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Implementing the HAPI Interface

Introduction
The USB specification offers a highly versatile, inexpensive,
and widely accepted standard for interfacing an external pe-
ripheral to a USB host (PC, Mac, embedded host, etc.). The
communication between the USB host and the USB micro-
controller is governed by the rules defined in the USB speci-
fication. However, the back end transfer of data between the
USB microcontroller and the peripheral device can be through
any serial or parallel link. 

HAPI (Hardware Assisted Parallel Interface), is a parallel in-
terface that simplifies the parallel transfer of data at the back
end. The HAPI engine interprets and generates the neces-
sary control and handshake signals between a Cypress USB
microcontroller and the external interface which sources or
sinks data. The advantage of using the HAPI engine is that
since there is less firmware overhead for the USB microcon-
troller, the transfer throughput is improved.

HAPI functionality is offered in the CY7C64013, CY7C64113,
CY7C66013, and CY7C66113 Cypress full-speed USB mi-
crocontrollers. These microcontollers are RISC based pro-
cessors using Cypress optimized CPU core. They are cost-
effective solutions for USB applications with medium through-
put requirements. HAPI interface can sustain transfer rates of
up to 1 MB/s. The actual transfer rate in each implementation
will depend on what additional functions the Cypress USB
microcontroller is to perform, in addition to reading from or
writing to the HAPI interface. 

It should be noted that if the HAPI interface is intended to be
used at a data rate towards the high end of its specified band-
width, the throughput bottleneck will be the USB FIFO size
and not the HAPI interface. The Cypress USB microcontollers
that support HAPI offer a total aggregate FIFO size of 80
bytes for data endpoints. Therefore, interrupt and isochro-
nous transfers are limited to a maximum of 80 Kbytes/s. For
bulk and control transfers the actual throughput is unpredict-
able and higher or lower throughputs may be achievable
based on the available bus bandwidth. If a full-speed USB
microcontroller with higher throughputs is required, an EZ-
USB (AN21xx family) or an EZ-USB FX (CY7C646xx) part
should be considered.

Table 1 offers a selector guide as to which Cypress USB mi-
crocontrollers with HAPI engine is most suitable for your ap-
plication.

Table 1. USB Microcontollers Supporting HAPI

Hub 
Requirement

I/O Pin Requirement 
(including HAPI)

Recommended 
USB Controller

Hub function re-
quired

 39 pins or less CY7C66113

 29 pins or less CY7C66013

Hub function not 
required

36 pins or less CY7C64113

19 pins or less CY7C64013
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HAPI Functional Overview

The HAPI function is enabled by initializing the least signifi-
cant 2 bits of the HAPI/I2C Configuration Register (0x09) to a
non-zero value. These bits are cleared after a chip reset (a
power-on reset or a watchdog reset) which means that the
HAPI function is disabled and the I/O ports are not controlled
by the HAPI engine. The HAPI engine can transfer 1, 2, or 3
bytes of data in a single HAPI read/write cycle. Table 2 shows
the required settings for the HAPI/I2C Configuration Register
(0x09) to achieve single or multi-byte data transfers.

The following instructions show an example of how to initialize
the HAPI interface for 16 bit transfers:

mov a, 2

iowr 09h

When a port(s) is initialized to be under HAPI control, the
output drivers for that port will be in CMOS output mode, re-
gardless of the output configuration settings of the GPIO Con-
figuration Register (0x08). 

Bits 2, 3, 4, and 5 of the HAPI/I2C Configuration Register are
also associated with the HAPI logic. Bits 4 and 5 select the
active logic level of the Latch Empty and Data Ready bits. A
setting of 0 for the LEMPTY Polarity bit causes the Latch
Empty bit (bit 3) to be LOW if the data latch is empty. A setting
of 1 for the LEMPTY Polarity bit causes the Latch Empty bit
to be HIGH if the data latch is empty. As we will see later on
in this application note, the Latch Empty status bit is used in
conjunction with a HAPI write operation. 

Similarly, a setting of 0 for the DRDY Polarity bit causes the
Data Ready bit to be LOW if new data is loaded by an external
device to the data ports that are under HAPI control. The Data
Ready status bit is associated with HAPI read operations. A
setting of 1 for the DRDY Polarity bit causes the Data Ready
bit to be active HIGH. 

If the HAPI interface is configured to read or write multiple
bytes in a single cycle (see Table 2), Port 0 must be the last
port that the data is written to or read from by the Cypress
microcontroller. A read or write operation on Port 0 is what

causes an update to the Latch Empty bit or the Data Ready
bit of the HAPI/I2C Configuration Register. 

The major advantage of using the HAPI interface is that the
HAPI engine automatically interprets the control signals and
generates the handshake signals to the back end interface.
HAPI control and handshake signals are provided on Port 2.
Bits [6:2] of Port 2 are used for the HAPI interface. Similar to
the HAPI data ports, Port 2 HAPI pins are in CMOS output
mode or open drain input mode when HAPI is active. 

Following is the description of control and handshake pins on
Port 2:

P2[2] - Latch Empty Pin: 

This is an output handshake pin and it is used in a HAPI write
cycle. When active, this pin indicates to the external interface
that the USB controller has processed the last data that was
loaded in the HAPI buffers (HAPI port buffers are selected as
per Table 2) and the HAPI engine is ready to receive more
data from the back end interface. This event is an indication
to the external interface to load more data into the HAPI FIFO.
The active state of the Latch Empty pin is selected by the
LEMPTY Polarity bit of the HAPI/I2C Configuration Register.
A setting of 0 selects an active HIGH state for the Latch Emp-
ty pin, a setting of 0 selects an active LOW state. Note that
the Latch Empty pin on Port 2 and the Latch Empty bit of the
HAPI/I2C Configuration Register have opposite active states. 

P2[3] - Data Ready Pin: 

This is an output handshake pin and is used in a HAPI read
cycle. When active, this pin indicates to the external interface
that the USB microcontroller has just loaded new data into
HAPI buffers (HAPI port buffers are selected as per Table 2).
This event is a signal to the external device to perform a read
of the HAPI FIFO. The active state of the Data Ready pin is
selected by the DREADY Polarity bit of the HAPI/I2C Config-
uration Register. A setting of 0 selects an active HIGH state
for the Data Ready pin, a setting of 0 selects an active LOW
state. Note that the Data Ready pin on Port 2 and the Data
Ready bit of the HAPI/I2C Configuration Register have oppo-
site active states. 

P2[4] - STB (Strobe): 

This is an active LOW input control pin. It is used in HAPI write
cycles. A HIGH to LOW transition on this pin—provided that
CS input is active—will latch the data present on the HAPI
data ports into the HAPI buffer. When STB returns back
HIGH, the HAPI engine sends a signal to the interrupt con-
troller block and a HAPI interrupt is generated. 

P2[5] - OE (Output Enable):

This is an active LOW input control pin. It is used in HAPI read
cycles. A HIGH to LOW transition on this pin—provided that
CS input is active—will load the data in the HAPI FIFO out to
the port pins. When OE returns back HIGH, the HAPI engine

7 6 5 4 3 2 1 0

R/W R/W R/W R R R/W R/W

I2C Position Reserved LEMPTY 
Polarity

DRDY
 Polarity

Latch Empty Data Ready HAPI Port 
Width Bit 1

HAPI Port 
Width Bit 0

Figure 1. HAPI/I2C Configuration Register 0x09 (Read/Write)

Table 2. HAPI Port Configuration 

Port Width 
Bits[1:0] HAPI Port Width

11 24 bit transfer: P3[7:0], P1[7:0], P0[7:0]

10 16 bit transfer: P1[7:0], P0[7:0]

01 8 bit transfer: P0[7:0]

00 HAPI disabled
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sends a signal to the interrupt controller block and a HAPI
interrupt is generated. 

P2[6] - CS (Chip Select): 

This is an active LOW input which gates both OE and STB
inputs.

Table 3 provides a summary of HAPI port and bit definitions.

Figure  is a hardware block diagram of the HAPI interface. If
HAPI is enabled, all the port bits associated with HAPI oper-
ation are now accessed by the HAPI engine. Non HAPI port
bits of Port 2 are unaffected.

Figure 2. HAPI Block Diagram

Table 3. Port 2 Pin and HAPI Configuration Bit Definitions

Pin Name Direction Description (Port 2 Pin)

P2[2] LatEmptyPin Out Ready for more input data from external interface

P2[3] DReadyPin Out Output data ready for external interface

P2[4] STB In Strobe signal for latching incoming data

P2[5] OE In Output Enable, causes chip to output data

P2[6] CS In Chip Select (Gates STB and OE)

Bit Name R/W Description (HAPI/I2C Configuration Register)

2 Data Ready R Asserted after firmware writes data to Port 0, until OE driven LOW.

3 Latch Empty R Asserted after firmware reads data from Port 0, until STB driven LOW.

4 DRDY Polarity R/W Determines polarity of Data Ready bit and DReadyPin:
If 0, Data Ready is active LOW, DReadyPin is active HIGH.
If 1, Data Ready is active HIGH, DReadyPin is active LOW.

5 LEMPTY Polarity R/W Determines polarity of Latch Empty bit and LatEmptyPin:
If 0, Latch Empty is active LOW, LatEmptyPin is active HIGH.
If 1, Latch Empty is active HIGH, LatEmptyPin is active LOW.

P2[4] :Strobe

P0[0]

P0[7]

P1[0]

P1[7]

P3[0]

P3[7]

P2[2] :LatchEmpty
P2[3] :DataReady

P2[4] :OutputEnbl
P2[6] :ChipSelect

Port 0 - Data Port

Port 1 - Optional
Data Port

Port 3 - Optional
Data Port

Port 2 - Control Port

HAPI
Engine

Data Bus

Bits 0 and 1 of HAPI/
I2C Config Register

to Interrupt
Controller
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HAPI Read by an External Interface
Firmware writes the data to the General Purpose I/O (GPIO)
ports. If 2 or 3 byte transfer is desired, Port 0 must be written
last, since a write to Port 0 causes the Data Ready pin to go
active which signals to the external device that data is avail-
able. The external device then drives the OE and CS pins
active (LOW) which causes the HAPI data to be output to the
port pins. 

After the external device reads the HAPI data, it will return the
OE pin inactive (HIGH). This will generate a HAPI interrupt in
the USB microcontroller. If there is more data to be trans-
ferred, the firmware should load it into the HAPI ports. The act
of writing the data to Port 0 causes the Data Ready pin to go
active and the process repeats. 

Note that the Data Ready pin (P2[3]) and Data Ready bit (bit
2 of the HAPI/I2C Configuration Register) have opposite ac-
tive states. Figure 3 shows the timing diagram for a HAPI read
cycle. 

HAPI Write to an External Interface
The external interface drives STB and CS pins active (LOW)
and drives the data to the HAPI ports. This causes the Latch
Empty pin to go inactive since the HAPI latch is now full. 

The external device should then return the STB pin HIGH.
This would generate a HAPI interrupt in the USB microcon-
troller. At this time the firmware should read the data latched
into the HAPI port(s) and process it based on the application
requirement. 

If a 2 or a 3 byte transfer is desired, Port 0 must be the last
port that is read by firmware, since a read from Port 0 causes

the Latch Empty pin to go active. This would signal to the
external device to load the new data into the HAPI latch if
there is more data to transfer.

Note that the Latch Empty pin (P2[2]) and Latch Empty bit (bit
3 of the HAPI/I2C Configuration Register) have opposite ac-
tive states. Figure 4 shows the timing diagram for a HAPI write
cycle. 

Bidirectional HAPI Transfer To/From an 
External Interface
The sequence of events for a bidirectional HAPI interface is
essentially a combination of a HAPI write and a HAPI read
transfer sequence. The only additional issue is that when the
HAPI interrupt is generated, the firmware must correctly iden-
tify which type of transfer caused the interrupt. The Data
Ready signal returns to its inactive state by the time the HAPI
interrupt is generated. The firmware should therefore exam-
ine the state of the Latch Empty signal; either from the HA-
PI/I2C Configuration Register or off Port 2. If the Latch Empty
signal is active, a HAPI write by an external device must have
generated the interrupt. If the Latch Empty signal is active, a
HAPI read by an external device must have generated the
interrupt. 

GPIO and HAPI Interrupt Sharing
GPIO and HAPI interrupts share the same interrupt and only
one can be enabled at a time. Therefore, anytime that the
HAPI function is enabled, the GPIO interrupts will be dis-
abled.

Figure 3. HAPI Read by External Interface from USB Microcontroller
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Revision :  October 2, 2000

Figure 4. HAPI Write by External Device to USB Microcontroller
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Sample Code - HAPI Read
Following is a firmware example of how to implement the
HAPI interface to transfer data between any two Cypress
USB controllers that support HAPI. This sample application
contains two modules. The “m_read.lst” module is the code

that should be running on the HAPI master. The HAPI mas-
ter is the external device that generates the STB, OE, and
CS control signals. The “s_read.lst” module is the code that
should be running on the HAPI slave. This sample applica-
tion utilizes a one byte HAPI transfer mode.

1
2 0000            ;******************************************************
3 0000            ;
4 0000            ; File: m_read.asm
5 0000            ; Description: HAPI Read code - master CPU.
6 0000            ;
7 0000            ; Hardware setup:
8 0000            ;
9 0000            ;           Master                         Slave
10 0000            ;        -------------                  --------------
11 0000            ;                    |                  |
12 0000            ;               P0.7 |<---------------->| P0.7
13 0000            ;               P0.6 |<---------------->| P0.6
14 0000            ;               P0.5 |<---------------->| P0.5
15 0000            ;               P0.4 |<----data bus---->| P0.4
16 0000            ;               P0.3 |<---------------->| P0.3
17 0000            ;               P0.2 |<---------------->| P0.2
18 0000            ;               P0.1 |<---------------->| P0.1
19 0000            ;               P0.0 |<---------------->| P0.0
20 0000            ;                    |                  | 
21 0000            ;                    |                  |
22 0000            ;               P3.1 |-/CS------------->| P2.6
23 0000            ;               P3.0 |-/OE------------->| P2.5
24 0000            ;               P1.1 |<-----latch empty-| P2.2
25 0000            ;               P1.0 |<------data ready-| P2.3
26 0000            ;               P3.2 |-/STB------------>| P2.4
27 0000            ;                    |                  |
28 0000            ;                    |                  | 
29 0000            ;                    |                  |
30 0000            ;        -------------                  --------------
31 0000            ;
32 0000            ; HAPI Read Hints:
33 0000            ;
34 0000            ; The slave will write to data ports (eg, port0 for 1 byte HAPI xfer). The data will 
not appear on the common bus to which data ports are attached until both
35 0000            ; /cs and /oe go active (low). As soon as data is written to port0, DRDY signal (either 
port or bit in reg 09h) will go active. When /oe is brought low by 
36 0000            ; the master, DRDY pin goes inactive and data appears on the HAPI data ports. Note that 
when HAPI is enabled in a device, the slave can not write to port 2
37 0000            ; bits under HAPI control. Only master can write to port 2. Also, if the Monitor program 
is used to check the state of registers, the reading of data ports
38 0000            ; on the slave is done at some internal stage of the port and NOT at external interface. 
For that reason, writes to HAPI data ports can only be verified 
39 0000            ; by reading the HAPI data regs at the master side and not on the slave 3652.
40 0000            ;
41 0000            ;****************************************************** 
42 0000            
43 0000            ;**************** assembler directives ***************** 
44 0000            
45 0000                    CPU     66013
46 0000            
47 0000                    XPAGEON
48 0000            
49 0000            ;constant definitions
50 0000            count:                  equ     6               
51 0000            data_ready_pin_ack:     equ     00000001B       ; P1[0]
52 0000            latch_empty_pin_ack:    equ     00000010B       ; P1[1]
53 0000            stb:                    equ     04h             ; P3[2]
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54 0000            oe:                     equ     01h             ; P3[0]
55 0000            cs:                     equ     02h             ; P3[1]
56 0000            
57 0000            PORT3_RESISTIVE:        equ     11B
58 0000            PORT2_RESISTIVE:        equ     11B
59 0000            PORT1_RESISTIVE:        equ     11B
60 0000            PORT0_RESISTIVE:        equ     11B
61 0000            
62 0000            ;***** data memory variables
63 0000            counter:                equ     23h
64 0000            
65 0000            ; 30h to 35h RAM locations are used for the received (read) data
66 0000            hapi_read_buffer_base:  equ     30h
67 0000            
68 0000            ;***** port definitions
69 0000            data_port0:             equ     0
70 0000            data_port1:             equ     1
71 0000            data_port2:             equ     2
72 0000            data_port3:             equ     3
73 0000            hapi_control:           equ     3
74 0000            hapi_status:            equ     1
75 0000            port0_int:              equ     4
76 0000            port1_int:              equ     5
77 0000            port2_int:              equ     6
78 0000            port3_int:              equ     7
79 0000            i2c_config:             equ     9
80 0000            gpioconfig:             equ     8
81 0000            global_int:             equ     20h
82 0000            endpoint_int:           equ     21h
83 0000            watchdog:               equ     26h
84 0000            
85 0000            ;*************** interrupt vector table ****************
86 0000            
87 0000            ORG     00h                     
88 0000            
89 0000 80 1B [05] jmp     reset                           ; reset vector          
90 0002            
91 0002 80 1A [05] jmp     error                           ; bus reset interrupt
92 0004            
93 0004 80 1A [05] jmp     error                           ; 128us interrupt
94 0006            
95 0006 80 1A [05] jmp     error                           ; 1024ms interrupt
96 0008            
97 0008 80 1A [05] jmp     error                           ; endpoint 0 interrupt
98 000A            
99 000A 80 1A [05] jmp     error                           ; endpoint 1 interrupt
100 000C            
101 000C 80 1A [05] jmp     error                           ; endpoint 2 interrupt
102 000E            
103 000E 80 1A [05] jmp     error                           ; endpoint 3 interrupt
104 0010            
105 0010 80 1A [05] jmp     error                           ; endpoint 4 interrupt
106 0012            
107 0012 80 1A [05] jmp     error                           ; hub interrupt vector
108 0014            
109 0014 80 1A [05] jmp     error                           ; DAC interrupt vector
110 0016            
111 0016 80 1A [05] jmp     error                           ; GPI0 interrupt 
112 0018            
113 0018 80 1A [05] jmp     error                           ; I2C interrupt vector
114 001A            
115 001A            ;************** program listing ************************
116 001A            
117 001A            ORG  1Ah
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118 001A            
119 001A 00    [08] error: halt
120 001B            
121 001B            ;*******************************************************
122 001B            ;
123 001B            ;       Interrupt handler: reset
124 001B            ;       Purpose: The program jumps to this routine when
125 001B            ;                the microcontroller has a power on reset.
126 001B            ;
127 001B            ;*******************************************************
128 001B            
129 001B            reset:
130 001B 19 20 [04]         mov A, 20h
131 001D 30    [05]         swap A, dsp                     ; sets data memory stack pointer
132 001E            
133 001E 2A 26 [05]         iowr    watchdog        
134 0020 19 00 [04]         mov     A, 00h
135 0022 2A 04 [05]         iowr    port0_int 
136 0024 2A 05 [05]         iowr    port1_int
137 0026 2A 06 [05]         iowr    port2_int
138 0028 2A 07 [05]         iowr    port3_int
139 002A                    
140 002A 19 FF [04]         mov     A, ffh
141 002C 2A 00 [05]         iowr    data_port0
142 002E 2A 01 [05]         iowr    data_port1
143 0030 2A 02 [05]         iowr    data_port2
144 0032 2A 03 [05]         iowr    data_port3
145 0034            
146 0034 19 00 [04]         mov     a, 0                    ; hapi not enabled on master
147 0036 2A 09 [05]         iowr    i2c_config
148 0038            
149 0038 19 03 [04]         mov     A, (PORT3_RESISTIVE | PORT2_RESISTIVE | PORT1_RESISTIVE | 
PORT0_RESISTIVE);
150 003A 2A 08 [05]         iowr    gpioconfig              ; set GPIOs to resistive mode. HAPI bits will 
default to CMOS mode
151 003C            
152 003C 19 00 [04]         mov     A, 0
153 003E 2A 20 [05]         iowr    global_int              ; no interrupts enabled on master
154 0040 19 00 [04]         mov     A, 00h
155 0042 2A 21 [05]         iowr    endpoint_int
156 0044 70    [08]         di
157 0045            
158 0045            ; initialize read buffer
159 0045 19 00 [04]         mov     a, 0                  ; clear the read buffer
160 0047 31 30 [05]         mov     [hapi_read_buffer_base], a
161 0049 31 31 [05]         mov     [hapi_read_buffer_base+1], a
162 004B 31 32 [05]         mov     [hapi_read_buffer_base+2], a
163 004D 31 33 [05]         mov     [hapi_read_buffer_base+3], a    
164 004F 31 34 [05]         mov     [hapi_read_buffer_base+4], a
165 0051 31 35 [05]         mov     [hapi_read_buffer_base+5], a
166 0053            
167 0053            read_loop:
168 0053 1C 30 [04]         mov     x, hapi_read_buffer_base        ; counter and write table initialization
169 0055 19 06 [04]         mov     a, count
170 0057 31 23 [05]         mov     [counter], a
171 0059            
172 0059            wait_for_ack_read:
173 0059            ; The master will wait until the salve drives the Data Ready signal. Once data is ready 
to be read, master drives
174 0059            ; /cs and /oe active.
175 0059            
176 0059 2A 26 [05]         iowr    watchdog
177 005B 29 01 [05]         iord    hapi_status
178 005D 10 01 [04]         and     a, data_ready_pin_ack
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179 005F B0 59 [05]         jnz     wait_for_ack_read       ; DataReady Polarity is set in slave, hence 
DRDY pin is active LOW.
180 0061            
181 0061            hapi_read:
182 0061 19 FC [04]         mov     a, ~(oe | cs )
183 0063 2A 03 [05]         iowr    hapi_control            ; drive /cs and /oe active 
184 0065            
185 0065 29 00 [05]         iord    data_port0
186 0067 32 00 [06]         mov     [x], a
187 0069            
188 0069 19 03 [04]         mov     a, cs | oe 
189 006B 2A 03 [05]         iowr    hapi_control            ; drive /cs and /oe inactive to generate a 
interrupt at the salve 66013 
190 006D            
191 006D 22    [04]         inc     x
192 006E 27 23 [07]         dec     [counter]
193 0070 A0 74 [05]         jz      finished                ; we are done with hapi read
194 0072 80 59 [05]         jmp     wait_for_ack_read       ; repeat until the entire buffer is read back 
from the slave
195 0074            
196 0074            ; we are done
197 0074            finished:
198 0074 00    [08]         halt
199
1 0000            ;******************************************************
2 0000            ;
3 0000            ;       File: s_read.asm
4 0000            ;       Description: HAPI Read code - slave CPU.
5 0000            ;
6 0000            ;           Master                         Slave
7 0000            ;        -------------                  --------------
8 0000            ;                    |                  |
9 0000            ;               P0.7 |<---------------->| P0.7
10 0000            ;               P0.6 |<---------------->| P0.6
11 0000            ;               P0.5 |<---------------->| P0.5
12 0000            ;               P0.4 |<----data bus---->| P0.4
13 0000            ;               P0.3 |<---------------->| P0.3
14 0000            ;               P0.2 |<---------------->| P0.2
15 0000            ;               P0.1 |<---------------->| P0.1
16 0000            ;               P0.0 |<---------------->| P0.0
17 0000            ;                    |                  | 
18 0000            ;                    |                  |
19 0000            ;               P3.1 |-CS-------------->| P2.6
20 0000            ;               P3.0 |-OE-------------->| P2.5
21 0000            ;               P1.1 |<-----latch empty-| P2.2
22 0000            ;               P1.0 |<------data ready-| P2.3
23 0000            ;               P3.2 |-STB------------->| P2.4
24 0000            ;                    |                  |
25 0000            ;                    |                  | 
26 0000            ;                    |                  |
27 0000            ;        -------------                  --------------
28 0000            ;
29 0000            ;****************************************************** 
30 0000            
31 0000            ;**************** assembler directives ***************** 
32 0000            
33 0000                    CPU     65013
34 0000            
35 0000                    XPAGEON
36 0000            
37 0000            ;constant definitions
38 0000            hapi_port_width:        equ     1
39 0000            count:                  equ     6               
40 0000            drdy_polarity:          equ     00010000B       ; DRDY pin is active LOW
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41 0000            lempty_polarity:        equ     00100000B       ; LEMPTY pin is active LOW
42 0000            drdy_lempty_bits:       equ     00010000B
43 0000            data_ready_pin_ack:     equ     00001000B       ; P2[3]
44 0000            latch_empty_pin_ack:    equ     00000100B       ; P2[2]
45 0000            
46 0000            PORT3_RESISTIVE:        equ     11B
47 0000            PORT2_RESISTIVE:        equ     11B
48 0000            PORT1_RESISTIVE:        equ     11B
49 0000            PORT0_RESISTIVE:        equ     11B
50 0000            HAPI_GPIO_INT_BIT:      equ     20h
51 0000            
52 0000            ;***** data memory variables
53 0000            counter:                equ     21h
54 0000            
55 0000            ; 30h to 35h RAM locations are used for xmit data
56 0000            hapi_read_buffer_base:  equ     30h
57 0000            
58 0000            ;***** port bit definitions
59 0000            data_port0:             equ     0
60 0000            data_port3:             equ     3
61 0000            hapi_control:           equ     2               ; slave, silicon
62 0000            hapi_status:            equ     2               ; slave, silicon
63 0000            port0_int:              equ     4
64 0000            port1_int:              equ     5
65 0000            port2_int:              equ     6
66 0000            port3_int:              equ     7
67 0000            i2c_config:             equ     9
68 0000            gpioconfig:             equ     8
69 0000            global_int:             equ     20h
70 0000            endpoint_int:           equ     21h
71 0000            watchdog:               equ     26h
72 0000            
73 0000            ;*************** interrupt vector table ****************
74 0000            
75 0000            ORG     00h                     
76 0000            
77 0000 80 1B [05] jmp     reset                                   ; reset vector          
78 0002            
79 0002 80 1A [05] jmp     error                                   ; bus reset interrupt
80 0004            
81 0004 80 1A [05] jmp     error                                   ; 128us interrupt
82 0006            
83 0006 80 1A [05] jmp     error                                   ; 1024ms interrupt
84 0008            
85 0008 80 1A [05] jmp     error                                   ; endpoint 0 interrupt
86 000A            
87 000A 80 1A [05] jmp     error                                   ; endpoint 1 interrupt
88 000C            
89 000C 80 1A [05] jmp     error                                   ; endpoint 2 interrupt
90 000E            
91 000E 80 1A [05] jmp     error                                   ; endpoint 3 interrupt
92 0010            
93 0010 80 1A [05] jmp     error                                   ; endpoint 4 interrupt
94 0012            
95 0012 80 1A [05] jmp     error                                   ; hub interrupt vector
96 0014            
97 0014 80 1A [05] jmp     error                                   ; DAC interrupt vector
98 0016            
99 0016 80 66 [05] jmp     hapi_isr                                ; HAPI interrupt 
100 0018            
101 0018 80 1A [05] jmp     error                                   ; I2C interrupt vector
102 001A            
103 001A            ;************** program listing ************************
104 001A            
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105 001A            ORG  1Ah
106 001A            
107 001A 00    [08] error: halt
108 001B            
109 001B            ;*******************************************************
110 001B            ;
111 001B            ;       Interrupt handler: reset
112 001B            ;       Purpose: The program jumps to this routine when
113 001B            ;                the microcontroller has a power on reset.
114 001B            ;
115 001B            ;*******************************************************
116 001B            
117 001B            reset:
118 001B 19 20 [04]         mov A, 20h
119 001D 30    [05]         swap A, dsp                             ; sets data memory stack pointer
120 001E            
121 001E 2A 26 [05]         iowr    watchdog        
122 0020 19 00 [04]         mov     A, 00h
123 0022 2A 04 [05]         iowr    port0_int 
124 0024 2A 05 [05]         iowr    port1_int
125 0026 2A 06 [05]         iowr    port2_int
126 0028 2A 07 [05]         iowr    port3_int
127 002A                    
128 002A 19 FF [04]         mov     A, FFh
129 002C 2A 00 [05]         iowr    data_port0
130 002E 19 31 [04]         mov     a, drdy_polarity | lempty_polarity | hapi_port_width    
131 0030 2A 09 [05]         iowr    i2c_config                      ; hapi enabled on slave
132 0032 19 06 [04]         mov     a, count
133 0034 31 21 [05]         mov     [counter], a                    ; initialize counter
134 0036            
135 0036 19 00 [04]         mov     a, 00h                          ; initialize the read buffer to 0, 1, 
2, 3, 4, and 5.
136 0038 31 30 [05]         mov     [hapi_read_buffer_base], a
137 003A 01 01 [04]         add     a, 1h
138 003C 31 31 [05]         mov     [hapi_read_buffer_base+1], a
139 003E 01 01 [04]         add     a, 1h
140 0040 31 32 [05]         mov     [hapi_read_buffer_base+2], a
141 0042 01 01 [04]         add     a, 1h
142 0044 31 33 [05]         mov     [hapi_read_buffer_base+3], a
143 0046 01 01 [04]         add     a, 1h
144 0048 31 34 [05]         mov     [hapi_read_buffer_base+4], a
145 004A 01 01 [04]         add     a, 1h
146 004C 31 35 [05]         mov     [hapi_read_buffer_base+5], a
147 004E            
148 004E 1C 30 [04]         mov     x, hapi_read_buffer_base
149 0050 19 03 [04]         mov     A, (PORT3_RESISTIVE | PORT2_RESISTIVE | PORT1_RESISTIVE | 
PORT0_RESISTIVE);
150 0052 2A 08 [05]         iowr    gpioconfig                      ; set GPIOs to resistive mode. HAPI 
bits will default to CMOS mode.
151 0054            
152 0054 19 20 [04]         mov     A, HAPI_GPIO_INT_BIT
153 0056 2A 20 [05]         iowr    global_int                      ; Only enable the HAPI interrupt
154 0058 19 00 [04]         mov     A, 00h
155 005A 2A 21 [05]         iowr    endpoint_int
156 005C 72    [08]         ei
157 005D            
158 005D            ; initiate hapi read. In this sample app, the slave initiates the transfer. This drives 
the Data Ready pin active and the master begins the HAPI read cycle.
159 005D            ; In a more realistic situation, the slave would look for a flag from master before 
initiating the HAPI read sequence. 
160 005D            
161 005D 1A 30 [06]         mov     a, [hapi_read_buffer_base]
162 005F 2A 00 [05]         iowr    data_port0
163 0061 22    [04]         inc     x       
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164 0062            
165 0062            main:
166 0062 2A 26 [05]         iowr    watchdog
167 0064 80 62 [05]         jmp     main                            ; Main loop just waits for the HAPI 
interrupt
168 0066            
169 0066            hapi_isr:
170 0066 29 02 [05]         iord    hapi_control
171 0068 10 08 [04]         and     a, data_ready_pin_ack           ; since polarity bit is '1', the DRDY 
pin must be LOW before the next slave write to port 0 buffer.
172 006A A0 71 [05]         jz      end_hapi_isr
173 006C            
174 006C 1B 00 [07]         mov     a, [x+0]
175 006E 2A 00 [05]         iowr    data_port0                      ; load data to port 0
176 0070 22    [04]         inc     x                               ; increment the table pointer
177 0071                    
178 0071            end_hapi_isr:
179 0071 73    [08]         reti
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Sample Code - HAPI Write
Following is a firmware example of how to implement the
HAPI interface to transfer data between any two Cypress
USB controllers that support HAPI. This sample application
contains two modules. The “m_write.lst” module is the code

that should be running on the HAPI master. The HAPI mas-
ter is the external device that generates the STB, OE, and
CS control signals. The “s_write.lst” module is the code that
should be running on the HAPI slave. 

1
2 0000            ;******************************************************
3 0000            ;
4 0000            ; File: m_write.asm
5 0000            ; Description: HAPI Write code - master CPU.
6 0000            ;
7 0000            ; Hardware setup:
8 0000            ;
9 0000            ;           Master                         Slave
10 0000            ;        -------------                  --------------
11 0000            ;                    |                  |
12 0000            ;               P0.7 |<---------------->| P0.7
13 0000            ;               P0.6 |<---------------->| P0.6
14 0000            ;               P0.5 |<---------------->| P0.5
15 0000            ;               P0.4 |<----data bus---->| P0.4
16 0000            ;               P0.3 |<---------------->| P0.3
17 0000            ;               P0.2 |<---------------->| P0.2
18 0000            ;               P0.1 |<---------------->| P0.1
19 0000            ;               P0.0 |<---------------->| P0.0
20 0000            ;                    |                  | 
21 0000            ;                    |                  |
22 0000            ;               P3.1 |-/CS------------->| P2.6
23 0000            ;               P3.0 |-/OE------------->| P2.5
24 0000            ;               P1.1 |<-----latch empty-| P2.2
25 0000            ;               P1.0 |<------data ready-| P2.3
26 0000            ;               P3.2 |-/STB------------>| P2.4
27 0000            ;                    |                  |
28 0000            ;                    |                  | 
29 0000            ;                    |                  |
30 0000            ;        -------------                  --------------
31 0000            ;
32 0000            ;****************************************************** 
33 0000            
34 0000            ;**************** assembler directives ***************** 
35 0000            
36 0000                    CPU     66013
37 0000            
38 0000                    XPAGEON
39 0000            
40 0000            ;consatnt definitions
41 0000            count:                  equ     6               
42 0000            hapi_port_width:        equ     01
43 0000            data_ready_pin_ack:     equ     00000001B       ; P1[0]
44 0000            latch_empty_pin_ack:    equ     00000010B       ; P1[1]
45 0000            stb:                    equ     04h             ; P3[2]
46 0000            oe:                     equ     01h             ; P3[0]
47 0000            cs:                     equ     02h             ; P3[1]
48 0000            
49 0000            PORT3_RESISTIVE:        equ     11B
50 0000            PORT2_RESISTIVE:        equ     11B
51 0000            PORT1_RESISTIVE:        equ     11B
52 0000            PORT0_RESISTIVE:        equ     11B
53 0000            
54 0000            ;***** data memory variables
55 0000            counter:                equ     23h
56 0000            
57 0000            ; 30h to 35h RAM locations are used for xmit data
58 0000            hapi_write_buffer_base: equ     30h
59 0000            
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60 0000            ;***** port bit definitions
61 0000            data_port0:             equ     0
62 0000            data_port1:             equ     1
63 0000            data_port2:             equ     2
64 0000            data_port3:             equ     3
65 0000            hapi_control:           equ     3
66 0000            hapi_status:            equ     1
67 0000            port0_int:              equ     4
68 0000            port1_int:              equ     5
69 0000            port2_int:              equ     6
70 0000            port3_int:              equ     7
71 0000            i2c_config:             equ     9
72 0000            gpioconfig:             equ     8
73 0000            global_int:             equ     20h
74 0000            endpoint_int:           equ     21h
75 0000            watchdog:               equ     26h
76 0000            
77 0000            ;*************** interrupt vector table ****************
78 0000            
79 0000            ORG     00h                     
80 0000            
81 0000 80 1B [05] jmp     reset                           ; reset vector          
82 0002            
83 0002 80 1A [05] jmp     error                           ; bus reset interrupt
84 0004            
85 0004 80 1A [05] jmp     error                           ; 128us interrupt
86 0006            
87 0006 80 1A [05] jmp     error                           ; 1024ms interrupt
88 0008            
89 0008 80 1A [05] jmp     error                           ; endpoint 0 interrupt
90 000A            
91 000A 80 1A [05] jmp     error                           ; endpoint 1 interrupt
92 000C            
93 000C 80 1A [05] jmp     error                           ; endpoint 2 interrupt
94 000E            
95 000E 80 1A [05] jmp     error                           ; endpoint 3 interrupt
96 0010            
97 0010 80 1A [05] jmp     error                           ; endpoint 4 interrupt
98 0012            
99 0012 80 1A [05] jmp     error                           ; hub interrupt vector
100 0014            
101 0014 80 1A [05] jmp     error                           ; DAC interrupt vector
102 0016            
103 0016 80 1A [05] jmp     error                           ; GPI0 interrupt 
104 0018            
105 0018 80 1A [05] jmp     error                           ; I2C interrupt vector
106 001A            
107 001A            ;************** program listing ************************
108 001A            
109 001A            ORG  1Ah
110 001A            
111 001A 00    [08] error: halt
112 001B            
113 001B            ;*******************************************************
114 001B            ;
115 001B            ;       Interrupt handler: reset
116 001B            ;       Purpose: The program jumps to this routine when
117 001B            ;                the microcontroller has a power on reset.
118 001B            ;
119 001B            ;*******************************************************
120 001B            
121 001B            reset:
122 001B 19 20 [04]         mov A, 20h
123 001D 30    [05]         swap A, dsp                     ; sets data memory stack pointer
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124 001E            
125 001E 2A 26 [05]         iowr    watchdog        
126 0020 19 00 [04]         mov     A, 00h
127 0022 2A 04 [05]         iowr    port0_int 
128 0024 2A 05 [05]         iowr    port1_int
129 0026 2A 06 [05]         iowr    port2_int
130 0028 2A 07 [05]         iowr    port3_int
131 002A                    
132 002A 19 00 [04]         mov     a, 0                    ; hapi not enabled on master
133 002C 2A 09 [05]         iowr    i2c_config
134 002E            
135 002E 19 03 [04]         mov     A, (PORT3_RESISTIVE | PORT2_RESISTIVE | PORT1_RESISTIVE | 
PORT0_RESISTIVE);
136 0030 2A 08 [05]         iowr    gpioconfig              ; initialize GPIO config register. The HAPI 
data and control pins will be in CMOS OUT mode
137 0032            
138 0032 19 00 [04]         mov     A, 0                    ; disable all interrupts on master
139 0034 2A 20 [05]         iowr    global_int
140 0036 19 00 [04]         mov     A, 00h
141 0038 2A 21 [05]         iowr    endpoint_int
142 003A 70    [08]         di
143 003B            
144 003B            ; initialize write buffer with 0, 1, 2, 3, 4, and 5.  
145 003B 19 00 [04]         mov     a, 00h                  
146 003D 31 30 [05]         mov     [hapi_write_buffer_base], a
147 003F 01 01 [04]         add     a, 1h
148 0041 31 31 [05]         mov     [hapi_write_buffer_base+1], a
149 0043 01 01 [04]         add     a, 1h
150 0045 31 32 [05]         mov     [hapi_write_buffer_base+2], a
151 0047 01 01 [04]         add     a, 1h
152 0049 31 33 [05]         mov     [hapi_write_buffer_base+3], a
153 004B 01 01 [04]         add     a, 1h
154 004D 31 34 [05]         mov     [hapi_write_buffer_base+4], a
155 004F 01 01 [04]         add     a, 1h
156 0051 31 35 [05]         mov     [hapi_write_buffer_base+5], a
157 0053            
158 0053            write_loop:
159 0053 1C 30 [04]         mov     x, hapi_write_buffer_base       ; counter and table pointer initial-
ization
160 0055 19 06 [04]         mov     a, count
161 0057 31 23 [05]         mov     [counter], a 
162 0059            
163 0059            wait_for_ack_write:
164 0059 2A 26 [05]         iowr    watchdog
165 005B 29 01 [05]         iord    hapi_status
166 005D 10 02 [04]         and     a, latch_empty_pin_ack  ; on the slave side (swrite.asm) lempty_polarity 
bit is set. Therefore Latch Empty pin is active LOW. 
167 005F B0 59 [05]         jnz     wait_for_ack_write      ; wait for latch to be empty before a write 
168 0061            
169 0061            hapi_write:
170 0061 2A 26 [05]         iowr    watchdog
171 0063 1B 00 [07]         mov     a, [x+0]
172 0065 2A 00 [05]         iowr    data_port0              ; write data to port 0
173 0067 22    [04]         inc     x                       ; increment table index
174 0068 27 23 [07]         dec     [counter]               ; decrement counter
175 006A            
176 006A            prepare_control_bits_to_write:
177 006A            
178 006A 29 03 [05]         iord    hapi_control
179 006C 10 F9 [04]         and     a, ~(cs | stb)
180 006E 2A 03 [05]         iowr    hapi_control            ; drive /cs and /stb active
181 0070 29 03 [05]         iord    hapi_control
182 0072 0D 06 [04]         or      a, cs | stb 
183 0074 2A 03 [05]         iowr    hapi_control            ; now drive /cs and /stb inactive to generate 
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a interrupt at the salve 66013
184 0076            
185 0076 1A 23 [06]         mov     a, [counter]            ; check to see if transfer is done
186 0078 16 00 [04]         cmp     a, 0
187 007A A0 7E [05]         jz      finished                ; if done, exit
188 007C 80 59 [05]         jmp     wait_for_ack_write      ; repeat until the entire buffer is xmitted
189 007E            
190 007E            ; we are done
191 007E            finished:
192 007E 00    [08]         halt
193 007F            
194
195
1 0000            ;******************************************************
2 0000            ;
3 0000            ; File: s_write.asm
4 0000            ; Description: HAPI Write code - slave CPU.
5 0000            ;
6 0000            ; Hardware setup:
7 0000            ;
8 0000            ;           Master                         Slave
9 0000            ;        -------------                  --------------
10 0000            ;                    |                  |
11 0000            ;               P0.7 |<---------------->| P0.7
12 0000            ;               P0.6 |<---------------->| P0.6
13 0000            ;               P0.5 |<---------------->| P0.5
14 0000            ;               P0.4 |<----data bus---->| P0.4
15 0000            ;               P0.3 |<---------------->| P0.3
16 0000            ;               P0.2 |<---------------->| P0.2
17 0000            ;               P0.1 |<---------------->| P0.1
18 0000            ;               P0.0 |<---------------->| P0.0
19 0000            ;                    |                  | 
20 0000            ;                    |                  |
21 0000            ;               P3.1 |-/CS------------->| P2.6
22 0000            ;               P3.0 |-/OE------------->| P2.5
23 0000            ;               P1.1 |<-----latch empty-| P2.2
24 0000            ;               P1.0 |<------data ready-| P2.3
25 0000            ;               P3.2 |-/STB------------>| P2.4
26 0000            ;                    |                  |
27 0000            ;                    |                  | 
28 0000            ;                    |                  |
29 0000            ;        -------------                  --------------
30 0000            ;
31 0000            ;****************************************************** 
32 0000            
33 0000            ;**************** assembler directives ***************** 
34 0000            
35 0000                    CPU     66013
36 0000            
37 0000                    XPAGEON
38 0000            
39 0000            ;constant definitions
40 0000            count:                  equ     6               
41 0000            hapi_port_width:        equ     01
42 0000            drdy_polarity:          equ     00010000B
43 0000            lempty_polarity:        equ     00100000B
44 0000            drdy_lempty_bits:       equ     00000000B
45 0000            data_ready_pin_ack:     equ     00001000B       ; P2[3]
46 0000            latch_empty_pin_ack:    equ     00000100B       ; P2[2]
47 0000            latch_empty:            equ     04h
48 0000            data_ready:             equ     08h
49 0000            
50 0000            read:                   equ     01h
51 0000            write:                  equ     02h
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52 0000            ack:                    equ     04h
53 0000            HAPI_GPIO_INT_BIT:      equ     20h
54 0000            PORT3_RESISTIVE:        equ     11B
55 0000            PORT2_RESISTIVE:        equ     11B
56 0000            PORT1_RESISTIVE:        equ     11B
57 0000            PORT0_RESISTIVE:        equ     11B
58 0000            
59 0000            ;***** data memory variables
60 0000            counter:                equ     23h
61 0000            
62 0000            ; 30h to 3Fh RAM locations are used for xmit data
63 0000            hapi_buffer_base:       equ     30h
64 0000            
65 0000            ;***** port bit definitions
66 0000            data_port0:             equ     0
67 0000            data_port1:             equ     1
68 0000            data_port2:             equ     2
69 0000            data_port3:             equ     3
70 0000            hapi_control:           equ     2
71 0000            hapi_status:            equ     2
72 0000            port0_int:              equ     4
73 0000            port1_int:              equ     5
74 0000            port2_int:              equ     6
75 0000            port3_int:              equ     7
76 0000            i2c_config:             equ     9
77 0000            gpioconfig:             equ     8
78 0000            global_int:             equ     20h
79 0000            endpoint_int:           equ     21h
80 0000            watchdog:               equ     26h
81 0000            
82 0000            ;*************** interrupt vector table ****************
83 0000            
84 0000            ORG     00h                     
85 0000            
86 0000 80 1B [05] jmp     reset                           ; reset vector          
87 0002            
88 0002 80 1A [05] jmp     error                           ; bus reset interrupt
89 0004            
90 0004 80 1A [05] jmp     error                           ; 128us interrupt
91 0006            
92 0006 80 1A [05] jmp     error                           ; 1024ms interrupt
93 0008            
94 0008 80 1A [05] jmp     error                           ; endpoint 0 interrupt
95 000A            
96 000A 80 1A [05] jmp     error                           ; endpoint 1 interrupt
97 000C            
98 000C 80 1A [05] jmp     error                           ; endpoint 2 interrupt
99 000E            
100 000E 80 1A [05] jmp     error                           ; endpoint 3 interrupt
101 0010            
102 0010 80 1A [05] jmp     error                           ; endpoint 4 interrupt
103 0012            
104 0012 80 1A [05] jmp     error                           ; hub interrupt vector
105 0014            
106 0014 80 1A [05] jmp     error                           ; DAC interrupt vector
107 0016            
108 0016 80 41 [05] jmp     hapi_isr                        ; HAPI interrupt 
109 0018            
110 0018 80 1A [05] jmp     error                           ; I2C interrupt vector
111 001A            
112 001A            ;************** program listing ************************
113 001A            
114 001A            ORG  1Ah
115 001A            
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116 001A 00    [08] error: halt
117 001B            
118 001B            ;*******************************************************
119 001B            ;
120 001B            ;       Interrupt handler: reset
121 001B            ;       Purpose: The program jumps to this routine when
122 001B            ;                the microcontroller has a power on reset.
123 001B            ;
124 001B            ;*******************************************************
125 001B            
126 001B            reset:
127 001B 19 20 [04]         mov A, 20h
128 001D 30    [05]         swap A, dsp                     ; sets data memory stack pointer
129 001E            
130 001E 2A 26 [05]         iowr    watchdog        
131 0020 19 FF [04]         mov     A, ffh
132 0022 2A 04 [05]         iowr    port0_int 
133 0024 2A 05 [05]         iowr    port1_int
134 0026 2A 06 [05]         iowr    port2_int
135 0028 2A 07 [05]         iowr    port3_int
136 002A                    
137 002A 19 31 [04]         mov     a,drdy_polarity | lempty_polarity | hapi_port_width     
138 002C 2A 09 [05]         iowr    i2c_config              ; hapi enabled on slave
139 002E            
140 002E 19 03 [04]         mov     A, (PORT3_RESISTIVE | PORT2_RESISTIVE | PORT1_RESISTIVE | 
PORT0_RESISTIVE);
141 0030 2A 08 [05]         iowr    gpioconfig
142 0032            
143 0032 1C 30 [04]         mov     x, hapi_buffer_base
144 0034 19 20 [04]         mov     A, HAPI_GPIO_INT_BIT
145 0036 2A 20 [05]         iowr    global_int              ; only enable the HAPI interrupt        
146 0038 19 00 [04]         mov     A, 00h
147 003A 2A 21 [05]         iowr    endpoint_int
148 003C 72    [08]         ei
149 003D            
150 003D            main:
151 003D 2A 26 [05]         iowr    watchdog                ; main loop does nothing except wait for a HAPI 
interrupt
152 003F 80 3D [05]         jmp     main
153 0041            
154 0041            hapi_isr:
155 0041            
156 0041 29 02 [05]         iord    hapi_control
157 0043 10 04 [04]         and     a, latch_empty_pin_ack  ; Latch Polarity bit is set. A HIGH indicates 
latch is not empty. That means master must have done a write.
158 0045 A0 4C [05]         jz      end_hapi_isr
159 0047            
160 0047 29 00 [05]         iord    data_port0
161 0049 32 00 [06]         mov     [x+0], a
162 004B 22    [04]         inc     x       
163 004C            
164 004C            end_hapi_isr:
165 004C 73    [08]         reti
166 004D            
167
168


