










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Load Data 
D7-DOto 
Macrocel/s 
{Clint.} 

PSIJ4XX/5XX - Appllcatllln Nllt. 035 

MethDd2 
The processor will write data to an 1/0 port. The data on the 1/0 port will be routed back into 
the GPLD and latched into the macrocells. No external signal routing is required to route the 
output port back into the GPLD. The MCU will write the data to an 1/0 port. The data is 
transferred to the macrocells when the MCU generates a clock input to the macrocells by 
writing to an arbitrary address. 

Example: Transfer A5H from the MCU to 8 macrocells (Port B) inside the GPLD. Assume 
CSIOP is defined from 2000H to 20FFH. Any 1/0 port can be used on the PSD4XXA2 and 
the PSD5XXB1. On the PSD4XXA 1, Ports A or B must be used. Port C will be used in this 
example. Assume that the arbitrary address that the macrocells are mapped into is from 
2100H to 21 FFH. 256 bytes are used for this address range because the resolution of 
address decoding is 256 bytes. This address range cannot be used by anything else in the 
system. 

Step 1: 
The MCU writes FFH to memory location 2012H to the Control Register. This will change 
Port C to the MCU 1/0 Mode. 

Step 2: 
The MCU writes FFH to memory location 2016H to set Port ClIO port pins to all outputs. 

StepS: 
The MCU writes A5H to memory location 2014H to latch the data out on Port C. 

Step 4: 
The MCU generates a clock input (defined as "l\h2100 & !wr") to the macrocells by writing 
XXH (don't care condition) to memory location 2100H to latch the data on Port C to the 
internal macrocells in Port B. 

StepS: 
The value of the Port B Macrocells can be read from the Macrocell Out Register at 200DH. 

�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�~�J�r�~�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-
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LoadOata 
07-00 to 
Macrocel/s 
(Cont.) 

Method 3 
This method will use the individual Preset and Reset signals from Port B to initialize 
(or load) data into the Port B Macrocells. An active Preset will load a logical "1" into the 
corresponding macrocell and an active Reset will load a logical "0". Each Preset/Reset 
occupies an address and is activated when the MCU writes to that address. 

Example: Transfer ASH from the MCU to 8 macrocells in Port B. Assume Preset/Reset of 
the macrocells occupy address 2100H to 24FFH. For example, 

PB7.RE = "h2402 & !WR PB7.PR = "h2403 & !WR 
PB6.RE = "h2400 & !WR PB6.PR = "h2401 & !WR 
PBS.RE = "h2302 & !WR PBS.PR = "h2303 & !WR 
PB4.RE = "h2300 & !WR PB4.PR = "h2301 & !WR 
PB3.RE = "h2202 & !WR PB3.PR = "h2203 & !WR 
PB2.RE = "h2200 & !WR PB2.PR = "h2201 & !WR 
PB1.RE = "h21 02 & !WR PB1.PR = "h21 03 & !WR 
PBO.RE = "h21 00 & !WR PBO.PR = "h21 01 & !WR 

Step 1: 
The MCU writes XXH (a don't care condition) to 2403H. This will set Port B Macrocell PB7 
to a rogic 1. 

Step 2: 
The MCU writes XXH (a don't care condition) to 2400H. This will set Port B Macrocell PB6 
to a logic O. 

Step 3: 
The MCU writes XXH (a don't care condition) to 2303H. This will set Port B Macrocell PBS 
to a logic 1. 

Step 4: 
The MCU writes XXH (a don't care condition) to 2300H. This will set Port B Macrocell PB4 
to a logic O. 

Step 5: 
The MCU writes XXH (a don't care condition) to 2203H. This will set Port B Macrocell PB3 
to a logic O. 

Step 6: 
The MCU writes XXH (a don't care condition) to 2200H. This will set Port B Macrocell PB2 
to logic 1. 

Step 7: 
The MCU writes XXH (a don't care condition) to 2103H. This will set Port B Macrocell PB1 
to a logic O. 

StepS: 
The MCU writes XXH (a don't care condition) to 2100H. This will set Port B Macrocell PBO 
to a logic 1. 

Step 9: 
The value of the Port B Macrocells can be read from the Macrocell Out Register at 
location 200DH. 

The method best to use depends on the resource still available after implementing the rest 
of the design. If speed is critical, Method 2 will execute the fastest. One write cycle can be 
achieved by using Method 2 and routing the data bus to the 1/0 Port. 

------------------------------_____ rE~~~-----------------------------------
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Use a MacIoce" 
to Latch External 
Data/Status 
and Read with 
anMCU 

PSD4XX/5XX - Application Note 035 

When the 1/0 ports are configured as an input port in the MCU 1/0 Mode, the input pins are 
sampled by the MCU. In some designs it is desirable to latch the data. This data is latched 
by an external strobe signal. The GPLD macrocells can be used to latch data from an 
external source with an external strobe signal and have the MCU read this latched data. 

In the PSDabel file specify the following: 

module example 
"input data 
din7, din6, din5, din4, din3, din2, din1, dinO pin; 

"data flip-flops containing the latched data in 
data7, data6, data5, data4, data3, data2, data1, dataO node istype 'reg'; 

"strobe or clock signal to latch the data into 8 macrocells. 
strobe pin; 

"DEFINITIONS 
data_in = [din7,din6,din5,din4,din3,din2,din1,dinO]; 
latch_data = [data7,data6,data5,data4,data3,data2,data1,dataO]; 

EQUATIONS 

latch_data := data_in; 
latch_data.c = strobe; 
end 

The MCU can read the latched data by reading the Macrocell Out Register. There is a 
Macrocell Out Register for Port A, B, and E. The address locations are specified in the 
Systems Configuration section of the WSI "PSD Programmable Peripherals Design and 
Applications Handbook". 
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IIs8 Macfllesll. 
to Latch MCU 
Data and Rsad 
with a 
CO·pfIICBSSOf 

The MCU can use the macrocells to latch data out on an I/O port. The Output Enable 
Control of this 1/0 port can be controlled by an extemal device such as a co-processor. 
If you are trying to pass data from the MCU to a co-processor, connect an I/O port directly 
to the co-processor's data bus. The Output Control of this I/O port will be controlled by the 
co-processor thus avoiding any conflicts on the co-processor's data bus. The MCU will load 
data into S macrocells and those macrocells will be routed to the I/O port connected to the 
co-processor's data bus. The method of loading data into the macrocells is described in 
section 2.0 of this Application Note. 

In the PSDabel file specify the following: 
Method 1 was used from Section 2.0 to load data into the macrocells from the MCU. 

module example 
"define the page reg 
pgr3, pgr2, pgr1, pgrO node; 

"define the macrocells to latch the data out 
data7, data6, data5, data4 pin Istype 'reg'; 
data3, data2, data1, dataO pin istype 'reg'; 

"This Signal is the output enable signal from the co-processor. 
"This signal will enable the output of the I/O port. 
proc_enable pin; 

"DEFINITIONS 

page_reg = [pgr3,pgr2,pgr1,pgrO); 

"Since the page register is only 4 bits wide, the byte of data must 
"be split into two nibbles. 
uppecnibble = [data7, data6, data5, data4); 
lower_nibble = [data3, data2, data1, dataO); 

EQUATIONS 

"Because of the resolution of the address decoding (from A15 to AS), 
"the address range from 1Ifl2000 to I\h20FF is reserved for loading the 
"macrocells with data from the page register. 

lowecnibble.oe = proc_enable; 
lower_nibble.c = (Address == 1Ifl2000) & Iwr; 
lowecnibble := page_reg; 

uppecnibble.oe = proc_enable; 
uppecnibble.c = (Address == I\h2001) & Iwr; 
upper_nibble := page_reg; 
end 
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Port B macrocells are the most flexible macrocells. Each macrocell on Port B can have 
individual preset, reset, and clock product terms. The reset, preset, and output enable 
signals for Port A and E are grouped together. The clock input for all macrocells associated 
with Port A and E comes from the clkin signal. The Reset, Preset, and Output Enable input 
signals to the macrocells are all active high. The following definitions are available for each 
port. 

Port A 
boo_a.re 
boo_a.pr 
boo_a.c 
boo_a.oe 

PortB 
boo_ai.re 
boo_ai.pr 
boo_ai.c 
boo_ai.oe 

Port E 
boo_e.re 
boo_e.pr 
boo_e.c 
boo_e.oe 

"same reset product term for all 8 macrocells 
"same preset product term for all 8 macrocells 
"same clock input (clkin) for all 8 macrocells 
"same output enable product term for all 8 macrocells 

"individual reset product term for each of the 8 macrocells 
"individual preset product term for each of the 8 macrocells 
"individual clock product term or the clkin signal for each of the 8 macrocells 
"individual output enable product term for each of the 8 macrocells 

"same reset product term for all 8 macrocells 
"same preset product term for all 8 macrocells 
"same clock input (clkin) for all 8 macrocells 
"same output enable product term for all 8 macrocells 

Listed below are the most powerful to the least powerful macrocells: 
Port B macrocells 
Port A macrocells 
Port E macrocells 

If an 1/0 port cell is configured as a MCU 1/0, the associated macrocell can still be used as 
a buried feedback macrocell. 

module example 
"example of a two bit shift register 

iosignal pin 50; "Port BO is used as a general MCU 1/0 port, reserving this pin. 
burried_mc node 50 istype 'reg'; "The macrocell associated with Port BO. 
data_in pin; "input data to be shifted in. 
data_out pin istype 'reg'; "output of shift register 

equations 
burried_mc.c = clkin; 
burried_mc := data_in; 
data_out.c = clkin; 
data_out .= burried_mc.fb; 
end 
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Abstract 

Method of 
Fitting Your 
Design 

Programmable Peripheral 
Application Note 036 
How To Fit Your Design Into The 
PSD4XX/5XX 
By Dan Friedman 

This application brief is a step-by-step procedure for fitting your design. This is not the only 
method of fitting your design but is an effective one. 

Step 1 
When specifying a new project name, specify a project directory under the PSDsoft 
directory. 

Step 2 
Copy an old PSDabel (.ABL) file from a previous project into your project directory. There 
are some examples of PSDabel files in the "C:\psdsoft\examples" directory. 

Step 3 
When declaring input and output signals, do not specify pin assignments. After the design 
fits, add pin assignments and move signals to more desired pin locations. 

Step 4 
Any signals used as Standard MCU I/O or Latched Address Out can be declared in the 
PSDabie file. As long as these signals are not used in the PLD equations, they will default 
as Standard MCU I/O or Latched Address Out. There are some exceptions to this rule. 
These exceptions relate to Bus Interface Signals, Special Function Signals, and Alternate 
Function Signals. 

Step 5 
Compile the design in PSDabel Design Entry. 

Step 6 
After eliminating all syntax errors, view Optimized Equations. For a given signal, there are 
two numbers indicating the number of product terms (one from the Default Polarity and one 
from the Reverse Polarity). The fitter will always use the lowest number of the two columns. 
If the lowest number for a given signal is greater than 6, this signal will not fit. To solve this 
problem, break up the product terms and use a buried register as shown below. 

before: 
boo pin; "Output signal 
a,b,c,d,e,f,g,h,i,j pin; "Input signals 

equations 
boo = (a & b) # (c & d) # (e & f) # g # h # i # j; "This equation uses 7 product terms. 

after: 
boo pin; "Output signal 
a,b,c,d,e,f,g,h,i,j pin; "Input signals 
buried_reg node; "Intermediate term 
equations 
buried_reg = (a & b) # (c & d) # (e & f); 
boo = buried_reg.fb # g # h # i # j; 

The above example shows one method of manually performing product term expansion. 
However, PSDsoft automatically performs product term expansion based on the available 
device resource. When PSDsoft automatically performs product term expansion, see the 
Fitter report for detailed information. 
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Fitting Your 
Design 
(Cont.) 

Step 6 (Cont.) 

Note: Product terms for ESO-3 and RSO for internal EPROM and SRAM respectively have 
only one product term as defined in the Decoding PLD (DPLD). If more product 
terms are required, the above method (using a buried macroceli from the GPLD) 
can be used. 

Note: General PLD (GPLD) features for the PSD4XXA2 and PSD5XXB1 products: 

- Port A Macrocelis have 3 product terms each. 

- Port B Macrocelis have 6 product terms each. 

- Port E Macrocelis have 1 product term each. 
- Ali Port B Macrocells can use the clkin signal or product term clocks (clocks other 

than the clkin signal). These product term clocks can come from any I/O port pin. 
Each Port B Macroceli can have individual product term clocks. 

- Port A and E Macrocells are clocked by the clkin signal only. 

- All Port B Macrocells have individual preset, reset, and output enable product 
terms. 

- Port A and E Macrocells have common preset, reset, and output enable 
product terms. 

Note: GPLD features for the PSD4XXA 1 products: 

- Port A Macrocelis have 3 product terms each. 
- Port B Macrocelis have 6 product terms each. 

- Port E Macrocelis do not exist 

- Ali Port B Macrocelis can use the elkin signal or product term clocks (clocks other 
than the clkin signal). These product term clocks can come from any I/O port pin. 
Each Port B Macroceli can have individual product term clocks. 

- Port A Macrocells do not contain flip-flops. They are combinational outputs only. 
Therefore there is no clock, preset, or reset inputs to these macrocelis. 

- All Port B Macrocells have individual preset, reset, and output enable product 
terms. 

- Port A Macrocelis have common output enable product terms. 

- Port C, Port D, and Port E (PE2-7 only) are not routed into the PLDs. Therefore, 
inputs on these port pins can not be used as part of the PLD logic equations. 

In the Optimized Equations Report, determine the number of Signals requiring 4 to 6 
product terms and 2 to 3 product terms. If there are more than 8 signals requiring 4 to 6 
product terms, the design will not fit. If there are more than 16 signals requiring 2 to 6 
product terms, the design will not fit. By splitting up the product terms and using a buried 
register as described above, this problem can be solved. 

Designs often do not fit because the designer has defined too many product term clocks 
(clocks other than the elkin signal). Two methods of working around this problem are 
shown below. 
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Step 6 (Cont.) 

•• thod 1. Take the largest group of signals associated with a clock and route that clock into 
the clkin pin. 

Example: Make the following list on paper. 

Clock W Clock X Clock Y Clock Z 

sig 1 
sig 2 
sig 3 

sig4 
sig 5 
sig6 
sig 7 

sig 8 
sig 9 

sig 10 

If the designer is using a PSD4XXA2, route Clock X into the clkin pin. 
Route sig4, sig5, sig6, sig7 to port A or E macrocells. 
Route sig1, sig2, sig3, sig8, sig9, sig10 to port B macrocells . 

•• thod 2. If the designer is using the following definition, 
x:=1; 
x.re = !reset 
x.clk=A&B; 

Convert the above function as follows: 
x.re = !reset; 
x:= x.fb # (A&B); 
x.clk = clkin; 
period of clkin < pulse width generated by (A&B) 

Note: The number of signals with 4 to 6 product terms plus the number of signals requiring 
a product term clock with less than 4 product terms on the D input of the flip-flop 
cannot exceed ~. 

,-.-. ------------- =-ilr. --------____ _ 
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Step 7 
Fit the design in PSD compiler under the Compile Menu. 

To understand why a signal does not fit, look at the Report File under the View Menu. Look 
at the Resource Usage Summary along with the OMC Resource Assignment. The 
Resource Usage Summary will tell the designer how the pins on a given 1/0 Port were 
assigned and how those resources were allocated. The OMC Resource Assignment will 
indicate which macrocell was utilized for each output signal used in an equation in the 
PSDabel file. 

Example: 

Resources Used 

OMC Resource Assignment 

User Name 

PortA: 
macro cell 3 

Port B: 
macro cell 7 

Port E : 
macro cell 2 

cntO => Register 

cnt4 (mc_pb7) => Register 

"cntO used as a buried register. 
"cntO was defined as a node. 
"cntO is a registered output node. 

"cnt4 is routed to an output pin on 
"PB7. 
"cnt4 was defined as a pin. 
"cnt4 is a registered output. 

wstc (mc_pe2) => Combinatorial "wstc is routed to an output pin 
"on PE2. 
"wstc was defined as a pin. 
''wstc is a combinatorial output. 

All Signals followed by "(mc_pxx)" are output pins. If "(mc_pxx)" is omitted, the signal was 
defined as a node and is a buried register. From this report the designer can determine the 
exact reason why a given signal would not fit. 

Note: In the Options menu, Fitter Options are Keep, Try, or Ignore. 
Keep Current - Uses the pin assignments specified in the PSDabel file. 
Keep Previous - Uses the pin assignment from the previous fitting process. 
Try - Tries to use the pin assignments specified in the PSDabel file. 
Ignore - Does not use the pin assignments specified in the PSDabel file. 

This is the same as not specifying any pin assignments in the PSDabel file. 
For pins which use reserved names, the pin assignments are always fixed. 

-------------------------------~~iIi~-------------------------------
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StepS 
If several signals will not fit, start by commenting out all unfitted signals until the design fits. 
Fit one signal at a time by using some of the above methods and other methods described 
in other Application Notes. 

Step 9 
Assign pin numbers to all the signals in the PSDabel file. Move signals around to desired 
pin numbers. The designer may not be able to move certain signals to desired pin numbers 
as a design violation may occur. 

Note: Some important things to remember about the PSD4XXA2 and PSD5XXB1 devices 
are that only Ports A, B, and E have PLD I/O. Port C and Dare PLD inputs only. 
If Port A, B, or E is used as a PLD input, the macrocell associated with that pin 
cannot be used as a buried register or routed to an output pin. It is best to use Port 
C and D and PLD inputs first. On the PSD4XXA 1 devices, Ports A and B can be 
used as PLD I/O while port pins EO and E1 can be used as PLD inputs only. 
Any signal pins reserved in the PSDabel file that are used as Latched Address 
Out Signals must be in sequential order (i.e., addrO must be assigned to PCO, 
addr1 must be assigned to PC1 etc.). 

___________________________________ F.JJ~~ 
~~.,,-----------------------------------
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Introduction 

Example 1 

Programmable Peripheral 
Application Note 037 
How to Implement a Latch Function in Port A 
of PSD4XX/5XX that is Independent of the 
System Clock 
By Mohan MaghsfB 

The macrocells in PSD4XXl5XX devices include D-type registers. When mapping discrete 
solutions to these PSDs, it is sometimes necessary to replace transparent latches (e.g., 
'573) with the PSD macrocells. Since the PSDs do not have transparent latches, the easiest 
alternative is to make the design edge-triggered and use the D-type registers. However, 
there are some situations where the designer must use a transparent latch. In these cases 
it is possible to use a 2:1 multiplexer configured to perform the function of a latch. 

There is an added bonus in using this approach: the PSD4XXl5XX devices offer up to 24 
macrocells in the GPlD. Of these, 16 Port-A and Port-E macrocells are clocked by the 
system clock on the ClKIN pin. The other 8 (Port-B) macrocells may be individually 
configured to use either the system clock or a product term clock. 

For designs that fully utilize the Port-B macrocells and still need further register elements 
that must remain independent of the system clock (but do not have to be edge triggered), 
it is possible to realize up to 8 more registers by using 2:1 multiplexers configured as 
transparent latches. 

Two examples are shown in this application note. The first shows the basic idea by realizing. 
a latch with one Port-A macroceli, and the second example shows a "real life" situation 
where a one-way communications port (e.g., Centronics: host to target, where the PSD 
would be located in the target) is realized in the Port-A macrocells. 

Figure 1 shows how one of the Port-A macrocells performs this latch function: 

Port-C has been used to input the signal to be latched, as well as the lE control signal. 
Of course, another port (or ports) may be used as long as it is usable as an input to the 
ZPlD-bus. The output of the macrocell may then be brought out to the respective Port-A 
pin, if needed. Otherwise, if it is to be accessed by the MCU, the pin may be kept free for 
some other 1/0 function since the MCU can access the outputs of the macrocells directly by 
reading the "Macrocell Out" register of Port-A. 

When PC1 is HIGH, PCO is enabled through to PAO - Transparent. 
When PC1 is lOW, PAO is looped back on itself - latched. 

Figure 1. 

-B 

0 PAO 

PCO A 

AlB 

PCl I 
NOTE: The A/_B input is equivalent to the high-true LE input on a latch: when LE is 1, the latch is transparent 

and when LE is 0, the input is latched. 
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Below is a sample ABEL file that describes this function: 

module latch1 
title 'transparent latch using a 2:1 mux.'; 

"Since the PSDs offer D_type registers and not transparent latches, the easiest alternative 
"for the designer is to make the design edge triggered and use the D-type registers. 
"However, there are some situations where the designer must use a transparent latch. 
"In these cases it is possible to use a 2:1 multiplexer configured to perform the function 
"of a latch. 

"INPUTS and OUTPUTS 

a15,a14,a13,a12,a11 ,a10,a9,a8,a1 ,aO pin; 
wr, rd pin; 
psen, ale pin 38,37; "PEO-1 
clkin, reset pin; 
csi pin; 

"PAO acts as the latch output 

paO_latch_out pin 27; 

"PCO acts as the input to the latch, and PC1 as the latch 
"enable signal. 

pcO_latchjn, pcUe pin 17, 16; 

"base address for i/o chip selects 

csiop node; 

"DEFINITIONS 

x =.x.; 
CK=.c.; 
addr=[a15,a14,a13,a12,a11 ,a10,a9,a8,X,X,X,X,X,X,a1 ,aO]; 

EQUATIONS 

"DPLD equations 

csiop = (addr >= AhOCOOO) & (addr <= AhOCOFF); 

"GPLD equations 

paO_latch_out = (pcO_latch_in & pcUe) "transparent" 

# (paO_latch_out.fb & !pcUe) "latched" 
# (paO_latch_out.fb & pcO_latch_in); "removes any glitches" 

end latch1 

_____________________________________ farar~~ __________________________________ ___ 
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Figure 2 shows a communications port that allows a host to write data into an 8-bit register 
with the _HST _ WR signal. Simultaneously, this signal is used to set a_BUSY _2_HST flag 
which is polled by the host to see if the MCU has read the data. When reading this data 
LMCU_RD), the MCU clears the _BUSY _2_HST flag, thus indicating to the host that it may 
write the next data byte. 

In a discrete solution the _HST _WR signal would be used as a clock to the D-type registers, 
but in this example it is assumed that the Port-B macrocells are used for functions that need 
ClKIN (system clock) and other independent (product term) clock inputs. In this situation 
the D-type registers in Port-A would be clocked by ClKIN and thus cannot be driven by the 
_HST _WR signal. Since the data is required to be stable when _HST _WR is High and is 
"Don't Care" when _HST_WR is low, we can replace the edge-triggered registers with a 
transparent latch function realised using 2:1 multiplexers. 

Figure 2 also shows that the _RESET signal is ORed with _HST _ WR. So, after a system 
reset it will be necessary for the MCU to do a dummy read of the data register to clear the 
busy flag. The reason for including this is to ensure that the host does not try and write to 
this port while the MCU is still in a reset cycle. 

Figure 2. 
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Example 2 
(Cont.) 

Figure 3 shows how the data register can be realised in the Port-A macrocells on the PSD. 
The _HST _ WR flag is generated in the Port-E macrocells and avoids using the clock on the 
D-type register by implementing an S-R flip-flop using cross-coupled NAND functions (thus 
giving the same functionality as the preset and reset functions of a D-type register). 
The MCU would either use the _HST _WR signal's rising edge to generate an interrupt to 
indicate that a valid data byte is available, or would test for the _BUSY _2_HST flag being 
Low and _HST_WR signal being High (Le., host write cycle is complete). When the MCU 
reads the data register (Le., reads the "Macrocell Out" register of the Port-A macrocells), the 
_BUSY _2_HST register must be cleared. In order to do this, it is necessary to decode the 
full address of the Port-A Macrocell Out register ANDed with the MCU's _RD signal. In the 
PSD4XXl5XX, the address lines A8-A15 and AO-A1 are directly available on the ZPLD 
but in order to have access to the A2-A7 lines we must configure Port-C to output these 
latched addresses (on PC2-7). These Port-C pins are then available for decoding on the 
ZPLD-bus. 

Since the busy flag will clear as soon as the _RD signal goes low, the host must avoid 
writing the next data byte too early, Le., after seeing _BUSY _2_HST go High, it must 
insert a short delay equivalent to, or greater than, the _RD Low width before writing the 
next data byte. 

Figure 3. 
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{Cont.} 

PSD4XX/5XX - Application Nots 037 

Below is a sample ABEL file that describes this function: 

module latch2 
title 'One way comms. link: Host-to-MCU/PSD using Port-A macrocelis configured as 
transparent latches'; 

"This example shows a simple, mono-directional communications link between a remote 
"host and a local MCU. The MCU uses the PSD to latch the incoming data and to generate 
"a busy flag back to the host. 

"Since the PSDs offer D-type registers and not transparent latches, an octal 2:1 mux 
"realised in the Port-A macrocelis is configured to perform the transparent latch function. 
"The design pre-supposes that the Port-B macrocelis and the ClKIN pin are not available. 

"INPUTS and OUTPUTS 

"MCU interface signals (using a mixture of reserved names and explicit pin number 
"declarations) 

a15,a14,a13,a12,a11 ,a10,a9,a8,a1 ,aO pin; 
wr, rd pin; 
psen, ale pin 38,37; "PEO-1 
clkin, reset pin; 
csi pin; 

"Port-A macroceli outputs (nodes) are reserved for the 2:1 mux-Iatch outputs 

data_2_mcu7, data_2_mcu6, data_2_mcu5, data_2_mcu4, 
data_2_mcu3, data_2_mcu2, data_2_mcu1, data_2_mcuO 

node 20, 21, 22, 23, 24, 25, 26, 27; 

"Port-CO is used as the _HST _WR input pin 

_hsCwr pin 17; 

"Port-C2-7 are configured to output latched addresses A2-A7 and these are fed back on to 
"the ZPlD-bus for use in decoding a read of the Port-A Macroceli Out register address 
"(= mcu_rd = csiop + AhOC for an Intel MCU design, and = csiop + AhOD for a Motorola 
"16-bit MCU design). AO-1 are always available on the ZPlD-bus 

pc2, pc3, pc4, pc5, pc6, pc7 pin; 

"Port-D is used to input the host data onto the ZPlD-bus 

hsCdata7, hsCdata6, hsCdata5, hsCdata4, 
hsCdata3, hsCdata2, hsCdata1, hsCdataO 

pin 53, 54, 55, 56, 57, 58, 59, 60; 

"Port-E2 macroceli and its pin is used as the _BUSY _2_HST flag output 
"via one half of an S-R flip-flop (cross-coupled NAND gates) 

_busy_2_hst pin 36; 

"Port-E3 macroceli is used to generate the other half of the S-R flip-flop 
busy_2_hst node 34; 

-------------------------------------~~~-------------------------------------
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Examp/e2 
(Cont.) 

Sample ABEL file (Cont.) 

"Port-E4 macrocell is used to decode MCU read of Port-A Macrocell Out Register address. 
"This is necessary because Port-E macrocells can only support a single product term 

mcu_rd node 33; 

"base address for 1/0 chip selects - for this design it will be assumed that this 
"address is AhCOOO 

csiop node; 

"DEFINITIONS 

x =.X.; 
CK=.c.; 

********** 

addr=[a15,a14,a13,a12,a11 ,a10,a9,a8,X,X,X,X,X,X,a1 ,aO]; 
fulLaddr = [a15,a14,a13,a12,a11 ,a1 0,a9,a8, 

pc? ,pc6,pc5,pc4,pc3,pc2,a1 ,aO]; 

data_2_mcu = [data_2_mcu?, data_2_mcu6, data_2_mcu5, 
data_2_mcu4, data_2_mcu3, data_2_mcu2, 
data_2_mcu1, data_2_mcuO]; 

hsCdata = [hsCdata?, hsCdata6, hsCdata5, hst_data4, 
hsCdata3, hsCdata2, hsCdata1, hsCdataO]; 

********** 

EQUATIONS 

"DPLD 

csiop = (addr >= AhOCOOO) & (addr <= AhOCOFF); 

"GPLD 

"realise the 8-bit latch 
data_2_mcu = (hsCdata & !_hsCwr) 

# (data_2_mcu.fb & _hsCwr) 
# (data_2_mcu.fb & hsCdata); 

"busy flag 

"transparent" 
"latched" 
"removes any glitches" 

mcu_rd = (fulLaddr == AhOCOOC) & !rd; 
_busy_2_hst = !(!mcu_rd & busy_2_hst.fb); 

busy_2_hst = ILhsCwr & reset & _busy_2_hst.fb); 

end latch2 
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Introduction 

CTUBlock 

Programmable Peripheral 
Application Note 038 
How to Increase the Speed of the PSD5XX 
Counter/Timers 
By Mohan Magh.ra 

The PSD5XX family is presently the most capable programmable peripheral family that WSI 
produces. Among the standard features, such as EPROM, SRAM, I/O port expansion, 
Decode PlD (DPlD) and General Purpose PlD (GPlD), it also offers the designer a third 
PlD area known as the Peripheral PlD, four 16-bit counter/timer units (CTUs), and an 8-bit 
Interrupt Control Unit (ICU). 

The PSD5XX has four 16-bit counter/timer units (CTUs) and this application note will 
examine the CTU block with respect to enhancing the speed of its operation (up to 28 MHz). 

All four CTUs work off the same clock source: ClKIN, the system clock. Before this clock 
goes to the CTUs, it passes through a pre-scaler that divides the system clock by a 
programmable value between 4 and 280. The maximum frequency of the ClKIN input to 
the pre-scaler is 28MHz. If the pre-scaler is set to divide by the minimum value of 4, the 
maximum frequency of operation of the CTU is 7MHz. However, there are many 
applications where it is required to count at much higher frequencies. 

The GPlD on the PSD5XX-90 (90 nanosecond device), when used in synchronous clock 
mode (i.e., ClKIN is used as the clock input for the macrocell flip-flops), is capable of 
supporting internal feedback signals at frequencies up to 37.3 MHz, and when it is used in 
asynchronous clock mode (i.e., a product term clock is used for the macrocell flip-flops), the 
GPlD is capable of supporting internal feedback signals at frequencies up to 28.5 MHz. 

If the design requires counter sizes of 5-bits or less (where 5-bits is the maximum size of a 
pre-Ioadable counter with count enable which can be realised in the GPlD Port-B 
macrocells without resorting to product term expansion), then it is possible to achieve 
counter frequencies of 37.5 MHz with ClKIN and 28.5 MHz with a product term clock. 
However, for those situations where the counter needs to be larger, it is possible to build 
such a counter from a CTU and the GPlD that operates at a much higher frequency 
than 7 MHz. 

In any counter, the least significant bits are the ones that change the fastest and, therefore, 
need the faster clock. The least significant bit (lSB) changes state with every input clock 
cycle, the second lSB changes state with every second clock cycle, the third lSB with 
every fourth clock cycle, etc. (See Figure 1). 
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crUB/oct 
(Cont.) 

FI,ure 1. CDunter Output WavefDrms 

elK 

lSB 

2nd lSB L 
3rd lSB L 

If we examine the waveform produced by the outputs of the counter, we see the LSB 
produces a waveform at half the counter clock frequency (Fcnt), the second LSB at a 
quarter of Fcnt, the third LSB at an eighth of Fcnt., etc. The relationship being: 

Fcnt 

2r1 
where n = 1,2, 3, etc., i.e., the position of the bit. 

From this relationship, if we were to realise the least significant part of the counter in the 
GPLD, and from this generate a terminal count that could be used to gate one of the 16-bit 
CTUs, then the pre-scaled clock to the CTU need only be a fraction of the frequency used 
for the GPLD part of the counter. (See Figure 2.) 

In order for the CTU to function correctly, it needs to be configured to run in the EVENT 
counter mode. This means that when the GPLD counter generates a terminal count, the 
positive going edge of this signal is latched as an event, and the CTU will be updated at the 
next CTU clock. For another event to be counted by the CTU, the terminal count of the 
GPLD counter must generate another rising edge, i.e., it must go low and back high again. 
Thus, the CTU clock must operate at a frequency above the events that are occurring to 
ensure that no events are missed and still satisfy the requirement that it remain below 
7MHz., i.e., 

CTU clock = (CLKIN/pre-scaler value) <= 7 MHz 

The relationship between CLKIN, Fcnt, pre-scaler value and the size of the GPLD counter 
(2n) is given by: 

Fcnt 
(2n) < (CLKIN/pre-scaler value) <= 7MHz 

This is true for all Fcnt frequencies up to 28.5 MHz and CLKIN frequencies up to 28 MHz. 

When Fcnt is the same clock as CLKIN (see Figure 3.), this relationship can be 
expressed as: 

CLKIN 

(2n) < (CLKIN/pre-scaler value) <= 7MHz 

This is true for CLKIN frequencies up to 28MHz. 

------------------------____ r;;;r~ __________________________ _ 
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CrUB/ock 
(Clint.) 

Below are sample ABEL and Verilog stimulus files for a design that needs a counter greater 
than 5 bits to run at a clock frequency up to 28 MHz. The Fcnt and ClKIN sources are the 
same, therefore, the relationship needed to be satisfied is: 

Le., 

ClKIN 
(2n) 

28 MHz 
(2n) 

< (ClKIN/pre-scaler value) <= 7 MHz 

< (28 MHz/pre-scaler value) <= 7 MHz 

This requires n to be at least 3 and the pre-scaler value to be between 4 and 7. In order to 
reduce the A.C. power consumption, it is best to use the biggest pre-scaler value possible 
(taking into account the clock frequency needs of the other three CTUs), Le., 7 in this case. 

The GPlD counter will be a 3-bit counter, whose terminal count is used to generate events 
to one of the 16-bit CTUs (CNTRO). The events (terminal counts) will occur at a frequency 
of (28/8) = 3.5 MHz, and the CTUs will be clocked by (2817) = 4 MHz, which ensures that all 
events will be captured and counted. 

The GPlD counter is cleared at power-up or with reset and will start to count only if the 
cnCen pin is held active (HIGH in this case). CNTRO, however, will need to be cleared by 
software by writing zero to it before it is enabled in the Command Register, CMDO, and in 
the Global Command Register (see stimuh,ls file). 

The GPlD counter in this example is made pre-Ioadable (cnUd and dinO-2) so that this, 
together with CNTRO, provides a 19-bit pre-Ioadable counter (CNTRO is pre-loaded by 
writing the required upper 16-bit value to it before it is enabled in the CMDO and Global 
Command Registers). 

The terminal counts of the CTUs are available on Port-E and are also routed to the ICU to 
allow an interrupt to occur when a CTU reaches terminal count. 

In order to read back the value of the complete 19-bit counter, the GPlD 3-bit counter 
outputs are available to the MCU via the Macrocell Output register. Assuming that all of the 
counter is realised in the Port-B macrocells, then a read of the Port-B Macrocell Output 
Register would access the counter bits. In order to ensure that the value does not change 
during the read cycle, it will be necessary to disable the counter (cnCen = lOW) before 
reading. To read back the 16-bit value of CNTRO, it is necessary to freeze the counter 
value by setting bit-O in the Freeze Register and then polling bit-O in the Freeze 
Acknowledge register until it reads 1. At this point CNTRO's value is transferred to the 
Image Register, IMGO. The value is then read from IMGO while CNTRO can continue 
counting (if cnCen is active). After IMGO has been read, bit-O in the Freeze Register should 
be reset to o. 

The CTUs in the PSD5XX can be used either in pulse or waveform modes, or in event 
count and time capture modes. Selection of these modes and the enabling of the CTUs to 
count are set via the command registers CMDO-3 and the Global Command Register. The 
pre-scaler value is set via a 5-bit value in the DlCY Register and a "scale bit" in the Global 
Command register. The order in which the various registers must be initialised and the 
values required for this example are given in the stimulus file. 
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ABEL 
File 

ABEL file: 

MODULE ctu_spd 
title 'How to increase speed of CTU operation .. .'; 

"INPUTS and OUTPUTS 

a15,a14,a13,a12,a11,a10,a9,a8,a1 ,aO pin; 
wr, rd pin; 
psen, ale pin 38,37; "PEO-1 
clkin, reset pin; 
csi pin; 

"base address for the PSD's internal I/O ports and 
"configuration registers 

csiop node; 

"GPLD 3-bit up counter signals 

PSD4XX/SXX - ApplIcation No'. 038 

cnCen pin; 
din2, din1 , dinO pin; 
cnUd pin; 

"count enable input 
"counter data input pins 
"enable input for loading of 
"counter input data (din2-1) 

"counter outputs 
cnt2, cnt1, cntO node istype 'reg'; 

"macrocell event (terminal count from GPLD counter 
"to CNTRO - the CTU to be used for event counting 

mc2tmrO node; 

*************************** 

"Definitions 

x = .x.; 
CK=.c.; 
addr = [a15,a14,a13,a12,a11 ,a10,a9,a8, 

X,X,X,X,X,X,a1,aO]; 

din = [din2, din1, dinO]; 
cnt = [cnt2, cnt1, cntO]; 

*************************** 

__________________________________ ,Ar·~~ _______________________________ ___ 
~.I! 3·281 



PSD4XX/5XX - Application Nots 038 

ABEL 
File 
(Cont.) 

EQUATIONS 

"DPLD equations 

"I/O base address for PSD internal register - defined 
"to be a 256 address block starting at "hCOOO 

csiop = (addr >= "hOCOOO) & (addr <= "hOCOFF); 

"GPLD equations 

cnt.clk = clkin; 
cnt.re = reset; 

WHEN (cnUd) THEN cnt := din; "pre-load counter 

ELSE WHEN (!cnCen) THEN cnt := cnt.fb; "counting is not enabled 

ELSE cn!:= (cnt.fb + 1) "increment count 

"PPLD equations 

"generate event for CNTRO using the CTU macrocelis in PPLD 
"the terminal count is gated by the LOW part of clkin to 
"ensure that no decoding spikes (after the rising edge of 
"clkin) generate any false events 

mc2tmrO = (cnt.fb == "h7) & !clkin; 

-3--2-82--------------------------------~~~-----------------------------------



VERILOG 
Stimulus 
File 

VERI LOG stimulus file: 

IIStimulus file for setting up the timer/counter, CNTRO, 
llin event count mode, and for testing the 3-bit GPLD 
IIcounter used to increase the speed of the PSD's 
IICounter/timer units (CTUs). 

PSD4XX/5XX - Appllcatilln Nllt. os, 

reg [7:0] daCval; 
reg [7:0] din; 

IIUsed to hold data read from PSD 
IIpre-load value for GPLD counter 

assign {din2, din1, dinO} = din; 

11++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
II User-Defined parameters 
11++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

parameter pb_mc_out='hCOOD; 
parameter cntrOL='hC098, cntrOH='hC099, imgOL='hC090, imgOH='hC091; 
parameter cmdO='hCOAO; 
parameter g_cmd='hCOA8; 
parameter dlcy='hCOA6; 
parameter freeze='hCOA4, status='hCOA9; 

11++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
II Defining tasks to simplify writing the stimulus file 
11++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

task write (addcbus,data_in); 

input [15:0] addr_bus; 
input [7:0] data_in; 

endtask 

begin 
#20 ale = 1; 
#20 adio = addcbus; 
#20 ale = 0; 
#20 adio = data_in; 
#40 wr=O; 
#100 wr = 1; 
#10 adio = Z16; 
end 

IIHigh true ale 
IISet-up the right address 
IILatches address 
l!Write operation 
l!Write pulse 
l!Write ends 
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VER/LOG 
Stimulus 
File 
(Clint.) 

task read (addcbus); 

input [15:0] addr_bus; 

begin 

endtask 

#20 ale = 1; 
#20 adio = addcbus; 
#20 ale = 0; 
#20 adio = Z16; 
#40 rd = 0; 
#50 daCval = 'adiol; 
#50 rd = 1; 
end 

task psen (addcbus); 

input [15:0] addr_bus; 

endtask 

begin 
#20 ale = 1; 
#20 adio = addcbus; 
#20 ale = 0; 
#20 adio = Z16; 
#40 psen = 0; 
#100 psen = 1; 
end 

//Active high ale 
IISet-up the right address 
IILatches address 
IIFloat Address bus 
IIRead starts 
IIStore low byte of adio 
IIRead ends 

IIActive high ale 
IISet-up the right address 
IILatches address 
IIFloat Address bus 
IIRead starts 
IIRead ends 

//************* Begin stimulus ******.***** •• * •• ** •••• * •• 

initial 
begin 

wr = 1; rd = 1; psen = 1 ; 
ale = 0; 
clkin = 0; 
reset = 0; 
csi = 0; 
adio ='hOOOO; 
din = 'hO; 
cnCen = 0; IIGPLD counter disabled 
cnUd=O; 

#500 reset = 1; 

IIClear timer/counter-O 

#10 write(cntrOL, 'hOO); 
write(cntrOH, 'hOO); 

IIClear image register-O 

write(imgOL, 'hOO); 
write(imgOH, 'hOO); 

___________________________________ fss:F§ ________________________________ ___ 
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Stimulus 
File 
(Cont.) 

IISet delay cycle register to 3, so that clkin is pre·scaled 
Ilby 7 (pre·scale value = K(delay reg. + 4), where the 
Iiscale bit, K, in the Global Command register is 
Iiset to 0, Le., scale factor is 1 - when set to 1 the scale 
Ilfactor would be 8) 

write(dlcy, 'h03); 

PSD4XX/5XX - Application Nots 038 

IISet command register, CMDO, to configure CNTAO for event mode 
Ilwith the event coming from the macrocell, mc2tmrO 

IILSB 0 
II 1 
II 1 
II X 
II X 
II 
II 0 
II 
II 0 
II . 
IIMSB 0 

Event count mode (if set to 1 = time capture mode) 
Increment mode 
Select (enable) CNTAO 
No timer output in this mode 
Pin·input polarity is not needed since the 
event is macrocell driven 
Input command from macrocell 
(if set to 1 then from pin) 
Load/Store command from Pin/Macrocell (in this 
case macrocell) allowed through 
Enable/Disable by Pin/Macrocell 

write(cmdO,'h1 E); 

IISet the Global command register to enable the Counterltimers 
Ilin event/time-capture mode 

IILSB 0 Scale bit (0 = scale factor, k, is 1, 1 = scale factor is 8) 
II 1 Counter start bit - enables all the selected counters 
II 1 Global mode bit - set for eventltime capture mode 
II (if set to 0 then pulselwaveform mode is selected) 
II 0 Watchdog disabled 
IIBit4-7 are reserved and set to 0 

write(g_cmd,'h06); 

IIPre·load GPLD counter with 5 
#10 din = 'h5; 

cnUd = 1; 
#40 cnUd = 0; IIDisable load after 1 clkin cycle 
#10 din = 'hO; 

liEnable counting 

#10 cnLen = 1; 

-----------------------------------~~~-----------------------------------
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VER/LOB 
Stimulus 
File 
(Cont.) 

!!Disable GPLD counter and perform a 
IIfreezelfreeze acknowledge cycle on CNTRO 

#2000 cnt_en = 0; 
write(freeze,'h01 ); 

!/Wait for freeze acknowledge flag to be set in 
IIstatus register (status = 'h01) 

daCval = 'hOO; 

while ((daCval & 'h01) != 'h01) 

end 

begin 
read(status); 

IIClear temporary storage 
IIregister for read data 
IIMask off CNTRO Freeze 
IIAcknowledge bit and test if set 

IIRead Freeze Acknowledge 
IIStatus Register into daCval. 

IIRead GPLD counter ouputs and CNTRO value stored in IMGO 
read (pb_mc_out); 
read (imgOL); 
read (imgOH); 

IILow byte of Image Register 
II High byte of Image Register 

IIReset freeze bit and enable GPLD counter 
#1000 write(freeze, 'hOO); 

cnCen = 1; 

end 

11··*···_--*··· Continuous signals ************** 

IIGenerate a continuous clock signal 
always 

#18 clkin = -clkin; II approximately 28MHz 
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Programmabl, P,riph,ral 
Application Note 039 
Encodet fOI Shaft Direction and Position 
Recognition Using the PSD5XX 
By IIIollBn _""", 

In many applications the designer is provided with two input signals where one signal 
leads the other by some phase difference (perhaps 90 degrees, or even some variable 
amount). It is necessary to recognize which signal is leading and then either generate a 
pulse count from one of the signals (or some multiple, e.g., a pulse for each edge of the two 
signals - 4X clock), or be able to measure the phase difference between the two signals. 

In a typical application the two signals are provided by a shaft encoder. These signals 
(A & B) are always 90 degrees out of phase. Depending on which signal is leading, it is 
possible to determine if the shaft is rotating clockwise or counterclockwise. By using a 
counter set to zero when the shaft is at the reference point and then counting up pulses 
(A and/or B) when the shaft is rotating clockwise and down pulses when rotating 
counterclockwise, it is possible to know the exact position of the shaft at any time from the 
value present in the counter. Integrated circuits are available on the market that input the 
two signals, perform the phase detection, and generate a direction signal (up/down), 
a 4x clock, and a 12- or 16-bit count value. These devices tend to be rather expensive and 
the designer is forced to integrate this function into an ASIC, or realize it in an EPLD, or 
some mixture of EPLD + discrete logic. The WSI, Inc. PSD5XX programmable MCU 
peripheral provides a space effective and optimal cost alternative to the designer - and at 
the same time providing EPROM, SRAM, interrupt control, chip selects and five I/O ports in 
one device. 

Figure 1 shows the PSD5XX and the resources that are taken up by the inputs, outputs, 
state machine and counters. 

The DIR_UP signal needs eight product terms (PTs) and the PSD5XX Port-B macrocells 
can handle a maximum of six PTs. It is necessary to break this down into two smaller PT 
groups: DIR_INT (4PTs) and DIR_UP (5PTs including DIR_INT). 

The state machine needs two bits (SO, S1) to cover the four possible states that can exist 
for the shaft encoder, and a 4X clock is generated (a pulse for every edge of A and B) in 
order to realize a finer position resolution. This clock is used to generate the events that the 
counterltimers count. The value of the DIR_UP direction signal is used to gate the 4X clock 
to either the ·Up" counter (TIMERO) or the "Down" counter (TIMER1). 

The reason for using two counters is that when used in the event count mode, the 
counterltimers can only be used in the increment mode (up counting only). This requires 
that one counter is used for counting "Up Pulses" and a second counter used for counting 
"Down Pulses". The actual position of the shaft is then the difference between the two 
counter values. 

Below are the .abl and the .stl files that show how this design is realized. The software 
configuration necessary for the counters to operate in the event count mode is included, 
where the event is input via the macrocells (MC2TMRO and MC2TMR1). 
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Figure 1. 
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Abel File ABEL file: 

MODULE motcdir 
title 'Shaft encoder for motor direction and position 

recognition'; 

"INPUTS and OUTPUTS 

a15,a14,a13,a12,a11 ,a10,a9,a8,a1 ,aO pin; 
wr, rd pin; 
psen, ale pin 38,37; "PEO-1 
clkin, reset pin; 
csi pin; 

"base address for i/o chip selects 
csiop node; 

"inputs for frequency quadrupler and phase discriminator 
" a and b are always 90 degrees out of phase 

a, b, pin; 

"internal signals for frequency quadrupler delayed versions 
"of a and b 

a_dly, b_dly node; 

"output from phase discriminator used to gate UP and DOWN 
"event counters: dir_up=1 ==> UP, dicup=O ==> DOWN 

dir_up node istype 'reg_D'; 
dicint node; "partial PT's for dir_up 

"output at quadruple frequency used to generate events -
"gated by dicup 

a_b_x4 node; 

"internal signals from phase discriminator state counter 
sO, s1 node istype 'reg_D'; 

"macrocell events to UP (timero) and DOWN (timer1) counters 
mc2tmrO, mc2tmr1 node; 

"Definitions 

x =.X.; 
CK= .C.; 
addr = [a15,a14,a13,a12,a11,a10,a9,a8, 

X,X,X,X,X,X,a1,aO]; 

"state values for state machine 
ss = [s1, sO]; 

****.********************** 

PSD5XX - AppllcatlDn NDt. 039 
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Abel File 
(COR'.) 

EQUATIONS 

"DPLD equations 

"i/o base address for PSD internal register - defined 
''to be a 256 address block starting at JlhCOOO 

csiop = (addr >= JlhOCOOO) & (addr <= JlhOCOFF); 

"GPLD equations 

"phase discriminator equations 

a_dly=a; 
b_dly=b; 

"delay a and b by macrocell delay 

"generate a pulse for each edge transition of a and b - pulse 
''width is equal to the macrocell delay of a_dly and b_dly 

a_b_x4 = (a $ a_dly) # (b $ b_dly); 

"generate events for the UP and DOWN counters using the 
"counterltimer macrocells 

mc2tmrO = dicup.fb & a_b_x4.fb; 
mc2tmr1 = !dir_up.fb & a_b_x4.fb; 

"state machine for detecting motor direction 

"dir_up as a complete equation needs 8 PTs, but since the PSD 
"supports a maximum of 6 PTs (Port-B macrocells), it is necessary 
''to split this in two: diUnt and then dicup 

dicint = (!a & b & sO.fb & s1.fb 
# !a & !b & !sO.fb & s1.fb 
# a & b & sO.fb & !s1.fb 
# a & !b & !sO.fb & !s1.fb); 

dicup := (dicinUb 
# b & sO.fb & s1.fb & dicup.FB 
# !a & !sO.fb & s1.fb & dicup.FB 
# a & sO.fb & !s1.fb & dir_up.FB 
# !b & !sO.fb & !s1.fb & dicup.FB); 

dicup.C = (clkin); 

dicup.RE = (Ireset); 

"the state counter comprises sO and s1 
sO.D = (a & sO.fb 

# a & b & s1.fb 
# a & !b & !s1.fb); 

sO.C = (clkin); 

sO.RE = (Ireset); 

s1.D = (a & b & sO.fb 
# !a & b & !sO.fb 
# b & s1.fb); 

s1.C = (clkin); 

s1.RE = (lreset); 
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Abel File 
(Clint.) 

I'SIJ5XX - Appilcatilln illite _ 

11********************************************.******* ____ ._ •• _. ___ ._. ___ ._. __ _ 
11***************************************************. _____ • __ ._ •• _. ________ ._. 
"Below is the original method used for entering the,state machine 
"description. The above method was cut-&-pasted from the .eq2 file 
"generated after running the ABEL compiler and optimizer. ".*---------------------------------_._._-_._._._._._ .. _ ........ _ ..... _.-._--. 
"state machine for detecting motor direction 

ss.clk = clkin; 
sS.re = Ireset; 
dir_up.clk = clkin; 
dicup.re =!reset; 

"state_diagram ss 
" state 0: if «a==O) & (b==O)) 

then 0 with dir_up := dir_up.fb; 
endwith; 

else if «a==1) & (b==0)) 
then 1 with dir_up := 1; 

endwith; 

else if «a==O) & (b==1)) 
then 2 with dicup := 0; 

endwith; 

state 1: if «a==1) & (b==O)) 
then 1 with dicup := dir_up.fb; 

endwith; 

else if «a==1) & (b==1)) 
then 3 with dicup := 1; 

endwith; 

else if «a==O) & (b=O)) 
then 0 with dir_up := 0; 

endwith; 

state 2: if «a==O) & (b==1)) 
then 2 with dicup := dicup.fb; 

endwith; 

else if «a==1) & (b==1)) 
then 3 with dicup := 0; 

endwith; 

else if «a==O) & (b==O)) 
then 0 with dir_up := 1; 

endwith; 

state 3: if «a==1) & (b==1)) 
then 3 with dicup := dir_up.fb; 

endwith; 

else if «a==O) & (b==1)) 
then 2 with dicup := 1; 

endwith; 

else if «a==1) & (b=-O)) 
then 1 with dir_up := 0; 

endwith; 

endmotcdir 

______________ ~-----------',I~~---------------------------
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Stimulus File STIMULUS file: 

IIStimulus file for setting up of the counter/timers in 
Ilevent count mode, and for testing the direction 
Ilrecognition state machine. 

reg [7:0] dat_val; Ilused to hold data read from PSD 

a+++++++++++++++++++++++++++++++++++++++++++++++++ 
II User-Defined parameters 
a+++++++++++++++++++++++++++++++++++++++++++++++++ 

parameter cntrOL='hC098, cntrOH='hC099, imgOL='hC090, 
imgOH='hC091 ; 

parameter cntr1 L='hC09A, cntr1 H='hC09B, img1 L='hC092, 
img1 H='hC093; 

parameter cmdO='hCOAO, cmd1 ='hCOA 1; 
parameter g_cmd='hCOA8; 
parameter dlcy='hCOA6; 
parameter freeze='hCOA4, status='hCOA9; 

a+++++++++++++++++++++++++++++++++++++++++++++++++ 
II Defining tasks to simplify writing the stimulus file 
a+++++++++++++++++++++++++++++++++++++++++++++++++ 

task write (addr_bus,data_in); 

input [15:0] addr_bus; 
input [7:0] datajn; 

begin 

#20 ale = 1; 
#20 adio = addcbus; 
#20 ale = 0; 
#20 adio = data_in; 
#40 wr= 0; 
#100wr= 1; 
#10 adio = Z16; 

end 
endtask 

task read (addr_bus); 

input [15:0J addr_bus; 

begin 

#20 ale = 1; 
daLval = 'hOO; 

#20 adio = addr_bus; 
#20 ale = 0; 
#20 adio = Z16; 
#40 rd = 0; 
#50 daLval = 'adiol; 
#50rd=1; 

end 
endtask 

Ilhigh true ale 
Iiset-up the right address 
Illatches address 
Ilwrite operation 
Ilwrite starts 
Ilwrite ends 

Ilactive high ale 
Ilclear daLval register 
Iiset-up the right address 
Illatches address 
Ilfloat address bus 
Ilread starts 
astore low byte of adio 
Ilread ends 

-3--2-9-2---------------------------------~~~~------------------------------------



Stimulus File 
(Cont.) 

task psen (addcbus); 

input [15:0] addr_bus; 

begin 

#20 ale = 1; 
#20 adio = addcbus; 
#20 ale=O; 
#20 adio = Z16; 
#40 psen = 0; 
#100 psen = 1; 

end 
endtask 

/lactive high ale 
/lset-up the right address 
//Iatches address 
//float address bus 
//PSEN read starts 
//PSEN read ends 

PSD5XX - Application Nots 039 

11*·*·*******·****·***·*·*·* Begin stimulus ************************** 

initial 
begin 

wr = 1; rd = 1; psen = 1; 
ale = 0; 
clkin = 0; 
reset = 0; 
csi = 0; 
adio ='hOOOO; 
a = 0; b = 0; 

#500 reset = 1; /lend reset cycle 

/lClear counter/timers-O and -1 

#300 write(cntrOL, 'hOO); 
write(cntrOH, 'hOO); 

write(cntr1 L, 'hOO); 
write(cntr1 H, 'hOO); 

//Clear image registers-O and -1 

write(imgOL, 'hOO); 
write(imgOH, 'hOO); 

write(img1 L, 'hOO); 
write(img1 H, 'hOO); 

//Clear delay cycle register so that clkin is scaled by 4 
//(i.e. when the scale bit in the Global Command register 
//is set to 0) 

write(dlcy, 'hOO); 
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Stimulus File 
(Cent.} 

I/Set command register, CMDO, to configure tlmerO for event mode 
l/with the event coming from the macrocell, rnc2tmrO 

IILSB 0 
/I 1 
/I 1 
/I X 
/I X 
/I 
/I 0 
/I 
/I 0 
/I 
I/MSB 0 

Event count mode 
Increment mode 
Select (enable) timerO 
No timer output in this mode 
Pin-input polarity is not needed since the 
event Is macrocell driven 
Input command from macrocell 
(if set to 1 then from pin) 
Load/Store command from PinlMacrocell (in this 
case macrocell) allowed through 
EnableIDlsable by PinlMacrocell 

write (cmdO,'h1 E); 

I/Set command register, CMD1, to configure timer1 for event mode 
l/wlth the event coming from the macrocell, mc2tmr1 

IILSB 0 
/I 1 
/I 1 
/I X 
/I X 
/I 
/I 0 
/I 
/I 0 
/I 
IIMSB 0 

Event count mode 
Increment mode 
Select (enable) timerO 
No timer output in this mode 
Pin-input polarity is not needed since the 
event is macrocell driven 
Input command from macrocell 
(if set to 1 then from pin) 
Load/Store command from PinlMacrocell (in this 
case macrocell) allowed through 
EnablelDisable by PlnlMacrocell 

write (cmd1,'h1E); 

I/Set the Global command register to enable the counterltlmers 
/lin eventltime-capture mode 

IILSB 0 Scale bit (0 = divide by 1, 1 = divide by 8) 
/I 1 Counter start bit - enables all the selected 
/I counters 
/I Global mode bit - set for eventltime capture mode 
/I 0 Watchdog disabled 
IlBlt4-7 are reserved and set to 0 

write (Q..cmd,'h06); 

I/perform a freeze!freeze acknowledge cycle on both tlmerO and-1 
#2000 wrlte(freeze,'h03); 

l/walt for both freeze acknowledge flags to be set in 
I/status register (status = 'h3) 

while (daLval <= 'h2) 
begin 
read(status); 

end 
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StImulus File 
(Cent.) 

llreset freeze bits 
#1000 write(freeze, 'hOO); 

llperform a second freeze/freeze acknowledge cycle on both 
l!timerO and·1 

#10000 write(freeze,'h03); 

IIwait for both freeze acknowledge flags to be set in 
IIstatus register (status = 'h3) 

while (daLval <= 'h2) 
begin 
read (status); 

end 

llreset freeze bits 
#1000 write(freeze, 'hOO); 

end 

1/*··············· Continuous signals •••••••••••••• * •• 

IIGenerate A and B pulse streams 

always 
begin 

I'SII5XX - _"_',n "". 1181 

IIProduce "a" and "b" input pulses with "a" leading "b" by 90 degrees 
repeat (6) 

end 

begin 
#500a=-a; 
#500 b= -b; 

IIProduce pulses with "b" leading "a" by 90 degrees 

end 

repeat (3) 

end 

begin 
#500b= -b; 
#500a= -a; 

IIGenerate a continuous clock signal 
always 

#25 clkin = -clkin; 1/20 Mhz 
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Introduction 

Stepper Motor 
Operation 

Programmable Peripheral 
Application Note 042 
Four Axis Stepper Motor Control Using 
a Programmable PS05XX MCU Peripheral 
from WSII Inc. 
By NaSSllr PoD/ad/an, Data Card Corp. 

The design of a stepper motor control requires various timers and electronic controls. This 
application note explains the basic operation of a stepper motor. It also presents the theory, 
implementation and electronic control of a four axis stepper motor control using the 
PSD5XX family of products from the WSI Inc. The PSD5XX, as a field programmable 
microcontroller peripheral device, provides a high degree of integration on the embedded 
controller design. Configuration of the memory, ease of interface to various different 
microcontroller buses, interrupt handling, I/O ports, and four sixteen bit counter/timers make 
this device a great candidate for embedded applications. 

A stepper motor is basically a rotational actuator which rotates a fixed anglewhen excited. 
A stepper motor can be directly controlled electronically without the need for a feedback 
element (encoder, tachometer feedback, etc.) as required in servo applications. The simpler 
drive and control electronics needed by a stepper motor makes it a good candidate for a 
positioning actuator in many different motion control applications. Several different types of 
stepper motors are used in the industry. 

A hybrid stepping motor is used in this application. The rotor and stator are multi-toothed in 
a hybrid stepping motor and the rotor is magnetized in the axis of the rotor shaft. When 
properly driven, a hybrid stepping motor will step 1.8 degrees in the full step mode and 0.9 
degrees in the half step mode. Figure 1 shows a typical hybrid motor. 

Figure 1. Hybrid Stepping Motor 
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Stepper Motor 
Operation 
(CIIRt.) 

The stator windings in a Hybrid stepper motor are distributed in 90-degree quadrants 
around the motor case. See Figure 1 for the phase winding distribution of the hybrid motor. 
Different methods are used for the excitation of a stepper motor. In this application a bipolar 
drive circuit is used for the power stage. The motor windings are connected 90 degrees 
apart such that the stepper motor looks like a two-phase motor. In this case there are four 
motor leads to be powered from the amplifier stage. Each phase of this stepper motor is 
powered by an H bridge. Figure 2 shows a typical H bridge that drives a stepper motor and 
Figure 3 illustrates the driving waveforms. 

Figure 2. nvo H Bridges for Driving a nvo Phase Stepper Motor. 

+V 

PHASE A PHASES 

Figure 3. Phase Excitation in a Bipolar Stepping Motor. 
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Phase timing for a stepper motor could be designed by either a combination of logic and 
linear electronics or by some stepper motor control IC's such as the L297 stepper motor 
controller. Figure 4 shows a block diagram of a stepper motor control and the L297 is used 
as the stepper motor control IC. The L297 provides control to an amplifier in the current 
mode. The chop frequency for the L297 is set to 20KHz. Chop frequency is used to regulate 
the amount of current in the motor windings. The current reference to the motor windings is 
set by a pair of resistors. The L297 is configured to FULL STEP mode. The 
ENABLE/DISABLE and axis DIRECTION control are controlled from PORT B of the 
PSD503B1. An electrical schematic using the L297 is given in Figure 13. 

Figure 4. Simplified Block Diagram for a Stepper Motor Control 
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Stepper Motor 
Clock 
Generation 
by Using a 
PSD5XX 

Figure 5 shows a timing diagram for the control of the phases in a stepper motor control 
where the steps and the step rate are controlled by clocks. The variation of the clock rate or 
the variation of the time between the two clock pulses determines the step rate. Change in 
the step rate determines the acceleration, deceleration, and the slew rate in a given motion 
profile. 

Figure 6 shows a typical trapezoidal motion profile. In the acceleration mode the step rate 
starts slowly and as the motion progresses the step rate increases according to a step rate 
table until it reaches the slew rate. At the slew rate the step rate is fixed and the period of 
the step clocks is constant. At the end of the slew rate the deceleration starts. In this part of 
the profile the step rate decreases according to a step rate table until the last step. The 
repeatability and accuracy of the step clocks in a stepper motor plays a major role in the 
stepper motor performance. 

Figure 5. Timing Diagram for a Stepper Motor Control 
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Figure 6. Typical Trapezoidal Speed Profile 

STEP CLOCKS . ~~.~----------~~~. ~ 
RAMP UP I SLEW RATE I RAMP DOWN I 

MOTOR VELOCITY PROFILE 

11 .... ----------- PROFILE TIME ------------...~ I 

Figure 7 shows the programmable PLD (PPLD) macrocell for each counter/timer block 
diagram in the PSD5XX. In this design the four 16 bit timers on the PSD5XX are used to 
control a four axis stepper motor under microprocessor control. The four 16-bit timers in the 
PSD5XX are configured in the pulse mode. The Timers are loaded with a given step count 
for the duration of a pulse. When the pulse duration has expired, the logic on the PSD5XX 
is programmed such that the respective timer is preloaded with the count from the Image 
Registers. By preloading the timer, the step pulse duration will be exact with respect to the 
applied clock frequency. The timer clocks are configured to run at 1-MHz. In this case the 
preloading time on this system is based on a "one step ahead" stepper motor control. On 
the ramp up and ramp down mode each step clock will be preloaded in the image register 
because of the step rate changes. When the time for each step has expired the respective 
timer automatically preloads the image register in the count register and continues the new 
count. In this design the terminal count outputs (TCO - TC3) of the timers are routed to the 
four inputs (INTO- INT3) of the interrupt controller on the PSD5XX device. The timer 
outputs are inverted and connected to the timer macrocell outputs MC2TMRx (x = 0-3 for 
three timers) in the PPLD logic. Figure 8 shows a simplified block diagram for the four axis 
stepper motor control. 

-----------------------------------r=~~~-----------------------------------
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Figure 8. Simplified Block Diagram for the System 
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The output of the PSD5XX interrupt controller is connected to one ot the interrupt inputs 
on the 80C186 microprocessor. The PSD5XX interrupt controller interrupts the 
microprocessor in response to the timer underflow. In response to this interrupt, the 
microprocessor reads the INTERRUPT PRIORTY STATUS REGISTER and updates the 
respective timer image register. The output of a timer makes a high to low transition when a 
timer count expires.The high to low transition of the timer is inverted and is used to preload 
the respective timer from the last image register. In the slewing mode the IMAGE 
REGISTER for a timer does not need to be preloaded on each step interrupt. As the timer 
count expires the old count will be pre-loaded automatically. Figure 9 shows the logic 
configuration for a given axis and Figure 10 shows the *.abl file listing for the preloading 
capability of the timers. 

----------------------------~Jrjr------------------------~~ 
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Figure 10. A Sample PPLD Configuration in an *.abl File for the PSD5XX 

"PPLD Equation for the Timer to Preload 

mc2tmrO (!timeroutO); 
mc2tmr1 = (!timerout1 ); 
mc2tmr2 = (!timerout2); 
mc2tmr3 = (!timerout3); 

Figure 11 shows a block diagram of a PSD5XX family product. In this design the PSD503 is 
used. The PSD503 is configured to 64K x 16 EPROM in MUX mode. The address and data 
on the 80C186 are multiplexed so the PSD503 latches the address internally. The address 
lines A16 and A17 are internally latched using PA6 and PA5 from the PSD503 ports. Ports 
PCO - PC7, PD~ - PD7, PE3 and PE4 on the PSD503 are used to output the address 
AO - A 17 externally to be used by the 128K x 16 SRAM external to the PSD503 device. 
PAO through PA3 are used as timer outputs to provide clocks for the stepper motor control. 
Figure 12 shows the schematic for the processor connection to the PSD503 and Figure 13 
shows a schematic for a typical stepper motor control unit interface to the PSD503. The 
stepper motor interface control uses PBO - PB5 to control the four L297 stepper motor 
control chips. PBO and PB1 are used to enable and disable the four axis of the motion. PB2 
through PB5 are used to control the direction of the motor motion. PBO through PB7 are 
configured in the software. Figure 14 shows the *.ABL file used in this design. 
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Figure 14. Program Listing for the ABEL File Used in this Design 

module mfhs_1S 
title 'DESIGN FOR PSD503 ABEL source file to interface with 80C18S'; 

"Input signals 

"Address lines, using reserved names. 

a15,a14,a13,a12,a11 ,a10,a9,a8,a1 ,aO pin; 
wr pin; 
rd pin; 
bhe pin; 

a16 pin 21; 
a17 pin 22; 
add_16 pin 34; 
add_17 pin 31 ; 

"high order address input 
"high order address input 
"address 16 latched output 
"address 17 latched output 

" PINS DEDFINED BY NPK " 

umcs pin; 
Imcs pin; 

emcs pin; 
omcs pin; 

pcs3 pin; 
pcs2 pin; 

" Upper Memory Chip Select 
" Lower Memory Chip Select 

" even memory chip select for external SRAM 
" odd memory chip select for external SRAM 

" PSD Upper 256 bytes address chip select space 
" PSD Lower 256 bytes address chip select space 

pbO, pb1, pb2, pb3, pb4, pb5 pin; "Stepper motor Control Port 

" Timer Contol Pins" 

timeroutO pin; 
timerout1 pin; 
timerout2 pin; 
timerout3 pin; 

" Port Control" 

" Stepper 1 Clock 1 
" Stepper 2 Clock 2 
" Stepper 3 Clock 3 
" Stepper 4 Clock 4 

pdO, pd1, pd2, pd3, pd4, pd5, pd6, pd7 pin; " Upper Address Output" 

pco, pc1 , pc2, pc3, pc4, pc5, pc6, pc7 pin; " Lower Address Output" 

clkin, reset pin; "using the reserved names. 

"Output signals 

csiop, rsO, esO, es1, es2, es3 node; "DPLD output chip selects 
mc2tmrO node; " PPLD Output To Timer ° " 
mc2tmr1 node; " PPLD Output To Timer 1 " 
mc2tmr2 node; " PPLD Output To Timer 2 " 
mc2tmr3 node; " PPLD Output To Timer 3 " 

-----------------------------------~.;r~-----------------------------------
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"General outputs 

"DEFINITIONS 

"page = [pgr3,pgr2,pgr1,pgrO];" 
CK = .C.; " Clock pulse definition 
X = .x.; " Don't care 
Address = [a16,a 1S,a 14,a 13,a 12,a11 ,a 1 0,a9,a8,X,X,X,X,X,X,a 1 ,aO]; 

Add = [pc7,pc6,pcS,pc4,pc3,pc2,pc1,pcO]; 

equations 

"DPLD EQUATIONS 

csiop = 
rsO 
esO 
es1 
es2 
es3 

«Address >= Ah00100) & (Address <= Ah001ff»; 
0; " Disable The 2k On Board SRAM " 
(Address >= AhOOOOO) & (Address <= Ah07fff) & (!umcs); 
(Address >= Ah08000) & (Address <= AhOffff) & (Iumcs); 
(Address >= Ah10000) & (Address <= Ah17fff) & (!umcs); 
(Address >= Ah18000) & (Address <= Ah1ffff) & (!umcs); 

add_16 = a16; 
add_17 = a17; 

"Address 16 latched output" 
" Address 17 latched output" 

"32k block 0 
"32k block 1 
"32k block 2 
"32k block 3 

emcs = (IImcs & bhe & laO) + (IImcs & !bhe & laO); 
omcs = (IImcs & Ibhe & aO) + (IImcs & lbhe & laO); 

" even address SRAM chip select 
" odd address SRAM chip select 

"PPLD Equations 

mc2tmrO = (!timeroutO); " Pre Load Timer 0 " 
mc2tmr1 = (Itimerout1); " Pre Load Timer 1 " 
mc2tmr2 = (Itimerout2); " Pre Load Timer 2 " 
mc2tmr3 = (!timerout3); "Pre Load Timer 3 " 

" *************************.*.**********************************.************.****** •• ************** ••• 
TEST VECTORS 

'I ***************************************************************** ••• *******************************.* 

----------------------',,':-----------------------3-310 JINIIIIt 
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PSD503 Timer Initialization 

Load Command Register for Each Timer by Oxe9 

Read Interrupt Read Register To Clear All Interrupts 
Select all Interrupt Inputs to Rising Edge 
Unmask the Timer Interrupt in Mask Register 

Configure the 800186 Interrupt 

Load Counter Count Register with New Count 
Load Image Register for the Timers 

Set DLCY Register to Ox04 
Select Port A for Timer Output 

Load Image Register for The Timers 

Select Software LoadIStart for the Start up 
Enable the Timers from Global Register 

I Enable the Respective Timer for Operation I 

I I 
r-----Il Walt for Interrupt 11 .. ------------, 

NO 
Interrupt Occurred? 

YES 

Read Interrupt Priority Register 
Determine the Respective Timer Interrupt 
Load the Respective Image Register for the Timer 

-----------------------~Jrl-----------------------3-311 



I'SD5XX - Application Note D42 

8OC1B6 
Interface to the 
PSD5D3 

Figure ". A Samplll *.C Program fOl this Application (Cont.) 

(Cont.) 

3-312 

linclude <dos.h> 
linclude <conio.h> 
linclude <stdio.h> 
linclude <stdlib.h> 

typedef unsigned short USHORT; 
typedef short SHORT; 
typedef unsigned long* PULONG; 

linclude "x_step.dat" 

Idefine PCSO OxOOO 
Idefine PCS1 Ox080 
Idefine PCS2 Ox100 
Idefine PCS3 Ox100 
Idefine PCS4 0x200 
Idefine PCS5 0x280 

1* WSi Registers 

*' 

Idefine WSilNTRREAD PCS2+0xD4 
Idefine WSilNTRMASK PCS2+0xD3 
Idefine WSilNTRMODE PCS2+0xD2 
Idefine WSilNTRREQ PCS2+0xD1 
Idefine WSilNTRPRI PCS2+0xDO 

Idefine WSiSLR PCS2+0xa5 

Idefine WSiCNTRO PCS2+0x98 
Idefine WSiCNTR1 PCS2+0x9A 
Idefine WSiCNTR2 PCS2+0x9C 
Idefine WSiCNTR3 PCS2+0x9E 

Idefine WSiCMDO PCS2+0xaO 
Idefine WSiCMD1 PCS2+0xa1 
Idefine WSiCMD2 PCS2+0xA2 
Idefine WSiCMD3 PCS2+0xA3 
Idefine WSiDLCY PCS2+0xa6 
Idefine WSilMGO PCS2+0x90 
Idefine WSilMG1 PCS2+0x92 
Idefine WSilMG2 PCS2+0x94 
Idefine WSilMG3 PCS2+0x96 

Idefine WSiGLBREG PCS2+0xa8 
Idefine WSiSFR PCS2+0x08 
Idefine WSiFREEZ PCS2+0xA4 

Idefine WSiPORTB_CNTR PCS2+0x03 
Idefine WSiPORTB_DIR PCS2+0x07 

Idefine WSiPORTC_CNTR PCS2+0x12 
Idefine WSiPORTC_DIR PCS2+0x16 

Idefine WSiPORTD_CFG PCS2+0x13 
Idefine WSiPORTD_DIR PCS2+0x17 

Idefine WSiPORTE_SFR PCS2+0x28 
Idefine WSiPORTE_DIR PCS2+0x26 

".'~ 'f!!H!!1I! , 

1* Stepper Profile Table *' 

1* Interrupt Read Clear *' 
1* Interrpt Mask Register *' 
1* Interrupt Edge'Level *' 
1* Interrupt Request Latch *' 
1* Interrupt Priority *' 

1* Software Load'Stor *' 

1* Timer 0 control *' 
1* Timer 1 control *' 
1* Timer 2 control *' 
1* Timer 3 control *' 

1* Timer 0 Control Register *' 
1* Timer 1 Control Register *' 

1* Scale Factor Control Of Timers *' 
1* Timer 0 Image Register*' 
1* Timer 1 Image Register*' 
'* Timer 0 Image Register*' 
'* Timer 1 Image Register*' 

1* Timers Global Register *' 
1* Special function register for port A *' 

1* Port B Configuration *' 

1* Port C Configuration *' 

1* Port 0 Configuration *' 

1* Port E Configuration *' 



80C186 
Interface to the 
PSD503 
(Cont.) 

PSD5XX - Application Not. 042 

Figure 16. A Sample *.C Program for this Application (Cont.) 

#define 
#define 
#define 

WSiPORTE_OUT 
WSiPORTE_IN 
WSiPORTE_CFG 

PCS2+0x24 
PCS2+0x20 
PCS2+0x22 

#define PULSE_MODE_DISABLED Ox99 
#define ENABLE Ox04 

1* 188 Registers 

*' #define IOCON OxFF38 
#define 11CON OxFF3A 
#define IMASK OxFF28 
#define EOI OxFF22 

'* Global Variables Here 

*' 
int SteppeU_Total_Step_Count; 
int Step_1_Max_Slew_Count; 
int Step_1_Motion_lndex; 
int Step_1_Motion_Stat; 
int Step_1_Slew_Count; 
int Stepper_1_Ramp_Up_Count; 
int Stepper_1_Ramp_Down_Count; 
int Stepper_1_Step_Count; 
int Stepper_1_Step_ Time; 
int Step_1_ Time; 
int Step_1_CounCOld; 
int Stepper_1_Profile[20]; 

USHORT Image; 
USHORT MotorNum; 
1* 

INTERRUPT 1 ROUTINE 

*' 
USHORT Port = WSilNTRREAD; 
USHORT iw; 
void _interrupt WSiHandler(void) 
{ 
static USHORT Read; 

Image = Ox200; 
switch( inportb(WSilNTRPRI) & Ox07) 

{ 

1* was 99 *' 
1* was 00*' 

., .. ;~ 
----------------------------------~Sf.---------------------------------
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case 0: 
outport(WSilMGO, Step_13ime); 
Stepper_1_Step_Count++; 

1* Load Timer 0 for step pulse *f 

break; 
case 1: 

outport(WSiIMG1, Image); 
break; 

case 2: 
outport(WSilMG2, Image); 
break; 

case 3: 
outport(WSilMG3, Image); 
break; 

} 
outport(EOI,Ox8000); 
_enableO; 
} 

void IniC Timers(void) 
{ 

PULONG pIVT=NULL; 
_disableO; 
Image = 100; 

1* Pulse Mode Timer 0-3 
*f 
outportb(WSiCMDO, Ox99); 
outportb(WSiCMD1, Ox99); 
outportb(WSiCMD2, Ox99); 
outportb(WSiCMD3,Ox99); 

1* Interrupt WSi Setup 
*f 
inportb( WSilNTRREAD); 
outportb(WSiINTRMODE,OxOO); 
outportb(WSiINTRMASK,OxOf); 

outportb(WSiPORTE_SFR,OxOd); 

1* Interrupt 188 Setup 
*f 
pIVT[12] = (PULONG)SensorlntO; 
outportb (IOCON ,Ox012); 
pIVT[13] = (PULONG)WSiHandler; 
outportb(11 CON,Ox01 0); 
outportb (IMASK,OxDD); 

Image = 0; 

1* Program Command Register For The Counters *f 
1* All Counters to Pulse Mode *f 
1* All Counters Disabled *f 

1* Clear All The Interrupts *f 

1* Unmask Timers Interrupt *f 

1* Confgure Port E For Special Function *f 

1* Sensor Interrupt *f 
1* Disable sensor inerrupt * f 
1* Interrupt # 1 Initilization *f 
1* Was level sensetive Ox07 */ 

_________________ !f'IiI= #Sff 
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Figure 16. A Sample *.C Program for this Application (Cont.) 

outport(WSiCNTRO, OxOO); 
outport(WSiCNTR1, oxOO); 
outport(WSiCNTR2, oxOO); 
outport(WSiCNTR3, OxOO); 

outportb(WSiDLCY, 
outportb(WSiSFR, 

Ox04); 
OxOf); 

outport( WSilMGO, 
outport( WSilMG1, 
outport( WSiIMG2, 
outport( WSilMG3, 

Image+Ox340); 
Image+Ox300); 
Image+0x260); 
Image+0x220); 

outportb(WSiSLR,OxOF); 
outportb(WSiGLBREG,Ox02); 

_enableO; 

/* Configure The Wsi Global Register *f 

/* Enable Interrupt *f 

/* 
This Routine Sets up timer 0 for the start up profile 

*f 
void Step_1_lnit(void) 
( 

static SHORT s_en1 ,s1_c; 
static SHORT c_r1 ,c_r2,m_c; 

Stepper_1_Step_Count = 0; 
Step_1_CounCOld = 0; 

Stepper_1_Step_Count = 0; 
Steppec 1_ Total_Step_Count =1000; 
Step.:...1_Max_Slew_Count = 998; 
Step_1_Motion_lndex = 0; 
Step_1_Slew_Count = 0; 
SteppecCRamp_Up_Count = 5; 
Stepper_1_Ramp_Down_Count = 7; 
Step_1_Motion_Stat = 0; f* Set Up For Ramp Up *f 
Step_1_ Time = Ox3000; 

outportb(Step_Motor1_Control,s_en1); /* Reset Motor State *f 

outportb(WSiCMDO, Ox9d); /* Enable Timer 0 for stepper 1 *f 

f* 
This routin is used to update the profile table for motor 1 
*f 

void Steppec 1_Move(void) 
( 

if( SteppeU_Step_Count > Step_1_CounCOld) 
{ 

----------------------------------~~~----------------------------------
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if( Step_1_Motion_Stat == 0 ) 
{ 

Step_1_Motion_lndex++; 1* ••••• RAMP UP STEPPER 1 ······f 
Step_1_ Time = x_axis[Step_1_Motion_lndex]; 
if( Step_1_Motion_lndex == 132) 
{ 

if( Step_1_Motion_Stat == 1 ) 
{ 

1* Set Status For Slew 'f 

Step_1_Slew_Count++; 1* ••••• SLEW FOR STEPPER 1 ······f 
if( Step_1_Slew_Count == Step_1_Max_Slew_Count) 
{ 

Step_eMotion_Stat = 2; 1* Set Status For Ramp Down'f 
Step_1_Motion_lndex = 132; 

if( Step_1_Motion_Stat == 2) 
{ 

Step_1_Motion_lndex-; 
if( Step_1_Motion_lndex!= 0) 
{ 

} 
if( Step_1_Motion_lndex == 0) 
{ 

SteppeU_Step_Count = 0; 
Step_1_CounCOld = 0; 

1* ••••• RAMP DOWN FOR STEPPER 1 ······f 

outportb(WSiCMDO, Ox99); 1* Disable Motor'f 
outportb(WSiCMDO, OX99); 1* Disable Motor. This is Just For Ice 'f 

Step_1_CounCOld = Stepper_1_Step_Count; 
} 
} 

:I';;:,gilJ/llJ#E 
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main() 
{ 

static USHORT Read, y, d1=OxAA,d2=OxAA; 
static USHORT key; 

IniC Timers(); 

key = 1; 
while(1) 
{ 

} 

switch( key) 
{ 
case 1: 

Stepper_1_Move( ); 
break; 

case 2: 
stp_2(); 
break; 

case 3: 
dcm_1(); 
break; 

case 4: 
dcm_2(); 
break; 

case 5: 
cres_12(); 
break; 

case 6: 

return 0; 

C188_1520; 
break; 

-----------------------------~~~-----------------------------
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Software 
Configuration 
of the PS0503 

Conclusion 

Figure 15 shows a block diagram of the steps needed to configure the registers of the 
PSD503 for this application. Figure 16 shows a sample software program written in C that is 
used in this application to configure the PSD503. This software programs the special 
function register of Port A to be used as the timer outputs. Figure 17 shows the PSDSOFT 
configuration of the timers. The PSD503 must be configured through PSDSOFT for the 
BUS type, WR, RD, INTR and PORT operation. 

The timer clock frequency is configured through the DLCY register to 1 MHz. As the step 
rate increases the step rate accuracy deteriorates due to the quantization effect. The 
quantization effect is not a problem in this application. The output pulse width of each timer 
is one microsecond which is sufficient for this application. 

Figure 17. PSDsoft Configuration 01 the Timers 

Counter / Timer 0: Waveform/Pulse Mode. 

Counter / Timer 1 : Pulse Output. 

Counter / Timer 2: Waveform/PulseMode. 

Counter / Timer 3: Pulse Output 

Do you need Automatic Power Down Clock Input? NO 

Do you want to set the security bit? NO 

Do you need the Intr output signal? YES 

In this application the PSD503 provided a very useful integrated means of design. The 
following were benefited from this design: 

• 64 K x 16 EPROM 
• Eighteen bits of latched output for demultiplexing ADDRESS from DATA. 
• An 8-bit Interrupt Controller Equivalent to an 8259. 
• Four 16-bit preloadable timers with a prescaler for the timer clocks. 
• Logic for decoding. 
• Programmable external PORTS. 

The board space reduction and the amount of noise reduction that resulted from this design 
is immeasurable. 

--------------------_______________ ~_Ar_~~-----------------------------------
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_._._--_._._-------_._._-------------------------------**_ .. _--_._._.-._--....... -----_ .... _-----------
W S I - PSDsoft Version 1.05B 

Output of PSD Fitter 
**._._--------------_._._-------------_._---------._.---------.-._------_ ... _._-----_._._--------------
TITLE 
PROJECT 
DEVICE 

DESIGN FOR PSD503 ABEL source file to interface with 80C186 
mfhs_16 DATE: 04107/1995 
PSD503B1 TIME: 09:31 :05 

FIT OPTION : Keep Current 
._._------------------------------------------------------_ .. -._----------.-._----.-._-----------------

Pin Assignment 
----------------------
l]GND GND [35 

Address/Data Bus ADIO_7 2]adio7 pe2 [3S 
Address/Data Bus ADIO_S 3] adioS pel [37 
Address/Data Bus ADIO_5 4] adio5 peO[38 
Address/Data Bus ADIO_ 4 5]adio4 esi [39 
Address/Data Bus ADIO_3 S] adio3 reset [40 
Address/Data Bus ADIO_2 7] adio2 rd [41 

Address/Data Bus ADIO_l (al) 8] adiol elkin [42 
Address/Data Bus ADIO_O (aO) 9] adioO pb7 [43 

pe7 10]pe7 pbS [44 
peS 11] peS pb5[45 
pe5 12] pe5 pb4[46 
pe4 13] pe4 pb3[47 
peS 14] pe3 pb2[48 
pe2 15]pe2 pbl [49 
pel lS] pel pbO[50 
peO 17] peO GND [51 

18]VCC VCC[52 
19] GND pd7[53 

umes 20]pa7 pdS [54 
alS 21] paS pd5 [55 
a17 22] pa5 pd4[56 

omes 23]pa4 pd3[57 
timerout3 24]pa3 pd2 [58 
timerout2 25]pa2 pdl [59 
timeroutl 2S] pal pdO[SO 
timeroutO 27]paO adio15 [Sl 

2B]VSTBY adio14 [62 
wr 29]wr adio13 [63 

pcs3 3O]pe7 adio12 [S4 
add_17 31] peS adiol1 [S5 

Imes 32] pe5 adiol0 [66 
emes 33]pe4 adio9[S7 

add_16 34]pe3 adioB[6B 
----------------------

Global Configuration 
Data Bus: 
ALE/AS Signal: 
WatchDog Mode: 
Security Protection: 

16 Multiplexed 
Active High 
Off 
Off 

Address It Data Bus Assignment 

Signal Description 

introut 
ale 
bhe 
esi 
reset 
rd 
elkin 
pcs2 
(Not Used) 
pb5 
pb4 
pb3 
pb2 
pbl 
pbO 

pd7 
pdS 
pd5 
pd4 
pd3 
pd2 
pdl 
pdQ 
Address/Data Bus ADIO_15 (a15) 
Address/Data Bus ADIO_14 (a14) 
Address/Data Bus ADIO_13 (a13) 
Address/Data Bus ADIO_12 (a12) 
Address/Data Bus ADIO_l1 (all) 
Address/Data Bus ADIO_l 0 (a 10) 
Address/Data Bus ADIO_9 (a9) 
Address/Data Bus ADIO_B (as) 

Stimulus Bus Name 
'adiol = adio[7:0] 
'adioh = adio[15:8] 
adio = adio[15:0] 

AddresslData Bus ADI03 - ADIO_O 
Address/Data Bus ADIO_15 - ADIO_8 
AddresslData Bus ADIO_15 - ADIO_O 

-------------------------------~~~-------------------------------3-319 
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Design for Resource Usage Summary 
PSD503ABEL Device Resources UsedlTotal Percentage 
Source File to 
Interface with Port A: (pin 20 - pin 27) 

80C186 1/0 pins 8/8 100% 

(Cont.) 
MCU 1/0 or Address Out 01 8 0% 
Peripheral 1/0 01 8 0% 
ZPLD Inputs 31 8 37% 
ZPLD Combinatorial Outputs 1 I 8 12% 
ZPLD Registered Outputs 01 8 0% 

Other Information 
Buried Macrocells 01 7 0% 
Product Terms 1127 3% 
Timer Outputs 4/4 100% 

Port B: (pin 43 - pin 50) 
1/0 pins 7 I 8 87% 

MCU 1/0 or Address Out 7 I 8 87% 
ZPLD Inputs 0/8 0% 
ZPLD Combinatorial Outputs 01 8 0% 
ZPLD Registered Outputs 01 8 0% 

Other Information 
Buried Macrocells 01 8 0% 
Product Terms 0/80 0% 
Timer Outputs 0/4 0% 

Port C: (pin 10 - pin 17) 
1/0 Pins 8 I 8 100% 

MCU 1/0 or Address Out 8 I 8 100% 
ZPLD Input Pins 01 8 0% 
Data Port (Non-Mux Bus) 01 8 0% 

Port D: (pin 53 - pin 60) 
1/0 Pins 81 8 100% 

MCU 1/0 or Address Out 8 I 8 100% 
ZPLD Input Pins 01 8 0% 
Data Port (16-Bit Non-Mux Bus) 0/8 0% 

Port E: (pin 30 - pin 34, pin 36 - pin 38) 
1/0 pins 81 8 100% 

MCU 1/0 or Address Out 1 I 8 12% 
ZPLD Inputs 1 I 8 12% 
ZPLD Combinatorial Outputs 31 8 37% 
ZPLD Registered Outputs 0/8 0% 
Control Signal Inputs 21 2 100% 
Timer Control Inputs 01 4 0% 
Interrupt Control Output 1 I 1 100% 
APD Clock Input 01 1 0% 
Terminal Counts (TC) 01 4 0% 

Other Information 
Buried Macrocells 0/5 0% 
Product Terms 3 I 11 27% 

CounterlTimer: Embedded Nodes 
Product Terms 41 8 50% 

Interrupt: Embedded Nodes 
Product Terms 01 4 0% 
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OMC Resource Assignment 

Resources Used User Name 

Port A: 
macro cell 4 omcs (mc_pa4) => Combinatorial 

Port B: 

Port E: 
macro cell 3 
macro cell 4 
macro cell 6 

EQUATIONS 

DPLD EQUATIONS: 

add_16 (mc_pe3) => Combinatorial 
emcs (mc_pe4) => Combinatorial 
add_17 (mc_pe6) => Combinatorial 

esO !a15 & !a16 & !umcs; 
es1 a15 & la16 & !umcs; 
es2 !a15 & a16 & lumcs; 
es3 a15 & a16 & !umcs; 
rsO 0; 
csiop = !a15&!a14&!a13&la12&la11 &la10&la9&a8&la16; 

TIMER EQUATIONS: 

mc2tmrO = ItimeroutO; 

mc2tmr1 = Itimerout1; 

mc2tmr2 = Itimerout2; 

mc2tmr3 = Itimerout3; 

INTERRUPT EQUATIONS: 

PORT A EQUATIONS: 

omcs = Ibhe & IImcs; 

[omcs].OE = 1; 

PORT B EQUATIONS: 

PORT E EQUATIONS: 

add_16 = a16; 

emcs = laO & IImcs; 

add_17 = a17; 

[add_16, emes, add_17].OE = 1; 

--------__________________________ ,ArJf~~ ________________________________ _ 
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Using M68HC11 Microcontrollers with 
WSI Programmable Peripheral Devices 
by Steve Torp - Motorola Semiconductor 

Karen Spesard - WSI 

INTRODUCTION 
Following system development using M68HC711 microcontroller (MCU) devices with EPROM or one time 
programmable ROM (OTPROM), a final design is often implemented using an equivalent mask-pro­
grammed M68HC11 device. However, there is a quick, cost-effective alternative to this method of going to 
production. 

WSI manufactures a complete line of PSD programmable MCU peripherals that make it possible to use a 
ROM-less M68HC11 derivative instead of a mask-programmed device. PSD devices combine EPROM, 
SRAM, programmable logic for memory map decoding, programmable I/O ports, an address latch, power 
management, and other capabilities on a single chip. A "twin chip" solution can increase flexibility, provide 
expanded memory and enhanced I/O, lower power consumption, and lower cost - all with a minimum of 
software and hardware modifications. 

This application note describes the process of converting from a prototype design that uses an M68HC711 
device to a production design that uses a low-cost M68HC11 derivative and a WSI PSD. 

CONVERSION PROCEDURES 
There are eight steps in the conversion process. Each is discussed in detail in the following text. 

1. Choose the M68HC11 and PSD 

2. Add the PSD to the design 

3. Configure the M68HC11 for expanded mode operation 

4. Configure the PSD 

5. Make memory map and I/O port selections 

6. Modify M68HC11 code to address memory and I/O 

7. Integrate M68HC11 code with PSD configuration data 

8. Program the PSD 

CHOOSE THE M68HC11 AND PSD 

The M68HC11 family offers a wide range of operating voltage and frequency selections. Table 1 shows 
M68HC11 Family devices, including M68L 11 low-power devices, that can be used in two-chip systems. 
EPROM/OTPROM devices are shown in bold. WSI PSDs are available in a variety of configurations. PSDs 
provide a larger memory size, I/O port expansion, and programmable logic to an M68HC11 system. Low­
power PSDs are a perfect complement to M68L 11 MCUs. 
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Table 1 Motorola M68HC11 Devices 

Motorola Part Number ROM RAM EEPROM 1/0 AID 

MC68HC11AO 0 256 0 22 
MC68L11AO 

MC68HC11A1 0 256 512 22 
MC68L11A1 

Yes 
MC68HC11A7 8K 256 0 38 
MC68L11A7 

MC68HC11A8 8K 256 512 38 
MC68L11A8 

MC68HC11CO 0 256 0 35 Yes 

MC68HC711 D3 4K 192 0 32 No 

MC68HC11D0 0 192 0 14 
No 

MC68HC11D3 4K 192 0 32 
MC68HC711 E9 12K 512 512 38 Yes 

MC68HC11EO 0 512 0 22 
MC68L11EO 

MC68HC11E1 0 512 512 22 
MC68L11E1 

Yes 
MC68HC11E8 12K 512 0 38 
MC68L11E8 

MC68HC11E9 12K 512 512 38 
MC68L11E9 

MC68HC711 E20 20K 768 512 38 Yes 

MC68HC11 E20 20K 768 512 38 Yes 

MC68HC811 E2 0 256 2K 38 Yes 

MC68HC11F1 0 1K 512 30 
Yes 

MC68L11F1 

MC68HC711 K4 24K 768 640 62 Yes 

MC68HC11KO 0 768 0 37 
MC68L11KO 

MC68HC11K1 0 768 640 37 
MC68L11K1 

Yes 
MC68HC11K3 24K 768 0 62 
MC68L11K3 

MC68HC11K4 24K 768 640 62 
MC68L11K4 

MC68HC711 L6 16K 512 512 46 Yes 

MC68HC11LO 0 512 0 30 
MC68L11LO 

MC68HC11L1 0 512 512 30 
MC68L11L1 

Yes 
MC68HC11L5 16K 512 0 46 
MC68L11L5 

MC68HC11L6 16K 512 512 46 
MC68L11L6 

MC68HC711 P2 32K 1K 640 62 Yes 

MC68HC11P2 32K 1K 640 62 Yes 
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Table 2 shows PSD devices that are recommended for use with M68HC11 and M68l11 family members. 

Table 2 Recommended Devices 

Device EPROM RAM I/O 

PSD311Cl 32K - 19 

PSD311 32K 2048 19 

PSD411Al 32K 2048 40 

Table 3 shows typical twin-chip alternatives to particular M68HC711 or M68l711 systems. 

Table 3 Alternative System Configurations 

Device ROM RAM EEPROM UO AID 

Single Chip MC68HC71103 4K 192 0 32 No 
Twin Chip MC68HC11D0 + PSD311Cl 32K 192 0 33 No 

Single Chip MC68HC711 E9/20 12K120K 512/768 512 38 Ves 

Twin Chip MC68HCllAO/l + PSD311Cl 32K 256 0/512 41 Ves 

Twin Chip MC68HCllAO/l + PSD311 32K 2304 0/512 41 Yes 

Twin Chip MC68HC11D0 + PSD311 Cl 32K 192 0 33 No 
Twin Chip MC68HCllEO/l + PSD311Cl 32K 512 0/512 41 Ves 

Twin Chip , MC68HCll EDO + PSD311 Cl 32K 512 0 33 No 
Single Chip MC68HC11K4 24K 768 640 62 Ves 

Twin Chip MC68HCllKO/l +PSD411Al 32K 2816 0/640 n Ves 

Twin Chip MC68HCllKO/l + PSD311 32K 816 0/640 56 Ves 

Single Chip MC68HC11L6 16K 512 512 46 Ves 

Twin Chip MC68HCllL1 +PSD311Cl 32K 512 0/512 49 Ves 

ADD THE PSD TO THE DESIGN 

Migration from an M68HC711 single-chip system to an M68HC11/PSD system can be accomplished in one 
of three ways. 

1. By building a daughter board that plugs into the MCU socket on an existing printed circuit board. The 
board includes the M68HC11, the PSD, and system clock generation circuitry. Including the clock 
generator on the daughter board is important to minimize radiated EMI. 

2. By placing an edge or row connector on an existing printed circuit board to allow access to a PSD 
device on a daughter board. The minimum signals needed include the address/data lines and control 
signals (R/W, E, AS, RESET). This requires changing the existing schematic. 

3. By redesigning the existing printed circuit board to accommodate the PSD device. 

Figure 1 and Figure 2 are examples of interfacing an M68HC11 to particular PSD devices. Please refer to 
the appropriate Motorola data book and to the WSI PSD Design and Applications Handbookfor more infor­
mation. 
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M68HC11 PSD3XX 

XTAL 
EXTAL PC[7:0] AD[7:0YA[7:0] PC[2:0] 

PB[7:0] AD[15:8YA[15:8] PA[7:0] 
IRQ VCC PB[7:0] 
XiRei 

MODA 
MODB E E 

RIW RIW 
PA[7:0] 
PE[7:0] AS AS 
PD[7:0] RESET RESET 

VRH A19/CSi 
VRL 

NOTES. 
I. HCII reset line must be pulled up to VOO. HCll PSD3 SCHEM 

Figure 1 Typical M6SHCll and PSD3XX System 

M68HC11 PSD4XX15XX 

XTAL 
EXTAL PC[7:0] AD[7:0YA[7:0] PC[2:0] 

PB[7:0] AD[15:8YA[15:8] 
iRO PD[7:0] 
XiRei E E 

MODA 
RIW RIW PA[7:0] 

MODB AS PEl/ALE PB[7:0] 
PA[7:0] RESET RESET 
PE[7:0] PE[7:2] 
PD[7:0] eLKIN 

VRH VSTBY 
VRL CSI 

CLOCK 

NOTES' 
I. HCII reset line must be pulled up to voo Hell PSD415 SCHEM 

Figure 2 Typical M6SHCll and PSD4XXl5XX System 
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CONFIGURE THE M68HC11 FOR EXPANDED MODE OPERATION 

M68HC11 operating mode is determined by the logic state of the MODA and MODB pins during system re­
set or power up. To configure the MCU for expanded mode operation, make the reset state of the MODA 
pin HIGH by pulling it up to VDD through a pullup resistor. 

CONFIGURE THE PSD 

PSD software must be used to configure the PSD. There are two different software packages available. 

PSD-SILVER software supports the PSD3XX devices and includes the MAPLE and MAP PRO software 
modules which run under the DOS platform. MAPLE software is used to configure the PSD chip. It features 
simple menu driven commands for selecting different device configurations. It also provides mapping of the 
EPROM, SRAM, and chip select outputs into the user's address space, and locates the files to be pro­
grammed into the EPROM segments. MAPPRO enables the user to program PSDs on a WSI MagicPro III® 
programmer. 

PSDsoft WS7001 or WS7002 software supports the PSD3XX, PSD4XX, and PSD5XX families and runs 
under MicroSoft® Windows® (PSD3XX support included in PSDsoft available Q295). It includes PSDabel, 
PSD configuration, PSD compiler, PSDsilos III simulator, and PSD programming software. The PSDsoft en­
vironment allows design and simulation of the on-chip PLD logic under Data I/O ABEL®, PSD interface se­
lections to any MCU, configuration of the I/O, and address mapping of the EPROM and SRAM memory, 
among other things. 

PSD-to-M68HC11 interface configuration is simple and straightforward. Configuration is performed by se­
lecting certain option bits in the PSD software package. For MC68HC11 A, C, D, E, and L devices, the PSD 
is configured for multiplexed mode. For MC68HC11 F, K, and P devices, the PSD is configured for non-mul­
tiplexed mode. For all versions of the M68HC11, the other option bits on the PSD device are set as follows: 
RiW and E mode, active high AS (ALE), active low RESET, and combined memory mode. To complete the 
configuration process, PSD Ports A and B must be configured as general-purpose I/O, to replace M68HC11 
Ports Band C, which are used for address and data lines when the MCU is operating in expanded mode. 

For a better understanding of the M68HC11 to PSD interface configuration information, please refer to the 
pin descriptions section of the appropriate Motorola data book and to Table 5 and Figure 12 in WSI Appli­
cations Note 011 for PSD3XX devices, and the section beginning with Figure 12 in Applications Note 029 
for PSD4XXl5XX devices. 

MAKE MEMORY MAP AND 110 PORT SELECTIONS 

To convert from an M68HC711 system to a system that uses a ROM-less M68HC11 and a PSD, the content 
of the M68HC711 ROM must be transferred to PSD EPROM, and mapped externally. The default state of 
the ROMON bit in the CONFIG register of ROM-less M68HC11 devices is zero, so all accesses to the ROM 
address space automatically go external. Virtually no change in the MCU address map is required because 
PSD EPROM can be mapped anywhere on a block boundary using the address map menu in the PSD soft­
ware. 

For example, assume a PSD device with 32 Kbytes of EPROM is selected. The PSD311 has eight blocks 
of 4 Kbyte x 8 EPROM. Each block can be mapped on a 4-Kby1e block boundary in the address range as 
originally defined in the OTP application. The PSD411A 1 has four blocks of 8 Kby1e x 8 EPROM, and each 
can be mapped to an 8-Kbyte block boundary. Please refer to the modes and memory section of the appro­
priate Motorola data book, to Figure 32 in WSI Applications Note 011 for the PSD3XX, and to Table 7 in 
WSI Applications Note 029 for the PSD4XX/PSD5XX devices. 

For PSDs that include an additional 2 Kbyte x 8 SRAM, the SRAM can be mapped anywhere within the ad­
dress space on a 2-Kbyte boundary to extend the SRAM already supplied on the M68HC11. 

PSDs also offer from 19 to 40 configurable I/O pins that can replace I/O pins that are used for other purposes 
when the M68HC11 operates in expanded mode or enhance the function of the available ports. The pro­
grammable I/O is addressed via an offset from a base address that is selected in the PSD software. These 
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offsets are shown in Table 6 in the PSD3XX data sheets, Tables 21-23 in the PSD4XX data sheet, and in 
Tables 29-31 in the PSD5XX data sheet. 

For example, the following steps must be performed to replace ports Band C on an M68HC711 with ports 
A and B on a PSD311 device. 

1. Refer to the appropriate PSD data sheet to determine the correct offsets. 

2. Set the CSIOPORT (CSP) base address of the PSD. The base address can be mapped to any 
boundary from 256 bytes to 2 Kbytes. In this example, the CSIOPORT base address starts at $2000. 

3. Port B on the M68HC11 is mapped to port A on the PSD311. For compatibility with port B on the 
M68HC11, which is an output-only port, port A on the PSD311 is set for output. This is accomplished 
by writing $FF (output) to the PSD311 port A data direction register, located at $2004 (offset four 
from base address). 

4. Port C on the M68HC11 is mapped to port B on the PSD311. The direction of the individual 110 pins 
in PSD311 port B is determined by the definition in the original OTP application. The direction is set 
by writing to $2005 (offset five from base address). To make a pin an input, the appropriate bit in the 
register must be cleared; to make a pin an output, the appropriate bit must be set. 

5. To write data to PSD311 port A and port B pins, the data must be written to $2006 for port A and to 
$2007 for port B. Data from the PSD311 port A and port B pins must be read from $2002 and $2003, 
respectively. 

Other M68HC11 resources, such as EEPROM, SRAM, vectors, and the control registers are mapped inter­
nally and do not require any memory map redirection. 

MODIFY M68HC11 CODE TO ADDRESS PSD MEMORY AND I/O 

Change M68HC11 1/0 port addresses to match the port address at the appropriate offset from the specified 
PSD 1/0 port base address (CSIOPORT). 

INTEGRATE M68HC711 CODE WITH PSD CONFIGURATION DATA 

Code that would normally be programmed into M68HC711 EPROM must be merged with PSD configuration 
information to create one output file. This is done during the compile procedure in the PSD software. The 
single output file is then downloaded to an industry-standard programmer (or the WSI MagicPro III PC-com­
patible programmer) and used to program the PSD device. 

PROGRAM THE PSD 

The output file (filename. obi) generated from the PSD software compiler is now ready to be programmed 
into a device from one of the three PSD families (PSD3XX, PSD4XX, or PSD5XX). A list of programmer 
manufacturers that support the PSD devices can be obtained from a WSI sales office or sales representa­
tives. Programmers which support the PSD devices are available from Data 1/0, BP Microsystems, and Log­
ical Devices. 

CONCLUSION 
A single-chip Motorola M68HC711 control system can be quickly and easily converted to a system that uses 
a ROM-less M68HC11 and a WSI Programmable MCU peripheral. A small investment in hardware and soft­
ware modification can provide an increase in system memory, expanded 1/0, lower power consumption, 
greater design flexibility, and lower cost. 

NOTE: This Motorola document is also known as Application Note 043 at WSI, Inc. 
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High Performance M68HC11 System Design 
Using The WSI PSD4XX and PSD5XX Families 
by John Bodnar 

INTRODUCTION 
This application note covers conversion from a single-chip MC68HC711 K4 microcontroller (MCU) system 
to a two chip MC68HC11 K1 + PSD412A 1 combination. It is not intended to be a comprehensive guide to 
using Motorola M68HC11 microcontrollers with WSI PSD4XX or PSD5XX microcontroller peripherals. 
These flexible devices provide a wide array of features, many of which cannot be adequately discussed 
within the context of this note. Designers with a more general interest in this topic should examine published 
material available from both Motorola and WSI. These documents are listed under REFERENCES. 

GENERAL INFORMATION 
M68HC11 K-series MCUs are highly integrated derivatives of the MC68HC11 F1, the first member of the 
M68HC11 family with a non-multiplexed address and data bus. Features common to the K series include: 

• M68HC11 CPU core capable of dc to 4 MHz operation 
• Power-saving STOP and WAIT modes 
• 768 bytes of SRAM, with separate standby power input for battery backup 
• Four programmable chip selects with clock stretching for expanded mode intertacing 
• On-chip memory paging logic to allow expansion of the address space to 1 Mbyte 
• 16-bit timer with programmable prescaler that includes 3 input capture (IC) channels, 4 output com­

pare (~C) channels, and a single switchable IC or DC channel 
• 8-bit pulse accumulator (PAC) 
• Four 8-bit pulse width modulation (PWM) timer channels, pairs of which can be concatenated into two 

16-bit channels 
• Real-time interrupt circuit (RTI) 
• Computer operating properly (COP) watchdog and clock monitor circuits 
• Eight channel 8-bit analog-to-digital converter (ADC) 
• Enhanced asynchronous non-return to zero serial communications intertace (SCI) 
• Enhanced synchronous serial peripheral intertace (SPI) 
• Maximum of 54 bits of bi-directional liD available in single-chip mode of operation 
• 8-bit fixed input-only port 

The MC68HC11 K4 device provides 24 Kbytes of masked ROM, 768 bytes of SRAM, and 640 bytes of 
EEPROM. Cost-reduced versions of this device are available without EEPROM andlor masked ROM. The 
MC68HC711 K4 is functionally equivalent to the MC68HC11 K4 but has 24 Kbytes of one-time programma­
ble or UV-erasable EPROM instead of masked ROM. This programmable memory is typically used for pro­
totyping, just-in-time inventory management, and applications requiring small production quantities or 
frequent code updates. 

---------@ © MOTOROLA INC., and WSI1995 
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The MC68HC711 K4 provides a great deal of flexibility for single-chip applications, but in some instances, it 
may be necessary to find an alternate solution that provides equivalent functionality. These situations may 
arise because: 

• Pins used by the on-chip peripherals are also used to implement digital I/O ports, so use of peripherals 
can limit the available discrete digital I/O. 

• Addition of new features may increase object code size beyond the 24 Kbytes provided by the internal 
EPROM. None of the M68HC11 K-series devices provide more than 24 Kbytes of ROM or EPROM, 
and expanded operating mode uses 25 digital 110 pins for the address/data bus and read/write line. 

• Reduced software maintenance costs due to source code development in a high-level language can 
initially be offset by greater object code size, causing a memory crunch and loss of I/O resources. 

• Some applications require peripherals that are either not available on an M68HC11 derivative or not 
available with an SCI- or SPI-compatible interface. These devices usually have an address/data bus, 
and must be mel1)ory mapped, causing a loss of I/O resources. 

Some of these problems may seem insurmountable without extensive hardware and/or software redesign, 
but there is a solution that offers both the flexibility of expanded operating mode and the I/O preservation of 
single-chip operating mode. 

WSI PSD4XX and PSD5XX programmable system devices (PSDs) are peripherals with flexible bus inter­
faces that provide microcontroller system designers an integrated memory solution consisting of SRAM, 
EPROM, and programmable logic. PSDs can also provide up to 40 digital 110 lines to replace those occu­
pied by the MCU address/data bus. PSD4XX and PSD5XX devices share the following features: 

• Bus access speeds of 90,120,150, and 200 nanoseconds 
·37 (PSD4XXA 1), 59 (PSD4XXA2), or 61 (PSD5XX) PLD inputs 
·113 (PSD4XXA1), 126 (PSD4XXA2), or 140 (PSD5XX) PLD product terms 
·8 (PSD4XXA1), 24 (PSD4XXA2), or 30 (PSD5XX) registered macrocells 
·40 bi-directional digital I/O pins 
• Power management unit (PMU) 
·32 K x 8 (PSDX11), 64 K x 8 (PSDX12), or 128 K x 8 (PSDX13) of EPROM 
• 2 K x 8 of SRAM 

The PSD5XX family builds upon the PSD4XX family by adding a peripheral module that contains four 16-
bit counters/timers, a watchdog timer, and an eight level interrupt controller. On all PSDs, some of the pro­
grammable logic is used to map the different memory blocks and control registers for the I/O ports, the PMU, 
and (on PSD5XX devices) peripheral control registers. Usually, sufficient programmable logic remains after 
memory decoding to implement chip-select signals for external memory mapped peripherals, other bus con­
trol signals, and even state machines to perform useful peripheral functions. 

The discussion which follows covers the process of converting a hypothetical single-chip M68HC11 appli­
cation to an equivalent or enhanced "two-chip solution" consisting of a non-multiplexed bus M68HC11 and 
a PSD4XX or PSD5XX device. Please refer to the DEVICE REFERENCE TABLES, at the end of this note, 
lor a list of compatible devices. Table 4 shows suitable non-multiplexed bus M68HC11 devices. Table 5 
shows PSD4XX and PSD5XX devices. 
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THE PROBLEM 
Figure 1 shows a single-chip MC68HC711 K4 application that makes extensive use of MCU on-chip periph­
eral and memory resources. An ASCII terminal interface that facilitates user interaction is an important fea­
tlJre of this design. However, the customer has requested that the next generation product be substantially 
smaller. This can best be achieved by eliminating the ASCII terminal. 

VDD 

L{V55 

VDD 

ANALOG INPUTS { • 

~ .. -PULSE-ACTUATED OUTPUTS { 

EDGE-TRIGGERED INPUTS . { PA2ACl 

~~ ~ 
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!:1 ..... PB7/ADDR15 

~ 
~ PB6/ADDR14 
~ PB5/ADDR13 
iE PB4/ADDR12 

PB3fADDR11 
PB2/ADDR10 
PB1/ADDR9 
PBOIADDRa 

VDD 
V55 

PF7IADDR7 
PF6IADDR6 
PF5JADDRS 
PF4IADDR4 
PF3IADDR3 
PF2IADDR2 
PF1fADDRl 
PFO/ADDRQ 

-=CV5S 

Figure 1 Existing Single-Chip MC68HC711 K4 Application 

VDD 

V55 

VDD 

AN1242 SCHEM 1 

The redesign promising the greatest size reduction integrates a large LCD panel and keyboard with an 
M68HC11-based control unit. These changes meet customer requirements for a more compact, tightly in­
tegrated control solution, but as Figure 2 indicates, the keyboard and LCD interfaces could exhaust the dig­
ital I/O resources of the MC68HC711 K4. 
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Figure 2 Next Generation MC68HC711 K4 Application With Keyboard and LCD 

To complicate matters further, these changes make greater demands of the MCU firmware. As shown in 
Figure 3, application control code and constant tables fit neatly into the 24 Kbytes of EPROM on the 
MC68HC711 K4. The ASCII terminal connection to the SCI reduces the user interface to simple character 
110 functions, but addition of a parallel input keyboard and a large LCD panel requires supplemental firm­
ware support that increases permanent storage requirements to more than 24 Kbytes. 
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Figure 3 Initial Single-Chip Mode Memory Map 

Sophisticated control algorithms are required to support the increased functionality of the keyboard and 
LCD panel. To speed code development, reduce the cost of support, and provide for future enhancements, 
the firmware for the next generation product will be ported from M68HC11 assembly language to C_ While 
high-level languages simplify the development of complex control applications, they do so at the expense 
of greater storage requirements_ The reduction in object code size achieved by hand-tuning assembly lan­
guage programs begins to disappear as application functionality and complexity increase_ 

One possible method of providing for increased storage demands would be to use the flexible memory ex­
pansion capabilities of an M68HC11 K-series device_ This would lead to the simple expanded memory map 
shown in Figure 4_ Estimates indicate that the control algorithms will require 32 Kbytes of EPROM and that 
the LCD data tables will require an additional 32 Kbytes_ A 16-Kbyte memory paging window can be used 
to access the LCD data and stili provide 12 Kbytes of contiguous address space for any other memory 
mapped peripherals that may be needed_ 
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Unfortunately, access to the MC68HC711 K4 address and data buses results in the complete loss of 1/0 
ports B, C, and F, as well as bit 7 of port G. In addition, other port G bits would be used as expansion ad­
dress lines and some port H bits may be used as chip selects. These lost 1/0 pins can be rebuilt with simple 
latches or more complex peripherals at the risk of decreased flexibility and more complicated circuit design 
and debugging. 
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THE SOLUTION 
Before proceeding with a design solution based on a WSI PSD4XX or PSD5XX device, it is instructive to 
review the problem as it now stands. 

• The existing MC68HC711 K4-based system makes extensive use of the integrated MCU peripheral 
resources. In particular, the SCI connects to an ASCII terminal that simplifies interactive user control. 

• Size reductions specified for the next generation of this product are best achieved by replacing the 
ASCII terminal with a keyboard and LCD panel that are integrated with the control unit. 

• The digital I/O requirements for the keyboard and LCD interfaces could exhaust the MC68HC711 K4 
I/O resources. 

• Application storage demands increase for two reasons. The keyboard and LCD panel require addition­
al interface code, and the firmware is to be ported from assembly language to C. 

• To support the proposed expansion of storage capacity from 24 Kbytes to 64 Kbytes, the MCU must 
use expanded operating mode rather than single-chip operating mode. 

• Expanded mode operation requires at least 25 pins for the non-multiplexed address/data bus and the 
read/write line. These pins are currently used for digital I/O. Other digital I/O pins must be used to sup­
port chip selects and memory expansion beyond 64 Kbytes. 

It appears that the proposed system would require a 32 Kbyte EPROM for control routines, another 32 Kbyte 
EPROM for LCD data tables, several latches to rebuild lost I/O ports, and some programmable logic to map 
all of these devices into the MC68HC711 K4 address space. This design clearly jeopardizes cost savings 
achieved by the existing implementation and future high-level language software development. 

Some of the savings can be restored by switching MCUs. The 24 Kbyte EPROM on the MC68HC711 K4 is 
not needed for the new design, so either the ROM-less MC68HC11 K1 or the ROM-and-EEPROM-Iess 
MC68HC11 KO could be used. These devices retain the specialized peripherals available on the 
MC68HC(7)11 K4, and are ideal for expanded mode applications where the I/O pins used by the bus inter­
face are not required or are otherwise rebuilt. 

Both cost reduction and increased flexibility can be achieved by using a WSI PSD4XX or PSD5XX program­
mable system device in place of the memory and logic components that would otherwise be needed to re­
alize this design. 

As shown in Table 4 and Table 5, a PSD412A 1 can easily provide the required additional memory, I/O, and 
logic resources. If subsequent specifications dictate increased memory, logic, or even peripheral function­
ality, other members of the PSD4XX and PSD5XX families could be used, while maintaining close compat­
ibility with the PSD412A 1 . 

Table 1 compares the memory, I/O, and logic resources of both the initial MC68HC711 K4 system and the 
proposed MC68HC11 K(O/1) + PSD412A 1 system. 

Table 1 M68HC11 Single-Chip vs M68HC11 + PSD4XX Resource Comparison 

MC68HC711 K4 MC68HC11K(11O) + PSD412A1 

EPROM 24 Kbytes 16 Kbytes + 16 Kbytes + 32 Kbytes = 64 Kbytes 

SRAM 768 bytes 768 + 2048 = 2816 bytes 

EEPROM 640 bytes 640 byteslO bytes 

Available bi-directional 1/0 54 lines 61 lines 

PLD input terms None 61 

PLD product terms None 113 

Registered macro cells None 8 
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In essence, the combination of a non-multiplexed bus M68HC11 MCU and a PSD4XX or PSD5XX device 
restores much of the functionality of a single-chip system. While not providing the ultimate size and power 
consumption features of such a design, the increased flexibility of this pairing and the freedom it provides 
to system designers is a competitive advantage. 

THECONVER~ONPROCESS 

Converting a single-chip M68HC11 application to a two chip system consisting of a non-multiplexed bus 
M68HC11 and a PSD4XX or PSD5XX is a five step process: 

1. Assess the memory, I/O, and logic requirements of the combined system 

2. Select the appropriate M68HC11 and PSD combination. 

3. Produce the two chip system memory map. 

4. Determine which PSD I/O ports replace M68HC11 I/O ports used for expanded mode operation. 

5. Generate a schematic for the combined system. 

1. Assess the Memory, 110, and Logic Requirements of the Combined System 

This step has already been discussed. Key determinations to be made in this step include: 

• How much I/O is required for the combined application? 
- Consider single-chip usage and any additional I/O that will be necessary for current and/or future 

product enhancements. 
• How much memory is required for the combined application? 

- Consider potential firmware enhancements and the possibility of source code migration from as­
sembly language to a high-level language like C or a visual application builder. 

- Also consider additional RAM requirements. PSD4XX and PSD5XX devices provide 2K x 8 of 
SRAM that can be powered from backup batteries, and future derivatives may eliminate the SR~M 
to reduce cost. If even more RAM is necessary, the PSD can provide the decode logic needed to 
memory map larger devices . 

• How much logic will be required? 
- Any conversion to a two chip solution will use at least some of the PSD decode logic for memory, 

liD port, and control register mapping. If the existing single-chip system uses PALs or 74HC family 
logic, consider using the PSD to replace as much of this as possible. The lower chip count reduces 
cost and use of the PSDsiios IIITM simulation software can reduce system debug time. 

2. Select the Appropriate M68HC11 and PSD Combination 

Choose the M68HC11 and PSD combination carefully. 

• When compatibility between the single-chip M68HC11 system and its PSD-based expanded mode 
counterpart is essential, use a ROM-less version of the single-chip MCU. In the example application, 
the MC68HC711 K4 can be replaced with an MC68HC11 K1 or MC68HC11 KO paired with the 
PSD412A1. 

• In applications where maximum compatibility is not required, carefully selecting the M68HC11 MCU 
and PSD can realize considerable cost savings. 
- If the M68HC11 device is used because it has a large EPROM array, consider replacing it with a 

smaller ROM-less derivative. The PSD can be chosen to maximize available EPROM and I/O. 
- If the M68HC11 device is used to provide large amounts of liD, choose the nearest equivalent 

ROM-less version and a PSD that will maximize available I/O. 
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- If the M68HC11 device is used for high-speed execution, consider using a smaller ROM-less de­
rivative capable of the same performance. The PSD can be chosen to maximize available EPROM 
and I/O. 

- If the M68HC11 device is used because it has a specific on-chip peripheral complement, choose 
the nearest equivalent ROM-less version and PSD that approximate the functionality of the single­
chip device. 

• Selection of an appropriate PSD is relatively straightforward. The device must meet the memory, I/O, 
and logic requirements determined in Step 1. If necessary, the MCU can be chosen to augment PSD 
resources, such as I/O and logic used for chip selects. 

3. Produce the Two-Chip System Memory Map 

This step is best explained by continuing with the example application. First, examine the memory map of 
the M68HC11 derivative to be used and locate areas not occupied by internal memory resources. These 
openings in the 16-bit address space are available for memory mapping external devices. The following 
ranges are externally addressable for MC68HC11 K(0/1) devices: 

$0380 to $OD7F 

$1000 to $FFFF ($2000 to $FFFF if CSIO is used) 

A 60-Kbyte block of space is available from $1000 to $FFFF in expanded operating mode. However, if the 
chip select I/O (CSIO) function implemented in M68HC11 K-series devices is used, this area is reduced to 
56 Kbytes available from $2000 to $FFFF. 

Allocating space to CSIO allows use of a memory-mapped display controller instead of a display controller 
with a serial or a parallel interface. A number of manufacturers provide a complete LCD solution that in­
cludes an intelligent display controller. The controller can be connected directly to a microcontroller address/ 
data bus if slow access times can be managed. The CSIO signal is ideal for this purpose because it can be 
stretched by up to three E clock cycles. CSIO requires the fixed 4-Kbyte block of addresses from $1000 to 
$1 FFF in order to operate. 

Compile the memory map for the two chip system by listing the following address ranges: 

• M68HC11 SRAM 
• M68HC11 register block 
• M68HC11 EEPROM, if used 
• M68HC11 fixed chip-select address ranges, if used 
• 256-byte PSD register block 
• PSD SRAM, if used 
• PSD EPROM blocks 

Figure 5 shows the combined memory map for the example application. 
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Figure 5 Combined MC68HC11 K1 + PSD412A 1 Memory Map 

The ultimate purpose of this memory map is to guide development of a PSDabel™ file. PSDabel is one com­
ponent of WSI's comprehensive PSDsoft™ design package that also includes PSDcontrol™ (configuration, 
compilation, de-compilation, fitting, address translation, hex data file conversion, and device programming) 
and PSDsiios IIITM (Verilog-based device simulation). PSDabel is based on Data 110 Corporation's ABEL 
Hardware Description Language. It is used to describe the logical operation of the PSD4XX and PSD5XX 
decode ZPLD (DPLD) and general-purpose ZPLD (GPLD). 

A listing of the PSDabel file used to implement the memory map shown in Figure 5 follows. The included 
comments provide a basic understanding of how a PSDabel file is constructed. Refer to the PSDabe{fM 
Manua/for further documentation and a tutorial. 
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module K4_TO_PSD_CONVERSION 
title 'MC68HC711K4 to MC68HC11K1 + PSD412A1 Conversion' 

"The followlng sectlon llsts the input signals. 

"First come the address lines using their reserved names. Note that only those signals 
"listed are routed to the DPLD. 

a1S,a14,a13,a12,a11,a10,a9,a8,a1,aO pin; 

"Next come the general purpose inputs used for the paging scheme. Uncomment the lines 
"implementing the desired paging. For this application, the PSD page register will be used 
"because it requires no additional I/O pins. The Kl memory expansion address lines may be 
"used if additional address bits or the page register inputs are required for specific 
"decoding purposes. Use of the page register will be discussed later. 

pgr3,pgr2,pgr1,pgrO pin; "These are the 4 input bits of the PSD page register. 

xapage pin 20; "This is XA14 from the MC68HC11K1 and is used to select one of the 16K LCD 
"data table pages. 

"The M68HC11 non-multiplexed bus control signals are specified here. 

rd_wr,e pin 29,41; "M68HCll R/W* and E specified here as PSD pins 29 (WR) and 41 (RD). 

"Now the DPLD chip select outputs are listed. 

"CSIOP is the chip select for the PSD register block. 
"RSO is the chip select for the 2K PSD SRAM. 
"ES[0:3J are the chip selects for -PSD EPROM blocks 0, 1, 2, and 3. 

csiop,rsO,8s0,esl,es2,es3 node; 

"Signal definitions and groupings now follow. 

X = .x.; "This is how a don't care term is specified. 

"This definition groups together the CPU address lines. 

CPUaddress ~ [alS,a14,a13,a12,a1l,a10,a9,a8,X,X,X,X,X,X,al,aOJ; 

"This definition groups together the page register bits. 

PAGE ~ [pgr3,pgr2,pgrl,pgrOJ; 

"DPLD Chip Select Equations. 

"This maps the PSD register block from $2800 to $28FF. 

csiop ~ (CPUaddress >~ Ah2800) & (CPUaddress <~ Ah28FF); 

"This maps the PSD 2K SRAM from $2000 to $27FF. 

rsO ~ (CPUaddress >~ Ah2000) & (CPUaddress <~ Ah27FF); 

"This maps 16K PSD EPROM block 3 from $COOO to $FFFF. 

es3 ~ (CPUaddress >~ AhCOOO) & (CPUaddress <~ AhFFFF); 

"This maps 16K PSD EPROM block 2 from $8000 to $BFFF. 

es2 ~ (CPUaddress >~ Ah8000) & (CPUaddress <~ AhBFFF); 

"This maps 16K PSD EPROM block 1 from $4000 to $7FFF when XA14 is logic one, i.e. this is LCD 
"data table page 1. Use this equation when the K1 memory expansion is used in place of the 
"PSD page register. 

"es1 ~ xapage & (CPUaddress >~ Ah4000) & (CPUaddress <~ Ah7FFF); 

"This maps 16K PSD EPROM block 1 from $4000 to $7FFF when PAGE ~ $1, i.e. this is LCD 
"data table page 1. Do not use this equation if the K1 memory expansion is being used. 

es1 ~ (PAGE ~~ Ahl) & (CPUaddress >~ Ah4000.) & (CPUaddress <~ Ah7FFF); 

"This maps 16K PSD EPROM block 0 from $4000 to $7FFF when XA14 is logic zero, i.e. this is LCD 
"data table page O. Use this equation when the K1 memory expansion is used in place of the 
"PSD page register. 

"esO ~ !xapage & (CPUaddress >~ Ah4000) & (CPUaddress <~ Ah7FFF); 

"This maps 16K PSD EPROM block 0 from $4000 to $7FFF when PAGE ~ $0, i.e. this is LCD 
"data table page O. Do not use this equation if the Kl memory expansion is being used. 

esO ~ (PAGE ~~ AhO) & (CPUaddress >~ Ah4000) & (CPUaddress <~ Ah7FFF); 

end K4_TO_PSD_CONVERSION 
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4. Determine Which PSD 1/0 Ports Replace M68HC11 1/0 Ports 

PSD4XX and PSD5XX devices have five 8-bit I/O ports, labeled A, S, C, D, and E. When used with a non­
multiplexed bus M68HC11, port C becomes the 8-bit data bus. Of the available 32 bits of general-purpose 
1/0,24 are used to rebuild M68HC11 ports S, C, and F (the addressldata bus), and the remaining eight can 
be used to rebuild port G bit 7 (the Rfiiii line) and other port G or port H I/O pins used for expansion address 
lines or chip selects. 

To modify existing single-chip M68HC11 software to take advantage of PSD 110 ports, simply substitute 
PSD register addresses for M68HC11 register addresses. A typical M68HC11 I/O port has both a data di­
rection register and a port data register. Every PSD I/O port has a control register that determines port func­
tion, a data direction register, a data in register, and a data out register. Some PSD I/O ports also have 
registers to enable open drain operation, to determine if a pin is used as a PLD signal or I/O bit, and to read 
the outputs of the GPLD. 

A good way to view the port relationships between a PSD and an M68HC11 is to construct a table that lists 
each port and its associated registers. On one side of the table, list the M68HC11 I/O port and its registers, 
and on the other side, list the equivalent PSD I/O port and its registers. Use this table as a guide when mod­
ifying single-chip firmware to support the two chip M68HC11/PSD system. Table 2 is an I/O mapping table 
for the example application. Remember that CSIOP is mapped from $2800 to $28FF. 

Table 2 M68HC11 to PSD 1/0 Conversion Table 

MC68HC711 K4 PSD412A1 

Port B DDRB $0002 Port B PB_DDR $2807 

PORTB $0004 PB_INDATA $2801 

PB_OUTDATA $2805 

PB_CONTROL $2803 

PB_PLD_IO $2806 

P6_MAC_OUT $280D 

Port C DDRC $0007 PortA PA_DDR $2806 

PORTC $0006 PA_I N DATA $2800 

PA_OUTDATA $2804 

PA_CONTROL $2802 

PA_PLD_IO $280A 

PA_MAC_OUT $280C 

Port F DDRF $0003 Port E PE_DDR $2826 

PO RTF $0005 PE_INDATA $2820 

PE_OUTDATA $2824 

PE_CONTROL $2822 

PE_PLD_IO $282A 

PE_MAC_OUT $282C 

Occupied $007F Port D 
Port G/H DDRG/H or PD_DDR $2817 

1/0 $007D 

$007E 
PORTG/H or PD_INDATA $2811 

$007D 

PD_OUTDATA $2815 

PD_CONTROL $2813 

PD_OPN_DRN $2819 

4-20 MOTOROLA AN1242/D 



As Table 2 indicates, the location of each PSD register is specified as an 8-bit offset from the CSIOP base 
address specified in the PSDabel file. The PSD4XX and PSDSXX documentation lists these 8-bit offsets. 

A few small differences in I/O functionality should be noted: 

• I/O ports on some M68HC11 devices have assignable pull-up resistors. For example, the PPAR reg­
ister at $002C on M68HC11 K-series MCUs can enable pull-up devices on ports G and H in all modes 
and on ports Band F only in single-chip mode. This feature is not available on PSD4XX or PSDSXX 
devices, so external pull-ups may be needed. 

• I/O ports B, C, and F on M68HC11 K-series MCUs do not have any sort of control or alternate function 
registers, although port C can be placed in open drain mode with the CWOM bit in the OPT2 register 
at $0038. If this functionality must be maintained, replace port C on the MC68HC711 K4 with PSD4XX 
or PSDSXX port D. The open drain control register (PD_OPN_DRN in the table above) allows each 
PSD port D I/O pin to be configured for normal or open drain mode. 

• The PGAR register at $002D is used to enable the memory expansion address lines associated with 
port G bits 0 to S. Setting bits in this register to one overrides the port G I/O functions and enables the 
associated XA lines. This register is cleared to $00 after reset. 

• Chip select control registers CSCTL, GPCS1A, and GPCS2A, located respectively at $OOSB, $OOSC, 
and $OOSE, override the I/O functions of port H bits 4 to 7. In expanded operating mode, GPCS1A and 
GPCS2A are set to $00 after reset, thus disabling general-purpose chip selects 1 and 2 (CSGP1 and 
CSGP2). CSCTL will be set to $04 after reset, leaving the I/O chip select (CSIO) disabled and the pro­
gram chip select (CSPROG) enabled. Write CSCTL to $00 to disable CSPROG and make the PH7/ 
CSPROG pin available for I/O. CSPROG is not required for interfacing to the PSD, although it can be 
used in conjunction with the PSD power management unit (PMU) to reduce power consumption. 

The code examples that follow demonstrate how the PSD I/O ports are accessed in comparison with 
M68HC11 I/O ports. Access to the other PSD control registers is achieved in the same straightforward fash­
ion. Please refer to PSD4XX and PSDSXX documentation for more information. 
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4-22 

Single-Chip MC68HC711 K4 

* port B, e, and F I/O 

REGBASE equ $0000 

DDRB equ $02 

PORTB equ $04 

DDRC equ $07 

PORTC equ $06 

DDRF equ $03 

PORTF equ $05 

* read port B [7: 0] 

clr REG BASE + DDRB 

ldaa REG BASE + PORTB 

* write pattern to port C [7: 0] 

ldaa #$FF 

staa REG BASE + DDRC 

ldaa #$55 

staa REG BASE + PORTC 

* configure PF[3:0] for inputs, 

* PF[7:4] for outputs, poll until PFO 

* is set to 1, then write pattern to 

* PF [7: 4] . 

ldx #REGBASE 

ldaa #$FO 

staa DDRF,X 

POLLPFO brclr PORTF,X,$Ol,POLLPFO 

bset PORTF,X,$AO 

MOTOROLA 

MC68HC11K(O/1) + PSD412A1 

* port B, A, and E I/O 

REGBASE equ 

PB_DDR equ 

PB_INDATA equ 

PB_OUTDATA equ 

PB_CONTROL equ 

PA_DDR equ 

$2800 

$07 

$01 

$05 

$03 

$06 

PA_INDATA equ $00 

PA_OUTDATA equ $04 

PA_CONTROL equ $02 

PE_DDR equ $26 

PE_INDATA equ $20 

PE_OUTDATA equ $24 

PE_CONTROL equ $02 

* make ports B, A, and E exclusively 

* available for I/O 

ldaa #$FF 

staa REGBASE + PB_CONTROL 

staa REGBASE + PA_CONTROL 

staa REGBASE + PE_CONTROL 

* read port B[7:0] 

clr REGBASE + PB_DDR 

ldaa REGBASE + PB_INDATA 

* write pattern to port A[7:0] 

1daa #$FF 

staa REGBASE + PA_DDR 

ldaa #$55 

staa REGBASE + PA_OUTDATA 

* configure PE[3:0] for inputs, 

* PE[7:4] for outputs, poll until PEO 

* is set to 1, then write pattern to 

* PE [7: 4] . 

POLLPEO 

ldx #REGBASE 

ldaa #$FO 

staa PE_DDR,X 

brclr PE_INDATA,X,$Ol,POLLPEO 

bset PE_OUTDATA,X,$AO 
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5. Generate a Schematic for the Combined System 

Table 3 shows the connections between a non-multiplexed bus M68HC11 and a PSD4XX or PSD5XX 

Table 3 M68HC11 to PSD Connections 

M68HC11 PSD4XX or PSD5XX 

ADDR[15:0] ADIO[15:0] 

DATA[7:0] PC[7:0] 

E RD 

RNI WR 

An expansion address line (XA14) could be connected to one of the PSD port A inputs, and used to select 
the 16-Kbyte LCD table EPROM pages. In the example application, however, it is easier to use the PSD 
page register. The four page register bits (PG[3:0]) can be used as inputs to the DPLD. In the example 
PSDabellisting, the ESO and ES1 EPROM chip selects are decoded when the page register value is $0 or 
$1 and the CPU address is between $4000 and $7FFF. 

The page register is accessed as follows. 

REG BASE equ $2800 

PSD_PAGE equ $EO 

PAGEO equ $00 

PAGEl equ $01 

LCD_LINE1 equ $4000 

LINE_LEN equ $FO 

* select EPROM page O/LCD table 0 

ldaa #PAGEO 

staa REGBASE + PSD_PAGE 

* read data from selected page 

ldx #LCD_LINEl 

ldab #LINE_LEN 

SEND_ Ll ldaa O,X 

jsr SEND_DATA 

inx 
decb 

bne SEND_Ll 

etc. 

The page register bits are available as inputs to both the DPLD and the GPLD. In fact, the DPLD can gen­
erate two additional chip selects called PSELO and PSEL 1 that can be used to connect other peripheral de­
vices to the combined system. Using the page register, these devices could be mapped into the $4000 to 
$7FFF range used for EPROM blocks 0 and 1. If a more complex decoding function is needed, the GPLD 
and its associated macrocells can be used. 
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CONCLUSION 
Figure 6 shows the newly-enhanced system, which has plenty of free general-purpose 1/0 to handle a large 
parallel interface keyboard. A number of different LCD solutions can be supported - the choices range from 
simple 1/0 driven devices to complete intelligent controller-based displays with synchronous serial or mem­
ory mapped interfaces. The system is capable of meeting next generation product specifications with room 
to spare for future expansion. 

Highly integrated M68HC11 derivatives, such as the MC68HC711 K4, can often serve as complete solutions 
for single-chip embedded control systems. Cost-effective designs with these devices make extensive use 
of on-board peripherals like the SCI, SPI, timer, and AID converter. However, an application can outgrow 
the original design, and when this happens, it may be difficult to find an enhanced derivative to meet new 
peripheral and memory requirements. 

To solve this problem, users of high performance M68HC11 devices can pair a ROM-less M68HC11 deriv­
ative with a WSI PSD4XX or PSD5XX programmable system device. WSI's highly integrated microcontrol­
ler peripherals can deliver a cost-effective combination of EPROM, RAM, programmable logic, digital 1/0, 
timer, and interrupt control modules. The M68HC11/PSD combination retains many advantages of the orig­
inal single-chip MCU solution while providing a flexible resource complement for future application growth. 

REFERENCES 
Motorola MC68HC11 K4 Technical Data Book (MC68HC11 K4/D) 

Motorola MC68HC11 K4 Programming Reference Guide (MC68HC11 K4RG/D) 

WSI PSD Programmable Peripherals Design and Applications Handbook. 
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DEVICE REFERENCE TABLES 

Table 4 M68HC11 Derivatives with Non-Multiplexed Address/Data Bus 

Motorola ROM RAM EEPROM Total On-Chip Technical 
Part Number or EPROM (Bytes) (Bytes) I/O Peripherals Data 

MC68HC11F1 0 1024 512 30 Standard1 
MC68HC11F1/D 

+ 4 chip selects 

Standard 
MC68HC11G5 16K 512 0 66 + 10-bit ADC MC68HC11 G5/D 

+ event counter 

Standard 
MC68HC711 G5 16K 512 0 66 + 10-bit ADC MC68HC 11 G5/D 

+ event counter 

Standard 
MC68HC11G7 24K 512 0 66 + 10-bit ADC MC68HC11 G5/D 

+ event counter 

Enhanced2 

MC68HC11KO 0 768 0 37 + 4 chip selects MC68HC11 K4/D 

+ memory expansion 

Enhanced 
MC68HC11K1 0 768 640 37 + 4 chip selects MC68HC11 K4/D 

+ memory expansion 

Enhanced 

MC68HC11K4 24K 768 640 62 + 4 chip selects MC68HC11 K4/D 
+ memory expansion 

Enhanced 

MC68HC711 K4 24K 768 640 62 + 4 chip selects MC68HC11 K4/D 
+ memory expansion 

MC68HC11KA4 24K 768 640 51 Enhanced MC68HC11 KA4TS/D 

MC68HC711 KA4 24K 768 640 51 Enhanced MC68HC11 KA4TS/D 

MC68HC11 P2 32K 1024 640 62 
Enhanced 

MC68HC11 P2/D 
+ 2 SCI+ 

MC68HC711 P2 32K 1024 640 62 
Enhanced 

MC68HC11 P2ID 
+ 2 SCI+ 

NOTES: 
1. The standard peripheral complement consists of an 8-bit, 8 channel AID converter (ADC), senal communi­

cations interface (SCI), serial peripheral interface (SPI), 16-bit timer with 3 or 4 input captures (ICs), 4 or 5 
output compares (OCs), pulse accumulator, real-time interrupt, and computer operating properly (COP) 
watchdog monitor. 

2. The enhanced peripheral complement improves on the standard peripheral complement with an SCI+ (en­
hanced SCI with parity generation and more flexible baud rate generator) and an enhanced SPI (additional 
baud rates and selectable bit shifting order) and four pulse width modulation (PWM) timers. 
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Table 5 PSD4XX and PSD5XX Derivatives 

WSI Bus Width Inputs Product Registered EPROM 
Part Number (Bits) Terms Macrocells Density 

PSD401A1 x8orx16 37 113 8 32K x 8 or 16K x 16 

PSD411A1 x8 37 113 8 32K x 8 

PSD402A1 x 8 orx 16 37 113 8 64K x 8 or 32K x 16 

PSD412A1 x8 37 113 8 64K x 8 

PSD403A1 x 8 orx 16 37 113 8 128K x 8 or 64K x 16 

PSD413A1 x8 37 113 8 128K x 8 

PSD401A2 x 8 or x 16 59 126 24 32K x 8 or 64K x 16 

PSD411A2 x8 59 126 24 32Kx8 

PSD402A2 x 8 orx 16 59 126 24 64K x 8 or 32K x 16 

PSD412A2 x8 59 126 24 64Kx8 

PSD403A2 x 8 orx 16 59 126 24 128K x 8 or 64K x 16 

PSD413A2 x8 59 126 24 128K x8 

PSD501B1 x 8 or x 16 61 140 30 32K x 8 or 16K x 16 

PSD511B1 x8 61 140 30 32Kx8 

PSD502B1 x 8 orx 16 61 140 30 64K x 8 or 32K x 16 

PSD512B1 x8 61 140 30 64K x 8 

PSD503B1 x80rx 16 61 140 30 128K x 8 or 64K x 16 

PSD513B1 x8 61 140 30 128Kx 8 

PSD4XX and PSD5XX devices have SRAM that can be configured as 2K x 8 or 1 K x 16, 40 I/O pins, and 
a power management unit (PMU). PSD5XX devices have a peripheral unit consisting of four 16-bit counters/ 
timers, a watchdog timer, an eight-level interrupt controller, and programmable logic for memory mapping. 
All PSDs are available with access speeds of 90, 120, 150, or 200 nanoseconds. 

NOTE: This Motorola document is also known as Application Note 044 at WSI, Inc. 
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