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Description

The uPD72111 Is a small computer system interface
controller (SCSIC) conforming to ANSI X3T9.2/82-2
Rev.17B. The uPD72111 SCS! controller offers a true
16-bit CPU data bus but also can be interfaced to an
8-bit CPU data bus.

The uPD72111 contains functions for controlling the
sequence between bus phases so that host processor
overhead can be reduced. In addition, single-ended type
bus driversfreceivers are internally provided on the SCSI
bus side so that system size can be reduced.

The uPD72111 was developed utilizing NEC's 1.2-pm
CMOS process technology for low power consumption, It
operates from a single 5-volt supply and Is available in
plastic DIP, PLCC, and miniflat packages.

Features

8 Conforms to ANS| X3T9.2 Rev.17B

— Arbitration function

— Disconnection/reconnection function

— Parity generation and check function
@ Two different data transfer modes

— Synchronous: 4.0 Mbytes/second max; offset

value selectable from 1 to 8

— Asynchrorious: 4.0 Mbytes/second max target
0 16 commands reduce host CPU load; automatic
execution of standard operation as SCSI controller
can be performed by a single command
Operates as Initiator or target
Internal single-ended type SCSI bus drivers (48-mA)
and Schmitt-type receivers
CPU data bus width selectable (16 bits or 8 bits)
Programmed transfer or DMA transfer selectable
{nternal 24-bit transfer counter
FIFO-type data buffers on SCSI bus side and CPU
bus side
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Ordering Information

Pin Configurations

64-Pin Plastic Shrink DIP (750 mil)

avot 7\ e | RET
GNDoO []2 63 [1 SEL
CLK 3 62 {7 BSY
RESET ] 4 61 {1 GND1
CS s 60 [0 10
UBE e 59 3 T
EoP 7 58 [0 MS@
INT O] s 57 [1 REQ
OWR 9 86 1 ACK
ORD [ 10 56 |71 GND1
DMARG [ 11 54 [ ATN
DMAAK ] 12 53 [] GNDt
168 113 52 [ 5§87
GNDO [ 14 51 [1 SBg
Vob 0 15 50 [1 GND1
Ax Tl1e 49 [ §Bg
Ay 17 48 [1 SBy
Ap ] 18 47 [ GND1
DPH [ 190 46 [1 SB3
GNDO [} 20 45 1 §B3
DPL [ 21 44 [ GNDA
Dis 022 43 [ 8By
Dig 23 421 SBy
Dy3 [J24 41 {1 SBP
Dy O2s 40 [1 GND1
D11 O 26 39 1 Do
Do 27 38 O D4
Dg [f28 87 {1 Dp
Dg [] 29 36 [ D3
D7 O ao 35[0 Dy
Dg []3t 34 [0 Ds
Vpp O 32 33 [ GNDO
83v0-5313A

Part No. Package

uPD72111CW 64-pin plastle shrink DIP (750 mil)
wPD72111L 68-pin PLCC

#PD72111GJ-584 74-pin plastic miniflat

50079
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517 GND1
48 1 GND1

6017 ACK

5911 GMD1
5811 ATN

5§71 GND1
€611 88 ;7

55 sBg

6417 GND1
53[0 sBs
52[1s8 4
50 sB 3
4917 s8 o
4711 $8 1

461 SB o
45[7 sBP

4417 NC
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68-Pin PLCC

83vQ-59158

4911 GND1
47(7 sSB4
46[0 GND1
45[1 NC
4411 583
4311 SBo
42171 GND1
41f] SBq
4011 SBg
39[] SBP
381 NC

55| 1 GND1
481 SBg

56{] ACK
§4[7 ATN
5317 GND1
52|71 SB7
613 NC
50[1 SBg
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1 €a
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N °g
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[7 8¢
1 a
[J Ota
] ON
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Os

168 46

GNoo 7
As 49

Ay Q1o

Ag O 11

DPH [ 12

GNDO [ 13
NC O 18

NC 310
iOWR 02
ioRD C]8

DMARQ []4
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vpp 8

DPL [} 14

Dy Ol 1S

Dig O 16

D43 g

74-Pin Flastic Miniflat
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Pin ldentivication
Symbol /O Signal Function Symbol 1/0 Signal Function
CPU Interface Pins MSG /O Messags.

Aghg In  Address bus, bits 0-2, Specifies direct access Combinations of these signals determine the SCS!
register to be accessed. bus phase.
[o1] In_ Chip Select, Enables internal register accessing. :AiG. E_fQ Y_ g:‘saimi
Dg-Di5 /O Data bus, bits 0«15, Function depends on bus 1 1 0 Data-in
mode. 1 0 1 Command
16-Bit Bus Mode 1 o] o) Status
Dy-D7 Lower 8 data bits 0 0 1 Message-out
Dg-Dys Uppsr 8 data bits, 0 0 0 Message In
8-Bit Bus Mode REQ /O Requests transfer of target information.
Do-D7 8 data bits RST /O Reset. When RST signal is detected, pPD72111
Dg-D1s5 High-impedance state » immediately releases SCSI bus, sets INT pin
- - active, and then enters idle state.
DMAAK In DMA Acknowledge. DMA service enable signal

Input. $By- IO SCSI data bus, bits 0-7.
DMARQ Out DMA Request, DMA setvice signal output.
DPH /O  Data Parity High. in 16-bit bus mode, parity bit for

5BP /O Parity bit for SGS1 data bus.

data bits Dg-Dys. In 8<bit bus mode, this pin SEL /O Indicates that the select/reselect operation is being
becomes high Impsdance. executed,

DPL /O Data Parity Low, Parity bit for data bits Dg-Dy. Other Pins

EOP Out End of Process. Open-drain output that terminates CLK In  External clock,

DMA service data transfer ) RESET  In System reset,

INT Out Interrupt Request. Open-drain output to GPU, GNDO - Ground 0 V).

[ORD In /O Read. Enables CPU to read contents of o
#PD72111 internal reglster, GND1 - Driverfreceiver ground (0 V).

IOWR  In  I/O Write. Enables CPU to write data to PD72111 Y00 In +5-volt power supply.
internal register ) Notes:

UBE In Upper Byte Enable, In 16-bit bus mode, Indicates (1) EBach SCSl Interface pin has an open-drain driver and a Schmitt
that upper 8 bits of data bus are valid; UBE and teceiver so that the sPD72111 can be directly connected to a
address Ag determine how internal register is single-end SCSI bus,
accessed, (2) After reset, the status of each output pin and each /O pinis
Ao UBE  Register Access high-impedance except:
0 0 16-bit units (Dp-Dys) DMARQ High level
0 1 8-bit units (Dg-Dy7) EQP High level
1 0 8-bit units (Dg-Dyg) INT Low lovel
1 1 Not allowsd

68 In  16-Bit Bus. Selects bus mode: 0 = 16.bit;
1 = B-bit.

SCSl Interface Pins

ACTK O  Acknowledge. Indicates that initiator has accepted
the target information transfer request.

ATN O Aitention. indicates that initiator Is requesting the
message-out phase,

BSY /O Busy. Indicates - that another SCSI device Is
currently using the bus.

[o/)o) O  Command/Data.
o /0 Input/Qutput.
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pPD72111 Block Diagram

SCS!Bus
Contro! Unit
Interrupt o
INT —mr] P Arh::‘auon > AT
Direct Access Selection || «—» BSY
_:> Registers Contral BsY
Main Control 1 e SEL
OMAAK ~——— — > alglcci[(1 o e
CS ——»] - Lt~ WS
iORD —>] @ Bus Phase Driver/ o
TOWR Controt  |{ | iver [ &
IOWR ——w] Read/Write Receiver
UBE ——» Controf | [« 0
168 ——»]
3 scst. | e ATN
Indirect Access t Transfer —
Ag-A2 Register Controt {1 > REQ
— Internal Transfer Transfer ||—i 0K
Conteol Counter ACK
8
Do -D7 <:> I S *
Bus Size
8 Converter <: -
0g-D15 <)
‘ FIFO Data SCSIFIFO <_—:
:’\‘/ Bufer Data Buffer
DPH ~t——pmi Parity 9 ﬁa
DPL ~«—- GeneratoriChecker CMD:MSG 5 S5
Decoder Driver/ S87,
Receiver sBp
DMARQ -—— DMA Request | _ Parity
EOP —t— Coniral Generator <:——
Check
CLK ——»
RESET ——»
Vpp ———»
GNDO
GND1
835L-59348
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internal Blocks
Name Description Name Description
SC8l bus Open-drain driver for a single-end SCSI1 bus Host patity Generates parity that will be attached to data
driver/receiver and a Schimitt-type receiver. generator/ output to CPU data bus; or checks parity
Arbitration/ Controls executlon sequence of arbitration, chacker attached to data read out from CPU data bus,
selection selection, and raselection phases; conslsts of a DMA request Generates DMA service request signal (DMARG)
control ) timing generator and a sequencer. control according to FIFO status; also controls termina-
Bus phase Outputs a slgnal that specitles bus phase type; ; tion of command operation by EOP signal.
control also monitors bus phase to detect a transition.

SCSI transfer
control

Controls data transter operation on the SCS!
bus in each data transfer phase: data-in, data-
out, status, message-in, and message-out.
Controls SCSI protocal according to REQ and
ACK signals,

Controls data transfer executionftermination
according to SCSI FIFO status.

Contains a 24-bit transfer counter that manages
the amount of transfer data on the SGSI bus.

SCSIFIFO data  Eight-bit, elght-stage asynchronous FIFO that

buffer adjusis difference between data transfer timing
of internal and external SCSI buses; also used
tor queuing received data for synchronous data
transfer.

Command/ Decodes received command and message;

message gerierates decoded signal that specifies the next

decoder ssquence,

SCS| parity Generates parity that will be attached to data

generator/ output to SCSI data bus; or checks patity

checker attached to data read out from SCSI data bus.

Main control Sequencer that controls microprogram,

operation of each block, and control sequencs,

Internal transfer
control

Controls data transter between SCS1 FIFO and
FIFO or between reglsters in the Indirect access
ragister block.

Controls 8-bit/16-bit conversion when host CPU
is st to 16-bit bus mode.

Direct access
registers

Comprises registers that can be direclly
accessed from host CPU, such as command
register, status register, etc.

Indirect access

Comprises registers that cannot be directly

registers accessed from host CPU, but that can be
accessed through the window In the direct
access register

FIFO data This 16-blt, eight-stage asynchronous FIFO

bufter increases usage rate of host bus. In 8-bit mode,
only the lower 8 bits are used; In 16-bit mode,
accessing in 8-bit units is not possible,

Interrupt control  Sets/resets Interrupt request signal.

Read/wtite Controls read/write operation of varlous Internal

control roglsters; also controls 8-bit accessing In 16-bit
mode,

Bus-size Converts bus slize according to bus mode.

converter
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Absolute Maximum Ratings
Ta = +26°C

Supply voltags, Vpp
Input voltage, V;

-06t0 +7.0V
-05toVpp + 08V
-0.5toVpp + 05V

~10 to +70°C

-65 to +150°C

Output voltage, Vo

Operating temperature, Topt

Storage temperature, TsTg

DC Characteristics
Tp = =10t0 +70°C; Vpp = +5.0V +10%

Parameter Symbol Min Max Unit Conditions
Lowlevel ViL1 0 08 V Otherthan CLK

Input
voltage ViLz 0 06 V CLK
High-leve! Vit 22 V  CPU bus
Input Vi 20 vV SCSlbus
voltage H2 =
) ViHs 389 vV ClK
Input Vi 02 V SCSibus
hysteresis )
Lowlevel VoL1 04 V gLt = 2.5 mA; CPU bus
output -
voltage Vo2 04 V lopz = 48,0 mA; SCSI bus
High-level Vor 24 V oy = —400 pA; GPU bus
output
voltage
Lowlevel it -0 pA V= 0V;CPUbus
Input _
leakage ILLe -1.0 mA V| = 0V;SCSIbus
current
High-level ILIH1 10 A Vy = Vpp; CPU bus
Input i
leakage ILIH2 04 mA Vj= Vgp; SGSI bus
current
Low-level oL -10 A V;=0V;CPUbus
output
leakage
current
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DC Characteristics (cont)

Parameter Symbol Min Max Unit Conditions

* T-52-33-27

AC Characteristics; CPU Bus Interface
Ta = ~1010 +70°C; Vpp = +5.0 V £10%; see figure 1 for timing
measurement voltage thresholds

Ziig';g:?vel Lont 10 #A Vo = Vppi CFU bus Parameter Symbo! Min Max Unit Conditions
leakage ! 025 mA Vg = Vpp; SCSI bus Ciock (figure 2)
current LOH2 0
CLK input cycle time 60 ns
Supply oo 100 mA At 16 MHz St _ fovk
curtent CLK input high-lsvel width ke 25 ns
CLK input low-level width kL 25 ns
Capacitance CLK input rise time tkn 10 ns
Ta = +25°C;Vpp = OV; f = 1 Mhz -
GLK Input fall time tkF 10 ns
item Symbo! Min Max Unit Conditions -
Input G 20 pF CPU bus; unmeasured Reset (tigure 3)
capacitance pins at O V. RESET low-level width tagpsL 16 tovK
Outpu't Co 20 pF CPU Bus Read (figure 4)
::apa:;;nance S p” = TS set time to [OAD . tscsp 20 ns
nput/output 101 p -
capacitance - CS hold time tircs O ns
Cioz2 100 pF  §CSI bus; unmeasured from TORD 1
Ins at 0 V. -
pres Address set time tsAR 20 ns
B P to [OHAD &
Figure 1. Voltage Thresholds for Timing Addiass had T 5 "
Measurements fr om'%sﬁs",r imo tHRA
DMAAK set times to JORD ¢ tspar 20 ns
22V o —— :
ntertans o ‘) DMAAK hold time from IORD © tyaps 0 ne
IORD low-level width thrL 80 ns
IORD 1 to data output torD 50 ns
delay time
SCSl bus 20V -
interface pins 08V ORD 1 to data float time ttrp O 50 ns
wseeoza|  JORD 1 to DMARQ 1 toADQ 80 ns
delay time )
CPU Bus Write (figure 5)
Figure 2. Clock Timing TS set time to IOWR L tscsw 20 ns
l G8 hold time from IOWR 1 thwes O ns
“ fovk Address set time to [OWR | tsaw 20 ns
| LKKH LKKL Address hald time tiwa O ns
from IOWR 1
CLK 39V DMAAK set time to TOWR | tspaw 20 ns
DMAAK hold time from tiwoa © ns
tkR IOWR t )
oIeL-c045A TOWH low-level width tywL 80 ns
Data set time to [OWR 1 tspw 20 ns
Data hold time from IOWR Tt  iywp O ns
Figure 3 RESET Waveform TOWR 1 to DMARQ t towba 80 ns
delay time
FEsET / Other CPU Bus (figure 6)
S TOWR 1 to [ORD | taww 80 ns
or IOWR 1 recovery time

I IRSASL s

GISL-EI49A

6-75



N E C ELECTRONICS INC

pPD72111

i0E D

M L427525 0028074 2 MM

NEC

AC Characteristics; CPU Bus Interface (cont)

 T-52-33-27

Parameter Symbol Min Max Unit Conditions Parameter Symbol Min Max Unit Conditions
{OFD 1 to IORD L or OWR ¢ tvpn 80 ns SEL 1 to ATN output tosiar 2 toyk
tecovery time delay time
{ORD 1 to EOP { delay time  tprep 40 ns BSY 1 to BSY { output tpgyeys 10 tovk
[OWR f to EOP } delay time  tpwep 40 ns delay time
TORAD 1 fo INT | delay time tort 40 ns ID hold time from BSY ¢ trevioz 0 ns
OWR 110 INT { delay time towy 40 s ? hold time from BSY | tavsLe 0 ns
- - EL 1 to BSY 1 output tpsLey toyk
INT low-level width ‘lm_ 2 tCYK delay time
Reselection as target (figure 11)
AC Characterlstics; SCSI Bus Interface SECT1o D outputdelay time  togune 20 toyk
Ta = =10t0 +70°C; Vpp = +5.0 V £10%; see figure 1 for timing ool
measurement voltage thresholds tiEnLev to target output delay tosira 0 ns
Parameter Symbol Min Max Unit Conditlons D output to 1/0 output delay oo 0 e
Arbiteation (figure 7) tlme
Bus free detection to topeay 14 toyK 1/O input to BSY 1 output delay  tpiogy 2 toyK
BSY response time time
BSY { to ID output tosyip O ns - BSY1to BSY | input valid delay toaypys 8 toyk
delay time time
BSY Lto SEL L tpaysL 36 fovk BSY | to SEL t outputdelay  tpgysie 2 toyK
delay time time
Salection as initiator (figure 8) Reception as initiator in asynchronous mode; data-in,
BT 1 1o 1D output tosuD 20 oYK status, and message-in phases (figure 12)
delay time SEL 1 to phase Input valld delay tpgipn1 0 ns
BET 4 to AOR, ATN sk 2 tovk time :
output delay time 1/0 | to data float delay time tropt O ns
ACK, ATN output to fpakey 2 toyk Phase set time to REQ § tspHRQ1 400 ns
g 1 del%y;lma Data set time to REQ L tspra1 5 ns
1o BSY } toevev1 8 tovk REQG | to ACR
input valid delay time ;‘5‘ o V10 AGR [ outputdelay  topaaxt 0 ne
BSY | to SEL T toevsLt 2 tovk i TR
output delay time Data hold time from ACK { takpt © ns
REQ hold time from ACK 0 ns
Selection as targef (figure 9) HEG 710 AR 1 out tdﬁ tAKRat ]
Q 1 to ACK 1 autput dela: QAK2
BSY hold time from SEL tysien O ns time P v lom fovx
iD set time from BSY 1 tgipey O ns Phase hold time from ACR T -~ tnaxprt © ns
BSY 1 to BSY { output delay time togygya 10 tovk Transfer as target in asynchronous mode; data-in,
ID held time trom BSY L tyevio1 O ns status, and message-in phases (figure 13)
SEL hold time from BSY { tHeysLt O ns SEL 1 to phase output delay  tpgipHz 2 tovk
ATN set time to SEL 1 tsarsL O ns time :
TEL 1 to target output tosra 2 vk 1/0 { to data output delay time  tpiopy 0 ns
delay time Phase set time to REQ 4 tspHRQz 500 ns
Reseloction as initiator (figure 10} Data hald time to REQ § tspraz 55 ns
BSY hold time from SEL | tysLaye O ns ZEF li 0 ACK { Input valid toraaks 0 ns
elay time
ID set time to BSY t tsipay O ns = Ky“ == P ;
- CK | to REQ 1 output dela
1/0 set time to BSY 1 tsiosy 0 ns time Toutp Y Toakrat tovk
Data hold time from ACK { tyakoz O ns

6-76




N E C ELECTRONICS INC

NEC

30E D

AC Characteristics; SCS! Bus Interface (cont)

M 427525 0028075 4 mE

pPD72111
v T-52-33-27

Parameter Symbol Min Max Unit Conditions Parameter Symbol Min Max Unit Conditlons
ACK hold time from REQ 1 tHroAK1 O ns Phase hold time flom ACK+  tyaupps O ns
ACK 110 REQ { output délay  tpagpaa 1 tovk Transfer as target in synchronous mods; data-in phase
time ) (figure 17)
Phase hold time fom ACKT  thaxpH2 1 fovk SEL 1 to phase outputdelay  tpgipps 2 tovk
Transfor as initiator in asynchronous mode; data-out, time
command, and message-in phases (figure 14) /0 | to data output delay time  tnhiopg 0 ns
SEL 1 to phase input delay time tpgipHg O ns Phase set time to REQ | tsprrqs 500 ns
1/0 1t to data output delay time thiop2 O ns Data set time fo REQ | tspras 55 ns
Phage set time to REQ tsPHRQa 400 ns Data hold time from REG | tHRaps 125 ns
Data set time to ACK | tspaki 55 ns REQ output low-leve] width tharaLe 2 tovk
REQ { to ACK | output delay  tppaaks 1 tovk ACK input lovrlevel width takakLe 50 ns
time ACK1to ACK | racovery time  tquaiy 2 toyk
Data held time from REQ ¢ tHraoy O ns Phass hold time fom ACR 1 Yracerss 1 tovk
REQ hold time from ACK ¢ HakRaz O i Transfor as initiator in synchronous mode; data-ont
fE(z Tto ACK T outputdelay  tppoaks 1 tovk phase (figurs 18)
Phase hold fma from FOR T e 0 - ﬁ::-ll.eT to phase input valid delay tpg pry 0 ns
Reception as target in asynchronous mode; data-out, /0 { to data output delay time  tpiops O ns
command, and message-out phases (figure 15) Pase set time to REG | \spHRay 400 -
EET to phase outputdelay  tpgipps 2 tovk Data set time to ACK | tspaks 55 ns
1/0 1 to data float delay time teiop2 O ns Data hold time from ACK | takog 126 ns
Phase set {ims to FEQ | tsrHAa 500 e BEQ input low-level width tharaLs 50 ns
Data set time to ACK { tspake 6 ns REQ 1 to REQ | recovery time  tavcz 2 tovi
REQ | to ACK | Input valld torQAKs O e ACK output low-level width tAKAKLS 2 tovk
delay time Phase hold time from ACK takpHz O ns
ACK L to HEQ t output delay  tpakraa 1 tovk Reception as target in synchronous mode; data-out
time phase (figure 19)
Data hold time from REQ t tHrap2 0 ns SEL to phase outputdelay  tpgpug 2 tovK
ACR hold tims from REQ t tHRQAK2 55 ns time
ACK hold time from REQ t tiRoAKa 55 ns 1/0  to data float delay time triops O ns
ACR1to REQ { outputdelay  tphakpas 1 tovk Phase set time to AEQ tspHRQs 500 ns
time Data set time to ACK § tspAks B ns
Phase hold time fom ACK 1 tyakpug 1 fovk Data hold time from DAK J tHakos ns
Recsption as initiator in synchronous mode; data-in REQ output fow-level width thoraLe 2 tovk
Phass (tigure 16) ACK Input low-level width tAKAKL4 50 ns
SEL 1 to phase Input delay time tpg pys 0 ns AOR 1 to ACK { recovery time o 125 e
ot dat.a float delay time triops O ns Phase hold time fom ACR T twarers 1 tovk
Phase set time to FYEG 1) tspHRQs 400 ns Arbitration; bus free (figure 20)
Data set time to REQ | tsbras 5 ns

§EL | to ID float delay time tesup Agygns
Data hold time from REQ | tiraps & ns +50
REQUnputlowloval width _ tagror1 80 ns Selection/reselection; bus free (figure 21)
REQ 1 to REQ Y recovery time  tavaat 2 tovk ID float to SEL 1 dslay time tost. 9200  toyk
ACR output low-ievel width takakLy 2 tovk

SEL 1 to control float delay fime tzg cr. 0

ns
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Figure 4. CPU Bus Read
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tscsr l— LHRCS
N
—
Ap-A2 K
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tSAR—> tHRA
tRAL
p ‘
IORD -~
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tpAD tFRO
Hi-Z £ k Hi-Z
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49T8-4488
Figure 5. CPU Bus Write
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. X
X X
Ag-Ag X :x
K A
tSAW—> tHWA
twwi
N ' 4
iOWR N /
N A
le— tSDW —>] tHWD
Hi-z 4 b Hi-Z
DpDYs = = = = = - = ——.-g _ o — —
tsSpAW tHWDA
DMAAK \ /
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DMARQ \ !:
. 4378-4498

6-78



N E ¢ ELECTRONICS INC J0E D MR Lu427525 0028077 6 W

. |
NEQ pPD72111

T-52-33-27

.

Figure 6. Other CPU Bus Timing
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i«— IRVW. <«—RVR—>

w=_J N

! tHvw

. . !
" \_/ =P j\_/—
te——tDWi—> i<—=DWEP

R A —_—
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INT / Eop
. X
r—tonl —— ti ' !«——'0REP-——>

CAD _\_/ ioFD U

Figure 7. SCSI Bus; Arbitration
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Figure 8. SCSI Bus; Selection as Iritiator
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y
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. I r
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Figure 8. SCSI Bus; Selection as Target
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Figure 10. SCSI Bus; Reselection as Initiator

<—tpayBYa—> tosLBY
— ] L—
BSY / ‘—\ /
tHsLBY2 tHBYSL2
. - A
SEL \ /
-
g\E—lsmm{» <~ tHBYID2—>]
— Hi-Z 3 Hi-Z
SBgSB7 —= = = = = = - ID —_—f— - - = =
e
tDSLAT
Hi-Z S
AN — = o — — = - — - ~
e
tsioBy
- Hi-Z
[e QI
X
49T8-4538
Figure 11. SCSI Bus; Reselection as Target
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Figure 12. SCSI Bus; Reception as Initiator
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Figure 13. SCSI Bus; Transfer as Target
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Figure 14. SCSI Bus; Transfer as Initiator in Async Mode

4

SEL /

Hi-Z

SBy-SB7 ——

tDSLPH3

tHRQD1 |<—>

A

-~~~

K

X

<«— tDIOD2—>

<«— L SDAK! —

To /]

A

X

N

tSPHRQ3 tHAKPH3

E_ID_, Xf )K

MSG X v,

tDROAK4 tDROAKS
—_— £
REQ
\ /
tHAKRQ2
_— —
ACK \ /
‘ 49TE-4578

Figure 15, SCSI Bus; Reception as Target in Async Mode
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Figure 17. SCSI Bus; Transfer as Target in Sync Mode
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Figure 18. SCSI Bus; Transfer as Initiator in Sync Mode
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Figure 19. SCS| Bus; Reception as Target in Sync Mode
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Figure 20. 8CSI Bus; Arbitration, Bus Free
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Figure 21. SCSI Bus; Selection/Reselection, Bus Free
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ATNor ACK output by initiator, or E’O. ED. MSG, or REQ output by target.

4973.4348

DIRECT ACCESS REGISTERS

Table 1 lists the 10 internal reglsters that can be directly
accessed from the host CPU. The register address is
specified by pins Ax-Ag.

Table 1. Direct Access Registers

Address Ajx-Ag RIW Symbol Reglster Name

000 RW DFL Data FIFO

001 RW DFH

010 R CSsT Controller status

o RW ADR Address

100 RW WIN1 Window

101 AW WIN2

110 R P Terminated phase
w DID Destlnation ID

6-86

Table 1. Direct Access Registers {conl)

Address Ay-Ag RW Symbol Reglster Name
i1 R IST Interrupt status
w CMD Command

Data FIFO Register

The 16-bit data FIFO register (figure 22) is used to write
or read data (including command, status, and message
data) accessed through the SCSI bus.

In the 8-bit mode, only the lower 8-bit DFL register at
address OH Is used. The contents of the upper 8-bit DFH
register at address 1H are fixed to 00H.

In the 16-bit mode, the register is accessed to/from
address OH with signals Ag = 0 and UBE = 0. When data
is sent to the SCS| data bus, the DFL contents are outpuf
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first, followed by the DFH contents. When data is sent,
the first byte fills DFL and the second byte fills DFH,

The data FIFO register empties when a RESET signal is
input, the CHIP RESET command is executed, or the
CLEAR FIFO command is executed,

Figure 22. DFL and DFH Registers

18-Bit Mode
DFH

oH | o5 [ D14 [p13] o2 | ot [ Do | o | ps |
, DFL

| b7 | ps [ ps | 4 | b3 [ D2 [ bt [ oo |

8-Bit Mode
DFL

oH | o7 [ os [ s [ o4 [ pa 2| ot [ oo

Controller Status Register

The 8-bit CST register (figure 23) indicates the operating
condition of the pPD72111. This is a read-only register;
data written to CST becomes invalld.

The value of the CST reglster becomes 82H when a
RESET signal is Input or the CHIP RESET command is
executed.

Address Register

When accessing an Indirect access register, the address
should be set to the 8-bit ADR register and the window
register (WIN1, WIN2) accessed. Bit 7 of ADR (figure 24)
specifies the mode and bits 5-0 specify the address of the
Indirect access register.

In the auto-increment mode, each access automatically
Increments the contents of the lower 6 bits of ADR (+1
for the 8-blt bus mode, +2 for the 16-bit bus mode).

The ADR reqister is reset to 00H by a RESET signal or by
execution of the CHIP RESET command.

T-p2-33-27
Figure 23. CST Register :

7 DFH 0
2H | cesY |INTRQ] csT1 [ csTo [ ATNG | FruL [ Femp| ora |

CBSsY pPD72111 Command Execution Status

0 ldle (walting for a command or exacuting a type
A command

1 Busy (executing type B or G command)

INTRQ CPU Interrupt Request

Q Not generated

1 Generated

CST1,CST0  pPD72111 Operating Condition

0 0 Disconnected state

0 1 Initlater state

1 0 Target state

ATNC ATN PIn Status

0 Inactive(high level)

1 Active (low levei)

FFUL, FEMP  FIFO State

0 0 Nelther full nor empty

0 1 Empty

1 0 Full

DRQ DFL/DFH Reglster

0 : Accessing DFL/DFH Is disabled

1 Writing to or reading from DFL/DFH is requested

Figure 24. ADR Register

7 Read/Write 0
34 |AING| o |ADR5|ADR4|ADR3|ADR2|ADR1[ADFﬂ

AINC  Mode for Accessing an Indirect Access Register

0 Normal mode (address in not automatically updated
1 Auta-Increment mode (address Is autematically updated)

ADRS-ADRO  Indirect Access Register Address
000000 00H .

111.111 8FH

Window Register

The window register (figure 25) comprises two 8-bit
registers used as a window for accessing the indirect
access registers. With the uPD72111 in the 8-bit mode,
WIN1 and WIN2 are accessed to/from addresses 4H and
&H, respectively.
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In the 16-bit mode, WIN1 and WIN2 function as one 16-bit
register accessed to/from address 4H. WIN1 and WIN2
hold the least- and most-significant bytes of the word,
respectively. According to the settings of signals A and
UBE, either or both registers can be accessed.

Ay UBE Address Register Accessed
0 0 4H WINT1, WIN2

0o 1 4H WIN{

i 0 5H WIN2

Figure 25. WIN1 and WIN2 Registers

18-Bit Mode
WIN2
ai [pis [ot4 [ D13 [ p12 [ o141 [ oo | pe | s |
, WINT
[o7 [ ps [ s [ ps [ pa|p2]ot] o]

8-Blt Mode
WIN1

aH [ o7 [ o6 [ ps [ pa [ D3 [ b2 [ ot | po |
WIN2
5H|D7'D6!DS|D4|DS[DZ|D1IDOl

Terminated Phase Register

The 8-bit TP register (figure 26) Indicates the phase
executed when a command execution is terminated.

The TP register is resot to 00H by a RESET signal or by
execution of the CHIP RESET command.
Destination ID Reglster

Bits 2-0 of the DID register (figure 27) set the ID of the
target to be selected or the initlator to be reselected. Bit
7 of DID can be set to mask the interrupt request signal
(INT). The INTRQ bit of the CST register (figure 23)
indicates whether the INT signal was generated or not.

Zeros must be written to bits 6-3 of the DID reglster.

6-88

T252-33-27
Figure 26. TP Register

7 ) Read Only 0
64 | Tz [ Tre | TP | TPa | TPa | TR2 | TPt | TPO |

TP7-TP0  Command  Executlon Phase
0000 0001 SCSIRESET  SCSlreset

0001 0001 SELECT Arbitration

0001 0010 Target selection )

0010 0001 TRANSFER Information transfer

0011 0001 AUTO Arbitration

ot1 oot INTIATOR T cetselection

0011 0011 Identify message transmit
0011 0100 Command transmit

0011 0101 Data transmit/receive
0011 0110 Status receive

0011 0111 Command complete message receive
0100 0001 RESELECT Arbitration

0100 0010 Initiator reselection

0101 0001 RECEIVE Information recslve

0110 0001 SEND Information transmit
0111 0001 AUTO Selected walting

0111 0010 TARGET Identify message receive
0111 0011 Command recslve

1000 0001 RE-REGEIVE  Arbitration

1000 0010 Initlator resslection

1000 0011 Identify message transmit
1000 0100 Data receive

1001 0001 RE-SEND Arbitration

1001 0010 Initlator reselection

1001 0011 ldentify message transmit
1001 0100 Data transmit

Figure 27. DID Register

7 Write Only 0
g4 [INM| o | o | o | o |pinz| w1 Do

INTM Interrupt Roquest Signal Mask Function

0 Does not mask Interrupt request (INT signal is output
when Interrupt is generated
1 Masks Intertupt request (INT signal Is not cutput even if

interrupt request Is generated
DiD2-DIDO Setting ID of SCSI Device To Be Selected
000 0

111 7

30E D WM LY27525 002808L 9 W
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Interrupt Status Register

The read-only I1ST register (figure 28) indicates the cause
of the interrupt request. If the current contents of IST are
not read out, they are retained and IST is not updated for
new interrupt generation.

Similarly, if the previous contents were not read out, I1ST
would not have been dated for the current interrupt;
however, the current interrupt data would be retained
elsewhere ifiternally.

Bit 7 of the IST register Indicates the group of the
Interrupt request generation source. The contents of bits
6-0 depend on the value of bit 7.

The IST register Is reset to 00H by a RESET signal or by
execution of the CHIP RESET command.

Command Register

The 8-hit GMD register (figure 29) is used by the CPU to
write commands to the pPD72111. Commands are de-
scribed later in table 3.

INDIRECT ACCESS REGISTERS

The 27 registers listed Intable 2 can be directly accessed
by the CPU through a window In a direct access register.
The register address is specified by the lower 6 bits of the
ADR register (figure 24).

Table 2. Indirect Access Registers

Address RAW Symbol Reglster Neme

00H R TST Tatget status

[ R 8BST 8CSI bus status

02H R SiD Seurce ID

03H RW MSG Message

04H thru RW CDB0O Command descriptor block

OFH thru CDB11

10H RW  TMOD  Transfer mode

11H R CTCL  Current counter {(lower 8 tits)
w BTCL  Base counter (lower 8 blts)

12H R CTGM  Current counter (middle 8 bits)
w BTCM  Base counter (middle 8 bits)

18H R CTCH  Current counter (uppsr 8 bits)
w

BTCH  Base counter (upper 8 bits)
14H thru 1FH Reserved

20H RW BFTOUT Bus free timeout

21H RW SRTOUT Selectlon/reselection timeout

22H RW RATOUT REG/ACK handshake timeout
B3H RW  CDBL  Command descriptor block length

Tablke 2. Indirect Access Registers (cont)

¥1-52-33-27

Address R/W  Symbol Reglster Name

24H RAW MOD Mode
25H RW FID  Physical D
26H thru 3FH Reserved

R = Read only; W = Write only; R/W = Read/Write
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Figure 28. IST Register

T-52-33-27
Figure 29. CMD Register

Write Only 0
H | sl | 1sts | 1875 | 1574 | 1578 | 1s72 | 1sT1 | 1870 |

SRl Interrupt Request Type

7 Write Only
74 |cMo7 |cMps]omos] oMo4| cMpa]cMp2] cmpt IGMDOI

0 l(r:;n:quap;tt:gti:::‘!igslﬁe;ibg}(t)command termination Tar get Status Re gi ster

1 'g:,edwp‘ request caused by service request Issued to The TST register (figure 30) stores the status byte of the
target received in the status phase during execution of

SRl ISTE-1STO Interrupt Request Generatlon Source . the AUTO INITIATOR command.

0 000 AT 000 Command rormal termination

0 000 AT 001 Command break Figure 30. TST Register

0 001 AT 000 Invalid command 7 Read Only 0

0 010 AT 000 FIFO overrunfunderrun 00H | ST

0 010 AT 001 Synchronous offset error

0 010 AT 010 SCS! bus parity error

0 010 AT 011 GPU bus parity error SCSI Bus Status Register

O 010 AT 100 Busfree time-outerfor The SBST register (figure 31) indicates the status of each

0 010 AT 101 Selectlon/reselection timeout error signal on the SCSI contro! bus.

0 010 AT 110 REQ/ACK timeout etror

0 011 0 000 Data-out phase error Figure 31. SBST Register

0 011 0 001 Dataln phase error 7 Read Only

0 011 0 010 Command phase error 01H l BSY | SEL | REQ I ACK | ATN I Msa l 6P | "oj

0 011 0 011 Status phase erfor Status of Each Pln

0 011 0 110 Message-out phase error 0 Inactive (high level)

0 014 0 111 MessageIn phase error 1 Active(low level)

0 100 AT 000 Unsupported SCS! command group

1 000 0 000 Resst Source ID Register

000 O 001 SCSresetcondition occurred

001 0 000 Disconnected

001 0 001 Reselected

001 AT 010 Selected

010 0 000 Data-out phase started

010 0 00t Datain phase started

010 0 010 Gommand phase started

010 0 011 Status phase started
0
[

010
010 111 Message-in phase started
1 100 AT 000 Message recelved

AT bitls valid In target mode only. it shows whether attention condition
has occurred (AT = 1) or not (AT = 0).

110 Messags-out phase started

[ e e e I I I T

6-90

The read-only SID register (figure 32) stores the ID of the
last SCSI device that selected the uPD72111, Bits 6-3 are
always read out as zeros.

Figure 32. SID Register

7 Read Only 0
o2H [SR]| o | o | o | o |siz2]sii]sio]

SR uPD72111 Select/Reselect Operation

0 Has neither been selected nor reselected (contents of
S1D2-8ID0 are Invalid)

1 Has been selected or reselected (contents of SID2-S1D0
are valid)

SID2- ID No. of Last SCDI Device That Selected uPD72111
siDo .

000

0
11 7
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Message Register

The MSG register (figure 33) sets transmit messages or
stores recelve messages when the uPD72111 [s transmit-
ting or receiving.

‘T—5'2—33—27

Figure 35. TMOD Register

7 Read/Writé ' 0
1oH [syn|TPo2[TPDI [TPDO| 0 [ToF2|T0F1] TOFO]

SYNC  Data Transfer Mode
Figure 33. MSG Register 0 Asynchronous mode
7 Read/Write 0 1 Synchronous mode
oaH | MSG | TPoz
TPDO  Cycles tor Sync Mode Transfer Rate (at 16 MH2)
000 16 clock cycles 1.00 Mbytes/s
001
Command Descriptor Block
010 4 clock cycles 4,00 Mbytes/s
The 1? CDB registers (flgure 34) set/store the command 577 g olock cyces 267 Moytes/s
descriptor blocks of SCSI commands. -
i0Q 8 clack cycles 2.00 Mbytes/s
Figure 34. CDB Registers 101 10 clock cycles 1.60 Mbytes/s
7 Read/Wilte o 110 12 clock cycles 1.33 Mbytes/s
H P, 111 14 clock cycles 1,14 Mbytes/s
o4 TOF2-
05H ~ CDBOt TOF0  REQ, ACK Pulse Offset Value for Sync Mode
06H CDBo2 oo0o 1
o7H CDBO3 111 8
08H CDB03 . .
Figure 36. CTC Register
0SH CDBo4
0AH CDBO8 7 Read Only 0
OBH GDBOY 11H CTCL
OCH CDBos 12H CTeM
0DH CDBO9 13K GicH
OEH cDB10
OFH coait Base Counter

Transfer Mode Register

The TMOD register (figure 35) sets the mode for data
transfer. Zero must be written to bit 3.

Current Counter

The 24-bit CTC register (figure 36) counts the number of
data bytes transferred In the information transfer phase.
This Is a read-only register; data cannot be written to it.

During executlon of an informatian transfer command,
the CTC counter is loaded with the values in the BTC
base counter. The values loaded from BTC to CTC are
controlled by count select bits C1 and CO of the com-
mand cade (table 5).

The 24-bit BTC register (figure 37) sets the number of
data transfer bytes to be loaded Into the CTC current
counter. This Is a write-only register; the contents cannot
be read out. The count values written to BTC are con-
trolled by count select bits C1 and CO of the command
code. (table 5).

Bus Free Timeout Reglstér

The BFTOUT register (figure 38) sets the bus free time-
out. If OOH is written to this register, the timeout detection
function will not operate.
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Figure 37. BTC Register

7 Write Only 0
11H 8TCL
12H BTCM
13H BTCH

BTCH BTCM BTCL Number of Data Transfer Bytes

00H 00H O0H Q

00H 00H FFH 255
00H 01H QoH 256
00H FFH FFH 65,535
0tH 00H O0H 65,536
FFH FFH FFH 18,777,216

Figure 38. BFTOUT Register

7 Read/Wiite 0

204 | BFTOUT B

BFTOUT Bus Free Timeout (at 16 MHz)

T-52-33-27
REG/ACK Handshake Timeout Register

The RATOUT register (figure 40) sets the timeout for
handshake operation of REQ and ACK signals during
information transfer. If 00H is written to this register, the
timeout detection function will not operate.

Figure 40. RATOUT Register

7 Read/Wrlte ) 0
24 | RATOUT

RATOUT  REG/ACK Timeout (at 16 MHz)

00H No timeout detection Is performed
o1H 128 ps
FFH 32,640 ps-

Command Descriptor Block Length Register

The CDBL register (figure 41) sets parameters for the
group 6 and group 7 SCSI commands (vendor unique) of
the SC8I specifications by using the AUTOINITIATOR
command and the AUTO TARGET command.

Figure 41. CDBL Register

00H No timeout detectlon Is performed 7 Read/Wilte 0
0iH 8.192 ms 28 | w78 | oLz2 | owri | curo | cLes|cLez [ oLet [ cLeo]
FFH 2088.928 ms

CL73-CL70 Group 7 SCSI Command; CDB Length

Selectlon/Reselection Timeout Register

The SRTOUT register (figure 39) sets the timeout for the
selection or resslection operation. If 00H Is written to this
reglster, the timeout detection function will not operate.

Figure 39. SRTOUT Register

0001 1 byte
1100 ) 12 bytes
1101 Does not support group 7 SCSI commands

{generates unsupported group cornmand error)

111

0000
7 Read/Write 0 ClezcLeo Group 6 SCSI Command; CDB Length
21 | SRTOUT |
0001 1 byte
SRTOUT Selectlon/Reselection Timeout (at 16 MHz) 1100 12 bytes
00H No timsout detectlon is performed 1101 Does not support group 6 SCS1 commands
otH 8.192 s : (generates unsupported group command error)
H H 1111
FFH 2088.928 ms 0000
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Mode Register

The MOD register (figure 42) sets the pPD72111 apera-
tion mode.

Figure 42. MOD Register

pPD72111
v T-52-33-27
Figure 43. PID Register
7 Read/Write 0

26H [FEN| o | o [ 0 | o |po2]| Poi | Pioo |

FEN  Controller Operation

7 Read/Write 0 o Does not operate as Initiator

244 [DMA | Hps | oHP [ DsP | NaM | siM [RAEN|SAEN| T Gporates as mitiator
PID2- uPD72111’s Own ID Number

DMA  Data Transfer Mode (in data-In/data-out phase) PIDO

0 Program 1/O mods 000 o]

1 DMA mode :

HPS DHP  CPU Bus Parlty 111 7

0 0 Odd parity .

0 Even parity COMMANDS

X 1° Disable parity

DSP  SCSI Bus Parity Descriptions

0 Enable (even parity only) The CPU controls the pPD72111 with the 16 commands

" Disablo parity descrll:fed in table 3. p_ommands are !fsted in groups
according to mode—initiator/target, initiator, and target.

NAM SIM Bus Arbltration Execution

0 x Arbitration mode Command Code

1 0 Non-arbitration mode (non-single-initiator mode) Table 4 gives the command code, status, and type for

1 1 Non-arbitration mode (single-initiator mode) each command.

RAEN Response (when reselected as initlator by target)
0 Does not respond
1 Responds

Command Bits. Symbols for command bits in table 4
are explained below. )

SAEN Response (when reselectod as target by initiator)
0 Does not respond

1 Responds

Physlcal ID Register

The PID register (figure 43) sets the uPD72111's own
physical ID on the SCSI system. Zeros must be written
to bits 6-3.

Symbol Function

C1,Co Count select bits

AT ATN signal status selection bit. (1 means
the initiator is requesting the message-out
phasse.)

MG, CD Transfer information specification bits

The function of count select bits C1 and CO is to specify
the value loaded to the current transfer counter. This can
reduce the overhead of maodifying the transfer counter.
See table 5.

Status. Table 4 specifies the status in effect when the
command is issued. Symbols are explained below.

Symbol Status

D Disconnect
| Initiator
T Target

Type. Table 4 classifies commands as type A, B, or C
according to the execution status’ defined under
"PD72111 Processing” below.
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Table 3. Command Functions

T-52-33-27

Mode Command Name Mnemonic Functlon
Initlater or Targst CHIP RESET CRST Resets uPD72111 using software.
BREAK BRK Discontinues command execution,
DISCONNECT DIS Releases SCS! bus,
CLEAR FIFO CLAF Clears FIFO
SCSI RESET SRST Resets SCSI bus.
Initiator SET ATN SETAT Sets ATN signal.
RESET AGK RSTAK Resets ACK signal.
SELECT SEL Selects a targst.
TRANSFER TFR Sends/receives data (in Initiator mods),
AUTO INITIATOR AIN Automatleally executes inltlator standard operatlon,
Target RESELECT RSEL Reselects initiator
RECEIVE REC Recelves data (in target moda),
SEND SND Sends data (in target mods).
AUTO TARGET ATG Autornatlcally executes target standard opsration.
RE-RECEIVE RREC Reselacts —» Continuous executlon of data-recelve operation (in target mods)
RE-SEND RSND Reselects — Continuous executlon of data-send operatlon {In targst mode)

Table 4. Command Codes

Table 5. Loading the Current Transfer Counter

Command Name Command Code Status Type C1 Co Load Operation Counting Range
CHIP RESET 0 000 0 0 0O DILT A 1 0 CICHM  «0000H 0 to 256 bytes In l-byte
BREAK 0 6000 00 041 DLT A Crot. — BTCL units

DISCONNEGT o0 0 00 0 0 1 0 D,,T A | 1  CICHML <+ 00000H Single-byte only
CLEAR FIFO 0 000 0 1 01 DILT A

SCSIRESET 0 000 1 0 0 0 b,,7 B  KPD72111 PROCESSING

SET ATN 0 000 0o 0 11 I A Processing by the uPD72111 is in either of two catego-
RISETACK 0 000 o0 1 00 |1 A fes '

SeLECT 0 001 A O 00 d B e Command processing initiated by a command from
TRANSFER Ci COO 1 0 0 10 1 B the CPU

AUTOINTIATOR C1 Co 0t AT 1 0 O D ¢ e Response processing executed by the SCSI bus sta-
RESELECT 06 010 0 0 0O D B tus transition :

RECEIVE C1COt1o0 1 MGCDO T B

SEND C1Co1a 1 MG CD 1 T B Command Processlng

AUTOTARGET 0 0 11 0 0 00 D G Command processing operations differ depending on
RERECEIVE C1C 11 1 0 00 D G  thecommand executed.

RE-SEND C1C0 11 10 01 D c

Table 5. Loading the Current Transfer Counter

Ct Co Load Operation Counting Range
0 0 CICHML < BTCHML Ota 16,776,960 bytes in
{-byte units
0 1 CTCHM « BTCHM 0to 16,776,960 bytes In
CTCL « 00H 256-byte units
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Type A Command. Except for CHIP RESET, the com-
mand is immediately executed. Then, a new command is
awaited.

CHIP RESET Command, The pPD72111 is immedi-
ately reset, after which an interrupt request is generated.

Type B and C Commands. The issued command Is
synchronized with the system clock and executed. After
the command Is executed, an interrupt is generated.
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Response Processing

When selected or reselected by another device, response
processing for the device is executed. If the bus status
changes during information transfer, the bus phase after
the transition is detected and reported. The uPD72111
generates an interrupt upon completing the response
processing.

HOST CPU PROCESSING

Processing by the host CPU for the pPD72111 Is in either
of two categories.

¢ Command issuance processing by request from the
CPU side. See figure 44.

o Interrupt processing generated when the operation
specified by the command is completed, or the SCSI
bus status changes. See figure 45.

Figure 44. Command Issuance Processing Flow

Figure 45. Interrupt Processing Flow
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Interrupt generation
from uPD72111.
Read IST register.

1s SRI bit set to 02

Execute processing according to
request indicated by 1ST register.

Execute processing according

1ST = 60H ar 01H to generated error.

Yes
To next processing.

49T8-492A

Initiation of command
issuance processing.

Is issued command
type A?

Read CST register.

Wait {othar processing
may be performed].

Yo teCaSY bitsetto 17

Mask intercupt request
and write data to be set
to register in advance.

Write comrﬁand to
CMD register,

Enable interrupt request.

To next processing.
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