#
GND
R*
R* c¢an be omitted
if resetis active +3.3V FLO
during power on. GND R*
FL1
PCMCIA 101S 164 33 13 101S16#
CE2# 42 30 CE2#
ADDRESS / DATA CE1# 1 40 CE1#
a15 20 2081 )15
14 204
Al4 Al4
13 205
A13 21 206, A13
A12 10 1 A12
All A 5 All
A10 11 3 A10
A09 [ 4| A9
A08 29 A A8
A07 23 9 A7
A06 A6
24 10
A05 A5
A04 25 L A4
following pins are 26 14
A03 A3
not connected: 27 15
A02 A2
ALG - A25 28 16
A01 Al
29 17
A00 A0
41 31
D15 D15
40 32
D14 D14
1 39 33
D13 D13
| 38 34
D12 D12
37 36 |
D11 D11
| 66 37
D10 D10
| 65 38 |
D09 D9
64 39 |
D08 5 43 D8
D07 5 24 D7
D06 1 45, D6
D05 3 16 D5
D04 5 18 D4
D03 D3
32 49
D02 D2
31 50
D01 30 51 bl
D00 DO
PCMCIA slot HFC-4S/HFC-8S

(PCMCIA interface)

Figure 2.8: PCMCIA circuitry
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2.5 Parallel processor interface
Table 2.14: Overview of the parallel processor interface pins in mode 2 and 3
Number Name Description
8...17 A7...A0 Address byte
43...51 D7...D0O Data byteO
31...39 D15...D8 Data byte 1
6,18,30,40 /BE3.../BE0 ByteEnable3...0
20 /CS Chip Select
21 /IOR Read Enable
22 [IOW Write Enable
23 /WD Watch Dog Output
24 ALE Address Latch Enable
25 /BUSDIR Bus Direction
197 /INT Interrupt request
198 RESET Reset high active
Table 2.15: Overview of the processor interface pins in mode 4
Number Name Description
43...51 AD7...ADO Address/ Data byte 0
31...39 AD15...AD8 Address/ Databyte 1
8...17 AD23...AD16 Address/Databyte2
203...206,1...4 AD31...AD24 Address/Databyte3
6,18, 30,40 /BE3.../BEO ByteEnable3...0
20 /CSs Chip Select
21 /IOR Read Enable
22 /IOW Write Enable
23 /WD Watch Dog Output
24 ALE Address Latch Enable
25 /BUSDIR Bus Direction
197 /INT Interrupt request
198 RESET Reset high active
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The processor interface mode is selected by MODEO = 1 and MODE1 = 0. Then 256 /O addresses
(AO...A7) areused for addressing theinternal registers of the HFC-4S / 8S directly by their address.

In processor interface mode some user data can be stored in the EEPROM (see Section2.1.1 for
details).

2.5.1 Parallel processor interface modes
The HFC-4S/8S has 3 different parallel processor interface modes. Due to name compatibility with

other chips of the HFC series the processor interface modes are numbered 2 ... 4 like shown in
Table 2.16.

Table 2.16: Pins and signal names of the HFC-4S/8S processor interface modes

HFC-4S/8S pins Signal names
Mode 2 Mode 3 Mode 4
Number Name (Motorola) (Intel) (Intel)

Non-multiplexed Non-multiplexed Multiplexed

20 ICS ICS ICS ICS
21 /IOR /DS /RD /RD
22 /IOW R/W IWR IWR
24 ALE 1 {0} ALE

Processor interface modes 2 and 3 use separate lines for address and data. These two modes are
selected by ALE. This pin must have afixed level and should be directly connected to ground or power
supply. Mode 4 has multiplexed address/ datalines. The addressislatched from linesD7 ... DO with
the falling edge of ALE.

The processor interface mode is determined during hardware reset time (pin RESET). For modes 2
and 3 the ALE pin must have the appropriate level. Mode 4 is selected after reset with the first rising
edge of ALE. The HFC-4S/ 8S then switches permanently from mode 2 or mode 3 into mode 4. The
HFC-4S/8S cannot switch to mode 4 until end of reset time. Rising and falling edges of ALE are
ignored during reset time.

ALE must be stable after reset except in processor interface mode 4.

2.5.2 Signal and timing characteristics

Table 2.17 shows the interface signal levels for the different processor interface modes. Timing
characteristics are shown in Figures 2.9 to 2.12 for mode 2 and mode 3. Figures 2.13 to 2.18 show
mode 4 timing characteristics. Please see Table2.18 for a quick timing and symbol list finding.

In processor interface mode 4 it is possible to access byte, word or double word onthelinesAD31 ... ADO.
Due to the multiplexed lines the PCI pin names are used in this case. In processor interface mode 2
and mode 3 the pins AD31 ... AD24 are not available.

Unused byte enable pins should be connected to power supply via pull-up resistors. In mode 4 unused
bus lines AD[31..] should be connected to ground via pull-down resistors to avoid floating inputs.
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Table 2.17: Overview of read and write accesses in processor interface mode (X = don’t care)

/ICS /IOR /IOW ALE Operation Processor
(/DS,/RD) (R/W, /WR) interface mode

1 X X X Nno access al

X 1 1 X No access al

0 0 1 1 read data mode 2
0 0 0 1 write data mode 2
0 0 1 0 read data mode 3
0 1 0 0 write data mode 3
0 0 1 0* read data mode 4
0 1 0 o* write data mode 4

(*: 1-pulse latches register address)

Table 2.18: Timing diagrams of the parallel processor interface

Mode Processor Access type Timing Timing values
Figure onpage table onpage
2&3 8bhit 8bit read 2.9 66 2.20 70
2& 3 8hit 8bit write 210 68 221 72
2&3 16hit 16bit & 8hit read 211 69 2.20 70
2& 3 16bit 16bit & 8hit write 212 71 221 72
4 8hit 8hit read 2.13 73 2.23 78
4 8hit 8hit write 214 74 2.24 80
4 16 bit 16bit  read 2.15 75 2.23 78
4 16 bit 16bit write 2.16 76 224 80
4 32 hit 32bit  read 2.17 77 2.23 78
4 32 hit 32bit write 2.18 79 224 80
Q’g Important!

/BE2 and /BE3 must always be'1’ in mode 2 and mode 3.
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2.5.2.1 8bhit processors in mode 2 (Motorola) and mode 3 (Intel)

byte read access byte read access

/BE[3:1] permanently high

/BEO permanently low

permanently tristate

D[15:8]
DI7:0] T T ——
.-.|tDRDZ" ‘_+tDRDH ‘-.|tDRDi‘ ‘-.|tDRDH
‘tRDmin ‘tRDmm
‘_tAS_. ‘_tAH_. ‘_tAS_. ‘_tAH_.
tCYCLE
in mode2 only RD RD
(Motorola:)
/DS+/CS
|'.’ tRWS '.—|tRWH |’.tRWS '.—|tRWH
rw Y -y [
in mode 3 only
(Intel):
/RD+/CS \ / \ /
/WR permanently high

Figure 2.9: Read access from 8 bit processors in mode 2 (Motorola) and mode 3 (Intel)

8hit processors read data like shown in Figure2.9. Timing values are listed in Table 2.20.

/BE3 ... /BE1 must always be’1’. /BEO can be fixed to '0’ or must be low during access to switch
the databus D7 ... DO from tristate into data driven state.

Data can be read in mode 2 (Motorola) with?

/IBEO="0" and (/DS+/CS)='0" and RW='"1 .

In mode 3 (Intel, non-multiplexed) the states

IBEO='0" and (/RD+/CS)='0 and /WR="'T

must be fulfilled to drive data out. The data bus is stable after ¢tz p,in and returns into tristate after
tprDH.

2/DS + /CS means logical OR function of the two signals.
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Address and /BEO (if not fixed to low) require a setup time ¢4 which starts when all address and
byte enable signals are valid. The hold time of these linesistsy.

@3 Short read method

In some applications it may be difficult to implement along read access (irp >
5-torkr) for only some registers (here called target register).

For thisreason there is an alternative method with two register read accesses with
trp > 20 ns each:

1. Theread access to the target register initiates a data transmission from the
RAM to thetarget register. Thisjob isaways done correctly with long and
short tgp, but after a short trp the data is not yet ‘arrived’ at the target
register. Thus the data which isread with a short tzp must beignored ...

2. ...but the data byte is already internally buffered and can be read from
the register R_INT_DATA. This second register read access can also be
executed with ashort tgrp > 20 ns. For the time from the first access to the
second one toy ¢, Must be met, of course.

The short read method is practicd for al read registers in
the address range OxCO ...OxFF, these target registers are
R IRQ FIFO BLO...R IRQ FIFO BL7and R_RAM_ DATA.
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byte write access byte write access
A7)
/BE[3:1] permanently high
/BEO permanently low

D[15:8]

in mode2 only tr e tur
(Motorola:)

/DS+/CS

|"’ Lrws ‘-.|tRWH |‘-.tRWS ‘-.|tRWH
riv [ -y |

in mode 3 only
(Intel):

/WR+/CS \ / —_ /

/IRD permanently high

Figure 2.10: Write access from 8 bit processors in mode 2 (Motorola) and mode 3 (Intel)

8hit processors write data like shown in Figure2.10. Timing values are listed in Table2.21.
/BE3 ... /BE1 must always be’l’. IBEO controls the databus D7 ... DO and can be fixed to '0’.

Dataiswritten with _rof (/DS + /CS) in mode 2 (Motorola) respective (/WR + /CS) in mode 3 (Intel,
non-multiplexed). The HFC-4S/8S requires a data setup time ipy rs and adatahold time tpw g

Address and /BEO (if not fixed to low) require a setup time t45 which starts when all address and
byte enable signals are valid. The hold time of these linesis 4.
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2.5.2.2 16 bit processors in mode 2 (Motorola) and mode 3 (Intel)

word read access low byte read access high byte read access

A[7:0] - address address -

address

/BE[3:2] permanently high

/BE1 - byte enable
/BEO - byte enable

byte enable

byte enable -

X
)
byte enable R byte enable )
[y
§
§

of15:8) ——— ([ G g +—
D[7:0] | data { | data ) ‘ ‘
-tDRD 0tDRD-| .|tDRD .|tDRD1 ‘.‘tDRDI tDRDH
tRDm n tRDm tRDm n
‘_tAS_’ ‘_tAH_. ‘_tAS_. ‘-tAH_. ‘_tAS_’ ‘_tAH_.
tC‘(CLE :CYCLE
je—r+t —» je—or1t —» le—r+t —»
in mode2 only RD RD RD
(Motorola:)
IDS+/CS \ [ 5 ‘ ) § \ [
|“tRws "|tRWH |0tRWS .|tRWH |’ tRws "|tRWH
rw Y | | — -
in mode 3 only
(Intel):

mro+#cs — \____ [ § \ / ) ./

/WR Ss permanently high )

Figure 2.11: Byte and word read access from 16 bit processors in mode 2 (Motorola) and mode 3 (Intel)

16 bit processors can either read data with byte or word access like shown in Figure2.11. FIFO and
F- ] Z-counter read access have 8hit or 16 bit width aternatively. The 16 bit processor must support
byte access because all other register read accesses must have a width of 8 bit.

/BE2 and /BE3 must alwaysbe'1’. /BEO and /BE1 switch the databus D15 ... DO from tristate into
data driven state (see Table2.19).

Data can be read in mode 2 (Motorola) with
IBE='0" and (/DS+4/CS)='0' and RW='1 .

In mode 3 (Intel, non-multiplexed) the states
IBE='0" and (/RD+/CS)='0" and /WR="T
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Table 2.19: Data access width in mode 2 and 3

A[0] /BE1 /BEO Data access

X 17 "1’ noaccess

{0} 1 {0} byte access on D[7:0]
' {0} ' byte access on D[15:8]
0’ 0’ ‘0’ word access

must be fulfilled to drive data out. The data bus is stable after tgrp,,.in, and returns into tristate after
tprDH.

Address and /BE require a setup time ¢4 s which starts when all address and byte enable signals are
valid. The hold time of theselinesistsg.

Table 2.20: Symbols of read accesses in Figures 2.9 and 2.11

Symbol min/ns max/ns Characteristic
tas 10 Address and /BE valid to /DS+/CS (/RD+/CS) "L setup time
taAH 10 Address hold time after /DS+/CS (/RD+/CS) I
tpRDZ 2 /DSH/CS (/RD+/CS) "L to data buffer turn on time
tDRDH 2 15 /DS+/CS (/RD+/CS) I to data buffer turn off time
trws 2 R/W setup timeto /DS+HCS L
trRwWH 2 R/W hold time after /DS+/CS I
trD Read time:
20 A[7] ='0" (addressrangeO ... Ox7F: normal register access)
20 A[7,6] ='10" (addressrange 0x80 ... OxBF: FIFO data access)
S-toLkr A[7,6] ='11" (addressrange OXCO ... OxFF: direct RAM access, FIFO
interrupt registers) *
tovoLe Cycle time between two consecutive /[DS+/CS (/RD+/CS) I
1.5 torkr A[7] ='0" (addressrangeO ... OX7F: normal register access)
A[7,6] ='10" (addressrange 0x80 ... OxBF: FIFO data access)
55 -toLkr — dfter byte access
6.5 - tcLkr — after word access
5.9 toLKI A[7,6] ='11" (addressrange OXCO ... OxFF: direct RAM access, FIFO
interrupt registers)

(*: See* Short read method’ on page 67.)
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word write access low byte write access high byte access
A7) § §
/BE[3:2] \3 permanéntly high Ss

byte enable

/BE1 byte enable byte enable

/BEO byte enable byte enable byte enable
os:o) I da (| e
D[7:0] data data
t WRS *t DWRH t WRS t DWRH '| t WRS t DWRH
le—{ —vle——~Ff —» le—f —vle———F —» lfe—t —vle———F —»
AS AH AS AH AS AH
tWR tIDLE :WR tIDLE :WR

in mode2 only
(Motorola:)

os+ics — \3 —r
|"IRWS '.—|IRWH |”tRws '..|tRWH |”tRws '..|tRWH
rv — ) S

in mode 3 only
(Intel):

/WR+/CS

/RD \3 permanently high Ss

Figure 2.12: Byte and word write access from 16 bit processors in mode 2 (Motorola) and mode 3 (Intel)

16 bit processors can either write data with byte or word access like shown in Figure2.12. FIFO write
access have 8 bit or 16 bit width alternatively. The 16 bit processor must support byte access because
all other register write accesses must have a width of 8bit.

/BE2 and /BE3 must always be '1’. /BEO and /BE1 control the low byte and high byte of the data
bus D15 ... DO (see Table 2.19).

Dataiswritten with _of (/DS + /CS) in mode 2 (Matorola) respective (/WR + /CS) in mode 3 (Intel,
non-multiplexed). The HFC-4S/8S requires adata setup time ipy grs and adatahold time tpyw g

Address and /BE require a setup time ¢4 s which starts when al address and byte enable signals are
valid. The hold time of theselinesistsg.
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Table 2.21: Symbols of write accesses in Figures 2.10 and 2.12

Symbol min/ns max/ns Characteristic
tas 10 Addressand /BE valid to /[DS+/CS (/RD+/CS) I setup time
tal 10 Address hold time after /DS+/CS (/RD+/CS) I
tDWRS 20 Write data setup time to /DS+/CS (/WR+/CS) I
tDWRH 10 Write data hold time from /DS+/CS (/WR+/CS) I
trws 2 R/W setup timeto /DS+HCS L
trRwWH 2 R/W hold time after /DS+/CS I
twr 20 Writetime
tIDLE /DS+/CS (/RD+/CS) high time
1.5 - torkr A[7] ='0" (addressrangeO ... Ox7F: normal register access)
A[7,6] ='10" (addressrange 0x80 ... OxBF: FIFO data access)
3.5 toLkr — dfter byte access
4.5 -torkr — after word access
3.5 toLkr A[7,6] =11’ (addressrange OxCO ... OxFF: direct RAM access)
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2.5.2.3 8bit processors in mode 4 (Intel, multiplexed)

address byte read access byte read access
AD[7:0] (T g ) (T data )
/BE[3:1] permangntly high
/BEO permanently low
ALE / \
RN A .
ALE | "ALEH “cYcLE
tRD tRD
/IRD+/CS \ / \ /
/WR permanently high

Figure 2.13: Read access from 8 bit processors in mode 4 (Intel, multiplexed)

8hit processors read data like shown in Figure2.13. Timing values are listed in Table2.23.

/BE3 ... /BE1 must aways be '1’. /BEO can be fixed to '0’ or must be low during access to switch
the databus D7 ... DO from tristate into data driven state.

Data can be read in mode 4 (Intel, multiplexed) with®

IBEO="'0" and (/RD+/CS)='00 and /WR="1 .

The data bus is stable after tgp,,.in and returns into tristate after tprpg.

Address and /BEO (if not fixed to low) require a setup time ¢4 5 which starts with the Lof ALE. The
hold time of these linesist4y. If two consecutive read accesses are on the same address, multiple
register address write is not required.

3/RD + /CS means logical OR function of the two signals.
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address byte write access byte write access
Al7:0]
AD[31:8]
/BE[3:1] permarently high
/BEO permanently low
ALE / \
|-—t | t t
ALE | ALEH IDLE
:WR tWR
/WR+/CS \ / \ /
/IRD permanently high

Figure 2.14: Write access from 8 bit processors in mode 4 (Intel, multiplexed)

8bit processors write data like shown in Figure2.14. Timing values are listed in Table 2.24.
/BE3 ... /BE1 must always be’l’. IBEO controls the databus D7 ... DO and can be fixed to '0’.

Data is written with _Tof (/WR + /CS) in mode 4 (Intel, multiplexed). The HFC-4S/8S requires a
data setup time ¢ py rs and adata hold time tpw rp -

Address and /BEO (if not fixed to low) require a setup time ¢, 5 which starts with the Lof ALE. The
hold time of these linesist,g. If two consecutive write accesses are on the same address, multiple
register address write is not required.
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2.5.2.4 16 bit processors in mode 4 (Intel, multiplexed)

address word read access word read access
AD[7:0] (| data ) (| data )
AD[15:8] data data_ <
AD[31:16]
tDRDI tDRDH tDRDI tDRDH
-t RDmin_’ ‘_tRDmin_’
/BE[3:2] permangntly high
/BE[1:0] byte enable
tAS tAH
ALE / \
¢ . A
ALE | "ALEH "CYCLE
tRD .lRD
/RD+/CS \ / \ /
/WR permanently high

Figure 2.15: Word read access from 16 bit processors in mode 4 (Intel, multiplexed)

16 bit processors can either read data with byte or word access. Only 8bit are used for address
decoding. Thus the address on lines AD31 ... ADS8 areignored.

A word read is shown in Figure 2.15. FIFO and F'-/ Z-counter read access have 8bit or 16 bit width
aternatively. The 16 bit processor must support byte access because all other register read accesses
must have awidth of 8hit.

/BE2 and /BE3 must alwaysbe’1l’. /BEO and /BE1 switch the databus D15 ... DO from tristate into
data driven state (see Table2.22 on page 77).

In mode 4 (Intel, multiplexed) the states

IBE='0" and (/RD+/CS)='0" and /WR="'T

must be fulfilled to drive data out. The data bus is stable after ¢tz p,:n and returns into tristate after
tDRDH-
Address and /BE require a setup time %45 which starts with the "Lof ALE. The hold time of these

linesist,g. If two consecutive read accesses are on the same address, multiple register address write
is not required.

An 8bhit read access (low byte) is performed in the same way as it is done with 8 bit processors. Thus
see Figure 2.13 for the timing specification.
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address word write access word write access
A[7:0]

AD[15:8]

AD[31:16]

/BE[3:2] permarjently high

/BE[1:0] byte enable
tAS tAH
ALE / \
— | . +
ALE | “ALEH “IDLE
tWR tWR
/WR+/CS \ / \ /
IRD permanently high

Figure 2.16: Word write access from 16 bit processors in mode 4 (Intel, multiplexed)

16 bit processors can either write data with byte or word access. Only 8hit are used for address
decoding. Thusthe address on lines AD31 ... ADS8 areignored.

A word write is shown in Figure 2.16. FIFO write access have 8 bit or 16 bit width alternatively. The
16 bit processor must support byte access because all other register write accesses must have a width
of 8hit.

/BE2 and /BE3 must always be'1’. /BEO and /BE1 control the low byte and high byte of the data
busD15 ... DO (see Table 2.22 on page 77).

Data is written with _rof /WR + /CS in mode 4 (Intel, multiplexed). The HFC-4S/8S requires a
data setup time ¢ py rs and adata hold time tpyw rp -

Address and /BE require asetup time ¢4 g which starts with the Lof ALE. The hold time of these lines
istap. If two consecutive write accesses are on the same address, multiple register address write is
not required.

An 8bit write access (low byte) is performed in the same way asit is done with 8 bit processors. Thus
see Figure 2.14 for the timing specification.
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2.5.2.5 32bit processors in mode 4 (Intel, multiplexed)

address double word read access double word read access
AD[7:0] [ daa ) (T e
AD[31:8] data data -
le—it 1 le—it le—»|t ] le—it
DRDAZ DRDH DRDA4 DRDH
‘_tRDmln_. ‘_tRDmln_.
/BE[3:0] byte enable
tAS tAH
ALE / \
R A :
ALE | ALEH "CYCLE
:RD tRD
/IRD+/CS \ / \ /
/WR permanently high

Figure 2.17: Double word read access from 32 bit processors in mode 4 (Intel, multiplexed)

32 bit processors can either read data with byte, word or double word access. Only 8 bit are used for
address decoding. Thusthe address on lines AD31 ... AD8 are ignored.

A double word read is shown in Figure 2.17. FIFO and Z-counter read access have 8hit, 16 bit or
32 bit width aternatively, F'-counter read access have 8bit or 16 bit width alternatively. The 32 bit
processor must support byte access because all other register read accesses must have awidth of 8 bit.

Table 2.22: Data access width in mode 4

A[0] /BE3 /BE2 /BE1 /BEO Data access

IXY 117 111 111 111 no mc%

{0} 1 1 1 {0} byte access on AD[7:0]
1 17 17 {0} 17 byte access on AD[15:8]
0 17 0’ 1 17 byte access on AD[23:16]
1 {0} 1 1 1 byte access on AD[31:24]
{0} 17 17 {0} '0’  word accesson AD[15:0]
0 0’ 0’ 1 "1’ word accesson AD[31:16]
{0} {0} 0’ 0 0’ double word access

/BES ... /BEO switch the bus lines AD31 ... ADO from tristate into data driven state during data
phase (see Table 2.22).

In mode 4 (Intel, multiplexed) the states
IBE='0" and (/RD+/CS)='0" and /WR="T
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must be fulfilled to drive data out. The data bus is stable after ¢tz p,in and returns into tristate after
tprDH.

Address and /BE require a setup time ¢4 which starts with the Lof ALE. The hold time of these
linesist,g. If two consecutive read accesses are on the same address, multiple register address write
is not required.

An 8bhit read access (low byte) is performed in the same way asit is done with 8 bit processors. Thus
see Figure 2.13 for the timing specification.

Table 2.23: Symbols of read accesses in Figures 2.13, 2.15 and 2.17

Symbol min/ns max/ns Characteristic
tALE 10 Address latch time
tALEH 0 ALE T to/WR+/CS_I
tas 10 Address and /BE valid to /RD+/CS L setup time
taAH 10 Address hold time after /RD+/CS _I™
tprRDZ 2 /RD+/CS L to data buffer turn on time
tDRDH 2 15 /RD+/CS I to data buffer turn off time
trD 20 Read time:
20 A[7] ='0" (addressrangeO ... Ox7F: normal register access)
20 A[7,6] ='10" (addressrange 0x80 ... OxBF: FIFO data access)
5-toLkr A[7,6] ='11’ (addressrange OxCO ... OxFF: direct RAM access, FIFO
interrupt registers) *
tcycLE Cycle time between two consecutive /RD+/CS I
1.5 torkr A[7] ='0" (addressrangeO ... OX7F: normal register access)
A[7,6] =10’ (addressrange 0x80 ... OxBF: FIFO data access)
5.5 toLkr — after byte access
6.5 toLkr — after word access
5.9 toLKI A[7,6] ='11" (addressrange OXCO ... OxFF: direct RAM access, FIFO
interrupt registers)

(*: See*Short read method' on page 67.)
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address double word write access double word write access
ALT:0) (=)

AD[31:8]

/BE[3:0] byte enable

ALE / \
i : :
ALE | "ALEH "IDLE
tWR tWR
/WR+/CS \ / \ /
/RD permanently high

Figure 2.18: Write access from 32 bit processors in mode 4 (Intel, multiplexed)

32 bit processors can either write data with byte, word or double word access. Only 8 bit are used for
address decoding. Thusthe address on lines AD31 ... AD8 are ignored.

A double word write is shown in Figure 2.18. FIFO write access have 8bit, 16 bit or 32 bit width
aternatively. The 32 bit processor must support byte access because all other register write accesses
must have awidth of 8hit.

/BE3 ... IBEO control the buslines AD31 ... ADO during data phase (see Table2.22).

Data is written with _rof /WR + /CS in mode 4 (Intel, multiplexed). The HFC-4S/8S requires a
data setup time tpy rs and adatahold time tpw rpy -

Address and /BE require asetup time t4s which starts with the Lof ALE. The hold time of these lines
ist . If two consecutive write accesses are on the same address, multiple register address write is
not required.

An 8bit write access (low byte) is performed in the same way asit is done with 8 bit processors. Thus
see Figure 2.14 for the timing specification.
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Table 2.24: Symbols of write accesses in Figures 2.14, 2.16 and 2.18
Symbol min/ns max/ns Characteristic
tALE 10 Address latch time
tALEH 0 ALE I to/WR+/CS_I
tas 10 Addressand /BE valid to /WR+/CS _I" setup time
taAH 10 Address hold time after /WR+/CS I
tDWRS 20 Write data setup time to /WR+/CS I
tDWRH 10 Write data hold time from /WR+/CS I
twr 20 Writetime
tIDLE /WR+/CS hlghtlme
1.5 - torkr A[7] ='0" (addressrangeO ... Ox7F: normal register access)
A[7,6] ='10" (addressrange 0x80 ... OxBF: FIFO data access)
3.5 toLkr — dfter byte access
4.5 -tcrLkr — after word access
3.5 toLkr A[7,6] =11’ (addressrange OxCO ... OxFF: direct RAM access)
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2.5.3 Examples of processor connection circuitries
u
+3.3V nc —196 1 \c
' R1 +3.3V GNDl_—m— GND
8 bit Processor / ' 194 VDD
CONTROL
JINT 197 1 Nt
+3.3V
N o] MODEOQ
_:LQQ— MODE1
GND
RESET 198 | pEsET
+3.3V GND
R2 depends on GHI;JD 26
application ‘ +3.3V ne 25 NC
/BUSDIR
N
R3 ‘ GND
WD | GND 221 jwp
- — - - o1 ALE
DS 55 /IOR
RIW 507 low
Ics ICS
R* can be omitted if reset
is active during power on. R*
+33y GND E——U— FLO
. R*
8 bit Processor R
R*
ADDRESS / DATA -
R*
R*
R*
A 2061 517
R* GND 1M > All
R* 1M 5 ALO
R* 1M 1 A9
R* 1™ 2 A8
AO07 o A7
A06 To ] A6
A05 1] A8
A04 1] A4
A03 12 A3
A02 o] A2
AO0L ] AL
A00 37 A0
R* M 577 D15
R* F m 25| b4
R* D13
Ri M 41 p12
R* GND M 7 b1t
R* 1M 557 D10
R* | &9
R* LM | 23] b8
D07 ] b7
D06 1= D6
D05 45| D5
D04 5] D4
D03 29 03
D02 5] D2
D01 2] b1
D00 DO
8 bit Processor HFC-4S/HFC-8S
(Motorola Mode) (Processor interface,
mode 2, Motorola)
Figure 2.19: 8bit Intel/ Motorola processor circuitry example (mode 2)
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u
+3.3V ne —196 4y
+3.3V I__J-‘L‘z_
R1 GND GND
16 bit Processor / ' 194 VDD
CONTROL
JINT 197 1 )Nt
+3.3V
’ng_ MODEO
_I_—“m— MODE1
GND
RESET 198 J pEsET
+3.3V GND
T ‘ GND
R2 depends on ne 26 | NC
: application " GND ne 25 | /BUSDIR
! R3 ! _|__|_7_ GND
IRES T | I | %i /WD
ALE ———— o1 ALE
IRD 22| /10R
IWR 207 low
Ics Ics
R* can be omitted if reset
iz active during power on. R*
+3.3V E@_ﬂ_
4\ GND - FLO
Ty L 6
16 bit Processor 1 L R 18 | /BE3
LM 30 | /BE2
IBE1 IBEL
ADDRESS / DATA IBEO 40 ] 250
R* i 208 pp3i
R* M 95| AD30
R* 1M AD29
R* 1 —m‘i— AD28
R* M 5] AD27
R* 1M 5] AD26
R* 1M o] AD25
R* 1M o | AD24
R* 1M o] AD23
R* 1M To | AD22
R* M AD21
Ri e 1 L1 ap20
R+ GND M | 5] ADL9
R* 1M 15| AD18
R M 1] AD17
R* 1M 37| AD16
AD15 35| AD15
AD14 35| AD14
AD13 4] AD13
AD12 36| AD12
AD11 37| AD11
AD10 35| AD10
AD09 9] AD9
ADO8 3| AD8
ADO7 au ] AD7
AD06 45| AD6
ADO5 18] ADS
AD04 48 AD4
ADO3 29] AD3
ADO2 =g | AD2
ADO1 =] AD1
ADO0 ADO
16 bit Processor HFC-4S/HF(_:-SS
(multiplexed mode) (Processor interface,
mode 4, INTEL multiplexed)
Figure 2.20: 16 bit Intel processor circuitry example (mode 4, multiplexed)
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2.6 Serial processor interface (SPI)

Table 2.25: Overview of the SPI interface pins

Number Name Description

194 /SPISEL SPI device select low active
195 SPI_RX  SPI receive datainput

196 SPI_TX  SPI transmit data output
197 /INT Interrupt request

198 RESET  Reset high active

200 SPICLK  SPI clock input

The SPI interface mode is selected by MODEO = 1, MODEL = 0 and connecting pin 200 to SPI
clock. /SPISEL must be high during reset. The first positive edge on SPICLK switches the interface
from processor interface mode into SPI mode. This may be the first positive clock at the start of an
SPI access.

The interface has 4 pins as shown in Table2.25. For further information please see the SPI specifica-
tion.

2.6.1 SPI read and write access

In SPI mode each data transfer is 16 bit long. From the first 8 bits only the bits R/W and ADR/DAT
are used. The other 6 bits must be zero. Depending on the R/W bit the second 8 bits are read from
the HFC-4S/8S or written into the HFC-4S/8S as shown in the Figures2.21 and 2.22. So all data
accesses in SPI mode handle 8 data bits.

1st_byte 2nd_byte:

/SPISEL

SV AVAVAVAWAVAWAWAWAWAVAVAWAVAWAWAWAWAW,

SPI_TX D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO }———

Figure 2.21: SPI read access

It is allowed to interrupt the /SPISEL signal between the two bytes. In this case the transmission
pauses and will be continued after /SPISEL returnsto low level. An example for an interrupted read
access is shown in Figure 2.23.
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1st_byte 2nd_byte
/SPISEL

sPi_Rx I RW Y AD \ 6 bit low D7 X6 X D5 X D4 X b3 X D2 X b1 X Do X

SPI_TX

Figure 2.22: SPI write access

1st_byte 2nd_byte
/SPISEL interruption '\

SPI_RX A/D 6 bit low

SPI_TX

Figure 2.23: Interrupted SPI read access
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2.6.2 SPI connection circuitry

SP
Power

SP
Signal

+3.3V

+3.3V

GND

A

SPI_TX
SPI_RX

ISPISEL

/INT

RESET
CLK

GND

+3.3V

R1

10k

R2

10k

Ul

SPI_TX

SPI_RX

ISPISEL

R3

10k

GND

+3.3V

/INT

MODEO
MODE1

RESET

R5

(1 |
R6 ¢ 1M |

R7 ¢ 1M
R8 ¢ 1M
R9 ¢ 1M

SPICLK

SERR#
PERR#

23

IDSEL

24

DEVSEL#

21

STOP#

R11 ¢ M

R14
R15 M
R16 Y]

VDD

20

TRDY#

R13 9

M

GND

PAR

C/BE3#

C/BE2#

R17‘

C/BEl#
C/BEO#

AD31

AD30

AD29

AD28

AD27

AD26

AD25

AD24

AD23

AD22

AD21

AD20

AD19

AD18

AD17

AD16

AD15

AD14

AD13

AD12

AD11

AD10
AD9
AD8

AD7

AD6

AD5

AD4

AD3

AD2

FlglgFlglglglglglglglglgFlglglglglglglglglglglglgFlglglglglg :

R18 9
R19 ¢
R20 ¢
R219
R22¢
R23 ¢
R24 9
R25¢
R26 ¢
R27 ¢
R28 9
R29 ¢
R30¢
R319
R32¢
R33¢
R34 9
R35¢
R36 ¢
R37 ¢
R38 9
R39¢
R40 ¢
R419
R42 ¢
R43 ¢
R44 9
R45 ¢
R46 ¢
R47 ¢
R48 9
R49 ¢

ND

AD1

ADO

HFC-4S/HFC-8S

Figure 2.24: SPI connection circuitry
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2.7 Register description

2.7.1 Write only registers

R _CIRM (write only) 0x00

Interrupt and reset register

Bits Reset | Name Description
Value

2.0 0 V_IRQ_SEL IRQ channel selection in ISA PnP mode
‘000’ =interrupt lines disable
‘001’ =IRQO
‘010’ = IRQ1
'011' = 1IRQ2
100’ =IRQ3
101’ = IRQ4
'110’ = IRQ5
111’ = IRQ6

3 0 V_SRES Soft reset

Thisreset is similar to the hardwarereset. The
selected 1/0 address (CIP) remains unchanged. The
reset is active until the bit is cleared.

'0’ = deactivate reset

"1’ = activate reset

4 0 V_HFCRES HFC-reset

Setsal FIFO and HDLC registersto their initial
values. Thereset is active until the bit is cleared.
'0’ = deactivate reset

"1’ = activate reset

5 0 V_PCMRES PCM reset

Sets all PCM registersto their initial values. The
reset is active until the bit is cleared.

'0’ = deactivate reset

"1’ = activate reset

6 0 V_STRES S/T-reset
'0’ = deactivate reset
"1’ = activate reset

7 0 V_RLD EPR EEPROM reload

'0’ = normal operation

"1’ = reload EEPROM to SRAM

This bit must be cleared by software. Thereload is
started when the bit is cleared.

(For reset group description see Table12.4 on page 231.)
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R CTRL (write only) 0x01

Common control register

Bits Reset [ Name Description
Value
0 (reserved) Must be’'0'.
0 V_FIFO_LPRIO FIFO access priority for host accesses
‘0’ = normal priority
"1’ = low priority
2 0 V_SLOW_RD One additional wait cycle for PCI read accesses

'0’ = normal operation
']’ = additional wait (must be set for 66 MHz PCI
operation)

3 0 V_EXT _RAM Use external RAM

Theinternal SRAM is switched off when external
SRAM is used.

'0’ = internal SRAM is used in lower 32kByte
address space

"1’ = external SRAM is used

0 (reserved) Must be’'0’.

0 V_CLK_OFF CLK oscillator

'0’ = normal operation

"1’ = CLK oscillator is switched off
Thishit isreset at every write access to the
HFC-4S/8S.

7.6 0 V_ST CLK SIT clock selection

‘00’ = system clock / 4

‘01’ = system clock / 8

10’ = system clock (normally unused)

11’ = system clock / 2 (normally unused)

SI/T clock must be 6.144MHz, system clock is
normaly 24.576 MHz.

March 2003 (rev. A) Data Sheet 87 of 273



HFC-4S
HFC-8S

. . Cologne
Universal external bus interface “ Chip

R_RAM_ADDRO

(write only) 0x08

Address pointer, register 0

1st address byte for internal / external SRAM access.

Bits Reset [ Name Description
Value
7.0 0x00 | V_RAM_ADDRO Address bits7... 0

R RAM_ADDR1

(write only) 0x09

Address pointer, register 1

2nd address byte for internal / external SRAM access.

Bits Reset [ Name Description
Value
7.0 0x00 V_RAM_ADDR1 Address bits 15.... 8
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R_RAM_ADDR2

(write only) O0x0A

Address pointer, register 2

High address bits for internal / external SRAM access and access configuration.

Bits Reset [ Name Description
Value

3.0 0 V_RAM_ADDR2 Address bits 19 ... 16

5.4 (reserved) Must be'00’.

6 0 V_ADDR_RES Address reset
'0’ = normal operation
"1’ = address hits0... 15 are set to zero
Thisbit is automatically cleared.

7 0 V_ADDR_INC Address increment
'0’ = no address increment
"1’ = automatically increment of the address after
every write or read on register R_RAM_DATA

March 2003 (rev. A)

Data Sheet 89 of 273



HFC-4S
HFC-8S Universal external bus interface “ g::_:gne
R_RAM_MISC (write only) 0x0C

RAM size setup and miscellaneous functions register

Bits

Reset
Value

Name

Description

1.0

V_RAM_SZ

RAM size

'00’ =32k x 8

‘01’ =128k x 8

10’ =512kx 8

11" = reserved

After settingV_RAM_SZ to avalue different from
'00’ a soft reset should be initiated.

(reserved)

Must be'00'.

V_PWMO_16KHZ

16 kHz signal on pin PWMO
'0’ = norma PWMO function
"1’ = 16 kHz output

V_PWM1_16KHZ

16 kHz signal on pin PWM1
'0’ = normal PWML1 function
"1’ = 16 kHz output

(reserved)

Must be'0’.

V_FZ MD

Exchange F-/ Z-counter context

(for transmit FIFOs only)

'0'=A ZI1L,A ZIH=Z1(F1)and A_Z2L,

A Z2H = Z2(F'1) (normal operation)

'U'=A Z1L,A ZIH=Z1(F1)andA Z2L,

A Z2H = Z2(F2) (exchanged operation)

Thisbit can be used to check the actual RAM usage
of transmit FIFOs.
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2.7.2 Read only registers

R_RAM_USE (read only) 0x15

SRAM duty factor

Usage of SRAM access bandwidth by the internal data processor.

Bits Reset [ Name Description
Value

7.0 V_SRAM_USE Relative duty factor
0x00 = 0% bandwidth used
0x7C = 100% bandwidth used

R_RAM_DATA (read /write) 0xCO

SRAM data access

Direct access to interna / external SRAM

Bits Reset [ Name Description
Value
7.0 0 V_RAM_DATA SRAM data access

The address must be written into the registers
R_RAM_ADDRO...R_RAM_ADDR2in
advance.
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R_CHIP_ID (read only) 0x16

Chip identification register

Bits Reset [ Name Description
Value
3.0 0 V_PNP_IRQ IRQ assigned by the PnP BIOS

(only in ISA PnP mode)

V_IRQ_SEL of theR_CIRM register must be set
to the value corresponding to the hardware
connected IRQ lines.

7.4 V_CHIP_ID Chip identification code
’1100’ means HFC-4S,
'1000’ means HFC-8S.

R _CHIP_RV (read only) Ox1F

HFC-4S/8S revision

Bits Reset | Name Description
Value
3.0 1 V_CHIP_RV Chip revision 1

(Engineering samples were revision 0.)

7.4 0 (reserved)

92 of 273 Data Sheet March 2003 (rev. A)



Chapter 3

HFC-4S/8S data flow

Table 3.1: Overview of the HFC-4S/8S data flow registers

Write only registers:

Address Name Page Address Name Page
0x0B R _FIRST FIFO 118 0x34 A ST SQ WR 165
0xOD R_FIFO_MD 119 OxF4 A CH_MSK 123
OXxOF R _FIFO 120 OXFA A CON HDLC 124
OXOF R _FSM_IDX 120 OXFB A SUBCH CFG 125
0x10 R_SLOT 121 OXxFC A CHANNEL 126
0xDO A SL CFG 122 OXFD A FIFO_SEQ 126
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3.1 Data flow concept

TheHFC-4S/8S hasaprogrammable data flow unit, in which the FIFOs are connected with the PCM
and the S/T interfaces. Moreover the data flow unit can directly connect PCM and S/T interfaces or
two PCM time slots®.

The fundamental features of the HFC-4S/8S data flow are as follows:

programmable interconnection capability between FIFOs, PCM time slots and S/T-channels
4 (HFC-4S) resp. 8 (HFC-8S) ST interfaces
in transmit and receive direction there are

— upto 32 FIFOs

— 16, 32 or 64 PCM time slots

— 32 HFC-channels to connect the above-mentioned data interfaces

3 data flow modes to satisfy different application tasks
subchannel processing for bitwise data handling

The complete HFC-4S/8S data flow block diagram is shown in Figure3.1. Basically, data routing

requires an allocation number at each block. So there are three areas where numbering is based on
FIFOs, HFC-channels and PCM time slots.

S/T interf.
assigner
5B
g
Ig multiple
> e N
channel ] . srfIT
HDLC assigner subchannel flow £ interfaces
controller = processor controller '5,5
w
HDLC s HFC-channel
host FIFO o | i | P
interf ntroller|” "| transparent [~ d B[ " pRasietoni= i -
ertace controlle data ég decomposition N S e assigner
© T =
i oo
=4
B PCM
» Of =
N "| interface
=
O
o

FIFO channel slot

Figure 3.1: Data flow block diagram

FIFO handling and HDLC controller, PCM and S/T interfaces are described in Chapters4 to 6. So
this chapter deals with the data flow unit which islocated between and including the channel assigner,
the PCM dlot assigner and the S/T interface assigner.

Term definitions

Figure 3.2 clarifies the relationship and the differences between the numbering of FIFOs, HFC-
channels and PCM time dlots. The inner circle symbolizes the HFC-channel oriented part of the
data flow, while the outer circle shows the connection of three data sources and data drains respec-
tively. The S/T interfaces have afixed mapping between HFC-channels and S/T-channels so that there
is no need of a separate S/T-channel numbering.
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. host
interface

FIFO
oriented
numbering 8 or 4 S/T interfaces:
B1-channels
B2-channels
D-channels

E-channels

channel
oriented numbering

PCM slot
oriented
numbering

SN

PCM
interface

Figure 3.2: Areas of FIFO oriented, HFC-channel oriented and PCM time slot oriented numbering

FIFO: The FIFOs are buffers between the universal bus interface and the PCM and S/T interfaces.
The HDLC controllers are located on the non host bus side of the FIFOs. The number of
FIFOs depends on the FIFO size configuration (see Section4.2) and starts with number 0. The
maximum FIFO number is 31. Furthermore data directions transmit and receive are associated
with every FIFO number.

HFC-channel: HFC-channels are used to define data paths between FIFOs on the one side and PCM
and S/T interfaces on the other side. The HFC-channels are numbered 0 ... 31. Furthermore
data directions transmit and receive are associated with every HFC-channel number.

It isimportant not to mix up the HFC-channels of the here discussed data flow (inner circle of
Figure 3.2) with the S/T-channels of the multiple S/T interfaces.

PCM time slot: The PCM data stream is organized in time slots. The number of PCM time slots
depends on the datarate, i.e. there are 32 time slots (2 MBit/s), 64 time slots (4 MBit/s) or 128
time slots (8 MBIt/s). As data directions transmit and receive are associated with every time
slot number, slotsare numbered 0... 15,0... 31or0... 63.

Each FIFO, HFC-channel and time slot number exist for transmit and receive direction. The data
rate is always 8 kByte/s for every S'T-channel and every PCM time slot. FIFOs, HFC-channels, S/T-
channels and PCM time slots have aways awidth of 8 bit.

3.2 Flow controller

The various connections between FIFOs, S/T-channels and PCM time slots are set up by programming
the flow controller, the channel assigner and the PCM slot assigner.

The flow controller sets up connections between FIFOs and the S/T interface, FIFOs and the PCM
interface and between the S/'T and PCM interface. The bitmap V_DATA FLOW of the register
A CON_HDLC (which exists for each FIFO) configures these connections. The numbering of trans-
mit and corresponding receive FIFOs, HFC-channels and PCM time slots is independent from each

1| n this data sheet the shorter expression “slot” instead of “time slot” is also used with the same meaning.
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other. But in practice the connection table is more clear if the same number is chosen for correspond-
ing transmit and receive direction.

A direct connection between two PCM time slots can be set up inside the PCM dslot assigner and will
be described in Section 3.3.

The flow controller operates on HFC-channel data. Nevertheless it is programmed with a bitmap of
a FIFO-indexed array register. With this concept it is possible to change the FIFO-to-HFC-channel
assignment of a ready-configured FIFO without re-programming its parameters again.

The internal structure of the flow controller contains

e 4 switching buffers, i.e. one for the S'T and PCM interface in transmit and receive direction
each and

e 3 switches to control the data paths.

Switching buffers

The switching buffers decouple the data inside the flow controller from the data that is transmit-
ted/received from/to the S/'T and PCM interfaces. With every 125 us cycle the switching buffers
change their pointers.

If abyteisread from the FIFO and written into a switching buffer, it is transmitted by the connected
interface during the next 125 s cycle. In the reverse case, a received byte which is stored in a
switching buffer is copied to the FIFO during the next 125 us cycle.

A direct PCM-to-S/T connection delays each data byte two cycles. That means the received byte is
stored in the switching buffer during the first 125 is cycle, then copied into the transmit buffer during
the second 125 ys cycle and finally transmitted from the interface during the third 125 us cycle. If
the conference unit is switched on, there is an additional 125 ;s delay, because the summation of the
whole frame is processed in the memory (see Section8).

Timed sequence

The data transmission algorithm of the flow controller is FIFO-oriented and handles all FIFOs every
125 pisin the following sequence?:

. FIFO[0,TX]
. FIFO[O,RX]
. FIFO[L,TX]
. FIFO[1,RX]

S hWN PR

63. FIFO[3L,TX]
64. FIFO[3LRX]

If afaulty configuration writes data from several sources into the same switching buffer, the last write
access overwrites the previous ones. Only in this caseit is necessary to know the process sequence of
the flow controller.

TheHFC-4S/8S hasthree data flow modes. One of them (FIFO sequence mode) is used to configure
a programmable FIFO sequence which can be used instead of the ascending FIFO numbering. This
isexplained in Section 3.4.

2Due to the FIFO size setup (see Section 4.2) the maximum number of FIFOs might be less than 31.
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Transmit operation

In transmit operation one HDLC or transparent byte is read and can be transmitted to the S/'T and
the PCM interface as shown in Figure 3.3. Furthermore, data can be transmitted from the S/T in-
terface to the PCM interface. From the flow controller point of view, the switches select the source
for outgoing dataThe switches are controlled by the bitmap V_DATA FLOW][2..0] of the register
A CON_HDLC[n,TX] where n is a FIFO number.

V_DATA_FLOW [1]

switching buffer

» 0
> M channel data to
‘ N | ] transmit S/T-channel
transmit S/T
selection switching buffer
HDLC or SN channel data from
transparent e receive S/T-channel
data <
channel data from —
HDLC controller
V_DATA_FLOW [2]

channel data to no data
HDLC controller transfer

switching buffer

) . channel data to
i transmit PCM slot

transmit PCM
selection

no data channel data from
Flow Controller transfer receive PCM slot

in transmit operation

Figure 3.3: The flow controller in transmit operation

e FIFO datais only transmitted to the S/T interface if V. DATA FLOW[1] = 0.

e The PCM interface can transmit a data byte which comes either from the FIFO or from the S/'T
interface. BitV_DATA FLOW][2] selects the source for the PCM transmit slot (see Figure3.3).
The receiving S/T-channel has always the same number as the transmitting S/T-channel.

e Thebit V_DATA FLOWI[O] isignored in transmit operation.

Receive operation

Figure 3.4 shows the flow controller structure in receive operation. The two switches are controlled
with the bitmap V_DATA FLOWT/[2..0]. FIFO data can either be received from the S'T or PCM
interface. Furthermore, data can be transmitted from the PCM interface to the S/IT interface.

e BitV_DATA FLOWIO0] selects the source for the receive FIFO which can either be the PCM
or the ST interface.

e Furthermore, the received PCM byte can be transferred to the S/IT interface. This requires bit
V_DATA FLOWI[1] =1.

e ThebitV_DATA FLOWI[Z2] isignored in receive FIFO operation.
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V_DATA_FLOW [0] V_DATA_FLOW [1]

switching buffer

0
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Figure 3.4: The flow controller in receive FIFO operation

Connection summary
Table 3.2 shows the flow controller connections as a whole. Bidirectional connections® are pointed

out with a gray box because they are typically used to establish the data transmissions. These rows
have always an additional connection to a second destination.

Table 3.2: Flow controller connectivity

V_DATA_FLOW Transmit Receive FIFO

000 FIFO — ST FIFO — PCM FIFO + ST

001 FIFO — ST FIFO — PCM FIFO < PCM

010 FIFO — PCM FIFO « ST SIT + PCM
011 FIFO — PCM FIFO+ PCM ST+ PCM
100 FIFO — ST ST — PCM FIFO « SIT

101 FIFO — ST SIT - PCM FIFO < PCM

110 SIT — PCM FIFO « ST SIT + PCM
111 SIT — PCM FIFO < PCM SIT + PCM

The most important connections are data transmissions to a single destination. For these connections
it is possible to manage the configuration programming of V_DATA FLOW with only four different
values for transmit and receive FIFO operations. Table 3.3 shows the suitable programming values
which can be used to simplify the programming algorithm.

3In fact, all connections are unidirectional. However, in typical applications there is always a pair of transmit and
receive data which belong together. Instead of “transmit and corresponding receive data connection” the shorter expression
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Table 3.3: V_DATA_FLOW programming values for single-destination connections

Required Equalized Data

Connection V_DATA FLOW V_DATA_ FLOW direction
FIFO — 9T "10x’ 100 transmit
FIFO +« 9T 'x00’ receive
FIFO — PCM ‘01X’ 011 transmit
FIFO «+ PCM 'x01’ ‘001’ receive
ST —  PCM 11X 110 transmit
ST +~ PCM 'x10’ receive

3.3 Assigners

The data flow block diagram in Figure 3.1 contains three assigners. These functional blocks are used
to connect FIFOs, HFC-channels and S/T-channels and PCM time slots respectively with each other.

3.3.1 HFC-channel assigner

The channel assigner functionality depends on the data flow mode described in Section3.4.

3.3.2 PCM slot assigner

The PCM slot assigner can connect each HFC-channel to an arbitrary PCM time slot. Therefore, for
aspecified time slot# the connected HFC-channel number and data direction must be written into the
register A SL_ CFG[SLOT] asfollows:

A SL CFG: V_CH DIR1[SLOT] = <HFC-channel data direction>
: V_CH_NUMI[SLOT] = <HFC-channel number>
Typically, the data direction of a HFC-channel and its connected slot is the same. However, for a

direct connection between a PCM time slot and an S/T-channel, transmit and receive direction have
to be connected.

If two PCM time slots are connected to each other, incoming data on a PCM time slot istransferred to
the PCM dlot assigner and stored in the PCM receive switching buffer of the connected HFC-channel.
From there it isread (i.e. same HFC-channel) and transmitted to a transmit PCM time dlot which is
also connected to the HFC-channel.

3.3.3 S/T interface assigner

Table 3.4 shows the assignment between HFC-channels and the S/T-channels. There is no possibility
to change this allocation, so there are no registers for programming the S/T interface assigner.

“bidirectional connection” isused in this data sheet.
“A time slot is specified by writing its number and data direction into the register R_SLOT. Then all accesses to the
dlot array registers belong to this time slot. Please see Chapter 6 for details.
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Table 3.4: S/T interface assigner

HFC-channel  S/T-channel HFC-channel  S/T-channel HFC-channel S/T-channel
aj c % T c aj c % T c a3 c § T c
8 w5l £ 5@ £ Bl
c O = O © c © = O T c ©° = O ©
[0,TX] #0 B1 TX [12,TX] #3 B1 TX [24,TX] #6 Bl TX
[O,RX] #0 B1 RX [12,RX] #3 Bl RX [24,RX] #6 B1 RX
[1,TX] #0 B2 TX [13,TX] #3 B2 TX [25,TX] #6 B2 TX
[1,RX] #0 B2 RX [13,RX] #3 B2 RX [25,RX] #6 B2 RX
[2,TX] #0 D TX [14,TX] #3 D TX [26,TX] # D TX
[2,RX] # D RX [14,RX] #3 D RX [26,RX] # D RX
[3,TX] # — TX [15TX] #3 — TX [27,TX] #6 — TX
[3,RX] #0 E RX [15,RX] #3 E RX [27,RX] #6 E RX
[4,TX] #1 B1 TX [16,TX] #4 Bl TX [28,TX] #7 B1 TX
[4,RX] #1 B1 RX [16,RX] #4 Bl RX [28,RX] #7 B1 RX
[5,TX] #1 B2 TX [17,TX] #4 B2 TX [29,TX] #7 B2 TX
[5,RX] #1 B2 RX [17,RX] #4 B2 RX [29,RX] #7 B2 RX
[6,TX] #1 D TX [18,TX] #4 D TX [30,TX] #7 D TX
[6,RX] #1 D RX [18,RX] #4 D RX [30,RX] #7 D RX
[7,TX] #l - TX [19,TX] #4 - TX [31L,TX] #7 — TX
[7,RX] #1 E RX [19,RX] #4 E RX [31,RX] #7 E RX
[8,TX] #2 B1 TX [20,TX] #5 B1 TX
[8,RX] #2 Bl RX [20,RX] #5 Bl RX
[9,TX] #2 B2 TX [21,TX] #5 B2 TX
[9,RX] #2 B2 RX [21,RX] #5 B2 RX
[10,TX] #2 D TX [22,TX] # D TX
[10,RX] #2 D RX [22,RX] # D RX
[11,TX] #2 — TX [23,TX] # - TX
[11,RX] #2 E RX [23,RX] # E RX

If S/T-channels are coded as

Bl-channd = 0
B2-channel = 1
D-channel = 2
E-channel = 3

it ispossible to calculate

HFC-channel number = interface number - 4 + S/T-channel code .
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For agiven HFC-channel number the belonging S/T-channel is calculated with®

interface number = HFC-channel number div 4
S/T-channel code = HFC-channel number mod 4 .

In both cases the equivalence

HFC-channel direction = S/T-channel direction

isvalid.

@5 Important!

The HFC-4S has only four S/T interfaces. For this reason, only HFC-channels
0... 15arevalid and can be used from the S/T interface assigner.

3.4 Data flow modes

The internal operation of the channel assigner and the subchannel processor depends on the selected
data flow mode. The three available modes

e Smple Mode (SM)
e Channel Select Mode (CSM)
e FIFO Sequence Mode (FSM)

are described in this section.

3.4.1 Simple Mode

In Smple Mode (SM) only one-to-one connections are possible. That means one FIFO, one S/T-
channel or one PCM time slot can be connected to each other. All combinations except the FIFO-to-
FIFO connection are possible. The number of connections is limited by the number of FIFOs. It is
possible to establish as many connections as there are FIFOs®. The actual number of FIFOs depends
on the FIFO setup (see Section 4.2).

Smple Mode is selected withV_CSM_MD =V _FSM_MD = 0 intheregister R_FIFO_MD.

The FIFO number is always the same as the HFC-channel number whereas the PCM time slot number
can be chosen independently from the HFC-channel number.

Due to the fixed correspondence between FIFO number and HFC-channel, a pair of transmit and
receive FIFOsis allocated even if abidirectional data connection between the PCM interface and the
SIT interface is established. Please note that in this case the FIFO must be enabled to enable the data
transmission.

Sdiv istheinteger division. mod isthe division remainder s mod j = (i + j — i div j) = j.
SExcept PCM-to-PCM connections which do not need a FIFO resource if the involved HFC-channel number is higher
than the maximum FIFO number.
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A direct coupling of two PCM time slots uses a PCM switching buffer. This connection requires
a HFC-channel number (resp. the same FIFO number). An arbitrary HFC-channel number can be
chosen. If there are less than 31 transmit and receive FIFOs it is usefull to chose a HFC-channel
number that is greater than the maximum FIFO number generally. This saves FIFO resources where
no datais stored in a FIFO.

Subchannel processing

If the data stream of a FIFO does not require full 8 kByte/s data rate, the subchannel processor might
be used. Unused bits can be masked out with an arbitrary mask byte.

For D- and E-channel processing the subchannel functionality must be enabled. Only two bits of a
data byte are processed every 125 ys.

In transparent mode only the non-masked bits of a byte are transmitted. Masked bits are taken from
the register A_ CH_MSK. So the effective FIFO data rate always remains 8 kByte/s whereas the
usable data rate depends on the number of non-masked hits.

In HDL C mode the data rate of the FIFO is reduced according to how many bits are not masked out.

Please see Section 3.5 on page 113 for details concerning the subchannel processor.

Example for SM

Figure 3.5 shows an example with three bidirectional connections (FIFO-to-S/'T, FIFO-to-PCM and
PCM-to-S/T). The FIFO box on the left side contains number and direction of the used FIFOs. The
S/T and PCM boxes on the right side contain the S/T-channels and PCM time slot numbers and
directions which are used in this example. Black lines illustrate data paths, whereas dotted lines
symbolize blocked resources. These are not used for data transmission, but they are necessary to
enable the settings.

@ Please note !

All settings in Figure 3.5 are configured in bidirectional data paths due to typical
applications of the HFC-4S/8S. However, transmit and receive directions are
independent from each other and could occur one at atime as well.

The following settings demonstrate the required register values to establish the connection. All
involved FIFOs have to be enabled with V_.HDLC TRP + V_TRP_IRQ # 0 in the register
A _CON_HDLCIFIFQ]. The non-specified bitmap values depend on the desired FIFO configuration.

O FIFO-to-S/T

As HFC-channel and FIFO numbers are the same, a selected S/T-channel specifies the corre-
sponding FIFO (and samein inverse, of course). Thereisno need of programming this assigner.

R_FIFO :V FIFO DR =0 (transmit FIFO)
©V_FIFO NUM =9 (FIFO #9)

A_CON_HDLC[9,TX]: V_DATA FLOW = '100’ FIFO— ST

R_FIFO 'V FIFO DR =1 (receive FIFO)
:V_FIFO NUM =9 (FIFO #9)

A CON_HDLC[9,RX]: V_DATA FLOW = 100’ FIFO+ ST
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Figure 3.5: SM example

@ FIFO-to-PCM

The FIFO-to-PCM connection can use different numbers for the involved HFC-channels and
PCM time dlots. The desired numbers are linked together in the PCM dlot assigner.

R_FIFO V. FIFODIR =0 (transmit FIFO)
:V_FIFO_ NUM = 13 (FIFO #13)
A CON_HDLC[13,TX]: V_DATA FLOW = 011’ (FIFO — PCM)
R _SLOT :V_SL DIR =0 (transmit slot)
V. SL NUM =23 (slot #23)
A SL CFG[23TX] : V_CH DIR1 =0 (transmit HFC-channel)
:V.CH NUM1 =13 (HFC-channel #13)
R_FIFO :V. FIFODIR =1 (receive FIFO)
' V_FIFO_NUM = 13 (FIFO #13)
A CON_HDLC[13,RX]: V_DATA FLOW = ’'001’ (FIFO < PCM)
R_SLOT :V_SL DIR =1 (receive slot)
V. SL NUM =23 (slot #23)
A SL _CFG[23,RX] : V_CH DIR1 =1 (recelve HFC-channel)
©V.CH NUM1 =13 (HFC-channel #13)
® PCM-to-S/T

A direct PCM-to-S/T coupling isshown inthelast connection set. FIFO[12,TX] and FIFO[12,RX]
contain the data flow settings, so they must be configured and enabled to switch on the data
transmission.
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R_FIFO V. FIFODR =0 (transmit FIFO)
' V_FIFO_NUM = 12 (FIFO#12)

A CON_HDLC[12,TX] : V_DATA FLOW = 110’ (8T — PCM)

R _SLOT :V_SL DIR =0 (transmit slot)
V.SL NUM =22 (slot #22)

A _SL_CFG[22,TX] : V_CH_DIR1 =1 (receive HFC-channel)
:V_CH NUM1 =12 (HFC-channel #12)

R_FIFO V. FIFODIR =1 (receive FIFO)
' V_FIFO_NUM = 12 (FIFO#12)

A CON_HDLC[12,RX] : V_DATA FLOW = '110’ (9T + PCM)

R_SLOT : V_SL_DIR =1 (receive slot)
V.SL NUM =22 (slot #22)

A SL CFG[22RX] :V CHDIRL =0 (transmit HFC-channel)
:V_CH_NUM1 =12 (HFC-channel #12)

@ Rule

In Smple Maode for every used FIFO[n] the HFC-channel[n] isalso used. Thisis
valid in reverse case, too.

3.4.2 Channel Select Mode

The Channel Select Mode (CSM) alows an arbitrary assignment between a FIFO and the connected
HFC-channel as shown in Figure 3.6 (left side). Beyond this, it is possible to connect several FIFOs
to one HFC-channel (Fig. 3.6, right side). This works in transmit and receive direction and can be
used to allocate only one 8kByte/s S/T-channel or PCM time slot with multiple data streams with
lower data rate of the assigned FIFOs. In this case the subchannel processor isinvolved.

channel channel
assigner Assigner
2 « o 2
[ [
«——> Gt . ’ Gt
L € " L €
FIFO (oFS Channel . (X Channel
we wc
25 FIFOs EELO

Figure 3.6: Channel assigner in CSM

The Channel Select Mode is selected withV_CSM_MD = 1 and V_FSM_MD = 0 in the register
R_FIFO_MD.

Channel assigner

The connection between a FIFO and a HFC-channel can be established by the A CHANNEL reg-
ister for each FIFO. For a specified FIFO, the HFC-channel to be connected must be written to
V_CH_NUMO. Typically, the data direction in V_CH_DIRO is the same as the FIFO data direc-
tionV_FIFO_DIR intheregister R_FIFO. With the register settings
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A CHANNEL: V_CH_DIRO[FIFO] = V_FIFO DIR
: V_CH NUMO[FIFO] = n
the channel assigner connects the nominated FIFO to HFC-channel n.

A direct connection between a PCM time slot and an S/T-channel allocates one FIFO athough this
FIFO does not store any data. In Channel Select Mode — in contrast to Smple Mode — an arbitrary
FIFO can be chosen. This FIFO must be enabled to switch on the data transmission. If there are less
than 31 FIFOsin transmit and receive direction, it is necessary to select an existing FIFO number.

Subchannel Processing

If more than one FIFO is to be connected to one HFC-channel, this HFC-channel number must be
written into theV_CH_NUMO bitmap of all these FIFOs. In this case every FIFO contributes one or
more bits to construct one HFC-channel byte. Unused bits of a HFC-channel byte can be set with an
arbitrary mask byte.

In transparent mode the FIFO data rate always remains 8 kByte/s. In HDLC mode the FIFO datarate
is determined by the number of bits transmitted to the HFC-channel.

Please see Section 3.5 on page 113 for details concerning the subchannel processor.

Example for CSM

The example of a Channel Select Mode configuration in Figure3.7 shows four bidirectional connec-
tions (FIFO-to-S/T, FIFO-to-PCM, PCM-to-S/T and multiple FIFOsto S/T). The black linesillustrate
data paths, whereas the dotted lines symbolize blocked resources. These are not used for data trans-
mission, but they are necessary to enable the settings.

The following settings demonstrate only the required register values to establish the connections.
All involved FIFOs have to be enabled with V_HDLC TRP + V_TRP_IRQ # 0 in the register
A _CON_HDLCIFIFQ]. The non-specified bitmap values depend on the desired FIFO configuration.

O FIFO-to-S/T

HFC-channel and FIFO numbers can be chosen independently from each other. Thisis shown
with the FIFO-to-S/T connection:

R_FIFO V. FIFODR =0 (transmit FIFO)
:V_FIFO_NUM =14 (FIFO #4)

A CON_HDLCI[4,TX]: V_DATA FLOW = '100’ (FIFO — SIT)

A CHANNEL[4TX] :V CH DIRO =0 (transmit HFC-channel)
:V.CH NUMO =0 (HFC-channel #0)

R_FIFO :V FIFODR =1 (receive FIFO)
:V_FIFO NUM = 4 (FIFO #4)

A _CON_HDLCI[4,RX]: V_DATA FLOW = 100’ (FIFO + 9/T)

A CHANNEL[4RX] :V CHDIRO =1 (receive HFC-channel)
:V.CH NUMO =0 (HFC-channel #0)

@ FIFO-to-PCM

The FIFO-to-PCM connection blocks two S/T-channels and it requires two slot configuration
settings:
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Figure 3.7: CSM example
R_FIFO ' V_FIFO_DIR =0 (transmit FIFO)
:V_FIFO_NUM = 13 (FIFO #13)
A CON_HDLC[13,TX]: V_DATA FLOW = '011 (FIFO — PCM)
A CHANNEL[13,TX] :V_CH DIRO =0 (transmit HFC-channel)
:V.CH NUMO =21 (HFC-channel #21)
R_SLOT :V_SL DIR =0 (transmit slot)
:V_SL NUM = 17 (slot #17)
A SL CFG[17,TX] :V_CH DIR1 =0 (transmit HFC-channel)
:V.CH NUM1 =21 (HFC-channel #21)
R_FIFO : V_FIFO_DIR =1 (receive FIFO)
' V_FIFO_NUM = 13 (FIFO #13)
A CON_HDLCJ[13,RX] : V_DATA FLOW = '001’ (FIFO « PCM)
A CHANNEL[13,RX] :V_CH_DIRO =1 (receive HFC-channel)
:V.CH NUMO =21 (HFC-channel #21)
R_SLOT : V_SL_DIR =1 (receive slot)
:V_SL NUM = 17 (slot #17)
A SL CFG[17,RX] :V_CH DIR1 =1 (receive HFC-channel)
:V.CH NUM1 =21 (HFC-channel #21)
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©® PCM-to-S/T

The PCM-to-S/'T connection blocks two FIFOs’. Although there is no data stored in these
FIFOs, they must be enabled to switch on the data transmission between the PCM and the ST

interface.

R_FIFO V. FIFODR =0 (transmit FIFO)
:V_FIFONUM =5 (FIFO #5)

A CON_HDLC[5TX]: V_DATA FLOW = 110’ (PCM <+ 9T)

A CHANNEL[5TX] : V. CH DIRO =0 (transmit HFC-channel)
:V.CH NUMO =38 (HFC-channel #8)

R _SLOT :V_SL DIR =0 (transmit slot)
:V.SL NUM =7 (slot #7)

A _SL_CFG[7,TX] : V_CH_DIR1 =1 (receive HFC-channel)
: V_CH_NUM1 8 (HFC-channel #8)

R_FIFO :V FIFODIR =1 (receive FIFO)
:V_FIFONUM =5 (FIFO #5)

A CON_HDLC[5RX]: V_DATA FLOW = '110’ (PCM — 9T)

A CHANNEL[5RX] :V CH DIRO =1 (receive HFC-channel)
:V.CH NUMO =38 (HFC-channel #8)

R_SLOT : V_SL _DIR =1 (receive slot)
:V.SL NUM =7 (slot #7)

A SL CFG[7RX] :V CHDIRL =0 (transmit HFC-channel)
: V_CH_NUM1 8 (HFC-channel #8)

® multiple FIFOs to S/IT

Finally, the bidirectional connection between two

example.

FIFOs and one S/T-channel completes the

R_FIFO :V.FIFODIR =0 (transmit FIFO)
' V_FIFO_NUM = 12 (FIFO #12)

A CON_HDLC[12,TX]: V_DATA FLOW = '100’ (FIFO — SIT)

A CHANNEL[12TX] :V.CH DIRO =0 (transmit HFC-channel)
:V.CH NUMO = 20 (HFC-channel #20)

R_FIFO V. FIFODIR =0 (transmit FIFO)
:V_FIFO NUM =11 (FIFO #11)

A CON_HDLC[1L1TX]: V_DATA FLOW = '100’ (FIFO — SIT)

A CHANNEL[11,TX] :V_CH DIRO =0 (transmit HFC-channel)
:V.CH NUMO =20 (HFC-channel #20)

R_FIFO V. FIFODR =1 (receive FIFO)
:V_FIFO NUM =11 (FIFO #11)

A CON_HDLC[11,RX]: V_DATA FLOW = '100’ (FIFO « SIT)

A CHANNEL[11,RX] : V_CH DIRO =1 (receive HFC-channel)
:V.CH NUMO =20 (HFC-channel #20)

R_FIFO :V. FIFODIR =1 (receive FIFO)
' V_FIFO_NUM = 12 (FIFO #12)

A CON_HDLC[12,RX]: V_DATA FLOW = '100’ (FIFO « SIT)

A CHANNEL[12RX] :V CH DIRO =1 (receive HFC-channel)
:V.CH NUMO = 20 (HFC-channel #20)

"Hint: Here it is possible to occupy HFC-channels that are assigned to E-channels (HFC-channel[3, 7, 11, ..., 31])
because these are normally not used.

March 2003 (rev. A)

Data Sheet

107 of 273



HFC-4S
HFC-8S Data flow “ g::_:gne

In addition to the above register settings, the subchannel processor must be configured now. Itis
important to see that the subchannel processor programming has no influence to the connection
setup. So there is no need to describe these settings here. Please see Section3.5 on page 113
for a detailed subchannel description.

@ Rule

In Channel Select Mode
e every HFC-channel used requires at least one enabled FIFO (except for the
PCM-to-PCM connection) with the same data direction and

e every PCM time slot used requires one HFC-channel (except for the PCM-
to-PCM connection where a full duplex connection allocates one HFC-
channel).

3.4.3 FIFO Sequence Mode

In contrast to the PCM and S/T-channels, the FIFO data rate is not fixed to 8 kByte/s. In the previous
section the CSM allows the functional capability of a FIFO data rate less than 8 kByte/s. In this
section, the third data flow mode shows how to use FIFOs with a higher data rate with the FIFO
Sequence Mode (FSM). In transmit direction one FIFO can cyclically distribute its data to several
HFC-channels. In opposite direction, received data from several HFC-channels can be collected
cyclically in one FIFO (see Fig. 3.8, right side). A one-to-one connection between FIFO and HFC-
channel is of course possible in FSM, too (Fig. 3.8, left side).

channel channel
assigner assigner
2 2 /le >
[ [
> s> > = . ’
L € = -
FIFO (oFS Channel FIFO o5 4+——»
we wc
) L) Channels

Figure 3.8: FIFO/channel assigner

FIFO Sequence Mode is selected with V_FSM_MD ="1" in the register R_FIFO_MD). CSM and
FSM should be used at the same time. Actualy, this is necessary for nearly all FSM applications.
The HFC-4S/8S works in Smple Mode if none of these two modes is selected.

FIFO sequence

To achieve a FIFO data rate higher than 8 kByte/s a FIFO must be connected to more than one HFC-
channel. Asthereisonly oneregister A_ CHANNEL[FIFO] the FSM programming path must differ
from the previous modes.

In FSM all FIFOs are organized in alist with up to 64 entries. Every list entry is assigned to a FIFO.
FIFO configuration can be set up asusual. |.e. HFC-channel alocation, flow controller programming
and subchannel processing can be configured as described in the previous sections. Additionally, each
list entry specifies the next FIFO of the sequence. Thelist isterminated by an ‘end of list’” entry. This
procedure is shown in Figure 3.9 with j + 1 list entries.
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Figure 3.9: FSM list processing

A_CON_HDLC [j]
A_BYTE_PAR il
A_IRQ_MSK [i]

A quite smple FSM configuration with every FIFO and every HFC-channel specified only one time
in the list, would have the same data transmission result as the CSM with an equivalent FIFO «—
HFC-channel setup. But if aspecific FIFO is selected n timesin the list and connected to n different
HFC-channels, the FIFO datarateisn - 8 kByte/s.

The complete list is processed every 125 us with ascending list index beginning with 0. Suppose the
transmit FIFO m occurs several times in the list. Then the first FIFO byte is transferred to the first
connected HFC-channel, the second byte of FIFO m to the second connected HFC-channel and so
on. Thisis similar to the receive data direction. The first byte written into FIFO m comes from the
first connected HFC-channel, the second byte from the second connected HFC-channel and so on.

@ Important!

FIFO data rates higher than 8 kByte/s require an arbitrary assignment between
a FIFO number and the connected HFC-channel. Therefore, the Channel Select
Mode must be enabled. For this reason FSM is mostly selected in combination
with CSM. All data transfer configuration possible with FSM but without CSM
are also possible with CSM only — but with lower configuration effort!
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FSM programming

The list index register R_FSM_IDX specifies the list index with bitmap V_IDX in the range of
0...63. R_FSM_IDX hasthe same addressas R_FIFO becausein FSM it replaces R_FIFO for list
programming. So all array registers indexed with [FIFO] are indexed with the V_IDX value instead.

The first FIFO of the list has to be specified in the register R_FIRST FIFO with the direction bit
V_FIRST_FIFO _DIR and the FIFO number V_FIRST_ FIFO_NUM. The next FIFO has to be
specified in the register A_ FIFO_SEQ. Referring to Figure 3.9 the array registers of the list entry
7+ 1 are assigned to FIFO ¢ because ‘next FIFO’ entry at list index 7 is‘'FIFO q'.

A FIFO handles more than one HFC-channel if this FIFO is entered several timesin the ‘ next FIFO’
entries.

The connected HFC-channel and the FIFO configuration must be programmed in the same way as
in CSM. These settings belong to the FIFO which is specified in the previous list entry under ‘next
FIFO' (ortheR_FIRST FIFO register for the first list entry).

The FIFO sequence list terminateswith V_SEQ END = 1 intheregister A FIFO_SEQ. The other
list entriesmust set V. SEQ END = 0 to continue the sequence processing with the next entry.

Example for FSM

Figure 3.10 shows an example with three bidirectional connections. The black lines illustrate data
paths, whereas the dotted lines symbolize blocked HFC-channels. These are not used for data trans-
mission, but they are necessary to enable the settings.

FIFOs = HFC-channel 2E SIT interf.
o Is
#12 TX :12 ;ﬁ > 5 » #3 B1 TX
#12 RX (¢ T |« T |« #3 B1 RX
1S o 1S
28 =
Ic wno
5D
S
®
o :1; ;i > S B #4 B2 TX
T < T« #4 B2 RX
1 €
£e
#14 TX > e
#14 RX |« (3) 55
2 20 TX o
OE #20 > 5 > #5 B1 TX
Sl E20RRN G [« #5 B1 RX
IS c
0=
@
»6
ST
LI.=
IS
» 5 » #3 —
T |« #3 E RX
=
e
a6
Q ) : RE PCM slot
T L 5 TX e
#13 TX : R > 5/, p #21 TX
#13 RX (¢ T < - S e #21 RX
o5 -
I6 o

Figure 3.10: FSM example

All FIFOs can be arranged in arbitrary order. In the example the list specification of Table3.5 is
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chosen. To select FIFO[12,TX] asfirst FIFOR_FIRST_FIFO is set as follows:

R_FIRST FIFO: V_FIRST FIFO DIR = 0 (transmit FIFO)
© V_FIRST_FIFO NUM = 12 (FIFO #12)

Table 3.5: List specification of the example in Figure 3.10

List index Connection
0 FIFO[12,TX] — STinterf. #3,B1TX
1 FIFO[12,RX] <« S/Tinterf. #3, BLRX
2 FIFO[13,RX] <« PCM dot[21,RX]
3 FIFO[13,TX] — PCM dot[21,TX]
4 FIFO[14,TX] — S/Tinterf.#4,B2TX
5 FIFO[14,RX] <« S/Tinterf. #4, B2 RX
6 FIFO[14,TX] — S/Tinterf.#5 B1TX
7 FIFO[14,RX] <« S/Tinterf. #5, B1 RX

O FIFO-to-S/T
The bidirectional FIFO-to-S/T connection allocates the list indices 0 and 1 as follows:

R_FSM_IDX : V_IDX =0 (listindex O, FIFO[12,TX])
A CON_HDLCIO] : V_DATA FLOW = ’100’ (FIFO — SIT)
A CHANNEL[O] : V_CH_DIRO =0 (transmit HFC-channel)
: V_CH_NUMO =12 (HFC-channel #12)
A FIFO_SEQ[0] : V_NEXT FIFO DIR =1 (next: receive FIFO)
: V_NEXT_FIFO_NUM = 12 (next: FIFO #12)
: V_SEQ END =0 (continue)
R_FSM_IDX : V_IDX =1 (listindex 1, FIFO[12,RX])
A CON_HDLCI[1]: V_DATA FLOW = '100’ (FIFO + SIT)
A CHANNEL[1] : V_CH_DIRO =1 (receive HFC-channel)
: V_CH_NUMO =12 (HFC-channel #12)
A FIFO_SEQI[1] : V.NEXT _FIFO DIR =1 (next: receive FIFO)
: V_NEXT_FIFO_NUM = 13 (next: FIFO #13)
' V_SEQ_END =0 (continue)

@ FIFO-to-PCM

The following two list entries (indices 2 and 3) define the bidirectional FIFO-to-PCM con-
nections. Two S/T-channels are blocked. But S/T-channel resources are saved because HFC-
channels that are assigned to not used E-channels are selected.
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R_FSM_IDX : V_IDX =2 (listindex 2, FIFO[13,RX])
A CON_HDLC[2] : V_DATA FLOW =011 (FIFO « PCM)
A CHANNEL[2] :V_CH_DIRO =1 (receive HFC-channel)

: V_CH_NUMO =15 (HFC-channel #15)
R_SLOT :V_SL DIR =1 (receive slot)

©V_SL NUM =21 (slot #21)
A SL CFG[21,RX]: V_CH _DIR1 =1 (receive HFC-channel)

: V_CH_NUM1 =15 (HFC-channel #15)
A FIFO _SEQ[2] : V_NEXT FIFO DIR =0 (next: transmit FIFO)

: V_NEXT_FIFO_NUM = 13 (next: FIFO #13)

: V_SEQ END 0 (continue)
R_FSM_IDX : V_IDX =3 (listindex 3, FIFO[13,TX])
A CON_HDLCI[3] : V_DATA FLOW =011 (FIFO — PCM)
A CHANNEL[3] :V_CH DIRO =0 (transmit HFC-channel)

: V_CH_NUMO =15 (HFC-channel #15)
R_SLOT ' V_SL DIR =0 (transmit slot)

© V_SL_NUM =21 (slot #21)
A SL CFG[21,TX]: V_CH DIR1 =0 (transmit HFC-channel)

: V_CH_NUM1 =15 (HFC-channel #15)
A FIFO_SEQ[32] : V_NEXT FIFO DIR =0 (next: transmit FIFO)

: V_NEXT_FIFO_NUM = 14 (next: FIFO #14)

' V_SEQ END 0 (continue)

® FIFO to multiple S/T-channels

The last settings connect one FIFO with two S/T-channels in transmit and in receive direction.
So both FIFOs have a data rate of 16 kByte/s.

R_FSM_IDX : V_IDX =4 (listindex 4, FIFO[14,TX])
A CON_HDLCI[4] : V_DATA FLOW = '100’ (FIFO — 9T)
A CHANNEL[4] : V_CH DIRO =0 (transmit HFC-channel)
: V_CH_NUMO =17 (HFC-channel #17)
A FIFO SEQ[4] : V_NEXT FIFO DIR =1 (next: receive FIFO)
: V_NEXT_FIFO_NUM = 14 (next: FIFO #18)
:V_SEQ END 0 (continue)
R_FSM_IDX : V_IDX =5 (listindex 5, FIFO[14,RX])
A CON_HDLCI5] : V_DATA FLOW = '100’ (FIFO— 9T)
A CHANNEL[5] : V_CH_DIRO =1 (receive HFC-channel)
: V_CH_NUMO =17 (HFC-channel #17)
A FIFO_SEQ[5] : V_NEXT FIFO DIR =0 (next: transmit FIFO)
' V_NEXT_FIFO_NUM = 14 (next: FIFO #14)
' V_SEQ END 0 (continue)
R_FSM_IDX : V_IDX =6 (listindex 6, FIFO[14,TX])
A CON_HDLCI6] : V_DATA FLOW = '100’ (FIFO + 9IT)
A CHANNEL[6] : V_CH_DIRO =0 (transmit HFC-channel)
: V_CH_NUMO =20 (HFC-channel #20)
A FIFO_SEQ[6] : V_NEXT FIFO DIR =1 (next: receive FIFO)
' V_NEXT_FIFO_NUM = 14 (next: FIFO #14)
' V_SEQ END 0 (continue)
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R_FSM_IDX : V_IDX =7 (listindex 7, FIFO[14,RX])

A CON_HDLCJ[7]: V_DATA FLOW = '100’ (FIFO + 9IT)

A CHANNEL[7] : V_CH_DIRO =1 (receive HFC-channel)
:V_.CH NUMO =20 (HFC-channel #20)

A FIFO SEQ[7] : V.SEQ END =1 (end of chain)

3.5 Subchannel Processing

Data transmission between a FIFO and the connected HFC-channel can be controlled by the subchan-
nel processor. The behavior of this functional unit depends on the selected data flow mode (Channel
Select Mode enabled / disabled) and the operation mode of the HDL C controller (transparent or HDLC
mode). The subchannel controller allowsto process lessthan 8 bits of the transferred FIFO data bytes.

A general overview of the subchannel processor in transmit direction is given in Figure3.11. It shows
an example with three FIFOs connected to one HFC-channel. Details of subchannel processing are
described in the following sections, categorized into the different modes of the data flow and the
HDLC controller.

FIFOm

byte m1 FIFO data output
byte m2 7 0
byte m3 gllsss =
FIFOn
byte n1 FIFO data output 7
hannel byte
;e F|FO K FIFO FIFO FIFO FIFO FIFO [
byte n2 > 7 0 0o m m ] n n —>
byte n3 CTTTTT Al data Bl data data data data data
channel mask

FIFO o
byte o1
byte 02

byte 03 >

Figure 3.11: General structure of the subchannel processor shown with an example of three connected FIFOs

The essence of the subchannel processor is a bit extraction (transmit) respectively insertion (re-
ceive) unit for every FIFO and a byte mask for every HFC-channel. The subchannel parameters
V_BIT_CNT and V_START_BIT of the register A SUBCH_CFG define the bits of the HFC-
channel byte that are claimed by the FIFO. On the other side, the channel mask defines the bit values
of those HFC-channel data bits, that are not occupied by FIFO data.

Registers

The FIFO bit extraction/insertion requires two register settings. V_BIT_CNT defines the number
of bits to be extracted/inserted. The start bit can be selected with V_START _BIT in the range of 0
... 7. Both values are located in the register A SUBCH_CFGJ[FIFO].

The channel mask can be stored in the register A CH_MSK[FIFO]. This mask is only used for
transmit data. The processed FIFO bits are stored in this register, so it must be re-initialized after
changing the settings in A_ SUBCH_ CFGI[FIFO]. Each HFC-channel has its own mask byte. To
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write this byte for HFC-channel [n,TX] the HFC-channel must be written into the R_FIFO register
first. After thisindex selection the desired mask byte m can be written with A CH_MSK =m.

@ Important!

Typicaly, the R_FIFO register contains always an FIFO index. There is one
exception where the R_FIFO value has a different meaning: The HFC-channel
mask byte is programmed by writing the HFC-channel intothe R FIFO register.

The default subchannel configuration of the register A SUBCH_CFG leads to a transparent behav-
ior. That means, only complete data bytes are transmitted in receive and transmit direction.

@ Important !

The A CH_MSK array register isindexed by R_FIFO to write the mask byte.
However the mask is assigned to a HFC-channel, namely that HFC-channel
which is assigned to the indexing FIFO.

3.5.1 Transparent mode

In transparent mode every FIFO has a data rate of 8kByte/s. Every 125 us one byte of a FIFO is
processed. The subchannel processor takes only the bits that are defined by the FIFO parameters and
inserts them into the channel mask A_ CH_MSK.

Received HFC-channel data bytes are stored completely in the FIFO and are independently from the
V_BIT CNTandV_START_ BIT settings.

Simple Mode

As the FIFO and HFC-channel numbers are the same in Smple Mode, only one FIFO can be con-
nected to a HFC-channel. Subchannel processing can do nothing more than mask out some bits of
every transmitted data byte.

Suppose FIFO[m,TX] hastheregister A SUBCH_CFG settingsV_BIT _CNT=3andV_START BIT
= 2 (see Fig. 3.11). Further, the channel mask is defined as A CH_MSK = [M; ... My]. Then the
FIFO[m,TX] data bytes m1 ... ms with bit index 0...7 build up the HFC-channel data bytes as
shown in Table 3.6. From every FIFO byte only three bits are transmitted to the HFC-channel. These
bits are accentuated in the table. The other bits are defined by the channel mask.

In receive direction, the subchannel processor has no effect in Simple mode combined with transparent
mode. So received HFC-channel bytes are stored in the FIFO without changing.

Channel Select Mode

In Channel Select Mode it is possible to connect more than one FIFO to a HFC-channel. The config-
uration in Figure 3.11 with three FIFOs can be taken as example. The hit extraction/insertion units
must be configured with the following register settings:
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Table 3.6: Subchannel processing example in SM combined with transparent mode (transmit direction)

7 0

channel mask: R RN VA I VA I VAR I VA VA

HFC-channel transmitbyte 1: | M- | Mo | My | ‘miy | mily | imis | 2y | 0o |

HFC-channel transmitbyte2: | M- | Mg | My | 'm24 | m2s | m2s | 0y | My |

HFC-channel transmitbyte 3: | M- | Mo | My | 'm34 | ‘m3s | m3s | 0 | Mo |

A SUBCH_CFG[m,TX]: V_BIT_ CNT =3 (3 bits)

' V_START BIT = 2 (beginning at bit 2)
A SUBCH_CFG[nTX] : V. BIT CNT =2 (2 bits)

' V_START BIT =0 (beginning at bit 0)
A SUBCH_CFG[o,TX] : V. BIT CNT =1 (1 bit)

: V_START BIT = 6 (bit 6)

Each FIFO occupies one or more bits in a HFC-channel data byte. In this example 2 bits are not used
for data. They are filled with the channel mask bits M7 and M5. Table 3.7 shows the HFC-channel
data bytes which are constructed from three FIFOs.

Table 3.7: Subchannel processing example in CSM combined with transparent mode (transmit direction)

7 0

channel mask: I Y7 I V7S V7 N VS B VA I VAR B VO

HFC-channel transmitbyte 1: | M- | [olg | Ms | imly | imis | mis | iy | niy |

S

HFC-channel transmit byte 2: ‘ M7‘ 02¢ ‘M5‘ m2y ‘ m2s ‘ m2s ‘ 21 ‘ n2o ‘

S

HFC-channel transmitbyte 3: | M- | (08¢ | Ms | ‘m34 | /m3s | [m3s | mi | m3o |

In the opposite data direction the incoming HFC-channel bytes are stored unchanged in al connected
FIFOs. Thereforeit is unnecessary to connect more than one receive FIFO to areceive HFC-channel
if CSM and transparent mode are selected.

3.5.2 HDLC mode

HDLC mode allows to reduce the data rate of a FIFO. In the example of Figure3.11 FIFO[m,TX]
delivers 3 bits every 125 s which leads to a FIFO data rate of e.g. 3kByte/s.

WithV_BIT_CNT = z, thefirst = bits of a FIFO byte are transferred to the connected HFC-channel
during the first 125 s cycle. During the next 125 us cycle the next z bits of the same byte are
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processed, and so on. When 8 FIFO bits are processed, the next FIFO byte is processed. The byte
boundaries are neglected.

Simple Mode

HDL C mode combined with Smple Mode can transmit one FIFO bit stream (e.g. of FIFO[m,TX]) to
the connected HFC-channel. The result is given in Table3.88.

Table 3.8: Subchannel processing example in SM combined with HDLC mode (transmit direction)

7 0
channel mask: | atp | Mo | M5 | by | b | b | | g |
HFC-channel transmitbyte 1: | M- | Mg | My | imis | mily | imiy | 04y | My |
HFC-channel transmitbyte2: | M- | Mo | My | fmils | mia | imiy | 2 | Mo |
HFC-channel transmitbyte3: | M- | Mo | My | ‘m2o | mis | imis | 20 | Mo |
HFC-channel transmit byted: | M- | Mg | My | 'm2 | m2s | m2y | 0y | My |

Received HFC-channel data are processed similar. FIFO[m,RX] with the setting

A SUBCH_CFG[m,RX]: V_BIT_CNT 3 (3 bits)
: V_START BIT = 2 (beginning at bit 2)

stores 3 bits every 125 s cycle. These bits are taken from the connected HFC-channel at position
[4...2].

Channel Select Mode

In Channel Select Mode several FIFOs can transmit a bit stream to one connected HFC-channel.
Figure 3.11 with three connected FIFOs to HFC-channel[a,TX] is taken again as an example. HFC-
channel transmit data for this configuration is shown in Table3.9°.

Received HFC-channel dataare processed similary. Assuming that three receive FIFOs are configured
with the same settings as their corresponding transmit FIFOs, then FIFO[m,RX] receives abit stream
with 3kByte/s, FIFO[n,RX] receives 2 kByte/s and FIFO[o,RX] receives 1 kByte/s.

8HDLC hit stuffing is not shown in this example.
®HDLC hit stuffing is not shown in this example.
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Table 3.9: Subchannel processing example in CSM combined with HDLC mode (transmit direction)

7 0
channel mask: | atr | Mg | Mo | My | My | b | M | My |
HFC-channel transmitbyte 1: | M- | [olg | M5 | imls | fmly | [miy | miy | (niy |
HFC-channel transmitbyte2: | M- | [oly | My | imils | fmia | [miy | nig | nis |
HFC-channel transmit byte 3: ‘ M7‘ ols ‘M5‘ m2o ‘ mly ‘ mlg ‘ nls ‘ nly ‘
HFC-channel transmitbyte4: | M- | [olg | My | ‘m2s | im2s | [m2i | niy | (mig |
HFC-channel transmit byte5: | M- | [oly | My | ‘m2q | [m25 | [m24 | m2i | m2o |

March 2003 (rev. A) Data Sheet 117 of 273



HFC-4S
HFC-8S

Cologne
Data flow “ Chip

3.6 Register description

R_FIRST FIFO

(write only) 0x0B

First FIFO of the FIFO sequence

This register is only used in FIFO Sequence Mode, see register R_FIFO _MD for mode

selection.
Bits Reset [ Name Description
Value

0 0 V_FIRST_FIFO_DIR Data direction
This bit defines the data direction of the first FIFO
in FIFO seguence.
‘0’ = transmit FIFO data
"1’ =receive FIFO data

5.1 0x00 V_FIRST_FIFO_NUM FIFO number
This bitmap defines the number of thefirst FIFO in
FIFO sequence.

7.6 (reserved) Must be’00’.
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R_FIFO_MD (write only) 0x0D
FIFO mode configuration
Bits Reset [ Name Description
Value

1.0 0 V_FIFO_MD FIFO mode
Thisbitmapand V_FIFO_SZ are used to organize
the FIFOsin the internal or external SRAM.

2 0 V_CSM_MD Channel select mode (CSM)
'0’ = disable CSM (FIFO number = HFC-channel
number)
"1’ = enable CSM
Note: TheHFC-4S/8S worksin Smple Mode
(SM) if CSM and FSM are both disabled.

3 0 V_FSM_MD FIFO sequence mode (FSM)
'0’ = disable FSM
"1’ = enable FSM
Note: In most cases where FSM is selected, also
CSM should be enabled.

5.4 0 V_FIFO_SZ FIFO size
Thisbitmap and V_FIFO_MD are used to organize
the FIFOsin the internal or external SRAM. The
actual FIFO sizes depend on the used SRAM size.

7.6 (reserved) Must be’00'.

(See Table 4.3 on page 130 for suitable V_FIFO_MD and V_FIFO_SZ values.)
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R_FIFO (write only) OxOF

FIFO selection register

This multi-register is selected with bitmap V. FSM_MD = 0 of theregister R_FIFO_MD. Itis
only used in SM and CSM.

Bits Reset | Name Description
Value
0 0 V_FIFO_DIR FIFO data direction

‘0’ = transmit FIFO data
"1’ = receive FIFO data

5.1 0x00 V_FIFO_NUM FIFO number
(reserved) Must be'0'.
0 V_REV Bit order

'0’ = normal bit order

"1’ = reversed hit order

Normal bit order means L SB first in HDLC mode
and M SB first in transparent mode. The bit order is
being reversed for the data stored into the FIFO or
when the datais read from the FIFO.

R _FSM_IDX (write only) OxOF

Index register of the FIFO sequence

This multi-register is selected with bitmap V. FSM_MD = 1 of theregister R_FIFO_MD. Itis
only used in FSM.

Bits Reset [ Name Description
Value
5.0 0 V_IDX List index
Thelist index must bein therangeO... 63.
7.6 (reserved) Must be'00'.
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R _SLOT (write only) 0x10

PCM time slot selection

The selected time slot is used for all slot depending registers. Depending ontheV_PCM_ DR
valueintheR_PCM_MD1 register 16, 32 or 64 time slots are available for each data direction.

Bits Reset [ Name Description
Value
0 0 V_SL DIR PCM time slot data direction
'0’ = transmit PCM data
"1’ = receive PCM data
7.1 0x00 V_SL _NUM PCM time slot number
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A SL_CFGI[SLOT] (write only) 0xDO

HFC-channel assignment for the selected PCM time slot and PCM output buffer configu-
ration

With this register a HFC-channel can be assigned to the selected PCM time slot.  Addi-
tionally, the PCM buffers can be configured.

Before writing this array register the PCM time slot must be selected by the register
R SLOT.

Bits Reset [ Name Description
Value
0 0 V_CH DIR1 HFC-channel data direction

'0’ = HFC-channel for transmit data
"1’ = HFC-channel for receive data

5.1 0 V_CH_NUM1 HFC-channel number
(0...31)
7.6 0 V_ROUT PCM output buffer configuration

For transmit time slots:

'00’ = disable output buffers, no data transmision
‘01’ = transmit data internally, output buffers
disabled

10’ = output buffer enablefor STIO1

11’ = output buffer enablefor STIO2

For receivetime dots:

'00’ = input dataisignored

'01’ = loop PCM datainternaly
10’ = datain from STIO2

11’ =datain from STIO1

(See Figure 6.1 on page 175 for detailed information).
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A_CH_MSK [FIFO]

(write only) OxF4

HFC-channel data mask for the selected transmit HFC-channel
For receive FIFOsthis register isignored.

Before writing this array register the HFC-channel must be selected by the register R_FIFO.

Bits Reset [ Name Description
Value
7.0 0 V_CH_MSK Mask byte

This bitmap defined bit values for not processed
bits of aHFC-channel. All not processed hits of a
HFC-channel are set to the value defined in this
register.

Thisregister has only a meaning when
V_BIT_CNT # 0 intheregister

A SUBCH_CFG.
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A CON_HDLC[FIFO] (write only) OxFA

HDLC and connection settings of the selected FIFO

Before writing this array register the FIFO must be selected by register R_FIFO.

Bits Reset [ Name Description
Value
0 0 V_IFF Inter frame fill

'0’ = write HDLC flags Ox7F asinter framefill
"1’ =writedl '1’ sasinter framefill
Note: For D-channel this bit must be'1’.

1 0 V_HDLC_TRP HDLC mode/transparent mode selection
'0’ = HDLC mode

"1’ = transparent mode

Note: For D-channel this bit must be’'0’.

4.2 0 V_TRP_IRQ Transparent mode interrupt selection
Aninterrupt is generated al 2" bytes when the bits
[n-1:0] of the Z1- or Z2-counter become'1’.

0 = interrupt disabled

1 =all 2% = 64 bytes an interrupt is generated

2 =all 27 = 128 bytes an interrupt is generated

3 =all 28 = 256 bytes an interrupt is generated

4 =4l 2° = 512 bytesan interrupt is generated

5 =all 2'° = 1024 bytes an interrupt is generated
6 =al 2'! = 2048 bytes an interrupt is generated
7 =dl 2'2 = 4096 bytes an interrupt is generated
Note: No interrupt occurs, if the Z-countersdo
never reach the selected values. This dependson
the Zyrax Setting.

7.5 0 V_DATA_FLOW Data flow configuration

0=FIFO & ST, FIFO — PCM

1=FIFO «< PCM, FIFO — ST

2=FIFO — PCM, ST — FIFO, PCM — ST
3 =FIFO < PCM, PCM — ST

4=FIFO & ST, ST — PCM

5=FIFO - 9T, ST — PCM, PCM — FIFO
6=9T« PCM, ST — FIFO
7=9T < PCM, PCM — FIFO

(For details on bitmap V_DATA FLOW see Fig. 3.3 and 3.4 on page 97.)
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@ Important!

A FIFO is disabled if V_HDLC TRP + V_TRP_IRQ = 0 in the register
A CON_HDLCIFIFQ]. Thissetting is useful to reduce RAM accesses if aFIFO
isnot used at all.

If HFC-channel dataisrouted through the switches of the flow controller (Fig.3.3
and 3.4) the FIFO must be enabled. That applies to all connections except the
PCM-to-PCM data transmission.

A SUBCH_CFG [FIFQ] (write only) OxFB

Subchannel parameters for bit processing of the selected FIFO
Before writing this array register the FIFO must be selected by register R_FIFO.

Note: For D-channel this register must be 0x02.

Bits Reset [ Name Description
Value
2.0 0 V_BIT_CNT Bit counter for HDLC and transparent mode
This bitmap contains the number of bits to be
processed.

'000’ = process 8 hits (64 khit/s)
'001" = process 1 bit (8 kbit/s)

'010’ = process 2 bits (16 kbit/s)
'011" = process 3 bits (24 kbit/s)
100’ = process 4 hits (32 khit/s)
101’ = process 5 hits (40kbit/s)
110’ = process 6 hits (48 khit/s)
111" = process 7 bits (56 kbit/s)

5.3 0 V_START BIT Start bit for HDLC and transparent mode
'000’ = start processing with bit O

‘001’ = start processing with bit 1

'010’ = start processing with bit 2

'011’ = start processing with bit 3

100’ = start processing with bit 4

101’ = start processing with bit 5

110’ = start processing with bit 6

'111’ = start processing with bit 7

6 0 V_LOOP_FIFO FIFO loop

'0’ = normal operation

"1’ = repeat current frame (in transparent mode
only)

7 0 V_INV_DATA Inverted data

'0’ = normal data out
"1’ = inverted data out
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A _CHANNEL [FIFQO] (write only) OxFC

HFC-channel assignment for the selected FIFO
Thisregister is only used in Channel Select Mode and FIFO Sequence Mode.

Before writing this array register the FIFO must be selected by register R_FIFO.

Bits Reset | Name Description
Value
0 0 V_CH_DIRO HFC-channel data direction

'0’ = HFC-channel for transmit data
'1’ = HFC-channel for receive data

5.1 0 V_CH_NUMO HFC-channel number
0...31)
7.6 0 (reserved) Must be'00'.
A _FIFO_SEQ [FIFQO] (write only) OxFD

FIFO sequence list
Thisregister is only used in FIFO Sequence Mode.

Before writing this array register the FIFO must be selected by register R_FIFO.

Bits Reset | Name Description
Value
0 0 V_NEXT_FIFO_DIR FIFO data direction
This bit defines the data direction of the next FIFO
in FIFO seguence.

'0’ = transmit FIFO data
'1’ = receive FIFO data

5.1 0 V_NEXT_FIFO_NUM FIFO number
This bitmap defines the FIFO number of the next
FIFO in FIFO sequence.

6 0 V_SEQ END End of FIFO list

'0’ = FIFO list goeson

"1’ = FIFO list is terminated after this FIFO
(V_NEXT_FIFO_DIR and
V_NEXT_FIFO_NUM areignored)

7 0 (reserved) Must be'0'.
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Chapter 4

FIFO handling and HDLC controller

Table 4.1: Overview of the HFC-4S/8S FIFO registers

Write only registers:

Read only register:

Read /write registers:

Address Name Page Address Name Page Address Name Page
OXOE R _INC_RES FIFO 136 0x04 A Zi1L 137 0x80 A _FIFO_DATAO 141
OXOF R_FIFO 120 0x05 A Z1H 137 0x84 A _FIFO_DATAO_NOINC 142
OXOF R_FSM_IDX 120 0x06 A Z2L 138
OXFA A CON_HDLC 124 o0x07 A _Z2H 138
OxFB A SUBCH _CFG 125 0x0C A F1 139

0x0OD A F2 139
0x88 R _INT _DATA 140
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There are up to 32 receive FIFOs and up to 32 transmit FIFOs with 64 HDL C controllers in whole.
The HDLC circuits are located on the S/T interface side of the FIFOs. Thus plain data is aways
stored in the FIFOs. Automatic zero insertion is done in HDLC mode when HDL C data goes from
the FIFOsto the S/T interface or to the PCM bus (transmit FIFO operation). Automatic zero deletion
isdone in HDL C mode when the HDL C data comes from the S/'T interface or PCM bus (receive FIFO
operation).

Thereis atransmit and areceive FIFO for each B-channel and for each D-channel.
The FIFO control registers are used to select and control the FIFOs of the HFC-4S/8S. The FIFO

register set exists for every FIFO number and receive/ transmit direction. The FIFO is selected by the
FIFO select register R_FIFO.

All FIFOs are disabled after reset (hardware reset, soft reset or HFC reset). With the regis-
ter A CON_HDLC the selected FIFO is enabled by setting at least one of V_.HDLC TRP or
V_TRP_IRQ to avalue different from zero.

4.1 FIFO counters

The FIFOs are realized as ring buffers in the internal or external SRAM. They are controlled by
counters. The counter sizes depend on the setting of the FIFO sizes. Z1 is the FIFO input counter
and Z2 isthe FIFO output counter.

Each counter points to a byte position in the SRAM. On a FIFO input operation Z1 is incremented.
On an output operation Z2 isincremented. If Z1 = Z2 the FIFO is empty.

After every pulse on the FOIO signal HDL C bytes are written into the S/'T interface (from atransmit
FIFO) and HDL C bytes are read from the S/T interface (to areceive FIFO).

The D-channel datais processed in exactly the same way as the B-channel data, except that the D-
FIFO data rate is reduced.

Additionally there are two counters F'1 and F'2 for every FIFO for counting the HDLC frames. Their
width is4bit for 32 kByte SRAM and 5bit for larger SRAMs. They form aring buffer as Z1 and 72
do, too.

Table 4.2: F-counter range with different RAM sizes

RAMsize Fuin  Fumax

32kx8 0x00 OxOF
128kx8  0x00 Ox1F
512kx8  0x00 Ox1F

F'1 isincremented when a complete frame has been received and stored in the FIFO. F2 is incre-
mented when a complete frame has been read from the FIFO. If F'1 = F'2 thereisno complete frame
in the FIFO.
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The reset state of the Z- and F'-countersis

e 71 =72=Zyax tand
e F1=F2=Fyax?2

Thisinitialization can be carried out with a soft reset or aHDLC reset. For this, the bit V_SRES or
the bit V_HFCRES in the register R_CIRM have to be set. Individual FIFOs can be reset with bit
V_RES Fof theregister R_INC_RES FIFO.

In addition, a hardware reset initializes the counters.

@ Important!
Busy status after FIFO change, FIFO reset and F1/F2 incrementation

Changing aFIFO, reseting a FIFO or incrementing the £'-counters causes a short
BUSY period of the HFC-4S/8S. This means an access to FIFO control reg-
isters is not allowed until BUSY status is reset (bit V_BUSY of R_STATUS
register). The maximum duration takes 25 clock cycles (~1 uS). Status, interrupt
and control registers can be read and written at any time.

@3 Please note !

The counter state 7y, n (resp. Fiyrw) of the Z-counters (resp. F-counters) fol-
lows counter state Zy;4x (resp. Farax) inthe FIFOs.

Please note that Zy;ry and Zyr4x depend on the FIFO number and FIFO size
(s. Section 4.2 and Table 4.3).

4.2 FIFO size setup

The HFC-4S/8S can operate with 32k x 8 internal or alternatively with 128k x 8 or 512k x 8 external
SRAM. ThebitmapV_RAM_SZ of theregister R_RAM_MISC must be set accordingly to the RAM
size. Table 4.3 shows how the FIFO size can be varied with the different RAM sizes. Additionally,
theinitia Z,,., and Z,,;, values are given in Table4.3.

After changing the FIFO size or RAM size a soft reset should be initiated.

1See Z,maz valuein Table 4.3.
2See Frar Valuein Table 4.2,
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Table 4.3: FIFO size setup

32k x8 RAM (internal)
V_RAM_SZ =0x00
Fyvin = OXOO, Fnvax = Ox0F

128k x 8 RAM (external)
V_RAM_SZ=0x01

Fyvin = OXOO, Fnvax = Ox1F

512k x 8 RAM (external)
V_RAM_SZ =0x02

Fyvin = OXOO, Fnvax = Ox1F

V_F”:O_MD V_F”:O_SZ FIFO Z N Zviax FIFO size FIFO ZviN Zviax FIFO size FIFO ZviN Zviax FIFO size
number (byte) number (byte) number (byte)
'00’ '00’ 0...31 O0x80 Ox1FF 384 0...31 OxCO OxO7FF 1856 0...31 O0xCO Ox1FFF 8000
10’ '00’ 0...15 O0x80 OxOFF 128 0...15 OxCO OxO3FF 832 0...15 OxCO OxOFFF 3904
16...31 Ox00 Ox1FF 512 16...31 O0x00 OxO7FF 2048 16...31 O0x00 Ox1FFF 8192
10’ or 0...23 0x80 OxOFF 128 0...23 OxCO OxO3FF 832 0...23 O0OxCO OxOFFF 3904
24...31 0x00 Ox3FF 1024 24...31 0x00 OxOFFF 4096 24...31 0x00 Ox3FFF 16384
10’ 10’ 0...27 0x80 OxOFF 128 0...27 OxCO OxO3FF 832 0...27 OxCO OxOFFF 3904
28...31 0Ox00 Ox7FF 2048 28...31 O0x00 Ox1FFF 8192 28...31 0x00 Ox7FFF 32768
10’ 1 0...29 0x80 OxOFF 128 0...29 OxCO OxO3FF 832 0...29 O0OxCO OxOFFF 3904
30...31 Ox00 OxFFF 4096 30...31 Ox00 Ox3FFF 16384 30...31 Ox00 OxFFFF 65536
11 '00’ 0...15 O0x00 OxOFF 256 0...15 O0x00 OxO3FF 1024 0...15 O0x00 OxOFFF 4096
16...31 Ox00 Ox1FF 512 16...31 O0x00 OxO7FF 2048 16...31 Ox00 Ox1FFF 8192
1r or .7 0x00  Ox1FF 512 .7 0x00  OxO7FF 2048 .7 0x00  Ox1FFF 8192
8...15 O0x00 Ox3FF 1024 .15 0x00 OxOFFF 4096 .15 0x00 Ox3FFF 16384
1r 10’ 0.. 0x00  Ox3FF 1024 0.. 0x00  OxOFFF 4096 0... 0x00  Ox3FFF 16384
4...7 0x00  Ox7FF 2048 4...7 0x00  Ox1FFF 8192 4.. 0x00  Ox7FFF 32768
11 1 .1 0x00  OX7FF 2048 0x00  Ox1FFF 8192 .1 0x00  Ox7FFF 32768
2.. 0x00  OxFFF 4096 2.. 0x00  Ox3FFF 16384 2. 0x00  OxFFFF 65536

$8-O4dH
SP-Od4dH
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4.3 FIFO operation

@5 Important!
Without FOIO and C410 clocks the HDL C controller does not work!

431 HDLC transmit FIFOs

Data can be transmitted from the host bus interface to the FIFO with write access to the registers
A FIFO_DATAO and A_FIFO_DATAO NOINC. The HFC-4S/8S converts the data into HDLC
code and tranfers it from the FIFO to the S/'T or the PCM bus interface.

Z1go
00h 21y 22y SRAM

F2 02h Z1 Z2 > fi 02

2| 02 X 02 < T ouTPUT
frame 03

end of frame
Z106 AN end of frame R frame 06 INPUT
07h 2107 hN g frame 07

1Fh

Figure 4.1: FIFO organization

TheHFC-4S/8S checks 71 and Z2. If Z1 = Z2 (FIFO empty) the HFC-4S/ 8S generatesaHDLC
flag ('01111110°) or continuous '1’s (depending on the bit V_IFF of the register A CON_HDLC)
and transmits it to the S/T interface. In this case Z2 is not incremented. If dso F1 = F2 only
HDLC flags or continuous '1’s are sent to the S/T interface and all counters remain unchanged. If the
frame counters are unequal F2 isincremented and the HFC-4S/8S tries to transmit the next frame
to the S/T interface. At the end of aframe (72 reaches Z1) it automatically generates the 16 bit CRC
checksum and adds an ending flag. If there is another frame in the FIFO (F'1 # F'2) the F'2 counter
isincremented again.

With every byte being written from the host bus side to the FIFO, Z1 is incremented automatically.
If a complete frame has been sent into the FIFO F'1 must be incremented to transmit the next frame.
If the frame counter F'1 is incremented the Z-counters may also change because Z1 and Z2 are
functions of F'1 and F'2. Thusthereare Z1(F'1), Z2(F1), Z1(F2) and Z2(F'2) (see Fig.4.1).

Z1(F1) is used for the frame which is just written from the host bus side. Z2(F2) is used for the
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frame which is just being transmitted to the S/T interface side of the HFC-4S/8S. Z1(F2) isthe
end of frame pointer of the current output frame.

In the transmit HFC-channels F'1 is only incremented from the host interface side if the software
driver wants to say “end of transmit frame”. This is done by setting the bit V_INC _F in register
R_INC_RES FIFO. Then the current value of Z1 is stored, F'1 isincremented and Z1 is used as
start address of the next frame. Z2(F2) can not be accessed while Z1(F'2) can be accessed for
transmit FIFOsif V_FZ MD intheregister R RAM_MISC is s&t.

4.3.2 Automatical D-channel frame repetition

The D-channel transmit FIFO hasaspecia feature. If the ST interface signals aD-channel contention
before the CRC is sent the Z2 counter is set to the starting address of the current frame and the
HFC-4S/8S tries to repeat the frame automatically.

@ Please note!

The HFC-4S/8S begins to transmit the bytes from a FIFO at the moment the
FIFO ischanged (writing R_FIFO) or the F'1 counter isincremented. Switching
to the FIFO that is already selected also starts the transmission. Thus by selecting
the same FIFO again transmission can be started.

HDLC flag HDLC flag
CRC2 | 01111110 zero - inserted data CRC1 CRC2 01111110
frame
HDLC-frame
Data in
faiz Sz transmit FIFO

Z1(F1)

STAT = 00h if CRC o.k.
data data CRC1 CRC2 STAT

Data in
receive FIFO

Figure 4.2: FIFO data organization in HDLC mode

4.3.3 FIFO full condition in HDLC transmit HFC-channels

Due to the limited number of registersin the HFC-4S/8S the driver software must maintain alist of
frame start and end addresses to calculate the actual FIFO size and to check the FIFO full condition.
Because thereisamaximum of 32 (resp. 16 with 32k RAM) frame counter values and the start address
of aframe is the incremented value of the end address of the last frame the memory table needs to
have only 32 (resp. 16) values of 16 bit instead of 64 (resp. 32).
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Remember that an increment of Z-value Zy; 4 x iS Zyrn in al FIFOS!

There are two different FIFO full conditions. The first one is met when the FIFO contents comes up
to 31 frames (128k or 512k RAM) or 15 frames (32k RAM). There is no possibility for HFC-4S/8S
to manage more frames even if the frames are very small. The second limitation is the overall size of
the FIFO.

4.3.4 HDLC receive FIFOs

The receive HFC-channels receive data from the S/'T or PCM bus interface read registers. The data
is converted from HDL C into plain data and sent to the FIFO. The data can then be read via the host
bus interface.

The HFC-4S/8S checks the HDLC data coming in. If it finds a flag or more than 5 consecutive
"1’s it does not generate any output data. In this case Z1 is not incremented. Proper HDLC data
being received is converted by the HFC-4S/8S into plain data. After the ending flag of a frame
the HFC-4S/8S checks the HDLC CRC checksum. If it is correct one byte with al '0’sis inserted
behind the CRC data in the FIFO named STAT (see Fig. 4.2). Thislast byte of aframeinthe FIFOis
different from all '0’sif thereis no correct CRC field at the end of the frame.

If the STAT value is OxFF, the HDL C frame ended with at least 8 bits'1’s. Thisis similar to an abort
HDL C frame condition.

The ending flag of aHDLC frame can also be the starting flag of the next frame.

After aframe is received completely F'1 is incremented by the HFC-4S/8S automatically and the
next frame can be received.

After reading a frame via the host bus interface £'2 has to be incremented. If the frame counter £'2 is
incremented also the Z-counters may change because Z1 and Z2 are functions of F'1 and F'2. Thus
thereare Z1(F1), Z2(F1), Z1(F2) and Z2(F2) (see Fig. 4.1).

Z1(F1) isused for the frame which is just received from the S/T interface side of the HFC-4S/8S.
Z2(F2) is used for the frame which is just beeing transmitted to the host bus interface. Z1(F2) is
the end of frame pointer of the current output frame.

To calculate the length of the current receive frame the software hasto evaluate 71 — 72 + 1. When
Z2 reaches Z1 the complete frame has been read.

In the receive HFC-channels F'2 must be incremented from the host interface side after the software
detects an end of receive frame (71 = Z2) and F'1 # F2. Then the current value of Z2 is stored,
F2 isincremented and Z2 is copied as start address of the next frame. Thisis done by setting the bit
V_INC Fintheregister R INC RES FIFO.If Z1 = Z2 and F'1 = F2 the FIFO istotally empty.

Z1(F1) can not be accessed.

@5 Important!

Before reading anew frame, achange FIFO operation (write access to the register
R_FIFO) hasto be done even if the desired FIFO is aready selected. The change
FIFO operation isrequired to update the internal buffer of the HFC-4S/8S. Oth-
erwise thefirst 4 bytes of the FIFO will be taken from the internal buffer and may
beinvalid.
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4.35 FIFO full condition in HDLC receive HFC-channels

Because of the ISDN B-channels not having a hardware based flow control there is no possibility to
stop input data if areceive FIFO isfull.

Thus there is no FIFO full condition implemented in the HFC-4S/8S. The HFC-4S/8S assumes
that the FIFOs are deep enough that the host processor’s hardware and software is able to avoid any
overflow of the receive FIFOs. Overflow conditions are again more than 31 input frames (resp. 15
frames with 32k RAM) or amemory overflow of the FIFO because of excessive data.

Because HDLC procedures only know a window size of 7 frames no more than 7 frames are sent
without software intervention. Due to the great size of the HFC-4S/8S FIFOsiit is easy to poll the
HFC-4S/8S even in large time intervalls without having to fear a FIFO overflow condition.

To avoid any undetected FIFO overflows the software driver should check F'1 — F'2, i.e. the number
of framesinthe FIFO. If F'1 — F2 islessthan the number in the last reading, an overflow took place
if there was no reading of aframe in between.

After a detected FIFO overflow condition this FIFO must be reset by setting the FIFO reset bit
V_RES Fintheregister R INC RES FIFO.

4.3.6 Transparent mode of the HFC-4S/8S

It is possible to switch off the HDLC operation for each FIFO independently by the bit
V_HDLC TRP in register A CON_HDLC. If this bit is set, data from the FIFO is sent directly
to the S/'T or PCM bus interface and data from the S/'T or PCM bus interface is sent directly to the
FIFO.

Be sure to switch into transparent mode only if F'1 = F'2. Being in transparent mode the F'-counters
remain unchanged. Z1 and Z2 are the input and output pointers respectively. Because F'1 = F'2, the
Z-counters are always accessable and have valid data for FIFO input and output.

If atransmit FIFO changes to FIFO empty condition no CRC is generated and the last data byte
written into the FIFO is repeated until there is new data.

Normally the last byte is undefined because of the Z-counter pointing to a previously unwritten
address. To define the last byte, the last write access to the FIFO must be done without 7 increment
(seeregister A_FIFO_DATAO NOINC).

In receive HFC-channels there is no check on flags or correct CRCs and no status byte added.

Unlikein HDLC mode, where byte synchronization is achieved with HDL C flags, the byte boundaries
arenot arbitrary. The dataisjust the same asit comes from or is sent to the S/'T or PCM bus interface.

Transmit and receive transparent data can be done in two ways. The usual way is transporting FIFO
datato the ST interface with the LSB first as usual in HDLC mode. The second way is transmitting
the bytes in reverse bit order as usual for PCM data. So the first bit is the MSB. The bit order can be
reversed by setting bit V_REV of theregister R_FIFO when the FIFO is selected.

@ Important!

For normal data transmission the register A SUBCH_CFG must be set to
0x00. To use 56khit/s restricted mode for U.S. ISDN lines the register
A SUBCH_CFG must be set to 0x07 for B-channels.
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4.3.7 Reading F- and Z-counters

For all asynchronous host accesses to the HFC-4S/8S there is a small chance that a register is
changed just in the moment when it isread. Because of dlightly different delays of individual bits, it
is even possible that the read value is fully invalid. Therefore we advise to read a F'- or Z-counter
register until two consecutive readings find the same val ue.

Thisisnot necessary for atime period of at least 125 psafter writing R_FIFO. It isalso not necessary
for Z-counters of receive FIFOsif F'1 # F2. Then awhole frame has been received and the counters
Z1(F2) and Z2(F?2) are stable and valid.
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4.4 Register description

4.4.1 Write only registers

R _INC RES FIFO [FIFO] (write only) Ox0E

Increment and reset FIFO register
Thisregister is automatically cleared.

Before reading this array register the FIFO must be selected by register R_FIFO.

Bits Reset [ Name Description
Value
0 V_INC F Increment the F-counters of the selected FIFO
'0’ = no increment
"1’ = increment
1 V RES F FIFO reset
'0’ = no reset

"1’ = reset selected FIFO (F'- and Z-countersand
channel mask are resetted, but not the
A CON_HDLC register)

2 V_RES LOST LOST error bit reset
‘0’ = no reset
"1’ =reset LOST

7.3 (reserved) Must be '00000’.
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4.4.2 Read only registers

A_Z1L [FIFQ] (read only) 0x04

FIFO input counter Z1, low byte

This address can aso be accessed with word and double word width to read the com-
plete Z1-counter or Z1- and Z2-counters together (seeregisters A Z1 and A Z12).

Before reading this array register the FIFO must be selected by the register R_FIFO.

Bits Reset [ Name Description
Value

7.0 V_ZI1L Bits [7..0] counter value of Z1

(See Table 4.3 for reset value.)

A Z1H[FIFQ] (read only) 0x05

FIFO input counter Z1, high byte

Before reading this array register the FIFO must be selected by the register R_FIFO.

Bits Reset [ Name Description
Value
7.0 V_Z1H Bits [15..8] counter value of Z1
(See Table 4.3 for reset value.)
A Z1[FIFO] (read only) 0x04

FIFO input counter Z1

Before reading this array register the FIFO must be selected by the register R_FIFO.

Bits Reset [ Name Description
Value

15..0 VvV 71 Bits [15..0] counter value of Z1

(See Table 4.3 for reset value.)
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A _Z2L [FIFO] (read only) 0x06

FIFO output counter 72, low byte

This address can aso be accessed with word width to read the complete Z2-counter (see
register A Z2).

Before reading this array register the FIFO must be selected by register R_FIFO.

Bits Reset [ Name Description
Value
7.0 0 V_Z2L Bits [7..0] counter value of Z2
(See Table 4.3 for reset value.)
A Z2H [FIFO] (read only) 0x07

FIFO output counter 72, high byte

Before reading this array register the FIFO must be selected by the register R_FIFO.

Bits Reset [ Name Description
Value
7.0 0 V_Z2H Bits [15..8] counter value of Z2
(See Table 4.3 for reset value.)
A _Z2 [FIFQO] (read only) 0x06

FIFO output counter Z2

Before reading this array register the FIFO must be selected by register R_FIFO.

Bits Reset [ Name Description
Value
15..0 0 VvV 72 Bits [15..0] counter value of Z2
(See Table 4.3 for reset value.)
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A Z12[FIFO] (read only) 0x04

FIFO input counters Z1 and 72

Before reading this array register the FIFO must be selected by the register R_FIFO.

Bits

Reset
Value

Name

Description

31.0

V_712

Bits [15..0] are counter value of Z1 and bits
[31..16] are counter value of Z2

(See Table 4.3 for reset value.)

A_F1[FIFO]

(read only) 0x0C

FIFO input HDLC frame counter F'1

This address can also be accessed with word width to read the F'1- and F2-counters to-
gether (seeregister A_F12).

Before reading this array register the FIFO must be selected by the register R_FIFO.

Bits Reset [ Name Description
Value
7.0 V F1 Counter value
Up to 31 HDLC frames (resp. 15 with 32k RAM)
can be stored in each FIFO.
(See Table 4.3 for reset value.)
A F2[FIFO] (read only) 0x0D

FIFO output HDLC frame counter F2

Before reading this array register the FIFO must be selected by the register R_FIFO.

Bits

Reset
Value

Name

Description

7.0

V_F2

Counter value
Upto 31 HDLC frames (resp. 15 with 32k RAM)
can be stored in each FIFO.

(See Table 4.3 for reset value.)
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A _F12[FIFO] (read only) 0x0C

FIFO input HDLC frame counter F'1

Before reading this array register the FIFO must be selected by the register R_FIFO.

Bits Reset [ Name Description
Value

7.0 VvV F1 Bits [7..0] are counter value of F'1 and bits
[15..8] are counter value of F'2
Up to 31 HDLC frames (resp. 15 with 32k RAM)
can be stored in each FIFO.

(See Table 4.3 for reset value.)
R_INT_DATA (read only) 0x88

Internal data register

Thisregister can be read to access data with short read signal.

Bits Reset [ Name Description
Value
7.0 V_INT_DATA Internal data buffer
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4.4.3 Read/write registers

A_FIFO_DATAO [FIFO] (read / write) 0x80

FIFO data register

This address can aso be accessed with word and double word width to access two or
four data bytes (seeregisters A FIFO_DATAl1 and A_FIFO_DATA2).

Before writing or reading this array register the FIFO must be selected by the register
R _FIFO.

Bits Reset [ Name Description
Value
7.0 0 V_FIFO_DATAO Data byte

Read/ write one byte from/to the FIFO selected in
the R_FIFO register and increment Z-counter by 1.

A_FIFO_DATA1[FIFO] (read / write) 0x80

FIFO data register

Before writing or reading this array register the FIFO must be selected by the register
R _FIFO.

Bits Reset [ Name Description
Value
15.0 0 V_FIFO_DATAl Data word

Read / write one word from/ to the FIFO selected in
the R_FIFO register and increment Z-counter by 2.
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A_FIFO_DATA2 [FIFO] (read / write) 0x80

FIFO data register

Before writing or reading this array register the FIFO must be selected by the register
R_FIFO.

Bits Reset [ Name Description
Value
31.0 0 V_FIFO_DATA2 Data double word

Read/ write two words from/ to the FIFO selected
inthe R_FIFO register and increment Z-counter
by 4.

A _FIFO_DATAO NOINC[FIFQ] (read/write) 0x84

FIFO data register

This address can also be accessed with word and double word width to access two or
four data bytes (seeregisters A_FIFO _DATA1 NOINCand A _FIFO DATA2 NOINC).

Before writing or reading this array register the FIFO must be selected by the register
R_FIFO.

Bits Reset [ Name Description
Value
7.0 0 V_FIFO_DATAO_NOINC Data byte

Read access:. Read one byte from the FIFO selected
inthe R_FIFO register and increment Z-counter
by 1.

Write access: Write one byte to the FIFO selected
inthe R_FIFO register without incrementing
Z-counter.

(This register can be used to store the last FIFO byte in transparent transmit mode. Then this byte is
repeately transmitted automatically.)
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A _FIFO_DATA1 NOINCI[FIFO]

(read /write) 0x84

FIFO data register

Before writing or reading this array register the FIFO must be selected by the register

R_FIFO.
Bits Reset [ Name Description
Value
15..0 0 V_FIFO_DATA1 NOINC Data word

Read access: Read one word from the FIFO
selected inthe R_FIFO register and increment
Z-counter by 2.

Write access. Write one word to the FIFO selected
inthe R_FIFO register without incrementing
Z-counter.

A _FIFO _DATA2 NOINC[FIFO]

(read /write) 0x84

FIFO data register

Before writing or reading this array register the FIFO must be selected by the register

R_FIFO.
Bits Reset [ Name Description
Value
31..0 0 V_FIFO_DATA2 NOINC Data double word

Read access: Read two words from the FIFO
selected in the R_FIFO register and increment
Z-counter by 4.

Write access. Write two words to the FIFO selected
inthe R_FIFO register without incrementing
Z-counter.
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Chapter 5

S/T interface

Table 5.1: Overview of the HFC-4S/8S bus interface register

Write only register: Read only register:

Address Name Page Address Name Page
0x12 R _SCI_MSK 159 0x12 R _SCI 168
0x16 R _ST SEL 160 0x1C R_STATUS 237
0x17 R _ST SYNC 161 0x30 A ST RD STA 169
0x30 A ST WR_STA 162 0x34 A ST SQ RD 170
0x31 A ST CTRLO 163 0x3C A ST Bl RX 170
0x32 A ST CTRL1 164 0x3D A ST B2 RX 171
0x33 A ST CTRL2 165 O0X3E A ST D RX 171
0x34 A ST SQ WR 165 0x3F A ST E RX 172
0x37 A ST CLK DLY 166
0x3C A ST Bl TX 167
0x3D A ST B2 TX 167
OX3E A ST D TX 168
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Table 5.2: Overview of the HFC-4S and HFC-8S S/T pins

HFC-8S only: HFC-4S and HFC-8S:

Number Name Interf.  Description Number Name Interf.  Description
124 R_A7 7 RXinputA 159 R_A3 3 RXinputA
125 LEV_A7 7 level detect A 160 LEV_A3 3 level detect A
126 LEV_B7 7 level detect B 161 LEV_B3 3 level detect B
127 R_B7 7 RX input B 162 R _B3 3 RX input B
128 ADJ LEV7 7 level generator 163 ADJ LEV3 3 level generator
129 VDD_ST 7& 6  power supply 164 VDD_ST 3& 2  power supply
130 T A7 7  TXdaaA 165 T A3 3  TXdaaA
131 T _B7 7  TXdaaB 166 T _B3 3  TXdaaB
132 T B6 6  TXdaaB 167 T B2 2  TXdaaB
133 T_A6 6  TXdaaA 168 T_A2 2 TXdaaA
135 ADJ LEV6 6 level generator 170 ADJ LEV2 2 level generator
136 R B6 6 RX input B 171 R B2 2 RX input B
137 LEV_B6 6  level detect B 172 LEV_B2 2 level detect B
138 LEV_A6 6  level detect A 173 LEV_A2 2 level detect A
139 R_A6 6  RXinputA 174 R_A2 2 RXinputA
142 R_A5 5  RXinputA 176  R_Al 1 RXinputA
143 LEV_AS 5 level detect A 177 LEV_Al 1 level detect A
144 LEV_BS 5  level detect B 178 LEV_B1 1 level detect B
145 R_BS 5  RXinputB 179 R B1 1 RXinputB
146  ADJ LEVS 5 level generator 180 ADJ LEV1 1 level generator
147 VDD_ST  5&4  power supply 181 VDD ST 1&0 power supply
148 T_AS 5  TXdaaA 182 T Al 1 TXdataA
149 T_BS 5  TXdaaB 183 T B1 1 TXdaaB
150 T B4 4  TXdaaB 18 T BO 0  TXdaaB
151 T_A4 4 TXdaaA 185 T A0 0  TXdataA
153 ADJ_LEV4 4 level generator 187 ADJ LEVO 0 level generator
154  R_B4 4  RXinputB 188 R _BO 0  RXinputB
155 LEV_B4 4 level detect B 189 LEV BO 0  level detect B
156 LEV_A4 4 level detect A 190 LEV_AO 0  level detect A
157 R_A4 4 RXinputA 191 R_AO 0  RXinputA

The HFC-4S/8S is equiped with 4 respectively 8 SIT interfaces according to ITU-T 1.430 and
ETSI TBRO3 specifications. They can all individually be configured into TE or NT mode by set-
tingV_ST MDintheregister A_ ST CTRLO.
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5.1 State machine

A specification conform state machine for TE and NT mode is implemented. So the Fx or Gx state
can beread out of theregister A ST RD_STA. However, it is possible to overwrite the state machine
by setting thebit V_ST LD_STA of theregister A ST WR_STA. Activation and deactivation can
be initiated by writing the bitmap V_ST_ACT in the same register.

Before starting the Fx/ Gx state machine, the register A_ ST _CLK DLY of its ST interface must be
set. For TE the default value is OxOF and for NT the default value is 0x6C.

There is an overview register R_SCI which reports a state change of all S/T interfaces. Bits which
are masked as enabled in the register R_SCI_MSK also generate an interrupt. All bitsinR_SCl are
cleared after reading the register.

@ Important!

The ST state machine is stuck to 'O’ after areset. In this state the HFC-4S/8S
sends no signal on the S/T line and is not able to activate it by incoming INFOX.
Writinga’0’'tobitV_ST LD STAof theA ST WR_STA register restarts the
state machine.

NT mode: The NT state machine does not change automatically from G2 to G3
if the TE side sends INFO3 frames. This transition must be activated each time
byV G2 G3oftheA ST RD_STAregister or by setting bitV_G2 G3 EN
of theA ST CTRLI1 register.
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5.2 Clock synchronization

5.2.1 Clock synchronization in NT mode

8 resp. 4 S/T interfaces

S/T interface in NT mode

receive 6.144 MHz divider 24.576 MHz
(o < <
DPLL +4 —=
192 kHz
frame
RX sync -
8 kHz from
interface in
» S/T data > TE mode
X controller|«
sync auto
select select
PCM interface
192 kHz send |, 6.144 MHz
DPLL SYNC_|

A% 4B i
A
divider
+24 MUX
output

\SKHZ— 8 kHz input syn‘::

H sync select

|/ select SYNC_O

A
divider divider
e15 — Lo =D—> C20

R

» PCM data [«
< controller |«
divider
n|  select C410
I
=
= 8 i PCM Master
16384 kHz —
or 8192 kHz divider
—>» PCM | or4096 kHz | +2048 FoIO
—>» DPLL + 1024
+512
8 kHz 8 kHz

Figure 5.1: S/T clock synchronization shown with one S/T interface in NT mode
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5.2.2 Clock synchronization in TE mode

The C410 clock is adjusted in the last time slot of the PCM frame 1 to 4 times by a half clock cycle
at the 16384 kHz clock (see R_PCM_MD1 register). This is useful if another HFC series ISDN
controller is connected as slave in NT mode to the PCM bus. The sync source can be selected by the
R _PCM_MD2 register settings.

8 resp. 4 S/T interfaces

S/T interface in TE mode

receive 6.144 MHz divider 24,576 MHz
—> < ¢
DPLL +4 %H}*
192 kHz
+—> frame | 8kHz* v
RX »  sync ¢ ML{;(
¢ | auto- 8 kHz from
select interface in
» S/T data > ’ TE mode
X controllerj« 3
sync auto
select select )
PCM interface
A
clock
192 kHz delay SYNC_I

\ MUX
A synchronization signal is only generated output
if the S/T interface is activated (F7 state). input sync
Otherwise the signal is '0'. | slynct select SYNC O
= selec —

A
divider divider
e | S -{>—> C20

]

» PCM data [«
< controller |«
divider
N[ select C410
I
=
; © ¢ PCM Master
16384 kH —
Y 8192 kite divider
—>» PCM | or 4096 kHz +2048 FOIO
—>» DPLL " +1024
+512
8 kHz 8 kHz

Figure 5.2: S/T clock synchronization shown with one S/T interface in TE mode

In auto select mode (see Figure 5.2) a synchronized TE is selected as synchronization source. If
synchronization is lost on this TE the next one with active synchronization is selected.
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5.2.3 Clock synchronization with several TEs connected to different CO switches

Several TEs of the HFC-4S/8S ST interfaces can be interconnected with different central offices.
An example of this szenario isillustrated in Figure5.3.

7| B1.B2,D
0 & |, data S/IT
S y TEO 0m——— | — % COO
2
FSC
< 3 SIT
o) %%‘ » TE1 &——_ | 1 CO1
STl2
HFC-channel «+—|£ & FSC|
data — | 8
9, 5. SIT
2 52| y TE2 |+ — CO2
7P
Fsc|
o5 SIT
Sh < | TE3 * | TT——T | CO3
e FsC
A A ‘—\—'
AFO
] FSC
62.5 us
delay
A
sync select
FOIO
external
C410 . PLL
TE: Terminal Equipment (S/T interface in TE mode) ‘
CO: Central office
to other TEs

Figure 5.3: Synchronization scenario with TEs connected to unsynchronized central office switches

Instead of the external PLL shown in Figure5.3 the internal PLL can also be used.

The sychronization registers of Figure5.3 are shown in detail in Figure 5.4. The window detection
block (guard window) changes it's output signal level when the phase offset between FSC and FO is
smaller than approximately 25 us.

The timing characteristics of two unsynchronized TEs and the signals FOIO and AFO is shown in
Figure5.5. In thisexample TEO is synchronization source for the PLL. Thusthe timing offset between
FSCO and FOIO is 62.5 us. The figure shows one sample transmit data flow and one sample receive
data flow on TEL.

Figure 5.5 shows single samples of a transmit and a receice transmission. In transmit direction, the
transmission is done either withthe T’ X .0 Foro — T Xroro rsci1 of withthe T X jota AF0 —

TXaro rsc1 depending on the phase signal (see Fig.5.4). A receive transmission is done either on
RXporo_rsc1 — RXdata_roro OF RXaro_rsc1 — RXdata _aro aswell.

5.3 Data transmission

To transfer any data over the B-channels they have to be enabled for transmission by setting
V_ Bl ENorV B2 ENinregister A_ ST CTRLO. Receiveisenabled by settingV_B1 RX EN
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sync registers
HFC-channel data data to/from
to/from flow controller » Buffer » Lt S/T interface
CLK —*CLK
+«— FSC
FSC
FOIO ’ FO Window
AFO ) | detect
J ‘
62.5 us phase
delay

Figure 5.4: Synchronization registers (detail of Figure 5.3)

S/T data frame
TEO .. Bl B2 D X Bl B2 D Bl B2 D X Bl B2 D Bl B2 D X Bl B2 D

FSCO I I I I I

tguard_FSCO

SIT data frame
TE1 .. Bl B2 D X B1 B2 D Bl B2 D | X BL B2 D Bl B2 D XBl B2 D ..

FSC1 I I I I I I
TXAF07F5C1 b.ItglizarLLI:SCl R&SCliFOIO I
'_IA_.I TXFOIOfFSCl RXFSCLA 0
FOIO I I I I I I
IktA_'I
AFO _| I I | |
data transfer from/to TXdata_AF RXFOIO_data
FIFO or PCM interf. TX ata_Foio ™ RXr0_data

Transmission |_| |_| |_| |_| |_| |_|

Figure 5.5: Timing example of one transmit and one receive transmission

orV_B2 RX ENintheregister A ST CTRL2.

5.4 S/T modules and transformers

Customers of Cologne Chip can chose of avariety of S/T transformers for ISDN basic rate interface.
All transformers are compatible to the “HFC-S’ series of Cologne Chip that fulfil two criteria:

e TurnsRatio of 1:2
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Table 5.3: Symbols of Figures 5.5

Symbol Characteristic

ta Frame pulse delay (62.5 uS)

T Xdata_Foro Data transfer to next FOIO pulse
T Xdata_AFo Data transfer to next AFO pulse
TXroro rsci FOIO pulseto FSC1

TXaro rsci AFO pulseto FSC1
tguard_FSCO Guard time to FSCO

tguard FSC1 Guard timeto FSC1
RXFsc1_Foro FSC1 to FOIO pulse
RXFsc1_aro FSC1 to AFO pulse
RXForo_data FOIO to receive data transfer
RX AF0_data AFO to receive data transfer

e Center Tap on the Secondary Side (required for Cologne Chip receiver circuitry)

Several companies provide transformers and modules that can be used with our ISDN basic rate
interface controllers. Part numbers and manufacturers address are listed in Table5.4. An updated list
can be found on Cologne Chip’swebsite http://www.colognechip. com.

Table 5.4: S/T module part numbers and manufacturers

S/T module part number Manufacturer

APC 56624-1
APC 40495S (SMD)

S-Hybrid modules with receiver and

transmitter circuitry included: United Kingdom Phone:  +44 1634-290588
APC 5568-3V Fax:  +441634-290591

APC 5568-5V URL:  http://www.apcisdn.com
APC 5568DS-3V

APC 5568DS-5V

Advanced Power Components

FEE GmbH

Sngapore Phone:  +65 741-5277
Fax: +65 741-3013
FE 8131-552 Bangkok  Phone:  +662 718-0726-30
Fax: +662 718-0712
Germany  Phone  +49 6106-82980
Fax: +49 6106-829898

(continued on next page)
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Table 5.4: SI'T module part numbers and manufacturers

(continued from previous page)

S/T module part number

Manufacturer

transformers.  PE-64995
PE-64999
PE-65795 (SMD)
PE-65799 (SMD)
PE-68995
PE-68999
T5006 (SMD)
T5007 (SMD)

Sy-modules:  T5012
T5034
T5038

Pulse Engineering, Inc.

United Sates Phone:  +1-619-674-8100
Fax: +1-619-674-8262
URL:  http://www.pulseeng.com

transformers;  SM TC-9001
SM ST-9002
SM ST-16311F

Syp-modules: SM TC-16311
SM TC-16311A

Sun Myung

Korea Phone: +82-348-943-8525
Fax: +82-348-943-8527
URL.: http://www.sunmyung.com

transformers  UT21023

So-modules;  UT 20795 (SMD)
UT 21624
UT 28624 A

UMEC GmbH

Germany Phone: +497131-7617-0
Fax: +49 7131-7617-20

Taiwan Phone:  +886-4-359-009-6

Fax: +886-4-359-012-9
United Sates  Phone:  +1-310-326-707-2

Fax: +1-310-326-705-8

URL:  http://www.umec.de

al devices T 6040...
transformers;  ...3-L4021-X066
...3-L4025-X095
...3-L5024-X028
... 3-L4096-X 005
..3-L5032-X040

So-modules: ... 7-L5026-X010 (SMD)

.. 7-L5051-X014

... 7-M5051-X032
... 7-L5052-X102 (SMD)
... 7-M5052-X110

.. 7-M5052-X114

VAC GmbH

Germany Phone: +49 6181/ 38-0
Fax: +49 6181/ 38-2645
URL:  http://www.vacuumschmelze.de

(continued on next page)
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Table 5.4: S/T module part numbers and manufacturers

(continued from previous page)

S/T module part number Manufacturer

Valor Electronics, Inc.

Asia Phone: +852 2333-0127
transformers;  ST5069 Fax: +852 2363-6206
Sp-modules:  PT5135 North America Phone:  +1 800 31VALOR
ST5201 Fax: +1 619 537-2525
ST5202 Europe Phone:  +44 1727-824-875

Fax: +44 1727-824-898
URL:  http://www.valorinc.com

Vogt electronic AG

543 76 009 00 Germany Phone:  +49 8591/ 17-0
503 7400100 (SMD) Fax: +49 8591/ 17-240

URL:  http://www.vogt-electronic.com

5.5 External circuitries

5.5.1 External receive circuitry

The standard external receive circuitry for TE and NT mode is shown in Figureb.6.

The HFC-4S/8S has four/eight S/T interfaces. If a S/T is not used, the level adjustment pin

ADJ LEVO...ADJ LEV7 mustbeleft open. The ST receiveinput pinsR_A0...R_A7,LEV_AO0...LEV_A7,
LEV BO...LEV_B7andR_BO...R_B7 should betied to ground if their second function (GPl) is

not used as well.

5.5.2 External transmit circuitry

The standard external transmit circuitry for TE and NT mode is shown in Figure5.7.

If aS/T interface is not used, the two transmit pinsT_AO0...T_A7and T_BO...T_B7 must be left
open if their second function (GPIO) is not used as well.

The signal level of the transmit circuitry has to be adjusted by VDD ST (pins 181, 164, 147, 129).
The exact voltage of VDD_ ST depends on the used transformer and circuitry dimensioning. For the
standard circuitry in Figure5.7 it is about 2.8 V.

Figure 5.9 shows a voltage regulation circuitry for VDD ST voltage generation. The PWMO pin is
used for fine tuning the voltage by software. Alternatively the regulator circuitry can be fixed to a
suitable voltage.
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+3.3V
| R2
(=3
=
R1
3k9
c3
47n
GND
I’ T
] R5
c1 =
U1 -
ADJ_LEVx 22p —I TRIA
R_Ax GND 2| RE +3.3V —g gfe——
Lyl
LEV_Ax RY
3
LEV_B
_Bx < R8 _
R_Bx )
HFC-4S/HFC-8S ]
REC
| R9
=
1 :
C2 Cl and C2 should be located as
22 near as possible to the RAx and
P RBx inputs of the chip.
GND
Figure 5.6: External S/T receive circuitry for TE and NT mode
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s}
680p
R3
K4
©
GND Q2
BC848C c3
SND | [|RE
Q1 ~
Ul |/ &N
T
BC848C
T_Ax
T_Bx
- R7
22
RFC-4S/HFC-8S / b1 TR1B
R7, RY: " ' |
R8|.| Value depends on the el [pr—
= used S/T transformer BAVA9 °
and is used to adjust D2 5V6
the transmitter output 4”_—‘ nc >
impedance and the
i i . BAVAS —
GND desired 5/T amplitude BAVYY
TRANS

Figure 5.7: External S/T transmit circuitry for TE and NT mode

R1
68 L
b1 | TR1B
Ul ‘
R1, RZ2: o e

Value depends on the
T_Ax used $/T transformer D2 ’;l 5V6 -
T Bx and the desired -E o

5/T amplitude.

GND
HFC-4S/HFC-8S \

TRANS

Figure 5.8: External S/T transmit circuitry for NT mode only
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Figure 5.9: VDD_ST voltage generation
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5.5.3 Transformer and ISDN jack connection

Figure 5.10 show the connection circuitry of the transformer and the ISDN jack in TE mode. The
termination resistors R1 and R2 are optional.

ISDN jack

REC

Sy R N 3

TR1B

R1

°
100

ISDN jack

JP1

(e
+
=2 & = &

34V - 42V

TR1B

RJ45

R2

o
(100 ]

Figure 5.11: Transformer and connector circuitry in NT mode (shown with optional 1002 termination, whole
bus termination must be 50 )

1The ISDN jack RJ-45 has 8 pins and carries two pairs of ‘ T
wires. Standard configuration is H
pin3: TE — NT (+), =
pin 4: NT = TE (+), RJ-45 plug RJ-45 jack

pin5: NT — TE (-),
pin6: TE — NT (—).
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5.6 Register description

5.6.1 Write only registers

R_SCI_MSK

(write only) 0x12

State change interrupt mask register of the S/T interfaces

Bits Reset [ Name Description
Value
0 0 V_SCI_MSK_STO0 State change interrupt mask of S/T interface 0
1 0 V_SClI_MSK ST1 State change interrupt mask of S/T interface 1
2 0 V_SCI_MSK_ST2 State change interrupt mask of S/T interface 2
3 0 V_SCI_MSK_ST3 State change interrupt mask of S/T interface 3
4 0 V_SCI_MSK _ST4 State change interrupt mask of S/T interface 4
5 0 V_SCI_MSK_ST5 State change interrupt mask of S/T interface 5
6 0 V_SCI_MSK_ST6 State change interrupt mask of S/T interface 6
7 0 V_SCI_MSK_ST7 State change interrupt mask of S/T interface 7
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R ST SEL (write only) 0x16
S/T interface selection register
Bits Reset [ Name Description
Value
2.0 V_ST SEL Single S/T interface selection
‘000’ = S/T interface 0
‘001’ = ST interface 1
'010’ = ST interface 2
‘011’ = S/T interface 3
100’ = S/T interface 4
101" = S/T interface 5
110’ = S/T interface 6
111’ = ST interface 7
3 V_MULT_ST Multi S/T interface selection
All SIT interfaces can be selected together. Thisis
only useful for write access.
‘0’ = interface selectionby V_ST SEL
"1’ = select all SIT interfaces for write accesses
7.4 (reserved) Must be’0000’.
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R ST SYNC (write only) 0x17

S/T synchronization source

Bits Reset [ Name Description
Value
2.0 0 V_SYNC_SEL Synchronization source selection

One 9T interface can be selected as
synchronization source (in TE mode only)
'000’ = sourceis ST interface 0

‘001’ = sourceis ST interface 1

'010’ = sourceis ST interface 2

‘011’ = sourceis ST interface 3

100’ = sourceis ST interface 4

101’ = sourceis ST interface 5

110’ = sourceis ST interface 6

111’ = sourceis ST interface 7

3 0 V_AUTO_SYNC Automatically synchronization source selection
'0’ = automatically selection of synchronization
source. A TE which is synchronized to the
incoming S/T signal (e.g. state F6 or F7) is chosen
assync sourceand V_SYNC_SEL isignored.
'"1’=V_SYNC_SEL isused for synchronization
source

7.4 0 (reserved) Must be'0000'.
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A ST WR_STA[ST] (write only) 0x30

S/T state machine register

This register is used to set anew state. The current state can be read fromthe A_ ST RD_STA
register.

Before writing this array register the S/'T interface must be selected by register R_ ST _SEL.

Bits Reset [ Name Description
Value
3.0 0 V_ST SET _STA Binary value of the new state

(NT: Gx, TE: Fx)
V_ST LD_STA must aso be set to load the state.

4 0 V_ST LD STA Load the new state

"1’ = loads the prepared state (V_ST_SET_STA)
and stops the state machine. This bit needs to be set
for aminimum period of 5.21 s and must be
cleared by software.

'0’ = enables the automatic state machine
(V_ST_SET_STA isignored). After writing an
invalid state, the state machine goes to deactivated
state (G1, F2).

6..5 0 V_ST _ACT Start activation/ deactivation

'00’ = no operation

'01’ = no operation

10’ = start deactivation

11’ = start activation

These bits are automatically cleared after
activation/ deactivation.

7 0 V_SET G2 G3 Allow G2 to G3 transition

'0’ = no operation

"1’ = allows transition from G2 to G3in NT mode
Thisbit isautomatically cleared after the transition
and has no functionin TE mode.
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A ST CTRLO[ST] (write only) 0x31

Control register of the selected S/T interface, register 0

Before writing this array register the S/'T interface must be selected by register R_ST_SEL.

Bits Reset [ Name Description
Value

0 0 V_B1 EN B1-channel transmit
'0’ = B1 send data disabled (permanent '1's sent in
activated states)
"1’ = B1 send data enabled

1 0 V_B2 EN B2-channel transmit
'0’ = B2 send data disabled (permanent '1's sent in
activated states)
"1’ = B2 send data enabled

2 0 V_ST MD S/T interface mode
‘0’ = TE mode
"1’ = NT mode

3 0 V_D PRIO D-channel priority

'0’ = high priority 8/9
"1’ = low priority 10/11

4 0 V_SQ EN S/Q bits transmission
‘0’ = S/Q bits disabled
"1’ = S/Q bits and multiframe enabled

5 0 V_96KHZ 96 kHz test signal

'0’ = normal operation

"1’ = send 96 kHz transmit test signal (alternating
Zeros)

6 0 V_TX LI Transmitter line setup

This bit must be configured depending on the used
S/T module and circuitry to match the 4002 pulse
mask test.

'0’ = capacitive line mode

"1’ = non capacitive line mode

7 0 V_ST _STOP Power down

‘0’ = external receiver activated
"1’ = power down, external receiver disabled
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A ST CTRL1[ST] (write only) 0x32

Control register of the selected S/T interface, register 1

Before writing this array register the S/'T interface must be selected by register R_ ST _SEL.

Bits Reset [ Name Description
Value
0 0 V_G2 G3 EN Force G2 to G3 transition

Force automatic transition from G2 to G3
'0’=V_SET_G2_ G3 of theregister

A ST _WR_STA must be set to allow transitions
from G2 to G3

1’ = transitions from G2 to G3 are allowed without
V_SET G2 G3 being set

(reserved) Must be’0’.

0 V_D HI D-channel reset
'0’ = normal operation
"1’ = D-hitsare forced to "1’

3 0 V_E IGNO Ignore E-channel data

'0’ = normal operation

"1’ = D-channel always sends data regardless of the
received E-channel bit

4 0 V E LO Force E-channel to low

(only in NT mode)

'0’ = normal operation, E-channel bits echo
received D-channel data

"1’ = E-channel bits areforced to '0’

6..5 0 (reserved) Must be'00'.

0 V_B12 SWAP Swap B-channels
'0’ = normal operation
"1’ = swap B1- and B2-channel of the ST interface
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A ST CTRL2[ST] (write only) 0x33
Control register of the selected S/T interface, register 2
Before writing this array register the S/'T interface must be selected by register R_ST_SEL.
Bits Reset [ Name Description
Value
0 0 V_B1 RX EN Enable B1-channel receive
‘0’ = Bl receive bitsareforced to '1’
"1’ = normal operation
1 0 V_B2 RX _EN Enable B2-channel receive
'0’ = B2 receive bitsareforced to '1’
"1’ = normal operation
5.2 (reserved) Must be'0000’.
6 V_ST TRIS S/T ouput buffer tristated
'0’ = normal operation
"1’ = set SIT output buffer into tristate mode
7 (reserved) Must be’0'.
A ST _SQ WRIST] (write only) 0x34

S/Q multiframe register

Before writing this array register the S/'T interface must be selected by register R_ST_SEL.

Bits Reset [ Name Description
Value
3.0 0 V_ST SQ S/Q bits
TE mode: bits[3... 0] are Q bits[Q1,Q2,Q3,Q4]
NT mode: bits[3... O] are Shits[S1,S2,S3,H4]
7.4 0 (reserved) Must be’0000'.
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A ST CLK DLY [ST] (write only) 0x37

Clock control register of the S/T module

This register is not initialized after reset. It must be initialized before activating the TE/NT
state machine.

Before writing this array register the S/'T interface must be selected by register R_ ST _SEL.

Bits Reset [ Name Description
Value

3.0 V_ST CLK DLY SIT clock delay

TE mode: 4 bit delay value to adjust the 2 bit time
between receive and transmit direction. The delay
of the external S/T interface circuit can be
compensated. The lower the value the smaller the
delay between receive and transmit direction. The
suitable value is OXE for normal external
circuitries.

NT mode: Datasample point. The lower the value
the earlier the input datais sampled. The normal
operation valueis OxC.

For both modes the steps are 163 ns.

6..4 V_ST SMPL Early edge input data shaping

(NT mode only)

Low pass characteristic of extended bus
configurations can be compensated. The lower the
valuethe earlier input data pulse is sampled. The
default valueis 6 ('110" ) which means that no
compensation is carried out. Step sizeis 163ns.

7 (reserved) Must be’0’.
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A ST B1 TX[ST] (write only) 0x3C

Transmit register for the B1-channel data

This register is written automatically by the flow controller and need not be accessed by
the user. FIFOs should be used to write data.

Before writing this array register the S/'T interface must be selected by register R_ST_SEL.

Bits Reset [ Name Description
Value
7.0 0x00 V_ST B1 TX B1-channel data byte
A ST B2 TX[ST] (write only) 0x3D

Transmit register for the B2-channel data

This register is written automatically by the flow controller and need not be accessed by
the user. FIFOs should be used to write data.

Before writing this array register the S/'T interface must be selected by register R_ST_SEL.

Bits Reset [ Name Description
Value
7.0 0x00 V_ST B2 TX B2-channel data byte
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A_ST D TX[ST]

(write only) O0x3E

Transmit register for the D-channel data

This register is written automatically by the flow controller and need not be accessed by
the user. FIFOs should be used to write data.

Before writing this array register the S/'T interface must be selected by register R_ ST _SEL.

Bits Reset [ Name Description
Value
5.0 (reserved) Must be ’000000'.
7.6 0 V_ST D TX D-channel data bits

5.6.2 Read only registers

R_SCI

(read only) 0x12

State change interrupt register of the S/T interfaces

Reports the SIT interfaces where the state has changed. Reading this register clears the

bits.
Bits Reset [ Name Description
Value
0 0 V_SCI_STO State change interrupt occured in S/T interface 0
1 0 V_SCI_ST1 State change interrupt occured in S/T interface 1
2 0 V_SCI_ST2 State change interrupt occured in S/T interface 2
3 0 V_SCI_ST3 State change interrupt occured in S/T interface 3
4 0 V_SCI_ST4 State change interrupt occured in S/T interface 4
5 0 V_SCI_ST5 State change interrupt occured in S/T interface 5
6 0 V_SCI_ST6 State change interrupt occured in S/T interface 6
7 0 V_SCI_ST7 State change interrupt occured in S/T interface 7
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A ST RD_STA|[ST] (read only) 0x30

SI/T state machine register

This register is used to read the current state. A new state can be set withthe A_ ST WR_STA
register.

Before reading this array register the /T interface must be selected byregister R_ ST _SEL.

Bits Reset [ Name Description
Value
3.0 0 V_ST STA SIT state
Binary value of current state (NT: Gx, TE: Fx)
4 0 V_FR_SYNC Frame synchronization

'0’ = not synchronized
"1’ = synchronized

5 0 V_TI2_EXP Timer exired

"1’ = timer TI12 expired (NT mode only)
6 0 V_INFOO INFOO

"1’ = receiving INFOO
7 0 V_G2 G3 G2 to G3 transition allowed

'0’ = no operation

"1’ = allows transition from G2 to G3in NT mode
Thisbit isautomatically cleared after the transition
and has no functionin TE mode.
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A ST SQ RDI[ST]

(read only) 0x34

S/Q multiframe register

Before reading this array register the S/'T interface must be selected byregister R_ST_SEL.

Bits Reset [ Name Description
Value
3.0 0 V_ST SQ S/Q bits
TE mode: bits[3 ... 0] are S hits[S1,52,S3,$4]
NT mode: bits[3... 0] are Q bits [Q1,Q2,Q3,Q4]
4 0 V_MF_RX_RDY RX multiframe ready
"1’ = acomplete S or Q multiframe has been
received
Reading this register clears this bit.
6..5 0 (reserved)
0 V_MF_TX_ RDY TX multiframe ready
"1’ =ready to send anew S or Q multiframe.
Writing to register A ST _SQ_WR clears this bit.

A_ST B1 RX[ST]

(read only) 0x3C

Receive register for the B1-channel data

This register is read automatically by the flow controller and need not be accessed by the
user. FIFOs should be used to read data.

Before reading this array register the S/T interface must be selected byregister R_ST SEL.

Bits Reset [ Name Description
Value
7.0 OxFF | V_ST B1l RX B1-channel data byte
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A ST B2 RXI[ST] (read only) 0x3D

Receive register for the B2-channel data

This register is read automatically by the flow controller and need not be accessed by the
user. FIFOs should be used to read data.

Before reading this array register the /T interface must be selected byregister R_ ST _SEL.

Bits Reset [ Name Description
Value
7.0 OXFF | V_.ST B2 RX B2-channel data byte
A ST D RX|[ST] (read only) O0x3E

Receive register for the D-channel data

This register is read automatically by the flow controller and need not be accessed by the
user. FIFOs should be used to read data.

Before reading this array register the S/'T interface must be selected byregister R_ ST _SEL.

Bits Reset [ Name Description
Value
5.0 (reserved)
7..6 3 V_ST D RX D-channel data bits
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A_ST E RX[ST]

(read only) 0x3F

Receive register for the E-channel data

This register is read automatically by the flow controller and need not be accessed by the
user. FIFOs should be used to read data.

Before reading this array register the S/'T interface must be selected byregister R_ ST _SEL.

Bits Reset [ Name Description
Value
5.0 (reserved)
7.6 3 V_ST E RX E-channel data bits
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PCM interface

Table 6.1: Overview of the HFC-4S/8S PCM interface registers

Write only registers: Read only registers:
Address Name Page Address Name Page
0x10 R _SLOT 121 0x18 R _FO CNTL 189

0x14 R _PCM_MDO 179  O0x19 R _FO CNTH 189
0x15 R _SL _SELO 180
0x15 R SL SEL1 181
0x15 R _SL _SEL2 182
0x15 R SL _SEL3 182
0x15 R _SL _SEL4 183
0x15 R _SL _SEL5 183
0x15 R _SL SEL6 184
0x15 R _SL _SEL7 184
0x15 R _PCM_MD1 185
0x15 R_PCM _MD2 186

0x15 R_SHOL 187
0x15 R_SHOH 187
0x15 R_SHI1L 187
0x15 R_SHI1H 188
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Table 6.2: Overview of the HFC-4S/8S PCM pins
PCM pins:
Number Name Description
97 SYNC_|  Synchronization Input
98 SYNC_O Synchronization Output
117 C20 PCM bit clock output
118 C4IO PCM double bit clock 1/0
119 FOIO PCM frame clock 1/0 (8kHz)
120 STIO1 PCM databus 1, | or O per time slot
121 STIO2 PCM databus 2, | or O per time slot
CODEC select via enable lines:
Number Name Description
107 F1 7 PCM CODEC enable 7
108 F1 6 PCM CODEC enable 6
109 F1 5 PCM CODEC enable 5
110 F1 4 PCM CODEC enable 4
111 F1 3 PCM CODEC enable 3
112 F1 2 PCM CODEC enable 2
113 F1 1 PCM CODEC enable 1
114 F1 0 PCM CODEC enable 0
CODEC select via time slot number:
Number Name Description
106* F Q6 PCM time slot count 6
107* F_Q5 PCM time slot count 5
108* F Q4 PCM time slot count 4
109* F Q8 PCM time slot count 3
110 F Q2 PCM time slot count 2
111* F Q1 PCM time slot count 1
112* F _QO PCM time slot count O
113* SHAPE1 PCM CODEC enable shapesigna 1
114* SHAPEO PCM CODEC enable shapesigna 0
(*: Second pin function)
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6.1 PCM interface function

The PCM interface has up to 32, 64 or 128 time slots for receive and transmit data depending on the
PCM clock frequency and the selected mode. The functional block diagram is shown in Figure6.1.

The HFC-4S/8S has two PCM data pins STIO1 and STIO2 which can both be input or output.
PCM output data is transmitted to two output buffers. These can be enabled independently from each
other. PCM input data can either come from one of the two PCM data pins or from the PCM output
channel. Thisway PCM data can be looped internaly.

Enable Memory Data Channel STIOO Output
Read for Select for Buffer Enable for
Transmit Slot Transmit Slot Transmit Slot
(11 [2] [3]
CHANNEL,
CHANNEL PCM data out STION
SLOT
g
°
<
o
(&}
2
o
[
CHANNEL,
PCM A — STIO2
CHANNEL data out B
c |
SLOT
[7] [6] [5] [4]
Enable Memory Data Channel Input Buffer STIO1 Output
Write for Select for Select for Buffer Enable for
Receive Slot Receive Slot Receive Slot Transmit Slot

Figure 6.1: PCM interface function block diagram

Table 6.3: PCM interface configuration with bitmaps of the register A_SL_CFG (The reference numbers relate
to the numbers given in Figure 6.1)

Reference  Function Bitmap Value

[1] Enable memory read for transmit slot V_ROUT #'00’

[2] HFC-channel select for transmit slot V_CH NuUM1 0...31

[3] STI01 output buffer enable for transmit slot V_ROUT 10’

[4] ST102 output buffer enable for transmit slot V_ROUT 11

[5] Input buffer select for receiveslot  (MUX A)  V_ROUT ‘01’ (Loop PCM internally)
(MUX B) V_ROUT '10’ (Data In from STIO1)
(MUXC) V_ROUT '11’ (Dataln from STIO2)

(6] HFC-channel select for receive slot V_CH_NUM1 0...31

[7 Enable memory write for receive slot V_ROUT #°'00°
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6.2 PCM initialization

After hard or soft reset the PCM interface starts an initialization sequence to set al A SL_CFG
registers of the PCM time slots to the reset value 0. This can be done only if valid C410 and FOIO
signals exist. The initialization process stops after 2 FOIO periods. To check if the initiaization
sequence is finished after areset, theregister R_FO CNTL value must be equal or greater than 2.

6.3 External CODECs

External CODECs can be connected to the HFC-4S/8S PCM interface. There are two ways of
programming the PCM—-CODEC-interconnection. First, a set of eight CODEC enable lines allow to
connect up to eight external CODECsto the HFC-4S/8S. The second way uses the current time slot
number that must be decoded to a CODEC's select signal. Then up to 128 external CODECs can be
connected to the HFC-4S/8S. The choice of these connectivities is done with V_CODEC _CON
of theregister R_ PCM_MD1.

6.3.1 CODEC select via enable lines

The HFC-4S/8S has eight CODEC enable signals F1_7 ...F1 0. Every external CODEC has
to be assigned to a PCM time slot via the bitmaps V_SL _SEL7 ...V_SL_SELO of the registers
R SL SEL7...R_SL_SELO.

Two shape signals can be programmed. The last bit determines the inactive level by which non-
inverted and inverted shape signals can be programmed. Every external CODEC can choose one of the
two shape signalswiththebitsV_SH SEL7...V_SH_SELOof theregistersR_SL SEL7...R_SL SELO.

FOIO :
c4i10

. _lowbyte  :  ‘highbyte __ _lowbyte  :  highibyte
F1.0 000/(1111111(000000

LSB : MSB :
F1_1 : 171111(0000000{1111

: LsB : MSB

c20
bit ‘ 1 ‘ 0 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0 7 ‘ 6 ‘
slot 0 1

16 C410 pulses per slot
8 C20 pulses per slot

Figure 6.2: Example for two CODEC enable signal shapes with SHAPEO and SHAPEL1.

Figure 6.2 shows an example with two external CODECswith F1_0 and F1_1 enable signals. Time
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slot O starts with the FOIO pulse. In this example — assuming that PCM30 is configured — F1 0
enables the first CODEC on time slot 0 and shape byteson R_SHOL and R_SHOH with

R_PCM_MDO: V_PCM_ADDR = 0 (R_SL_SELO register accessible)
R SL SELO :V SL SELO = OxIF (time slot #0)
:V_SH SELO =0 (shape bytesR_SHOL and R_SHOH)

and the second CODEC on time slot 1 and shape byteson R_SH1L and R_SH1H with

R_PCM _MDO: V_PCM _ADDR = 1 (R_SL_SEL1 register accessible)
R SL SEL1 :V SL SEL1 = (time slot #1)
©V SH SEL1 =1 (shapebytesR_SH1lL and R_SH1H)

The shown shape signals have to be programmed in reverse bit order by

R PCM_MDO: V_PCM ADDR = OxC (R_SHOL register accessible)
R_SHOL : V_SHoL = OxF8 (0xF8 ="11111000 "% °00011111")
R PCM_MDO: V_PCM _ADDR = 0xD (R_SHOH register accessible)
R_SHOL : V_SHOL = 0x03 (0x03 ='00000011" "“=5°¢ '11000000)
R PCM_MDO: V_PCM _ADDR = OxE (R_SHAIL register accessible)
R_SHOL : V_SHOL = Ox1F (0x1F =’00011111" "<%°° °11111000')
R _PCM_MDO: V_PCM_ADDR = OxF (R_SH1H register accessible)
R_SHOL : V_SHOL = OxFO (0xF0 ='11110000" "% '00001111")

6.3.2 CODEC select via time slot number

Alternatively, external CODECs can be enabled by decoding the time slot number. In this case, two
programmable shape signals SHAPEO and SHAPE1 are put out with every time slot. The current
time slot number isissued onthe pinsF_Q6...F_QO.

The shape signals can be programmed. The example in Figure 6.3 shows shape signals that are
programmed in the same way as shown above (see Section6.3.1).

F Q6 ...F_QO must be decoded externaly to generate CODEC select signals in dependence on the
PCM time dot.
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FOIO : :
cal0

.~ lowbyte  :  ‘highbyte .~ _lowbyte  :  highibyte
SHAPEO 000(11111111/000000 0001111111/000000
LSB : MSB ; LsB : MSB
SHAPE1 11111/0000000[1111 : 171111(0000000(1111
LSB : MSB : LsB : MSB
F_Q[6..0] 0 >< 1
w1 [ o | 7 [ e s |« s 2] 1ol 75|
slot { 0 { 1

16 C4l0 pulses per slot
8 C20 pulses per slot

Figure 6.3: Example for two CODEC enable signal shapes
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6.4 Register description

6.4.1 Write only register

2
3
4
5
6
7
9
Ox
0

R_PCM_MDO (write only) 0x14
PCM mode, register 0
Bits Reset [ Name Description
Value

0 0 V_PCM_MD PCM bus mode
'0’ = dlave (pins C410 and FOIO areinputs)
"1’ = master (pins C410 and FOIO are outputs)
If no external C410 and FOIO signal is provided
this bit must be set for operation.

1 0 V_C4 POL Polarity of C410 clock
'0’ = pin FOIO is sampled on negative clock
transition of C410
"1’ = pin FOIO is sampled on positive clock
transition of C410

2 0 V_FO_NEG Polarity of FOIO signal
'0’ = positive pulse
"1’ = negative pulse

3 0 V_FO LEN Duration of FOIO signal in slave mode
‘0’ = activefor one C410 clock (244nsat 4 MH2z)
"1’ = active for two C410 clocks (488ns at 4 MHz)

7.4 0 V_PCM_ADDR Index value to select the register at address 15

At address 15 a so-called multi-register is
accessible.

0=R_SL_SELO register accessible
1=R_SL SEL1 register accessible

)>

XC = R SHOL | register accessible
0xD = R_SHOH register accessible
OXE = R_SHIL register accessible
OxF = R_SH1H register accessible

R

R S

R S

R SL SELS register accessible
R S

R S

R P

SL SEL2 register accessible
L SEL3 register accessible
L SEL4 register accessible

L SELSG register accessible

L_SEL7 register accessible

CM MD1 register accessible
:R PCM_MD2 register accessible
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R _SL SELO (write only) 0x15

Slot selection register for pin F1_0
This multi-register is selected with bitmap V_PCM_ADDR =0 of the register R_ PCM_MDO.

Note: By setting all 8 bitsto "1’ pin F1_0 is disabled.

Bits

Reset
Value

Name

Description

6..0

Ox7F

V_SL_SELO

PCM time slot selection

The selected slot number isV_SL_SEL1 +1 for
F1 0. Slot number O is selected with the maximum
slot number of the selected PCM speed.

V_SH_SELO

Shape selection

'0’ = use shape O set by R_SHOL and R_SHOH
registers

1" =useshapelsetby R_SH1L and R_SH1H
registers
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@ Important!

For selecting slot O the value that has to be written to the bitmap
V_SL SELO...V_SL_SEL7 of the register R_SL_SELO ...R_SL_SEL7
depends on the PCM data rate:

Please note that time slot O for PCM128 can only be used with
V_SH SELO... V_SH SEL7 =0 (SHAPEO) in the registers R_SL SELO

...R_SL_SEL7.

PCM data rate Value

PCM30 Ox1F
PCM64 Ox3F
PCM128 Ox7F

R SL_

SEL1

(write only) 0x15

Slot selection register for pin F1_1

This multi-register is selected with bitmap V_PCM_ADDR =1 of the register R_ PCM_MDO.

Note: By setting al 8 bitsto "1’ pin F1_1 is disabled.

Bits Reset [ Name Description
Value

6..0 Ox7F V_SL SEL1 PCM time slot selection
The selected slot numberisV_SL_SEL1 +1 for
F1 1. Slot number O is selected with the maximum
slot number of the selected PCM speed.

7 1 V_SH SEL1 Shape selection
'0’ =useshapeOset by R_SHOL and R_SHOH
registers
1" =useshapelsetby R_SH1L and R_SH1H
registers
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R SL SEL2 (write only) 0x15

Slot selection register for pin F1_2
This multi-register is selected with bitmap V_PCM_ADDR = 2 of the register R_ PCM_MDO.

Note: By setting all 8 bitsto "1’ pin F1_2 is disabled.

Bits Reset [ Name Description
Value

6..0 Ox7F V_SL SEL2 PCM time slot selection
The selected slot number isV_SL_SEL1 +1 for
F1 2. Slot number Ois selected with the maximum
slot number of the selected PCM speed.

7 1 V_SH SEL2 Shape selection
'0’ = use shape 0 set by R_SHOL and R_SHOH
registers
1" =useshapelsetby R_SH1L and R_SH1H
registers

R SL SEL3 (write only) 0x15

Slot selection register for pin F1_3
This multi-register is selected with bitmap V_PCM_ADDR = 3 of the register R_ PCM_MDO.

Note: By setting all 8 bitsto "1’ pin F1_3 is disabled.

Bits

Reset
Value

Name

Description

6..0

Ox7F

V_SL_SEL3

PCM time slot selection

The selected slot number isV_SL_SEL1 +1 for
F1 3. Slot number 0 is selected with the maximum
slot number of the selected PCM speed.

V_SH_SEL3

Shape selection

'0’ = use shapeO set by R_SHOL and R_SHOH
registers

1" =useshapelsetby R_SH1L and R_SH1H
registers
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R SL SEL4 (write only) 0x15

Slot selection register for pin F1_4
This multi-register is selected with bitmap V_PCM_ADDR = 4 of the register R_ PCM_MDO.

Note: By setting al 8 bitsto "1’ pin F1_4 is disabled.

Bits Reset [ Name Description
Value

6..0 Ox7F V_SL SEL4 PCM time slot selection
The selected slot numberisV_SL_SEL1 +1 for
F1 4. Slot number 0 is selected with the maximum
slot number of the selected PCM speed.

7 1 V_SH SEL4 Shape selection
'0’ = useshape O set by R_SHOL and R_SHOH
registers
1" =useshapelsetby R_SH1L and R_SH1H
registers

R SL SEL5 (write only) 0x15

Slot selection register for pin F1_5
This multi-register is selected with bitmap V_PCM_ADDR =5 of the register R_ PCM_MDO.

Note: By setting al 8 bitsto "1’ pin F1_5 is disabled.

Bits Reset [ Name Description
Value

6..0 Ox7F V_SL SEL5 PCM time slot selection
The selected slot numberisV_SL_SEL1 +1 for
F1 5. Slot number 0 is selected with the maximum
slot number of the selected PCM speed.

7 1 V_SH SEL5 Shape selection
'0’ = useshape O set by R_SHOL and R_SHOH
registers
1" =useshapelsetby R_SH1L and R_SH1H
registers
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R SL SELG6 (write only) 0x15

Slot selection register for pin F1_6
This multi-register is selected with bitmap V_PCM_ADDR = 6 of the register R_ PCM_MDO.

Note: By setting all 8 bitsto "1’ pin F1_6 is disabled.

Bits Reset [ Name Description
Value

6..0 Ox7F V_SL SELG6 PCM time slot selection
The selected slot number isV_SL_SEL1 +1 for
F1 6. Slot number O is selected with the maximum
slot number of the selected PCM speed.

7 1 V_SH SEL6 Shape selection
'0’ =useshapelsetby R_SHOL and R_SHOH
registers
1" =useshapelsetby R_SH1L and R_SH1H
registers

R SL SEL7 (write only) 0x15

Slot selection register for pin F1_7
This multi-register is selected with bitmap V_PCM_ADDR =7 of the register R_ PCM_MDO.

Note: By setting all 8 bitsto "1’ pin F1_7 is disabled.

Bits

Reset
Value

Name

Description

6..0

Ox7F

V_SL_SEL7

PCM time slot selection

The selected slot number isV_SL_SEL1 +1 for
F1 7. Slot number O is selected with the maximum
slot number of the selected PCM speed.

V_SH_SEL7

Shape selection

'0’ = use shapeO set by R_SHOL and R_SHOH
registers

1" =useshapelsetby R_SH1L and R_SH1H
registers
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R PCM_MD1 (write only) 0x15

PCM mode, register 1

This multi-register is selected with bitmap V_PCM_ADDR = 9 of the register R_PCM_MDO.

Bits Reset [ Name Description
Value
0 0 V_CODEC_CON CODEC connection scheme

'0’ = CODEC enablesignasonF1 0 ...F1 7
"1’ = SHAPEO pulse on pin SHAPEO, SHAPE 1
pulse on pin SHAPE1 and CODEC count on

F QO ...F Q6 for up to 128 external CODEC:s.

0 (reserved) Must be’0'.

3.2 0 V_PLL _ADJ DPLL adjust speed

00’ = C4I0 clock is adjusted in the last time slot
of PCM frame 4 times by one half clock cycle of
PCM clock

‘01’ = C4IO clock is adjusted in the last time slot
of PCM frame 3 times by one half clock cycle of
PCM clock

10’ = C4I0 clock is adjusted in the last time slot
of PCM frame twice by one half clock cycle of
PCM clock

11’ = C4IO clock is adjusted in the last time slot
of PCM frame once by one half clock cycle of
PCM clock

Note: Internal PCM clock is 16.384 MHz nominell

5.4 0 V_PCM DR PCM data rate

'00’ = 2MBit/s (C410 is 4.096 MHz, 32 time slots)
'01’ = 4MBit/s (C4l0 is 8.192MHz, 64 time slots)
10’ = 8MBIt/s (C410 is 16.384MHz, 128 time
slots)

11’ = unused

6 0 V_PCM_LOOP PCM test loop

When this bit is set, the PCM output datais looped
to the PCM input datainternally for all PCM time
slots.

7 (reserved) Must be'0'.
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R _PCM_MD2 (write only) 0x15

PCM mode, register 2

This multi-register is selected with bitmap V_PCM_ADDR = OxA of the register
R_PCM_MDO.

Bits Reset [ Name Description
Value
(reserved) Must be'0'.
0 V_SYNC PLL SYNC_O with internal PLL output

'0’=V_SYNC_OUT isused for synchronization
"1’ =SYNC_O hasafrequency of theinternal PLL
output signal C40 divided by 8 (512kHz, 1024 kHz
or 2048 kHz depending on the PCM data rate)

2 0 V_SYNC_SRC PCM PLL synchronization source selection

‘0’ = ST interface (see R_ST_SYNC for further
sync configuration)

"1’ =SYNC_ | input 8kHz

3 0 V_SYNC_OuUT SYNC_O output selection

‘0’ = ST receive from the selected S/T interface in
TE mode (seeR_ST_SYNC register for
synchronization source selection)

"1’ =SYNC_lisconnectedto SYNC_O

5.4 (reserved) Must be'00'.

0 V_ICR_FR_TIME Increase PCM frame time

Thishitisonly validif V_EN_ PLL isset.

'0’ = PCM frametimeis reduced as selected by the
bitmapV_PLL_ADJ of theR_PCM_MD1
register

1’ = PCM frametimeisincreased as selected by
thebitmapV_PLL ADJ of theR_PCM_MD1
register

7 0 V_EN_PLL PLL enable

'0’ = normal operation

"1’ = enable PCM PLL adjustment (can be used to
make synchronization by software if no sync
sourceis available)
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R_SHOL (write only) 0x15

CODEC enable signal SHAPEO, low byte

This multi-register is selected with bitmap V_PCM_ADDR = O0xC of the register
R_PCM_MDO.

Bits Reset [ Name Description
Value
7.0 0 V_SHOL Shape bits7... 0
Every bit is used for 1/2 C410 clock cycle.

R _SHOH (write only) 0x15

CODEC enable signal SHAPEDO, high byte

This multi-register is selected with bitmap V_PCM_ADDR = 0xD of the register
R_PCM_MDO.

Bits Reset [ Name Description
Value
7.0 0 V_SHOH Shape bits 15... 8

Every bit is used for 1/2 C410 clock cycle.
Bit 7 of V_SHOH defines the value for the rest of
the period.

R _SHiL (write only) 0x15

CODEC enable signal SHAPEL, low byte

This multi-register is selected with bitmap V_PCM_ADDR = OxE of the register
R _PCM_MDO.

Bits Reset [ Name Description
Value
7.0 0 V_SHI1L Shape bits7... 0
Every bit is used for 1/2 C410 clock cycle.
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R _SH1H (write only) 0x15

CODEC enable signal SHAPEL, high byte

This multi-register is selected with bitmap V_PCM_ADDR = OxF of the register
R_PCM_MDO.

Bits Reset [ Name Description
Value
7.0 0 V_SH1H Shape bits 15 ... 8

Every bit isused for 1/2 C410 clock cycle.
Bit 7 of V_SH1H defines the value for the rest of
the period.
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6.4.2 Read only register

R _FO_CNTL (read only) 0x18
FOIO pulse counter, low byte
Bits Reset [ Name Description
Value
7.0 0x00 V_FO CNTL Low byte (bits 7 ... 0) of the 125 us time counter
This register should be read first to ‘lock’ the value
of theR_FO_CNTH register until R_FO_CNTH
has & so been read.
R _FO CNTH (read only) 0x19
FOIO pulse counter, high byte
Bits Reset [ Name Description
Value
7.0 0 V_FO CNTH High byte (bits 15 ... 8) of the 125 us time
counter
The low byte must be read first (see register
R FO CNTL)
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Chapter 7

Pulse width modulation (PWM) outputs

Table 7.1: Overview of the HFC-4S/8S PWM pins

Number Name  Description

95 PWM1 Pulse Width Modulator Output 1
96 PWMO Pulse Width Modulator Output O

Table 7.2: Overview of the HFC-4S/8S PWM registers

Address Name Page
0x38 R_PWMO 193
0x39 R _PWM1 193

0x46 R _PWM MD 194
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The HFC-4S/8S has two PWM output lines PWMO0 and PWM1 with programmable output charac-
teristic.

The output lines can be configured as open drain, open source and push/ pull by settingV_ PWMO0_MD
respectively V.PWM1 MD intheregister R PWM_MD.

7.1 Standard PWM usage

The duty cycle of the output signals can be set intheregistersR_ PWMO and R_ PWM1. The register
value 0 generates an output signal which is permanently low. The register value defines the number
of clock periods where the output signal is high during the cycle time

1

for the normal system clock 24.576 MHz.

The ouput signal of the PWM unit can be used for anal og settings by using an external RC filter which
generates a voltage that can be adapted by changing the PWM register value.

7.2 Alternative PWM usage

The PWM output lines can be programmed to generate a 16 kHz signal. This signal can be used as
analog metering pulse for POTS interfaces. Each PWM output line can be switched to 16 kHz signal
by settingV_PWMO_16KHZorV_PWM1_ 16KHZintheregister R_RAM _ MISC. Inthiscasethe
output characteristic is also determined by the R_PWM_MD register settings.
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7.3 Register description

7.3.1 Write only register

R_PWMO (write only) 0x38
Modulator register for pin PWMO
Bits Reset [ Name Description
Value
7.0 0 V_PWMO PWM duty cycle
The value specifies the number of clock periods
where the output signal of PWMO is high during a
256 clock periods cycle, e.g.
0x00 = no pulse, always low
0x80 =1/1 duty cycle
OxFF =1 clock period low after 255 clock periods
high
R _PWM1 (write only) 0x39
Modulator register for pin PWM1
Bits Reset [ Name Description
Value
7.0 0 V_PWM1 PWM duty cycle

The value specifies the number of clock periods
where the output signal of PWM1 is high during a
256 clock periods cycle, e.g.

0x00 = no pulse, always low

0x80 =1/1 duty cycle

OxFF =1 clock period low after 255 clock periods
high
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R PWM_MD (write only) 0x46

PWM output mode register

Bits Reset [ Name Description
Value
2.0 0 (reserved) Must be’'000'.
0 V_EXT IRQ_EN External interrupt enable

'0’ = normal operation

"1’ = external interrupt from GPI24 ...GPI31
enable (These pins must be connected to a pull-up
resistor to VDD. Any low input signal on one of the
lineswill generate an external interrupt.)

5.4 0 V_PWMO MD Output buffer configuration for pin PWMO
‘00’ =PWM output tristate (disable€)

‘01’ = PWM push/ pull output

10’ = PWM push to 0 only

11’ = PWM pull to 1 only

7.6 0 V_PWM1 MD Output buffer configuration for pin PWM1
‘00’ = PWM output tristate (disable)

‘01’ = PWM push/ pull output

10’ = PWM push to 0 only

11’ = PWM pull to 1 only
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Chapter 8

Multiparty audio conferences

Table 8.1: Overview of the HFC-4S/8S conference registers

Write only registers: Read only registers:

Address Name Page Address Name Page

0x18 R _CONF_EN 200 Oxl4 R_CONF_OFLOW 201
0xD1 A CONF 200
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8.1 Conference unit description

The HFC-4S/8S has a built in conference unit which allows up to 8 conferences with an arbitrary
number of members each. The conference unit is located in the data stream going out to the PCM
interface. So the normal outgoing datais replaced by the conference data. The number of conference
members that can be combined to one conference isonly limited by the number of the PCM time slots
(maximum 64 members with 128 PCM time slots). Each time slot can only be part of one conference.

All PCM values combined to a conference are added in one 125 pstimeinterval. Then for every con-
ference member the added value for this member is substracted so that every member of a conference
hears all the others but not himself. Thisis done on aalternating buffer scheme for every 125 pstime
intervall.

To enable the conference unit the bit V. CONF_EN in the register R_CONF_EN must be set. If
this is done there are additional accesses to the SRAM of HFC-4S/8S which reduces performance
of the on-chip processor on the other hand. Thus conference cannot be used with 8 Mbit/s PCM data
rate where 128 slots are used, except the chip operates with doubled input frequency.

To add a PCM time slot to a conference the slot number must be written into the register R_SLOT.
If the time dlot has not yet been linked to a HFC-channel this can be done by writing the HFC-
channel number and the channels source/ destination (input / output pins) tothe A SL CFG register.
Afterwards the conference number must be written into the A_ CONF register. Noise suppression
threshold and input attenuation level can be configured independently for each time slot.

To remove atime slot from a conference the time slot must be selected by writing its number to the
R_SLOT register. Then 0x00 must be written into the A_ CONF register.

8.2 Overflow handling

The data summation of the conference HFC-channels can cause signal overflows. The conference
unit internally works with signed 16 bit words. In case of an overflow the amplitude value is limited
to the maximum amplitude value.

Overflow conditions can be checked with the R_ CONF_OFLOW register. Every bit of this register
indicates that an overflow has occured in one of the eight corresponding conferences.

The more conference members are involved in a conference, the higher is the probability of signal
overflows. In this case the signal attenuation can be reduced by the bitmap V_ATT LEV in the
register A_CONF. This can be done on-the-fly to improve the signal quality of a conference.

8.3 Conference including the S/T interface

As the conference unit is located in the PCM transmit data path, some additional explanations for
conference members on the S/T interface have to be made.

Conference members can aso be B-channels of the S/T interface. In this case, a pair of trans-
mit/receive PCM time slots have to be configured to loop back the data.

In detail, the conference signal on S/T-channel[n,RX] gets assigned to PCM time dlot[7,TX] and
the signal is looped-back from dot[j,RX] to HFC-channel[m,TX]. The data transmission on HFC-
channel[n,RX] and HFC-channel[m,TX] require one transmit and one receive FIFO to be enabled,
although the FIFOs are not used to store data (see Section3.4).
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8.4 Conference setup example for CSM

The following example shows the register settings for a conference with three members. Two mem-
bers are located on the PCM interface side while the other one is located on the S/T interface side.
The example uses conference number 2. It is specified in Table8.2.

Table 8.2: Conference example specification

Conference member Connection
ST member : STinterf. #, RXB1 — PCM dot[6,TX]
. STinterf. #1, TXB1 «+ PCM slot[6,RX]
15t PCM member : PCM dlot[5,RX] —  HFC-channel[6,TX]
. PCM dlot[5,TX] + HFC-channel[6,TX]
274 PCM member : PCM slot[20,RX] —  HFC-channel[6,RX]
. PCM dlot[20,TX] < HFC-channel[6,RX]
FIFOs e o i SIT interf.
#11 TX > = #4 TX » .E:(: » #1 B1 TX S/T member
#11 RX TCJ< ’ #4 RX T:)‘ #1 B1 RX
08 L5
6 »E
oz Conference #2 PCM slot
T
e <O el ol
=
g
o
#6 TX I§ S/ 1st PCM member
0 &=, | Isl, "o A
Qe
#6 RX I§ 2nd PCM member
S/ .. > - » #20 TX
9 @: % < U #20 RX
=
O
eSO

Figure 8.1: Conference example

Only two FIFOs are used in this example. Channel select mode should be selected to avoid unneces-
sary FIFO usage®. A PCM member alocates a single HFC-channel to establish the data loop via the
switching buffer (see Fig. 3.3 and 3.3).

@ A PCM conference member can be looped over an arbitrary HFC-channel. In this example
HFC-channel[6,TX] is used for the first PCM conference member. The conference is enabled
only on the transmit time slot of the PCM interface.

!Remember that in Smple Mode FIFO numbers are equal to HFC-channel numbers. In the example four HFC-channels
are enabled, so that in Smple Mode all FIFOs with the same number are blocked.
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R_SLOT :V_SL DIR =0 (transmit slot)
:V.SLNUM =5 (slot #5)

A SL CFG[5TX]: V.CH DIR1T =0 (transmit HFC-channel)
:V_.CH NUM1 =6 (HFC-channel #6)

A CONF[5TX] :V_CONF_NUM = 2 (conference #2)
:V.CONF SL =1 (enable conference)

R_SLOT :V.SLDR =1 (receive slot)
:V.SL NUM =5 (Slot #5)

A SL CFG[5RX]: V. CH DIR1 =0 (transmit HFC-channel)
:V.CH NUM1 = 6 (HFC-channel #6)

A CONF[5RX] :V CONF SL =0 (disable conference)

@ The settings for the second PCM conference member is quite similar.

R_SLOT :V_SL DIR =0 (transmit slot)
V. SL NUM =20 (slot #20)
A SL _CFG[20,TX]: V.CH DIR1 =1 (receive HFC-channel)
:V.CH NUM1 =6 (HFC-channel #6)
A CONF[20,TX] :V_CONF_NUM = 2 (conference #2)
: V_CONF_SL 1 (enable conference)
R_SLOT :V.SLDIR =1 (receive slot)
:V.SL NUM = 20 (slot #20)
A SL _CFG[20,RX]: V_.CH DIR1 =1 (receive HFC-channel)
:V_CH NUM1 = 6 (HFC-channel #6)
A CONF[20,RX] :V CONF SL =0 (disable conference)

® Findly the S/'T conference member must loop back its data via the PCM interface. Thisis
normally done internally, i.e. the PCM output buffers are both disabled (see Chapter 6 for
details). A pair of FIFOsis used to configure the PCM-to-S/T connection but no datais stored

in these FIFOs.

R_FIFO :V.FIFODIR =0 (transmit FIFO)
:V_FIFO NUM =11 (FIFO #11)

A CON_HDLC[11,TX]: V_DATA FLOW = 110’ (SIT — PCM)

A CHANNEL[11,TX] : V.CH DIRO =0 (transmit HFC-channel)
:V.CH NUMO =4 (HFC-channel #4)

R_SLOT : V_SL_DIR =1 (receive slot)
:V.SLNUM =6 (slot #6)

A SL CFG[6,RX] : V_CH_DIR1 =0 (transmit HFC-channel)
:V.CH NUM1 =4 (HFC-channel #4)

A _CONF[6,RX] ©V.CONF. SL =0 (disable conference)
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R_FIFO :V. FIFODIR =1 (receive FIFO)
:V_FIFO NUM =11 (FIFO #11)

A CON_HDLC[11,RX]: V_DATA FLOW = 110’ (SIT + PCM)

A CHANNEL[11,RX] :V CH DIRO =1 (receive HFC-channel)
:V.CH NUMO =4 (HFC-channel #4)

R_SLOT :V_SL DIR =0 (transmit slot)
:V.SLNUM =6 (slot #6)

A _SL _CFG[6,TX] : V_CH DIR1 =1 (receive HFC-channel)
:V.CH NUM1 =4 (HFC-channel #4)

A _CONF[6,TX] ' V_CONF_NUM = 2 (conference #2)
:V.CONF SL =1 (enable conference)
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8.5 Register description

8.5.1 Write only registers

R_CONF_EN (write only) 0x18

Conference mode register

Bits Reset [ Name Description
Value
0 0 V_CONF_EN Global conference enable
‘0’ = disable
'l = enable
6..1 (reserved) Must be ’000000'.
0 V_ULAW Data coding of the conference unit
'0'=A-Law
"1 = p-Law
A_CONF [SLOT] (write only) 0xD1

Conference parameter register for the selected PCM time slot

Before writing this array register the PCM time slot must be selected by register R_SLOT.

Bits Reset [ Name Description
Value
2.0 0 V_CONF_NUM Conference number
0...7
4.3 0 V_NOISE_SUPPR Noise suppression threshold

'00’ = no noise suppression

'01’ = datavalueslessor equal to5are set to 0
'"10’ = datavalueslessor equal to 9 are set to 0
11’ = datavaluesless or equal to 16 are set to 0
6..5 0 V_ATT LEV Input attenuation level
'00’=0dB
'01’'=-3dB
10’ =-6dB
11’ =-9dB
7 V_CONF_SL Conference enable for the selected PCM time
slot

'0’ = dot is not added to the conference
1’ = dot is added to the conference
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8.5.2 Read only registers

p
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R_CONF_OFLOW

(read only)

0x14

Conference overflow indication register

Specifies the conference numbers where an overflow has occured. Reading this register

clearsthe bits.
Bits Reset [ Name Description
Value

0 0 V_CONF_OFLOWO Overflow occured in conference 0
1 0 V_CONF_OFLOW1 Overflow occured in conference 1
2 0 V_CONF_OFLOW2 Overflow occured in conference 2
3 0 V_CONF_OFLOW3 Overflow occured in conference 3
4 0 V_CONF_OFLOWA4 Overflow occured in conference 4
5 0 V_CONF_OFLOWS5 Overflow occured in conference 5
6 0 V_CONF_OFLOWG6 Overflow occured in conference 6
7 0 V_CONF_OFLOW7 Overflow occured in conference 7
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Chapter 9

DTMF controller

Table 9.1: Overview of the HFC-4S/8S DTMF registers

Write only registers:

Address Name Page

0x1C R DTMFO 207
0x1D R DTMF1 208
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9.1 DTMF detection engine

The transmission of dialed numbers on analog lines is normaly done by DTMF (Dua Tone Multi-
Frequency). This means that pairs of two frequencies are used to determine one key of a keypad like
shownin Table 9.2.

Table 9.2: DTMF tones on a 16 keys keypad

Keypad Frequencies
1 2 3 A 697
4 5 6 B 770 low tones
7 8 9 C | 852 (f/Hz)
* 0 # D 941

1209 1336 1477 1633 hightones(f/Hz2)

Thus there are 4 low tones and 4 high tones and therefore 16 combinations of 2 tones. Because the
ISDN network has several interfaces to the old-fashioned POTS analog network, in-band number
dialing with DTMF can take place. To decode this DTMF information the HFC-4S/8S has a built
in DTMF detection engine.

The detection is done by the digital processing of the PCM input data by the so-called Goerzel Algo-
rithm
Wpi1 =K -W, —W,_1+x, (9.2)

where W, isacoefficient calculated from the 2 previous coefficients W}, and W,,_;. The factor

K = 2cos (27r . / >
8000 Hz

isaconstant for each frequency and z isanew PCM value every 125 ;s. Equation ©.1) is calculated
every 125 pusfor 16 or 32 W, 1 values.

The start conditionisWy = W_; = 0.

After processing equation (9.1) for N times the real power amplitude is

A2 =W2+Ws | —K-Wy -Wn_;. (9.2)

The calculation of equation (9.1) is done for every new PCM sample value (for all 8 frequencies)
every 125 us. Optionally aso the second harmonic (double frequency) is aso investigated. The K
factors are values concerning to the DTMF frequencies. If the DTMF calculation isimplemented in
integer arithmetic, it is useful to multiply K with 2! to exploit the whole 16 bit value range. These
K vaues arelisted in Table9.3.

The DTMF engine must be enabled by setting bit V. DTMF_EN in register R_DTMFO. How many
iterations are calcul ated with the Goerzel algorithm is determined by theregister valueV_DTMFL1in
the register R_DTMF1. A good compromise between bandwith of the Goerzel filter and the length
of theinvestigation isavalue of 102. A DTMF detection can be done on a continuous base. However
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Table 9.3: 16-bit K factors for the DTMF calculation

15 harmonic 2"d harmonic

f/Hz K214 f/Hz K. 214

697 27980 1406* 14739
770 26956 1555* 11221
852 25701 1704 7549
941 24219 1882 3032

1209 19073 2418 -10565
1336 16325 2672 -16503
1477 13085 2954 -22318
1633 9315 3266 -27472

(*: These frequencies are modified to achieve a better detection compared with the high fundamental tones.)

then the reading of the calculated coefficients has to be done in a very short time intervall before the
coefficients are cleared to zero for anew calculation. Is more convenient to set theV_DTMF_STOP
bit of the register R_DTMFO. The DTMF engine is stopped then after each calculation of a set of
coefficients and the V_DTMF_IRQ bit isset in theregister R_IRQ_MISC. Then a software routine
has time to read the coefficients out of HFC-4S/8S. After this, a new caculation can be started.
However some PCM samples (z values) can be lost.

The host processor should read the two Wy and Wy _1 16-hit coefficients for 8 or 16 frequencies
for the desired channels. The coefficients are located in the SRAM memory of HFC-4S/8S. The
memory address is calculated by

address = base address + frequency offset 4+ channel offset + W-byte offset . (9.3)

Theindividual address components are shown in Table9.4.

If 32 channels are used, only the 8 fundamental frequencies can be detected. If only 16 channels are
used, all 16 frequencies (¥ and 2"¢ harmonic) can be detected.

For every frequency and every channel the power amplitude can be calculated with equation 9.2).
This calculation is not implemented in the chip and has to take place in the host processor.

After a discrimination process and a balance check between 2 frequency candidates with the maxi-
mum power, the software can determine if there wasa DTMF signal on the line or not. If there was a
DTMF signal the tone pair is detected and so the dialed digit is decoded.

In case the existence of DTMF tones in an arbitrary voice signal has to be detected, it is helpfull to
investigate not only the 8 DTMF tones but aso their second harmonics. For DTMF tones the second
harmonics should have no significant amplitude.
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Table 9.4: Memory address calculation for DTMF coefficients related to equation (9.3)

base address RAM size address RAM size address

32k  0x1000 128k  0x2000
512k  0x2000

frequency offset low tones offset high tones offset
(1%* harmonic) 697Hz 0x00 1406 Hz 0x40
770Hz 0x80 1555Hz 0xCO0

852Hz  0x100 1704Hz  0x140

941Hz  0x180 1882Hz  0x1CO

(2" harmonic) 1209Hz  0x200 2418Hz  0x240
1336Hz  0x280 2672Hz  0x2CO

1477Hz  0x300 2954Hz  0x340

1633Hz  0x380 3266Hz  0x3CO

channel offset number offset number offset
0 0x00 16 0x40

1 0x04 17 0x44

2 0x08 18 0x48

3 0x0C 19 0x4C

4 0x10 20 0x50

5 0x14 21 0x54

6 0x18 22 0x58

7 0x1C 23 0x5C

8 0x20 24 0x60

9 0x24 25 0x64

10 0x28 26 0x68

11 0x2C 27 0x6C

12 0x30 28 0x70

13 0x34 29 0x74

14 0x38 30 0x78

15 0x3C 31 0x7C

W-byte offset Wno1 offset Wn offset
low byte 0 low byte 2

high byte 1 high byte 3
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9.2 Register description

R _DTMFO (write only) 0x1C

DTMF configuration register

Bits Reset [ Name Description
Value
0 0 V_DTMF_EN Global DTMF enable

'0’ = disable DTMF unit
'1’ = enable DTMF unit

1 0 V_HARM_SEL Harmonics selection

2nd harmonics of the DTMF frequencies can be
enabled to improve the detection algorithm.

‘0’ = 8 frequenciesin 32 channels (only 1st
harmonics are processed)

"1’ = 16 frequenciesin 16 channels (1st and 2nd
harmonics are processed)

2 0 V_DTMF_RX CH DTMF data source

'0’ = transmit buffer of the flow controller
(HFC-channelsto PCM time dlot) are used for
DTMF detection

"1’ = receive buffer of the flow controller
(HFC-channels from PCM time slot) are used for
DTMF detection

3 0 V_DTMF_STOP Stop DTMF unit

'0’ = continuous DTMF processing

"1’ = DTMF processing stops after n processed
samples

4 0 V_CHBL_SEL HFC-Channel block selection

HFC-Channel block selection (only if 32 channels
are used)

'0’ = lower 16 channels (0... 15)

"1’ = upper 16 channels (16 ... 31)

(reserved) Must be’0’.
6 0 V_RESTART _DTMF Restart DTMF prosessing
‘0’ = no action

"1’ = enables new DTMF calculation phase after
stop, automatically cleared

7 0 V_ULAW_ SEL Data coding for DTMF detection
‘0’ = A-Law code
"1’ = u-Law code
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R DTMF1 (write only) 0x1D

Number of samples

This register defines the number of samples which are calculated in the recursive part of
the Goertzel filter.

Bits Reset [ Name Description
Value
7.0 0 V_DTMF1 Number of samples

V_DTMF1 +1 PCM values generate 1 pair of
DTMF coefficients (1 PCM value every 125 ;iS).
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Chapter 10

BERT

Table 10.1: Overview of the HFC-4S/8S BERT registers

Write only registers: Read only registers:

Address Name Page Address Name Page

0xIB R _BERT WD MD 211  0x17 R BERT STA 212
OXFF A IRQ_MSK 234 OxIA R _BERT ECL 212
0x1B R _BERT ECH 213
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10.1 BERT functionality

Bit Error Rate Test (BERT) isavery important test for communication lines. The hit error rate should
be aslow as possible. Increasing bit error rate is an early indication of a malfunction of components
or the communication wire link itself.

HFC-4S/8S includes a high performance pseudo random bit generator (PRBG) and a pseudo ran-
dom bit receiver with automatic synchronization capability. Error rate can be checked by the also
implemented Bit Error counter (BERT counter).

The PRBG can be set to a variety of different pseudo random bit patterns. With the bit pattern
V_PAT_SEQ in register R_BERT_WD_MD the transmit and receive detector can be set to the
trivial always '0’ or always '1’ pattern as well to well known patterns described in ITU-T O.150 and
0.151 specifications.

In every transmit HFC-channel the HDLC or transparent data is overwritten by bits from the PRBG
if V_BERT_EN in the register A_IRQ_ MSK[FIFQ] is set to '1’. The random data is only gener-
ated when the FIFO is processing data. So if subchannel processing is enabled the PRBG is only
enabled for less than 8 hits. Next PRGB bits are generated in the next FIFO where a HFC-channel is
processed and V. BERT_EN is set. The receive detector can function properly only when the same
receive FIFOs connected to the same S/T-channels are enabled for BERT in receive direction as on
the transmit FIFOs of the remote S/'T interface side.

The receive detector has an auto synchonization capability and also is enabled to automatic detect
an inverted BERT pattern. The auto synchronization only works with bit error rates of less than
4 -10~2. If the error rate is higher synchronization will not be achieved. A found synchronization is
reported by V. BERT _SYNC = linregister R_BERT_STA. If the received pattern is inverted also
V_BERT _INV_DATA s set.

A 16 bit BERT error count is available by reading theregistersR_ BERT_ECL and R_BERT_ ECH.
The counter isreset whenthe R_BERT _ECL register is read.

To test a connection and the error detection of the BERT error counter on the receiver side of an SI'T
link a BERT error can be generated. Setting the V. BERT _ERR generates one wrong BERT bit in
the outgoing data stream.
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10.2 Register description

10.3 Write only register

R BERT _WD_MD (write only) 0x1B

Bit error rate test (BERT) and watchdog mode

Bits Reset [ Name Description
Value
2.0 0 V_PAT_SEQ Pattern for BERT

'000’ = continuous'0’ pattern

'001’ = continuous'1’ pattern

'010’ = pseudo random pattern seq. 29 — 1
'011’ = pseudo random pattern seq. 210 — 1
"100’ = pseudo random pattern seq. 215 — 1
'101’ = pseudo random pattern seq. 22° — 1
"110’ = pseudo random pattern seq. 22° — 1, but
maximal 14 bits are zero

'111’ = pseudo random pattern seq. 223 — 1
Note: Thissequencesare defined in ITU-T O.150
and O.151 specifications.

3 0 V_BERT_ERR BERT error

Generates 1 error bit in the BERT data stream
'0’ = no error generation

"1’ = generates one error bit

Thisbit is cleared automatically.

(reserved) Must be’0’.

5 0 V_AUTO_WD_ RES Automatically watchdog timer reset
‘0’ = watchdogisonly reset by V_WD_RES
"1’ = watchdog is reset after every access to the chip

(reserved) Must be’0’.
0 V_WD_RES Watchdog timer reset
‘0’ = no action

"1’ = manual watchdog timer reset
This bit is automatically cleared.
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10.4 Read only register

R _BERT STA

(read only) 0x17

Bit error rate test status

Bits

Reset
Value

Name

Description

2.0

V_BERT_SYNC_SRC

S/T interface selection
Reportswhich SIT interfaceis used as sync source.
‘000’ = 9T interface O
‘001’ = 9T interface 1
'010’ = 9T interface 2
‘011’ = 9T interface 3
100’ = 9T interface 4
101’ = 9T interface 5
110’ = 9T interface 6
111’ = 9T interface 7

V_BERT_SYNC

BERT synchronization status
'0’ = BERT not synchronized to input data
"1’ = BERT sync to input data

V_BERT_INV_DATA

BERT data inversion
'0’ = BERT receives normal data
1’ = BERT receivesinverted data

7.6

(reserved)

R BERT ECL

(read only) O0x1A

BERT error counter, low byte

Bits

Reset
Value

Name

Description

7.0

V_BERT_ECL

Bits 7 ... 0 of the BERT error counter
Thisregister should be read first to ‘lock’ the value
of theR_BERT _ECH register until

R _BERT_ECH has also been read.

Note: The BERT counter is cleared after reading
thisregister.

212 of 273

Data Sheet March 2003 (rev. A)



HFC-4S “ C
o ologne
HFC-8S Aucxiliary interface Chip
R BERT _ECH (read only) 0x1B
BERT error counter, high byte
Bits Reset [ Name Description
Value
7.0 0 V_BERT_ECH Bits 15 ... 8 of the BERT error counter
Note: Low byte must be read first (see register
R BERT ECL).
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Chapter 11

Auxiliary interface

(For an overview of the auxiliary interface pins see the comparison of first and
second pin function in Table11.2 on page 216.)

Table 11.1: Overview of the HFC-4S/8S auxiliary bridge registers

Write only registers:

Address Name Page
0x02 R BRG _PCM _CFG 221
0x45 R _BRG CTRL 222
0x47 R _BRG_MD 223
0x48 R_BRG_TIMO 224
0x49 R_BRG_TIM1 224
0x4A R _BRG_TIM2 224
0x4B R _BRG_TIM3 225
0x4C R _BRG _TIM _SELO01 225
0x4D R BRG TIM SEL23 226
Ox4E R _BRG _TIM SEL45 226
O0x4F R BRG TIM SEL67 227
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The HFC-4S/8S has an auxiliary interface which is designed for connecting up to 8 external devices
with the universal businterface. This bridge functionality supports 8bit data bus and up to 12 address
lines. The auxiliary-to-host bridge is typically used to redlize a PCI bridge or a PCMCIA bridge
for external devices. The auxiliary interface is implemented parallel to the optional external SRAM
interface, so it can only be used if no external SRAM is connected to the HFC-4S/ 8S.

11.1 Interface pins

The auxiliary bridge must be switched on with V_BRG_EN = 1 in theregister V. BRG_EN. Ta-
ble 11.2 shows that the bridge functionality uses some HFC-4S/8S pins in their second function.
Asthe first pin functions are associated to the SRAM interface, the external SRAM must be disabled
when the bridge functionality is switched on.

Table 11.2: HFC-4S/8S pins of the auxiliary bridge

Pin 1st function 2nd function

54...61 SRA0...SRA7  BRG_AO...BRG A7
63...66 SRA8...SRA11 BRG_A8...BRG_All
67...73 SRA12...SRA18 /BRG CSO.../BRG_CS6

74 NC /BRG_CS7
77...84 SRDO...SRD7  BRG_DO...BRG_D7
85 ISR_WR /BRG_WR
87 ISR_OE /BRG_RD

External devices can be accessed by an address bus with up to 12 lines, an 8 bit data bus, up to 8 chip
select signals and two control lines supporting Maotorola- or Siemeng/Intel-Style interfaces.

@ Important !

As the auxiliary interface and the external SRAM use the same chip pins, it is
strongly recommended not to enable the external SRAM and the bridge function-
aity at the same time!

Extract from the register descriptions:

Register Bit Description

R_CTRL V_EXT_RAM Theinternal SRAM is switched off when ex-
ternal SRAM is used.
‘0’ = internal SRAM isused in lower 32kByte
address space
"1’ = external SRAM is used

R BRG PCM CFG V BRG EN 'O’ =disable (external SRAM can be used)
"1’ = enable (external SRAM is disabled)

Both register bits are zero by default.
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11.2 Various mode selections

The host-to-auxiliary bridge can be configured into various modes which define the behavior of the
bridge. The overview of these modesisillustrated in Figure11.1 and will be described in the follow-
ing sections.

Host HFC-4S /| HFC-8S |_address external
data > devices

<—A
<_> control

\ \

Host mode Access mode

\ 4

chip select

Driver mode

Control mode

Figure 11.1: Points of contact of the various bridge modes

11.2.1 Driver mode

The behavior of the data bus of the auxiliary bridge can be modified by V. BRG_MD of the register
R _BRG_PCM_CFG. A 0’ defines that the bus BRG DO ...BRG_D7 istristated when no bridge
access is performed and a'1’ defines that the bus is only tristated when a read access is performed.

11.2.2 Control mode

Theregister R_BRG_MD defines for each chip select the style of the access.

The bit value '0’ executes an access to the external device in Siemeng/Intel style. Alternatively an
access in Motorola style can be selected with '1’.

Table 11.3: Control mode

/IOR /IOW /CS ALE Operation Access style

/DS R/W
0 1 0 1 read data Motorola
0 0 0 1 write data Motorola
0 1 0 0 read data Siemend/Intel
1 0 0 0 writedata  Siemend/Intel

11.2.3 Access mode

The access mode is controlled by the two bit MO and M1. A normal chip accessis done with M[1..0]
='00'.

The CIP must be written with one 16 bit access to use the auxiliary interface.
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Chip
2 address bytes connected pins
Host 51 Al0] HFC-4S /| HFC-8S —HB address ex_ternal
— Al1] —+——data device #0
| 1] BRG_D[0..7] — control
?—3 2 Al2] —— chip select
i il Al3] /BRG_WR
o g |3
& g 1> A /BRG_RD ~ 2
o k] 4
S & 3 K Al5] BRG_A[0..11] address  external
T 5 9o |2 (@GP data device #1
sc@ I Alb] control
P = & Ea Al7] — chip select
2 g [ -
o 5[}
= < I A[10]
S [ A[11],CS[0]
% = cS[1] IBRG_CS[(?.J]
5 | CS[0..2
2 [13 csl 5. 0.2 address  €xternal
] M[O0] emultiplexer )
9 |14 data device #7
151 M[1] l Access 7 control
I mode chip select

Figure 11.2: Host bridge structure in I/O mapped mode

Data write

Data write requires M[1..0] ='01’ and is always a posted write. An internal write register is written
by the host write access. Then the data is transferred to the auxiliary interface.

Data read

For read operations the auxiliary bridge uses an internal data buffer. The read access can be performed
in three different modes.

Normal read: (M[1..0] ='01") In normal read mode a host read access is immediately transferred
to the auxiliary interface. The host read access must be long enough to pass the data from the
auxiliary interface to the host data bus. Big delays may be involved.

Posted read: (M[1..0] ='10’) Depending on the selected timing for the desired bridge read operation,
the normal read may not meet the timing requirements of the selected host interface. To ensure
timing constraints when using slow devices the posted read mode can be selected. In this mode
the data of the internal buffer isimmediately read by the host interface. Afterwards aread on
the auxiliary interface isinitiated to fill the buffer again. So the data of the first host read access
should be ignored.

Last read: (M[1..0] ='11") The last buffered data byte can be read in last read mode. The buffered
dataistransferred to the host interface and no read access is performed by the auxiliary bridge
afterwards.

It is possible to perfom byte, word or double word accesses. Word or double word are splitted into
two or four consecutive byte accesses. The accesses are all executed on the same address. Thus word
and double word accesses are useful for FIFO style buffered data transfers from or to an externa
device.
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11.2.4 Host mode

Auxiliary-to-host accesses can be performed in two ways. In I/O mapped mode two CIP bytes must
be programmed to execute read and write accesses. The second way uses the memory mapped mode
and theregister R BRG_CTRL.

Bridge access in 1/0 mapped mode

This mode is supported for PCI I/0 mode, PCMCIA, ISA PnP and SPI modes.

The host-to-auxiliary bridge usestwo CIP bytesfor read and write access control in 1/0 mapped mode.
Figure 11.2 shows the bit mapping of these bytes. Please see Figure11.2 on page 218 concerning the
CIP bytes. If V_.BRG_EN isset in theregister R BRG_PCM_CFG all CIP writes must be 16 bit
writes.

As A[11] and CY[Q] are located on the same CIP hit, it is either possible to use more than 4 external
devices with 11 bit address bus width or to use up to 4 external devices with full 12bit address bus
width.

With 12 bit address space a small external circuitry is required to connect the external devices to the
HFC-4S/8S chip select lines. In detail,/ BRG_CS0 and /BRG_CS1 must be OR-ed to select the
first device, /BRG_CS2 and /BRG_CS3 must be OR-ed to select the second device, and so on.

Bridge access in memory mapped mode

This mode is supported for PClI memory mapped mode and processor mode.

In memory mapped mode the control register R_BRG_CTRL can be used to perfom read and write
accesses with a large address space. External devices with up to 10 address lines do not require this
register. If R_BRG_CTRL is not used, the exact number of available address lines depends on the
number of external devices. An overview of this functionality is given in Figurell.3.

V_BRG_CS SRCof theregister R BRG_CTRL selects the source of the chip select signals. By
default the address lines 7 ... 9 are taken.

1. If the external devices have not more than 7 address lines, the register R_ BRG_CTRL is not
necessary for bridge accesses. The bridge operation can be performed with 12 address bits as
shown in Figure 11.3. Up to 8 external devices can be connected to the HFC-4S/8S.

2. External deviceswith 8 ... 10 address lines take one, two or even al chip select lines CS[0..2]
from the address specification bits. The number of chip select output signals on the pins
/IBRG_CSO ... IBRG_CS7 isreduced appropriately. If A[7] ... A[9] are used in parallel
to chip select signals, thebit V_BRG_CS_ SRC must be set in theregister R_ BRG _CTRL.

3. The full 12bit address space can be used with the bitmap V_BRG_ADDR of the register
R_BRG_CTRL. The address bits A[10] and A[11] have to be specified there.

11.3 Timing definitions

The timing requirements of the connected external devices can be fulfilled by programming different
timing configurations. Four different read and write timings can be programmed in the registers
R BRG _TIMO...R_BRG_TIMS.
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register and address bytes connected pins
Host o Al0] HFC-4S /| HFC-8S —HB address ex_ternal
— Al1] —+——data device #0
| 1] BRG_DI[0..7] control
o 2 Al2] —— chip select
° L | IBRG_WR
AI3 A
o _ I3 Bl IBRG_RD
o = = A4]
> 8 S [+ Al5] BRG_A[0..11] address  external
T 8 2 |5 T data device #1
_E c o P 6 Al6] control
= - g %, 1 A[7],CS[0] — chip select
:E > 3 3] A[8],CS[1]
o — A[9],CS[2] Access
1= 9 mode
] o] M[0]
€ Y
R BRG CTRL — 0 /BRG_CS[0..7]
_ - 0
CSJ0..2
V_BRG_CS 0.2 Lol 2) 1 ° Der[nulti]plexer address ex.ternal
V_BRG_ADDR |3.4 A[10,11] data device #7
7 trol
V_BRG_CS_SRC| 7 L gﬁir;)?elect

Figure 11.3: Host bridge structure in memory mapped mode

The timings are defined by writing the number of idle clock cycles for an access to

the bitmaps V_BRG_TIMO_IDLE ...
R _BRG_TIMS.

V_BRG_TIM3 IDLE of the registers R_BRG_TIMO

The number of active clock cycles are defined in the bitmaps
V_BRG _TIMO CLK...V BRG_TIM3_CLK of the same registers.

The timing can be configured for each chip select and read/ write operation independently by pro-
gramming theregistersR_ BRG_TIM_SELO1... R BRG_TIM SELG67.

220 of 273

Data Sheet

March 2003 (rev. A)



HFC-4S
HFC-8S

Auxiliary interface “ g::_:gne

11.4 Register description

R_BRG_PCM_CFG

(write only) 0x02

Auxiliary bridge and PCM configuration register

Bits

Reset
Value

Name

Description

V_BRG_EN

Auxiliary bridge enable
'0’ = disable (external SRAM can be used)
"1’ = enable (external SRAM is disabled)

V_BRG_MD

Auxiliary bridge data lines mode
Mode of the data bus pins SRDO SRD?7.
‘0’ = tristate when no bridge access
"1’ = only tristate when datais read

(reserved)

Must be'000’.

V_PCM_CLK

Clock of the PCM module

'0’ = system clock / 1.5

"1’ = systemclock / 3

PCM clock must be 16.384 MHz, system clock is
normaly 24.576 MHz.

7.6

V_ADDR_WRDLY

Address write delay

Delay fromrising edge of pin/SR_WR to address
changefor externa RAM

‘00’ = delay is approximately 3ns

'01’ = delay is approximately 5ns

'10’ = delay is approximately 7ns

11’ = delay is approximately 9ns
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R BRG_CTRL (write only) 0x45

Access control register for the auxiliary brigde in memory mapped mode

Note: Thisregister isnot used in I/O mapped mode.

Bits Reset [ Name Description
Value
2.0 0 V_BRG_CS Chip select

This bitmap controls the chip select pins.
'000' =/BRG_CSO0
‘001’ =/BRG_CS1

'111' = /BRG_CS7

4.3 0 V_BRG_ADDR High bits of address
Address bits A[10] and A[11] of the auxiliary
bridge (pinsBRG_A10 and BRG_Al1l).

6.5 (reserved) Must be'00'.
0 V_BRG_CS SRC Chip select source
‘0’ = address bits A[9..7] are used for chip select
CS2..0]

'"1’=V_BRG_CS isused for chip select, address
bits A[9..7] are used for address selection
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R BRG_MD (write only) 0x47

Control mode

Select Siemens/Intel or Motorola style for external access ('0° = Siemens/Intel, '1’ =

Motorola).

Bits Reset | Name Description
Value

0 0 V_BRG_MDO Bridge access mode for the chip connected to pin
/IBRG_CSO0

1 0 V_BRG_MD1 Bridge access mode for the chip connected to pin
/IBRG_CsS1

2 0 V_BRG_MD2 Bridge access mode for the chip connected to pin
/IBRG_CS2

3 0 V_BRG_MD3 Bridge access mode for the chip connected to pin
/IBRG_CS3

4 0 V_BRG_MD4 Bridge access mode for the chip connected to pin
/IBRG_Cs4

5 0 V_BRG_MD5 Bridge access mode for the chip connected to pin
/IBRG_CS5

6 0 V_BRG_MD6 Bridge access mode for the chip connected to pin
/IBRG_CS6

7 0 V_BRG_MD7 Bridge access mode for the chip connected to pin
IBRG_CS7
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R _BRG_TIMO (write only) 0x48

Auxiliary bridge timing configuration register for timing 0

Bits Reset [ Name Description
Value

3.0 0 V_BRG_TIMO IDLE Idle cycles
Number of idle system clock cyclesfor read/ write
signal

7.4 0 V_BRG TIMO CLK Active cycles
Number of active system clock cyclesfor
read/write signal

R BRG_TIM1 (write only) 0x49

Auxiliary bridge timing configuration register for timing 1

Bits Reset [ Name Description
Value
3.0 0 V_BRG_TIM1_IDLE Idle cycles
Number of idle clock cyclesfor read/write signal
7.4 0 V_BRG _TIM1 CLK Active cycles
Number of active clock cyclesfor read/ write signa
R BRG_TIM2 (write only) Ox4A

Auxiliary bridge timing configuration register for timing 2

Bits Reset [ Name Description
Value
3.0 0 V BRG TIM2 IDLE Idle cycles
Number of idle clock cyclesfor read/write signal
7.4 0 V_BRG_TIM2_CLK Active cycles
Number of active clock cyclesfor read/write signal
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R BRG_TIM3 (write only) 0x4B

Auxiliary bridge timing configuration register for timing 3

Bits Reset [ Name Description
Value
3.0 0 V_BRG_TIM3 IDLE Idle cycles
Number of idle clock cyclesfor read/write signal
7.4 0 V_BRG_TIM3 CLK Active cycles
Number of active clock cyclesfor read/ write signal

R_BRG_TIM_SELO1

(write only) 0x4C

Timing selection for bridge device connected to /BRG_CS0 and /BRG_CS1

Every selection uses atiming definedinR_BRG_TIMO ... R_BRG_TIM3.

Bits Reset [ Name Description
Value

1.0 0 V_BRG_WR_SELO WR-timing selection for the chip connected to
pin /BRG_CS0

3.2 0 V_BRG_RD_SELO RD-timing selection for the chip connected to
pin /BRG_CS0

5.4 0 V_BRG_WR_SEL1 WR-timing selection for the chip connected to
pin/BRG_CS1

7..6 0 V_BRG RD SEL1 RD-timing selection for the chip connected to
pin/BRG_CS1
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R _BRG_TIM_SEL23

(write only) 0x4D

Timing selection for bridge device connected to /BRG_CS2 and /BRG_CS3

Every selection uses atiming definedinR_BRG_TIMO ... R_BRG_TIMS.

Bits Reset [ Name Description
Value

1.0 0 V_BRG_WR_SEL?2 WR-timing selection for the chip connected to
pin /BRG_CS2

3.2 0 V_BRG _RD SEL2 RD-timing selection for the chip connected to
pin /BRG_CS2

5.4 0 V_BRG_WR_SEL3 WR-timing selection for the chip connected to
pin/BRG_CS3

7.6 0 V_BRG_RD SEL3 RD-timing selection for the chip connected to
pin/BRG_CS3

R _BRG_TIM_SEL45 (write only) Ox4E

Timing selection for bridge device connected to /BRG_CS4 and /BRG_CS5

Every selection uses atiming definedinR_BRG_TIMO ... R_BRG_TIMS.

Bits Reset [ Name Description
Value

1.0 0 V_BRG_WR_SEL4 WR-timing selection for the chip connected to
pin /IBRG_CS4

3.2 0 V_BRG_RD SEL4 RD-timing selection for the chip connected to
pin /BRG_CS4

5.4 0 V_BRG_WR_SEL5 WR-timing selection for the chip connected to
pin /BRG_CS5

7.6 0 V_BRG_RD SEL5 RD-timing selection for the chip connected to
pin /BRG_CS5
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R_BRG_TIM_SEL67

(write only) Ox4F

Timing selection for bridge device connected to /BRG_CS6 and /BRG_CS7

Every selection uses atiming definedinR_BRG_TIMO ... R_ BRG_TIM3.

Bits Reset [ Name Description
Value

1.0 0 V_BRG_WR_SEL6 WR-timing selection for the chip connected to
pin/BRG_CS6

3.2 0 V_BRG _RD SEL6 RD-timing selection for the chip connected to
pin /IBRG_CS6

5.4 0 V_BRG_WR_SEL7 WR-timing selection for the chip connected to
pin /BRG_CS7

7..6 0 V_BRG RD SEL7 RD-timing selection for the chip connected to
pin /BRG_CS7
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Chapter 12

Clock, reset, interrupt, timer and

watchdog

Table 12.1: Overview of the HFC-4S/8S clock pins

Number Name

Description

90 OSC_IN
91 OSC_OUT
92 CLK_MODE

Oscillator Input Signal
Oscillator Output Signal
Clock Mode

Table 12.2: Overview of the HFC-4S/8S reset, timer and watchdog registers

Write only registers: Read only registers:

Address Name Page Address Name Page
0x11 R _IRQMSK MISC 232 0x10 R_IRQ_ OVIEW 235
0x13 R _IRQ CTRL 232 0x11 R_IRQ MISC 236
O0x1A R _TI WD 233 0x1C R_STATUS 237
OXFF A IRQ _MSK 234 0xC8 R _IRQ FIFO BLO 238

0xC9 R IRQ FIFO BL1 239
OXxCA R _IRQ FIFO BL2 240
0xCB R _IRQ FIFO BL3 241
0xCC R _IRQ FIFO BL4 242
O0xCD R IRQ FIFO BL5 243
OXCE R _IRQ FIFO BL6 244
OXCF R _IRQ FIFO BL7 245
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12.1 Clock

The clock generation circuitry of the HFC-4S/8S is shown in Figure12.1. Two different crystal
frequencies can be used. Pin CLK_MODE must be set as shown in Table 12.3 to ensure a system
clock of 24,576 MHz.

ISDN applications need exactly 24,576 MHz. It isrecommended to ensure an accuracy of + 50 ppm.
Ul
CLK_MODE —Q-ZJ
91

osc_out *
90
OSC_IN R1 IR
HFC-4S/HFC-8S = o
Q1
24.576 MHz

c1 c2
I47p I47p
GND GND

Figure 12.1: Standard HFC-4S/8S quartz circuitry

+3.3V

Table 12.3: Quartz selection

Crystal frequency CLK _MODE System clock forxr

24,576 MHz 1 24,576 MHz
49,152 MHz {0} 24576 MHz

12.2 Reset

HFC-4S/8S hasalevel sensitive RESET input. Thisislow activein PCI mode (pin name RST#) and
high activein all other modes (pin name RESET). The MODEO/MODEL1 pins must be valid during
RESET and /SPISEL must be "1’ (inactive). After RESET HFC-4S/8S enters an initiaization
sequence.

TheHFC-4S/8S has 4 different software resets. The FIFO registers, PCM registersand S/T registers
can be reset independently with the bits of the register R_CIRM which are listed in Table12.4. The
reset bits must be cleared by software.

Information about the registers reset by the different resets can be found in the register list on pagesl6
and 14.
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Table 12.4: HFC-4S/8S reset groups

Reset name Reset group Register bit ~ Description

Soft Reset 0 V_SRES Reset for FIFO, PCM and S/T registersof the HFC-4S / 8S.
Soft reset is the same as reset of all partial reset registers.

HFC Reset 1 V_HFCRES Resetfor al FIFO registers of the HFC-4S/8S.
PCM Reset 2 V_PCMRES Reset for all PCM registers of the HFC-4S /8S.
S/T Reset 3 V_STRES Reset for all S/T registers of the HFC-4S/8S.
Hardware reset H - Hardware reset initiated by RESET input pin

12.3 Interrupt

HFC-4S/8S is equipped with amaskable interrupt engine. A big variety of interrupt sources can be
enabled and disabled. All interrupts except FIFO interrupts are reported independently of masking
the interrupt or not. Only mask enabled interrupts are used to generate an interrupt on the interrupt
pin of the HFC-4S/8S. Reading the interrupt status register resets the bits. Interrupt bits set during
the reading are reported at the next reading of the interrupt status registers.

FIFO interrupts can be enabled or disabled by setting thebit V_IRQ inregister A IRQ MSK][FIFO].
Because there are 64 interrupts there are 8 interrupt status registers for FIFO interrupts. To de-
termine which interrupt register must be read in an interrupt routine there is an interrupt overview
register which shows in which status register at least one interrupt bit is set (R_IRQ_OVIEW).
Reading this register does not clear any interrupt. The following reading of an interrupt register
(R_IRQ_FIFO_BLO... R_IRQ _FIFO BLY7) clears the reported interrupts.

There are some other conditions which also can generate an interrupt. These are reported in the
register R_IRQ_MISC and can be masked in the register R_IRQMSK_MISC.

The R_IRQ_CTRL register sets the behavior of the interrupt output pin. V. GLOB_IRQ_EN en-
ables the interrupt pin. V_FIFO_IRQ enables the mask enabled FIFO interrupts.

12.4 Watchdog and Timer

The HFC-4S/8S includes awatchdog and a timer with interrupt capability.

The timer counts FOIO pulses. So the timer is incremented every 125;s. The watchdog counter is
incremented every 2ms.

Thetimer values for timer and watchdog can be selected by theR_TI_ WD register. 16 different timer
and watchdog val ues can be selected.

The watchdog can be manually reset by setting bit V. WD _RES of theR_BERT_ WD _MD register.
Furthermore the watchdog is reset at every access to the HFC-4S/8S if bitV_AUTO WD _RES of
theR_BERT WD _MD register is set.
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12.5 Register description

12.5.1 Write only register

R_IRQMSK_MISC

(write only)

Ox11

Miscellaneous interrupt status mask register

'0’ means that the interrupt is not used for generating an interrupt on the interrupt pin

197.
Bits Reset [ Name Description
Value
(reserved) Must be’0’.
0 V_TlI_IRQMSK Timer elapsed interrupt mask bit
2 0 V_PROC IRQMSK Processing/nonprocessing transition interrupt
mask bit
(every 125 uus)
3 0 V_DTMF_IRQMSK DTMF detection interrupt mask bit
7.4 (reserved) Must be '0000’.
R IRQ CTRL (write only) 0x13
Interrupt control register
Bits Reset [ Name Description
Value
0 0 V_FIFO_IRQ FIFO interrupt
‘0’ = FIFO interrupts disabled
"1’ = FIFO interrupts enabled
2.1 (reserved) Must be'00'.
0 V_GLOB_IRQ_EN Global interrupt signal enable (pin 197)
‘0’ = disable
"1’ = enable
4 0 V_IRQ _POL Polarity of interrupt signal
'0’ = low active signal
"1’ = high active signa
7.5 (reserved) Must be’'000’.
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R_TI_WD

(write only)

Ox1A

Timer and watchdog control register

Bits Reset

Value

Name

Description

3.0 0 V_EV_TS

Timer event after 2™ - 250 us
0=250pus
1=500pus
2=1ms
3=2ms
4=4ms
5=8ms

6 =16ms
7=32ms
8=64ms
9=128ms
OxA = 256 ms
0xB =512ms
0xC =1.024s
0OxD =2.048s
OXE =4.096s
OxF =8.192s

7.4 |0 V_WD TS

Watchdog event after 2™ -
0=2ms
1=4ms
2=8ms
3=16ms
4=32ms
5=64ms

6 =128ms

7 =256ms
8=512ms
9=1.024s
OxA =2.048s
0xB =4.096s
0xC =8.192s
0xD = 16.384s
OXE = 32.768s
OxF = 65.536s

2ms
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A_IRQ_MSK [FIFO]

(write only) OxFF

Interrupt register for the selected FIFO

Before writing this array register the FIFO must be selected by register R_FIFO.

Bits Reset [ Name Description
Value

0 0 V_IRQ Interrupt mask for the selected FIFO
'0’ = disabled
"1’ = enabled

1 0 V_BERT_EN BERT output enable
'0’ = BERT disabled, normal datais transmitted
"1’ = BERT enabled, output of BERT generator is
transmitted

2 0 V_MIX_IRQ Mixed interrupt generation
'0’ = disabled (normal operation)
"1’ = frame interrupts and transparent interrupts are
both generated in HDLC mode

7.3 (reserved) Must be'00000'.
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R_IRQ_OVIEW

(read only)

0x10

FIFO interrupt overview register

Reading any R_IRQ_FIFO BLO

Every bit with value '1’ indicates that an interrupt has occured in the FIFO block. A
FIFO block consists of 4 transmit and 4 receive FIFOs. The exact FIFO can be determined by
reading the R_IRQ_FIFO BLO ...R_IRQ_FIFO_BL7 registers that belong to the specified
FIFO block.

...R_IRQ_FIFO BL7 registers clear the correspond-
ing bit in this register. Reading this overview register does not clear any interrupt bit.

Bits Reset [ Name Description
Value

0 V_IRQ_FIFO_BLO Interrupt overview of FIFO block 0
(FIFOsO0... 3)

1 V_IRQ FIFO BL1 Interrupt overview of FIFO block 1
(FIFOs4... 7)

2 V_IRQ_FIFO_BL2 Interrupt overview of FIFO block 2
(FIFOs8... 11)

3 V_IRQ _FIFO_BL3 Interrupt overview of FIFO block 3
(FIFOs12... 15)

4 V_IRQ _FIFO BL4 Interrupt overview of FIFO block 4
(FIFOs 16... 19)

5 V_IRQ _FIFO_BL5 Interrupt overview of FIFO block 5
(FIFOs20... 23)

6 V_IRQ _FIFO BL6 Interrupt overview of FIFO block 6
(FIFOs24... 27)

7 V_IRQ_FIFO_BL7 Interrupt overview of FIFO block 7
(FIFOs28... 31)
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Miscellaneous interrupt status register

All bits of this register are cleared after aread access.

Bits Reset [ Name Description
Value
(reserved) Must be'0'.
0 V_ Tl IRQ Timer interrupt
"1’ = timer elapsed
2 0 V_IRQ_PROC Processing/non processing transition interrupt
status
"1’ = The HFC-4S/8S has changed from
processing to non processing phase (every 125 us).
3 0 V_DTMF_IRQ DTMF detection interrupt
"1’ = DTMF detection has been finished. The
results can be read from the RAM.
7.4 (reserved) Must be '0000’.
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R_STATUS

(read only) 0x1C

HFC-4S/8S status register

Bits

Reset
Value

Name

Description

V_BUSY

BUSY /NOBUSY status

"1’ =the HFC-4S/8S isBUSY after initialising
Reset FIFO, increment F'-counter or change FIFO
'0’ =the HFC-4S/8S isnot busy, all accesses are
allowed

V_PROC

Processing/non processing status

"1’ =the HFC-4S/8S isin processing phase (every
125 uis)

'0’ = the HFC-4S/8S is not in processing phase

V_DTMF_IRQSTA

DTMF interrupt
DTMF interrupt has occured

V_LOST STA

LOST error (frames have been lost)

This meansthe HFC-4S/8S did not process all
datain 125 us. So data may be corrupted.
BitV_RES LOST oftheR _INC_RES FIFO
register must be set to reset this bit.

V_SYNC_IN

Synchronization input
Value of the SYNC | input pin

V_EXT_IRQSTA

External interrupt
External interrupt has occured

V_MISC_IRQSTA

Any miscellaneous interrupt
All enabled miscellaneousinterrupts of the register
R _IRQ_MISC are‘ored.

V_FR_IRQSTA

Any FIFO interrupt

All enabled FIFO interruptsin the registers

R IRQ FIFO BLO... R IRQ FIFO BL7 are
‘ored’.
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R_IRQ FIFO BLO

(read only) 0xC8

FIFO interrupt register for FIFO block 0

In HDLC mode the end of frame is signaled, while in transparent mode the frequency of
interrupts is set in the bitmap V_TRP_IRQ of the register A CON_HDLC.

The bit value "1’ indicates that the corresponding FIFO generated an interrupt. If a bit is
'0’, no interrupt occured in the corresponding FIFO.

Reading thisregister clears all set bits and the corresponding bit of theregister R_IRQ_OVIEW.

Bits Reset [ Name Description
Value
0 0 V_IRQ_FIFOO_TX Interrupt occured in transmit FIFO 0
1 0 V_IRQ_FIFOO RX Interrupt occured in receive FIFO 0
2 0 V_IRQ FIFO1 TX Interrupt occured in transmit FIFO 1
3 0 V_IRQ _FIFO1 RX Interrupt occured in receive FIFO 1
4 0 V_IRQ _FIFO2_TX Interrupt occured in transmit FIFO 2
5 0 V_IRQ_FIFO2_RX Interrupt occured in receive FIFO 2
6 0 V_IRQ _FIFO3 TX Interrupt occured in transmit FIFO 3
7 0 V_IRQ_FIFO3_RX Interrupt occured in receive FIFO 3
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R_IRQ FIFO BL1

(read only)

0xC9

FIFO interrupt register for FIFO block 1

In HDLC mode the end of frame is signaled, while in transparent mode the frequency of

interrupts is set in the bitmap V_TRP_IRQ of theregister A CON_HDLC.

The bit value '1’ indicates that the corresponding FIFO generated an interrupt.

'0’, no interrupt occured in the corresponding FIFO.

Reading thisregister clearsall set bits and the corresponding bit of theregister R_IRQ_OVIEW.

If a bit is

Bits Reset [ Name Description
Value
0 0 V_IRQ _FIFO4 TX Interrupt occured in transmit FIFO 4
1 0 V_IRQ_FIFO4 RX Interrupt occured in receive FIFO 4
2 0 V_IRQ_FIFO5 TX Interrupt occured in transmit FIFO 5
3 0 V_IRQ_FIFO5 RX Interrupt occured in receive FIFO 5
4 0 V_IRQ _FIFO6_TX Interrupt occured in transmit FIFO 6
5 0 V_IRQ_FIFO6_RX Interrupt occured in receive FIFO 6
6 0 V_IRQ_FIFO7_TX Interrupt occured in transmit FIFO 7
7 0 V_IRQ_FIFO7_RX Interrupt occured in receive FIFO 7
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R_IRQ FIFO BL2

(read only) OxCA

FIFO interrupt register for FIFO block 2

In HDLC mode the end of frame is signaled, while in transparent mode the frequency of
interrupts is set in the bitmap V_TRP_IRQ of the register A CON_HDLC.

The bit value "1’ indicates that the corresponding FIFO generated an interrupt. If a bit is
'0’, no interrupt occured in the corresponding FIFO.

Reading thisregister clears all set bits and the corresponding bit of theregister R_IRQ_OVIEW.

Bits Reset [ Name Description
Value

0 0 V_IRQ_FIFO8 TX Interrupt occured in transmit FIFO 8
1 0 V_IRQ_FIFO8 RX Interrupt occured in receive FIFO 8

2 0 V_IRQ_FIFO9 TX Interrupt occured in transmit FIFO 9
3 0 V_IRQ_FIFO9 RX Interrupt occured in receive FIFO 9

4 0 V_IRQ_FIFO10_TX Interrupt occured in transmit FIFO 10
5 0 V_IRQ _FIFO10 RX Interrupt occured in receive FIFO 10
6 0 V_IRQ FIFO11 TX Interrupt occured in transmit FIFO 11
7 0 V_IRQ _FIFO11 RX Interrupt occured in receive FIFO 11
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R _IRQ_FIFO _BL3 (read only) 0xCB

FIFO interrupt register for FIFO block 3

In HDLC mode the end of frame is signaled, while in transparent mode the frequency of
interrupts is set in the bitmap V_TRP_IRQ of theregister A CON_HDLC.

The bit value '1’ indicates that the corresponding FIFO generated an interrupt. If a bit is
'0’, no interrupt occured in the corresponding FIFO.

Reading thisregister clearsall set bits and the corresponding bit of theregister R_IRQ_OVIEW.

Bits Reset [ Name Description
Value
0 0 V_IRQ _FIFO12 TX Interrupt occured in transmit FIFO 12
1 0 V_IRQ _FIFO12 RX Interrupt occured in receive FIFO 12
2 0 V_IRQ_FIFO13 TX Interrupt occured in transmit FIFO 13
3 0 V_IRQ _FIFO13 RX Interrupt occured in receive FIFO 13
4 0 V_IRQ _FIFO14 TX Interrupt occured in transmit FIFO 14
5 0 V_IRQ_FIFO14 RX Interrupt occured in receive FIFO 14
6 0 V_IRQ _FIFO15 TX Interrupt occured in transmit FIFO 15
7 0 V_IRQ_FIFO15 RX Interrupt occured in receive FIFO 15
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R_IRQ FIFO BL4

(read only) 0xCC

FIFO interrupt register for FIFO block 4

In HDLC mode the end of frame is signaled, while in transparent mode the frequency of
interrupts is set in the bitmap V_TRP_IRQ of the register A CON_HDLC.

The bit value "1’ indicates that the corresponding FIFO generated an interrupt. If a bit is
'0’, no interrupt occured in the corresponding FIFO.

Reading thisregister clears all set bits and the corresponding bit of theregister R_IRQ_OVIEW.

Bits Reset [ Name Description
Value
0 0 V_IRQ _FIFO16_TX Interrupt occured in transmit FIFO 16
1 0 V_IRQ _FIFO16 RX Interrupt occured in receive FIFO 16
2 0 V_IRQ FIFO17_TX Interrupt occured in transmit FIFO 17
3 0 V_IRQ _FIFO17 RX Interrupt occured in receive FIFO 17
4 0 V_IRQ_FIFO18 TX Interrupt occured in transmit FIFO 18
5 0 V_IRQ _FIFO18 RX Interrupt occured in receive FIFO 18
6 0 V_IRQ FIFO19 TX Interrupt occured in transmit FIFO 19
7 0 V_IRQ_FIFO19 RX Interrupt occured in receive FIFO 19
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R _IRQ_FIFO_BL5 (read only) 0xCD

FIFO interrupt register for FIFO block 5

In HDLC mode the end of frame is signaled, while in transparent mode the frequency of
interrupts is set in the bitmap V_TRP_IRQ of theregister A CON_HDLC.

The bit value '1’ indicates that the corresponding FIFO generated an interrupt. If a bit is
'0’, no interrupt occured in the corresponding FIFO.

Reading thisregister clearsall set bits and the corresponding bit of theregister R_IRQ_OVIEW.

Bits Reset [ Name Description
Value
0 0 V_IRQ _FIFO20 TX Interrupt occured in transmit FIFO 20
1 0 V_IRQ_FIFO20 RX Interrupt occured in receive FIFO 20
2 0 V_IRQ _FIFO21 TX Interrupt occured in transmit FIFO 21
3 0 V_IRQ _FIFO21 RX Interrupt occured in receive FIFO 21
4 0 V_IRQ _FIFO22 TX Interrupt occured in transmit FIFO 22
5 0 V_IRQ_FIFO22 RX Interrupt occured in receive FIFO 22
6 0 V_IRQ _FIFO23 TX Interrupt occured in transmit FIFO 23
7 0 V_IRQ_FIFO23 RX Interrupt occured in receive FIFO 23
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R_IRQ FIFO BL6

(read only) OxCE

FIFO interrupt register for FIFO block 6

In HDLC mode the end of frame is signaled, while in transparent mode the frequency of
interrupts is set in the bitmap V_TRP_IRQ of the register A CON_HDLC.

The bit value "1’ indicates that the corresponding FIFO generated an interrupt. If a bit is
'0’, no interrupt occured in the corresponding FIFO.

Reading thisregister clears all set bits and the corresponding bit of theregister R_IRQ_OVIEW.

Bits Reset [ Name Description
Value
0 0 V_IRQ FIFO24 TX Interrupt occured in transmit FIFO 24
1 0 V_IRQ _FIFO24 RX Interrupt occured in receive FIFO 24
2 0 V_IRQ_FIFO25 TX Interrupt occured in transmit FIFO 25
3 0 V_IRQ _FIFO25 RX Interrupt occured in receive FIFO 25
4 0 V_IRQ_FIFO26_TX Interrupt occured in transmit FIFO 26
5 0 V_IRQ _FIFO26_RX Interrupt occured in receive FIFO 26
6 0 V_IRQ _FIFO27_TX Interrupt occured in transmit FIFO 27
7 0 V_IRQ _FIFO27 RX Interrupt occured in receive FIFO 27
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R _IRQ_FIFO_BL7 (read only) OxCF

FIFO interrupt register for FIFO block 7

In HDLC mode the end of frame is signaled, while in transparent mode the frequency of
interrupts is set in the bitmap V_TRP_IRQ of theregister A CON_HDLC.

The bit value '1’ indicates that the corresponding FIFO generated an interrupt. If a bit is
'0’, no interrupt occured in the corresponding FIFO.

Reading thisregister clearsall set bits and the corresponding bit of theregister R_IRQ_OVIEW.

Bits Reset [ Name Description
Value
0 0 V_IRQ _FIFO28 TX Interrupt occured in transmit FIFO 28
1 0 V_IRQ_FIFO28 RX Interrupt occured in receive FIFO 28
2 0 V_IRQ_FIFO29 TX Interrupt occured in transmit FIFO 29
3 0 V_IRQ_FIFO29 RX Interrupt occured in receive FIFO 29
4 0 V_IRQ_FIFO30 TX Interrupt occured in transmit FIFO 30
5 0 V_IRQ_FIFO30 RX Interrupt occured in receive FIFO 30
6 0 V_IRQ FIFO31 TX Interrupt occured in transmit FIFO 31
7 0 V_IRQ_FIFO31 RX Interrupt occured in receive FIFO 31
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Chapter 13

General purpose 1/0 pins (GPIO)
and input pins (GPI)

(For an overview of the GPIO and GPI pins see Table 13.2 on page 249.)

Table 13.1: Overview of the HFC-4S/8S general purpose I/O registers

Write only registers: Read only registers:
Address Name Page Address Name Page
0x40 R _GPIO_OUTO 250 0x40 R _GPIO INO 255
0x41 R GPIO OUT1 251 0x41 R _GPIO IN1 256
0x42 R_GPIO_ENO 252 0x44 R_GPI_INO 257
0x43 R_GPIO_EN1 253 0x45 R_GPI_IN1 258
0x44 R _GPIO_SEL 254 0x46 R_GPI_IN2 259
0x47 R_GPI_IN3 260
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13.1 GPIO and GPI functionality

Most of the interface signals can be used as general purpose I/0 pins (GPIOs) or those who are only
inputs as general purpose input pins (GPIs). This functionality can be used if the pins are not used as

dedicated S/T interfaces.

GPIOs must be switched to GPIO mode in the register R_GPIO_SEL if they should be used as
outputs. The input functionality of all GPIOs and GPlIsis allways enabled. The output values for the
GPIOs are et in the registers R GPIO_OUTO and R_GPIO_OUT1. The tristate function can be
enabled in theregistersR_GPIO_ENOand R_GPIO_ENI1.

Theinput values for the GPIO[0..15] can be read in the registers R_GPIO_INO and R_GPIO_IN1.
The input values for GPI[0..31] can beread in theregisters R_GPI_INO,R_GPI IN1,R_GPI_IN2
and R_GPI_IN3.

13.2 GPIO output voltage adjustment

The GPIO output high voltage can be influenced for each set of 4 GPIOs by connecting the appropiate
VDD _ ST pin to avoltage different from VDD. The voltage must not exceed 3.6 V. See Table13.2 for

details.
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Table 13.2: Adjustable pin groups of the HFC-4S/8S
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Power supply pin

Adjustable amplitude pins

Power supply pin

Adjustable amplitude pins

129 VDD _ST 124 GPI31 164 VDD_ST 159 GPI15
125 GPI30 160 GPI14
126 GPI29 161 GPI13
127 GPI28 162 GPI12
130 GPIO15 165 GPIO7
131 GPIO14 166 GPIO6
132 GPIO13 167 GPIO5
133 GPIO12 168 GPIO4
136 GPI27 171 GPI11
137 GPI26 172 GPI10
138 GPI25 173 GPI9
139 GPI24 174 GPI8

147 VDD_ST 142 GPI23 181 VDD_ST 176 GPI7
143 GPI22 177 GPI6
144 GPI21 178 GPI5
145 GPI20 179 GPI4
148 GPIO11 182 GPIO3
149 GPIO10 183 GPIO2
150 GPIO9 184 GPIO1
151 GPIO8 185 GPIOO
154 GPI19 188 GPI3
155 GPI18 189 GPI2
156 GPI17 190 GPI1
157 GPI16 191 GPIO
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Chip

@ Please note !

For using aport as GPIO the R_GPIO_SEL register must be programmed.

13.3.1 Write only register

R_GPIO_OUTO (write only) 0x40
GPIO data output bits 7.... 0
Bits Reset [ Name Description
Value

0 0 V_GPIO_OUTO Output data for pin GPIO0

1 0 V_GPIO_OUT1 Output data for pin GPIO1

2 0 V_GPIO_OUT2 Output data for pin GPIO2

3 0 V_GPIO_OUTS3 Output data for pin GPIO3

4 0 V_GPIO_OUT4 Output data for pin GP104

5 0 V_GPIO_OUTS Output data for pin GPIO5

6 0 V_GPIO_0OUT6 Output data for pin GPIO6

7 0 V_GPIO_OUT7 Output data for pin GPIO7
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R_GPIO_OUT1 (write only) 0x41
GPIO data output bits 15 ... 8
Bits Reset [ Name Description
Value
0 0 V_GPIO_OUT8 Output data for pin GPIO8
1 0 V_GPIO_0OUT9 Output data for pin GPIO9
2 0 V_GPIO_OUT10 Output data for pin GPIO10
3 0 V_GPIO_OUT11 Output data for pin GP1011
4 0 V_GPIO_OUT12 Output data for pin GPIO12
5 0 V_GPIO_OUT13 Output data for pin GPIO13
6 0 V_GPIO_0OUT14 Output data for pin GP1014
7 0 V_GPIO_OUT15 Output data for pin GPIO15
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R_GPIO_ENO (write only) 0x42
GPIO data output enable bits 7 ... 0
Bits Reset [ Name Description
Value

0 0 V_GPIO_ENO Output enable for pin GPIO0

1 0 V_GPIO_EN1 Output enable for pin GPIO1

2 0 V_GPIO_EN2 Output enable for pin GPIO2

3 0 V_GPIO_EN3 Output enable for pin GPIO3

4 0 V_GPIO_EN4 Output enable for pin GP104

5 0 V_GPIO_EN5 Output enable for pin GPIO5

6 0 V_GPIO_EN6 Output enable for pin GPIO6

7 0 V_GPIO_ENT7 Output enable for pin GPIO7
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R_GPIO_EN1 (write only) 0x43
GPIO data output enable bits 15 ... 8
Bits Reset [ Name Description
Value
0 0 V_GPIO_ENS8 Output enable for pin GPIO8
1 0 V_GPIO_EN9 Output enable for pin GPIO9
2 0 V_GPIO_EN10 Output enable for pin GPIO10
3 0 V_GPIO_EN11 Output enable for pin GPIO11
4 0 V_GPIO_EN12 Output enable for pin GPIO12
5 0 V_GPIO_EN13 Output enable for pin GPIO13
6 0 V_GPIO_EN14 Output enable for pin GPIO14
7 0 V_GPIO_EN15 Output enable for pin GPIO15
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R _GPIO_SEL (write only) 0x44

GPIO selection register

Thisregister alows to select first or second function of some pins.

Bits Reset [ Name Description
Value
0 0 V_GPIO_SELO GP100 and GPIO1

'0’=pinsT_AOand T_BO enabled
"1’ = pins GPIO0 and GPIO1 enabled

1 0 V_GPIO_SEL1 GP102 and GPIO3
'0’=pinsT_BlandT_ALl enabled
"1’ = pins GPIO2 and GPIO3 enabled

2 0 V_GPIO_SEL2 GP10O4 and GPIO5
'0’=pinsT_A2and T_B2 enabled
"1’ = pins GP104 and GPIO5 enabled

3 0 V_GPIO_SEL3 GPI0O6 and GPI107
'0'=pinsT_B3 and T_A3 enabled
"1’ = pins GP106 and GPIO7 enabled

4 0 V_GPIO_SEL4 GPI10O8 and GP109
'0’=pinsT_A4 and T_B4 enabled
"1’ = pins GP108 and GPIO9 enabled

5 0 V_GPIO_SEL5 GPIO10 and GPIO11
'0’=pinsT_B5and T_A5 enabled
"1’ = pins GP1010 and GPIO11 enabled

6 0 V_GPIO_SEL6 GPIO12 and GPIO13

'0'=pinsT_A6 and T_B6 enabled

"1’ = pins GP1012 and GPI013 enabled
7 0 V_GPIO SEL7 GP1014 and GPI10O15

'0’=pinsT_B7and T_A7 enabled
"1’ = pins GP1014 and GPIO15 enabled
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13.3.2 Read only register

p

Cologne
Chip

R_GPIO_INO (read only) 0x40
GPIO data input bits 7.... 0
Bits Reset [ Name Description
Value

0 0 V_GPIO_INO Input data from pin GPIO0

1 0 V_GPIO_IN1 Input data from pin GPIO1

2 0 V_GPIO_IN2 Input data from pin GP102

3 0 V_GPIO_IN3 Input data from pin GPIO3

4 0 V_GPIO_IN4 Input data from pin GP104

5 0 V_GPIO_IN5 Input data from pin GPIO5

6 0 V_GPIO_IN6 Input data from pin GP10O6

7 0 V_GPIO_IN7 Input data from pin GPIO7
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R _GPIO_IN1 (read only) 0x41
GPIO data input bits 15... 8
Bits Reset [ Name Description
Value
0 0 V_GPIO_IN8 Input data from pin GPIO8
1 0 V_GPIO_IN9 Input data from pin GP1O9
2 0 V_GPIO_IN10 Input data from pin GPIO10
3 0 V_GPIO_IN11 Input data from pin GPIO11
4 0 V_GPIO_IN12 Input data from pin GP1012
5 0 V_GPIO_IN13 Input data from pin GP1013
6 0 V_GPIO_IN14 Input data from pin GP1014
7 0 V_GPIO_IN15 Input data from pin GPIO15
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R_GPI_INO (read only) 0x44
GPIl data input bits7.... 0
Note: Unused GPI pins must be connected to ground.
Bits Reset [ Name Description
Value
0 0 V_GPI_INO Input data from pin GPIO
1 0 V_GPI_IN1 Input data from pin GPI1
2 0 V_GPI_IN2 Input data from pin GPI2
3 0 V_GPI_IN3 Input data from pin GPI3
4 0 V_GPI_IN4 Input data from pin GP14
5 0 V_GPI_IN5 Input data from pin GPI5
6 0 V_GPI_IN6 Input data from pin GPI6
7 0 V_GPI_IN7 Input data from pin GPI7
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R _GPI_IN1 (read only) 0x45

GPI data input bits 15 ... 8

Note: Unused GPI pins must be connected to ground.

Bits Reset [ Name Description
Value
0 0 V_GPI_IN8 Input data from pin GPI8
1 0 V_GPI_IN9 Input data from pin GPI9
2 0 V_GPI_IN10 Input data from pin GPI10
3 0 V_GPI_IN11 Input data from pin GPI11
4 0 V_GPI_IN12 Input data from pin GPI12
5 0 V_GPI_IN13 Input data from pin GPI13
6 0 V_GPI_IN14 Input data from pin GPI14
7 0 V_GPI_IN15 Input data from pin GPI15
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R_GPI_IN2 (read only) 0x46
GPI data input bits 23 ... 16
Note: Unused GPI pins must be connected to ground.
Bits Reset [ Name Description
Value
0 0 V_GPI_IN16 Input data from pin GPI16
1 0 V_GPI_IN17 Input data from pin GPI17
2 0 V_GPI_IN18 Input data from pin GPI18
3 0 V_GPI_IN19 Input data from pin GPI19
4 0 V_GPI_IN20 Input data from pin GPI120
5 0 V_GPI_IN21 Input data from pin GPI21
6 0 V_GPI_IN22 Input data from pin GPI122
7 0 V_GPI_IN23 Input data from pin GPI23
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R_GPI_IN3 (read only) 0x47

GPI data input bits 31 ... 24

Note: Unused GPI pins must be connected to ground.

Bits Reset [ Name Description
Value
0 0 V_GPI_IN24 Input data from pin GP124
1 0 V_GPI_IN25 Input data from pin GPI125
2 0 V_GPI_IN26 Input data from pin GPI26
3 0 V_GPI_IN27 Input data from pin GPI127
4 0 V_GPI_IN28 Input data from pin GP128
5 0 V_GPI_IN29 Input data from pin GPI129
6 0 V_GPI_IN30 Input data from pin GPI30
7 0 V_GPI_IN31 Input data from pin GPI31
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Electrical characteristics

Absolute maximum ratings

Parameter Symbol Min. Max.
Power supply Vbbb —-03V 446V
Input voltage Vi -0.3V 5.5V
Operating temperature T, 0°C +70°C

Junction temperature Tine
Storage temperature Tstq

0°C +100°C
-55°C  +125°C

Recommended operating conditions

Parameter Symbol

Min. Typ. Max Conditions

Power supply Vbp
Operating temperature T,

3.0V 3.3V 3.6V
0°C +70°C

Electrical characteristics for 3.3 V power supply

Parameter Symbol Min. Typ. Max Conditions

Low input voltage Vit -0.3V 0.2Vpp

High input voltage Vig 0.7Vpp Vbp

Low output voltage Vor ov 04V

High output voltage Vou 24V Vobp
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A.1 S/T interface activation/deactivation layer 1 of finite state matrix

for NT
Pending Pending
State name: Reset | Deactivate activation Active deactivation
State number: GO G1 G2 G3 G4
INFO sent: | INFOO INFOO INFO 2 INFO 4 INFOO
Event:
State machine release G1 | | | |
(Note 3)
Activate request G2 G2 | | G2
(Note 1) (Note 1) (Note 1)
Deactivate request — | Start timer T2 | Start timer T2 |
G4 G4
Expiry T2 (Note 2) — — — — Gl
Receiving INFOO — — — G2 Gl
Receiving INFO 1 — G2 — / —
(Note 1)
Receiving INFO 3 — / G3 — —
(Note 1, 4)
Lost framing — / / G2 —

Table A.1: Activation/ deactivation layer 1 for finite state matrix for NT
Legend:

— No state change

/ Impossible by the definition of peer-to-peer physical layer procedures or system internal rea
sons

| Impossible by the definition of the physical layer service
Notes:

Note 1: Timer1 (T1) isnot implemented in the HFC-4S/8S and must be implemented in software.

Note 2: Timer2 (T2) prevents unintentional reactivation. Its value is 32ms (256 - 125 ps). This
implies that a TE has to recognize INFO 0 and to react on it within this time.

Note 3: After reset the state machine is fixed to GO.

Note 4: BitV_SET G2 G3of theA ST WR_STA register must be set to allow this transition or
V_G2 G3 ENisset to alow automatic transition G2 — G3 (register A_ ST _CTRL1).
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A.2 Activation/deactivation layer 1 of finite state matrix for TE

S
2 =) N
g | = £ 5 3
=) > £ e = = 2
= £ b 23 S o % ‘§ é
bl 2 S S c S 32 c =1 % =
State name: | & 3 a 22| 82 2 < JE
State number: FO F2 F3 F4 F5 F6 F7 F8
INFO sent: INFOO | INFOO | INFOO | INFO1 | INFOO | INFO3 | INFO3 | INFOO
Event:
State machine release F2 / / / / / / /
(Note 1)
Activate request,
receiving any signal — | F5 | | — | —
receiving INFO O — | F4 | | — | —
Expiry T3 (Note 5) — / — F3 F3 F3 — —
Receiving INFOO0 — F3 — — — F3 F3 F3
Receiving any signal — — — F5 — / / —
(Note 2)
Receiving INFO 2 — F6 F6 F6 F6 — F6 F6
(Note 3)
Receiving INFO 4 — F7 F7 F7 F7 F7 — F7
(Note 3)
Lost framing (Note 4) — / / / / F8 F8 —

Table A.2: Activation/ deactivation layer 1 for finite state matrix for TE
Legend:

— No state change
/' Impossible situation
| Impossible by the definition of the layer 1 service

Notes:

Note 1: After reset the state machineis fixed to FO.

Note 2: This event reflects the case where a signal is received and the TE has not (yet) determined
wether it iSINFO2 or INFO4.

Note 3: Bit- and frame-synchronization achieved.

Note 4: Loss of Bit- or frame-synchronization.
Note 5: Timer 3 (T3) is not implemented in the HFC-4S/8S and must be implemented in software.
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Binary organisation of the S/T frame
structure
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The frame structures on the S/T interface are different for each direction of transmission. Both struc-
tures areillustrated in FigureB.1.

48 bits in 250 microseconds

\ NT to TE \
D L.F L.B1B1B1B1B1B1B1B1 E D A F, N B2B2B2B2B2B2B2B2 E D MB1B1B1B1B1B1B1B1 E D S B2B2B2B2B2B2B2B2E D L.F L.

0

1

OHJ‘\HH\HHHHIHHHHHHHHHHH [TTTTTT]
2 bits offset

| ‘ TE to NT

D L.F L.B1B1B1B1B1B1B1B1 L.D L.F, L. BZBZBZBZBZBZBZBZ L.D L.B1B1B1B1B1B1B1B1 L.D L.B2B2B2B2B2B2B2B2 L. D L.F L.
[T T] W HHWHHHH\W\HHHH
L] LI \ PO o |
—t+— —+— — = 5+
— Ao
' DC balanced parts
of different TEs
(see note)

Figure B.1: Frame structure at reference point S and T

Legend:
Code | Explanation Code | Explanation
F Framing bit N Bit set to abinary value N = F 4 (NT to TE)
L DC balancing bit B1 Bit within B-channel 1
D D-channel bit B2 Bit within B-channel 2
E D-echo-channel bit A Bit used for activation
Fa Auxiliary framing bit S S-channel bit
M Multiframing bit

@ NOTE!
Lines demarcate those parts of the frame that are independently DC balanced.

The F4 bit in the direction TE to NT isused as Q bit in every fifth frame if SQ
bit transmission is enabled (see A_ST_CTRLO register).

The nominal 2bit offset is as seen from the TE. The offset can be adjusted with
the A_ ST CLK_DLY register in TE mode. The corresponding offset at the NT
may be greater due to delay in the interface cable and varies by configuration.

HDLC B-channel data start with the LSB, PCM B-channel data start with the
MSB.
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HFC-4S/8S package dimensions
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Figure C.1: HFC-4S/8S package dimensions
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List of register and bitmap abbreviations

Thislist shows al abbreviations which are used to define the register and bitmap names. Appended
digits are not shown here except they have a particular meaning.

96KHZ 96 kHz CTRL control FR frame
FSM FIFO sequence
ACT activate D D-channel mode
ADDR address DATA data
ADDRO  address (byte0) DEC decoder G2 G2 state
ADDRL  address (byte 1) DIR direction G3 G3 state
ADDR2  address (byte2) DLY delay GLOB global
ADJ adjust DR datarate GPI ignegja' purpose
ATT attenuan. on DTMF Sual tone multiple GPIO general purpose
AUTO automatic requency | nput/output
Bl B1-channel E E-channel _ HARM harmonic
B12 B1- and B2-channel | ECH oor counter, high | 5| ¢ high-level datalink
B2 B2-channel ECL eilror counter, low control
BERT bit error rate test byte ’ HFCRES  HFC reset
BIT bit EN enable HI high
BL block
BRG bridae END end ICR increase
a9 EOMF end of multiframe D dentifier
BUSY busy EPR EEPROM DLE idle
ERR error ;
c4 C410 clock v went IDX index
CEG configuration Exp . IFF inter framefill
expire IGNO ignore
CH HFC-channel
EXT external IN input
CHANNEL HFC-channel INC . t
. incremen
CHIP chi
LK | pk F F-counter INFOO INFO O line
cloci FO frame condition (no
CNT counter syncronization signal)
CNTH counter, high byte signal INT internal
CNTL counter, low byte F1 F1-counter INV invert
CON connection settings | F12 F1- and F2-counter | |Ro interrupt
CONF conference F2 F2-counter IRQ1S one-second
cs chip select FIFO FIFO interrupt
CSM channel select FIRST first IRQMSK interrupt mask
mode FLOW flow IRQSTA interrupt status
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LD load RAM RAM STATUS status
LEN length RD read STOP stop
LEV level RDY ready STRES ST reset
LI line RES reset SUBCH subchannel
LO low RESTART regtart SUPPR suppression
LOOP loop REV reverse (threshold)
LOST frame data lost RLD reload SWAP swap
LPRIO low priority ROUT routing (of PCM SYNC synchronize
buffer) SZ size
MD mode RV revision
MF multiframe RX receive TI timer
MISC miscellaneous TIM timing
MIX mixed SA6 spare bit S, TIME time
MSK mask SCI state change TRANS transition
MULT multiple interrupt TRIS tristate
SEL select TRP transparent
NEG negative SEQ sequence TS timestep
NEXT next SET set X transmit
NOINC no increment SH shape
NOISE noise SHOH shape 0, high byte ULAW pi-law
NUM number SHOL shape 0, low byte use usage
SH1H shape 1, high byte
OFF off SHI1L shape 1, low byte WD watchdog timer
OFLOW  overflow SL time slot WR write
ouT outqu SLOT PCM time slot WRDLY  writedelay
OVIEW overview SLOW Slow
AT pettern SMPL sample Z1 Z1-counter
PCM pCM SPEED speed Z12 Z1- and Z2-counter
PCMRES  PCM reset SQ SQ hits Z1H Z1-counter, high
byte
PLL phase |ocked loop SRAM SRAM Z1L Z1-counter. low
PNP plug and play SRC source byte ,
POL polarity SRES soft .rwet z2 Z2-counter
PRIO priority ST SIT interface Z2H Z2-counter, high
PROC processing STA state, status byte
PWM pulse width STACHG  state change ZoL Z2-counter, low
modulation START start byte
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