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CPU ModuleEMUL 12-PC/CPU-M CS912DP256-xx
for the Motorola HCS12 Microcontrollers

Operating I nstructions by Robert Boys V2.6 January 17, 2002

Thisdocument providesjumper information on the DP256 personality card for the Nohau EMUL-S12D full emulator. This
emulator supportsall MotorolaHCS12 processors and thispersonality card supportsall MC9S12D partsincluding the
MC9S12DP256. The part number for themoduleisEMUL 12-PC/CPU-MCS912DP256-16 or -25. Thecircuit diagrams
enclosed are Copyright © 2001 Nohau Corporation.

1) Theemulator will work stand-alone (notarget connected) with the default settings.
2) Thesejumpersare named where possibleto conform to the M otoroladata sheet.
3) Thejumpersaresortedinto separate clock and voltage sectionsin thisnote.

4) “PLL" asinEXTAL/PLL denotesthe Nohauinternal PLL clock sourceand not the Motorolaon-chip PLL clock. The
Nohau PLL suppliesa2.5VPPsignal and thefrequency is set in the Seehau software under the Config, Emulator window.

By default the Nohau PLL sourceisusedto supply EXTAL without theMotorolaPLL activated and the resulting E clock
or bus speed frequency will be 0.5 that isentered into the Seehau software.

5) Thejumpershaveapin 1whichisindicated ontheboard silkscreen asawhitelineasindicated by thearrow onthis
sample. Pin1isalsoshown ontheschematics. Jumperscan be set by the numbers or with the setting indicated on the
slkscreeni.e. XTL/PLL or TRG/POD. *
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TRG/POD
6) TRG means Target andthesignal will connect to thetarget system if set to TRG or to the emulator hardwareif set to
the POD position. The POD positionisnormally jumper pins1and 2. Thefactory set default positionisshownby a
black bar such as seen onthejumper here.

7) Thegold header pinsaccessibleon thetop of thispersonality modul e connect directly to thetarget connectorsand
arelabelled. These connectorsdo not necessarily connect directly to the appropriate pin on the DP256 controller.
Recreated port pinswill go through emulator circuitry and hence are not directly connected. Therecreated portsareA, B,
E and K and some additional control signalsand are not directly connected. Peripheral moduleson other portsare
generally directly connected. ModulessuchasCAN, SPI and A/D arenot affected or controlled by the emulator logic.

Theon-board microcontroller isalways operated in expanded wide mode even if another mode such assingle-chipis
being specified by theuser. The pinsontheon-board chipwill show thisexpanded mode whilethe header pinswill ook
likethe user specified mode. Do not take signal testsdirectly from the chip asyou may receive erroneousresults.

DP256CPU p65
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1) Thissetof jumpersisused to select either theNohau PLL clock sourceor auser supplied crystal or external sourceis
used to supply aclock signal to the emulation CPU ontheemulator. Inaddition, jumpersare used to connect the XFC, EXTAL
or XTAL pinsof the CPU to thetarget board asdesired by the user.

2) Thedefault valuesof COis1 nf (1000 pf) and Cais100 pf. ROis43 Kohm. Thesearethevauesasinstalled by Nohau.
Contact your Motorolarepresentativefor the best valuesappropriate for your frequency of operation or goto
www.nohau.com/s12calc/pll_302.html for acircuit cal cul ator supplied by Motorola.

The TRG - XFCjumper selectsthe PLL filtering componentsfrom thetarget system. TheNohauinstalled CO, ROand Camust
beremovedif thisjumperisinstalled.

3) “PLL” asinEXTAL/PLL denotestheNohauinternal PLL clock sourceand not the Motorolaon-chip PLL clock. The
Nohau PLL suppliesa2.5VPPsignal and thefrequency is set in the Seehau software under the Config, Emulator window.

4) Nohau PLL clock source can beused to supply either the Motoroladivide-by-2 clock or theMotorolaPLL circuitry as
determined by the setting of the PLLSEL bitinthe CLKSEL register. If theNohau PLL sourceisusedtosupply EXTAL
without theMotorolaPL L, the E clock or bus speed frequency will be 1/2 of the value entered into the Seehau software.

If theMotorolaPLL isused, then the output frequency will be determined by theratio of the SY NR and REFDV registers. In
thiscasethe Nohau PLL will beOSCCLK intheMotorolaPLL circuitry. Thejumper EXTAL/PLL suppliestheNohau PLL
clock sourcetothe EXTAL pinof the CPU.

TheNohau PLL Clock Sourceand How It Works

TheNohau PLL clock sourcefrequency issel ected in the Seehau software under Config, Emulator. Thevalueenteredinthe
box titled Clock (MHZz) and can range from 3.125 M Hz to the maximum frequency of the emulator which canbe 16, 24 or 25
MHz. Thesevaluesarethepossible outputsof the PLL circuitry but may or may not be appropriatefor your system configu-
ration. Practical frequency settingscould be narrower than these maximum ranges.

Thevalueentered hasasoftware resolution of 15 digitsbut thisexceedsthe capabilitiesof the PLL circuitry. The PLL will
provideafrequency within +/- .05% of thevalue entered. Seehauwill returnto thebox thefrequency it wasableto select. If
3.125678isentered and APPLY isclicked, 3.12568isreturnedin the box and thissignal isapplied to the emulator circuitry and
pin1of jumper EXTAL/PLL. Thisclockis2.5VoltsPP.
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“VCC’,“VDD”,“gnd” aresupplied by the Nohau emulator POD. VCCis5andVDD is2.5volts.

u Upper positionsare POD, lower are TRG (target). Thesearemarked onthe CPU module. VCOREis
the exception and ismarked accordingly on thisdocument and on the modul e.

| P> indicatesthedirection of theeffect, not current or signal electronflow.

u VDD isthe 2.5 volt output of the CPU internal voltageregulator. Do not connect 5voltsto this
point or the CPU will likely bedestroyed. Thisisasotruefor VDDPLL.

All namesinBOL D arejumpersand not CPU pins.

VCORE selectsif the CPU internal 2.5V regulator will beturned on or off when the VREGEN jumper isin the POD position
(default). 1f VREGEN jumper isinthe TRG position, thetarget will determinethe state of theinternal regulator. 1f the CPU
internal regulator isturned off, the Nohau external 2.5V regulator on the CPU-Moduleisautomatically activated. Thisisused
topower theVDD & VDDPLL pinsof the CPU as selected by theVDD & VDDPLL jumpers(POD) or thetarget systemiif set
tothe TRG position.

The other jumpers determine whether voltage sources or grounds are supplied by thetarget system or theemulator system.
Thedefault positionisto select theemulator sources.
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CGettingtheMotorola PLL toWork )

A) TheBasics

Theemulator asitisdelivered from Nohau with thedefault jumper settings can berun using either the M otoroladivide-by-2
clock or theMotorolaPL L mechanism. Recall that theword*PLL" asindicated onthe personality moduleor in thisdocument
referstothe Nohau PLL clock generator and not the MotorolaCPU PLL. Wewill refer tothe MotorolaPLL with“CPU PLL”.
Consult the Motoroladatasheet for moreinformation ontheir Clock and Reset Generator (CRG) module.

Thedefault isthedivide-by-2 clock and you can switchitto CPU PLL by programming the SY NR and REFDV registersthen
activatingthe CPU PLL by settingthe PLLSEL bitinthe CLKSEL register. Nojumper changesare necessary.

Y ou can switch theemulator from CPU PLL to divide-by-2 with your code running on the emulator or by typing inthe appro-
priatevaluesinto the specified register windowsin Seehau whilethe emulator isin monitor mode (i.e. emulationisstopped).

B) Setting Up the Emulator
Theseinstructionswill construct thewindowsin the Seehau softwareto allow you to manipulatethe CPU PLL circuitry. You
will need an oscill oscopeto view the oscillator waveform and measureitsfrequency.

1) Start Seehauinthenormal fashion and right mouseclick on aregister window. Thedefault Reg_1window will dofine.
2) Select Add Specia Register (SFR) and doubleclick or pressEnter. The SFR window asshownin Figure 1 opensup.
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3) DoubleclickonCRGor click onthe“+" mark besideit. Y oumight haveto scroll downto view this.

4) Inturn, highlight and click onthe“>" symbol to placetheregister namesin thewindow ontheright asshowninFigurel1.
Y ouwill findthe NECLK=0under I/O Control, * Pear. NECLK isabitinthe PEAR register andisused to sendthe E Clock
tothe PE4 header pin on thetop of the CPU modulefor easy access by an oscill oscope.

5) ClickonAddTo.. and select New Window. A window similar to Figure2will openup. It will probably belabelled Reg_2.
6) Right click onthisnew register window and select Show Description.
7) Rightclick onthisregister window again and select Change Caption. | entered Clock Registersand Figure 2 istheresult.

8) Inthemain Seehau screen, select Config, and sel ect Save Settingsto savetheentireworkspace. Giveit anameof your
choice or usethe default startup.bas. Y ou can also sel ect Save Window to savetheregister window if itiscurrently in
focusto amacro that can beeasily recalled with abutton. Seethe Getting Started manual for moreinformation.




CGettingthel\/IotoroIa PLL toWork continued... )

C)
1)

2)
3

4)

D)

2)
3
4)
5)
6)

8)
9
10)

11)

Getting theHar dwar e Configured
Have Seehau operating but not running any user programs. Thegreen GOicon should bevisible.

Connect an oscilloscopeto the header pin PE4 on thetop of the Nohau personality board. Thispinisreadily accessible.

Intheregister window Figure 2, enter aOinto Pear.4 (NECLK) and press Enter. Thissendsthe E clock signal to PE4. This
will now bevisibleontheoscilloscope. Enteringal will turnit off. In Single Chip mode, thisbit defaultstoal (click on
the Nohau RESET icon) and in Expanded modesit defaultsto 0. Weareusing Single Chip but you can use Expanded if
you prefer.

Select the Pear.4 (NECLK) lineandright click onit. Select Change Attributesand check the Enable Reset Value. The
default value of 0x0000 isalready entered. Click on OK. Every timeyou click onthe Nohau RESET icon, the
Pear 4(NECLK) bit will be set to zero.

Y ou can do thislater to the SYNR and REFDV registerswith your own default values. Y ou must resavethe settings under
Config, Save Settingsin order for these effectsto be activated the next time you open Seehau.

Click on Config, Emulator inthe main Seehau screen and note the valuein the Clock(MHz) box. Thedefaultis16 MHz
and representsthevalue of theNohau PLL clock sourceasfed throughthe EXTAL/PLL jumper tothe EXTAL pinonthe
DP256 microcontroller.

The E clock frequency in the divide-by-2 mode (no CPU PLL) will be 1/2 the Nohau PLL frequency. Thedefault E clock
frequency displayed on your oscilloscopewill be8 MHz withand EXTAL frequency of 16 MHz.

TheNohau PLL or EXTAL frequency islabelled OSCCLK intheMotorolaPLL specifications. Itisreadily accessiblefor
monitoring onthe EXTAL/PLL jumper pin1. Itisa2.5volt PPsignal to correspond with the CPU corevoltage. Y ou can
easily changethisfrequency by typinginanew valueand pressing Enter or Apply. Y ou can enter valuesfrom 3.125 KHz
to 16, 24 or 25 M Hz depending on the maximum frequency of theemulator. See page 2 for moreNohau PLL information.

BasicMotorolaPLL Information
TheMotorolaPLL isselected by entering 80 inthe CLK SEL register intheregister window of Figure2. A zeroturnsit off.
Thisbit actually switchesfromthe divide-by-2 circuitry tothe CPU PLL. Whenthe CPU PLL isoff, the E clock will be
OSCLK divided by 2.

SYNR +1 SYNR +1

i - : = e ECLK = LK =————
Thefreguency isdetermined by theformul ae: PLLCLK=2xOSCCLK —=r em=— | or |ECLK=0SCCLK Feenum=

PLLCLK doesnot show up externally onthe CPU.

EclockisPLLCLK /2 andisvisibletothe outsideworld on PE4 asdescribed in 3) above.

Theminimum OSCLK frequency isfrom 1 MHz to thelimit of the emulator whether itis32, 48 or 50 MHz.
OSCLK istheoscillator frequency asfedinto the CPU EXTAL pinviatheEXTAL/PLL jumper.

OSCLK isthesamefrequency asentered in the Seehau softwarein the Config, Emulator dial og window.

E Clock isderived fromthe OSCLK andis1/2 thefrequency of OSCLK whenindivide-by-2 mode. In CPU PLL modeit will
betheratio of SYNR+1and REFDV+1.

Register and frequency v aluesused must bein appropriateranges. Itispossibleto set the CPU PLL to providefrequen-
ciesoutsidetherange of the CPU and/or theemulator. Erroneousmicrocontroller or emulator operationwill result.

The CPU PLL filter values asdetermined by CO, Caand RO must be sel ected according to the frequencies synthesized.
Contact your Motorolarepresentativefor these val ues.

Wewill only program and pay attentionto the SYNR, REFDV registersand the PLLSEL bitinthe CLKSEL register for this
demonstration. Thisistodemonstratethe MotorolaPLL withthe Nohau emulator functions asdescribed and providesa
good reference point for your software design. Consult the M otoroladatasheet for information on other clock registersor
go towww.nohau.com/s12calc/pll_302.html for acircuit cal cul ator supplied by Motorola. The Nohau emulator supports
all theclock registersevenif they arenot mentioned here.




CGettingtheMotoroIa PLL toWork continued... )

E) Basic Nohau Emulator Information
1) Youcanchangethe CPU PLL registerson-the-fly whilerunning your program by entering the valuesinto aproperly set
datawindow. TheMotorolaBDM isused to update these values and i s described on the next page.

2) Youcanchangethemwhentheemulator isstopped by entering new valuesinto aregister window.
3) Youcanalsochangetheminyour programcode. Anexampleisgivenlater inthisdocument.

4) Youmay changeyour CPU PLL frequency asoften asyou want and thefull Nohau emulator will track these changes. 1t
will makeany modificationsto itsoperating environment as needed and in real timewithout stealing machinecycles.

5) Thereisanissueof the LOCK bit not correctly indicating the CPU PLL isout of lock after writing to one of the PLL
registers. Thereisasimpleworkaround which consistsof ashort timedelay beforeyou test the LOCK bit. Thisisan
issue only when you are switching register valueswith your own code. Itisnot anissueif you are entering register
valuesinto the emulator manually because of theinherent timedelay.

F) Programming M ethodsfor theMotorola PLL Registers
The standard method of programming the CPU PLL registers(see Figure 2) for the purposesof thisarticleisthefollowing:

1) Enter anappropriatevalueinto the Seehau softwarefor OSCLK. 8 MHzisused inthisapplication note.
2) Makesurethe CLKSEL register contains0. Thisturnsthe CPU PLL off by setting bit PLL SEL off.
3) Programtheappropriatevaluesinto SYNR and REFDV. Wewill useinthisnotevalueswill beintheareaof 1,2, 3or 4.

4) Enter 80into CLKSEL. Thissetsbit PLLSEL on. If thevaluesaboveareinrange, the E Clock will changeto the new
frequency.

5) Tochangethe CPU frequency again, simply writeaOto CLK SEL, enter new valuesto SY NR and REFDV asneeded and
writean 80to CLK SEL to activatethe CPU PLL again.

G) Changing the CPU PLL viathe Seehau Register Window (seeFigure2)
1) Makesuretheemulator issetup asdescribed previously under Getting the Hardware Configured.

2) Enter 8intothe Clock MHz box under Config, Emulator in the main Seehauwindow. ThissetsOSCLK to8 MHz. The
frequency asmeasured on ECLK (PE4) will be4 MHzif the CPU isin divide-by-2 mode.

3) EnterOintothePear 4 NECLK register. Thissendsthe E clock to Port E.4. (PE4)

4) Enter Ointothe CLKSEL register and either pressEnter or click on another register. CPU PLL isnow ensured to be off.
5) Enter linto SYNRand 3into REFDV. Thefrequency of PLLCLK will be(2)(8)(1+1)/(3+1) =8 MHz. ECLK will be4 MHz.
6) Enter 80into CLKSEL and pressEnter. 4 MHz will be available on the scopewhichisthe sameasbefore.

7) Totestif theCPU isin PLL mode, grabthe PLL filter componentswithyour fingersand anincreased fuzzinessinthe
scopedisplay will result. If thePLL filter componentsarevery closeto certain values, thiseffect may bevery small. If the
CPU isindivide-by-2 mode, doing thiswill havereduced or no effect. Thisiscalled the SRTest after itsdiscoverer.

8) Enter Ointothe CLKSEL register and pressEnter to disablethe CPU PLL. The SRTest will fail. The CPU PLL isoff.

9) Enter4into REFDV andthen80into CLKSEL and pressEnter. ECLK will now equal (8)(1+1)/(4+1) =3.2MHz. Confirm
thiswith your oscilloscope. Try the SRTest. It will indicatethe CPU PLL isrunning properly.

10) Enter Ointothe CLKSEL register and pressEnter to disablethe CPU PLL. The SRTest will fail.
11) Enter 3into SYNR andthen80into CLKSEL and pressEnter. ECLK will now equal (8)(3+1)/(4+1) =6.4MHz.
12) Resettheemulator by clicking onthe RESET icon.

If thewaveformsbecomefuzzy, thislikely istheresult of the PLL filter components CO, Caand RO not being correct for this
frequency of operation. Consult Motorolafor correct valuesor go to www.nohau.com/s12calc/pll_302.html for acircuit

calculator supplied by Motorola. Thisexampleworked with the Nohau default values.
8




C GettingtheMotorola PLL to Work continued... )

H) Softwar e Control of the Motorola PLL

TheMotorolaPLL can becontrolled directly by softwareand switching on-the-fly ispossible. Thereareafew issueswiththe
main onebeing the LOCK bit problem. TheLOCK bit (bit 3inthe CRGFL G register) indicatesthat the PLL iswithinacertain
range of thedesired frequency and isused to detect if it isallowableto enablethe CPU PLL soit will becomethe system clock.

The problemisthesetting and clearingthe LOCK bit isdelayed after the SYNR and REFDV iswrittento. Normally the SYNR,
REFDV and perhapsother registerswill beinitialized by your codeand thenthe PLL SEL bit issetto enablethe CPUPLL. The
code must wait until the LOCK bitissetindicating the PLL isstablebeforeit can be used in the system and before program
execution continues. Normally thiswould be accomplished by testing the state of the LOCK hit before setting PLL SEL.

Thementioned delay will resultinthe LOCK bit still asserted evenif the PLL isnot locked if tested immediately after setting
the SYNR, REFDV or PLLCTL. A successful workaroundistoinsert asmall time delayafter configuring SYNR, REFDV or
PLLCTL but before settingthe PLL SEL bit. The LOCK bit can betested and when it indicatesthe CPU PL L isstableand
locked, itissafetoenableit. Assembly codeand C source examplesaregiven.

1) Nohau Test Program: Switchesthe CPU PLL On and Off Continuously

A Nohautest program that switchesthe CPU PLL clock on and off isincluded inthe Seehau softwarerelease. Itisinthe
\Examples\DP256\Tstpll directory in theinstalled software. Theasm codeiscommented.

Itloadsto address 400H so you need to havethe EEPROM turned off to runit (check the Disable EEPROM check-box).

OpenaRUN-TIME-DATA window to point to 7FOH. Thisshowswhether continuance BDM communicationismaintained
during therapid changesinthe BDM communication rate whenthe PLL isselected and desel ected.

Enter 8 MHz clock speedinto the Config, Emulator window which then creates4 MHz & 16 MHz bus speedsat Non-PLL and
PLL modesaccordingly.
Theprogram selectsand deselectsthe PLL to be used asthe system clock many timesin an endlessloop. It hasaratio of 4:1

between PLL modeto non-PLL mode. Itincrementstwo countersat 7FOH & 7F8H every timePLL or Non-PLL modebecomes
active. Thiswill bevisibleinthe datawindow.

J) M otor ola Assembly Example

Thisexampleistaken from aapplication note by Gordon Doughman. Go to www.motorola.com/mcu and search for AN2153.
“Shown below is acodesnippet from one of my up coming app notes. To obtain 25 MHz operation the reference clock must be
aninteger multiple of 25 MHz. So, if you are using the 16 MHz oscillator on the eval uation board, the value for OscClk would
be changed to 16000000. The valuefor f Eclock would be changed to 25000000. The only way to obtain a25 MHz E-clock witha
16 MHz oscillator isto have areference frequency of 1 MHz, so RefClock should be set to 2000000. For 25 MHz operation, a5
MHz crystal/oscillator would be abetter choice.”

OscCl k: equ 8000000 H oscillator clock frequency.
fEclock: equ 24000000 H final E-clock frequency (PLL) .
Ref Cl ock: equ 8000000 H reference clock used by the PLL.
REFDVVal : equ (OscCl k/ Ref Cl ock) -1 H val ue for the REFDV register.
SYNRVal : equ (fEcl ock/ Ref Cl ock) -1 H val ue for the SYNR register.
if OscCl k>12800000

FCLKDI VVal : equ (OscCl k/ 200000/ 8) +FDI V8 H val ue for the FCLKDI V register.

el se
FCLKDI VVal : equ (OscCl k/200000) H val ue for the FCLKDI V register.

endi f

| dab #REFDVVal H set the REFDV register.

stab REFDV

| dab #SYNRVal B set the SYNR register.

stab SYNR

nop H nops required for bug in initial silicon.

nop

nop

nop

brclr CRGFLG, #LOCK, * B wai t here till the PLL is | ocked.

bset CLKSEL, #PLLSEL H switch the bus clock to the PLL.




C Gettingthe Motorola PLL to Work continued...

)

K) C CodeExample

The FORloopfor (i =0; i <4;i++); providesadelay toallow the LOCK bit to becleared sotesting it will make sense. Remove

thislineand the program will not work correctly.

CLKSEL. Dat a. Byt e &= ~PLLSEL; I di sabl e PLL
SYNR. Dat a. Byt e = 0x3;
REFDV. Dat a. Byt e = 0x01;
for (i =0 H i <4 H i++); 1 smal | del ay
whi | e (! (CRGFLG. Data. Bit.B3))
CLKSEL. Dat a. Byte = PLLSEL; 11 enabl e PLL
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