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APPENDIX

MOTOROLA 68000 AND SUPPORT CHIPS

MC68000L4

(4 MHz)
@ MOTOROLA MC68000L6
(6 MHz)
MC68000L8
[ Advance Information B (8 MHz)
MC68000L10
16-BIT MICROPROCESSING UNIT (10 MH2)
Advances :n semiconductor technology have provided the
10 place on @ single slicon chip a MICroprocessor at ieast an order of
magnitude Migher in performance and circuit complexity than has been HMOS

previously avaiable. The MCE8000 s the first of a family of such VLS|
microprocessors from Motofola. it combines state-of-the-art
technology and advanced circuit design techniques with computer
sciences to achieve an architecturally advanced 16-bit microprocessor.

The resources availabie to the MCB8000 user consist of the following:

@ 32-8:t Data and Address Registers

@ 16 Megabyte Diract Addressing Range

® 56 Powertul Instruction Types

® Operations on Five Main Data Types

® Memory Mapped /O

® 14 Addressing Modes

As shown in 1he programiming model, the MCB8000 ofters seventeen
32-tut registers 1n addrmon 1o the 32-bit program counter and a 16-bit
status register  The tirst eight registers (D0-D7} are used as data
registers for byte (B-bit), word (16-bit}, and long word (32-bit) data
operatons. The second set of seven registers (AG-AB and the system
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MC68230L8
@ MOTOROLA MC68230L10

L Advance Information ‘
(HIGH-DENSITY N-CHANNEL
MC68230 PARALLEL INTERFACE/ TIMER SILICON-GATE}
PARALLEL INTERFACE/TIMER
The MCB8230 Parailel Interface/ Timer provides versatite doubie but-
feted parallel intertaces and an operating system oriented treer to
MCB8000 systems The parallel intetfaces operate in untdirectional or
brdirectional modes. either 8 or 16 bits wide In the unidirectionat
modes, an associated dala direction register- determines whether the
port PI0s are inputs or gutpuls In the tidirectional modes the data
direction registers are ignored and the duecton 1S determined
dynamucally by the state of four handshake pins These programmabile
handshake pins provide an intertace Hexible enough for connection 10 a
wide vanety of low, medwm, or lhigh speed pernipherals or other com-
puter sysiems The Pif T ports allow use of vectored or autovectored in-
rerrupts, and also provide a DMA Request pin for connection to the . L SUFFIX
MCE8450 Duect Memory Access Controller or a simdar ¢ircu. The PU/ T CERAMIC PACKAGE
timer contams 3 24-bit wide counter and 3 5-bn prescaler The tmer P SUFEIX CASE 740
may be clocked by the system ciock {PI/T CLK pin} or by an external PLASTIC PACKAGE
clock (TIN pin). and a 5bit prescaler can be used. It can generate AVAILABLE 2082
periodic interrupts, a square wave, or a single interrupt after a pro
grammed ume penod Also it can be used for elapsed nme measure-
ment or as a device waichdog PIN ASSIGNMENT
D5 crt_—U_-;; D4
® MC68000 Bus Compatibie p
ps(2 47 po3
® Port Modes include
Bt 1/O o073 46 02
Umidirectonal 8-Bit and 16-Bn rac 3 4 45 por
Budirecuonal 8-8«t and 16-8u parlls m DDO
: ;:I;cta:he Hands:;k\:g Options pazl] 6 3 hRiv
B al e Tymer ——
" Frogramm enaf]? 42 PoTACK
® Sofiware Programmabie Timer Modes padl 8 &
® Contains interrupt Vector Generation Logic q 4
pasl 9 40 fCLK
® Separate Port and Timer interrupt Service Requests
® Registers are Read/Write and Directly Addressable ras 10 39 [ AESET
® Registers are Addressed tor MOVEP iMove Peripheral) and DMAC 252311 38 Dvss
Compatibiity vee 3z 37 P PCV/TIACK
g3 3% P PcasPIACK
H2 [ V4 35 [ PCS/PIRG
w3 15 34 [} pca/DMARER
Ha f} 16 33 frcasTout
a0} 17 32 Prcanin
egi] 8 31 pect
pe2 [ 19 30 prco
real 20 29 RSt
eea(] 21 28 I RS2
pes{ 22 27 Prs3
paag 23 26 I Asa
ee7 { 24 25 [IRSH
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C682
(1.0 MHa)
MeSinat
Cc68B

2
(2.0 MHz)

PERIPHERAL INTERFACE ADAPTER (PIA}

The MCB821 Penpheral Interface Adapter provides the universa
means of interfacing perpheral equipment 1o the M680C family of
microprocessors. This dewice 1s capable of nterfacing the MPU to
peripherals through two B8-bt uidirectional penpheral data buses and
four contro! hnes. No external 1ogic 15 required for interfacing 10 most
peripheral devices

The tuncuional configuration of the PIA 1§ programmed by the MPU
duning system imitializatior. £ach ol the peripheral data iines can be pro-
grammed 10 aCt as an :pul or Qutpul, and each of the four con-
trol/interrupt ines mav be programmed for one of several contro!
modes. This aliows a high degree of flexibiity In the overal operation ot
the interface
® 8.8 Bidwectonal Bata Bus for Communication with the
MPU
Two Bidirectional B-Bit Buses for Intertace to Penpherals
Two Programmable Controi Registers
Two Programmable Data Direction Registers
Four Ingividually-Controlled Interrupt input Lines; Two
Usable as Penpheral Control Outpults
Handshake Control Logic for input and Output Peripheral
Operation
High-impedance Three-Siate and Diect Transistor Drive
Penpnerat Lines
Program Controlled Interrupt and Interrupt Disable Capabihity
CMQS Drive Capabiiity on Side A Perpheral Lines
Two TTL Drve Capability cn All A and B Side Buffers
TTL-Compaubie
Stauc Operation

MOS

{N-CHANNEL, SILICON-GATE,
DEPLETION LOAD)

PERIPHERAL INTERFACE
ADAPTER

L SUFFIX
CERAMIC PACK AGE
CASE 715

« § SUFFIX
CERDIP PACKAGE

R CASE 738

. P SUFFIX
. - PLASTIC PACKAGE
CASE™

MAXIMUM RATINGS

Charscrenistics Symbol Value Unit
Supply Voltage vee -03w +70 | Vv
Input Voitage Vir -0310 +70 A
Operating Temperature Range TLto TH
MC6821. MCHBAZ1 M(68B21 Ta ¢ w70 “C
MCB821C. MCBBA21C. MCBBB21C ~40 o +85
Siorage Temperature Range Tsig -5510 +150 | °C

THERMAL CHARACTERISTICS

Characteristic Symbol Vake Unit
Thermal Resistance
Ceramic 50 of;
Plasuc 8, 100 Cw
Cerdip 80

This dewice cantans Citcuitty 10 protect the inpuls agamst dasmage due to gt
stalic vollages or electric fields, nowever, 1 1s advised that normal precautions
be taken to avoid applicaton af any voltage higher than maximum-rated
voltages 10 this high-impedance crcut. Rehability of operation 15 enhanced
unused Nouts are 118d L0 an apProprate logic voltage t e . either Vs or Vo)

PIN ASSIGNMENT

vss] @ whcar
PAOQ » spcaz
Paif] s s[RAA
PA2[} 4 3/]31RGB
PA3QY 3 [ASe
Paaf]s IPRST
pasf] / 3 [IRESET
racl] s 3ifoo
Pa7lly k7 [o}}
Paofjro »ngJo2
P8I[In {03
pB2{j12 2104
PB3[J1s 28105
PBaf}1e o6
PB5('s wfjo7
PB6 Q16 2hE
rarg:s 24 ¢S
cerfe »fiCsz
ce2l9 2pCso
veeljo afAw
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PIA INTERFACE SIGNALS FOR MPU

The PIA interfaces 1o the M6800 bus with an 8-bit bidirec-
tional data bus, three chip select lines, two regsster select
fines, two interrupt request lines, a read/ write ine, an enable
iine and a reset line. To ensure proper operation with the
MC6800, MCEB02, or MCEB0B microprocessors, VMA
should be used as an active part of the address decoding.

Bidirectional Data (DO-D7} — The bidirectiona! data lines
(D0-D7) allow the ransfer of data between the MPU and the
PIA. The data bus output drivers are three-state devices that
remain in the high-impedance (off) state except when the
MPU performs a PIA read operation. The read/write line is in
the read thigh} state when the PIA is selected for a read
operation.

Enable {E) - The enable pulse, £, is the only timing
signal that is supplied to the PIA. Timing of ali other signals
is referenced 1o the leading and trailing edges of the E pulse.

Reed/Write (R/W) — This signal is generated by the
MPU to controf the direction of data transfers on the data
bus. A low state on the PIA read/write line enablas the input
butters and data is transferred from the MPU to the PIA an
the E signal if the device has been selected. A high on the
read/write line sets up the PIA for a transter of data to the
bus. The PtA output buffers are enabled when the proper ad-
dress and the enable pulse E are present.

RESET - The active low RESET line is used to reset all
register bits in the PIA to a logical zero (low). This line can be
used as a power-on reset and as a master reset during
system operation.

Chip Selects (CS0, CS1, and CS2) — These three input
signals are used to select the PIA. CSO and CS1 must be
tigh and C5Z must be lovs for selection of the device. Data
transfers are then pertormed under the control of the enable
and read/write signats. The chip select lines must be stable

for the duration of the E pulse. The device is deselected
when any of the chip selects are in the inactive state

Register Selects (RS0 and RS1) — The two register
select lines are used to setect the various registers inside the
PIA. These two lines are used in conjunction with internal
Controt Registers to select a parucular register that is 1o be
written or read.

The register and chip select iines should be stable for the
duration of the E pulse while in the read or write cycle.

Interrupt Requeet (IRQA and IRQB) — The active low In-
terrupt Request lines (IRQA and {RQBJ act to interrupt the
MPU either directly or through interrupt prionty circuitry
These lines are ""open drain’ (no load device on the chipl.
This permits all interrupt request lines to be tied together in a
wire-OR configuration.

Each Interrupt Request line has two internal interrupt ftag
bits that can cause the Interrupt Request line to go low. Each
flag bit is assoctated with a particular peripheral interrupt
line. Also, four interrupt enable bits are provided in the PIA
which may be used to inhibit a particular interrupt trom a
peripherat device.

Servicing an interrupt by the MPU may be accomplished
by a software routine that, on a prioritized basis, sequentially
reads and tests the two control registers in each PIA for in-
terrupt flag bits that are set.

The interrupt flags are cleared (zeroed) as a result of an
MPU Read Peripheral Data Operation of the corresponding
data register. After being cleared, the interrupt flag bit can-
not be enabied to be set until the PIA is desetected during an
E pulse. The E pulse is used to condition the interrupt control
lines (CA1, CA2, CB1, CB2). When these lines are used as
interrupt inputs, at least one E pulse must occur from the in-
active edge 1o the active edge of the interrupt input signal to
condition the edge sense network. If the interrupt fiag has
been enabled and the edge sense circuit has been properly
conditioned, the interrupt flag will be set on the next active
transition of the interrupt input pin.

PiA PERIPHERAL INTERFACE LINES

The PIA provides two 8-bit bidrectional data buses and
four interrupt/control lines for interfacing to perpheral
devices.

Section A Periphersl Data (PAO-PA?) — Each of the
peripheral data lines can be programmaed to act as an input or
output. This is accomplished by setting a 1" in the cor-
responding Data Diraction Register bit for those lines which
are 10 be outputs. A 0" in a bit of the Data Direction
Register causes the corresponding peripheral data line 1o act
as an input. During an MPU Read Peripheral Data Operation,
tha data on peripheral lines programmed 1o act as inputs ap-
pears directly on the corresponding MPU Data Bus lines. In
the input mode, the internal pullup resistor on these lines
represents a maximum of 1.5 standard TTL loads.

The data in Output Register A will appear on the data lines
that are programmed 10 be outputs. A logical ““1” written in-
to the register will cause 3 ""high’’ on the corresponding data

line white a “0” results in a ""low.”” Data in Output Register A
may be read by an MPU “Read Peripheral Data A" operation
when the corresponding lines are programmed as outputs.
This data will be read property if the voltage on the
peripheral data lines is greater than 2.0 volts for a logic 1"
output and less than 0.8 voit for a logic 0" output. Loading
the output lines such that the voltage on thase lines does not
reach full voltage causes the data transferred into the MPU
on a Read operation to differ from that contained in the
respective bit of Output Register A.

Section B Peripheral Data (PBO-PB7) — The penpheral
data lines in the B Section cf the PIA can be programmed to
act as either inputs or outputs in a similar manner to PAC.
PA7. They have three-state capabiity, aliowing them to entar
a high-impedance state when the periphera! data line is used
as an input. in addition, data on the peripheral data lines
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PBO-PB7 will be read properly from those lines programmed
as outputs even if the voitages are below 2.0 volts for a
“high”' or above 0.8 V for a "low”. As outputs, thess lines
are compatible with standard TTL and may also be used as a
source of up 10 1 milliampere a1 1.5 volts to directly drive the
base of a transistor switch.

Interrupt Input (CA1 and CB1} — Peripheral input lines
CA1 and CB1 are input only lines that set the interrupt flags
of the control registers. The active transition for these
signals is also programmed by the two control registers.

Peripheral Control {CA2) — The peripheral control line
CA2 can be programmed to act as an interrupt input or as a

peripheral control output. As an output, this fine is compati-
ble with standard TTL; as an input the internal pullup resistor
on this line represents 1.5 standard TTL loads. The function
ot this signal line is programmed with Control Register A.

Peripheral Control (CB2) —~ Peripheral Control line CB2
may also be programmed to act as an interrupt nput or
peripheral control output. As an input, this line has high in-
put impedance and is compatible with standard TTL. As an
output it is compatible with standard TTL and may also be
used as a source of up to 1 milliampere at 1.5 volts to directly
drive the base of a transistor switch. This line is programmed
by Control Register B

INTERNAL CONTROLS

INITIALIZATION

A RESET has the effect of zeroing all PIA registers. This
will set PAQ-PA7, PBO-PB7. CA2 and CB2 as inputs, and all
interrupts disabled. The PIA must be configured during the
restart program which follows the reset.

There are six locations within the PIA accessible to the
MPU data bus: two Peripheral Registers, two Data Direction
Registers, and two Control Registers. Selection of these
locations is controlled by the RSO and RS1 inputs together
with bit 2 in the Control Register, as shown in Table B 1

Details of possible configurations of the Data Direction
and Control Register are as follows"

TABLE B.1 INTERNAL ADDRESSING

Control
Register Bt
RS1} RSO { CRA-2 | CRB-2 Location Selected

V] 4] 1 X Peripheral Register A

V] 1] 0 X Data Direciion Register A
0 1 X X Control Register A

1 [} x 1 Peripheral Register B

1 0 3 Data Dwection Register 8
1 1 X X Control Regester B

X = Don‘t Care

PORT A-B HARDWARE CHARACTERISTICS

As shown in Figure 37, the MC6821 has a pair of 1/0 ports

whose characteristics differ greatly. The A side is designed
to drive CMOS logic to normal 30% to 70% levels, and incor-
porates an internal pullup device that remains conpected
even in the input mode. Because of this, the A side requires
more drive current in the input mode than Port B. In con-
trast, the B side uses 8 normal three-state NMOS buffer
which cannot pullup to CMOS leveis without external
resistors. The B side can drive extra loads such as Darl-
ingtons without problem. When the PIA comes out of reset,
the A port represents inputs with pullup resistors, whereas
the B side {input mode also) will float high or tow, depending
upon the load connected 1o it.

Notice the differences between a Port A and Port B read
operation when (n the output mode. When reading Port A,
the actual pin is read. whereas the B side read comes from an
output latch, ahead of the actual pin.

CONTROL REGISTERS (CRA and CRB)}

The two Controi Registers (CRA and CRBI allow the MPU
to control the operation of the four peripheral control fines
CA1, CA2, CB1, and CB2. In addition they allow the MPU 10
enable the interrupt lines and monstor the status of the inter-
rupt flags. Bits O through 5 of the two registers may be writ-
ten or read by the MPU when the proper chip select and
register select signals are applied. Bits 6 and 7 of the two
registers are read only and are modified by external interrupts
accurring on control lines CA1, CA2, CB1, or CB2. The for-
mat of the control words is shown in Figure B.3

DATA DIRECTION ACCESS CONTRQ). BIT (CRA-2 and
CRB-2

Bit 2, in each Control Register (CRA and CR8I, deter-
mines selection of either a Peripheral Output Register or the
corresponding Data Direction E Register when the proper
register select signals are applied to RSO and RS1. A 1" in
bit 2 allows access of the Peripheral Interface Register, while
a "0 causes the Data Direction Register 10 be addressed.

Interrupt Flegs (CRA-6, CRA-7, CRB-6, snd CRB-7} —
The four interrupt flag bits are set by active transitions of
signals on the four Interrupt and Peripherat Controt lines
when those lines are programmed to be inputs. These bits
cannot be set directly from the MPY Data Bus and are reset
indirectly by a Read Peripheral Data Operation on the ap-
propriate section.

Control of CA2 and CB2 Peripheral Control Lines (CRA-3,
CRA-4, CRA-5, CRB-3, CRB-4, and CRB-5) — Bits 3, 4, and
5 of the two controi registers are used to control the CA2 and
CB2 Peripheral Control lines. These bits determine if the con-
trol lines will be an interrupt input or an output control
signal. 1t bit CRA-5 {CRB-6) is low, CA2 (CB2) is an interrupt
input line similar to CAt {CB1). When CRA-5 (CRB-5) is
high, CA2 (CB2) bacomaes an output signal that may be used
to control penpheral data transfers. When in the output
mode, CA2 and CB2 have siightly different loading
characteristics.
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Control of CA1 and CB1 interrupt Input Lines (CRA-0, snable the MPU interrupt signals IROA and {ROB, respec-
CRB-1, CRA.1, and CRB-1) — The two lowest-order bits of tvely. Bis CRA-1 and CRB-1 determine the active transition
the contral registers are used to contro! the interrupt input of the interrupt input signals CAY and CB1.

inas CAl and CB! 8its CRA-Q and CRB-0 are used to

FIGURE B.2 PORT A AND PORT B EQUIVALENT CIRCUITS

Port A Port B
vee vee

Port Pin
Data Direction

DATA

DATA

Port Pin
Dala
Direcuon
11 = Qutput Pind
(0~ Input Pin}

Dats Dwrection
{1 =1input Pin}
{0~ Oulput Pin)

Read of B
Data When
n Output
Mode

Read of B
Data when
n Input Mcde

Read A Data
To Externai n input or
Bus Output Mode

<} g Internat PIA Bus e




Determine Active CA1 (CB1) Transition for Setting
interrupt Flag IRQA(B)T ~ (bit 7}

b1=0D: JRQAIB) set by high-to-iow transition on CA1
ic81t
b1=1. IRQAIB!1 set by low-to-high transition on CAt

1ed: 1)}

L__"——_"‘_‘ﬁ

IRQA(B) 1 Interrupt Flag (blt 7}

Goes high or active transiion of CA1 (CB1). Automa-
ucally cleared by MPU Resd of Output Register A(B)
May atso be cleared by hardware Reset,
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CA1 {CB1) Interrupt Requebt Ensbis/ Diasble

bO=0. Disables IRQA(B) MPU Intecrupt by CAY
(CBY) actve transiton.!

Enable (RQA(B} MPU Interrupt by CA1 (CBYI
actve transition

IRQA(B! wiil accur on next IMPU genecated! positive
transition of b0 f CA1 1C81) actuve transition oc-
curred while irfterrupt was disabled.

bO= 1

1 = |

b7 b8 b5 l [~ ] b3 b2 ol J b0
Control Register { |roA(BI1 | IRQA(BIZ CA2 (CB2) oo/ CAY (CBY
flag Flag Control Access Control

T

IRQAI(BI2 Interrupt Fiag (bit 6)

When CA2 (CB2 1s an input, IRQAIB) goes high on ac-
uve transiion CA2 {CB2}, Automaucally cleared by
MPU Read of Output Register A(B! May also be
cleared by hardware Reset

CA2 (CB2! tstabhshed as Output {bS5=1): IRQA(B}
2=0. not affected by CA2 (CB2) ansimons

T

Determines Whether Dats Direction Regleter Or Output
Regieter is Addressed

b2=0. Data Lirection Reqgister selected

b2=1 Oulput Register seiected.

[

]

CAZ (CB2) Established as Output by b5=1
(Note that operation of CAZ and CB2 output

85 b4 b3 functions are not «denucail
T[—p ca2
1 0 p3=0 Read Swobe with CA1 Restors

CA2 goes fow on trst high-to-tow
€ transition following an MPU read
of Output Register A; returned high
by next actve CAl transition., as
specified by bit 1

Read Strobe with E Restore

CA2 goes low on fust high-to-low
E trangiion tollowing an MPU read
of Output Register A; returned high
by next high-t1o-low £ vransition dur-
ng a deselect

b3=1:

L—’ €82

b3=0:

Write Strobe with CBt Restore
CB2 goss ‘ow on hrst low-10-high
£ transition following an MPU write
wnio Output Register B returned
high by the next active CB' transi-
twon as speciied by b 1. CRB-b7
must first be cleared by a read of
data

Write Suobe with E Restore

CB82 goes low on first low-to-high
£ vansition lollowing an MPU write
nto Qutput Register B, returned
high by the next low-10-high E tran-
sition following an £ pulse which
occuried while the part was de-
selected.

Set/Reset CA2 (CB2)

CA2 (C82) goes low as MPU wriles

b3=0 nto Controt Register.

CAZ {CB2) goes high as MPU writes

b3=1 into Control Register.

b3=1

1&
¥
g

CA2 (CB2) Established as input by b6=0

b3 ot

0 t CA2 (CB2) Interrupt Request Enable/ Dissble
b3=0: Disables IROAIAt MPU interrupt by
CA2 (CB2} active transition
Enables IRQA(B) MPU Intsrrupt by
CA2 (CB2) active transition
*IRQAIB) will occur on next {MPY generat-
ted! positive transiion of b3 if CA2 {CB2)
active transiion occufred while interrupt
was disabled
Detarmines Active CA2 (CB2) Transition far
Setting Interrupt Flag IRQA(BI2 — (Bit b8)

b3=1

b4=0 IRQAIBIZ set by high-to-low transi-
tion on CA2 (CB2)
bd=1 [RQAIBI2 set by low-lo-hugh trans..

ton on CA2 (CB2)
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@ MOTOROLA

MCM6116

16K BIT STATIC RANDOM ACCESS MEMORY

The MCMB116 1s a 16,384-bit Siatic Random Access Memory
organized as 2048 words by 8 bits, tabricated using Motorola's high-
performance sicon-gate CMOS (HCMOS) technology. It uses a design
approach which provides the simple iming teatures associated with ful-
ly static memagries and the reduced power associated with CMOS
memones. This means low standby power without the need for clocks,
nor reduced data rates due 10 cycle tmes that exceed access time.

Chip Enable {E} controls the power-down feature. 1t is not a clock but
rather a chip control that atfects power consumption. In less than a cy-
cle time after Chip Enable (E} goes high, the part automatically reduces
its power requirements and remains in this low-power standby as long
as the Chip Enable (E) remains high. The automatic power-down
feature causes no performance degradation.

The MCMB116 is in a 24-pin dual-in-line package wih the industry
standard JEDEC approved pinout and is pinout compatible with the in-
dustry standard 16K EPROM/ROM.

@ Single +5 V Supply
® 2048 Words by 8-8it Operation
® HCMOS Technology
@ Fully Static: No Clock or Timing Strobe Required
® Maximum Access Time: MCM6116-12 — 120 ns
MCM6116-15 — 150 ns
MCMG116-20 — 200 ns
® Power Dissipation: 70 mA Maximum (Active)
15 mA Maximum (Standby-TTL Levels)
2 mA Maximum (Standby)
® Low Power Version Also Available — MCM61L16
@ Low Voltage Data Retention (MCM61L16 Oniyh:

HCMOS

{COMPLEMENTARY MOS)

2,048x 8 BIT
STATIC RANDOM
ACCESS MEMORY

P SUFFIX
PLASTIC PACKAGE
CASE 708

50 yA Maximum
BLOCK DIAGRAM
AL Pin 2= vee
A2 ——1 P 120 Vgg
;*' Row . Memory Matnix
Decoder | o 128x 128
2 | . |
Ay—
, [
DQO: T 1 !
0QY =7 . Column 1/0
DC: M Input
0Q3 ) Oate
00474 Conurol
005 Cotumn Decoder
008 T
bar

i
]
&

PIN ASSIGNMENTS

PIN NAMES

000-0Q7 Data Input/Qutput

.Write Ensble




Appendix C: Motorola 68000 and Support Chips

ABSOLUTE MAXIMUM RATINGS (See Notel

Rating Vaiue Unit
Temperature Under Bias -1010 +80 "oC
Volitage on Any Pin With Respect to Vgg -1010 +70 \
DC Output Current 20 mA
Power Dissipation 12 Wart
Operaung Temperature Range Qto +70 °C
Storage Temperature Range -65t0 + 150 °C
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This device contains circuitry to protect the
Nputs against damage due to high statc
voltages or electric fields, however, 11 1s ad-
vised that normal precautions be taken 10
avoud application of any voltage igher than
maximurmn  rated voltages 0 this  high-
wmpedance circuit.

NOTE- Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT
ING CONDITIONS Exposure to higher than recommended voltages for extend-
ed periads of nme could atfect device reliabiity.

DC OPERATING CONDITIONS AND CHARACTERISTICS
{Full operating voitage and temperature ranges unless otherwise noted !

RECOMMENDED OPERATING CONDITIONS

Parameter

Symbol | Min | Typ | Max | Unit

Supply Voltage

vee 4% |50 |55
Vss 0 0 0

input Voltage

ViH 22 {35 |60
Vi [-10°] - | o8

<1<<<

*The dewsce wilt withstand undershoots ta the — 1.0 voit level with a maximum pulse width of 5C ns at the - 0.3 volt level This 1s persodicatly

sarmpled rather than 100% tested

RECOMMENDED QPERATING CHARACTERISTICS

MCM6116 MCMG61L16 X

Parameter Symbol Min | Typ* | Max | Min | Tyo® | Max Unit

tnput Leakage Current (Ve =55V, Vi =GND to V¢! [1I%1] - - 1 - - 3 #A
Output Leakage Current (E= Vi or & = Vil Vi;0= GND to V¢! ol | - - 1 - - 1| A
Operating Power Supply Current (E= VL, )y0=0 mA) icc - 35 70 - 3H 55 | mA
Average Operating Current Minimum cycle, duty = 100% lce2 - 3Bt 70 - 3% | 55 | mA
Standby Power[iE = V) Isg ~ 5 B - 5 12 | mA
Supply Current iE=Vec-02V, VigzVee-02Vor Vips0.2 V) isgy - 20 |2000§ - 4 00 | pA
Output Low Voltage {Ig =2.1 mA} VoL - - 04 — — 04 vV
Output High Voltage (lpy= ~ 1.0 mA}** VOH 24 - - 24 — — v

Vee=5V. Ta=25°C

**Also, output voltages are compatible with Motorola’s new high-speed CMOS logic family if the same power supply voltage 15 used

CAPACITANCE (f=10 MHz, Ta=25°C, periodically sampled rather than 100% tested }

Characteristic

Symbol | Typ | Max]| Unit

Input Capaciance excepl £

Input/ Output Capacitance and E tnput Capacitance

Civ o 5 7 of

MODE SELECTION

Mode E G | W | Ve Current oa
Standby H X X Is8. Isg1 High Z
Read L L H ‘ce a
Write Cycle (1} L H L Icc 0
Write Cycle (2) o N cC )




660 Fundamentals of Digital Logic and Microcomputer Design

AC OPERATING CONDITIONS AND CHARACTERISTICS
(Full operating voltage and temperatule uniess otherwise noted.)

nput Pulse Levels OVoitio3 hvols

trput and Output Timing Reference Levels . 1.5 Volts

Irput Rise and Fall Times 10ns Output Load 177TL Gate ang Cy = 100 pF
READ CYCLE
MCM6E116-12 MCM6116-15 MCME116-20
Parameter Symbol MCMB1L16-12 MCMB1L16-15 MCM61L.18-20 Unit
Min Max Min Max Min Max
Address Vald to Address Don't Care
{Cycle Time when Chip Enable 1s Held Active) tAVAX 120 150 - 200 - ns
Chip €nable Low to Chip Enable High tELEH 120 - 150 ~ 200 - ns
Addrass Vahd to Output Valid (Access! tAvVQY - 120 - 150 - 200 ns
Chip Enable Low to Output Vaid [Access) ‘ELQv - 120 ~ 150 - 200 ns
Address Vaid to Output Invalid tAVQX 10 - 15 - 15 - ns
Chip Enable Low to Qutput invahd TELQX 10 - 15 = 15 - ns
Chip Enable High 1o Output High Z EHQZ 0 40 0 50 0 60 ns
Output Enable to Output Vahd IGLav - 80 - 100 - 120 ns
Output Enable to Output Invalid 1GLOX 10 - 15 - 15 - ns
Oulput Enable to Output High Z 1GLQ2 0 40 o 50 0 60 ns
Address Invaid to Output Invaid TAXQX 10 - 15 — 15 - ns
Address Vahd to Chip Enable Low (Address Setup! TAVEL 0 - 0 -~ 0 - ns
Chip Enable to Power-Up Time tpy 0 0 - 0 - ns
Chip Disable to Power-Down Time tPD 30 30 - 30 ns
WRITE CYCLE
MCM6116-12 MCM86116-15 MCM6116-20
Parameter Symbol | MCM61L16-12 MCM61L18-15 MCM61L16-20 Unit
Min Max Min Max Min Max
Chip Enable Low to Wiite High TELWH 70 - 920 - 120 ~ as
Address Vahd 1o Write High TAVWH 105 - 120 - 140 — ns
Address Valid 1o Write Low |Address Setup) LAVWL 20 -~ 20 - 20 - ns
Write Low to Write High (Write Pulse Width) YWILWH 70 - 90 - 120 ~ ns
Wnite High to Address Dan't Care YWHAX 5 - 10 - 10 - ns
Data Vahd 10 Write High IDVWH 35 - 40 - 60 - ns
Wnte High to Data Don't Care (Data Hold} YWHDX 5 10 - 10 ~ ns
Write Low to Output-High Z tWLOZ ] 50 Q 60 Q 60 ns
Write High to Output Vahd WHQV 5 - 10 s 10 - ns
Output Disable to Output High Z 'GHOZ 0 40 0 50 0 60 ns
TIMING PARAMETER ABBREVIATIONS TIMING LIMITS
X X X X The table of tirning vaiues shows either 3 mintmum or a

signal name from which interval 1s defined —!
transition direction for first signal —
signal name 10 which interval 1s defined
transiton direcuon for second signal

The transition definiions used i this data sheet are
R = transition to high
L = transition 10 low
V = transiion to vaid
X = transition to invahkd or don't care
Z=1ransition 1o off (high impedance!

maximum it for each parameter. Input requirements are
specified from the external system point of view Thus, ad-
dress setup time is shown as a MINIMuM since the system
must supply at least that much ume (even though most
devices do not requwe it}. On the other hand, responses from
the memory are specthed from the dewice point of view
Thus, the access time is shown as @8 maximum since the
device never provides data later than that ume.



