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ORDERING INFORMATION ‘

Chipkits are designed to provide the design engineer with the material
necessary to prototype a new LSi-11 Bus interface. Each kit provides the DEC
chips used to implement either a program control (PC) or direct memory
access (DMA) interface. The DCK11-AC and DCK11-AD chipkits also provide
the W9512 wire wrappabie module and interface cable.

LSI-11 Bus Interface chips are sold in several packages depending upon the
customer application. A chipkit, as implemented in your custom design, will
consist of a combination of up to five different types of DEC-supplied
integrated circuits. During your prototyping process you may choose from
four types of chipkits. It is often easier to construct initial designs using the
chipkits than to build directly from chips. Later, when your design goes into
volume production, you may save money by implementing the design with
individuai chips, rather than with the chipkits.

Except where noted, these products are available from the Technical Volume
Group of Digital Equipment Corporation and authorized industrial
distributors.

The following tabie describes the chipkits:

Components
Modei Number Type DC003 DCO04 DCO0O5S DCO06 DCO10 W9512

DCKA11-AA PC 1 1 4

DCK11-AB DMA 1 1 4 2 1
DCK11-AC* PC 1 1 4 U
DCK11-AD* DMA 1 1 4 2 1 1

*These kits are available from DIGITAL's Accessories and Supplies Group
only.



The individual chip types used in the chipkits can also be purchased in tubes
of 18 chips. When purchased this way, volume discounts apply. These
discounts significantly reduce the price of production quantities.

The following table iists the chips and their functions:

Model Number
DC003-KA
DCO004-KA
DC005-KA
DCO006-KA

DCO010-KA

Function

Interrupt chip

Protocol chip

Transceiverfaddress decoder/vector seiect chip
Word count/bus address chip

DMA control chips

vi



INTRODUCTION

This Users Manual contains descriptions, specifications, and circuit diagrams
for the five integrated circuits available in CHIPKITS for use in LSI-11 bus
interfaces. The bus receiver and bus driver chips usually used with the LSI-11
are aiso covered, and the W9512 wire wrappable module included with the
designers kits is described.

DCK11-AC and AD CHIPKITS inciude LSi IC chips, a wire wrappable board,
and an interface cable.

The DCK11 series of proprietary LSI integrated circuits, developed by
DIGITAL for its own use, is now available to LSI-11 users. These ICs,
available in sets cailed CHIPKITS, make design of LSi-11 bus interfaces
easier than ever. The kits contain the ICs needed to build the foundation of
nearly any LSI-11 interface, and are available either with or without a DIGITAL
wire wrappable board and plug-in cabie.

The CHIPKITS minimize the chip count required to implement bus circuitry.
This permits the designer to build an interface foundation on the double-
height wire wrappable board provided, and still have ampie room left for his
special circuitry. The comparatively small chip count results in backpiane
space savings, increased system reliability, lower system cost, and a greater
opportunity for value to be added by the CHIPKIT customer to the finished
product.

The CHIPKITS in this program are:



DCK11-AC Designers Program Control Bus interface CHIPKIT, consisting

of:

1
1
4
1

1

DCOQ3 Interrupt Chip

DCO04 Protocol Chip

DCOOQ5 Transceiver/Address Decoder/Vector Select Chips
W9512 Double-height, extended-length, wire wrappable
module

BCO7D-10 ten-foot, 40-conductor plug-in cabie

DCK11-AA Program Control Bus interface CHIPKIT, consisting of the six
chips of the above DCK11-AC, but no rmodule or cable.

These kits are ideal for building the foundations of program controi bus inter-
faces to the LSI-11. They are functionally similar to DIGITAL's DRV11-P Bus
Foundation Module, an assembiled, ready-to-use option.

L

DCK11-AD  Designers DMA Bus Interface CHIPKIT, consisting of:

1

[Erprevy S -~

1

DCOO03 Interrupt Chip

DCO004 Protocoi Chip

DCO0O5 Transceiver/Address Decoder/Vector Select Chips
DC006 Word Count/Bus Address Chips

DC010 DMA Control Chip

W9512 Doubile-height, extended-iength, wire wrappabie
module

BCO7D-10 ten-foot, 40-conductor plug-in cable

DCK11-AB DMA Bus Interface CHIPKIT, consisting of the nine chips of the
above DCK11-AD, but no moduie or cable.

These kits are ideal for building the foundations of DMA bus interfaces to the
LSI-11. They are functionaily similar to DIGITAL's DRV1l B General Purpose
DMA Interface Module.
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Brief Specifications of CHIPKIT Integrated Circuits -

Absolute Maximum Ratings:
Supply Voitage (Vcc) +7V

Input Voltage (V1) +5.5vV
Operating Temp. (Ta) +32°F to +158°F (0°C to +70°C)
Storage Temp. (Ts) -149°F to +302°F {-65°C to +150°C)

Recommended Operating Conditions:
Supply Volitage (Vec) 4,75V (Min.) 5.0V (Norm), 5.25V (Max)
Supply Current (Vec) DCO03: 140 mA (Max)

DC004, DCO05: 120 mA (Max)

DCOO06: 170 mA (Max)

DCO1Q: 160 mA (Max)

Free Air Temperature +32°F to 4+-158°F (0°C to 4+-70°C)

Relative Hurmidity 10% to 95%, non-condensing

Physical Dimensions:

DC003, 18-pin 0.3” center DEC 19-12730-00

DC004, 20-pin 0.3” center DEC 19-12729-00

DCO05, 20-pin 0.3” center DEC 19-13040-00

DC0O06, 20-pin 0.3 center DEC 19-14035-00

DCO10, 20-pin 0.3” center DEC 19-14038-00

W9512 Wire Double height, extended length, single width.
Wrappable Module

BCO70D-1Q Cable 10’, 40-conductor ribbon cable, with 40-pin (female)

mating connector (H856) installed on one end oniy;
prestripped on other end.

Detailed specifications, circuit diagrams, pin/signal descriptions, and timing
diagrams for each IC follow in this Users Manual.



DC003 Interrupt Logic (DEC #19-12730-00)

The interrupt chip is an 18-pin, 0.762 cm center X2.349 cm long {max) .
(0.3 in center X 0.925 in long) dual-in-line-package (DIP) device that

provides the circuits to perform an interrupt transaction in a computer

system that uses a daisy-chain type of arbitration scheme. The device is

used in peripheral interfaces to provide two interrupt channeis labeled

“A" and “‘B,”" with the A section at a higher priority than the B section.

Bus signals use high-impedance input circuits or high current open-col-

lector outputs, which allow the device to directly attach to the computer

system bus. Maximum current required from the V¢ supply is 140 mA.

Figure 1 is a simplified logic diagram of the DCOQ3 IC. Figure 2 shows
the test conditions used to derive the data presented in the Electrical
Characteristics. Figure 3 shows the timing for the ‘A’ interrupt section
while Figure 4 shows the timing for both A’ and "B’ interrupt sections.
Table 1 describes the signals and pins of the DCO03 by pin and signal

name.
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Figure 1 DCOO3 Simplified Logic Diagram




Tabie 1 DCOO03 Pin/Signal Descriptions

. . Spec L.
Pin Signai G?oup Description

—_—

VECTOR H | Interrupt Vector Gating. This signal should
be used to gate the appropriate vector ad-
dress onto the bus and to form the bus
signal called BRPLY L. ' ‘

2 VECRQSTB H ! Vector Request '‘B.” When asserted, in-
dicates RQST B’ service vector address
is required. When unasserted, indicates
RQST '"'A’ service vector address is re-
quired. VECTOR H is the gating signai for
the entire vector address; VECRQSTBH
‘3 normally bit 2 of the vector address.

3 BDIN L Il Bus Data in. This signal, generated by the
processor BDIN, always precedes a BIAK
signal.

4 INITO L I* Initialize Out. This is the buffered BINIT L
signal used in the device interface for general
initialization.

5 BINIT L 1 Bus Initialize. When asserted, this signal

brings all driven lines to their unasserted state
(sxcept INITO L)

6 BIAKO L " Bus Interrupt Acknowledge (Out). This
: - signal is the daisy-chained signal that is
passed by ail devicas not requesting inter-
rupt service (see BIAKI L). Once passed
by a device, it must remain passed until a
new BIAKI L is generated.

7 BIAKI L n Bus Interrupt Acknowledge (in). This signal is
the processor's response to BIRQ L true. This
signal is daisy-chained such that the first
requesting device blocks the signai propa-
gation while non-requesting devices pass the
signal on as BIAKO L to the next device in the
chain. The leading edge of BIAKI L causes
BIRQ L to be unasserted by the requesting
device.

*Open collector with 1K ohm pullup resistor



Table | DCDO3 Pin/Signal Descriptions (Cont)

Pin

Spec

Signal Group

Description i

8

10
17

11
16

12
15

13
14

BIRQ L

RQSTB H
RQSTA H

ENBST H
ENAST H

ENBDATA H
ENADATA H

ENBCLK H
ENACLK H

Bus Interrupt Request. This signal is gen-
erated when this device needs to inter-
rupt the processor. The request is gen-
erated by a false to true transition of the
RQST signal along with the associated
true interrupt enable signal. The request
is removed after the acceptance of the
BDIN L signal and on the leading edge of
the BIAKI L signal or the removal of the
associated interrupt enable or the removal
of the associated request signal.

Device Interrupt Request. When asserted
with the enable flip-flop set, will cause the
assertion of BIRQ L on the bus. This
signal fine normally remains asserted until
the request is serviced.

Interrupt Enable Status. This signal indi-
cates the state of the interrupt enable
internal flip-fiop which is controtled by the
signal ENX (where X is either A or B)
DATA H and the ENX (where X is either
A or B) CLK H clock line.

interrupt Enable Data. The level on this
line, in conjunction with the ENX (where
X is either A or B) CLK H signal, deter-
mines the state of the internal interrupt
enabie flip-flop. The output of this flip-
flop is monitored by the ENX (where X is
either A or B) ST H signal

interrupt Enable Clock. When asserted (on
the positive edge), interrupt enabie flip-
flop assumes the state of the ENX (where
X is either A or B) DATA H signal line.




Specifications

DC003 Electrical Characteristics

DC003 TTL (Non-Bus) !Interface

(Specification Group | — TTL Input and Output Pins)

Parameter Requirements

Name Symbol Conditions” Min Max  Unit
High-tevel input Vin (See Fig. 2A, 2B) 2.0 \
voltage
Low-levei input Vie (See Fig. 2A, 2B) 0.8 v
voltage
Input clamp voit- Vi Vee = 475V -1.2 Vv
age I = =18 mA

(See Fig. 2C)
High-level output Von Vee = 4.75V 2.7 v
voltage lo==1mA

(See Fig. 2A)
Low-level output Vou Vee = 4.75 V 0.5 v
voltage lo =20 mA

(See Fig. 2B)
Input current: at I Vee = 5.25V 1 mA
maximum input Vi=55V
voitage (See Fig. 2D)
High-level input him Vee = 5.25V 50 uA
current ) Vi=27Vt?

(See Fig. 2D)
Low-level input im Vee = 5.25V -0.55 mA
current Vi=0.5 Vi

(See Fig. 2E)
Short-circuit out-  los Veo= 5.25 V§l|  —40 -100 mA
put current (See Fig. 2F)
Supply current lee Vee =5.25V 140 mA

(See Fig. 2G)

*Ambient operating temperature (Ta) = 0° to +70° C unless otherwise

specified.

tim = 100 xA at pins 12 and 15.

$ lL=-2.0 mA at pins 12 and 15.
§Not more than one output shall be shorted at a time and duration shall not

exceed 1 second.

| l Does not apply to pin 4.

S



DCO003 Bus Driver
(Specification Group Ii — Open Collector)

Parameter Requirements
Name Symbol Conditions' Min Max  Unit
Output reverse fon Vee = 4.75V 25 A
current Vou=3.5V
(See Fig. 2A)
Low-level output Vou Vee =4.75 V -
voltage sk = 70 MA 0.8 \'
lsk = 16 MA 0.5 \)
(See Fig. 2B)

Ambient operating temperature (T.) = 0° to +70° C uniess otherwise
specified.

DC003 Bus Receiver

(Specification Group Il = High Input Z)
Parameters Requirements
Name Symbol Conditions' Min Max  Unit
High-ievel input Ve  Vee= 475V 1.53 v
voltage Vee =5.25V 1.70 v
(See Fig. 2A, 2B)
Low-ievel input Vi Vee =4.75V 1.30 vV
voltage Vee = 5.25V 147 Vv
(See Fig. 2A, 2B)
Input clamp Vi Vee = 4.75V
voltage i ==-18 mA ~1.2 Vv
I =<+18 mA 625 V
(pins 10 and
17 only)
(See Fig. 2C)
High-level input i Vi=38YV
current Vee = 0.V 40 uhA

(Do not do for
pins 10 and 17)

Vee = 5.25 V 40 uhA
(See Fig. 2D)

Low-level input he Vi=0V

current Vee =0V -10 A

(Do not do for

pins 10 and 17)

Vee = 5.25V -10 uh
(See Fig. 2E)

'Ambient operating temperature (T.) = 0° to +70° C uniess otherwise
specified.
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DCO04 PROTOCOL LOGIC (DEC #19-12729-00)

The protocol chip is in a 20-pin 0.762 cm center X 2.74 cm long (0.3 in center X
1.08 in long) DIP device that functions as a register selector, providing the
signais to control data flow into and out of up to four word registers (eight
bytes). Bus signals can directly attach to the device because recegivers and
drivers are provided on the chip. An RC delay circuit is provided to siow the
response of the peripheral interface to data transfer requests. The circuit is
designed such that if tight toleranca is not required, then only an external 1K £
20 percent resistor is nacessary. External RCs can be added to vary the delay
(see Table 3). Maximum current required from the Vee supply is 120mA.

Figure 5 is a simplified logic diagram of the DCO04 IC. Signal timing
with respect to different loads is shown in Table 3 and in Figure 7.
Figure 6 shows the test conditions used while Figure 8 shows the load-
ing for the test conditions. Signai and pin definitions for the DCO04 are
presented in Table 2.

VECTOR H vee
30AL2 L 190 N W
ADALI L 180 AXCXH
30AL0 L 178 SELO L
SWTBT L 1600 SEL2 L
asyne L ds 9°90% 1sB seua L

90IN L 148 SELS L

aRPLY ¢ 138 OuT L8 ¢

800UT L QuT HBL
aND 1 INwo L

The pin

the DC004

11 bus.

names
diagram are for the situation where
is connected
internai 3-state bus of the DCO05s
not connected directly to the LSi-

NOTE

'—m—vcc
ENS H o 1
ENG
L ATCH
BSYNC L —{> [¢] ]
H 03
— i
8DAL2 L 0 ‘
R
LATCH i 02 O———— SEL 6 L
—c o DECODER
o1 O— SEL 4 L
80AL! L 0! lo——— SEL 2 L
ATCH 00
l—-C O o———SELO L
80ALO L 1 AT
o — :D:—-——-Om HB L
LATCH __97

aWTBT —c{>

8pouT L

’@—GD———Do—L!}

AXCX H

K
:

90IN L—<4 >

VECTOR H

Figure 5 DCOO4 Simplified Logic Diagram

13

INWO L

te anra

shown



Table2 DCOO04 Pin/Signal Descriptions
Spec
Pin Signal Group Description

1 VECTOR H l Vector. This input causes BRPLY L to be
generated through the delay circuit. Inde-
pendent of BSYNC L and ENB H.

BDAL2 L N Bus Data Address Lines. These signals are
BDAL1 L It latched at the assert edge of BSYNC L.
BODALO L i Lines 2 and 1 are decoded for the select

outputs; line O is used for byte selection.

PWN

5 BWTBT L I Bus Write/Byte. While the BDOUT L input
is asserted, this signal indicates a byte or
word operation: Asserted = byte, unas-
serted = word. Decoded with BDOUT L
and latched BDALO L to form OUT LB L and
OUT HB L

6 BSYNC L i Bus Synchronize. At the assert edge of
this signal. address information is trapped
in four latches. While unasserted. disables -
all outputs except the vector term of
BRPLY L.

7 BDIN L 1l Bus Data In. This is a strobing signal to
- effect a data input transaction. Generates
BRPLY L through the delay circuit and

INWD L

8 BRPLY L 11 Bus. Reply. This signal is generated through
an RC delay by VECTOR H OR'd with
BDIN L or BDOUT L and the AND of
BSYNC L and latched ENB H.

S BDOUT L I Bus Data Qut. This is a strobing signal to
effect a data output transaction. Decoded
with BWTBT L and BDALO to form
OUT LB L and OUT HB L Generates
BRPLY L through the delay circuit. .

11 INWD L 1 In Word. Used to gate (read) data from a
selected register onto the data bus. £n-
abled by BSYNC L and strobed by BDIN L.

12 QUT LB L ! Out Low Byte, Out High Byte. Used to

13 QUT HB L t load (write) data into the lower, higher. or
both bytes of a selected register. Enabied
by BSYNC L and decode of BWTBT L and
latched BDALO L. and strobed by BOOUT
L

14




Table 2 DCO04 Pin/Signal Descriptions (Cont)

Signal

Spec
Group

Description

18

19

SELO L
SEL2 L
SEL4 L
SELS L

RXCX H

ENB H

!
!
|
|

|*

Select Lines. One of these four signais is
true as a function of BDAL2 L and BDAL!1
L if ENB H is asserted at the assert edge
of BSYNC L. They indicate that a word
registar has been selected for a data
transaction. These signais never become
asserted except at the assertion of BSYNC
L (then only if ENB H is asserted at that
time) and once asserted, are not unas-
serted untii BSYNC L becomes unas-
sarted.

External Resistor Capacitor Node. This
node is provided to vary the delay be-
tween the BDIN L, BDOUT L, or VECTOR
H inputs and BRPLY L output. The ex-
ternal resistor shoulid be tied to Vec and
the capacitor to ground. As an output, it is
the logical inversion of BRPLY L.

Enable. This signal is latched at the as-
serted edge of BSYNC L and is used to
enable the select outputs and the address
term of BRPLY L.

* TTL input with 850 Q puil-up resistor to VCC.

18



DC0O04 Electrical Characteristics

TTL (Non-Bus) Interface
(Specification Group | — TTL Input and Output Pins)

Parameter Requirements
Name Symbol Conditions* Min ‘Max Unit
High-ievel input Vin (See Fig. 6A, 6B) 2.0 \
voltage
Low-level input Vie (See Fig. 6A, 6B) 0.8 \
voltage
Input clamp Vi Vee = 4.75V -1.2 Vv
voltage i ==18 mA
h (See Fig. 6C)
High-level output Vou Vee = 4.75V 2.7 v
voltage lo = =1 mA
(See Fig. 6A)
Low-level output VoL Vee = 4.75V 0.5 \
voltage lo =20 mA
(See Fig. 6B)
Input current at b Vee =5.25V 1 mA
maximum input Vi = 5.5 V¢
voitage (See Fig. 6D)
High-fevel input i Vee = 5.25 V 50 A
current Vi= 2.7 Vt
(See Fig. 6D)
Low-level input i Vee = 5.25V -0.70 mA
current Vi=05V
(See Fig. 6E)
Short-circuit los Vee= 5.25 Vi -40 -100 mA
output current (See Fig. 6F)
Supply current lee Vee =5.25V 120 mA
(See Fig. 6G)

*Ambient operating temperature (Ta) = 0° to +70° C unless otherwise
specified.
t Limits for pin 19 are:
1= 1.40 mA; lv = -2.25 mA min, -3.85 mA max.
L = —=4.5 mA min, —8.0 mA max.
1 Not more than one output shall be shorted at a time and the duration shall not
exceed 1 second.



DC004 Bus Receiver
(Specification Group Il — High Input 2)

Parameter Requirements
Name Symbol Conditions* Min Max Unit
High-level input Vin Vee = 4.75 V 1.53 \"
voitage Vee =5.25V 1.70 v
(See Fig. 6A, 6B)
Low-levei input Vi Vee = 4.75 V 1.30 VvV
voltage Vee = 5.25V 147 V
(See Fig. 6A, 6B)
" Input clamp Vi Vec = 4.75V -1.2 v
voitage h=-18mA
(See Fig. 6C)
High-level input 1H Vi=38V
current Vee =0V 40 wA
Vee = 5.25V 40 1A
(See Fig. 6D)
Low-levei input I Vi= 0V
current Vee =0V -10 A
Vee = 5:25 V -10 uA
(See Fig. 6E)

*Ambient operating temperature (Ta} = 0° to +70° C unless otherwise
specified.

DC004 Bus Driver

(Specification Group IIl — Open Collector)
Parameter Requirements
Name Symbol Conditions” Min Max  Unit
Output reverse low Vee = 4.75 V 25+t uA
current VYou = 3.5V
(See Fig. 6A)
Low-level output Voo Vee = 475V
volitage Isink= 70 mAZ% 0.8 \
Isink =16 mAZL 0.5 \
lsink = 15 mA§ 0.5 \"
(See Fig. 6B)

* Ambient operating temperature (Ta) =0° to 70° C unless otherwise specified.
$65 A for pin 18 (RXCX H).

t Applies to Pin 8 (BRPLY L) oniy.

§Applies to Pin 18 (RXCX H) only.
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S O PO S

Vee

OPEN COLLECTOR
! OQUTPUTS

o 4 ) Vou
INPUT CONDITIONS V,, OR
Vi AS DICTATED BY THE
LOGIC.

1K £ 5%

Vee © e AA

RXCX

_l' Vow %—) lo

I

Figure 6A DC Test Circuit (Vin. ViL Vow, loH)

VCC

INPUT CONDITIONS Vi OR
V, AS DICTATED BY LOGIC.

1Kz 5% /
Vee © AAN- RXCX Vou

Figure 6B DC Test Circuit (Vin, Vi, Vo)

Vee = OPEN
- h (=)
4
REMAINING — b———OQUTPUT(S) OPEN
INPUTS
\ OPEN R
—— . 1K= 5%
I RXCX A A —0 Vee

NOTE: Each mnput is tested separately

Figure 6C DC Test Circuit (Vi)
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I, or |H ————————

——OQUTPUT(S) OPEN

REMAINING INPUTS 1K= 5%
A A 0 Vee

RXCX

NOTE: Each input is tested separately

Figure 6D DC Test Circuit (i, li)

VCC
REMAINING INPUTS
| OUTPUT(S) OPEN
I D ——————
1Ko+ 5%
RXCX —AAA~ 0o Vee
v

| h—
l i NOTE: Each input is tested separately

Figure 6E DC Test Circuit ()

1KQE 5%
RXCX AAA- 0 Vee

INPUT CONDITIONS
GND OR 4.5V AS —_— (=) los

DICTATED BY LOGIC.

Figure 6F DC Test Circuit (los)
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INPUT CONDITIONS
GND OR 4.5 V AS
DICTATED BY THE LOGIC.

(=+) Ve
prme—m QU TPUT(S) OPEN
1K+ 5%
AN
RXCX

Figure 6G DC Test Circuit (icc)
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Figure 7
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L= 2000F

LOAD

A

OC QUTPUTS

DCO04 Timing Diagram

FROM
QUTPUT

Vee
R2
pom—
== c2
D100E -
F0777
=+ =
LOAD 8 CONDITION
A2 2800
TTL QUTPUTS C23 Bpf
CONDITION 2
R2* OPEN
C2=160pt

Figure 8 DCO04 Loading Configurations for Table 3
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Table 3 DCOO04 Signal Timing vs Output Loading

With Output Being Output Being
Respect Condi- Asserted (ns) Negated (ns) Fig. 5
Signal to Signal tion Min Max Min Max Reference
SEL (0.2,4,6) L BSYNC L 2 15 40 5 30 T5, 76
(Load B) .
OuUT LB L BDOUT L 2 5 30 5 30 T9, T10
(Load B)
OUT HB L BDOUT L 2 5 30 5 30 T9, T10
(Load B)
INWD L BDIN L 2 5 30 5 30 T11, T12
(Load B)-
Pin 18 BRPLY L QUT LB L 1 20 60 ~10 45 T13, Ti4
Connection (Load A) (Load B)
RX =330Q =5% BRPLY L QUT HB L 1 20 60 -1Q 45 T13,Ti4
CX =15pF 5% (Load A) (Load B)
BRPLY L INWD L 1 20 60 -10 45 T13, T14
(Load A) (Load B)
BRPLY L VECTOR H —_ 30 70 0 45 T13,Ti4
(Load A)
Pin 18 BRPLY L OUT LB L 1 300 400 -10 45 T13, T4
Connection (Load A) (Load B)
RX = 4.64K BRPLY L OUT HB L 1 300 400 -10 45 T13, T14
cxt— lzéoo . (Load A) (Load B)
_._.—1% P BRPLY L INWD L 1 300 400 -10 45 T13, Ti4
(Load A) (Load B)
BRPLY L VECTOR H —_ 330 430 o} 45 T13, T14
(Load A)
Pin 18 RXCX H QUT LB L —_ 10 50 10 50 T15, T16
g;’(":eggg’(’l RXCXH | (Load OUTHBL — 10 50 10 50 T15, T16
+ 50, RXCXH [ A) INWD L — 10 50 10 50 T15, T16
CX = 15 pF RXCX H VECTOR H — 10 50 10 50 T15, T16
+ 5% -
See Figure 8.
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DC005 TRANSCEIVER LOGIC (DEC # 19-13040-00) .

The 4-bit transceiver is a 20-pin, 0.762 cm center X2.74 cmlong (0.3 in. center
X 1.08 in. long) DIP, low-power Schottky devics; its primary use is in peripherai
devics interfaces to function as a bidirectional buffer between a data bus and
peripheral devics logic bus. it also inciudes a comparison circuit for device
address . selsction and a constant generator for interrupt vector address
generation. The bus I/O port provides high-impedance inputs and high drive
{70 mA) open collector outputs to allow direct connection to a computer data
bus structure. On the peripheral device side, a bidirectional port is aiso
provided, with standard TTL inputs and 20 mA, tri-state drivers. Data on this
port are the logical inversion of the data on the bus side.

Three address “jumper’” inputs are used to compare against three bus
inputs to generate the signal MATCH. The MATCH output is open col-
lector, which allows the output of several transcaivers to be wire-ANDed
to form a composite address match signal. The address jumpers can also
be put into a third logical state that disables jumpers for “don't care’”’
address bits. In addition to the three address jumper inputs, a fourth
high-impedance input line is used to enable/disable the MATCH output.

Three vector jumper inputs are used to generate a constant that can be
passed to the computer bus. The three inputs directly drive three of the
bus lines. overriding the action of the control lines.

Two control signals are decoded to give three optional states: recsive
data. transmit data, and disable.

Maximum current required from the Vg supply is 120 mA.

Figure 9 is a simplified logic diagram of the DCOO05 IC. Timing for the
various functions is shown in Figure 11. Signal and pin definitions for
the DCOOQS5 are presented in Table 4. Figure 10 shows the test condi-
tions used to derive the data listed in the Electrical Characteristics.
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JAT L 1 - T~ b= 20 Vee
JAZ L 2 -t b= 19 JA3 L
MATCH H 3 - p= 18 DATO N
REC H 4 b 17 DATI H
XMIT H S -y 0C00S b 16 JV3I M
DAT3I H 6 - =15 Jv2 H
DAT2 H 7 - b= 14 JVT H
BUS3 L 8 - b= 13 MENB L
BUS2 9 =12 BUSO L
GND 10~ =11 BUST L
BUSO L (_> _il:‘_ CATO H
8UST L D ].1/‘ ; DAT1 H
a1t J*- {>
- 1_4 E‘g JV2 H
8US2 L Lr>~ W]\ ; DATZ M
JA2 L t r\l/\
BUSI L D ]_l/‘ % OATI H
JAZ L r>
; —T) MATCH H
MENB L T—D
XMIT W =
REC H %
Figure 9 DCOO5 Simplified Logic Diagram eocoss
Table 4 DCOO05 Pin/Signal Descriptions
Spec
Pin Signal Group Description
BUS(3:0) L
12 BUSO L -1 Bus Data. This set of four lines constitutes
1 BUST L -+l the bus side of the transceiver. Open col-
9 BUS2 L H+ 1 lector outputs: high-impedance inputs.
8 BUS3 L 1+t Low = 1.
DAT(3:0) H
18 DATO H ! Peripheral Device Data. These four tri-
17 DATY H 1 state lines carry the inverted received data
7 DAT2 H | from BUS (3:0) when the transceiver is in
6 DAT3I H l the receive mode. When in transmit data

mode. the data carried on these lines is
passed inverted to BUS (3:0). When in the
disabled mode. these lines go open (HI-2).
High = 1.
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Tabie 4 DCOO5 Pin/Signal Descriptions (Cont)
Pin Signal C?::::: Description
JVI3: 1 H Vector Jumpers. Thaese inputs, with inter-
14 JV1 H v -nal pull-down resistors, directly drive BUS
15 JV2H v (3:1). A low or open on the jumper pin will
16 JV3 H v cause an open condition on the corre-
sponding bus pin if XMIT H is low. A high
will cause 3 one {low) to be transmitted on
the bus pin. Note that BUSO L is not con-
trolled by any jumper input.
13 MENB L I Match Enable. A low on this line will en-
abie the Match output. A high wiil force
Match low, overriding the match circut.
3 MATCH H i Address Match. When BUS (3:1) match
with the state of JA (3:1) and MENB L is
low, this output is open: otherwise it is
low.
JA(3: 1)L Address Jumpers. A strap to ground on
1 JAT L v these inputs will ailow a match to occur
2 JA2 L .V with a one (low) on the corresponding
19 JA3 L v BUS line; an open will allow a match with
a zero (high); a strap to Vgc will dis-
connect the corresponding address bit
from the comparison.
5 XMIT H i Control Inputs. These lines control the op-
4 REC H ! eration of the transceiver as follows.

REC XMIT

0] 0 DISABLE: BUS. DAT open
0 1 XMIT DATA: DAT - 8US
1 0 RECEIVE: BUS — DAT

1 1 RECEIVE: 8US — DAT

To avoid 3-state signal overiap conditions,
an internal circuit delays the change of
modes between XMIT DATA and RECEIVE
mode and delays 3-state drivers on the
DAT lines from enabling. This action is
independent of the DISABLE mode.
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DCOO05 Electrical Characteristics

DCO005 TTL (Non-Bus) Interface
(Specification Group | = TTL Input and Qutput Pins) -

Parameter Requirements
Name Symbol Conditions* Min Max  Unit
High-level input Vin (See Fig. 10A, 2 \
voitage 10B)
Low-level input Vu (See Fig. 10A, 0.8 v
voitage 10B)
Input clamp voltage V. Vee = 4.75V -12 Vv
I =~-18 mA
(See Fig. 10C)
High-level output Von Vee = 4.75V 3.65 \'%
voltage lo= -1 mA
(See Fig. 10A)
Low-level output Vou Vee = 4.75V 0.5 \'
voltage lo = 20 mA
(See Fig. 10B)
-
Input current at | Vee = 5.25V 1 mA
maximum input Vi=55V
voltage (See Fig. 10D)
High-level input Jin Vee = 5.25V
current Vi=27V
REC 100 uA
XMIT 50 uA
(See Fig. 10D)
Low-level input In Vee = 5.25V
current Vi=05YV
REC —-2.2 mA
XMIT —1.1 mA
(See Fig. 10E)
Short-circuit output los Vee= 5.25 V1 —40 —100 mA
current (See Fig. 10F)
Supply current lee Vee = 5.25V 120 mA )
(See Fig. 10G)
Off state (hlgh' lo or#) Vee = 5.25V
impedance state) Vi=365V 100 uh
output current Vi=05YV —0.36 mA
(DAT pins oniy)
*Ambient operating temperature (Ta) = 0° to +70° C uniess otherwise
specified.

+ Not more than one output shall be shorted at a time and the duration shail not
exceed 1 second.
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DC0O05 Bus Receiver

(Specification Group !l = High input Z)

Parameter

Requirements

Name Symbol Conditions® Min Max  Unit

High-level input Vi Vee = 4.75V 1.53 2

voitage Vee =5.25V 1.70 \"
(See Fig. 10A,

10B)

Low-level input Vi, Vee = 475V 1.30 VvV

voltage Vee = 5.25V 147 V¥V
(See Fig. 10A,

10B)

Input clamp \ i = =18 mA -1.2 Vv

volitage Vee =475V
(See Fig. 10C)

High-level input lin Vi=38V

current (includes

open-collector

leakage on bus

pins)

MENB Vec =0V 40 whA
Vee = 5.25 V 40 uA
BUS Vee =0V 65 A

Vee = 5.25 Y 65 wA
(See Fig. 10D)

Low-level input I Vi=05V

current Vee =0V —-10 A
Vee = 5.25 V —10 A

(See Fig. 10E)

*Ambient operating temperature (Ta) = 0° to +70° C uniess otherwise

specified.
DCOO5 Bus Driver
(Specification Group i1l = Open Coilector)
Parameter Requirements
Name Symbol Conditions* Min Max  Unit
High-level output lon Vee = 4.75V 25 wA
current (reverse Vou = 5.25 V
current—match (See Fig. 10A)
output oniy) T
Low-level output Vol Vec = 4.75 V
voitage sk = 8 MA 0.5 \
(Match)
lank = 70 MA 0.8 \
(Bus)
lane = 16 MA 0.5 v
(Bus)

(See Fig.10B)

*Ambient operating temperature (Ta) = 0° to +70° C unless otherwise

specified.

t For bus pins, see lim under specification group Il
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DCOO05 (Specification Group IV — Ternary State Inputs)

Parameter Requirements
Name Symbol Conditions' Min Max  Unit
Low-level input Vu (See Fig. 10A) 0.3 v
voitage
High-level input Vin (See Fig. 10A) 4.75 v
voitage
Open circuit input  Vor 4.75<Vee 1 2 \"
voltage <5.25
'Ambient operating temperature (T.) = 0° to +70° C uniess otherwise
specified.

DCO05 (Specification Group V — TTL Input with Pull-Down) -

Parameter Requirements
Name Symbol Conditions’ Min Max Unit
High-level input Vin (See Fig. 10A) 2 \
voitage
Low-ievel input Vi (See Fig. 10A) 0.8 \%
voltage
input clamp Vi Vee = 4.75V —-1.2 Vv
voltage h = —18mA

(See Fig. 100)
High-level input lin Vee = 5.25V 1.2 mA
current Viz=24YV
(See Fig. 10D)

Low-level input Vi Vee = 4.75 V 0.8 v
voltage forcing h =0.1mA
input current (See Fig. 10H)
Input current at im Vee =5V 50 200 wA
low-level Vi=04YV

(See Fig. 10E)

'Ambient operating temperature (T.) = 0° to +70° C unless otherwise
specified.
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VCC

OPEN COLLECTOR
QUTPUTS low ( 4+ ) Von
INPUT CONDITIONS A
Viw or Vi AS
DICTATED BY THE
Logic. — TOTEM-POLE
QUTPUTS
GNO
‘ (=)o
Von
Figure 10A DC Test Circuit — Vik, Vi, Vou, lon
VCC
VCC
—— i e————
INPUT CONDITIONS low (4
Vi Or Vi AS —

DICTATED BY LOGIC.
GND Vou

Figure 10B DC Test Circuit — Viu, Vi, Voo

Vee

-l = (=)

REMAINING | — N
/é/ NPUTS OUTPUT(S) OPE
OPEN

NOTE: Each input 1s tested separately

= 1 -.L

Figure 10C DC Test Circuit — Vi
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I T ——————— Ve
QUTPUT(S)
P S vV,
REMAINING
INPUTS
GND NOTE: Each input is tested separately
Figure 10D DC Test Circuit— i, lm
VCC

REMAINING
* 4.5V { e EE—

INPUTS
, I OUTPUTS(S)
—d OPEN
e (=)
* Except Pin 4 and Pin 5
Pin 4 = Pin 5 = .5V for

lw Test.

1 GND
Vi
l l NOTE: Each input is tested separately

Figure 10E DC Test Circuit — I

VCC

|

VCC

|

INPUT CONDITIONS
GND OR 4.5V AS
DICTATED BY THE
LOGIC.

l( =) los

GND

NOTE: Only one output be shorted at a time and the duration
should not exceed more than a second.

Figure 10F DC Test Circuit = los



+ Vee
lee l
INPUT CONDITIONS
GND OR 4.5V AS OUTPUT(S)
DICTATED BY THE OPEN
LOGIC. RS

Il

Figure 10G DC Test Circuit — lce

OUTPUT (S)
- OPEN

- L

Figure 10H DC Test Circuit — Vu
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TRANSMIT DATA TO BUS

XMIT H

REC H (GROUND)

8US L-OUTPUT

OAT M= INPUT

- f-sT030m

| I
- o5 70 300

5 TO 2508 —=f

—_

b

jo- 5 TO 250y

I

XMIT H (GROUND)
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DAT H=QUTPUT
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RECEIVE DATA FROM BUS (BUS INITIALLY HIGH!

HiZ

—% fe- 0 70 30ns
———n___‘__r

N 1

e
-~ fe- 0 TO 30ns

te- 8 7O 30ms
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——
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REC H
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BUS L - INPUT
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-
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-
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Figure

11 DCOOS Timing Diagram
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DC006 WORD COUNT/BUS ADDRESS LOGIC

(DEC # 19-14035-00)
The word count/bus address (WC/BA) chip is a 20-pin, 0.762 ¢m center
X 2.74 ¢cm long (0.3 in center X 1.08 in long) DIP, low-power Schottky
device. Its primary use is in DMA peripheral device interfaces. This IC is
designed to connect to the 3-state side of the DCOO5 transceiver. The
DCO06 has two 8-bit binary up-counters, one for the word (byte) count
and another for bus address. Two DCO0O6 |Cs may be cascaded to
increase register implementation.

The chip is controiled by the address iatch protocoi chip (DC0Q04), the
DMA chip (DC010), and a minimum of ancillary logic. Both counters
may be cleared simuitaneously. Each counter is separately loaded by LD
and the corresponding seiect line from the protocol chip. Each counter is
incremented separately. The WC counter (word byte counter) is always
incremented by one; the A counter (bus address) may be incremented
by one or two for byte or word addressing, respectively.

Data from the DCOQ6 IC is placed on the 3-state bus via internal 3-state
drivers. Each counter is separately read by RD and the corresponding
select line.

Figure 12 is a block diagram of the DCO06 IC while Figure 13 illustrates
a simplified logic diagram. Figures 15 and 16 iilustrate input and output
voltage waveforms. Figure 17 shows the timing diagram of the DCO06
while the setup time and puise width switching characteristics are pre-
sented in Tables 6 and 7. The DCOO06 pin/signai description is presented
in Table 5. Figure 14 shows the various test conditions employed to
derive the data presented in the clectrical Characteristics. .

M?sA cLx-C M%SC
T —3
orF<70> 3- STATE 8US” / S S
q - i /-
l i S
T0AG 0 F<70> 0A6 G703 | [
eNT1A O _J .
: . A COUNTER  pmax|- e{CLK C COUNTER MaX g
CLK-A CLK /
CLEAR A<70> CLEAR c<r10>
y v
wo WRITE — 7
CONTROL - /
LoGIC JEE;

SEL MULTIPLERER ] o
.,
<% /

5-C O——
. ENBL 3-STATE ORIVER l

REAO
CONTROL
LOGIC

RD-A O-

RD Or

s-A O

P Ryl

MK-1133

Figure 12 DCOO06 Simplified Block Diagram
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TRUTH TABLES

WHERE i = TTL LOW
H = TTL HIGH
X = DON'T CARE
Z = HIGH IMPEDANCE
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n L " LOADING DISABLED
" " L LOADING DISABLED
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+ 08|
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Figure 13 DCO006 Simplified Logic Diagram
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Tabie 5 DCO006 Pin/Signal Descriptions

Pin

Signal

Description

16

18

CNT1A L

CLK-A L

CLK-CL

S-AL

S-CL

RD-AH

RDL

DL

Count A Counter by 1 (TTL Input). This
signal controls the least significant bit of
the A counter. When CNT1A is low, the A
counter incraments by one. When high,
the LSB is prevented from toggling, hence
the counter increments by two. When two
counters are cascaded, CNT1A on the
high-order counter should be grounded.

Clock A Counter (TTL Input)./ This clock
signal increments the A counter on its
negative edge. The counter is incremented
by one or two, depending on CNTI1A.
CNT1A and LD must be stable while CLK-
A is high.

Clock C Counter (TTL Input). This clock
signal increments the C counter by one on
its negative edge. LD must be stable while
CLK-C is high.

Setect A Counter (TTL Input). This signal
allows the selection of the A counter ac-
cording to the truth tables (Figure 13).

Select C Counter (TTL input). This signal
allows the selection of the C counter ac-
cording to the truth tabies (Figure 13).

Read A Counter (TTL Input). This signal
allows the selection of the A counter ac-
cording to the truth tabies (Figure 13).

Read (TTL Input). This signai allows the
read operation to take pilace according to
the truth tables (Figure 13).

Load (TTL Input). When this signal goes
through a high-to-low transition, the load
operation is allowed to take place accord-
ing to the truth tabies (Figure 13). No
data changes permitted while LD is low.
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Table 5 DCOO6 Pin/Signal Descriptions (Cont)

Pin

Signal

Description

7-9
11-15

17

D/F (7:0) H

MAX-A H

MAX-C H

Data Bus (Bidirectional, 3-State Outputs/
TTL Inputs). These eight bidirectional lines
are used to carry data in and out of the
selected counter.

Maximum A Count (TTL Qutput). This sig-
nail is generated by ANDing CLK-A and
the maximum count condition of counter
A (count 376 when counting by 2 or
count 377 when counting by 1).

Maximum C Count (TTL Output). This sig-
nal is generated by ANDing CLK-C and
the maximum count conditions of counter
C (count 377).
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T s i it

DCO06 Electrical Characteristics;
DCOO06 TTL (TTL Input and Output Pins)

Parameter Requirements
Name Symbol Conditions* Min Max  Unit
High-level input Vin (See Fig. 14A, 2 \
voitage 14B)
Low-level input Vi (See Fig. 14A, 0.8 v
voltage 14B)
Input clamp Vi Vee = Open 1.2 v
voitage : h=—=18 mA :
(See Fig. 14C)
High-level output Vou Vee =475V 2.7 \
voitage lo=—1mA
(See Fig. 14A)
Low-level output Vou Vee = 4.75 ¥ 0.5 v
voitage lo = 20 mA
(See Fig. 14B)
Input current at l Vee = 8.25 V 1 mA
maximum input Vi=55V
volitage (See Fig. 14D)
High-leve! input lin Vee = 5.25 V
current Vi=27V
Except 3-state (See Fig. 14D) 50 uA
3-state pin 55 uA
Low-jeve! input I Vee = 5.25 V
current Vi=05V
CLKA, CLKC (See Fig. 14E) —-1.1 mA
CNTIA —-1.7 mA
D/F(7:0)LD,RD, 100 LA
SC,SA
RD-A 200 uA
Off-state high lo (ors Vee = 5.25V 100 wA
impedance state— Vo =3.75V
output current (See Fig. 14A)
3-state oniy
Short-circuit los Vee = 5.25 V¢t —40 —100 mA
output current (See Fig. 14F)
Supply current lec Vee = 5.25V 170 mA

(See Fig. 14GQ)

* Ambient operating temperature (Ta) = 0° to +70° C; Vec= 5.0 £ 0.25 unless
otherwise specified.

+ Not more than one output shall be shorted at a time and the duration shall not
exceed 1 second.
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Figure 14C DC Test Circuit V)
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i OF L et Vee
QUTPUT(S)
L
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INPUTS
GND NOTE: Each input s tested separately
Figure 14D DC Test Circuit (I, lw)
Ve
4.5V
VCC
REMAINING
INPUTS
OQUTPUT (8)
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I

I C
| T

<4

NQTE: Each input is tested separately

Figure 14E DC Test Circuit (Iv)

Vee
Vee
INPUT CONDITIONS
GND or 4.5V AS
DICTATED BY amm—— (=) los
THE LOGIC

NOTE: Only one output should be shorted at a time. and the
duration should not exceed more than a second.

Figure 14F DC Test Circuit (los)
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Figure 14G DC Test Circuit (lec)
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Figure 15 input Voltage Waveform
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Figure 16 Outputs Voltage Waveforms (3-State)
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Figure 17 DCQO06 Timing Diagram

Table 6 Setup Time and Puise Width Switching Characteristics*

Time Description Signal Min
t3 Puise width (min) $-Cto S-A 50 ns
ts Setup time D/F(7:0) to LD 10 ns
te Setup time S-Cto LD 10ns
ts Puise width (min) LD 90 ns
‘ ts Setup time S-Cto RD 20ns
1 Clock pulse width {min) CLK-C (HI) 40 ns
tha Setup time S-Cto S-A 20 ns
tis Setup time $S-A to RD 10ns
tie Clock puise width (min) CLK-A (Hl) 40 ns
ths Setup time CNT1A to CLK-A 45ns
t21 Setup time RD to RD-A 15ns
taa Clock off time (min) CLK-A, CLK-C 40 ns
t2s Data hold time LD to DATAIN 20 ns

‘Vee = 5.0 £ 025 V.
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Table 7 Switching Characteristics*

Propagation

Input Signal Output Signal Test Delay {ns)

Time Name Polarity Name Polarity Conditions Min Max
ty S-C H-L D/F (7:0) X-L Load A 15 80

S-A H-L RD-A=0.4V

{C Counter)

12 s-C H-L D/F (7:0) X-L Load A 15 80

S-A H-L RD-A=0.4V

(A Counter)
te RD L-H D/F (7:0) D/F(7:0)-Z Load A 10 30
tg RD H-L D/F (7:0) Z-D/F (7:0) Load A 34 80
tho CLK-C H-L D/F 1 L-H Load A 18 55
tia. CLK-C L-H MAX-C L-H Load B 10 35
tig CLK-A MAX-A
th3 CLK-C H-L MAX-C H-L Load B 10 35
ti7 CLK-A H-L D/F2 L-H Load A 18 55
t20 CLK-A H-L MAX-A H-L Load B 10 35
122 RD-A L-H D/F(7:0) Z-L Load A 10 30
Z-H Load A 10 30
t23 RD-A H-L D/F (7:0) L-Z Load A 8 25
H-2 Load A 8 25

* Loads are presented in Figure 16.

Vee =5.0=0.25V
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DCO10 DIRECT MEMORY ACCESS LOGIC (DEC # 19-14038-00)
The direct memory access (DMA) chip is a 20-pin, 0.762 c¢m center X
2.74 cm long (0.3 in center x 1.08 in long) DIP, low-power Schottky
device for primary use in DMA peripherai device interfaces using the
LSI-11 bus.

This device provides the logic to perform the handshaking operations
required to request and to gain control of the system bus. Once bus
mastership has been established, the DCO10 generates the required sig-
nais to perform a DATI, DATO, or DATIO transfer as specified by control
lines to the chip. The DCO10 IC has a control line that will allow muitiple
transfers or only four transfers to take place before giving up bus master-
ship.

Figure 18 is a simplified logic diagram of the DCO10 IC. The logic
symbols and truth tabie are presented in Figure 19 and the DCO10 voit-
age waveforms are shown in Figure 21. Table 8 describes the signals
and pins of the DCO10 by pin and signal name. Figures 22 through 26
show the timing for the DCO10 while the setup time and puise width
specifications are listed in Table 9. The switching characteristics are
presented in Table 10. Figure 20 shows the various test conditions em-
ployed to derive the data presented in the Electrical Characteristic.
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Figure 18 DCO10 Simplified Logic Diagram
ReQ H (1 0Co10  208vee
0aTiO L2 9Nt
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oouTt Hs 16JCNTAH
oiNH{s 15{JRPLY H
TSYNCH{]7 143 TMOUT H
somGo L8 13(1BOMGI L
MASTER H (]9 1200 RSYNC H
GNnOo( 10 11 JBOMA L
LOGIC SYMBOL
TRUTH TABLE INPUTS TRANSFER
WHERE L = TTL LOW OATIN | DATIO TYPE
R o= TTL HIGH X . DATIO
T CARE
X = DONTC L H DAl
H H DAIQO
MK-1132

Figure 19 DCO10 Logic Symbol/Truth Table
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Table 8 DCO010 Pin/Signal Descriptions

Pin Signal Description*

1 REQH Request (TTL Input). A high on this signal init-
iates the bus request transaction. A low allows
the termination of bus mastership to take place.

13 BDMGI L DMA Grant Input (Hi-Z input). A low on this
signal allows bus mastership to be established
if a bus rsquest was pending (REQ = high);
otherwise this signal is delayed and output as
BDMGO L.

16 CN14 H Count Four tnput (TTL Input). A high on this
signal allows a maximum of four transfers to
take place before giving up bus mastership. A
low disables this feature and an unlimited trans-
fer will take place as long as REQ is high. If left
open, this pin will assume a high state. -,

14 TMOUT H Time-Out (TTL Input/Open Coliector Output).
This 1/0 pin is low while MASTER ENA is high.
It goes into high impedence when MASTER ENA
is low. When driven low it prevents the assertion
of BDMR; when driven high it allows the asser-
tion of BDMR to take place if BDMR has been
negated due to the 4-maximum transfer condi-
tion. An RC network may be used on this pin to
delay the assertion of BDMR.

3 DATIN L Data in (TTL Input). This signal allows the selec-
tion of the type of transfers to take place accord-
ing to the truth table (Figure 19).

2 DATIO L Data In/Out (TTL input). This signal allows the
selection of the type of transfer to take pilace
according to the truth table (Figure 19 During
a DATIO transfer, this signal must be 1uggled in
order to allow the compietion of the output por-
tion of the (/O transfer.

If left open, this pin will assume & high state.

* Refer to Figures 22 through 26.
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Tabie 8 DCO10 Pin/Signal Descriptions (Cont)

Pin

Signai

Description®

12

17

15

19

11

RSYNC H

CLK L

RPLY H

INIT L

BDMR L

MASTER H

BOMGO L

Receive Synchronize (TTL Input). This signal
allows the device to become master according
to the following relationship:

RSYNC L o RPLY L « MASTER ENA H = MASTER

Clock (TTL Input). This clock signal is used to
generate all transfer timing sequences.

Reply (TTL Input). This signal is used to enable
or disable the ciock signal. This signal also
allows the device to become master according
to the following refationship:

RSYNC L e RPLY L « MASTER ENA H = MASTER

Initialize (TTL Input). This signal is used to
initialize the chip to the state where REQ is
needed to start a bus request transaction. When
INIT is low, the following signals are negated:
BDMR L, MASTER H, DATEN L, ADREN H, SYNC H,
DIN H, DOUT H.

DMA Request (Open Collector QOutput). A low
on this signal indicates that the device is re-
questing bus mastership. This output may be
tied directly to the bus.

Master (TTL Qutput). A high on this signal in-
dicates that the device has bus mastership and
a transfer sequence is in progress.

DMA Grant Qutput (Open Collector Qutput). This
signal is the delayed version of BDMGI! if no
request is pending; otherwise, it is not asserted.
This output may be tied directly to the bus.

* Refer to Figures 22 through 26.
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Table 8 DCO010 Pin/Signal Descriptions (Cont)

Pin Signai Description*

7 TSYNC H Transmit Synchronize (TTL Output). This signal
is asserted by the device to indicate that a
transfer is in progress.

18 DATEN L Data Enable (TTL OQutput). This signal is asserted
to indicate that data may be placed on the bus.
4 ADREN H Address Enable (TTL Output). This signai is

asserted to indicate that an address may be
placed on the bus.

6 DIN H Data In (TTL Output). This signal is asserted

to indicate that the bus master device is ready

to accept data. M,
5 DOUT H Data Out (TTL Output). This signal is asserted

to indicate that the bus master device has out-
put valid data.

* Refer to Figures 22 through 26.




DCO10 Electrical Characteristics

Parameter Requirements
Name Symbol Conditions* Min Max  Unit
High-level input Vin 2.0 vii
voltage Vee = 4.75 V 1.53 v**tt
Vee = 5.25 V 1.70 vl
(See Fig. 20A,
20B)
Low-level input Vi o8 Vil
voitage Vee = 4.75V 1.30  V**'t+t
Vee = 5.25 V 1.47  V**t1
(See Fig. 20A,
20B)
Input clamp Vi Vec = open 1.2 vil**t+
voitage Ih=-18 mA
(See Fig. 20C)
High-level output  Vou Vee = 4.75 V 2.7 v
voitage lo = =1 mA
(See Fig. 20A)
Low-ievel output VoL Vee = 4.75 V
voitage lo =8 mA 0.5 vl l
lo =70 mA 0.8 V#+1 1t
(See Fig. 20B)
Input current at | Vee = 5.25V 1.0 mA%
maximum input Vi=55V 1.5 mA§
voltage
Vee = 0t0 5.25 V 40 wA”®
Vi=38YV 65 wAt T
(See Fig. 20D)
High-level input i Vee= 5.25 Vi
current Ww=27V 50 wA
vVi=27V§ 300 wA
Vi=3.8V 40 wA**
Ww=38YV 65 wAT T
(See Fig. 20D)
Low-ievel input i Vi= 0.5Vt
current Vee =5.25V —14 mA
Vee = 5.25 V§ —2.0 mA
Vee = 0-5.25 V —10 wA*™
Vee = 0-5.25 V -10  uAt+t
(See Fig. 20E)
Output leakage lom Vee = 4.75 V 25 nA#
current Vo = 5.25V
(See Fig. 20A)
Short-circuit los Vee = 5.25 V ~15 —60 mAll
output currentt (See Fig. 20F)
Supply current lee Vee = 5.25V 125 TYP 160 mA
(See Fig. 20G)
*Ambient operating temperature (Ta) = 0° to +70° C unless otherwise

specified.

t Nor more than one output shall be shorted at a time and the duration shall not

exceed 1 second.

$ Except CNT4 (pin 186), DATIO L (pin 2).
?CN’M H (pin 18), DATIO L (pin 2).

TTL
#0C.
*THI-Z

t + Hi-Z SCHMIDT IN/OC OUT.
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NQTE: Only one output should be shorted at a time. and the
duration should not exceed more than a second.

Figure 20F DC Electrical Test Condition — los
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Figure 21 DCO10 Voltage Waveforms
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Figure 24 DCO010 Timing Diagram (Sheet 2 of 2) (DOUT)
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Figure 25 DCO10 Timing Diagram (DATIO—Muitiple Transfer)
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Table 9 Setup Time and Puise Width
Switching Charactaristics”’

Time  Description Signai Min Max

ty Pulse width (min) INIT 35ns

ts Setup time INIT to REQ. 25ns |

ts Setup time BOMR to BOMG! 35ns

tg Setup time BOMR to BDMGI Ons

ti2 Pulse width (min) CLK {low) 60 ns

tia Pulse width (min)  CLK (high) 60 ns

tia Setup time REQto CLK 35ns

tis Setup time DIN to RPLY Ons

t22 Setup time DATIN, DATIO to CLK 60 ns

t24 Setup time RPLY to CLK 30ns

t28 Setup time RPLY to DATIO 36ns

t29 Puise width DATIO 30 ns 1 clock
period

tao Setup time DATIO to CLK 65 ns

t32 Pulse width (min) REQ 35ns

“Veg = 5.0 £ 025V
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Table 10 Switching Characteristics
Propagation
Input Signal Output Signal Test Delay (ns)
Time Name Polarity Name Polarity Conditions Min Max
t2 BDMGI H-L BOMGO H-L Load A 95 220
t3 BDMGI L-H BDMGO L-H Load A 15 60
ts REQ L-H BDMR H-L Load A 25 70
ts BDMGI H-L TMOUT H-L Load A 85 230
ts BDMGI H-L BDMR L-H Load A 117 306
thy CLK H-L ADREN L-H Load B 15 60
tis CLK H-L TSYNC L-H Load B 18 607t
tie CLK H-L ADREN H-L Load B 20 65t
thy CLK H-L DIN L-H Load B 18 60t
tig CLK H-L DIN H-L Load B 18 60
t20 CLK H-L TSYNC H-L Load B 18 60
t24 CLK H-L TMOUT L-H Load B 30 90
t23 CLK H-L DOUT L-H Load B 60 175
t2s CLK H-L DOUT H-L Load B 20 657
t2s CLK H-L DATEN H-L Load B 20 651
134 RPLY H-L DATEN H-L Load B 20 65
t27 CLK H-L DATEN L-H Load B 20 65t
t33” CLK H-L ADREN L-H Load B 18 60
tas TMOUT L-H BDMR H-L Load B 20 75
s BDMGI H-L MASTER L-H Load B 90 242
tay CLK H-L MASTER H-L Load B 18 66
tag R SYNC H-L MASTER L-H Load B 10 58
or RPLY
‘t.) represents the first ime ADREN is asserted.
t3; represents the subsequent times that ADREN is asserted.

tThese prooa_gation delays meet the following requirements.

tis—tis & 10 ns t2s-t2; & 20 ns

tig=t1y € 10ns t23—t2¢ 2 40 ns

tis=t26 & 10 ns tg—tig # 27 ns

+Vee +vee
soa FROM OUTPUT 4700
UNDERTEST
FROM OUTPUT
UNOER TEST TEST 50pf DIODE

> °pOINT

f: 15pt

x

LOAD A
FOR OC OUTPUTS

FD700

LOAD 8
FOR TTL QUTPUTS



BUS RECEIVERS AND BUS DRIVERS

The equivalent circuits of LSI-11 bus-compatible drivers and receivers are
shown in Figure 27. To perform the receiver and driver functions,
DIGITAL Equipment Corporation uses two monolithic integrated circuits
with the characteristics listed in Tabie 11. A typical bus driver circuit is
shown in Figure 28. Note that 8641 quad transceivers can be used,
combining LSI-11 bus receiver and driver functions in a singie package.
Bus receiver (8640), bus driver (8881), and bus transceivers (8641)
are shown in Figures 29, 30, and 31, respectivelv Table 12 presents
the characteristics for the type 8641 bus transceiver.

These receiver and driver ICs are available in quantities of ten each with
the following order numbers

IC Type Order No.
8881 957
8640 956
8641 964

+3av

At = 120K MIN
R1 R2 = 20K. MiN

IN - C1 = 10 pF MAX
~C1 R2
ouT -
TRANSMITTER OFF (LOGICAL O)
~C2 R3 A3 = 120K. MIN
C2 = 10 pf MAX

- TRANSMITTER ON (LOGICAL 1)
A3 = 11 OHMS. MAX
C2 = 10 ofF MAX

MK-1127

Figure 27 Bus Driver and Receiver Equivalent Circuits

+5V
8US
.
=
TYPICAL BUS ORIVER
11-3307

Figure 28 Typical Bus Driver Circuit
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(Bus Driver)
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Figure 31 8641 Quad Unified Bus Transceiver
(Bus Receiver/Driver)
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Table 11 LSI-11 Bus Driver, Receiver Characteristics’

Device Characteristic Sym Specifications Notes
Receiver Input high voltage Vin 1.7 V min 1
(8640) Input. low voitage Vi 1.3 V max 1
Input current at 3.8V lmw 80 uA max 1.2
Input current at OV lie —10 pA max .2
Qutput high voltage Vou 2.4 V min
Qutput high current lom —2 mA max 2
Output low voltage Vou 0.4 V.max
Qutput low current lov 20 mA max 2
Propagation delay to TPDH 10 ns min 3,4
high state 35 ns max
Propagation delay to  TPDL 10 ns min 1.4
low state 35 ns max
Driver Input high voitage Vin 2.0V min
(8881) Input low voltage Vi 0.8 V max
Input high current lin 40 uA max
(VIN = 2.4 V)
Input low current [ -2.0 mA max
Qutput low voltage Vo 0.8 V max 1
70 mA sink
Output high leakage lon 25 uA max 1,2
current at 3.5V
Supply current ©lee 55 mA max
(8881)
40 mA max
(8640)
Propagation delay to  TPDL 25 ns max LA
low state
Propagation delay to  TPDH 35 ns max Lt
high state
NOTES

. This is a critical parameter for use on the
1/0 bus. All other parameters are shown
for reference only.

. Current flow is defined as positive if into .
the terminal.

. Conditions of load are 390 @ to +5 V and
1.6 kQ in parallel with 15 pF to ground
for 10 ns min and 50 pF for 35 ns max.

. Times are measured from 1.5 V level on
input to 1.5 V level on output.

Bus receivers and drivers should be well grounded and use Vec toO
ground bypass capacitors. These gates shouid be located as close as
practical to the module fingers which plug into the backplane and all

etch runs to the bus should be kept as short as possible. Attention to

these cautions should yield a module design with minimum bus loading

(capacitance).
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Table 12 LSI-11 Bus Transceiver
Characteristics for 8641

Device Characteristic Symbol Spec Condition

Receiver Input high voltage Vi 1.7 V.min Vee = 5.25 V
Input low voltage Vi 1.3 V max Vee = 4.75 V
Input current at 2.4 V 40 pA max
Input current at .4V 1l -1.6 mA max

Driver  Output low voltage Vou .7 V max 70 mA sink
Output high voltage Vou 2.4 V max Qutput = 2 mA

Qutput high current
Output low current
Supply current

’OH
loL
lec

100 A max Qutput =4V
-85 uA max Qutput = OV
90 mA max Vee = 5.25 V

APPLICATIONS—GENERAL

DIGITAL's CHIPKITS are offered in two groups: the Program Control kits
(DCK11-AA and -AC) and the DMA kits (DCK11-AB and -AD).

A program control interface is used when

* low- to medium-speed data transfers are satisfactory
* it is allowable to interrupt the processor for each data transaction

The Program Controi kits contain integrated circuits DC0O03, DCO04 and
DCOO5 which supply the logic necessary to provide a program transfer
interface to the LSI-11 bus. These chips perform bus address decoding,
interrupt vector generation, bus drive/receive, and LSI-11 bus protocol
functions. A program control interface application circuit is presented
under Program Control CHIPKIT Application.

A DMA interface is used when

e high-speed data transfer is required

¢ minimum software overhead is required

e multiple transfers, independent of processor operations, are required
e programmed data paths (e.g., to certain sections of memory) must be

established

The DMA kits contain the integrated circuits in the Program Control kits

plus the DCO06 and DCO10. These additional chips perform DMA control
and word count/bus address register functions needed for DMA data
transfers to the LSI-11. A DMA interface application circuit is presented
under DMA CHIPKIT Application.
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PROGRAM CONTROL CHIPKIT APPLICATION

In Figure 32, the transceivers (four DCOQS5s) provide data lines DO
through D15 to reflect the state of the bus BDAL lines when REC H is
asserted, and to drive the BDAL lines when XMIT is asserted. Address
and interrupt vector information for interrupt request and device selec-
tion is also provided by the DCOO05. The device address is set up using
input lines A3 through Al2, while the interrupt vector address is set
up using input lines V3 through V8.

When the address lines (JA input on DCO0S5s) match the state of the
associated BDAL lines, the MATCH wiil float high such that all DCO05s
will let ENB H on the DCCO4 be asserted, thus enabling the DCO04 to
look for proper synchronizing signals from the bus. Once these syn-
chronizing signals (BDIN, BDOUT, BSYNC, and BWTBT) are present, the
DCO04 generates the control signals (INWD L, OUT HB8 L, QUT LB L, and SELO,
2, 4, 6) for the user's devics.

The protocoi logic (DC0O04) functions as a register selector to provide
the signals necessary to control data flow into and out of the user's
word registers. When the proper device address has been decoded by
the device address comparator (all DCO05s), ENB H goes high, thus
enabling the DC004 protocol logic. Address bits DO1 H and DO2 H are
decoded by the protocoi logic producing one of the SEL outputs while
bit DO and BWTBT are decoded for output word/byte selection (QOUT HB L, OUT
LB L). The device select line (SELO, 2, 4, 6) and word/byte select lines (INWD L,
QUT HB L, OUT LB L) are used by user’s logic. Each SEL output is used to select
one of four user's registers, and the word/byte lines are used to determine the
type of transfer (word or byte) to or from these registers.

Either BDIN L or BDOUT L, depending on the bus cycle, will initiate a
delay whose value is dependent on the time constant of the RC net-
work connected to pin RXCX H of the DCOO4. The end of this delay
will initiate a reply to the CPU indicating that the address has been re-
ceived.

The interrupt logic (DCO03) performs an interrupt transaction.Two chan-
nels (A and B) are provided for generating two interrupt requests, with
channel A having the highest priority. The interrupt enable flip-flop within
the interrupt logic must first be set when the user’s device is to controi
the LSI-11 bus. This is accomplished by asserting (logic H) the ENX
DATA* line and then clocking the enabled flip-flop by asserting the
ENX CLK* line. With the interrupt enable flip-flop set, the user’s device
may then make an interrupt request by asserting (logic H) RQSTX*.
When RQST is asserted and the interrupt enable flip-flop is set, the in-
terrupt logic asserts BIRQ L to the bus which initiates the bus ‘“hand-
shake’' operation. This operation terminates with the generation of the
vector address by the DCO05 under the control of the DC003.

The interrupt logic available to the user indicates the status of the inter-
rupt logic enable flip-flops. Each line is asserted (logic H) when the
appropriate interrupt enable flip-flop is set. These status lines can func-
tion as part of the user’s control status register (CSR). The VECRQSTB H
line is asserted (logic H) when the device connected to channel B has
been granted use of the bus for interrupt vector transfer operation. When
VECRQSTB H is unasserted (logic L), the user’'s device connected to
channel A of the interrupt logic has been granted use of the bus. The
INITO L output from the interrupt logic can be used to initialize the
user's logic.

* X may be either A or B depending on which haif of the interrupt logic is being
enabled.
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Figure 32 DCK11l Bus Interface Typical Application
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The drawings on the foliowing pages show example circuits that may

be helpful in applying the CHIPKITS.

This example is the interrupt enable bit for interrupt A which connects

to bit 6 of the exampie CSR.

0C005
3-STATE
DC003 DRIVER
7415367
ENAST Hi=2 %TERNAL S5t | 04T
8US BDAL6L {
BUS
TRANCEIVER
INTERRUPT AN
LOGIC STon
CSR BUS
\ READ
FROM [ SELO L ENABLE L
DCO04 | nwD L ‘

741532

Figure 33 Typical CSR Bit

This example is the A interrupt request and a DATA READY status bit.

(Bit 7 of the CSR).

TO DATA

= REGISTER

CLOCK INPUT

D£C003

RQST A

vee
EXTERNAL %
INTERRUPT
REQUEST L l
S
74L574
Q
READ DATA 5
74L532  REGISTERL 741508

SEL2 L
INWOD L

(RDR L)

(ROR L+ INIT L}

8IRQ L
8IAKI L

8IAKO L
INITO L

LsI-h
BUS

VAN

INTERRUPT LOGIC

-

74L532

3-STATE
ORIVERS

DATA 7

7415367

SELO L ma READ ENABLE L
INWD L

Figure 34 Typical Interrupt Request
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INTERNAL
3-STATE

LSI-11 BUS

S
TRANSCEIVERS)

¢

OUTPUT
REGISTER

— o

QuT > USER

DCO05'S !
(BU
INPUT

Figure 35 Data Path Flow Diagram
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OUTPUT REGISTER HIGH BYTE

Figure 36 Example of Output Register
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3-STATE
DRIVERS
FROM DC005'S ™S
HIGH ORDER BITS 7 o Q TO USER
C
74L5374 _J_
741502 WgngrEgUTPUT
REGI
FROM [ OUT HB HIGH BYTE
DCO04 SELX L
OUTPUT REGISTER LOW BYTE
3-STATE
DRIVERS
) 8 [\ 8
FROM DC005'S €
LOW ORDER BITS O Q TO USER
C
7415374 _L
WRITE QUTPUT
OUT Lp L — 1302 REGISTER
FROM jj—— HIGH BYTE
DCO04  SELX L
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LOW BYTE
3-STATE
DRIVERS
TO DCO0S 8 A 8 FROM .
INTERNAL BUS 7 Q D A USER
(LOW ORDER s
8 BITS) ) -
STROBE
FROM
USER
7415374
741532 READ DATA
FROM INWD L ————( LOW BYTE L
DCO04  sELx L —4
Figure 37 Example of Input with Register (BYTE)
LOW BYTE REGISTER
-~
3-STATE
8 DRIVERS 8
r / ! Q D / FROM
7/ 7
> (USER
e
7415374
TO DCO05
INTERNAL
BUS
HIGH BYTE REGISTER
3-STATE
8 DRIVERS 8
b < Q 0 / FROM
~ ~ 7 USER -
' Lc
STROBE
—o———— FROM
USER
7415374
741532
FROM INWD L —d READ DATA
WORD L o~
DCO04 |_SELX L —q S .
Figure 38 Example of Input with Register (WORD)
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7415367 0C005
r7 <] RQST INT A H
>l DATA BITS
el 15,12,11,&14
INTERNAL | © ENAST H
DC00S j
BUS | g XMIT H
THESE BITS ARE
=) | R
HEY READ
0 }I\ DCO0S
DATA BITS
SR 10,9,8, & 13
741532
SEL O L —cDD__ READ L XMIT H
INWO [ ————Q
DCO0S
DCO04 DATA BITS
7,6,5,0
\ 74L504
BRPLY Lo-——cD XMIT XMIT H
740508
GMIT | DCO0S
SELO L— DATA BITS
(CSR REGISTER SELECT 4,3,2,1
FROM DC004)
XMITH

WHEN THE CSR IS READ{SELQ L =0) THE SIGNAL
GMIT wWiLL BE O CAUSING THE UNUSED DCOO0S5
BITS TO BE READ AS ZEROS.(HIGH ON BDAL LINES)
FOR ANY OTHER REGISTER GMIT = XMIT.

Figure 39 Exampile Circuit to Cause Unused
CSR Bits to be Read as Zeros
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BUS REPLY DELAY TIMES

Bus Replv Delays as a function of RC values connected to pin 18
RXCX H.DC0O04

Delay = (.318 (R)(C)] + 50 ns

1. RX = 1KQ 5%
CX=0 .
Delay =~ 50 ns from falliing edge of BDIN L, or BDOUT L, or rising
edge of VECTOR H to BRPLY L falling edge.

2. RX = 1KQ 5%
CX =470pf 5%

Delay as described in item 1 above = 200 ns.

3. RX = 10K2 5%
CX = 1000 pt 5%,
Deiay as described above. = 3.2 usec

BDIN L l - /

OR

BOOUT L 1 f
OR ‘
VECTOR H ' ‘

|
BRPLY L \ {

WHERE § = DELAY DESCRIBED
IN {TEMS 1-3
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DMA CHIPKIT APPLICATION

Referring to Figure 40, four DCOOS transceivers are used to handle
the first 16 BDAL lines (BDAL O-BDAL 15) from the LSI-11 bus and to
provide the interface to the internal 3-state bus. The transceivers are
enabled to receive data from the LSI-11 bus when the REC H line is
driven high. Similarly, the transceivers transmit data to the LSI-11 bus
when the XMIT H line is driven high. Normaily, the DCOQSs are in the
receive state (REC H line asserted) and allow the transceivers to monitor
the LSI-11 bus for device addresses.

Device address and vector switch inputs to the transceivers provide con-
venient address and vector selection.

Switches A3 through Al2 are the device address selection switches.
and switches V3 through V8 are for vector selection. Switches are ON
(closed) for a 1 bit and are OFF (open) for a O bit. The switch settings tor
the device addresses and vector are shown in Figures 41 and 42 re-
spectively. The addressable registers are:

Bank 7
Register Octal Address
Bus Address Register 1XXXX0
Word Count Register . 1 XXXX2
Control/Status Register 1XXXX4
Output Buffers 1 XXXX6

The user selects a base address for the bus address register and sets the
device address selection switches to decode this address. The remaining
register addresses are then properly decoded as sequential addresses
beyond the bus address register.

The DCOO04 is the internal register selector. This integrated circuit mon-
itors BDAL lines 0. 1, and 2 to determine which register address has
been placed on the LSI-11 bus. The states of BDOUT and BDIN are aiso
monitored to determine the type of transfer (DATO or DATI). When an
address for an internal register is placed on the LSI-11 bus, one of the
SEL outputs from the DCDO4 is driven low. This selects that particular
register for the transfer of data. The direction of transfer {into or out of
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RSYNC H:

8

BV2 _BDAL IS { BUS3 L DAT3 H DATA15 H
BS? ———B8RALIZ L BUS2 L DAT2 H|Z DATA12 H
8R2 BDAL 1T L UdBusiL DATT HEL DATA H
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wv—18liaz L DS0B uva WlE
A12 $2-2 1Az L V2 H %
Al J YA IR IR Oy A
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XMIT H
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BF2 ERokL 9 8Us2 L DAT2 M DATAZ H
BE2 BUSY L DATT H DATA2 H
AV2 S0ALL L 124 guso L DATO H DATA1H
A4 Si-g 18] a3 PE005 Tiyg mid A —-
741504 AJF: Simi P S A 1o} V3 -
9 2 5V LAt V1 H S24
ROOUT H €30 _1L MATCH H XMIT H et $2-3
AP2 5857 L 3d MEMS L REC H INWD L
+5 +5V
R6 R7 +5V
MRPLY L 680 L r —— 11 % 330 %?2
k2 BWTBT | —SdawTseT L RXCX p12
BSYNC L 8DALO L|2 e
—3 BOOUT L BDALT Lj3 Turo
; 2q8RPLY L 80AL2 L4 oF
~LdBDIN L OUT HB L i OUT HB L
2 el L P slo
1 ELOL
a3 - TRRLY Deo SEL2 L b8 SEL2
+ SEL4 L Lat
_SEL6 L pid SEL6 L
VECTOR H{-!
RDIN H
VECTOR H {—
741504 L3d soin L VECRQST H |2
ALZ BIRQ L 84BIRQ L ENADATA H |13 DATA 14
AT2 BINIT L 24 BINIT L ENBDATA H 1‘
AM2 AKLL BIAKI L ENACLK H =2 CSRWHE H
AN2 BIAKO L LSqB1aKO L ENBCLK H iz CSRWLB H
Yy 5V RQSTA H RQSTA H
A1 A3 AQSTE H (Y RQSTE H
%’ﬁo %330 DC003 ENAST 18 vyl
E6 ENBST H bl ENBST H
%’0 g;o INITO L INIT L
NOTE
A — SWITCHES ARE FOR DEVICE ADDRESS
SELECTION.
V - SWITCHES ARE FOR VECTOR
SELECTION.

CLOSE (ON) SWITCH FOR “1°.
OPEN (OFF) SWITCH FOR “0".

Figure 40 Typical Application (DC0O03, DCOO4, DCOOS)
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OECODED FOR

10F 4

DECODED BY 8BS7 SELECTED BY SWITCHES REGISTERS
A 2 %4 A \ [ —

17 16 15 14 13 12 110 09 08 07 06 05 04 03 02 01 0
| | | | | l l l [ ] l
; .

Al A9 AL A5 A3 SYITE
(82-n (st-7 151-5) 181-3) (s1-1 CONTROL
Al2 Al0 A8 A8 A4
152-2) (S1-8) (S1-6) (S1-41 51-2)
MK-1124
Figure 41 Device Address Select Format
3RD OCTAL
DIGIT
{0OR &)
18T 2NO
OCTAL OCTAL PREASSIGNED
0IGIT oIGIT AS ZEROS
— N — fr——
08 07 06 05 04 03 02 Ol 00
v? V5 v3
(s2-7 152~5) 152-3)
%) V6 va V2
152~8) (52-86) (52-4) INOTE)
NOTES

v2= 1 FOR TRANSFER COMPLETE INTERRUPT.

v2s OFOR TIME OUT INTERRUPT.

Figure 42

MK-1125

Interrupt Vector Select Format

the master device) is determined by the state of the OUT HB L, OUT LB L, or
INWD L lines. Internal register seiection is summarized as follows:

“Control Line

INWD L (Read)

INWD L (Read)

QUT HB L (Write High Byte)
QUT HB L (Write High Byts)
QUT LB L (Write Low Byta)
QOUT LB L {Write Low Byte)
INWD L (Read)

OUT HB L and MRPLY L
(Write CSR High Byte)

QUT LB L and MRPLY L
(Write CSR Low Byte)

QUT HB L and MRPLY L
(Write High Byta)

QUT LB L and RMPLY L
(Write Low Byte)

Select

SELOL
SEL2L
SELOL
SEL2L
SELOL
SEL2 L
SEL4 L
SEL4 L

SEL4L
SELS8L
SEL6L
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Register

Bus Address Register
Word Count Register
Bus Address Register
Word Count Register
Bus Address Register
Word Count Register
Control/Status Register
Control/Status Register

Control/Status Register
Qutput Buffer

Qutput Buffer



Note that MRPLY L is the BRPLY L output of the DC0OO4 and is used along with
OUT HB L and OUT LB L to write either the high or low byte in the control/status
register or the output buffers. Write byte selection for the bus address register
and the word count register is controlled only by the OUT HB L and QUTLBL
lines. Words can be written to the control/status register or the output buffer
registers by driving both OUT HB Land OUT LB L to the low state at the same
time.

The DCOO4 integrated circuit was designed to operate directly from the
LSI-11 bus. However, since the introduction of the DCOQS, the DC0OO4
is usually interfaced to the LSI-11 bus through DCOO0S5. Bus signals
(BDAL lines) passing through the DCOQS5 are inverted. Therefore, BDAL
0, 1, and 2 signals applied to the DCO0O4 are inverted. Because of this
inversion, it is necessary to change the nomenclature on pins 12 through
17 on the DCOO4. The difference in nomenclature between DCOO4s
operated directly from the LSi-11 bus and through a DCOO5 are as
follows.

From Bus (Non-inverted From DCOOS5 (inverted
BDALO, 1, 2) BDALO.1.2)

Pin Signal Pin Signal

12 OUT LB L 12 QUT HB L
13 QUT HB L 13 OUT LB L
14 SELOL 14 SEL6L

15 SEL2L 15 SEL4 L

16 SEL4 L 16 SEL2L

17 SELB L 17 SELOL

It is recommended that when a DCOO5 is used, the DCO04 be interfaced
to the LSI-11 bus through the DCOO5 to avoid unnecessary bus loading.

Note: All references in the manual made to the DCOO4 are as if being interfaced
to the DCOOS.

The DCO03 IC performs an interrupt transaction that uses the daisy-
chain type arbitration scheme to assign priorities to peripheral devices.
The DCO03 has two channeis (A and B) for generating two interrupt
requests. Channel A has higher priority than channel B. If a user's device
wants control of the LSI-11 bus, the interrupt enable flip-flop within the
DC003 must be set. This is accomplished by asserting (logic 1) the ENX*
DATA line to the DCOO3 (writing bit 14 or bit 6 to a one) and then
clocking the enable flip-flop by asserting (positive transition) the DCOO3
ENX* CLK line. With the interrupt enable flip-flop set, the user’'s device
may then make a bus request by asserting (logic 1) RQST. RQST must
be held asserted until the interrupt is serviced. When the RQST is
asserted and the interrupt enabie flip-flop is set, the DCO0Q3 asserts
(logic 0) BIRQ L, thus making a bus request. When the request is
granted, the processor asserts (logic 0) BDIN L. This causes the DC003
to assert (logic 1) VECTOR H, which is applied to the DCOQ5. VECTOR H
at the DCOO5 causes the device vector to be placed on the BDAL lines
to the processor. interrupts are produced for bus time-outs (CSR bits 15
and 14) and at the compietion of a block transfer (CSR bits 7 and 6).

* X may be either A or B
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DMA Application

Figure 43 shows the DMA control (DCO10), the word count/bus ad-
dress registers (both DCO06), the output buffers (both 74LS273s), and
the input drivers (74LS367s).

The DCO10 performs handshaking operations required to request and
gain control of the LSI-11 bus for DMA data transfers. After becoming
bus master, the DCO10 produces the signals necessary to perform a
DIN or DOUT bus cycle as specified by the controi lines. An 8-MHz free-
running clock is provided by E21. This clock is used by the DCO10 to
generate all transfer timing sequences. The actual clock frequency is not
critical and can be any frequency up to 8.3 MHz, provided it is
symetrical. An RC time constant provided by resistor R14 and capacitor
C2 provides a delay for the reassertion of BOMR to the LSI-11 bus.
This allows other direct memory access devices to obtain the bus during
the time the CNT4 logic releases the bus and re-requests the bus.

+5V

R9
' 3300
3 USER REQ L 4

oaTa8 H—2p S of2
€10
741574
CSRWHS H——{C
2 R
WCNTO H -
1
Q 1
ITOSHNITIH = @
w5y REQH
A12 A10
330 330
/13 R11
680 680 oy
R8
AR2 BOMGI L 13 4somai L REQ H |t 330
AS2 BOMGO L —q80MGO L OATIN ¢ p DATIN L
(TOS + INIT) L 7 INIT L DATIO L 16
8OMR L —— e aBDMA L CNT4 H | .
TOOUT H =2~ 0OUT H DATEN L P15 OATEN L
TOIN H OIN H CLK L P a14
MASTER H MASTER H  TMOUT H 5V
TSYNC H—oed TSYNC H ADREN H L ox
RSYNC H——£~RSYNC H ¢1g c2
APLY H—ARPLY H oco10 10000t
L ——ADRENH
DIN H
*DISCRETIONARY WIRING
H = 4 XFERS MAX.
i L = BURST MODE

¢ VCBIOM

MK-1119

Figure 43 Typical /’\ppncation
(DCO06, DCO10, Qutput Delay, and Input Drives)
(Sheet 1 of 2)
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Figure 43 Typical Application

(DCO06, DCO10, Output Delay, and Input Drives)
(Sheet 2 of 2)
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User devices initiate bus requests by driving the set input of the request
flip-flop (E10) low. This asserts REQ to the DCO10 and generates BDMR
L to the LSk11 bus. When the DCO10 becomes bus master, it asserts
ADREN H to the DCOO6 bus address registers. ADREN H allows the bus
address registers to place the address of the siave (memory) onto the
internal bus and, via the DCOQS5 transceivers, onto the LSI-11 bus. The
request flip-flop (E10) remains set until the DCO06 word count over-
flows to zero (WCNTO). WCNTO then resets the request flip-flop.

Two DCOO086 word count/bus address register |Cs are used to provide 16
bits each of word count and bus address. The laast significant bits of the
word count and bus address are provided by DCOC6/E23; the most
significant bits are provided by DCOO6/E27. Register A is the bus
address register and register C is the word count register. Both registers
can be read or written under program control from the LSI-11 bus. Reg-
istars are selected by:

* Read bus address register ISNEVl;lg t
o Write high byte of bus address register gfﬁ %é L
* Write low byte of bus address register gi# OLBL L
¢ Read word count registar ISIEVIQS :_'
¢ Write high byte of word count register gsl.'r ZH; L
o Write low byte of wo?d count register ?)FIJ]:I'ZLE L

The bus address register is incremented by 2 for word transfers. To
accompiish the increment by two, the CNT1A input to the least signifi-
cant DCO06 (E23) must be high, and the CNT1A input to the most
significant DCOO6 (E27) must be grounded. Clocking for DCOQ6 E23 is
provided by the transition of the ADREN H line from the DCO10. When
bus address register DCO06 E23 overflows. MAX-A goes high, thus
clocking the DCOO6 E27 bus address register.

The word count register is incremented by one each time a word is
transferred. Initially, the word count register is loaded under program
controi, with the 2's complement of the number of words to be trans-
ferred. As words are transferred, the word count register is incremented
toward zero. When DCO06 E23 overflows, MAX.-C goes high. MAX.C
clocks the DCO06 E27 word count register until DCO06 E27 overflows.
When E27 overflows, WCNTO H is generated; WCNTO H then resets the
request flip-flop (E10), thus terminating data transfers,

During DMA data transactions, input data from the DATI bus cycle is
placed on the internal 3-state bus via the DCOOS transceivers and is
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applied to the 74LS273 (E28 and E24) output buffers. These buffers are then
clocked by CHANHB L and CHANLB L, thus placing the data on the 16 OUT lines
to the user's device.

For output data transfers (DATO), the user's device places data on the
16 IN lines to the 74LS367 3-state drivers. The drivers are enabled by
DATEX L, which is asserted during a DATO cycle. The data passes
through the drivers, is applied to the internal 3-state bus and, via the
DCOQS5 transceivers, to the LSI-11 bus.

Miscellaneous Logic

Miscellaneous logic is shown in Figure 44, This logic includes C3R,
output buffer and input driver control, non-existent address time-out,
DCO0S transceiver receive/transmit control, the control/status register
(CSR), additional transceivers (8641s), and the “B" request flip-flop.

The CSR, output buffers, and input driver control receive INWD L, OUT HB L,
QUT LB L, SEL4 L. SEL 6 L, DATEN H, and DIN H. These signals are gated to
produce enable signals for the CSR, the output buffers, and the input drivers.
CRSRD L is produced by INWD L and SEL 4 L to enable the CSR data (DATA S
through DATA 14) (Figure 44, sheet 1) to pass through the 74LS367 3-state
drivers and onto the LSI-11 bus via the DCOO5 transceivers. OUT HB L, OUT LB
L, SEL4 L, and MRPLY L produce either CSRWHB H or CSRWLB H for writing bit
6 ofthe CSR (74L574 £10 on Figure 44, sheet 1}, orfor clocking the “B” reques
flip-flop. DATEX L is generated either by DATEN H or by INWD L and SEL 6 L.
DATEX enables the 74LS367 3-state input drivers (Figure 44, sheet 1) during
an “input” cycle. The CHANHB L and CHANLB L signais clock the 74LS273
output buffers during an “'output” cycie. When bytes are transferred, OUTHB L,
MRPLY L and SEL 6 enable the high byte (CHANLB asserted), while QUT LB L,
MRPLY L and SEL 6 L enable the low byte (CHANLB L). Both bytes are
simultaneously transferred (word transfer) when DIN H is negated.

The non-existent address time-out provides a 10 s time-outin the event that a
non-existent address is requested on the LSI-11 bus during a DMA operation.
This prevents hanging-up the LSI-11 bus for periods longer than 10 s. When
the DCO10 becomes bus master, ADREN H is asserted and clocks the 10 s one-
shot(EB) (see Fig. #44 sheet 2 of 3). Normally RPLY L from the LSI-11 bus goes
low and the one-shot is cleared. However, if RPLY L is high (no response from
slave), the one-shot times out and clocks the 741574 flip-flop (E9). The flip-flop
is set, generating (TOS + INIT) L; this signal is applied to the DCO10 (Figure 43,
sheet 1) clearing the internal synchronization circuit and releasing the LSI-11
bus (TOS + INIT) H resets the reauest flip-flop (E10). The 74LS74 flip-flop {ES)
can be set and reset with CSRWB H and DATA 15 (CSR bus time-out}. This flip-
flop is automatically reset during power-up.
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TRANSFER CONTROL
The BWTBT L signal controls the types of transfers. This signal is asserted (L)
during address time for DATO or DATOB transfers and is unasserted (H) during
address time for DAT! transfers. This signal must also be asserted (L) at data
time to indicate byte transfers or unasserted (H) to indicate word transfers.

DATIN L=
ADREN H wemedf

+5

Lso8

8881 awWTBT L
AK2

1KA

wi
—_17_0 DATEN H—] 508

WI | FUNCTION
IN | WORD
QUT{ BYTE

orenn—— [
OATEN L l—____]__-—
CASE 1: .
DATO BUS BWTBT L
CYCLE
CASE 2: | I
BWTBT L

0ATOB
8US CYCLE:

CASE 3:
DATI
8US CYCLE

WTBT L

Figure 44 BWTBT L Circuitry and Logic Timing
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CSR. OUTPUT BUFFERS. INPUT DRIVERS CONTROL

CONTROL/STATUS REGISTER
I (CSR) READ LOGIC

1

CSRRD L
741502 u © I I
~0
| RQSTA H DATA X H
OUT HB L T%-Q =\ s I l
MRPLY L o O 741827 CSRWHB H
| - i |
ENAST H DATA X H
3
| OUT LB L Q I l
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SEL 4 L a0} . ; I
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—29 19 patex L 0 .
l [ RQSTBH — a) DATA x Hl
1 O
OUTHBL ———-0f ¢ N1z 1 .
MRPLY L QO A
‘ 13 2| 74LS27 EN 3
Ol 2 ]] 781588 CHAN HB L . "
l ENBST H ~= @ DATA X H |
3 | &
ouTLe L s d: €15 \6 |4 -
5 741527 £11 5
SEL 6 L ————-C s | 7aLs88 CHANLB L 18 1
DINH — b DATA X H
- 4 i l
l SPARES | l
12 £2os 1
| N | . s L
5
2L I
E20
EB
7
I 418221 'CSR /D L I
12
I l E18.E20 |
? 745367
n o
l | Lo | |
— e e G —— . S— —— —
F - el ¢ ol |
B” REQUEST FLIP-FLOP 0aTAs H 2o |
WCNTO L £10
ch 74LS74
3 11
CSRW c
| DATA? H=rt D o~ raste H | LeH—C o l
E9
‘ 7aL574 i ?‘3 l
" INITL
I CSRWLB H——o]C l I
R
* SPARES
| s | I
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o e e e e e

Figure

45

(Sheet 1 of 3)
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r DC005 TRANSCEIVERS REC/XMIT CONTROL

| DATEN H l
I ADREN H XMIT H I
TDOUT H
l 3 Aee>2 RECH ‘
741504
' TRPLY H l
l INWD H i
' NON-EXISTENT ADDRESS TIME-QUT I
I 740504 l
3 4 9
‘ CSRWHB H O—C 10 |
Y
[
l INIT L |
] ADREN H |
€8
- 741522
-1 4 3
l IDusQ |
8 ?3 TOSHNITIH
14
I RPLY H FTTRAN (Tos+ i
741504
| ‘ l
1
l CSRWHB H 21 ] I
74151
I pATAls H—Z TALS1R l
e e e o e — — — — . —— — — — — — =]
nK.1122

Figure 45 Typical Application (Miscellaneous Logic)
. (Sheet 2 of 3)
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—
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TDOUT H s . .
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I 9 |
I : } I -~
I 14 BSACK (/BN1 |
| MASTER H 5 1 l
|
l " DATEN L 1
1 1
l z 0 DATEN H I
I 2 INWO L
| W INWD H |
I 5 WCNTO H l
k! WCNTO L N
| — |
8641/E2 l
I 7
l : | :
| g |

L e

MK-1123
Figure 45 Typical Application (Miscellaneous Logic)
(Sheet 3 of 3)
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The DCOOS transceiver receive/transmit control detemines the state of
the DCOO5 transceivers in Figure 40. Normally, the transceivers are in
the receive state to accept device addresses from the LSI-11 bus. When
REC H is asserted (high), XMIT is negated (low). XMIT is asserted (high)
when transferring data to the LSi-11 bus (TDOUT, DATEN, and ADREN
are high; TRPLY, INWD are low). REC is asserted (high) when receiving
data from the LSi-11 bus (TDOUT, DATEN, and ADREN are low; TRPLY,
INWD are high).

The control/status register (CSR) (Figure 44, sheet 1) has six active
bits and is a read/write register comprised of 74LS367 3-state drivers
and flip-flops which are part of other logic circuits shown in Figure 44,
sheet 1, and Figure 44, sheet 2. Figure 45 shows the CSR format, The
CSR bits are described in Table 13.

UNUSED UNUSED
- \ ~ ~
15 14 13 09 08 07 06 05 04 00
v T 1 T T T
A 1 1 L J A 1 1
INTERRUPT USER INTERRUPT
ENABLE TRANSFER ENABLE
FOR 81T 15 REQUEST FORBIT?
8US TIME-QUT B8LOCK TRANSFER
(NON-EXISTENT COMPLETE
ADORESS) (WORD COUNT
OVERFLOW)
TRANSFER DIRECTION
SELECT 8iT
DATQ/DATIT
/0

MK-1128
Figure 46 Controil/Status Register (CSR) Format

The quad transceivers (8641) shown in Figure 44 sheet 3, supplement the
DCOOS5 transceivers for interfacing to the LSI-11 bus. in this particular
application, the 8641s are permanently enabled by grounding pins 7 and 9.

Table 13 CSR Bit Descriptions

Bit Name Description

(o]o}
01
02 Unused
03
04

05 DATO/DATI When set to a 1, indicates a DATO
cycle; when set to a 0, indicates
DATI bus cycle.
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Table 13 CSR Bit Descriptions (Cont)

Bit

Name

Description

06

07

08

09
11
12
13

14

16

interrupt enable for bit
7

Block transfer complete

User transfer request

Unused

Interrupt enable for bit
15

Bus time-out

This bit must be set (1) to enable
the word count overflow interrupt
at the end of a block transfer. When
set to 0, the interrupt is inhibited.
This bit sets (1) when the word
count register overflows, providing
bit 06 is set.

The user's device must set (1) this
bit to make a bus request and trans-
fer data. User REQ L (J1-PP) must
be driven low (0) to set bit 08. This
bit is aiways read as a zero. This is
an example for test purposes.

This bit must be set (1) to enable
the bus time-out interrupt. When set
to a O, the interrupt is inhibited.

This bit sets (1) when a slave on the
LSi-11 bus does not respond with
BRPLY within 10 us after being ad-
dressed. Bit 14 must be set (1) to
enable the bus time-out interrupt.

rmmmummmmmmmumlw 0 00 015 OO S
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ADDITIONAL INFORMATION AND DATA FOR USE
WITH DMA CHIPKIT APPLICATIONS

Logic to Support DATIO and DATIO B Bus Cycles

The circuit shown in Figure 46 is used to toggie the DATIO L input to the
DCO10 when it is used for DATIO, DATIO B bus cycles. As shown by the
dotted line this circuit may be used with a hard-wired configuration where
only DATIO, DATIO B cycles are used or connected to a CSR bit for
selection of the type of bus cycle to be used. Although this circuit was
not part of the original DMA application information and therefore no
CSR bit exists in the drawings, it was added to the board to verify that
the board could perform DATIO and DATIO B bus cycles.

ax L

DIN H
DIN L |
DINDL H ]
| +20ns APPROX. TIMES FOR

DIN L j‘ 1oons\t 8.3 MHZ CLOCK
- oDINDL H

DIN H 74L504 L
(FROM DCO10 Dc 741508
PIN 6) :)_D_IN_LODINDL H
DIN H .
(FROM DCO10 o Q -BTN—DJ:?
PIN 6) :
741504 7aLs74 741532 .
(FROM CLOCK 9 DA &
ON DCOI0  ClK L c — (10 Deoto
PIN 17) PIN 2)
MASTER H 74L504 T UMASTER L ]
(FROM DC 010 Dc . 740532 S~
PIN 9 ) [F ONLY DATIO CYCLES
ARE REQUIRED MASTER L
DATIO CYCLE MAY BE GATED DIRECTLY
ENABLE L INTO THE DATIO 741532
(FROM A AND THE 741532 GATE
CSR B8IT) MARKED 2 CAN BE
ELIMINATED.

Figure 47 Additionai Logic Required to Support DATIO Bus Cycles
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1KLL
_E————ow' AK2
~- Ls08 8881 BWTBT L
- DATEN H |
WI {FUNCTION
IN | WORD
OUT| BYTE

ADREN H ___—___l_———__l
DATEN L L_______.[—
DATIOB BWTBT L ‘_________]

BUS CYCLE

DATIOB LOGIC TIMING

Figure 48 DATIOB Logic Timing
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TIME DELAYS FOR BUS DMA REQUEST
" Time delay to recapture the LSi-11 Bus as a function of the RC Values
tied to pin 14 (TMOUT H). (NOTE: All times ‘‘Burst’’ Mode-No Refresh.)

1. R=1K*=59%
cC=0
Time delay from falling edge of MASTER H to rising edge of MASTER
H with CNT 4 H pin high = 820 nsec.
2. R=1K = 5%
C = 1000 pf = 59,
Delay as described ahove z 1.2 usec.
3. R= 1K =59,
C = 6000 pf = 59,
Delay as described above = 2.3 usec.

i
-
.
53
w
A
74 74
586 1504
EN €30
74 74 74 74
L5132 L504 L574 L527
£2) El6 E10 €5
74 74 74 74 74 74
15367 L5367 L5367 Ls27 L574 L302
€29 E25 €20 E1s €9 Ed
74 74 74 2 74 A
LS273 L5273 L5367 sw LS22) L502
E28 E24 (314 Ei4 ES E3
Sl DEC
DQ06 | PCDOs o110 Sw D004 8641
E27 £23 Ei18 E13 €7 E2
OEC
OCO0S5{ [OCO0S DCO0S DCO0S DCo03 8641
€26 E22 €17 N Ed 1

| [

Figure 49 IC Layout Diagram for DMA Application Board
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HARDWARE FOR CHIPKITS

Two of the CHIPKITS, the DCK11-AC Program Control and the DCK11-AD
DMA, are each supplied with an appropriate cable and module as de-
scribed beiow. DIGITAL also makes a farge variety of compatible hard-
ware, inciuding other modules and cables, connectors, mounting ac-
cessories, system encigsures, and cabinets, that you can use to complete
your system. This hardware is described in the following DIGITAL pub-
lications:

e The DIRECT SALES CATALOG, presenting many items that you order
directly from DIGITAL

e The CHIPKIT BROCHURE

To obtain these publications, or for more detailed information on these and
other Accassories and Supplies Group products, write today:

DIGITAL EQUIPMENT CORPORATION

Circulation Dept. RQ/W83

460 Amherst Strest

Nashua, NH 03063

Cable BC0O7D-10

Ribbon Cable Assembly BCO7D-10 is fabricated from two 20-conductor
ribbon cables and a 40-pin female connector; the two ribbon cables each
comprise twenty 22 AWG conductors which are cemented side-by-side.
The ribbon cables are joined approximately every 10 inches with elec-
trical tape. The conductors are terminated at one end by the 40-pin con-
netor and are unterminated at the other end.

SPECIFICATIONS
Conductors
Number of conductors: 40
Gauge: 22 AWG, stranded (7/30)
Material: Copper, tinned
Insutation: PVC
Characteristic

impedance: 76.5 ohms
DC resistance/foot: 0.0166 ohm
Capacitance/foot: 29.27 picofarads
Inductance/foot: 0.149 u henries
UL style number: 1061
Cable
Width: 1.1 inch (nominat)
Thickness: 0.102 inch (nominal)
Standard length: 10 feet (=3 inches)
UL style number: 2476
Connector
Type: H856
Mates with: H854
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Cable Assembly BCO7D 40-Conductor Ribbon Cable Assembly BCO7D

Connector (H856) Pin Layout Diagram Conductor Insulation Color Code
(shown mating-side up)
— NOT USED [ ] NOT USED — Cable 1 Cable 2

B | A Pin Color Pin Color .
D 1 c B BLK A BLK
F — E D BRN c BRN
J ] H F RED E RED -~
L ] K J ORN H ORN
N | M L YEL K YEL
R | p N GRN M GRN
T | S R BLU P BLU
v ] u T VIO s VIO
X N W v GRY u GRY

CABLE1 Z "] v caBLE2 X WHT w WHT
BB ] AA z BLK Y BLK -
DD | ce BB BRN AA BRN
FF —1  EE DD RED cc RED
3 1  HH FF ORN EE ORN
LL ] KK JJ YEL HH YEL
NN 1 MM LL GRN KK GRN
RR " PP NN BLU MM BLU
™ | ss RR VIO PP VIO
W | uu T GRY SS GRY

L noT usep [ NoT useD vV WHT oy WHT
Module W9512

The W9512 is a double height, extended length, singie width moduie
with handle (see Figure 50). This wire wrappable module enables a user
to easily configure special interface logic for the LSI-11 computer system.

The W9512 module will accept a variety of IC package types and dis-

crete components. The printed cirtuit on each board connects the ap-

propriate edge connector pins to the V.. plane on side 1 of the board

and the ground plane (GND) on side 2. The remaining edge connector

pins terminate to a double row of wire wrap pins for user designated -
functions. Each module also includes a 40-pin male cable connector b
to allow an interface cable to be attached to the module logic. The pins

of the cable connector are also terminated to a doubie row of wire

wrap pins. Each board contains insulated standoffs to maintain the re-

quired clearance between adjacent modules and to prevent shorting

of wire wrap pins. The wire wrap pins and components are mounted

on side 1 of each module. Rows of predrilled holes accept IC packages

with pin spacings of 0.3 in. (.762 c¢m), 0.4 in. (1.01 ¢cm) and 0.6 in.

(1.52 cm). Universal area on the W9512 modules is the area which ac-

cepts IC packages with standard pin spacings. These areas have four

rows of predrilled holes spaced at 0.3 in. (.762 ¢m), 0.4 (1.01 ¢cm) and

0.6 in. (1.52 cm).

=]

SINE 1

1
[ wint_waar s . !
}

0 3 # CENIERS

03,04 8 08 N CENIERS

[

0 W CENLERS
03 w CENIEAS

z
s
z
°

03 1IN CENIERS

it i i) v e 7S

[ i n
ROwW B H H ROW A i . \
j

-

EDGE CONNECTORS

Figure 51  Physical Layout of the W9512 Module
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APPENDIX
LSI-11 Bus Timings

BUS MASTER SLAVE
(PROCESSOR OR DEVICE) (MEMORY OR DEVICE)

ADDRESS DEVICE MEMORY
« ASSERT BDAL <15:00> L WITH
ADDRESS AND
+ ASSERT BBS7 IF THE ADORESS
IS IN THE 124 - 128K WORD RANGE
e ASSERT BSYNC L

S—
-
T~
e~
S
. 0ECODE ADDRESS
+ STORE "DEVICE SELECTED"
_..  OPERATION
-
—
—
—
REQUEST DATA -
« REMOVE THE ADDRESS FROM
8DAL <15:00> L AND NEGATE BBS7
L .
« ASSERT BOIN L
Te—
—
e—
—
TR NPUT DATA
+ PLACE DATA ON BDAL <15:00> L
.+ ASSERT BRPLY L
—
-
a—
TERMINATE INPUT TRANSFER
« ACCEPT DATA ANO RESPOND
8Y NEGATING BODIN L —
—_
—
T~ (QPERATION COMPLETED
e o NEGATE 8RPLY L
TERMINATE BUS CYCLE e —

« NEGATE 8SYNC L

MK2838

Figure 52 DATI Bus Cycle
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T/R DAL (4] T ADDR X @ X R DATA X

(4)

700
Lso n_l:ﬂb?‘ 200 ns Max —
T SYnC MIN , cLock
h M 2,000 ns MAX DATA
B PR L'_ 150 ns MiN
T DiN 200 ns MIN —»
} 300 ns MIN  —ommmmmin]
R RPLY \L/
150 ns MINj=—
o I<—|oo ns MIN
TBS7 (4) ‘ X (4
TWTBT (4) /< 4)

|

TIMING AT MASTER DEVICE

aToa @ X Raoor X 4) X T DATA X 4)
_.;i;' — [e— 125 na MAX —»f L—looM MAX, O ns MIN
R SYNC
.| 7:":‘ — 150 Ng M|N'—-I 50 ns M
1 ns MIN
R DIN ‘\
\ 300 ns MIN —4

T RPLY

e 75 ns MIN

A BS7 14\—31( X @)

1 “_ 25 ns MIN
A

RWTBT (4} 14)

!

TIMING AT SLAVE DEVICE

NOTES:
1. TIMING SHOWN AT MASTER AND SLAVE DEVICE
BUS DRIVER INPUTS AND BUS RECEIVER QUTPUTS

2. SIGNAL NAME PREFIXES ARE DEFINED BELOW:

T = BUS DRIVER INPUT
R = BUS RECEIVER QUTPUT

3. BUS DRIVER OUTPUT AND BUS RECEIVER INPUT
SIGNAL NAMES INCLUDE A “8” PREFIX
4, DON'T CARE CONDITION

Figure 53 DATI Bus Cycle Timing
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8US MASTER SLAVE
(PROCESSOR QR OEVICE) (MEMORY OR DEVICE)

ADDRESS DEVICE/MEMORY

¢ ASSERT BDAL <15:00 > L WITH
ADDRESS AND

+ ASSERT BBS7 L IF ADDRESS 1S
IN THE 124 - 128K WORD RANGE

+ ASSERT BWTBT L (WRITE

cyeLs)
+ ASSERT BSYNC L -
—
-
~ DECODE ADDRESS
+ STORE “DEVICE SELECTED"
-
- OPERATION
—_—
—
—"
—
OUTPUT DATA
+ REMOVE THE ADDRESS FROM
BDAL <15:00> L AND NEGATE 88S7 L
AND BWTBT L
o PLACE DATA ON 8DAL <15:00> L
« ASSEAT BOOUT L -
S~
\ \
S
A TAKE DATA
« RECEIVE DATA FROM BDAL
LINES
.~ + ASSERT BRPLY L
"
—
—
o
TERMINATE OUTPUT TRANSFER -
+ NEGATE BOOUT L (AND BWTBT L
IF A DATOB 8US CYCLE)
+ REMOQVE DATA FROM BDAL <15:00> L
~ -
T~
e~
T OPERATION COMPLETED
NEGAT RP
-+ NEGATEBRPLY L
—
—
TEAMINATE BUS CYCLE . — =~

« NEGATE BSYNC L

wK.2834

Figure 54 DATOQO or DATOB Bus Cycle
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TDAL (4}

100 ns 100 ns
1"'";2:3"'1 MIN =1 MIN ['

T SYNC

T DOUT

T ADDR X T DATA X 4}

le— Bus [e-175 ns MIN/3tet— 200 n3 MIN -—s!
MAX

R APLY

150 s MIN —] L— L 200 ns M

— r-—soo ns MIN

tes7 @ X X 4

180 ns |
MIN

TWTBT  (4)

"\ ASSERTION =BYTE  \ D¢ 1)

180 ns 100 ns 100 ns
L" MIN 1 MIN {' -~ MIN

TIMING AT MASTER DEVICE

A DAL (4}

X R ADDR X R DATA ___x (4)

R SYNC

R DOUT

— L*— 25 ns MIN — l-— 25 ns MIN

100 ns MIN -44-'! 60 ns MIN=—>
75 N8 jeg

p S

T RPLY

MIN
150 ns
25 ns) -" er:‘ P ]ﬁ 300 ns MIN =
MIN Q;

—-»1

75 ns MIN e

Rest (4 X X )

25 ns MIN —»f L—- — I—— 25 ns MIN

RWTBT (4}

N/ AsseRTioN=BYTE X 4)

75 ns
}"’ MIN 25 ns MIN

NOTES
1.

TIMING AT SLAVE DEVICE

TIMING SHOWN AT MASTER AND SLAVE DEVICE
BUS DRIVER INPUTS AND BUS RECEIVER OUTPUTS

. SIGNAL NAME PREFIXES ARE DEFINED BELOW

T = BUS DRIVER INPUT
R = BUS RECEIVER OUTPUT

. BUS DRIVER OUTPUT AND BUS RECEIVER INPUT

SIGNAL NAMES INCLUDE A "8 PREFIX

. DON'T CARE CONDITION

Figure 55 DATO or DATOB Bus Cycle Timing
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8US MASTER SLAVE
(PROCESSOR OR DEVICE) (MEMORY OR DEVICE)

ADDRESS DEVICE/MEMORY

« ASSERT BDAL <15:00> L WITH
ADDRESS

« ASSERT 88S7 L AND IF THE
ADDRESS IS IN THE 124 - 128K WORD RANGE

¢ ASSERT BSYNC L

—_——
~. DECODE ADDRESS
» STORE “DEVICE SELECTED"
OPERATION
N — -
REQUEST DATA -
+ REMOVE THE ADDRESS FROM
BDAL <15:00> L
o ASSERT BDIN L ~——
S
~ INPUT DATA
o PLACE DATA ON BDAL <15:00> L
__ —— + ASSERTBRPLYL
TERMINATE INPUT TRANSFER -——
« ACCEPT DATA AND RESPOND BY
TERMINATING BODIN L -
TR COMPLETE INPUT TRANSFER
« REMOVE DATA
.+ NEGATE BRPLY L
—
—
QUTPUT DATA o
« PLACE OUTPUT DATA ON BDAL <15:00> L
o [ASSERT BWTBT L IF AN OUTPUT
8YTE TRANSFER)
« ASSERT BDOUT L
\ ~
- S
TAKE DATA
«+ RECEIVE DATA FROM 8DAL LINES
. » ASSERT BRPLY L
w—
/ /
TERMINATE OUTPUT TRANSFER  _4—
o REMOVE DATA FROM BDAL LIES
« NEGATE 8D0UT L ~
— ~
S
= .
OPERATION COMPLETED
« NEGATE BRPLY L
—
TERMINATE BUS CYCLE - -
« NEGATE 8SYNC L —_—

(AND BWTBT L iF IN 4
A DATIOB BUS CYCLE)

MK-2538

Figure 56 DATIO or DATOB Bus Cycle
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|-— 150 ns MIN

-——' ]1—'0 ns MIN
R/T DAL (4] {4} Xn oata X @ X T DATA { (4)
100 ne 200 ns
Xn R SR — l«—loo ns MIN
T SYNC /
100nlMlN—-‘ 150 ns__[175 ng
[~ MIN = MIN
200 ns ; 200 ns,
T pout e d MIN 7]
150 ns .
[~ MIN _'1
TDIN /
300 ns
MIN
R RPLY
150 ns;
"’1 MIN T+
Tes? X X
— 100 ns MIN — R l--—
TWTBT W\ I£ @) X ASSERTION = BYTE 14]
—] he— 150 ns MIN

TIMING AT MASTER DEVICE

R/T DAL (4) XRADDR

i

w X

4)

25

(44 XI T DATA_%

ns MIN,

A DATA X
"—25 ns

e

{
MIN

R SYNC
—

R DOUT

75 ns MIN

]

125 ns
MAX

—— td-iwns MAX
25 ns MIN— t-— — 100

R DIN /

T RPLY

pe—150 ns MIN—

AN

MIN

_.i\'__f

150 ns MIN fat

R 857

ol

R WTBT

2.l

k‘ j150 ns MiN{ [ L-300 s MiN—»
N——.
e— 75 ns MIN
X
l==75 ns MIN re==25 ns MIN | ns MIN

(4}

!

ASSERTION = BYTE

)[Z- 4

NOTES:
1

A
;a— 25 ns MIN

TIMING SHOWN AT REQUESTING DEVICE

TIMING AT SLAVE DEVICE

BUS DRIVER INPUTS AND BUS RECEIVER OUTPUTS
2. SIGNAL NAME PREFIXES ARE DEFINED BELOW
T = BUS DRIVER INPUT
R = BUS RECEIVER OUTPUT
3. BUS DRIVER OUTPUT AND BUS RECEIVER INPUT
SIGNAL NAMES INCLUDE A ~B" PREFIX.
4. DON'T CARE CONDITION

Figure 57
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-’
KDF11-AA PROCESSOR 8US MASTER
- (MEMORY 1S SLAVE) (CONTROLLER)
o . REQUEST 8US
. _~ « ASSERT BOMR L
—
-
GRANT BUS CONTROL -
« NEAR THE END OF THE —
CURRENT BUS CYCLE
(BRPLY L IS NEGATED),
ASSERT BOMGO L AND
INHIBIT NEW PROCESSOR
GENERATED BYSNC L FOR —— ___
THE OURATION OF THE —— ACKNOWLEDGE BUS
OMA OPERATION. T e~ . MASTERSHIP
« RECEIVE BOMG
« WAIT FOR NEGATION OF
) 8SYNC L AND BRPLY L
—— e — = « ASSERT B8SACK L
TERMINATE GRANT - « NEGATE BDMR L
SEQUENCE -
.. » NEGATE BDMGO L AND
S WAIT FOR DMA OPERATION
- =% 70 BE COMPLETED -_
—
——
T~ EXECUTE A DMA DATA
~a. TRANSFER
+ ADDRESS MEMORY AND
TRANSFER UP TO 4 WORDS
OF DATA AS DESCRIBED
£OR DATI OR DATO BUS
CYCLES
« RELEASE THE BUS BY
TERMINATING BSACK L
(NO SOONER THAN
-~ NEGATION OF LAST BRPLY
- ~ U AND BSYNC L
~
/
RESUME PROCESSOR e
OPERATION ~
« ENABLE PROCESSOR -
GENERATED BSYNC L
|PROCESSOR IS BUS WAIT 448 OR UNTIL
MASTER] OR ISSUE ANOTHER FIFO TRANSFER
ANOTHER GRANT IF BDMR 1S PENDING BEFORE
L IS ASSERTED. REQUESTING BUS AGAIN
’ MK-2540
Figure 58 DMA Bus Cycle
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_ SECOND
—-—1 [«— DMA LATENCY REQUEST
- ittt da’aad ot b ek b ok sl ol v s o o aly sl o
T DMRA R’ AR A A A A A A A A
K L Vi, L V3 L
R DMG A
T SACK
s o e
250 ns MIN —mf i }4—— 300 ns MAX

- ANUNNNY

260 ns MIN 0 ns MIN -——I -

Ay \\\\\_.l\\ / \

e— 0 ns MIN

—tt lt— 100 ns MAX

[« O ns MIN
T DAL s ADDR DATA N
(ALSO BS7, . X — \ %
WTBT, REF) . - .
-~ NOTES:

1. TIMING SHOWN AT REQUESTING DEVICE BUS DRIVER INPUTS AND BUS RECEIVER OUTPUTS.
2. SIGNAL NAME PREFIXES ARE DEFINED BELOW:

T = BUS DRIVER INPUT

A = BUS RECEIVER OUTPUT
3. BUS DRIVER OUPUT AND BUS RECEIVER INPUT SIGNAL NAMES INCLUDE A “B" PREFIX

MK-2861

Figure 59 DMA Bus Cycle Timing
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