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SERIAL INTERFACE OPTION SPECIFICATION

This document describes the hardware and firmware of the GlassmanHV RS-232C
Serial and USB data interface option.

This interface is an add-on to Glassmanhigh voltage power supplies. Its purpose is to
provideremotemonitoringandcontolcapabilityofallanaloganddigitalfunctionsavailable
for that product line, while providing 2500 V RMS voltage insulation between the power
supply and the controlling computer. The interface is microcontroller-based and is built in a
module that plugs into the rear of the power supply. S ince the data link between the
Customer computer and the Glassman HV Power Supply is fully dedicated and hardwired
(there areno intermediatedevices suchas modems),noneoftheRS-232Chandshaking
signals arerequired.

Both aserialRS-232 interfaceand aUSB interface areprovided. WhentheUSB interface
is active, the serial interface is automatically disabled. USB communication is implemented
by means of a virtual com port interface provided by the MS Windows control computer.
MS windows drivers mustbe installed in order to use this the USB communication feature.

The interface uses ASCII encoded character strings for data transmission. Transmis-
sionerrorcheckingisimplementedusingmodulo256checksums. Thetransmissionformat
is 9600 baud, no parity and one stop bit.

The Power Supply Interface acts strictly as a slave device. It will not transmit any
messages over the data link unless it is first commanded to by the Customer master com-
puter.

ThedesignisbasedontheMSP430Fl5T l6bitmicrocontroller. Thisunithasabuilt-in
9 channel analog multiplexer and l}-bit ND Converter. To perform D/A conversion, we
are using an external Quad l2-bit D/A Converter. To meet the resolution requirement of
0.l%o.l0bits is the minimumnumberofbits thatcanbe used

SERIAL PORT OVERVIEW

RS-232C isusedwith single-endedtransmissionoverrelatively shortdistances. The
standarddefinestheelectricalcharacteristicsforthe interfacingof DataTerminalEquipment
(DTE)andDataCommunicationsEquipment(DCE). InourcasetheCustomerComputer
is the DTE and the Glassman HV Power Supply equipment is the DCE.
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RS-232C recommendstheuseofDB-25 female connectorjacksmountedontheDCE(the
power supply) equipment. However, since none of the RS-232C handshaking lines will be

used, a DB -9 female connector will be used to save space'

The DB -9 connector will be confi gured to work with a "standard" 9 pin IB M PC -AT

compatiblecommunicationsportasdefinedbelow.Ifthepowersupplyisconnectedtoa
..standard" 25 pin communications port, the interconnect cable must reverse pins 2 and 3 as

showninTable 1.

The required signal connections atthe power supply's DB-9 connectorare:

pin 2 - RxD - Receive Data (computer receive line/power supply transmit line)
pin 3 - TxD - Transmit Data (computer transmit lindpower supply receive line)

Pin 5 - GND - Signal Ground
pins 1, 4 and 6 of the power supply's DB-9 connector are shorted together at the

connector.
pins 7 and 8 of the power supply's DB -9 connector are shorted together at the

connector.
Pin 9 of the power supply' s DB -9 connector is not used'

The signals and DB -9 pin numbers, with their DB -25 equivalents, are surnmarized below :

SIGNAL NAME
D&'9

PINOT'I
D8.25
EOUIV

COMMENTS
(P|NS REFER TO DB-g)

Data Carrier Detect (DCD) 1 I shorted to pins 4 and 6

Receiw Data (RxD) 2 3 oower suPPlY transmit line

Transmit Data (TxD) 3 2 5ower supply receiw line

Data Terminal ReadY (DTR) 4 20 snorteO to pins 1 and 6

SionalGround (GND) 5 7 siqnalqround

Data Set Ready (DSR) 6 6 shorted to pins 1 and 4

Request To Send (RTS) 7 4 ;hoiled to pin 8

Clear To Send (CTS) I 5 shorted to pin 7

Ring lndicator (Rl) I 22 not used

Table 1A. DB-9 Pinouts

The ASCII codes that are used by the data interface are shown in Table 2'
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USB PORT OVERVIEW

USB (Universal Serial Bus) is a cable bus that supports data exchange between a host
computerandawiderangeofsimultaneouslyaccessibleperipherals. Theattachedperiph-
eralsshareUSBbandwidththroughahostscheduled,token-basedprotocol. Thebus
allows peripherals to be attached, configured, used, and detached while the host and other
peripherals are in operation. A USB system is described by three definitional areas:
USB interconnects,USB devices, andaUSB host. InourcasetheCustomerComputeris
the USB host and the Glassman HV Power Supply is the USB device.

Tominimizeenduserterminationproblems,USB uses a"keyedconnector"protocol.The
physicaldifference inthe Series "A" and"B"(or"mini-B") connectors insures properend
userconnectivity.The"A"connectoristheprinciplemeansofconnectingUSB devices
directlyto ahostortothe downstreamportof ahub. All USB hosts musthavethe standard
Series "A" connector. The "B" (or "mini-B") connector allows device vendors to provide a
standard detachable cable. In our case, the Glassman HV Power Supply uses a "mini-B"

connector. The pin assignments for the "mini-B" connector at the power supply are as
follows:

SIGNAL NAME MINI.B PINOUT
VBUS 1
D- 2
D+ 3
No Connect 4
Ground 5

Table 1B Mini-B Pinouts

The ASCII codes that are usedby the data interface are shown inTable 2.
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CHARACTER
SENT

ASCil CODE
(Hexadeclmal) COMMENTS

SOH 1 Start of header (Ctrl-A)
<cR> OD Carriage retum (Enter)

0 30
1 31
2 32
3 33
4 u
5 35
6 36
7 37
I 38
I 39

A 41 CAPITAL letters only!
B 42
c 43
D 44
E 45
F 46

o 51
R 52
S 53
V 56

Table 2. Belevant ASCII Codes

SIGNAL SUMMARY

ThedatainterfacereceivesandtransmitsdigitaldatapacketsbetweentheCustomer
computerand the Glassman HV power supply thatrepresentthe analog and digital signals
definedbelow:

Analog Control Signals sent from Customer Computer to Glassmanl{V Power
Supply:

I . Voltage Control (O - FFF hex represents 0 - Vmax output)
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2. Current Control (O - FFF hex represents 0 - Imax output)

Intemal to the power supply interface, the D/A converters have an analog output range of 0
to + 5 volts DC, where FFF hex represents full scale.

Digital Control Signals sentfrom Customer Computer to Glassmanl{V Power
Supply:

l .  HVOn(0=off ,  I  =on)
2.  HVOff  (0=oo, l  -of f l

3. PowerSupplyReset(l -reset)

hogrammingadigitalcontolbittoa"l"willgenerateanintemal250millisecondpulsethat
will assert the desired frrnction.

Analog Monitor Signals sent from GlassmanHV Power Supply to Customer Com-
Puter:

1 . Voltage Monitor (0 - 3FF hex represents 0 - Vmax output)
2. Current Monitor (0 - 3FF hex represents 0 - Imax output)

Internal to the power supply interface, the A/D converters have an analog input range of 0
to+5 voltsDC, where 3FFhexrepresents full scale.

Digital Monitor Signals sent from GlassmanHV Power Supply to Customer Com-
puter:

l. PowerSupplyFault(l =fault)whenavailable.
2. HVOn Status, (l =on,0=off;whenavailable.
3. Control Mode Status (V mode = I , I mode = 0) when available.

COMMAND STRUCTURE

The general operation of the data link is described in this section.

The Customercomputercan send three possible commands to the Glassman HV
powersupply:

SET POWER SIIPPLY (S) command

QUERY POWER STJPPLY (Q) command
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SOFTWARE vERsIoN LEVEL REeIJEST (v) command

A Set command contains a total of 18 bytes and instructs the power supply to change
any or all of its control signals. The power supply will execute the Set command and
respond with a simple 2 byte ACKNOWLEDGB (A) packet, or, if errors are detected,
the power supply will not execute the Set command but will return a 5 byte ERROR (E)
packet.

A Query command contains a total of 5 bytes, and is used to request that the power
supplyreturnaninformationpacketcontainingtheanaloganddigitalinformationttratit
monitors. The power supply responds by sending back a 16 byte RESPONSE (R )packet.

In response to a 5 byte Version Request command, the power supply will return a 6
bvte SoFTWARE VERSION LEVEL RESPONSE (Bi packet toihl computer.

For all these commands, if communication errors or illegal conditions are detected by
the power supply, the command will not be executed and the appropriate 5 byte ERRdR
(E) packet will be sent back to the computer.

SET COMMAND (..S'') AND ACKNOWLEDGE ("A'') RESPONSE

Prior to sending a Set Command that performs any function other than a power Supply
Reset, the computer should ensure that no fault conditions are existing within the power
supply. This isdonebyfirstsendingaQueryCommandandexaminingthereturnedRe-
sponsePacket.

Notethat it is legal to sendaSetCommandthatdoesnotassertany of the three digital
controls. For example, if the HV was on and it was desired to changeone or more of the
two analog controls, a command packet could be sent containing the new values forthe
analog controls but with the three digital control bits set to 0. In this case, the analog values
will be changed and the HV will remain on.

If any of the analog monitor fault bits are active, the Set Command packet must include
a Power Supply reset assertion.

The protocol for the Set Command is as follows:

The power supply receives the "S" command and performs a checksum comparison
and other enor checking. If a communication or other error is detected, the power supply
will not execute the command but will send an error message back to the computer. If the
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checksum compares properly and no other enors exist, the power supply will execute the
Set Command and retum a simple 2 byte Acknowledge message. The computer should
thenQuery the power supply to be sure thatthepowersupply parameters are set as
desired.

The data will be ASCII encoded, where scaling is done in the Customer computer. The
resolution for the four analog controls is l2 bits, so full scale will be represented by FFF
hex. The first byte "soH", can be entered at the keyboard by the "CoNTRoL-A" key
combination ("CTRL-A").

All alphabetical entries should use CAPITAL letters only. Use of lower case letters will
resultinerrors.

The byte definitions of the command message are shown in Table 3. Note thathigh
orderbytes are sent first.

BYTE DESCRIPTION
1 Start of message character ("SOH" character.. hex 01)
2 Command ldentifier Character (S character, hex 53)
3 - 5 Voltage command (0 - Vlnax corresponOs toT:Tff nex)
5 - 8 Current command (0- lmax coneffi
I  - 1 4 Not implemented
1 5 Digital control data (HV On, HV Off, Power Suppty neset)
16 -17 Modulo 256 Checksum of all previous Oytes except start cnaracter
1 8 End of message character (carriage retum, nex OO)

Table 3. SET Command Byte Contents

An example will illustrate the ASCII data protocol is used. Assume that the Customer
computer sends a command to the power supply that sets the analog power supply param-
eters to 5 5 7o Y max, 25vo Imax, and asserts the digital HV off control.

The following I 8 byte packet will be senr:

The first byte will contain the ASCII character soH. which will be sent as
01 hex = 0000 0001 binary (enter crRL-A at the computer keyboard).

Byte2istheSetPowerSupplycommandidentifiercharacterS. InASCII,thisis53
hex = 0 l0 I 00 I I binary (enter capital S at the computer keyboard).
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Bytes 3 through 5 represent the voltage, 557o of full scale. Full scale with l2 bit
resolution is FFF hex. 557o is therefore represented as 8CC hex (within an error of I lsb).
Bytes 3-5 willbe sentcontainingtheASCll representationof 8CC hex (enter8CC atthe
computerkeyboard):

Byte3: 38hex=00111000binary
Byte4: 43 hex = 0100 0011 binary
Byte5: 43hex=01000011binary

Bytes6through8representthecurrent,2lgooffullscale. Fullscalewith l2bitresolu-
tion if FFF h ex. 25Vo is therefore represented as 3FF hex (within an error of I lsb). Bytes
6- 8 will be sentcontainingthe ASCII representationof 3FFhex (enter 3FF at thecom-
puterkeyboard):

Byte6: 33 hex = 0011 0011 binary
Byte7: 46 hex =0100 0110 binary
Byte8: 46 hex = 0100 0110 binary

Bytes 9through 14 arenot implemented, and are setto 30hex=0 decimal all ofthem.
B yte 1 5 represents the digital control data. The digital control byte is assigned as

follows (only the least signifi cant four bits are encoded into the AS cII byte) :

BitO HVOff (Off= l)
Bit I HV On (On = 1)
Bitz Perform Reset (reset = 1). Sets V = 0, I = 0 &

HVEnable=off,
Bit3 Unused

The digital control nibble will therefore contain 000 I binary = Q I hex. The AS CII
representation is (enter the number I at the computer keyboard):

Byte 15: 31 hex = 001 I 0001 binary

The checksum is calculated on all bytes before it except the SOH character. B ytes 16
and I 7 will therefore contain the remainder of a modulo 256 addition of bytes 2 through I 5.
Inhex, thesebytes are:

53 + 38 + 43 + 43+ 33 + 46 + 46 + 30 + 30 + 30 + 30 + 30 + 30+
31 hex =321 hex

Since modulo 256 decimal is modulo 100 hex, we can divi de32l hex by 100 hex. The
remainder is 21 hex. Therefore 2l hex will be sent in bytes 16 and l7 in ASCII represen-
tation as 32 hex and 3l hex. Note thattheactual implementationof the checksumbythe
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data interface is very simple and requires no actual division. The data byes are simply
added up on an eight bit counter whose carq/ overflow is ignored. The result stored in the
counter will be the checksum remainder (If entering the checksum directly from the com-
puter keyboard, enter the numbers 2 and l):

Byte l6:
Byte 17:

32hex= 0011 0010 binary
3l  hex=00110001binary

The last byte is the carriage return (press the "Enter" key on the computer keyboard),
represented in ASCII as:

Byte 18: ODhex=0000l l01binarv

To summarize, the entire I 8 ASCII character packet will be sent as follows, where the
start character, SOH = Ctrl-A = 0l hex is the first byte sent and the carriage retum = OD
hex is the lastbyte sent:

ByteNumber:
|  2  3  4  5  6  7  8  9  l 0  l l  t 2  1 3  1 4  1 5  1 6  1 7  1 8

Entered at the keyboard:
crl-A s 8 c c 3 F F o o o o o o I 9 8 Enter

Sent in ASCII coded hexadecimal :
0l 53 38 43 43 33 46 46 30 30 30 30 30 30 3t 32 3t OD

(Note that the spaces between bytes are shown for clarity only and are not actually sent.)

The acrual data is sent in serial binary format. Each 8-bit byte is framed with I start and
I stop bit. No parity bits are being sent or received. Therefore this data packet is 180 bits
long.

Thedatainterfacewillreceivethiscommandandplaceitinatemporarymemoryarea.
Before executing the command, several checks are made. If an illegal condition is detected,
the command will not be executed and an error message will be sent back to the computer.
The conditions that are checked are described in Section 1.5 (Enors) of this document.

Ifnoerrors aredetected, thedata interface willexecutethecommand, andthensenda
2 byte Acknowledge Packet back to the computer.

\ l  020\05003\J-c89.P65
102005-003J-CE9 Rev NR l/t2107 9



ll orrr^on High Vottage Inc. Serial Interface Option

The format of the Acknowledge packet is:

A <CR> wherecCR>indicatesthecarriageretum.

In ASCII coded hexadecimal:

41 0D

QUERY COMMAND (,,Q")

The 5 byte command to request power supply status information is the euery ("e") com-
mand.

The protocol forthe Query command will be as follows:

ThepowersupplywillreceiveaQcommandrequestinginformation. Ifthecommandis
properly received with no errors detected, the power supply will return the Response
packet back to the computer. If errors are detected in the command, the power supply will
retum an appropriate error message.

The format of the command is :

SOH a Checkt Check2 <CR>

Entered at the keyboard:
Ctrl-A a

Sent in ASCII coded hexadecimal :
0 t  5 l

5 I Enter

35 31 0D

where the checksum, which does not include the SOH character, will always be hex 5 I ,
transmitted in two ASCII bytes representing 5 and I .

RESPONSE PACKET (,,R")

The 16 byte Response Packet will be returned to the computer in response to a valid Query
cornmand. It will contain status information in the following order:
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BYTE # DESCRIPTION
1 Response identifier character "R"

24 Voltage monitored (0 - Vmax) corresponds to ( 0 - 3FF) hex.
5-7 Cathode Current monitored (0 - lmax) corresponds to ( 0 - 3FF) Hex.
8-10 Resened, Set to 0 decimal = 30 hex.
1  1 - 1 3 Digital monitors (12 bits encoded in three ASC|I bvtes)
14-15 Modulo 256 checksum of bytes 2 -13
1 6 End of message character (caniage retum, hex 0D)

Table 4. Respnse Packet Byte Contents

Note that the analog monitors have l0 bit resolution, therefore, full scale is represented
inhexadecimal as 3FF. The checksum is calculated on bytes 2 through I 3.

The 12 digital monitor status bits are sent as three ASCII characters. The bit assign-
ments are as follows:

Byte l1:
Bit0
Bit 1
Bitz
Bit3

Byte12:
Bit0
Bit 1
Bitz
Bir3

Byte 13:
Bit0
Bit I
Bit2
Bi t3

Control Mode: Voltage Mode = 0, Current Mode = I
Power Supply Fault ( I = Fault) when available.
HV On Indicator ( 1 = on) when available
Unused=30hex

Unused=30hex
Unused=30hex
Unused=30hex
Unused=30hex

Unused=30hex
Unused=30hex
Unused = 30 hex
Unused=30hex

33 hex(001 l00l I binary)
46hex(01000110binary)

Forexample, amonitoredvoltageof Vmax will correspondto3FFhex, sentwithACII
encodingasfollows:

Byte2:
Byte3:
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Byre4: 46hex(0l000t10binary)

If HV was On, and the Voltage Mode was set, the digital status bytes will be:

Byte I 1 : 35 hex (001 10101 binary)
Bytel2: 30hex(00110000binary)
Bytel3: 30hex(00110000binary)

SOFTWARE VERSION REQUEST (..V' ') COMMAND AND RESPONSE (..8' ')

The 5 byte command to request the software revision level of the power supply's data
interface is the "V" command.
The protocol for the V command will be as follows:

ThepowersupplywillreceiveaVcommandrequestinginformation. Ifthecommandis
properly received with no errors detected, the power supply will return the 6 byte Version
Response (B) packet back to the computer. If errors are detected in the V command, the
power supply will retum an appropriate error message.

The format of the V command is:
SOH V Checkl Check2 <CR>

Entered at the keyboard:
c t r l - A V 5 6 E n t e r

Sent in ASCII coded hexadecimal:
0l s6 35 36 0D

wherethe checksum, whichdoesnotincludethe SOHcharacter,will alwaysbehex 56,
transmitted in two ASCII byes representing 5 and 6.
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The format of the 6 byte Response packet (B ) will be:

B 2byerevisionlevel 2bytechecksum <CR>

For example, if a V command was properly received by a data interface with software
revis ion level 25, the following packet will be retumed to the computer:

B 25 2byteChecksum <CR>

Sent in ASCII coded hexadecimal:
42 32 35 36 37 0D

since the checksum of 3 2 hex + 3 5 hex is 67 hex which is transmitted in ASCII as two
bytes containing 36 and 37 hex.

ERROR RESPONSES (E) AND TLLEGAL CONDTTTONS

Error responses are messages sent back to the computer in response to a communication
errordetectedonreceiptof an S, Q, orVcommandoran illegal setting inanS command.
The 5 byte error response packet takes the following form:

E l byteerrorcode 2bytechecksum >CR>

The checksum is only calculated on the I byte error code. For example, for error 5, the
errorbyte will be transmitted as 35 hex. The checksum of 35 hex is 35 hex which is
transmitted inASCII astwobytes containing 33 and35 torepresentthe 3 digitand5 digit,
respec'tively.

ErrorCodesAre:

I . Undefined Command Code - the command character received was not an S, e, or V.
The power supply will send back this error message if the second character of the
received command packet is not an s, e, or v. The error packet that will be
returned to the computer will be:

C h a r a c t e r s s e n t E l 3 l < C R >
InASCllcodedhexadecimal: 45 31 33 31 0D
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2. ChecksumError-thetransmittedchecksumreceivedinthecommandpacketdidnot
matchthechecksumcalculatedonthereceivedbytes. Theerrorpacketthatwillbe
returned to the computer will be:

3 . Extra Byte(s) Received - a byte other than the carriage return character was received in
the last expected bye position of the command. The error packet that will be
returned to the computer will be:

Characters sent:
InASCII coded hexadecimal:

2 3 2 < C R >
32 33 32 0D

3 3 3 < C R >
33 33 33 0D

E 4 3 4 < C R >
45 34 33 34 0D

E
45

E
45

Characterssent:
InASCII coded hexadecimal:

4. IllegalDigitalControlBytelnSetCommand-onlyoneofthefollowingthreeconditions
can be set in ttre digital control byte of the Set command at any one time:

HV On
HVOff
PowersupplyReset

If the computer requests that the power supply set more than one of the above three
conditionssimultaneously,error4willbegenerated. Theerrorpacketthatwillbe
returned to the computer will be :

Characterssent:
In ASCII codedhexadecimal:

5. Illegal SetCommandReceivedWhileaFaultis Active-ifafaultis active atrhetimea
Set command is received. The command must assert the Power Supply Reset line.
If the computer attempts to turn HV On or HV Off, or to change only the analog
control signals while a fault is active, the command will be rejected and error 5 will
be generated. The error packet that will be returned to the computer will be:

Characterssent: E5 3 5 <CR>
InASCllcodedhexadecimal: 45 35 ii 35 0D
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6. Processing Error: Data received was valid, however an error was detected when
executing the Command. The error packet that will be returned to the computer
willbe:

C h a r a c t e r s s e n t : E 6 3 6 < C R >
InASCllcodedhexadecimal: 45 36 33 36 0D

The fault signals that are checked are:

Power Supply Fault (when available)
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