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Timing Considerations for Interfacing to the External Bus

� There is an address latch, address decoder, and control decoder between the
HC12 and the memory — this is often called ”glue logic”

� The glue logic in our memory expansion circuit is done in an Altera PLD

� The HC12 has timing specs which state when things will happen on its exter-
nal bus

� The memory chip has timing specs which state when things will happen on
its external bus

� It takes time for signals to propagate through the glue logic

� To make sure the memory and HC12 are compatible it is necessary to examine
the timing specs for the HC12 and the memory chip, taking into account the
time delays through the glue logic
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0x1000
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Data from mem

From time E goes high it takes time before CE goes low

One more delay time, or about 12 ns
E high to CE low: about 24 ns

One delay time, or about 12 ns
E high to new A15−0: about 12 ns

From time E goes low it takes time before CE goes high
One delay time, or about 12 ns, before CE goes high
E low to CE high: about 12 ns

From time E goes high it takes time before A15−0 comes out of Altera chip

One delay time, or about 12 ns, before A15−0 latched internally

OE  − Output Enable (Read)

WE  − Write Enable

UB  − Upper Byte Enable

LB  − Lower Byte Enable

CS  − Chip Select
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� When analyzing bus timing, the most critical thing to look for is data setup
and data hold times

� When the HC12 does a write, the memory needs to latch the data on the low-
to-high transition of CE, its Chip Enable

– On write cycles the HC12 puts the data on the bus

– Determine how long before CE goes high the data is on the bus — make
sure this is longer than the Data Setup Time for the memory chip

– Determine how long after CE goes high the data remains on the bus —
make sure this is longer than the Data Hold Time for the memory chip

� When the HC12 does a read, the HC12 needs to latch the data on the high-to-
low transition of E

– On read cycles the memory puts the data on the bus

– Determine how long before E goes low the data is on the bus — make
sure this is longer than the Data Setup Time for the HC12

– Determine how long after E goes low the data remains on the bus — make
sure this is longer than the Data Hold Time for the HC12

� One other item to look for is the Address Access Time — how long it takes
from the time the memory chip sees a new address until it can access data
internally

� From the time a new address is available until E goes low is about 60 ns

– To run at full speed the HC12 needs to use memory chips with access
times less than 60 ns

– The chip we are using has a 12 ns access time

� If you have to use a slower memory chip it is possible to slow down the HC12

– You can use a slower crystal, which slows everything down

– You can add clock stretches, which slows down accesses to devices con-
nected to the external address/data bus
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HC12 and Glue Logic Timing – Write

� Consider the signals on the bus when the HC12 writes to the memory chip

E

60ns 60ns

E low for at least 60 ns
E high for at least 60 ns

HC12 WRITE TIMING − EXPANDED MODE

Data from HC12

HC12 puts data on bus at least 5.8 ns before E goes low
HC12 keeps data on bus at least 25 ns after  E goes low

25ns5.8ns

12ns

CE

CE goes high 12 ns after E goes low

Memory must need hold time of less than 25 − 12 = 13 ns
Memory must need setup time of less than 5.8 + 12 = 17.8 ns

AD 0x1000

A

� The new address is available about 60 ns before CE goes high

– We need a memory chip with a write address access time of less than
60 ns

� The data is on the bus about 18 ns before CE goes high

– We need a memory chip with a write setup time of less than 18 ns
� The data is kept on the bus for about 13 ns after CE goes high

– We need a memory chip with a write hold time of less than 13 ns
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Write Timing of the IDT71016 Memory Chip

� For the 12 ns IDT7016 the write address access time is 9 ns, less than the
60 ns provided by the HC12 and glue logic

� For the 12 ns IDT7016 the write setup time is 7 ns, less than the 18 ns pro-
vided by the HC12 and glue logic

� For the 12 ns IDT7016 the write setup hold is 0 ns, less than the 13 ns pro-
vided by the HC12 and glue logic

� The IDT71016 write cycle is compatible with the HC12 timing
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� Consider the signals on the bus when the HC12 reads from the memory chip

E

60ns
0ns

60ns

E low for at least 60 ns
E high for at least 60 ns

HC12 READ TIMING − EXPANDED MODE

Data from memory

CE

Memory must keep data on bus  0 ns after  E goes low

12ns

AD 0x1000

A

31ns

Memory must have data on bus 31 ns before E goes low

� The new address is available about 60 ns before CE goes high

– We need a memory chip with a read address access time of less than 60 ns

� The data needs to be on the bus 31 ns before E goes low

– After E goes high, CE goes low 24 ns later

– The memory needs to put the data on the bus 29 ns after E goes high

– The memory chip will have the data on the bus 24 ns + time from CE low
to memory on bus

– Need memory chip with CE to output enable time of less the 5 ns

� The data needs to be kept on the bus for at least 0 ns after E goes low

– From the time E goes low to CE high is about 12 ns

– We need a memory chip which not remove data 12 ns before CE goes
high (-12 ns)

– Every memory chip will keep data on the bus until after CE goes high, so
there is no problem here

7



EE 308 Apr. 5, 2002

IDT71016, 
CMOS 
Static 
RAM

1 
Meg 
(64K 
x 
16-bit) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Commercial 
and 
Industrial 
Temperature 
Ranges
��� �����	��

����������������������
���������

�����! #"%$&$�'�(*),+�".-0/�+�132547698:8�;=<�$*>@?=AB?=C�DFE#C�DHG
IKJL<L>@?=A
MN?=C*OP;KQ

RTS#UTSWV#XTSZY RTS#UTSWVZX[S]\ RTS#UTSWV#XLY�U
XL^`_KaLb[c d[eZf e�_5gih g�f jlknmpo jqeprso jlknmLo jHeprto jlkumLo jqeprto v�m�k h

w�xzyK{}|�~�|&��x
�n��� �T���`�������W� �B��� ��� ��� � � �@� ��� �u� �n� �s� � � �n� �z�
� �L� �&�W�`� �]�#���K�������W�t��� �=� � � �n� �W� � � �n� ��� � � �n� ��� �z�
� �L�s� ���p�  9¡s��� �����s�K�]���Z�#�¢��� �=� � � �n� �W� � � �n� ��� � � �n� ��� �z�
� ��£,¤ ���p�  *¡��,� �]�i�¢¥`¦W§��@¦=¨�©��n t©���� �=¥�¦�§=ª « ¬ � � �@� � �u� �n� � � � �n� �z�
� ��­�¤ ���p�  *¡s��� �W�i�¢®�� ¯s�B�u¦9¨&©i�° �©��s� �9®�� ¯s��ª « � � �n� ± � � �n� ± � � �n� ² �`�
� ³µ´ ¨&©i�° �©��µ¶T�z�s·L��=¥�¦�§��u¦�¨&©��° �©��p¸���� � � � � �n� ¹ � � �n� ² � � �n� �W� �z�
� ³ £@¤ ¨&©i�° z©���¶T���z·L� ��¥�¦�§��u¦�¨&©��° �©��s� �9¥�¦p§=ªu« � � � �@� � �u� �n� � � � �n� �z�
� ³ ­�¤ ¨&©i�° z©i�¢¶��#��·�� �P®�� ¯[�¢�@¦P¨K©L�n �©L�[� �9®�� ¯[�Zª « � � �n� ± � � �n� ± � � �n� ² �`�
� ³ ­ ¨&©i�° �©��µ®�¦p� ��º�� ¦t���K�`�[� �L� �B�¢�z�t�n¯`� ¬ � � �@� ¬ �u� �n� � � � �n� �z�
�u» ´ ¼ �`�u�H¶t�W�s·L� �=¥�¦p§�� ¦9¨&©��, s©��z¸¢��� � � � � �n� ¹ � � �n� ² � � �n� �W� �z�
� » £½¤ ¼ �`�n�=¶��#�z·z� �=¥�¦�§	� ¦9¨&©i�° z©i��� �=¥p¦L§=ªu« � � � �@� � �u� �n� � � � �n� �z�
� » ­L¤ ¼ �`�n�=¶��#��·�� �=®�� ¯[�¢�@¦=¨&©��° �©p�[� ��®�� ¯[�Zª « � � �n� ± � � �n� ± � � �n� ² �`�

¾

IDT71016, 
CMOS 
Static 
RAM

1 
Meg 
(64K 
x 
16-bit) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Commercial 
and 
Industrial 
Temperature 
Ranges
¿À�LÁÂ��ÃÅÄ!ÆÇ�ÉÈÅ��Ê5ËF�&Á ËÅÊ.Ì.����ÍÂ�ÏÎ������ÑÐÒËÔÓÖÕ

×¢ØBÙ�ÚÜÛ�ÝÞ[ß*à7á&â ãHä5å æ�ä�ç èté&ê�ëLì`íïî�ðpñpò ësßóTßNô�í`ítéuëLã�ãzõ*özãW÷�ø`ë¢ù�ìtò â íûú�é,â ètés÷ è9è[étñ�ètâ üzñLâ í�ësü�÷uý&â ÷@þ9÷@þpë&ò ìL÷uëséWèLçÿ�������� á � èté ��� á ÷né ìtüzãLâ ÷nâ ètü
	���
��TèL÷nþpësé ý&â ã�ë�÷��� â ã
÷@þpë&ò â õPâ ÷nâ ü�� úpìté ìtõ�ëp÷ ësé ß
�Tß��Lé ìtüzãLâ ÷@â ètü�â ãNõ�ëLì�ãpö`éuëLí���ó����tõ��ûçné ètõ�ãW÷uëLì`ípðsãW÷ ìL÷ ësß

A
DDR
ESS


DA
TA
OU
T


321
0
d
rw
0
7


(3
)


(3
)


(3
)


DATA
 VALI
D


t
AA


t
RC


t
OE


t
OLZ


t
CHZ


t
OH
Z


OU
T


(3)

t
ACS


(3)

t
BL
Z


t
CL
Z


(2
)


t
BE


t
OH


t
BHZ

(3
)
(2
)


,


���

 "!

#�$ �
,

#�% �

 �/�Q

8



EE 308 Apr. 5, 2002

Read Timing of the IDT71016 Memory Chip

� For the 12 ns IDT7016 the read address access time is 12 ns, less than the
60 ns required

� For the 12 ns IDT7016 the read CE to output enable time is 12 ns, slightly
longer the the 5 ns required by the HC12 and glue logic — Does Not Quite
Meet Specs the 5 ns required

� For the 12 ns IDT7016 the read hold time is 6 ns, more than the -12 ns re-
quired — Meets Specs

� The IDT71016 read cycle is almost (but not completely) compatible with
the HC12 timing

� The timing specs given in data sheets are worst-case specs — the manufac-
turer guarantees all parts will meet these specs under all conditions the chip
is speced for

� Timing within a few ns will almost certainly work in most cases

� You should not use the given setup (HC12, 12 ns Altera, 12 ns IDT71016) in
critical applications — it may not work under some circumstances

� To ensure it will work you could either

– Go to a faster memory chip (with a 5 ns CE to output enable time)

– Go to a faster Altera chip (an Altera with 7 ns delay would work)

– Add a clock stretch — this will increase the length of time E is high by
one clock cycle, or 125 ns, which will increase the time the data is on
the bus by 125 ns, to a total of 130 ns, far longer than the 7 ns the HC12
needs

– Reduce the clock speed — this will slow down all operations with the
HC12

9
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 n
s


14
 Wri
t
e
 
dat
a 
hol
d 
t
i
m
e
 —
 t
DHW
 25
 —
 20
 —
 ns


15
 Wri
t
e
 
dat
a 
s
e
t
u
p
 
t
i
m
e
(6
)
 t
DS
W
 
=
 
PW
EH
 
−
 t
DDW
 —
 t
DS
W
 5.
8
 —
 83
 —
 ns


16
 Rea
d
/
w
ri
t
e
 
del
ay
 
t
i
m
e
 t
RW
D
 
=
 t
cy
c
/
4 
+
 
de
l
a
y
 18
 t
RW
D
 —
 57.5
 —
 14
3
 n
s


17
 Re
a
d
/
w
r
i
te
 
va
l
i
d
 
ti
m
e
 
to
 
E
 
r
i
se
 t
RW
V
 
= 
PW
EL
 
−
 t
RW
D
 —
 t
RW
V
 3.
8
 —
 103
 —
 ns


18
 Rea
d
/
w
ri
t
e
 
hol
d 
t
i
m
e
 —
 t
RW
H
 25
 —
 20
 —
 ns


19
 Low
 
s
t
r
o
be
(7
)
 
del
ay
 
t
i
m
e
 t
LS
D
 
=
 t
cy
c
/
4 
+
 
de
l
a
y
 18
 t
LS
D
 —
 57.5
 —
 14
3
 n
s


20
 Low
 
s
t
r
o
be
(7
)
 
va
l
i
d
 
ti
m
e
 
t
o
 
E 
r
i
se
 t
LS
V
 
= 
PW
EL
 
−
 t
LS
D
 —
 t
LS
V
 3.
8
 —
 103
 —
 ns


21
 Low
 
s
t
r
o
be
(7
)
 
hol
d 
t
i
m
e
 —
 t
LS
H
 25
 —
 20
 —
 ns


22
 Ad
d
r
e
ss 
a
c
ce
ss 
t
i
m
e
(6
)
 t 
A
CCA
 
=
 t
c
yc 
− 
t
AD
 
− 
t
DS
R 
 —
 t
A
CCA
 —
 27.6
 —
 32
3
 n
s


23
 Acce
ss
 
ti
m
e
 
fr
o
m
 
E 
r
i
s
e
(6
)
 t 
A
CCE
 
=
 
PW
EH
 
− 
t
DS
R
 —
 t
A
CCE
 —
 27.8
 —
 22
3
 n
s


24
 DB
E
 
d
e
l
a
y
 
f
r
om
 
E
C
LK
 
ri
s
e
(6
)
 t 
DB
E
D
 
=
 t
cy
c
/
4 
+
 
de
l
a
y
 8
 t
DB
E
D
 —
 57.5
 —
 13
3
 n
s


25
 DB
E
 v
a
l
i
d
 
ti
m
e
 t
DB
E
 
=
 
PW
EH
 
− 
t
DB
E
D
 —
 t
DB
E
 11
.
8
 —
 11
5
 —
 ns


26
 DB
E
 
h
o
l
d
 
ti
m
e
 
fr
o
m
 
E
C
L
K
 
f
a
l
l
 —
 t
DB
E
H
 –
3 1 
0 
–
3 1 
0 
n 
s 


1.
 
V
DD
 
= 
5.
0
 
Vdc
 
± 
10
%
,
 
V
SS 
= 
0 
Vdc,
 
T
A
 
= 
T
L
 to
 
T
H
,
 
unl
ess
 
ot
her
wi
se 
not
ed

2.
 
Al
l
 
t
i
m
i
ng
s 
ar
e 
cal
c
u
l
at
ed 
f
o
r
 
nor
m
a
l
 
por
t
 
dr
i
v
es.

3.
 
C
r
ys
t
a
l
 
i
n
p
u
t
 
i
s
 
r
equ
i
r
ed 
t
o
 
be
 
wi
t
h
i
n
 
45%
 
t
o
 
55%
 
dut
y.

4.
 
R
e
duced
 
dr
i
v
e 
m
u
st
 
be 
of
f
 
t
o
 
m
e
e
t
 
t
h
e
s
e 
t
i
m
i
n
g
s.

5.
 
U
n
equal
l
ed 
l
o
adi
ng 
of
 
pi
ns 
wi
l
l
 
a
f
f
e
ct
 
r
e
l
a
t
i
v
e
 
t
i
m
i
ng 
num
be
r
s
.

6.
 
Thi
s
 
c
har
act
e
r
i
st
i
c
 
i
s
 
af
f
e
c
t
e
d
 
by
 
c
l
oc
k 
st
r
e
t
c
h.
 


Add
 
N 
× 
t
cyc 
wher
e 
N 
= 
0,
 
1
,
 
2,
 
or
 
3
,
 
depen
di
n
g
 
o
n
 
t
he 
num
ber
 
of
 
cl
ock
 
st
r
e
t
c
hes.

7.
 
W
i
t
h
out
 
TAG
 
enabl
ed
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Clock Stretches on the HC12

� You can add one, two, or three clock stretches to the HC12
� Each clock stretch adds one clock cycle to the length of time E is high
� It does not change the amount of time E is low

– With one clock stretch, E is low for at least 60 ns, and high for at least 60
+ 125 = 185 ns

– With two clock stretches, E is low for at least 60 ns, and high for at least
60 + 250 = 310 ns

– With three clock stretches, E is low for at least 60 ns, and high for at least
60 + 375 = 430 ns

� With clock stretches can use slower memory chips (such as 250 ns ROMS)
with the HC12

The HC12B32 in Expanded Mode at 8 MHz

� At 8 MHz the HC12 has an Address Valid to ECLK rise time of -6.2 ns
� This means that, under some circumstances, the address may not be on the

bus until 6.2 ns after ECLK goes high
� This means that, under these circumstances, an address latch cannot work
� This cannot be fixed by adding E-clock stretches, since ECLK stretches do

not change the amount of time E is low
� Because of this the Motorola data sheet states:

”Use of the multiplexed expansion bus at 8 MHz is discouraged due to TAD
delay factors”

� Under most circumstances memory expansion will work with an 8 MHz bus
� For commercial applications you should not use the HC12B32 in expanded

mode running at 8 MHz

– Use a slower clock — a 4 MHz bus speed will work fine

– Use an HC12 which does not multiplex the address and data buses, such
as the HC12A4
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