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INTRODUCTION

This technical brief details the translation of a PS/2 key-
board to a USB keyboard using the PIC16C745/765.
Although this is a fairly simple application for the
PIC16C745/765, it accomplishes the intended purpose
of this brief: to provide an in-depth look at the
Set_Report Request.

Note: This technical brief is the third in a series of
five technical briefs. This series is meant to
familiarize developers with USB. For the
best understanding of USB, read the briefs
in order: TB054, TB055, TB056, TB057,
TB058

THE SET_REPORT REQUEST

The Set_Report request is a HID specific command.
It was the only provision in Version 1.0 of the USB
Specification that could send data from the host to a
peripheral. This later changed with Version 1.1 and the
introduction of the interrupt OUT transfer. All low speed
devices created before the introduction of Version 1.1
had to use the Set_Report request for host to device
communication. The limitation of this is that
Set Report communicates over endpoint 0 (EPO).
Endpoint 0 is the control endpoint. In other words, EPO
is the avenue through which the device and host send
each other commands, so any outputted data from the
host has to share bandwidth with administrative com-
mands sent back and forth between the host and
device. Developers wanted a way to create a dedicated
OUT endpoint with one or both of the endpoints avail-
able to them, EP1 and EP2. As a result, Version 1.1 of
the USB specification included a provision for the inter-
rupt OUT transfer.

Note: IN and OUT are with respect to the host.

There are many instances where the Set Report
request is useful in today’s USB devices. In devices
where the maximum amount of bandwidth is needed
for device-to-host transactions, both EP1 and EP2 can
be set as IN endpoints. If the same device must receive
occasional data packets from the host, it is better to use
the Set_Report request to send that data from the
host to the device than to change either EP1 or EP2 to
an OUT endpoint. The keyboard is an example of a
peripheral in which the host occasionally sends it data,
namely, the status of the keyboard LEDs (Caps Lock,
Num Lock, and Scroll Lock LEDs are the most common
LEDs). This data is sent from the host to the device with
the Set_Report request only when the user presses
one of the corresponding keys for these LEDs (i.e., the
Caps Lock key.)

Note: The Get Report request, not talked
about in this brief, is similar to
Set_Report only it is used for sending
data from the device to host via Endpoint 0.

DESCRIPTORS

Figure 1 shows the USB keyboard report descriptor.
There are two Output items in this report descriptor.
These items describe a byte of data that will be sent
from the host to the device comprised of five LED sta-
tus bits and three bits of padding. Because this report
descriptor is associated with an IN endpoint (specified
by the endpoint descriptor), the host knows all Output
items describe data that will be sent to the device via a
Set Report. The remainder of the descriptor
describes the format that data will be sent from the key-
board to the host. The output data should be ignored
when trying to envision what the device-to-host report
format looks like. See Figure 2 for the USB keyboard-
to-host data format.
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FIGURE 1: USB KEYBOARD REPORT DESCRIPTOR
0x05, 0x01 usage page (generic desktop Choose the usage page "keyboard" is on
0x09, 0x06 wusage (keyboard) Device is a keyboard
O0xAl, 0x01 collection (application) This collection comprises all the data words
0x05, 0x07 wusage page (key codes) Choose the key code usage page
0x19, O0xEQ0 wusage minimum (224) Choose key codes 224 to 231 which are
modifier keys
0x29, O0xE7 usage maximum (231) (left and right alt, shift, ctrl, and win)
0x15, 0x00 1logical minimum (0) Each of these eight key codes will report ranging in
0x25, 0x01 logical maximum (1) value from zero to one
0x75, 0x01 report size (1) Assign each of these keys a 1-bit report
0x95, 0x08 report count (8) Report eight times
0x81, 0x02 input (data, variable, absolute) The defined byte above is an IN transaction
0x95, 0x01 report count (1)
0x75, 0x08 report size (8) Report eight bits one time
0x81, 0x01 input (constant) Input the byte just described as a constant
0x95, 0x05 report count (5)
0x75, 0x01 report size (1) Report five bits one time
0x05, 0x08 wusage page (page# for LEDs) Choose LED usage page
0x19, 0x01 wusage minimum (1)
0x29, 0x05 wusage maximum (5) Define five LEDs
0x91, 0x02 output (data, variable, absolute) The defined bits above are an OUT transaction
0x95, 0x01 report count (1)
0x75, 0x03 report size (3)
0x91, 0x01 output (constant) Three bit padding for the OUT transaction
0x95, 0x06 report count (6)
0x75, 0x08 report size (8) Report six bytes
0x15, 0x00 logical minimum (O)
0x25, 0x65 logical maximum (101) The byte values can range from 0 to 101
0x05, 0x07 wusage page (key codes) Change usage page to key codes
0x19, 0x00 wusage minimum (0)
0x29, 0x65 usage maximum (101) Select key code range of 0 to 101
0x81, 0x00 input (data, array) Input the above six bytes
0xCO0 end collection End application collection
FIGURE 2: USB KEYBOARD DATA FORMAT
Byte 7 Byte 6 Byte 5 Byte 4 Byte 3 Byte 2 Byte 1 Byte 0
Key Code 6 Key Code 5 Key Code 4 Key Code 3 Key Code 2 Key Code 1 Reserved Modifier Keys
MSB LSB
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IMPLEMENTATION

HARDWARE

The PS/2 port is a 6-pin DIN. Only four pins are used:

* Ground

* Power

» Clock

* Data

The power and ground pins are tied directly to VDD and
Vss. The clock and data pins are connected to RCO
and RCA1, respectively, via current limiting resistors.

The clock is driven by the PS/2 keyboard. Figure 3
shows the complete system.

FIGURE 3:

SOFTWARE
PS/2 DATA FORMAT

In order to better understand how PS/2 keyboard data
is translated to USB, it is necessary to touch upon the
PS/2 data format. Data is sent via PS/2 one byte at a
time regardless of direction, host-to-device or vice-
versa. The data has the following form:

+ START bit (always low)

+ Data byte (Least Significant bit to Most Significant
bit)

» PARITY bit (high for an even number of high bits
in the data byte and low for an odd number)

» STOP bit (always high)

In the case of host-to-device communication, the STOP
bit is immediately followed by an ACK bit (low), which
is sent by the device to the host. The bits are read on
the falling edge of the clock for device-to-host commu-
nication and on the rising edge for host-to-device com-
munication. In the IDLE state, the clock and data line
are held high by the device. See Figures 4 and 5 for
device-to-host and host-to-device communication,
respectively.

PS/2 TO USB KEYBOARD TRANSLATOR HARDWARE DIAGRAM
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PS/2 KEYBOARD REPORT FORMAT

The PS/2 keyboard data report format is summarized
for every key in Appendix A. Make codes are the byte
or bytes that the PS/2 keyboard sends to the host when
a certain key is pressed. Break codes are the bytes that
the PS/2 keyboard sends when the user releases a
key. If the user does not release a specific key for sev-
eral hundreds of milliseconds, the make code will be
sent repeatedly until the user releases the key. At this
point, the break code is sent.

INTERRUPT ROUTINE

The translator firmware is entirely interrupt-driven (with
the exception of sending the data via USB to the host).
An interrupt is generated when the PS/2 START bit is
received, at which time the firmware will begin its
receive routine. In addition to this interrupt, every 683 us
a timer overflow interrupts the main program and imple-
ments one state of the keyboard state machine. This
state machine handles sending bytes to (and translating
bytes received from) the PS/2 device automatically. All
of this is done in the background while the main pro-
gram runs in the foreground. The only operation that the
main program implements is sending keyboard data to
the PC via USB.

TRANSLATION TO USB

Incoming PS/2 keyboard data can be one to eight bytes
in length, depending on the button that is pressed. No
pattern or mathematical expression can be used to
convert incoming PS/2 data to a USB key code. USB
key codes are one byte in length. There is one USB key
code for every key on the keyboard. A lengthy lookup
table, found in file table kb.asm, translates from
PS/2 to USB key codes. The USB key codes are listed
in Section 9 of the USB HID Usage Tables (see Refer-
ences).

MAKING THE KEYBOARD LEDS WORK

The state of the LEDs on a USB keyboard is passed
from the host to the device via the Set Report
request. The Set_Report request transfers the data
specified by the Output items in the report descriptor
listed in Figure 1. The data consists of one byte, in
which the first five bits represent the LED status. This

data is sent from the host to the PICmicro® MCU only
when the host receives a key code that modifies the
state of a LED, such as the CAPS LOCK key code.

The microcontroller  firmware  services the
Set Report request. Set Report requests are
serviced in the HidSetReport routine.

HidSetReport copies the Set Report data from
the EPO OUT buffer to the EP1 OUT buffer. This is how
the default USB support firmware treats a
Set_Report request -- it makes a Set_Report look
like an interrupt EP1 OUT transfer. A developer using
the support firmware needs only to decide how to
service the interrupt EP1 OUT transfer. For the
keyboard example, this trick was not utilized. The
keyboard state machine simply reads the EPO OUT
buffer to find out the LED states. Special function
register BDOOAL contains the address of this buffer.
BDOOBC, also a special function register, specifies the
number of bytes received. The LED status report
comprises one byte so only the first byte of the buffer
needs to be read in order to determine the state of the
keyboard LEDs. Once the status is known, this
information is relayed to the keyboard via PS/2.

CONCLUSION

The set_Report request is useful in low speed USB
applications where the maximum amount of bandwidth
available is required for IN transactions, yet it is neces-
sary to occasionally support OUT transactions. In addi-
tion to providing an example of the Set Report
request, the firmware included with this technical brief
provides ready-made routines for communicating via
PS/2.

MEMORY USAGE

In the PIC16C765, the following memory was used
50 Bytes
2.1K Bytes

Data Memory:

Program Memory:

DS91056B-page 4

Preliminary

© 2002 Microchip Technology Inc.



TB0S56

REFERENCES

1. USB Specification, Version 1.1: Chapter 9
(located at www.usb.org)

2. Device Class Definition for Human Interface
Devices (located at www.usb.org)

3. HID Usage Tables (located at www.usb.org)

4. USB Firmware User's Guide (located in USB
Support Firmware zip file at www.micro-
chip.com)

5. USB Complete, Second Edition, Jan Axelson;
Lakeview Research, 2001 (www.lvr.com)

6. PS/2 Mouse/Keyboard Protocol, Adam Chap-
weske,

http://panda.cs.ndsu.nodak.edu/~achapwes/
PICmicro/PS2/ps2.htm

7. TBO054: An Introduction to USB Descriptors with
a Gameport to USB Gamepad Translator
8. TBO055: PS/2 to USB Mouse Translator

9. TBO057: USB Combination Devices Demon-
strated by a Combination Mouse and Gamepad
device

10. TB058: Demonstrating the Soft Detach Function
with a PS/2 to USB Translator Example

© 2002 Microchip Technology Inc. Preliminary DS91056B-page 5



TB0S56

APPENDIX A: PS/2 KEYCODES

Key Make Break Key |[Make Break Key Make Break
A 1c FO,1C 9 46 FO, 46 [ 54 FO,54
B 32 FO,32 ) OE FO, OE INSERT |EO,70 EO0,F0,70
C 21 F0,21 - 4E FO,4E HOME EO, 6C E0,F0,6C
D 23 FO,23 = 55 FO, 55 PG UP |EO0,7D EO0,F0,7D
E 24 FO,24 \ 5D FO, 5D DELETE |EO0,71 EO0,F0,71
F 2B FO,2B BKSP |66 FO,6 END EO, 69 EO0,F0,69
G 34 FO,34 SPACE |29 F0,29 PG DN |EO,7A EO0,F0,7A
H 33 FO,33 TAB 0D F0, 0D U ARROW |EO, 75 E0,F0,75
I 43 FO,43 CAPS |58 F0,58 L ARROW [EO, 6B EO0,F0, 6B
J 3B FO, 3B L SHFT12 FO,12 D ARROW |EO, 72 E0,F0,72
K 42 FO, 42 L CTRLj14 FO,14 R ARROW |E0, 74 EO0,F0,74
L 4B FO, 4B L WIN |EO,1F EO0,F0,1F|[NUM 77 FO,77
M 3A F0,3A ||L ALT |11 FO,11 KP / EO,4A FO, 4A
N 31 FO,31 R SHFT|59 F0,59 Kp * 7C F0,7C
o 44 FO, 44 R CTRL{EO, 14 E0,F0,14[KP - 7B FO,7B
P 4D FO, 4D R WIN |EO0,27 EO0,F0,27||KP + 79 FO, 79
Q 15 F0,15 R ALT |EO, 11 E0,F0,11||KP EN |EO,5A FO,5A
R 2D F0,2D ||APPS |EO,2F E0,F0,2F| kP 71 FO,71
S 1B F0,1B ENTER |5A FO,5A KP 0 70 F0,70
T 2¢C FO,2C ESC 76 F0,76 KP 1 69 F0,69
U 3C FO,3C F1 5 FO, 05 KP 2 72 FO,72
\Y 2A FO,2A ||F2 6 F0,06 KP 3 7A FO, 7A
W 1D F0, 1D F3 4 F0, 04 KP 4 6B FO, 6B
X 22 F0,22 F4 ocC F0,0C KP 5 73 F0,73
Y 35 FO,35 F5 3 F0,03 KP 6 74 FO, 74
7 1A FO,1A ||F6 0B FO, 0B KP 7 6C FO,6C
0 45 FO,45 F7 83 FO, 83 KP 8 75 F0,75
1 16 F0,16 F8 0A FO, 0A KP 9 7D FO, 7D
2 1E FO,1E F9 1 FO,01 1 5B FO,5B
3 26 FO0,26 F10 9 F0,09 ; 4cC FO,4C
4 25 FO0,25 F11 78 F0,78 ' 52 FO,52
5 2E FO,2E F12 7 F0,07 , 41 FO, 41
6 36 FO,36 E1,14,77 49 FO,49
7 3D FO, 3D PAUSE |E1,F0, 14|NONE / 4n FO,4A
8 3E FO,3E F0,77 PRNT E0,12, |EO0,F0,7C
SCROLL|7E F0,7E SCRN EO, 7C E0,F0,12
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APPENDIX B: SOURCE CODE

Due to the length of the source code for the PS/2 to
USB Keyboard Translator example, the source code is
available separately. The complete source code is
available as a single WinZip archive file,
tb056sc.zip, which may be downloaded from the
Microchip corporate Web site at:

www.microchip.com

© 2002 Microchip Technology Inc. Preliminary

DS91056B-page 7



TB0S56

NOTES:

DS91056B-page 8 Preliminary © 2002 Microchip Technology Inc.



Note the following details of the code protection feature on PICmicro® MCUs.

The PICmicro family meets the specifications contained in the Microchip Data Sheet.

Microchip believes that its family of PICmicro microcontrollers is one of the most secure products of its kind on the market today,
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