










































































































































































































































































MCM6604L/L2/L4. MCM6604P/P2/P4 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED OPERATING CONDITIONS (Referenced to vss = Ground) 

Parameter Symbol Min Nom Max Unit 

Supply Voltage VDD 11.4 12.0 12.6 Vdc 

VCC 4.5 5.0 5.5 Vdc 

VBB -4.5 -5.0 -5.5 Vdc 

Input High Voltage An, CS, Din VIH 2.4 - VCC Vdc 

RAS, CAS, Write 2.7 - VCC 

Input Low Voltage All Inputs VIL -1.0 - 0.8 Vdc 

DC CHARACTERISTICS (VDD = 12 V ±5%, VCC = 5.0 V ±10%, VBB = -5.0 V ±10%) 

Characteristic Symbol Min Typ Max Unit 

Input Current, Any Input lin - - 10 p.A 
(Vin = 0 to VCC) 

Output High Voltage VOH 2.4 - - Vdc 
(10 = -3.0 rnA) 

Output Low Voltage VOL - - 0.4 Vdc 
(10 = 2.0 rnA) 

Output Leakage Current ILO - - 10 p.A 
(Output Disabled by CS Input) 

Average Supply Current, Active Mode IDDA - - 50 rnA 
(T cyc(W) = min, T A = 70°C) ICCA - - 100 p.A 

IBBA - - 100 p.A 

Supply Current, Standby Mode IDDS - - 2.0 rnA 
(TA = 70°C) ICCS - - 10 p.A 

IBBS - - 100 p.A 

PACKAGE DIMENSIONS 
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MCM6604L/L2/L4. MCM6604P/P2/P4 

EFFECTIVE CAPACITANCE (Full operating voltage and temperature range periodically sampled rather than 100% tested ) 

Input Capacitance 

Output Capacitance 

Characteristic Svmbol 

An Cin(EFF) 
RAS, CAS, Din, Write, CS 

Cout(EFF) 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Read, Write, and Read-Modify-Write Cycles) 

Max 

10 
7.0 

8.0 

Unit 

pF 

pF 

RECOMMENDED AC OPERATING CONDITIONS (VDD = 12 V ± 5%, VCC = 5.0 V + 10% VBB = -5.0 V + 10%, T A = 0 to 70oC) - -
MCM6604L,P 

Parameter Symbol Min 

Random Read or Write Cycle Time tcvc 500 

Read-Modify-Write Cycle Time tcyc(RMW) 700 

Row Address Strobe Precharge Time tRP 150 

Row to Column Strobe Lead Time (Note 1) tRCL 110 

Column Address Strobe Pulse Width tcpw 200 

Address Setup Time tAS 0 

Address Hold Time tAH 100 

RAS Address Release Time tAR 250 

Read Command Setup Time tRCS 0 

Read Command Hold Time tRCH 100 

Read Command Pulse Width tRPW 300 

Write Command Hold Time (Note 2) tWCH 150 

Write Command Pulse Width twp 200 

Column to Row Strobe Lead Time tCRL -50 

Write Command to Column Strobe Lead Time tCWL 200 

Data In Setup Time tDS 0 

Data I n Hold Time tDH 150 

Refresh Period tREF -

Modify Time tMOD 0 

1. If tRCL is greater than the maximum recommended value shown in this table, 
tcyc and tRAC will increase by the amount that tRCL exceeds the value shown. 

Max 

-

-
-

150 

-
-

-
-

-

-
-

-

-

+50 

-

-

-
2.0 

10 

2. The Write Command Hold Time is important only when normal random write cycles are 
being performed. During a read-write or a read-modify-write cycle, the limiting parameter 
is the Write Command Pulse Width. 

MCM6604L2P2 

Min Max 

375 -

540 -
125 -

70 110 

140 -

0 -

60 -

170 -

0 -

0 -

200 -

110 -

140 -

-40 +40 

140 -

0 -

110 -

- 2.0 

0 lQ 

AC CHARACTERISTICS ( 2 tr = tf = o ns, Load = 1 MC74HOO Series TTL Gate, CUEFF) = 50 pF 

MCM6604L4P4 

Min Max 

425 -

620 -

125 -

90 130 

170 -

0 -

80 -

210 -

0 -

80 -

250 -

130 -

170 -

-45 +45 

170 -

0 -

130 -

- 2.0 

0 10 

MCM6604LP MCM6604L2P2 MCM6604L4P4 
Characteristic Symbol Max Max Max 

Access Time from Row Address Strobe tRAC 350 250 300 
(tRCL';;; 150 ns for MCM6604L,P) 
(tRCL';;; 110 ns for MCM6604L2,P2) 
(tRCL';;; 130 ns for MCM6604L4,P4) 

Access Time from Column Address Strobe tCAC 200 150 175 

Output Buffer Turn-Off Delay tnff 100 65 85 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

!J,s 

Unit 

ns 

ns 

ns 
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MCM6604L/L2/L4. MCM6604P/P2/P4 

READ CYCLE TIMING 

~------------------------tCyc--------------------------~ 

Address 

Data 
Out 

______ ~-_ Data Stable from Previous _~_ 
Cycle (or Disabled) 

Data Valid 

~--------------tRAC--------------~ 

~ = Don't Care 
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VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 
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MCM6604L/L2/L4. MCM6604P/P2/P4 

RAS 

CAS 

Address 

Data In 

Data 
Out 

WRITE CYCLE TIMING 

~------------------------tCyc--------------------------~ 

-----~ _----_ ----- VI H 

~-----tRCL------~ 

toff ---f---~ 

______ -+ __ Data Stable from Previous --i .... -------(J 
Cycle (or 0 isabled) 

~----------- tRAC -----------------1 

,------------------------ VOH 
Output Follows 
Data Input 

'------------------------ VOL 

~ = Don't Care 

® MOTOROLA Selniconductor Products Inc. _______ -1135 



MCM6604L!L2/L4. MCM6604P/P2/P4 

Data In 

Data 
Out 

READ - MODIFY - WRITE TIMING 

~------------~------------tcyc(RMW)------------------------~ 

~-----tRCL------~ 

---------+~----------------~I ~--------tcPw----------~ 

_________ +_ Data Stable from Previous 
Cycle (or Disabled) 

-~-l--tMOD 

~-----------------------------------VOH 

Data Valid 

I'------------------------------------VOL 
~----------tRAC------------~ 

~ = Don't Care 
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MCM6604L/L2/L4. MCM6604P/P2/P4 

BLOCK DIAGRAM 

Enable 
Output 

Latch and _14 Data Out 
Buffer 

Disable 

COlUmn 15 

Address Strobe I--

i 
64 

Sense 
Clock Enable 1-of:64 Amps Memory 

ADDRESSING 

1 
Strobe 

v DO = Pin 8 
VSS = Pin 16 
v 
V 

BB = Pin 
CC = Pin 

1 
9 

Data 
In 

Latch 

( 

2 

Data In 

Gen. 
#2 

~ 

~ 

The MCM6604 has six address inputs (AD through A5) 
that are common to two address registers, one register for 
the row address and another for the column address. The 
column register has an additional latch that accom modates 
the Chip Select (CS) signal. At the start of a memory cycle, 
the row address is latched into the address register with 
the Row Address Strobe (RAS) signal. Next, the 6-bit 
column address is placed on the address bus along with 
the Chip Select signal, and they are latched into the 
column register with the Column Address Strobe (CAS). 
Since the Chip Select signal is latched well into the mem­
ory cycle, its decoding time will not increase the memory 
system access or cycle time. 

DATA OUTPUT 

In order to simplify the memory system design and 
reduce the total package count, the MCM6604 contains 
an input data latch and a buffered output data latch. 
The state of the output latch and buffer at the end of a 
memory cycle will depend on the type of memory cycle 
performed and whether the chip is selected or unselected 
for that memory cycle. 

A chip will be unselected during a memory cycle if: 
(1) The chip receives both RAS and CAS signals, 

but no Chip Select signal. 

Column Data In/ Matrix 
Decoder Data Out (64 x 64) 

Gating 

f f f I I I 
7-Bit 6-Bit 1-of-64 

Register Register Row 
(Column) (Row) Decoder 

"1 il' l Enabl I 
Address Bus 

e 

Clock Gen 
#1 

) , b 
5 7 6 12 11 10 4 

AO A 1 A2 A3 A4 A5 Row Address Strobe 

(2) The chip receives a CAS signal but no RAS 
signal. With this condition, the chip will be 
unselected regardless of the state of Chip 
Select input. 

If, during a read, write, or read-modify-write cycle, 
the chip is unselected, the output buffer will be in the 
high impedance state at the end of the memory cycle. The 
output buffer will remain in the high impedance state 
until the chip is selected for a memory cycle. 

For a chip to be selected during a memory cycle, it 
must receive the following signals: RAS, CAS, and Chip 
Select. The state of the output latch and buffer of a 
selected chip during the following type of memory cycles 
would be: 

(1) Read Cycle - On the negative edge of CAS, 
the output buffer will unconditionally go to a 
high impedance state. It will remain in this 
state until access time. At this time, the output 
latch and buffer will assume the logic state 
of the data read from the selected cell. This 
output state will be maintained until the chip 
receives the next CAS signal. 

(2) Write Cycle - If the Write input is switched 
to a logic 0 before the CAS transition, the 
output latch and buffer will be switched to 
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MCM6604L/L2/L4. MCM6604P/P2/P4 

the state of the data input at the end of the 
access time. This logic state will be maintained 
until the chip receives the next CAS signal. 

(3) Read-Modify-Write - Same as a read cycle. 

DATA INPUT 

Data to be written into a selected storage cell of the 
memory chip is first stored in the on-chip data latch. The 
gating of this latch is performed with a combination of the 
Write and CAS signals. The last of these signals to make a 
negative transition will strobe the data into the latch. If 
the Write input is switched to a logic 0 at the beginning of 
a write cycle, the falling edge of CAS strobes the data 
into the latch. The data setup and hold times are then 
referenced to the negative edge of CAS. 

If a read-modify-write cycle is being performed, the 
Write input would not make its negative transition until 
after the CAS signal was enabled. Thus, the data would 
not be strobed into the latch until the negative transition 
of Write. The data setup and hold times would now be 
referenced to the negative edge of the Write signal. The 
only other timing constraints for a write-type cycle is that 
both the CAS and Write signals remain in the logic 0 state 
for a sufficient time to accompl ish the permanent storage 
of the data into the selected cell. 

INPUT/OUTPUT LEVELS 

All of the inputs to the MCM6604 are TTL compatible. 
The inputs feature high impedance and low capacitance 
«10 pF) characteristics which will minimize the driver 
requirements in a memory system. The three-state data 
output buffer is TTL compatible and has sufficient current 

sink capability (2 rnA) to drive one high speed TTL load. 
The output buffer also has a separate V CC pin so that it 
can be powered from the same supply as the logic being 
employed. 

POWER DISSIPATION 

Since the MCM6604 is a dynamic RAM, its power drain 
will be extremely small during the time the chip is 
unselected. 

The power of the MCM6604 increases when selected 
and most of this increase is encountered on the address 
strobe edge. Hence, the power will be a function of the 
duty cycle. 

In a memory system, the CAS signal must be supplied 
to all the memory chips to insure that the outputs of the 
unselected chips are switched to the high impedance state. 
Those chips that do not receive an RAS signal will not 
dissipate any power on the CAS edge except for that 
required to turn off the chip outputs. Thus, in order to 
insure minimum system power, the RAS signal should be 
decoded so that only the chips to be selected receive an 
RAS signal. If the RAS signal is decoded, then the chip 
select input of all the chips can be set to a logic 0 state. 

REFRESH 
The MCM6604 is refreshed by sequentially cycling 

through the 64 row addresses every 2 milliseconds or less. 
It is not necessary to supply the CAS to the chip while it 
is being refreshed. Any read, write, or read-modify-write 
cycle will refresh a selected row. However, if a write 
cycle is used to perform a refresh cycle the chip must 
be unselected. 
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4096-81T DYNAMIC RANDOM ACCESS MEMORY 

The MCM6605A is a 4096-bit high-speed dynamic Random Access 
Memory designed for high-performance, low-cost applications in 
mainframe and buffer memories and peripheral storage. Organized 
as 4096 one-bit words, these memories are fabricated using selective 
oxidation N-channel silicon gate technology to optimize device 
speed, power and density tradeoffs. 

All address and control inputs are TTL compatible except for 
a single high-level clock (Chip Enable). Complete address decoding 
is done on chip and address latches are incorporated for ease of use. 
Refresh of the entire memory can be accomplished by sequentially 
cycling through addresses AO-A4 (32 cycles) a maximum of every 
2.0 milliseconds. 

The MCM6605A uses a three-transistor memory cell to simplify 
internal sense amplifier requirements. Output data is inverted with 
respect to input data. The outputs are 3-state TTL configuration and 
require no external sense amplifier. Outputs are in the high impedance 
(floating) state when either the Chip Enable is in the low state or the 
Chip Select is in the high state. 

• Organized as 4096 Words of 1 Bit 

• Maximum Access Time = 

• Minimum Read Cycle Time = 

• Minimum Write Cycle Time = 
• Minimum Read Modify Write 

Cycle Time = 

• Low Power Dissipation 
335 mW Typical (Active) 

L 1, P1 

150 ns 

290 ns 

390 ns 

390 ns 

2.6 mW Typical (Standby with Refresh) 

• Easy Refresh - Only 32 Cycles Every 2.0 ms 

• TTL Compatible 

• 3-State Output 

• Address Latches On Chi p 

• Power Supply Pins on Package Corners 
for Layout Simplification 

• Typical Applications: 
Main Memory 
Buffer Memory 
Peripheral Storage 

ABSOLUTE MAXIMUM RATINGS (See Note 1) 

Rating Symbol 

Voltage on Any Pin Relative to VBB vin. Vout 
Operating Temperature Range TA 

Storage Temperature Range Tstg 

L2,P2 

200 ns 

360 ns 

490 ns 

490 ns 

Value 

-0.3 to +20 

o to +70 

-65 to +150 

L, P 

300 ns 

470 ns 

590 ns 

590 ns 

Unit 

Vdc 

°c 
°c 

NOTE1: 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 extended 
periods of time could affect device reliability. 

MCM6605A L/Ll/L2 
MCM6605A P/Pl/P2 

MOS 
(N-CHANNEL, SILICON·GATEI 

4096-81T DYNAMIC 
RANDOM ACCESS 

MEMORY 

CASE 677 

P SUFFIX 
PLASTIC PACKAGE 

CASE 708 

PIN ASSIGNMENT 

Vee 1 q=:::::;l 22 V DD 

21 A 1 

20 Al0 

19 A9 

18 A8 

17 A7 

A3 2 

Preset' 3 

Data In 4 

All 5 

Chip Enable 6 

Data Out 7 

Chip Select 8 

A4 9 

A210 

VCC 11 

16 A6 

L-___ --' i---' 15 A5 

14 Read/Write 

13 AO 

12 VSS 

'See Applications Information 

This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; however. it is advised that 
normal precautions be taken to avo id application 
of any voltage higher than maximum rated volt­
ages to this high-impedance circuit. 
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MCM6605AL/L 1/L2 • MCM6605AP/P1/P2 

DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 

RECOMMENDED DC OPERATING CONDITIONS !Referenced to Vssl. 

Parameter Symbol Min Nom 

Supply Voltage VDD 11.4 12 

VCC 4.5 5.0 

VSS 0 0 

VBB -5.25 -5.0 

Logic Levels 
Input High Voltage (An. Din, R/W, CS) VIH 3.0 -

Input Low Voltage (An, Din, R/W. CS) VIL -1.0 -

Chip Enable High Voltage VCEH VDD - 0.6 -

Chip Enable Low Voltage VCEL -1.0 -

DC CHARACTERISTICS 

Characteristic Symbol Min Typ 

Input Current (An. Din' R/W, CS. Preset) lin - -
(Vin= Oto VDD + 1.0 V) 

Input Chip Enable Current liCE - -
(Vin = 0 to VDD + 1.0 V) 

Output High Voltage VOH 2.4 -
(10 = -100J.l.A) 

Output Low Voltage VOL VSS -
(10 = 2.0 mAl 

Output Leakage Current ILO - -

(VO = 0.45 V to VCC. CE = VCEL. or CS = VIH) 

Average Supply Current. Active Mode IDDA - 28 

(T cyc(W) = min) ICCA - 0.05 

IBBA - -

Supply Current. Standby Mode IDDS - 1.0 

(CE = 0.45 V) ICCS - -

IBBS - 1.0 

EF FECTIVE CAPACITANCE (Test Circuit of Figure 1. full operating voltage and temperature range, 
periodically sampled rather than 100% tested) 

Characteristic Symbol Min Typ 

Input Capacitance (An' Din, R/W, CS. Preset) Cin(EFF) - 4.0 

Chip Enable Capacitance CCE(EFF) - 25 

Output Capacitance Cout(EFF) - 4.0 

Max Unit 

12.6 Vdc 

5.5 Vdc 

0 Vdc 

-4.75 Vdc 

VDD + 0.6 Vdc 

0.8 Vdc 

VDD + 0.6 Vdc 

0.8 Vdc 

Max Unit 

10 J.l.A 

10 J.l.A 

VCC Vdc 

0.45 Vdc 

10 J.l.A 

36 mA 

1.0 mA 

100 J.l.A 

20 J.l.A 

10 J.l.A 

20 J.l.A 

Max Unit 

5.0 pF 

30 pF 

5.0 pF 
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MCM6605AL/L 1/L2. MCM6605AP/P1/P2 

FIGURE 1 - MEASUREMENT OF EFFECTIVE CAPACITANCE 

,-------, 

I ~-r-~ 
R 

~ I Pulse Generator 51 

I Calibration I EH123Aor Equiv. Capacitors 

l Tektronix -=- -1-567 or Equiv. i 
Effective capacitance is determined by comparing the rise time 

of the voltage waveform at a particular pin to that measured with 
known values of capacitance. Scope calibration points are deter-
mined by using the rise times obtained with the empty socket and Em,~k standard capacitor values as references. 

Socket 5 pF The device under test (DUT) is inserted into the test socket 
and normal operating power supplies applied. All input pins, vo",." except that being measured, are grounded. The effective capaci-
tance of the desired pin can then be read directly from the scope. 

Measurement 
Pin R Input Pulse Level 

CE 67 n 16 V 12 V 

* 
Input/Output 100 n 6.0 V 4.0 V 

AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted.) 

OPERATING MODES 

Mode Control States Output 

RIW CS 

Active (CE ~ High) 
I1J 

Read Only H L Valid 
Read/Write H-,>L L Valid 
Write Only L L Valid 

Read Refresh H-+L L-+H Valid -+ Floating 

Refresh Only L H Floating 
Chip Disable (Unselected) H H Floating 

Standby (CE ~ Low) X X Floating 

X = Don't Care 

RECOMMENDED AC OPERATING CONDITIONS (Read, Write, and Read Modify Write Cycles) 

Parameter Symbol Min Max Unit 

Address Setup Time tAS 0 - ns 

Address Hold Time tAH 60 - ns 

CE Pulse Transition Time tT 10 100 ns 

CE Off Time MCM6605A L,P/L2,P2 tSB 120 - ns 

MCM6605A L 1 ,P1 90 -

Chip Select Delay Time tCSD - 70 ns 

Chip Select Hold Time tCSH 0 - ns 

Read Write Delay Time tRWD - 70 ns 

Read Write Hold Time tRWH 0 - ns 

Time Between Refresh tREF - 2.0 ms 
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MCM6605AL/L 1/L2 • MCM6605AP/Pl/P2 

AC CHARACTERISTICS 
[All timing with tT = 20 ns; Load = 1 TTL Gate (MC74HOO Series), CL = 50 pF (effective)] 

READ CYCLE (RIW = V1H, CS = V1L) 

MCM6605AL,P MCM6605AL 1,P1 

Characteristic Symbol Min Max Min Max 

Read Cycle Time tcyc(R) 470 - 290 -

Chip Enable On Time tCE 310 2000 160 2000 
Chip Enable to Output Delay tco - 280 - 130 
Read Access Time tacc - 300 - 150 

READ CYCLE TIMING 

\4-------- tcyc(R)---------_~ 

2.6 V---
Address 

1.2 V ---
V IL 

VCEH 

Voo-2.0V----

Chip Enable 

2.0 V 

Stable Address 

--jtT 

MCM6605AL2,P2 

Min Max 

360 -

200 2000 
- 180 

- 200 

Unit 

ns 

ns 

ns 

ns 

]'~H~I~ 
VCEL 

Chip Select VIH 7J////II III IA I 
II I 111/1111 J!k1.2V 

VIL I 
tRWO~ 

Data Out 

VIH l////l1Ja/7If
1

2 .6V 

Read/Write / 1111)1111; /1 I 
V I L ....... '--'-'--'-~'--'....I..~:...J 

I ~I~~--tco 
VOH . 

2.0V----- .1 
.. Floating 

O.8V--------
VOL ___ --1. ___ _ 

f. tacc-----~ 

~ - Oon't Care 
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MCM6605AL/L 1/L2. MCM6605AP/P1/P2 

WRITE CYCLE (R/W = VIL, CS = VIL) 
REFRESH CYCLE (RIW = VIL. CS = VIH) 

Characteristic 

Write Cycle Time 

Chip Enable On Time 

Read-Write Release Time 

Write Pulse Width 

Read-Write to Chip Enable Separation Time 

Data Delay Time* 

Data Hold Time 

Symbol 

tcyc(W) 

tCE 

tRWR 
tw 

tRC 

tDD 

tDH 

MCM6605AL,P 

Min Max 

590 -

430 2000 

410 2000 

210 -

0 -

- 70 

50 -

MCM6605AL 1,P1 MCM6605AL2,P2 

Min Max Min Max 

390 - 490 -

260 2000 330 2000 

240 2000 310 2000 

160 - 160 -

0 - 0 -

- 70 - 70 

20 - 50 -

*If a write pulse (tW) is employed on the R/W line during a write cycle, then the input data setup time is measured from the 
leading edge of the write pulse. The tDS time is the same as that of the read-modify-write cycle. 

Address 

VIH 
2.6 V--

1.2V-­
VIL 

VCEH 

VDD-2.0V----

Chip Enable 

2.0V---­
VCEL 

VIH 

Chip Select 

VIL 

VIH 

Read/Write 

VIL 

VIH 

Data In 

VIL 

WRITE AND REFRESH CYCLE TIMING 

~14----------- tcyc(W) ------------<~ 

I Stable Address 

~ -Don'tCare 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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MCM6605ALlL 1/L2. MCM6605AP/P1/P2 

READ-MODIFY-WRITE (RIW = VIH ...... VIL CS = VIL) 
READ REFRESH (See Note 1) 

MCM6605AL,P MCM6605AL1,Pl 

Characteristic Symbol Min 

Read-Modify-Write Cycle Time tcyc(R/W) 590 

Chip Enable On Time tCE 430 

Read-Write Release Time tRWR 410 

Write Pulse Width tw 210 

Data Setup Time tDS 0 

Data Hold Time tDH 50 

Read-Write to Chip Enable Separation Time tRC 0 

Chip Enable to Output Delay tco -

Read Access Time tacc -

Note 1: A read refresh cycle is possible by bringing CS high after output data 
is valid and then bringing R/W low to the write position. 

Max Min 

- 390 

2000 260 

2000 240 

- 160 

- 0 

- 20 

- 0 

280 -

300 -

READ MODIFY WRITE TIMING 

Chip Enable 

VCEL 

VIH 

Chip Select 

VIL 

VIH 

Read/Write 

~--------tRWR-------------------~--~ 

jtw "I 
1.2 V 

VIL 

VIH 

Data In Din Stable 

VIL 

Max 

-
2000 

2000 

-

-

-
-

130 

150 

MCM6605AL2,P2 

Min Max Unit 

490 - ns 

330 2000 ns 

310 2000 ns 

160 - ns 

0 - ns 

50 - ns 

0 - ns 

- 180 ns 

- 200 ns 

VOH '-----------1- -- -- -- - -- -- ---
Datil Out _---------Vl1Ilidl--------_~I__---- Floating ------4.~ 

VOL ------------ -- -- -- - - -- --

~ "\\i -Don't Care 
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MCM6605AL/L 1/L2. MCM6605AP/Pl/P2 

TYPICAL CHARACTERISTICS CURVES 
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BLOCK DIAGRAM 
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FUNCTIONAL DESCRIPTION 

The MCM6605A 4096-bit dynamic RAM uses a three 
transistor storage cell in an inverting cell configuration. 
The single high-level clock (Chip Enable) starts an internal 
three-phase clock generator which controls the read and 
write functions of the device. The ¢1 signal, which is high 
when CE is low (standby mode), preconditions the nodes 
in the dynamic RAM in preparation for a memory cycle. 
The ¢2 signal, which comes on as CE goes high, is the read 
control and transfers data from storage onto bit sense 
lines. The ¢3 signal, which comes after ¢2 only during a 
write or refresh cycle, transfers data from the bit sense 
lines back into storage. The ¢3 signal occurs only if the 
R/W input is low. 

To perform a read cycle, CE is brought high to 
initiate a ¢2 signal and latch the input addresses. The 
column decoders select one column in each of the four 
storage quadrants (see the block diagram) and transfers 
data from storage onto the 128 bit sense lines. The row 

All 
VDD = Pin 22 

VSS = Pin 12 
VBB = Pin 1 

VCC= Pin 11 

decoder selects one of these 128 bit sense I ines for read 
and write operations. During the ¢2 signal, the data on 
this selected bit sense line is Exclusive ORed with the state 
of the appropriate data control cell to supply the correct 
output data. After this data is received by the external 
system, CE may be brought low to the standby position. 
This assumes that the R/W signal is held high to prevent 
an internal ¢3 being generated. 

To perform a write or refresh operation, CE is brought 
high and everything is identical to a read operation up 
until the 128 bit sense lines are charged with the selected 
columns of stored data. When R/W is brought low (if it is 
not already there), a ¢3 signal is generated after ¢2 is over. 
The ¢3 signal takes the data from the 128 bit sense lines 
and returns it to the 128 storage locations it came from. 
Because of the design of the memory array, this ¢2-ifJ3, 
read-write operation inverts the data. Therefore, one extra 
row of memory cells, called data control cells, is used to 
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keep track of the polarity of stored data in order to be 
able to correctly recover it. During the write operation, 
the input data is Exclusive ORed with these control cells 
before being stored in the array. A refresh cycle does not 
modify any of the bit sense lines, but simply returns the 
data (now inverted) into storage. 

All timing signals for the MCM6605A are specified 

around these operations. The following is a brief descrip­
tion of the input pins and relevant timing requirements. 

Chip Enable - CE is a single high level clock which ini­
tiates all memory cycles. CE can remain low as long as 
desired for specific applications as long as the 2.0 ms re­
fresh requirements are met. 

Chip Select - This signal controls only the I/O buffers. 
When CS is high, the input is disconnected and the output 
is in the 3-state high-impedance state. A refresh cycle is, 
therefore, a write cycle with CS high. CS has no critical 
timing with respect to' any other signal except that there 
is a finite delay between activation and data out. 

Read/Write - When high, R!W inhibits the internal </>3 
signal, thereby keeping the memory from writing. When 
R!W is low, a </>3 will occur soon after </>2 is finished. For a 
read cycle, R/W should be high within tRWD of CE to 
insure that a </>3 daes not start. The only timing require­
ment on the R!W input for writing is a minimum write 
pulse defined as the overlap of CS, CE, and R/W. Refresh 
cycles require that CS be high to inhibit the input buffer 
before a </>3 occurs. Thus CS should be high within tCSD 
for a refresh cycle, or before R!W goes law for a read­
refresh cycle. 

Data In - The input data must be valid for a sufficient 
time to override the data stared on the selected bit sense 
line. It must remain valid for the "write pulse" defined 
under Read!Write. Signals on the Din pin are. ignored 
when either CS or R/W is high, or CE is low. 

Data Out - Output data is inverted from input data and is 
valid tacc after CE gaes high. The data will remain valid 
as long as CE is high and CS remains low. With either CE 
low or CS high, the aut put is in a high-impedance state. 
The data output is initially precharged high when CE gaes 
high and is then either discharged to' graund ar left high 
depending on the stored data. This precharging followed 
by valid data occurs regardless of the state of the R/W 
input, making the write cycle actually a read-write cycle. 
The output will also try to precharge during a refresh cycle 
but will be kept at high impedance by the CS being high. 
If CS is originally low and is then brought high (within 
the tCSD specificatian) the autput may start to' precharge 
befare being cut aff and returned to' high impedance. 

Addresses - The addresses are latched when CE gaes high, 
and may be removed after an apprapriate hald time. 

VSS - Circuit graund. 

VBB - The reverse bias substrate supply. Farward biasing 
this supply with respect to' VSS will destray the memary 
device. 

VDD - Pasitive supply valtage. 

VCC - Output buffer supply. This supply goes only to 
the data autput buffer and draws current anly when 
driving an autput laad high. 

Preset - This pin shauld be tied to ground. During device 
testing Preset can be used to preset the data control cells 
to a logic zero. One 200 ns, 12 V pulse will set all 32 cells 
simultaneously. Preset has no system use; its only purpose 
is to ensure a good logic level in the control cells after 
first power up. In system use, this good logic level will 
come naturally after the first few refresh cycles. 

APPLICATIONS INFORMATION 

Power Supplies 

The MCM6605A is a dynamic RAM which has essentially 
zero. pawer drain when in the standby (CE law) made. 
When operating, the V DO supply may experience transients 
in the order of 100 rnA for a short time (Figure 9). The 
VBB supply, which has very low dc drain while operating, 
may see transients of about 40 rnA during the edges of CEo 
Therefore, appropriate bypassing af bath supplies is recom­
mended. This bypassing has been simplified by the location 
of the power supply pins on the corners of the package. 

The VCC line supplies only the input leakage of a 
TTL load on Data Out and should never exceed about 
100 IlA, presenting I ittle bypassing requirement. 

Power dissipation for a system of N chips is much 
lawer than N times the 335 mW typical dissipation for a 
full speed operating chip. This is because the unselected 
rows in a memory array card are operating in the standby 
made af near zero dissipatian. This zero standby pawer is 
actually unachievable because of the requirements for 
refresh. Therefare, power dissipation far an array af 
N X M chips operating at tl cycle time, tREF refresh 
increment, and maximum CE down time between cycles is: 

PD~M(490ns)335mw+ (N-l) (M)( 15.7 )335mw 
tl ns tREFlls 

For a 550-ns-cycle-time, 64 k by 16 system (16 by 16 
chip array) with refresh at 2.0 ms, the approximate power 
dissipation is: 

PD~16(~~~)335+(15) (16)Ggo~) 335 

~ 4775 mW + 630 mW = 5.4 W 

A similar one megabyte system, eight bytes wide, would 
have a dissipatian of anly 24 W. If the law standby 
pawer capability were nat used, over 600 W wauld 
be dissipated. 

Refresh 

The MCM6605A is refreshed by perfarming a refresh (ar 
write) cycle an each af the 32 cambinations af the least 
significant address bits (AO-A4) within a 2.0 ms time 
period. (A5-A 11 must remain canstant at praper logic 
levels.) This refresh can be done in a burst mode (32 cycles 
starting every 2.0 ms) ar in a distributed mode where ane 
cycle is done every 62.5Ils. 
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A refresh abort can be accomplished by treating a 
refresh cycle as a read-modify-write cycle with CS high_ 
This type of cycle can be aborted any ti me until the R/W 
signal has been brought low to allow a 1/>3 clock to begin. 

Non-Volatile Storage 

In many digital systems, it is extremely important to 
retain data during emergencies such as power failure. 
Unfortunately, however, most random access read/write 
semiconductor memories such as the MCM6605A are 
volatile. That is, if power is removed from the semicon­
ductor memory, stored information is lost. Therefore, 
non-volatility for a specified period of time becomes highly 
desirable - as a necessity to maintain irreplaceable infor­
mation or as a convenience to avoid the time consuming 
and troublesome task of having to'reload the memory. 

The extremely low standby power dissipation of the 
MCM6605A makes it ideal for main memory applications 
requiring battery backup for non-volatility. For example, 
the MCM6605A can be employed in an 8K byte non­
volatile main memory system application for micropro­
cessors. The memory system can be partitioned into three 
major sections as illustrated in Figure 13. The first section 
contains the address buffers and the ReadIWrite and Chip 
Select decoding logic. The second section consists of the 

data bus buffering transceivers and the memory array 
(which consists of 16 MCM6605As) organized into two 
rows of 4K bytes each. 

The third section of the block diagram comprises 
refresh and control logic for the memory system. This 
logic interfaces the timing of the refresh handshaking with 
the microprocessor (MPU) clock circuitry. It handles 
requests for refresh, the generation of refresh addresses, 
the synchronization of a Power Fail signal, the multiplexing 
of the external Memory Clock with the internal clock 
(used during standby), and the generation of a --5 V supply 
on the board using a charge-pump method. 

The refresh control logic is illustrated in Figure 14. It 
handles the refreshing of the memory during both operating 
and standby modes. The timing for this logic is given in 
Figure 15. Figure 16 gives the memory timing for the 
standby mode only. Decoding of the memory clock (CEA 
and CES) and the circuitry to synchronize the Power Fail 
signal are shown in Figure 17, with the timing given in 
Figure 18. 

The memory device clock (CEA and CES) during stand­
by is created by a monostable multivibrator (MC14528) 
and buffered from the memory array by three MC14503 
buffers in parallel. This clock is multiplexed with the 
Memory Clock by use of the three-state feature of the 

FIGURE 13 - NON-VOLATILE MEMORY SYSTEM BLOCK DIAGRAM 
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MC14503. The Memory Clock (used during normal opera­
tion) is translated to 12 V levels by use of an MC3460 
Clock Driver. Decoding of the CEA and CEB signals (i.e., 
clocking only the memory bank addressed) to conserve 
power is accomplished by the logic within the MC3460. 

Since the Power Fail signal will occur asynchronously 
with both the Memory Clock and the refreshing operation 
(Refresh Clock), it is necessary to synchronize the Power 
Fail signal to the rest of the system in order to avoid 
aborting a memory access cycle or a refresh cycle. An 
MC14027 dual flip-flop is used as the basic synchronization 
device. The leading edge of the Refresh Clock triggers a 
3 IlS monostable multivibrator which is used as a refresh 
pretrigger. The trailing edge of this pretrigger triggers a 
500 ns monostable which creates the CE pulse during 
standby operation. The 3 IlS pretrigger signal is used to 
set half of the MC14027 flip-flop, the output of which, 
®, then inhibits a changeover from the standby to the 
operating modes (or vice versa). This logic prevents 
the system from aborting a refresh cycle should the Power 

Fail signal change states just prior to or during a refresh 
cycle. The trailing edge of the 500 ns monostable clears 
the MC14027 flip-flop, enabling the second flip-flop in the 
package. The state of Power Fail and Power Fail is applied 
to the K and J inputs of this second flip-flop and is syn­
chronized by clocking with Memory Clock. The outputs 
of this flip-flop, labeled Bat and Bat, lock the system into 
the refresh mode and multiplex in the internal clock for 
standby operation when Bat = "1". The voltage to logic 
not required for the refresh only mode of operation is 
removed to conserve power. 

By using CMOS for the refresh logic and capacitance 
drivers, and a low current refresh oscillator, the standby 
current required for the 8K byte system is extremely 
small, as noted in Table 1. This low standby current 
requirement can be easily supplied for several days with 
standard type +12 V batteries. For more detailed informa­
tion on this sytem and a large mainframe memory system, 
see Application Notes AN-732 and AN-740. 

FIGURE 14 - REFRESH CONTROL LOGIC 
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FIGURE 16 - MEMORY TIMING IN STANDBY MODE 
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FIGURE 18 - POWER UP/DOWN SYNCHRONIZATION 
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TABLE 1 - STANDBY MODE CURRENT ALLOCATION 

Circuit Section 

+12 V Current (VDD) for 16 MCM6605A's 

Charge Pump 

Comparator 

Capacitance Drivers 

Total 

Typical Current 

5 mA 

3mA 

2 mA 

4mA 

14mA 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction pu rposes is not 
necessarily given. The information has been carefully checked and 
is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devi'ces described any 
license under the patent rights of Motorola Inc. or others. 

PACKAGE DIMENSIONS 

I. A --I ~:I 

MILLIMETERS INCHES 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX DIM MIN MAX MIN MAX NOTES: 

A 27.05 27.94 1.065 1.100 1. LEADS WITHIN 0.13 mm (0.005) A 28.83 29.59 1.135 1.165 
RADIUS OF TRUE POSITION AT B 8.64 9.14 0.340 0.360 C 2.16 3.68 0.085 0.145 MAXIMUM MATERIAL CONDITION. C 4.57 5.08 0.180 0.200 0 0.43 0.58 0.017 0.023 2. DIMENSION "L" TO CENTER OF 0 0.36 0.51 0.014 0.020 F 1.02 REF 0.040 REF LEADS WHEN FORMED PARALLEL. F 1.02 1.52 0.040 G 2.54 BSC 0.100 SSC 0.060 

H 0.76 1.78 0.030 0.070 G 2.41 2.67 0.095 0.105 
J 0.20 0.30 0.008 0.012 H 1.78 2.03 0.070 0.080 
K 3.18 4.45 0.125 0.175 J 0.20 0.30 0.008 0.012 
L 9.65 10.67 0.380 0.420 K 3.05 3.56 0.120 0.140 
M - 70 - 70 CERAMIC PACKAGE L 9:65 10.16 0.380 0.400 PLASTIC PACKAGE 
N 0.64 1.27 0.025 0.050 CASE 677-03 M 0° 10° 0° 10° CASE 708-01 

N 0.51 1.02 0.020 0.040 
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MPU CLOCK BUFFER 
The MPQ6842 is designed to provide the switching speed and 

saturation voltages necessary in the clock circuit for the ¢1 and ¢2 
inputs of the MC6800 Microprocessor. 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 30 Vdc 

Collector-Base Voltage VCB 30 Vdc 

Emitter-Base Voltage VEB 4.0 Vdc 

Collector Current - Continuous IC 200 mAdc 

Four 
Each Transistors 

Transistor Equal Power 

Total Power Dissipation@TA;250C (1) PD 500 900 mW 
Derate above 25°C 4.0 7.2 mW/oC 

Total Power Dissipation @TC; 2SoC PD 825 2400 mW 
Derate above 250 C 6.7 19.2 mW/oC 

Operating and Storage Junction TJ,Tstg -55 to +150 °c 
Temperature Range 

(1 ) Second Breakdown occurs at power levels greater than 3 times the power dissipation 
rating. 

THERMAL CHARACTERISTICS 

Junction to Junction to 
Characteristic Case Ambient Unit 

Thermal Resistance Each Die 151 250 °C/W 
Effective, 4 Die 52 139 °C/W 

Coupling factors 01-04 or 02-03 34 70 % 
01-02 or 03-04 2.0 26 % 

EXORciser is a trademark of Motorola Inc. 

MPQ6842 

MPU CLOCK BUFFER 

CONNECTION DIAGRAM 

MILLIMETERS 
DIM MIN MAX 

A 18.16 18.80 
B 6.10 6.60 
C 4.06 4.57 
D 0.38 0.51 
F 1.02 1.52 
G 2.54 BSC 
H 1.32 1.83 
J 0.20 0.30 
K 2.92 3.43 
L 7.37 7.87 
M - 10° 
N 0.51 1.02 
p 0.13 0.38 
Q 0.51 0.76 

NOTES: 
1. LEAOS WITH I N 0.13 mm 

(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

INCHES 
MIN MAX 

0.715 0.740 
0.240 0.260 
0.160 0.180 
0.015 0.020 
0.040 0.060 

0.100 BSC 
0.052 0.072 
0.008 0.012 
0.115 0.135 
0.290 0.310 

- 10° 
0.020 0.040 
0.005 0.015 
0.020 0.030 

2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 

CASE 646 
PLASTIC PACKAGE 
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THERMAL COUPLING AND EFFECTIVE THERMAL RESISTANCE 

In multiple chip devices, coupling of heat between die occurs. 
The junction temperature can be calculated as follows: 

(1) ~T J1 = R81 P01 + R82 1<02 P02 + R83 K83 P03 

+ R84 1<04 P04 

Where ~ T J1 is the change in junction temperature of die 1 
R81 thru 4 is the thermal resistance of die 1 through 4 
P01 thru 4 is the power dissipation in die 1 through 4 
K82 thru 4 is the thermal coupling between die 1 and 

die 2 through 4. 

An effective package thermal resistance can be defined as 
follows: 

(2) R8(EFF) ='~TJ1/POT 

Where: POT is the total package power dissipation. 

Assuming equal therma'i resistance for each die, equation (1) 
simpl ifies to 

(3) ~TJ1 = R81 (P01 + K82 P02 + K83 P03 + K84 P04) 

For the conditions where Po 1 = P02 = P03 = P04, POT = 4PO, 
equation (3) can be further simplified and by substituting into 
equation (2) results in 

(4) R8(EFF) = R81 (1 + K82 + K83 + K84) 14 

Values for the coupling factors when either the case or the 
ambient is used as a reference are given in the table on page 1, If 
significant power is to be dissipated in two die, die at the opposite 
endsofthe package should be used so that lowest possible junction 
temperatures will result, 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted.) 

I Characteristic I Symbol Min Typ Max Unit 

OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) BVCEO 30 - - Vdc 
(lC = 10 mAde, IB = 0) 

Collector-Base Breakdown Voltage BVCBO 30 - - Vdc 
(lC = 10 /-LAdc, IE = 0) 

Emitter-Base Breakdown Voltage BVEBO 4.0 - - Vdc 
(IE = 10 /-LAde, IC = 0) 

Collector Cutoff Current ICBO - - 50 nAdc 

(VCB = 20 Vdc, IE = 0) 

Emitter Cutoff Current lEBO - - 50 nAdc 

(VEB = 3.0 Vdc, IC = 0) 

ON CHARACTERISTICS (1) 

OC Current Gain hFE -
(lC = 0,5 mAde, VCE = 1.0 Vdc) 30 - -
(lc = 1.0 mAde, VCE = 1.0 Vdc) 50 - -
(lC = 10 mAde, VCE = 1.0 Vdc) 70 - -

Collector-Emitter Saturation Voltage VCE(sat) - 0.05 0.15 Vdc 
(lC = 0.5 mAde, IB = 0.05 mAde, OoC .;;;; T.;;;; 700 C) 

Base-Emitter Saturation Voltage VBE(sat) - 0,65 0.9 Vdc 
(lc = 0.5 mAde, I B = 0.05 mAdc) 

DYNAMIC CHARACTERISTICS 

Current-Gain - Bandwidth Product(1) fT 200 350 - MHz 

(lC = 10 mAde, VCE = 20 Vdc, f = 100 MHz) 

Output Capacitance Cob - 3.0 4.5 pF 

(VCB = 5,0 Vdc, IE = 0, f = 100 kHz) 

Input Capacitance Cib pF 

(VEB = 0.5 Vdc, IC = 0, f = 100 kHz) PNP - 5.0 10 
NPN - 4,0 8,0 

SWITCHING CHARACTERISTICS (T A= , 'CC= 50 Vd ) c 

Propagation Oelay Time ns 
(50% Points TP1 to TP3) tPLH - 15 25 
(50% Points TP2 to TP4) tpHL - 6.0 15 

Rise Time tr 5.0 25 35 ns 
(0.3 V to 4,7 V, TP3 or TP4) 

Fall Time tf 5,0 10 20 ns 
(4.7 V to 0.3 V, TP3 or TP4) 

(1) Pulse Test: Pulse Width.;;;; 300 /-LS, Outy Cycle';;;; 2.0%. 
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FIGURE 5 - SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 

1/4 MC3001 (74H08) 

TPl 

1/4 MC3000 
(74HOO) 

TP2 

TP3 NOTES: 

VCC 

"'-+---+01 TP4 

1. Unless otherwise noted, all resistors 
carbon composition ){, W ±5%, all 
capacitors dipped mica ±2%. 

2. Use short interconnect wiring with 
good power and ground busses. 

3. TPl thru TP4 are coaxial connectors to 
accept scope probe tip and provide a 
good ground. 

4. Device under test is MPQ6842. 
5. 160 pF load does not include stray 

or scope probe capacitance. 
6. Scope p robe resistance> 5 kn.. 

Scope probe capacitance < 10 pF. 

TPl or TP2 

TP3 or TP4 
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APPLICATIONS INFORMATION# 

Figure 6 is a summary of the MC6800 Microprocessor 
clock waveform requirements. The r/>1 and r/>2 clock inputs 
require complementary 1 MHz, 5 volt non-overlapping 
clocks. The clock inputs of the MPU appear primarily 
capacitive, being 120 pF typical and 160 pF maximum 
with 100 J..!Adc leakage. Provision is made in the specifica­
tion for the undershoot and overshoot that will result from 
the generation of a high speed transition into a capacitive 
load. 

The clock specifications wh ich constrai n the clock 
driver are the rise and fall times required to meet the 
pulse widths at the maximum operating frequency of 
1 MHz, the non-overlapping requirement, the logic level 

requirements of VSS + 0.3 volt and Vee - 0.3 volt, the 

overshoot specification, and the MPU input capacitance. 
The clock buffer circuit that drives the MPU clock inputs 
must be designed to meet the rise and fall time require­
ments as well as provide the proper logic levels into the 
load capacitance, within the overshoot constraints. The 
non-overlapping requirements of the clock signal can be 
met by the design of the control logic which drives the 
buffers. The MP06842 clock buffer can guarantee the 
clock designer the speed and saturation voltages necessary 
to design the clock circuit to meet the MPU clock 
requirements. 

Figure 7 is a circuit designed with TTL logic devices and 
the MP06842 buffer to meet the MPU clock requirements 
while operating from a single +5 volt supply. The oscillator 

FIGURE 6 - MPU CLOCK SPECIFICATION 

1--------- tCyc ---------1 Overshoot 

<1>1 

--Vas 

<1>2 

VOV = vss + 0.5 V = Clock Overlap 
measurement point 

ELECTRICAL CHARACTERISTICS (VCC = 5.0 V ± 5%, VSS = 0, T A = 0 to 70°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 
Input High Voltage <1>1,<1>2 VIHC VCC-0.3 - Vee +0.1 Vdc 
Input Low Voltage <1>1,<1>2 VILC VSS-O·1 - Vss +0.3 Vdc 
Clock Overshoot/Undershoot - Input High Level VOS VCC-0.5 - VCC+0.5 Vdc 

- I nput Low Level VSS-0.5 - VSS +0.5 
Input Leakage Current <1>1,<1>2 lin - - 100 /.lAde 

(Vin = 0 to 5.25 V, VCC = 0 V) 

Capacitance * Cin 80 120 160 pF 
(Vin = 0, T A = 250 C, f = 1.0 MHz) 

Frequency of Operation f 0.1 - 1.0 MHz 
Clock Timing 

Cycle Time tcvc 1.0 - 10 /.IS 

Clock Pulse Width PW<I>H ns 
(Measured at VCC - 0.3 V) <1>1 430 - 4500 

<1>2 450 - 4500 
Total <1>1 and <1>2 Up Time tut 940 - - ns 
Rise and Fall Times <1>1,<1>2 t<l>r' t<l>f 5.0 - 50 ns 

(Measured between VSS + 0.3 V and VCC - 0.3 V) 

Dealy Time or Clock Separation td 0 - 9100 ns 
(Measured at VOv = VSS + 0.5 V) 

Overshoot Duration tos 0 - 40 ns 

*Capacitances are periodically sampled rather than 100% tested. 
#For further information on M6800 system usage, refer to the M6800 Applications Manual. 
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can be any source with a maximum frequency of 1 MHz, 
TTL logic levels and a 50% duty cycle. This oscillator 
signal source could vary from a commercial oscillator, 
such as a K 11 OOA available from Motorola's Component 
Products Department,1 to a signal derived from a higher 
frequency signal already available in the system. The 
TTL gates shown. are standard MC3000 and MC3001 
(74HOO and 74H08) gates which were chosen for their 
speed and drive characteristics. The discrete buffers require 
good "1" level pullup and drive capability ~hich is pro­
vided by the MC3001. The circuit was constructed on a 
wirewrap board and tested on an EXORciser.2 Good 
power and ground distribution practice was followed but 
no special care was taken in parts layout. 

Waveforms typical of the circuit in Figure 7 are shown 
in Figures 8a and 8b, with T A = 200 C and VCC = 5.0 
volts. These figures depict the logic levels and pulse widths 
achieved by this circuitry with VCC and Ground as refer­
ence levels. Figure 8c superimposes the two clock wave­
forms so that their phase relationship can be seen. 
Figure 8d shows the phase relationship of Bus 1/>2 and 
MPU 1/>2. Figures 8e and 8f examine the non-overlap 
regions as well as rise and fall times typical of this clock 
driver circuit. Table 1 presents test data taken over a 
voltage range of 4.75 volts to 5.25 volts and over a 
temperature range of OoC to 700 C. Note the stability of 
these measured parameters, and that the logic levels 
achieved will provide noise margin on the system clocks. 

FIGURE 7 -MPU CLOCK CIRCUIT 

+5 V 

0.1 /LF Ceramic I 33 pF 1 k 

1/4 MP06842 

22 
Oscillator 1--...... ......,,-, 

MPU </>1 
K1100A 68 pF 10 
1 MHz MC3000 MC3000 MC3001 MC3001 MC3000 MC3001 

50 ± 2% Duty Cycle (74HOO) (74H08) 

Unless otherwise noted: 
All resistors are carbon composition 14W, ±5% 
All capacitors are dipped mica ±2% 

1. 2553 N. Edgington, Franklin Park, Illinois 60131, (312) 451-1000. 
2. A prototyping system for the M6800 family. 

0.1 /LF Ceram ic I 

14 MC3000 

33 pF 

1/4 MP06842 

= 
+5 V 

1 k 

1/4 MP06842 

22 
MPU </>2 and 

DBE 
68 pF 10 

10-------- Bus </>2 
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FIGURE 8a - MPU </>1 CLOCK 

5.0 

::: 
o 

CLOCK CIRCUIT WAVEFORMS 
(Using Circuit of Figure 7) 

5.0 

::: 
o 

FIGURE 8b - MPU </>2 CLOCK 

..... 3; > 

> o ..... 
> 

::: 
o ..... 
> 

Gnd 

200 ns/DtV 

FIGURE 8e - MPU </>1 AND </>2 CLOCKS 

5.0 

Gnd 

100 ns/DtV 

FIGURE Be - MPU CLOCK NON-OVERLAP REGION 

</>1 to </>2 

5.0 

Gnd 

::: 
o ..... 
> 

> 
o ..... 
> 

Gnd 

200 ns/DtV 

FIGURE Bd - MPU </>2 CLOCK AND BUS </>2 

5.0 

Gnd 

100ns/DtV 

FIGURE 8f - MPU CLOCK NON-OVERLAP REGION 
</>2 to </>1 

5.0 

Gnd 

5 ns/DtV 5 ns/Dt v 
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Both 4>1 and 4>2 clock high times were designed to be 
15-30 ns wider than the minimum required by the MPU 
(4)1 = 430 ns, 4>2 = 450 ns) to provide system margin. 
Rise and fall times were minimized to provide maximum 
clock high times consistent with non-critical circuit layout 
considerations. The overlap margin shown easily meets the 
MPU requirement of 0 ns at 0.5 volt but will decrease as 
the capacitive loading increases, as shown in Table 1. The 
MPU tested for this data had a typical clock input capaci­
tance of 120 pF. 

In many systems, especially in the breadboard and 
evaluation stage, it may be desirable to have the flexi­
bility to vary the system clock to test the effects on data 
throughput, real time operation with interrupts, or to help 
diagnose a system timing problem. In these applications, 
or in those not requiring crystal oscillator stability, an 
even simpler clock circuit can be used. A pair of cross 
coupled monostable multivibrators with individual pulse 
width adjustments can be used as the clock oscillator with 
the previously described clock buffer circuit. This approach 
is shown in Figure 9. The non-overlapping clock is generated 
by the propagation delays through the monostable multi­
vibrators. Figures. 10a - 10d show waveforms resulting 
from this circuit. Table 2 shows test data taken of this 

circuit over the voltage and temperature range. Note the 
small variations in the pulse widths. 

The fast rise and fall times produced by this circuitry 
and the highly capacitive loads require some care in layout 
to avoid excessive ringing and/or pulse distortion. While no 
particular care was taken in the construction of the wire­
wrap test boards other than placing all of the discrete 
devices into one header board, the following construction 
guidelines are recommended. Wide power and ground 
lines (50-100 mils) should be used to provide low im­
pedance voltage and ground sources. The clock driver 
should be physically located as near the MPU as possible 
to avoid ringing down long lines. Close proximity of the 
clock circuitry to the MPU allows common power and 
ground connections so that any noise appears common 
mode rather than differential to the MPU and clock driver. 
Finally, it is recommended that the MPU 4>2 clock signal 
not be used to clock any device other than the MPU so 
that it is not distributed allover the system with the 
possibility of picking up noise and causing reflections. 
The circuits shown provide an additional buffer for the 
other 4>2 loads in the system to isolate MPU 4>2 from 
all the other 4>2 loads. 

TABLE 1 - PERFORMANCE OF CIRCUIT OF FIGURE 7 
(CL = 120 pF unless otherwise noted.) 

MPUcj>l 

Test Conditions PW tr tf 

T = 20°C 

Vee =4.75 v 460 ns 15 ns 10 ns 

Vee = 5.00 V 460· 16 11 

Vee = 5.25 V 460 16 11 

Vee = 5.00 V, 450 21 15.5 
(eL = 210 pF) 

T = 700 e 
Vee =4.75 V 460 15 12 

Vee = 5.00 V 460 16 12 

Vee = 5.25 V 455 17 12.5 

T=OoC 

Vee =4.75 v 460 14 10 

Vee = 5.00 V 460 15 10 

Vee = 5.25 V 460 15 10.5 

*Resolution of this measurement::::::: ±50 mV 

LEGEND: 

"1" LL* 

4.75 V 

5.00 

5.25 

5.00 

4.75 

5.00 

5.25 

4.75 

5.00 

5.25 

PW: Pulse width measured at Vee- 0.3 V 

"0" LL* 

0.1 V 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

tr: Rise time measured from 0.3 V to Vee - 0.3 V 

tf: Fall time measured from Vee - ().3 V to 0.3 V 

PW 

465 ns 

465 

465 

460 

465 

465 

465 

465 

465 

465 

MPUcj>2 Non-Overlap Region 

tr tf "'" LL* "0" LL* cj>ltto </l2t cj>2t to cj>lt 

15 ns 10.5 ns 4.75 V OV 10.5 ns 12 ns 

16 10 5.00 0 10 11 

16 11 5.25 0 9.5 10.5 

22 15 5.00 0 2 5.5 

16 12 4.75 0 9 10.5 

17 12 4.75 0 8.5 10 

17 13 5.25 0 8 9 

15 10.5 4.75 0 11 12 

15 10 5.00 0 10.5 11.5 

15 10 5.25 0 10 10.5 

"0" LL: Zero logic lewl 

"1" LL: One logic lewl 

Non.()wrlap: Measured from 0.5 volt levels 
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FIGURE 9 - MONOSTABLE CLOCK GENERATOR 

+5 V +5 V 

11 k 1% 
100 pF 

T1 T2 

MC8602 

Unless otherwise noted: 

+5 V 

(/>2 

100 pF 
11 k 1% 

T1 T2 
Q 

C Q 

CD 

.)0------- Enable or Bus (/>2 

1/3 MC74Q4 +5 V 

1/4 MPQ6842 

+5 V 22 

MPU (/>1 
470 68 pF 

+5 V +5 V ':" 

All resistors are carbon composition '!.W, ±5% 470 
All capacitors are dipped mica ±2% 

1/4 MPQ6842 

22 

TABLE 2 - PERFORMANCE OF CIRCUIT OF FIGURE 9 

MPU (/>2 and 
DBE 

MPU (/>1 MPU (/>2 Non-Overlap Region 

Test Conditions PW tr tf "1" LL* "0" LL" PW 

T = 20°C 

Vee = 4.75 V 470 ns 11 ns 11.5 ns 4.75 V 0.1 V 450 ns 

Vee = 5.00 V 470 12.5 13 5.00 0.1 460 

Vee = 5.25 V 470 13 12 5.25 0.1 460 

T = 70°C 

Vee = 4.75 V 455 12.5 13.5 4.75 0.1 450 

Vee = 5.00 V 455 13 14 5.00 0.1 450 

Vee = 5.25 V 455 13 14.5 5.25 0.1 450 

T=ooe 

Vee = 4.75 V 473 12 12 4.75 0.1 470 

Vee = 5.00 V 475 12 12 5.00 0.1 470 

Vee = 5.25 V 475 12.5 12.5 5.25 0.05 473 

*Resolution of this measurement ~ ±50 mV 

LEGEND: PW: Pulse width measured at Vee - 0.3 V 

Rise time measured from 0.3 V to Vee - 0.3 V 

Fall time measured from Vee - 0.3 V to 0.3 V 

tr tf "1" LL* "0" LL* </>1,!,to(/>2t (/>2,!,to C/>lt 

12 ns 12 ns 4.75 V OV 12 ns 11 ns 

13 12.5 5.00 0 11 9.5 

13.5 12.5 5.25 0 10 9 

13 13 4.75 0 11 10 

14 14 5.00 0 10 9 

14 14 5.25 0 8.5 7 

12 12 4.75 0 11 11 

12.5 12 5.00 0 9 11 

12.5 12 5.25 0 9 8 

"0" LL: Zero logic level 

"1" LL: One logic level 

Non-Overlap: Measured from 0.5 volt points 
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CLOCK CIRCUIT WAVEFORMS 
(Using Circuit of Figure 9) 

5.0 

~ 
o ..... 
> 

Gnd 

5.0 

~ 
o ..... 
> 

Gnd 

FIGURE 10a - MPU CLOCK 

200 ns/DIV 

FIGURE 10c - MPU CLOCK NON'()VERLAP REGION 
1/>1 to 1/>2 

5 ns/DIV 

CLOCK CIRCUITRY FOR SLOW AND DYNAMIC 
MEMORIES 

~ 
o ..... 
> 
N 

> 
Ci ..... 
> 
~ 

5.0 

Gnd 

FIGURE 10b - MPU 1/>2 CLOCK AND BUS 1/>2 

200 ns/DIV 

FIGURE 10d - MPU CLOCK NON'()VERLAP REGION 
1/>2 to </:>1 

5 ns/DIV 

controller sets Refresh Request back high; this is clocked 
through on the next leading edge of </>1, thereby restoring 

The circuitry to modify the clock signals to interface the system to normal operation. The Memory Ready line 
the MC6800 with dynamic (e.g., MCM6605) and slow is sampled on the leading edge of </>2 and, if low, the 
memories can be evolved from the clock circuitry described MPU </>1 and </>2 clocks are held in the low and high states, 
previously. Figure 11 expands the clock circuit of Fig- respectively. The clocks will be held in these states until 
ure 7 (which has a crystal stabilized source) to include the Memory Ready line is brought high by the slow 
interface signals for dynamic (Refresh Request and Refresh memory controller, allowing the slow memory controller 
Grant) and slow memories (Memory Ready). Note that the to determine the amount by which </>2 is stretched. Fig-
only extra parts required are an MC7479 dual latch, an ures 12a and 12b show the effect of Refresh Request and 
MC7404 hex inverter, and a pair of 10 k ohm pullup Memory Ready signals on the MPU clocks. Note that 
resistors. The state of Refresh Request is sampled during the Refresh Request signal is asynchronous with the MPU 
the leading edge of </>1 and, if it is low, the </>1 and </>2 clocks as it is generated by the refresh oscillator in the 
clocks to the MPU are held in the high and low states dynamic memory controller. Figures 13a and 13b show 
respectively for at least one full clock cycle. A high the phase relationship between MPU </>2, Bus </>2 and 
Refresh Grant signal is issued to indicate to the dynamic Dynamic Memory Clock. Note that Bus </>2 and MPU </>2 
memory system that this cycle is a refresh cycle. Upon are in phase and that the Dynamic Memory Clock leads 
receipt of the Refresh Grant signal, the memory system MPU </>2 to help offset delays added by the memory 
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system controller in decoding and level shifting this signal 
onto the memory array. 

The circuit in Figure 14 shows how the Memory Ready 
capability can be added to the cross-coupled monostable 
clock generator of Figure 9. The Memory Ready feature is 

incorporated into this circuit by switching in or out of the 
cf>2 pulse width generator an additional timing resistor. By 
selection of the timing resistors for cf>1 and cf>2, all com­
binations of cf>1, cf>2, and stretched cf>2 pulse width can 
be generated. 

FIGURE 11 - MPU CLOCK CIRCUITRY WITH INTERFACE FOR SLOW AND DYNAMIC MEMORY 

::: 
o ..... 
> 
III 
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FIGURE 12a - MPU CLOCKS, REFRESH 
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FIGURE 12b - MPU CLOCKS AND MEMORY READY 
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FIGURE 13a - DYNAMIC MEMORY 
CLOCK AND MPU 1/>2 
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FIGURE 13b - BUS 1/>2 AND MPU 1/>2 
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FIGURE 14 - MONOSTABLE CLOCK GENERATOR WITH MEMORY READY 
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24 AND 40-LEAD 

PLASTIC PACKAGE DIMENSIONS 

The information in this document has been carefully checked and is believed to 
be reliable; however, no responsibility is assumed for inaccuracies. Furthermore, 
this information does not convey to the purchaser of microelectronic devices any 
license under the patent right of any manufacturer. 165 
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