
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































the previously loaded backup locations in the internal RAM. 
The microprogram then reb.l"ns to the Polling routine. If the 
pecket is not a runt, the receive status is updated in the ring 
descriptor. 

Data Chain 

If Byte Count of Current Buffer Equal 0 becomes true, it 
indicates that the receive buffer is full and the packet is not yet 
finished, which is the data chain case. The microprogram will 
update the receive status in the descriptor ring. and relinqUish 
the buffer to the CPU. It witt then check the next own bit If the 
next own is false, which would be the case if there was only 
one buffer or if there was more than one buffer but the chip did 
not own the next one, the microprogram will wait for the 
receiver to go inactive. This indicates that no more data is 
arriving from the Ethernet. When the receiver goes inactive. 
the current RX status is updated, and the own bit is cleared. 

If the chip owned the next buffer, the current receive buffer 
parameters in the internal RAM are updated from the next 
receive buffer parameters that had previously been loaded 
into the internal RAM. The microprogram will then check for 
end of the ring and update the address pointers accordingly. 
The microprogram will then go through the receive buffer 
look ahead section once, to try to acquire another receive 
buffer if one is available The microprogram will finally get back 
to the wait loop until either receiver goes inactive, SILO 
overflOW, or receive buffer overt low becomes true. There are 
two flags provided in the descriptor, STP (Start of Packet), and 
ENP (End of Packet), which allow the chip to mark the first and 
last buffers filled by the message. RMD3 is not updated if its 
buffer IS not the last buffer in the chain. 

Receive DMA Routine 

The Receive DMA routine is entered whenever there are 16 or 
more bytes of data in the SIl.O for transfer to memory during 
the reception. The routine is also entered when there are less 
than 16 bytes In the SILO and the receiver has gone inactive. 
ThiS IS to allow the SILO to empty at the end of the reception. 
Once entered, the Receive DMA routine will transfer 16 bytes 
of data to memory by doing 8 word transfers. These transfers 
are done on a single memory bus acquisition. This means that 
the chip will arbitrate through the HOLD-HLDA sequence and 
then keep HOLD asserted for the duration of 8 transfers. The 
READY Signal from the bus slave device is used to control the 
IndiVidual word transfers_ 

If the memory buffer starts on an odd address boundary, the 
first transfer will be 1 byte rather than 1 word (2 bytes). This 
rOutine IS also used to transfer less than 16 bytes at the end of 
a reception depending upon the packet Size, buffer addresses 
and data chaining 

Transmit POlling Routine 

The �t�r�a�n�~�m�i�t� polling routine is entered from the polling routine 
to determine If a message has been scheduled on the transmit 
descriptor flng. 

The routine begins by waiting for the TX Abort condition to 
finish if a TX Abort had occurred earlier. It then tests the status 
word of the flng deSCriptor entry. The routine tests the 
ownership of the ring buffer by reading the status word in the 
flng descriptor. If the Chip does not own the buffer, the 
mIcroprogram returns to the polling routine. If it does own the 
buffer. thiS Indicates a message is to be transmitted. The 
microprogram then tests the STP flag_ If STP = 0, thiS buffer 
could be a fragment of a data chained packet that got an error 
In a previous buffer. The chip Will release the buffer to the host 
by cleanng the OWN bit It will then update the ring address 
pointer and return to polling. In this manner, the chip skipS 

29 

0V8f any bad transmit buffers on the ring, until it finds a buffer 
with both the OWN and STP bit being set. 

If STP - 1, the microprogram performs memory transactions 
to acquire and store the address and byte count of the buffer 
in the Internal RAM. It then goes to the transmit routine to 
allow the transmission of the buffer. 

The receive active trap is enabled during this routine to allow 
for processing of an incoming packet and termination of the 
transmit process. 

Transmit Routine 

The transmit routine is entered from the transmit polling 
routine wben the microcode finds a buffer that it owns, 
indicating a message is scheduled to be transmitted. The 
routine is divided into three sections of microprogram, an 
initialization section, a buffer Iookahead section, and a de­
scriptor update section. 

Upon entering the initialization section, the first thing the 
microprogram does is back up the buffer address and byte 
count in the event of a retry. It then enables the DMA engine 
to start filling the SILO and send the pr&aIllbIe. It then enters a 
wait loop until the transmitter is actually sending the bit 
stream. It then proceeds to the Iookahead section. If the 
receiver became active while the microprogram was waiting 
for the transmitter to start, the transmission attempt is stopped 
and the microprogram goes to the receive routine via a TRAP. 

Transmit Buffer Lookahead 

Transmit look ahead occurs only when data Chaining, and is 
.done while the message is being transmitted from the SILO. In 
the lookahead section, the microprogram tests to determine if 
the current buffer it is transmitting has been marked with the 
end of the packet flag (ENP)_ If so, data chaining is not 
required. The microprogram enters a wait loop until either TX 
ERROR or TX DONE occurs. When DONE or ERROR or both 
finally set. the microprogram will report the error, if necessary, 
and then update the status word, update the nng address 
pointer and set the TINT bit in CSRQ. It will then return to the 
polling routine. 

Transmit Data Chaining 

There are two flags provided in transmit message descriptor 1 
(TMD1), STP (Start of Packet) and ENP (End of Packet) which 
mark the first and last buffers in the chain. The LANCE will, 
under rrncroprogram control, continue to chain buffers pointed 
to by the sequential descriptors In the ring until the ENP flag is 
encountered. If the end of packet flag (ENP) IS not set. data 
chaining is indicated. The microprogram first checks to see if it 
owns the next buffer. If not, the rrucroprogram enters the 
descriptor update section and walts for TX DONE or TX 
ERROR. Eventually, an undertlow error will occur because 
byte count overt low will occur without DONE having been set. 
Since there is no more data being written into the SILO and 
the transmitter is continuously reading data out of the SILO. 
the SILO will become empty and undertlow Will be set. This will 
cause the microprogram to branch out of the wait loop and 
update the descriptor with both BUFF and OVFL betng set. 
When an undertlow error occurs, the transmitter IS disabled. 

The LANCE owns the next buffer; the microprogram attempts 
to obtain the next buffer descriptor status. address. and byte 
count before entering a wait loop that looks for byte count 
overtlow or TX ERROR. When byte count overflow does 
occur, the microprogram updates the descriptor and updates 
the internal current transmit buffer parameters The rrucropro­
gram will then return to the microcode that checks for the end 
of packet flag to sequence through the rest of the buffers in 
the data chain. If an error had occurred, the mICroprogram 
would report the error before updating the status word 



If an error ne&ds to be reported, an error status word is written 
into the ring descriptor prioI' to writing the status word 
containing the "OWN" bit which releases the buffer. It no error 
is to be reported, the single word containing the "OWN" bit is 
written. The microprogram returns to the polling routine if the 
"ENP" flag is found or an error was reported. Otherwise, the 
microprogram returns to the Iookahead sections. 

Transmit DMA Routine 

ThiS routine is entered ttvough a mlCrotrap in the Iookahead 
section of the transmit routine. The function of the routine is to 
move data out of local memory into the SILO. The trap IS 
active when there are more than 16 free locations in the SILO 
and SilO underflow has not occun-ed. 

Once entered, the transmit DMA routine will transfer 16 bytes 
oj data from memory to the SilO by doing 8 word transfers. 
These transfers are done on a single memory bus acquisition. 
If the memory buffer starts on an odd addressing boundary, 
the first transfer will be 1 byte rather than 1 word (2 bytes). 
This routine is also used to transfer less than 16 bytes at the 
end of transmission depending upon the packet size. buffer 
addresses, and data chaining. 

Retry Trap Routine 

This routine is entered when a collision has been detected. 
The buffer address pointer is restored and the SILO is cleared 
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to n,s:ore the read and write pointers. If there is a TX error. it 
indicates that 15 retransmissions have occwred (16 total 
attempts) or that the Disable Retry bit (DATY) is set in the 
mode register. The microprogram then writes the status into 
the transmit descriptor ring. and returns to the polling routine 
to transmit the next packet. If there is no TX Error. the byte 
count is restored and the microprogram retuns to the start of 
the transmit routine to attempt another transmission. 

CSA Trap Routine 

The CSR trap routine is entered onty during the switch routine 
when the STOP bit of the CSRo is set. The function of the 
routine is to allow the access of CSR, and CSR2 through an 1/ 
o transaction. The routine determines which CSR is being 
accessed, read or write, moves the data between the MDA 
and COP RAM. and generates a Bus R'EAt5Y signal. 

Memory TImeout Trap Routine 

This trap is invoked whenever a memory transfer times out. 
That is, it does not receive ~ within 25.S"sec after the 
assertion of the address on the bus. 

The routine disables the receiver and transmitter by clearing 
the RXON and TXON bits in CSRo· 



ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature ......................... -65°C to + 150°C Commercial (C) Devices 
Ambient Temperature with Temperature ..................................... O°C to + 70°C 

Power Applied ............................... -25°C to + 125°C Supply Voltage ............................ + 4.75V to + 5.25V 

Supply Voltage to Ground Potential Vss ............................................................ oV 
Continuous ........................................ -O.3V to + 7V 

Power Dissipation .............................................. 2.0W 

Strf1SS6S above those listed under ABSOLUTE MAXIMUM 
RA rINGS may cause petmlJnent device fal1ure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect cI8vice 
teliBbility. 

Operating ranges define those limits over which the function· 
ality of the device is guarant88d. 

DC CHARACTERISTICS TA - 0 to + 70oe, Vee - + 5V ±5% unless otherwise spedfied 

PM1tmeter. 

VIL 

VIH 
VOl 

VOH 

IlL 

CtN 
CooT 
Cto 

o..crtptlon TntCondttlona Min 

Input LOW Voltage -05 

Input HIGH Voltage 2 

Output LOW Vottage Iol- 3.2mA 

Output HIGH Voltage IoH - -O .• mA 2 .• 

Input LUkage VIN - o .• v to Vee 
Input Capacitance 

Clutput Capacitance F -1MHz 

Capacitance 

TEST LOAD DIAGRAMS FOR FUNCTIONAL AND 
AC TESTING 

2.IN 
-~ 

Typ 

~-o----4 ~o-----. 

TCOO1660 TCOO1670 

Max 

0.8 

Vex; + O.SV 

0.5 

!10 

10 

10 

20 

Test Load for All the Outputs 
and 1/0 Pins Except Pins 11, 17, 22 

Test Load for Open Drain Outputs 
and Pins 11, 17,22 

Cl - l00pF for all pins except pins 26, 29. 
~ - 50pF for pins 26, 29. 
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Untt. 

Volts 
Vo!ts 
Volts 
Volts 

",.A 

pF 

pf 

pf 
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3 T A '"' 0 to 70°C, Vee - + 5V ±5% unless otherwise specified 
BUS MASTER AND BUS SLAVE TIMING PARAMETERS 

Number Parameters Description Test ..... Typ Condition. Max Unit. 

t ITCT TCLK Period 99 tOl ns 
2 ITCl TCLK LOW Tme 45 55 ns 
3 ITCH TCLK HIGH Tme 45 55 ns 
4 tTCA Rise Time of TClK 0 8 ns 
5 ITCF Fall Time of TCLK 0 8 ns 
6 tTEP TENA Propagation Delay After the Rising Edge of TClK Ct. - 50pF 95 ns 
7 tTEH TENA Hold Time After the Rising Edge of TClK Ct. - 50pF 5 I R$ 

8 tTOP TX Data Propagation Delay After the Rising Edge of TCLK Ct. - 50pF 95 ns 
9 'TDH TX Data Hold Tme After the Rising Edge of TCLK Ct. - 50pF 5 ns 

10 tACT RCLK Period 85 118 ns 
11 IRCH RCLK HIGH Time 38 ns 
12 tACL RClK LOW Time 38 ns 
13 IRCA Rise Time of RlCK 0 8 ns 
14 IReF Fell Time of RCLK 0 8 ns 
15 IROR RX Data Rise Tme 0 8 ns 
16 IROF RX Data Fall Time 0 8 ns 
17 'IRDH RX Data Hold Tme (RCLK to RX Data Change) 5 ns 

18 tAOS 
RX Data Setup Tme (RX Data Slable to the Rising Edge of 

60 ns RClK) 

19 I tOPl RENA lOW Tme 120 ns 

20 !cPH CLSN HIGH Time 80 ns 
21 tOOFF Bus Master Driver Disable After Riling Edge of FK::X:D 0 50 ns 
22 lOON Bus Master Driver Enable After Falling Edge of ~ 0 250 ns 

23 tHHA 
Delay to Falling Edge of HIl5A from Falling Edge of HOrn 0 ns (Bus Master) 

24 tAW ~ Pulse Width LOW 200 ns 
25 !cYCLE Read/Write. Address/Data Cycle Tme 600 ns 
26 IXA5 AddreSs Setup Tme to the Falling Edge of ALE 75 ns 
27 IXAH Address Hold Time After the Rising Edge of DAS 35 ns 
28 lAS Address Setup Time to the Falling Edge of ALE 75 ns 

29 IAH Address Hold Ttme After the Falling Edge 01 ALE 35 ns 

30 j IAOAS 
Data Setup Time to the Rilling Edge of m (Bus Master 50 ns 
Read) 

I Data Hold Ttme Atter the RISing Edge 01 'OAS (Bus Master 0 ns ~ I'RDA" Read) 

32 1'00A5 
Data Setup Time 10 the faIling Edge Of ~ (Bus Master 0 ns 

~----+ 
I Write) 

33 twos 
Data Selup TIme 10 the RIsing Edge of m (Bus Masler 200 ns 
Wnte) 

34 IWOH 
Data Hold Time After the RISIng Edge of m (Bus Master 
Wntel 

35 ns 

35 i 15001 
Dala Dover Delay After the Failing Edge of m (Bus Slave fCRS 0, 3. RAP) 400 ns 

, Read) 

36 tSOO2 
Dala Dover Delay Afte the Failing Edge of ~ (Bus Slave 
Read) 

(CSR 1.2) 1200 ns 

37 ISAoH 
Data Hold Time After the Rising Edge Of ~ (Bus Slave 
Read) 

0 35 ns 

38 tSWoH 
Data Hold TIme After the RISing Edge of m (Bus Slave 
Wnte) 

0 ns 

39 tswOS 
Data Setup Tune 10 the Failing Edge of m (Bus Slave 0 ns 
Wnte) 

! 
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3 (Cont.) T A = 0 to 70°C, Vee'" + 5V ±5% unless otherwise specified 
BUS MASTER AND BUS SLAVE TIMING PARAMETERS 

Number Parameters DncrIption Tnt lIin Typ lIa. Unlta 
ConcIttIona 

40 tALEW ALE Width HIGH 120 ns 

4' toALE Delay from Rising Edge of m to the Rising Edge of ALE 70 ns 
42 tosw m Width lOW 200 ns 

43 IADAS 8lr from the Falling Edge of ALE to the Felling Edge of 80 ns 

44 !RIOF 
~ from the Rising Edge of OAlO to the F8IIing Edge 01 m (Bus Master Read) 

15 ns 

45 tROVS 
Delay from the Falling Edge of ~ to the Rising Edge 01 m tARYO - 300ns 75 250 ns 

46 !ROlF 
~ from the Rising Edge of 0Arn to the Falling Edge 01 
All (Bus Master Read) 

15 ns 

47 IRIS 
l5A[j Selup Time to the Rising Edge of m (Bus Master 135 ns Read) 

48 tRIH 
l5AiJ Hold Time After the Rising Edge of m (Bus Master 0 ns Read) 

49 tRIOF grab from the Rising Edge of mJ to the Falling Edge of 
l (Bus Master Read) 

55 ns 

50 tos 
'C5Arn Setup Time to the Falling Edge of AlE (Bus Master 110 ns Read) 

51 tROH 
'C5Arn Hold Time After the Falling Edge of ALE (Bus Master 35 ns Read) 

52 tWOSI 
grab from the Rising Edge 01 m to the Rising Edge of 

l (Bus Master Write) 35 ns 

53 teSH ~ Hold TIIM After the Rising Edge of m (Bus Slave) 0 ns 

54 tess ~ Setup Time to the Falling Edge of m (Bus Slave) 0 ns 

55 tSAH ADR Hold Time After the Rising Edge 01 m ~Bus Slave) 0 ns 

56 I$AS ADR Setup Time to the FaIIlfl9 Edge of m (Bus Slave) 0 ns 

57 ; IARYD 
~a~ from the Falling Edge of ALE to the Falling Edge of 

A Y to Insure a MirllfTlUm Bus Cycle Tme (SOOns) 
80 ns 

58 ISROS 
Data Setup Time to the Falling Edge of Ready (Bus Slave 75 ns 
Read) 

59 IRDYH 
~ Hold Time After the Rising Edge of m (Bus 0 ns 
Master) 

60 ! ISRO' 
~ Onver Turn On After the Falling Edge of m (Bus (CSR 0, 3, RAP) 600 ns 
Slave Read) 

6' ISR02 
~ Onver Turn On After the Falling Edge of m (Bus (CSR 1,2) 1400 ns 
Slave Read) 

62 ISRYH ~ Hold Time After the Rising Edge of m (Bus Slave) 0 35 ns 

63 tSRH READ Hold Time After the Rising Edge of m (Bus Slave) 0 ns 

64 ,ISRS READ Setup Time to the Falling Edge of m (Bus Slave) 0 ns 

65 teHl TClK Rising Edge to Hold lOW or HIGH Delay 200 ns 

66 teAIi ; TCLK to Address Valid 150 ns 

67 teeA TCLK Rising Edge to Control Signals AcliYe 165 ns 

68 ' teALE TCLK Falling Edge to ALE lOW 150 ns 

69 teOl TCLK Falling Edge to DAS Falling Edge 150 ns 

70 tRCS Ready Setup Time to TClK 50 ns 

71 teCH TClK Rising Edge to DAS HIGH 150 ns 

72 IHcs HlDA Setup to TClK 50 ns 

73 tRENH RENA Hold Time After the RIsing Edge of RClK ''0 ns 

Notes 1 Parameter # 25 IS not shown in the timing diagrams_ h specifies the ITIininun bus cycle for a single OMA transfer 

2 The A!Al5Y setup tIme before negation of m 1$ a function of the synchronization lime of ~. The synchronizatIOn must occur 
WIthin lOOns Therefore. the setup time is lOOns plus any accumulated propagation deIIIys_ Ready slips occur on lOOns Increments 

I 
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SERIAL LINK TIMING 

MIlA 

---J 

___ r~------------~'------------~i . 
iiiiT 'i~ _____ y 

Timing measurements are made at the following voltages, unless otherwise specified 

High Low 
Output 2.0V O.8V 
Input 2.0V O.8V 
Float V O.SV 
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APPENDIX A 

8086 computer program example to generate the hash filter, for multicast addressing in the LANCE. 

6 SUBROUTINE TO SET A BIT IN THE HASH FilTER FROM A 
7 GIVEN ETHERNET lOGICAL ADDRESS 
8 ON ENTRY SI POINTS TO THE lOGICAL ADDRESS WITH lSB FIRST 
9 01 POINTS TO THE HASH FilTER WITH LSB ARST 
10 ON RETURN SI POINTS TO THE BYTE AFTER THE lOGICAL ADDRESS 
11 ALL OTHER REGISTERS ARE UNMODIFIED 
12 
13 PUBLIC SETHASH 
14 ASSUME CS:CSE61 
15 ; 
16 -1086 POlYL Eau lOB6H ;CRC POL YNOMINAL TERMS 
17 -04Cl POLYH. Eau 04C1H 
18 
19 0000 CSE61 SEGMENT PUBLIC 'CODE' 
20 ; 
21 0000 SETHASH PROC NEAR 
22 0000 50 PUSH AX ;SAVE ALL REGISTERS 
23 0001 53 PUSH BX 
24 0002 51 PUSH CX 
25 0003 52 PUSH OX 
26 0004 55 PUSH BP 
27 
28 0005 B8 FFFF MOV AX.OFFFFH ;AX,DX - CRC ACCUMULATOR 
29 0008 BA FFFF MOV DX,OFFFFH ;PRESET CRC ACCUMULATOR TO ALL 1'S 
30 OOOB B5 03 MOV CH.3 ;CH - WORD COUNTER 
31 ; 
32 0000 8B 2C SETH10: MOV 8P;[S1] ;GET A WORD OF ADDRESS 
33 OOOF 83 C602 ADD SI,2 ;POINT TO NEXT ADDRESS 
34 0012 Bl 10 MOV CL.16 ;Cl - BIT COUNTER 
35 
36 0014 8B OA SETH2O: MOV BX,DX ;GET HIGH WORD OF CRC 
37 0016 01 C3 ROl BX.l ;PUT CRC31 TO LSB 
38 001e 33 DO XOR BX.BP ;COMBINE CRC31 WITH INCOMING BIT 
39 oolA 01 EO SAL AX,l ;LEFT SHIFT CRC ACCUMULATOR 
40 00lC 01 02 RCL DX,l 
41 oolE 81 E3 0001 AND BX,0001H ;BX - CONTROl BIT 
42 0022 74 07 JZ SETH30 ;00 NOT XOR IF CONTROL BIT - 0 
43 
44 PERFORM XOR OPERATION WHEN CONTROL BIT - 1 
45 
46 0024 35 1086 XOR AX,POlYl 
47 0027 81 F2 04Cl XOR DX,POLYH 
48 
49 002B OB C3 SETH30: OR AX,BX ;PUT CONTROL BIT IN CRGO 
50 0020 01 CD ROR BP.1 ;ROTATE ADDRESS WORD 
51 002F FE C9 DEC CL ;DECREMENT BIT COUNTER 
52 0031 75 E1 JNZ SETH20 
53 0033 FE CD DEC CH ;DECREMENT WORD COUNTER 
54 0035 75 D6 JNZ SETH 1 0 
55 

56 
FORMATION OF CRC COMPLETE. AL CONTAINS THE REVERSED HASH 
CODE 

57 
58 0037 89000A MeV CX.10 
49 003A DO EO SETH40: SAL AL.l ;REVERSE THE ORDER OF BITS IN AL 
60 003C DO DC RCR AH,1 ;AND PUT IT IN AH 
61 003E E2 FA LOOP SETH40 
62 
63 AH NOW CONTAINS THE HASH CODE 
64 
65 00408A DC MeV BL,AH ;Bl - HASH CODE, ·BH IS ALREADY ZERO 
66 0042 Bl 03 MOV Cl,3 ;OIVIDE HASH CODE BY 8 
67 0044 02 EB SHR Bl.Cl ;TO GET TO THE CORRECT BYTE 
68 0046 eo 01 MeV AL.01H ;PRESET FILTER BIT 

35 



69 0048 80 E4S 07 AND AH,7H ;EXTRACT BIT COUNT 
70 004B 8A CC MOV . Cl.AH 
71 0040 02 EO SHL Al,CL ;SHIFT BIT TO CORRECT POSITION 
72 004F 08 01 OR [01 + BXJ,AL ;SET IN HASH FILTER 
13 0051 50 POP BP 
74 0052 SA POP OX 
75 0053 59 POP CX 
76 0054 58 POP BX 
77 005558 POP AX 
78 0056 C3 RET 
19 . 
80 0057 SETHASH ENOP 
81 : 
82 0057 CSEG1 ENOS 
83 
84 END 

Basic computer program example to generate the hash fitter. for multicast addressing. in the LANCE. 

100 REM 
110 REM PROGRAM TO GENERATE A HASH NUMBER GIVEN AN ETHERNET ADDRESS 
120 REM 
130 OEFINT A-Z 
140 DIM A(47) : REM ETHERNET ADDRESS - 48 BITS 
150 DIM C(32) : REM CAC REGISTER - 32 BITS 
160 PRINT "ENTER STARTING ADDRESS'; : INPUT AS 
170 IF LEN (AS) < > 12 THEN 160 : REM THE INPUT ADDRESS STARTING MUST BE 12 CHARS 
180 REM 
190 REM UNPACK STARTING ADDRESS INTO ADDRESS ARRAY 
200 REM 
210 M - 0 
220 FOR I - 0 TO 47 : All) - 0 : NEXT I 
230 FOR N - 12 TO 1 STEP -1 
240 Y$ - MID$ (AS.N.1) 
250 IF Y$ - "0" THEN 420 
260 :F Y$ - "1" THEN A(M) - 1 : GOTO 420 
270 IF Y$" "2" THEN A(M + 1) - 1 : GOTO 420 
280 IF Y$ '" "3" THEN A(M + 1) -1 : A(M) - 1 : GOTO 420 
290 IF Y$" "4" THEN A(M + 2) -1 : GOTO 420 
300 IF YS" "5" THEN A(M + 2) - 1 : A(M) - 1 : GOTO 420 
310 IF Y$" "6" THEN A(M + 2) - 1 : A(M + 1) - 1 : GOTO 420 
320 IF Y$ - "7" THEN A(M + 2) - 1 : A(M + 1) - 1 : A(M) - 1 : GOTO 420 
330 A(M + 3) "" 1 
340 IF Y$ = "8" THEN 420 
350 IF Y$" "9" THEN A(M) - 1 : GOTO 420 
360 IF Y$" "A" THEN A(M + 1) - 1 ; GOTO 420 
370 IF Y$ = "B" THEN A(M + 1) - 1 : A(M) - 1 : GOTO 420 
380 IF Y$" "C" THEN A(M + 2) - 1 : GOTO 420 
390 IF Y$" "0" THEN A(M + 2) - 1 : A(M) - 1 : GOTO 420 
400 IF YS .. "E" THEN A(M + 2) - 1 : A(M + 1) - 1 : GOTO 420 
410 IF Y$z"F" THEN A(M+2)-1 : A(M+l)-l : A(M)-1 
420 M .. M + 4 
430 NEXT N 
440 REM 
450 REM PERFORM CRC ALGORITHM ON ARRAY A(0-47) 
460 REM 
470 FOR 1- 0 TO 31 : C(I) - 1 : NEXT I 
480 FOR N - 0 TO 41 
490 REM LEFT CRC REGISTER BY 1 
500 FOR I - 32 TO 1 STEP - 1 : C(') - C(I - 1) : NEXT I 
510 C(O)" 0 
520 T - C(32) XOR A(N) : REM T - CONTROL BIT 
530 IF T < > THEN 600 : REM JUMP IF CONTROL BIT - 0 
540 C(l)" C(1) XOR 1 : C(2) - C(2) XOR 1 : C(4) - C(4) XOR 1 
550 C(5) - C(5) XOR 1 : C(7) - C(7) XOR 1 : C(8) - C(e) XOR 1 
560 C(10)-C(10) XOR 1: C(11)-C(11) XOR 1: C(12)-C(12) XOR 1 
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570 C(16) - C(16) XOR 1 : C(22) - C(22) XOR 1 : C(23) - C(23) XOR 1 
580 C(26) - C(26) XOR 1 
590 C(O) - 1 
600 NEXT N 
610 REM 
620 REM CRC COMPUTATION COMPLETE. EXTRACT HASH NUMBER FROM C(O) TO C(5) 
630 REM 
640 HH - 32-C(0) + 16-C(1) + 8-C(2) + 4·C(3) + 2·C(4) + C(5) 
650 PRINT "THE HASH NUMBER FOR ";A$;" IS ";HH 
660 GOTO 160 

MAPPING OF LOGICAL ADDRESS TO FIL TEA MASK 

LAF LAF DHtInetIon LAF LAF DfttInation 
Reg Loe Addreu Accepted Reg Loc AddreM Accepted 
BIts BIt. 
Set Dec (Hex) Set Dec (Hex) 

0 0 0000 0000 0085 0 32 0000 0000 0021 
1 0000 0000 OOA5 33 0000 0000 0001 

L 2 0000 0000 00E5 L 34 0000 0000 0041 
A 3 0000 0000 OOC5 A 35 0000 0000 0071 
F 4 0000 0000 0045 F 36 0000 0000 OOE 1 

5 0000 0000 0065 37 0000 0000 OOC1 
0 6 0000 0000 0025 2 38 0000 0000 0081 

7 0000 0000 0005 39 0000 0000 OOA 1 
8 0000 0000 002B 40 0000 0000 OO8F 
9 0000 0000 OOOB 41 0000 0000 OOBF 
10 0000 0000 004B 42 0000 0000 OOEF 
11 0000 0000 006B 43 0000 0000 OOCF 
12 0000 0000 OOES 44 0000 0000 004F 
13 0000 0000 OOCB 45 0000 0000 OO6F 
14 0000 0000 008B 46 0000 0000 002F 

15 15 0000 0000 OOBS 15 47 0000 0000 OOOF 

0 16 0000 0000 OOC7 0 48 0000 0000 0063 
17 0000 0000 00E7 49 0000 0000 0043 
18 0000 0000 OOA7 50 0000 0000 0003 
19 0000 0000 0087 51 0000 0000 0023 

L 20 0000 0000 0007 l 52 0000 0000 OOA3 
A 21 0000 0000 0027 A 53 0000 0000 0083 
F 22 0000 0000 0087 F 54 0000 0000 00C3 

23 0000 0000 0047 55 0000 0000 OOE3 
1 24 0000 0000 0069 3 56 0000 0000 OOCO 

25 0000 0000 0049 57 0000 0000 OOEO 
26 0000 0000 0009 58 0000 0000 OOAO 
27 0000 0000 0029 59 0000 0000 0080 
28 0000 0000 OOA9 60 0000 0000 0000 
29 0000 0000 0089 61 0000 0000 0020 
30 0000 0000 00C9 62 0000 0000 0060 

15 31 0000 0000 OOE9 15 63 0000 0000 0040 
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The International Standartl of 
Quality guarantees a OOOOk AQL on all 

electrical parameters, AC and DC 
over the entire _...,~ ... 
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Am7992B 
Serial Interface Adapter (SIA) 

DISTINCTIVE CHARACTERISTICS 

• Compatible with EthernetlCheapernetIlEEE-802.3 
specifications 

• Crystal controlled Manc:hesta' Encoder 
• Manchester Decoder acquires clock and data within fOU' 

bit times with an acancy of i3 ns 

• Guaranteed carrier and c:oIision detection squek:h 
threshold limits 
- Carrier/collision detected for inputs. greater than 

-275 mV 
- No carrier/collision for inputs less than -175 mV 

• Input signal conditioning ~ transient noise 
- Transients < 10 ns for coI~ detector inputs 
- TransientS < 20 ns tor carrier detector inputs 

• ReceiYer decodes Manchester data with worst case 
± 19 ns of clock jitter (at 10 MHz) 

• TTL compatible host interface 
• Transmit accuracy ±O.01 % (without adjustments) 

GENERAL DESCRIPTION 

The Am7992B Serial Interface Adapter (SIA) is a Manches­
ter Encoder/Decoder compatible with IEEE~2.3, Cheap­
emet and Ethernet specifications. In an IEEE-802.3/Ether­
net application, the Am7992B interfaces the Am7990 Local 
Area Network Controller for Ethernet (LANCE) to the 
Ethernet transceiver cable, acquires clock and data within 

four bit times. and decodes Manchester data with worst II 

case ±19 ns phase jitter at 10 MHz. SIA provides both 
guaranteed signal threshold limits and transient noise 
suppression circuitry in both data and collision paths to I 
minimize false start conditions. 
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RELATED PRODUCTS 

IWt No. De8Cllption 

Am7990 Local Area Network Controller for Ethernet (LANCE) 

Am7996 IEEE-802.3/EthemetlCheapemetlTransceiver 

Order # 03378E 
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CON.NECTION DIAGRAM 

Top VIew 

DIP 

CL.SN CoIIieion+ 

AX ~ 

RENA Receive+ 

RCU< ~ 

TSEL Tiii 
GNO. Vc:c:. 

GNO, Vea 

X, PF 

XI RF 

TX GND, 

TCLK TrMMIit+ 

TENA T .......... 

(X)001521 

Note: Pin 1 .. martted for O ...... D' 

ORDERING INFORMATION 
dO STANDARD PRODUCTS 

AMO products are available in several packages and operating ranges. The order number (Valid CombiIIdon) .. 
formed by a combination of: A. DevIce Number 

Am79928 

8. Speed OptIon (If applicable) 
C. PIIckage Type 
D.T ................... 
E. OptIonal PrOCllling 

L-. ____________ ~~~~ 
c-~ (010 +7o-c) 

L-.----------c. PACKAGE TYPE 
p - 2<4-Pin (Slim) PIMtic: 0fP (P030241 
o - 28-Pin (Slim) Cerwnic DIP (a)3024) 

'----------------

A. DEVICE NUMBER/DESCRIPTION 
Am79928 
Serial Interlace Adapter 

pc, PCB 
DC, DC8 

2 

•. SP£ED OPTION 
Not Applicable 

VIdId CornbInetIoI_ 

Consutt the local AMO sales office to confirm 8VIIiIabiIity of 
specific valid combinations, to check on newty reIeued 
valid combinations, and to obtain additional data on AMO's 
standard military grade products. 



PIN DESCRIPTION 

CLSN CoIIeIon (Output, TTL ActIve HIGH) 
Signals at the Collision ± terminals meeting ttveshold and 
pulse width requirements wiD produce a logic HIGH at 
CLSN output When no signal is present at Collision!, 
CLSN output will be LON. 
RX ReceIve o.ta (Output) 
A MOSITIl output. recovered data. When there is no 
signal at Receive± and TEST is HIGH, RX is HIGH. RX is 
actuated with RCLK and remains active lM'1tiI RENA is de­
asserted at the end of message. During reception, RX is 
synchronous with RCLK and changes after the rising edge 
of RCLK. When ~ is LOW. RX is enabled. 

RENA AeceIYe Enable (Output. TTL ActIve HIGH) 
When there is no signal at Receive! RENA is LOW. 
Signals meeting threshold and pulse width "on" 
requirements will produce a logic HIGH at RENA. When 
RENA is HIGH, Receive± signals meeting ttveshold and 
pulse width "off' requirements will produce a LOW at 
RENA. 

ACLK ReceIYe Clock (Output) 
A MOS/TTL output. recovered clock. When there is no 
signal at Receive! and mT is HIGH, RClK is LOW. 
RCLK is activated 1/4 bit time after the second negative 
Manchester preamble clock transition at Receive±, and 
rema;ns active until end of message. When test is LOW, 
RCLK is enabled and meets minimum pulse width 
specifications. 

TX Transmit (Input) 
TIL~mpatible input. When TENA is HIGH, signals at TX 
meeting setup and hold time to TCLK will be encoded as 
normal Manchester at Transmit+ and Transmit-. 

TX HIGH: TransmiH is negative with respect to 
Transmit- for first half of data bit cell. 

TX LOW: Transmit+ is positive with respect to 
Transmit- for first half of data bit cell. 

TEN" Transmit Enable (Input) 
TIL-compatible input. Active HIGH data encoder enable. 
Signals meeting setup and hold time to TCLK will allow 
encoding of Manchester data from TX to Transmit+ and 
Transmit-. 

TCLK Transmit Clock (OUtput) 
MOS/TIL output TCLK provides symmetrical HIGH and 
LOW clock signals at data rate for reference timing of data 
to be encoded. It also prOYides clock signals for the 
controller chip (Am7990 - LANCE) and an internal timing 
reference for receive path voltage controlled oscillators. 

T,..,.mt+ TrMemIt (Outputa) 
TI'M8mIt-
A differential line output. This line pair is intended to 
operate into terminated transmission lines. For signals 
meeting setup and hold time to TCLK at TENA and TX, 
Manchester clock and data are outputted at Transmit+ I 
Transmit-. When operating into a 78 n terminated 
transmission line, signaling meets the required output 
levels and skew for both Ethernet and IEEE-802.3 drop 
cables. 

FUNCTIONAL DESCRIPTION 

The Am7992B Serial Interlace Adapter (SlA) has ttvee basic 
functions. It is a Manchester Encoder lline driver in the 
transmit path, a Manchester Decoder with noise filtering and 
quick Iock-on characteristics in the receive path. and a signal 
detectlconverter (10 MHz differential to TIL) in the collision 
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RIC I""" ReceIver (Inputs) ......,... 
A differential input A pair of internally biased line receivers 
consisting of a carrier detect receiYer with offset threshoki 
and noise filtering to detect the tine activity, and a data 
recovery receiver with no offset for Manchester data 
decoding. 

CoIIeIon+ CoIII8ton (Inputa) 
~ 
A differential input. An internally biased line receiver input 
with offset threshold and noise filtering. Signals at 
Collision! have no effect on data-path functions. 

TSEL T....,.,.,n Mode Select (Output. Open 
Collector, Input, SenM AmplIfIer) 

TSEL LOW: Idle transmit state Transmit+ is positive 
with respect to Transmit-. 

TSEL HIGH: Idle transmit state Transmit+ and Transmit­
are equal. providing "zero" differential to 
operate transformer coupled loads. 

When connected with an RC network. TSEL is held LOW 
during transmission. At the end of transmission the open 
collector output is disabled, allowing TSEL to rise and 
provide a smooth transmission from logic: HIGH to "zero" 
differential idle. Delay and output return to zero .-e 
externally controlled by the RC network at TSEL and 
Transmit± lOad inductance. 

Xl. X2 BlaNd CryWd OscIII8tor (Input) 
Xl is the input and X2 is the bypass port. When connected 
for crystal operation, the system clock which appears at 
TClK is half the frequency of the crystal oscillator. Xl may 
be driven from an external source of two times the data 
rate. 

RF Frequency Setting YoItIIge Controlled 
Oactllator (Yeo) Loop filter (Output) 

This loop filter output is a reference voltage for the receive 
path phase detector. It also is a reference for timing noise 
Immunity circuits in the collision and receive enable path. 
Nominal reference Yeo gain is 1.25 TCLK frequency 
MHzN. 

PF Receive Path Yeo Pe...Lock Loop Flter (Input) 
This loop filter input is the control for receive path loop 
damping. Frequency of the receive Yeo is internally limited 
to transmit frequency ± 12%. Nominal receive Yeo gain is 
0.25 reference Yeo gain MHzlV. 

ftS'f Test Control (Input) 
A static input that is connected to Vee for Am7992B1 
Am7990 operation and to Ground for testing of Receive! 
path ttveshold and RCLK output high parameters. When 
~ is grounded, RX is enabled and RCLK is enabled 
except during Clock acquisition when RClK is HIGH. 

GN01 HIgh CWrent Ground 

GN~ logic Ground 
GN03 Yoltllge Controlled OecIIIator Ground 

YCCl High Current 8nd logic Supply 

YCC2 YoItIIge Controled o.cIIator Supply 

path. In addition, the SIA provides the interface between the 
TIL logic environment of the Local Area Netwcrt Controller 
for Ethernet (LANCE) and the differential signaling environ­
ment in the tran'iCeiver cable. 



Transmit Path 

The transmit section encodes separate clock and NRZ data 
input signals meeting the set-up and hold time to TCLK at 
TENA and TX, into a standard Manchester II serial bit stream, 
The transmit outputs (Transmit+ /Transmit-) are deIigned to 
operate into terminated transmission lines. When operating 
into a 78 n termlll8ted transmission line, signaJing meets the 
required output levels and skew for Cheepemet. Ethernet and 
IEEE-802.3. 

TI IIAIOCMD'IWJI ,..... IIICOCI8 

".~ 
1 

t 1 

~ Ole 

FIgu.e 1. Transmit SectIon 

T,.....mtter TImIng and Operdon 

~. 

AFOO3()oI() 

A 20 MHz fundamental mode crystal oeciIIator prOYides the 
basic timing reference in the SlA. It is divided by two to aeate 
the Transmit Oock reference (TCLK). Both 2O-MHz and 

PIN 5 TSELl 
TCOOl9«1 

A.. TSEL LOW 

10-MHz clocks are fed into the Manchester Encoder to 
generate the transitions in the encoded data stream, The 10 
MHz clock. TCLK. is used by the SIA to inWnIIIIy lYf'Chronize 
Transmit (TX) data and Tranamit Enable (TENA), TCU< is also 
used as a stable bit rate clock by the receive NCtion of the 
SlA and by other devicee in the systa'n (the Am7990 lANCE 
uses TCLK to drive its internal state rnec:tn). The oeciIIator 
may use an external .005% crystal or an extemaI TTL.feveI 
input as a reference. Transmit ac:ancy of .01 % is achieved 
(no external act;ustments are required). 

Transmission is enatHd when TENA • activated. Aa long as 
TENA remains HIGH, IignaIs at TX will be encoded as 
Manchea1er and will appear at Tr&nImit+ .net T,..,.. 
When TENA goes LOW. the dif*8ntiaI DnIrnit 0UIputa go to 
one of two idle states: 

1. TSEL HIGH: The idle state of T........m:t yields "zero" 
differential to operate transfonner-coupled 
Ioad8 (Me Figure 2, TranIn'iIt8r TIning - End 
of Trantmialion waveform diIIgram and Typical 
~ CUrve dIegram). 

2. TSEl LOW: In this idle state, Tr&nImit+ is poMive to 
Transmit- (Iogicel HIGH) (Me F9H8 and 
diagrams as ref_ad above). 

The End of Tranamission - Return to Z.-o • detemal8d by 
the external RX network at TSEL and bV the toed at 
Transmiti. 

TSEL 
PIN 5 

R, 510 

c, * eeo pF 

R, 3K 

8. TSEL HIGH 

Figure 2. Transmit Mode Select (TSEL) Connection 

SIA OecHlator 

SptcIftcatJon 'or Extemtl Cry.ta' 

When using a crystal to drive the Am7992B oscillator. the 
following crystal specification should be used to ensure a 
transmit accuracy of 0.01 %: 

UmH 

M.tn. ft2m. MIl. VnIII 
1. Resonant FreQuency -so 0 +SO PPM 

Error with Cl - 50 pF 

2. Change in Resonant Fre- -40 +40 PPM 
quency T empereture with 
CL-SOpF 

3. Parallel Resonant FreQuency 20 MHz 

with CL - SO pF 

4. Motional Crystal Capaci· 0.022 pF 

lance, C, 

Some crystal manufacturers have generated crystals to this 
specification. One such manufacturer is Reeves·Hoffman. 
Their ordering part number for this crystal is RH # 04-20423· 

312. 

SptcI!Ication for Exttmll m LIytI 

When driving the oscillator from an external clock source. X2 
must be left floating (unconnected). An external clock having 
the following characteristics must b8 used to ensure less than 
:to.S ns jitter at Transmitt (see the X1 Driven from External 
Source waveform diagram): 

Clock Frequency: 20 MHz ±0.01% 

Rise/Fall Ttme (lA/IF): < 2 os from 0.8 V to 2.0 V 

X, HIGH/LOW Time (lffiGH/tLOW): > 20 ns 

X, FaHing Edge to FaJlingEdgeJitter: < to.2 ns at 
1.5 V input 

Receiver P.th 

The principle functions of the Receiver are to signal the 
LANCE thet there is information on the receive pair. and 
separate the incomtng Manchester-encoded data stream into 
clock and NRZ data. 

The Receiver section (see FIgUI'8S 3 and 4) consists of two 
parallef paths. The receive data path is • zero threshold. wide 
bandwidth line receiver. The carrier path is an offset threshold 



___ dMecting line r~. Both receivers share c:otn< 

men bia networtcs to allow operation aver an input common 
mode ,.,. of 0 to 5.5 WIlts. 

AFOO305O 

figure 3. Receiver 

Input .... CocMltlol*tg 

The CMier Receiver detects the presence of an incoming 
data peckel by discerning and re;ecting noise from expected 
Manchester data. It also controls the stop and start of the 
pttue..Iock loop during clock acquisition. In the Am7992B, 
clock ICqUiIition requires a valid Manchester bit pattern of 
1010 to lock on the incoming message (see Receive Tim­
ing - Start of Reception Clock Acquisition waveform diagram). 

Transient noise pulses less than 20 ns wide are rejected by 
the Carrier Receiver as noise and DC inputs more positive 
than minus 175 mV are also suppressed. Carrier it detected 
for input aignal wider than 45 os with ampfitude more negative 
than rnnus 275 mV. When input amplitude and pufse width 
concItionI .. met at Receive:t. RENA is asserted and a ciock 
acquiIition Cycle is initiated. 

Clock AcquIlltIGn 

When there is no actMty at Receive± (receiver is idle), the 
receive oscillator is phase locked to TCLK. T~ first negative 
clock transition (first valid Manchester "0") after RENA is 
asserted interrupts the receive oscillator and presents the 
INTRCLK (1IrtemaI clock) to the HIGH state. The oscillator is 
then restarted at the second Manchester "0" (bit time 4) and 
is phae locked to it. As a reeuIt, the SIA acquns the clock 
from the inconing Manchester bit stream in four bit times with 
"1010" ~ bit pattern. The 1o-MHz INTRCLK and 
INTPLLClK .. derived from the internat OICiIIator which runs 
at 4 timet the data rate (40.0 MHz). The three clocks get_'" m.m.IIy are utilized in the following I'n8IWMW: 

INTRCLK: After clock acquisition. INTRCLK strobes the 
inc:oc1W1g data at 1/4 bit time. Receive data path sets the 
input to the data decode regis1er (Figure 4). 

INTPlLCLK: At clock acquisition, INTPLLCLK is phase 
Jocked 10 the incoming Manchester clock transition at bit 
cell c:em. (BCC). The transition at ace is compared to 
INTPLLCU< and phase correction it applied to maintain 
INTRCLK at 1/4 bit time in the Manchester eel. 

INTCARR: From IWt to end of a mesuge, INTCARR is 
acti¥e and ..a.bIishes RENA T um-otf synchiOiIOUlly witt' 
RCLK rising q.. Internal carrier goes active when there is 
a negative tr8nIition that is more negative than -275 mV 
and _ a puI8a width greater or equal 10 45 ns. Intemal 
cerrier goes . inactive Within 165 ns of the last positive 
~ at Receive±. 

When TBT it str'IIpped HIGH, RCLK and RX are enabled 1/4 
bit lime after clock acquisition in bit cell 5. RX is at HIGH state 
when the receiver is idle and TEST is I1r8pped HIGH (no 
RLCK). RX, however, is WlCIefined when clock is acquirad and 
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0F000173 

figure 4. Receiver SectIon Detail 

may remain HIGH or change to lOW IIlate whenever RCLK is 
enabled. At 1/4 bit time of clock transition in bit cell 5, RCLK 
makes its first external transition. It also strobes the incoming 
fifth bit Manchester "1." RX may make a transition after the 
RCLK rising edge in bit cell 5, but its state is still undefined. 
The Manchester' '1 " at bit 5 is ctocked to RX output at 1/4 bit 
time in bit cell 6. 

PLL TrKklng 

After clock acquisition. the INTPLLCLK is compared to the 
incoming transitions at Bce and the resulting phase error is 
applied 10 a correction circuil This circuit ensures that 
INTPLLClK remains lOCked on the received signal. Individual 
bit cell phase corrections of the Vco are limited to 10% of the 
phase difference between sec and INTPllCLK. Hence, input 
data jitter is reduced in RClK by 10 to 1. 

c.m.r TrxIdng Met End of ....... 

The carrier receiver monitors Receive:t input after RENA is 
asserted for an end of message. INTCARR deasserts 145 ns 
to 165 ns after the incoming message transitions positive. This 
initiates the end of reception cycle. INTCARR is strobed at 
3/4 bit time by the falling edge of INTRCLK. The time delay 
from the last rising edge of the message to INTCARR deassert 
allows the last bit to be strobed by RClK and transferred by 
the LANCE without an extra bit at the end of message. When 
RENA deasserts (see Receive Tming - End ot Reception 
(last Bit - 0) and Receive TIming - End of Reception (Last 
Bit - 1) waveform ciagrams) and a RENA hold off timer 
inhibits RENA assertion for at least 120 ns. 

om DecodIng 

The data receiver is a comparator with clocked output to 
minimize noise sensitivity to the Receive:t inputs. Input error 
(VIRO) is less than i: 3S mV to minimize sensitMty 10 input rise 
and fall time. RCLK strobes the data receiver output at 1/4 bit 
time to determine the VIIIue of the M8nchester bit and cIoc:ka 
the data out at RX on the following RCLK. The data receiver 
also generates the signal used tor phase detector compIIIi8on 
to the internal Am7992B Vro 

Dtftetentlal I/O Terminatlona 

The differential input for the Manchester data (Receivei:) is 
externally terminated by two 4O.2-ohm :t 1 % resistors and one 
optional eommon-mode bypass c:apacitor. The ciffer8ntieI 
input impedance, ZIOF. and the common-mode input, ZtcM. 
are specified so that the Ethernet specification for cable 
termination impedance is met using standard 1 % resistor 
terminators. The CoUision:t differential inputs are terminated in 
exactly the same way as the receive inputs (see Fagure 5). 
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Notes: 1. Cor.nect R,. R2. C" for 0 ~ noI ...... 18tnit. Connect to ground for logic 1 ~ noIbllmil 
2. Pin 2V shown for notTNI dNce operation. 

3. The inclusion of C. end Cs ia ~ to r8duce the common-mode IoIIcIng on cert.IIin 1JaI ....... 
which • ..l dnct caup&ed. 

A transceiver detects collisions on the network and generates 
a 10-MHz signal at the CoIIsion± inputs. This coIision signal 
pessea through an input stage which det8ctl1ignaI __ and 

pulse duration. When the signal is detec:ted by the Am79928 it 
sets the CLSN line HIGH. This condition continues for 
approximately 160 ns after the last LOW-to-HIGH IranIition on 
CoIIiaion± . 

Jitter Tolerance Deftnltlon and Teat 

The Receive Timing - Start of Reception Clock Acquisition 
waveform diagram shows the internal timing relationships 
implemented for decoding Manchester data in the Am7992B. 
The Am 7992B utilizes a clock capttn circuit to align its 
Internal data strobe with an incoming bit stream. The clock 
acquisition circuitry requires four valid bits with the valUes 
1010. Clock is phase locked to the negative transition at bit 
cell center of the second "0" in the pattern. 

Since data is strobed at 1/4 bit time, Manchester transitions 
which shift from their nominal plaCement through 1/4 bit time 
will result in improperly decoded data. For. both IEEE-802.3 
and Ethernet. this results in the loss of a message. With this as 
the criteria for an error, a definition of "Jitter Handling" is: 

That peak deviation from nominal input transition approach­
ing or crossing 1/4 bit cell position for which the Am 7992B 
will propetty decode data. 

Four cases of signal are needed to adequately test the ability 
of the Am7992B to property decode data from the Manchester 
bit stream. For each of the four cases two time points within a 
received message .. e tested: 

1 . Jitter tolerance at clock acquisition. the measure of clock 
capture. 

I' 
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2. Jitter tolerance within a message after the an.Iogue PlL 
has reduced clock acquisition error to a rnnmum. 

The four cases to test are shown the Input Jitter Timing 
Waveform diaIJ'am. They are: . 

1. BCC Jtter for • 01 bit pattern 
2. BCC ;tter for • 10 bit pat1em 
3. BCB Jtter for ., 11 bit pattern 
4. BCB jitter for an XO bit pat1em 

The test IignIJs utiIiad to jitter the input data ... wtific8I in 
that they may not be reeIi:zabIe on networks (8ICIIfYIPIes are 
cues 2. 3 and 4 at clock acquiIiIion). ~. 8IICh patI8m 
relates to setup and hold time meaurements for the datil 
decode register (FJgUr8 4). Receive+ and Receive- are driven 
with the inputS shown to produce the zero CI'OSIing cIistortion 
at the differential inputs tor the applicable test. Cue 4 and 8 
require only a single zero to implement when tested at the end 

0' message. 

levels used to test jitter are within the common-mode and 
differential-mode range of the receive inputs and also are 
available from automatic test equipment. It is assumed that 
the incoming message is asynchronous with the local TCLK 
frequency for the Am7992B. This ensures that proper clock 
acquisition has been established with random phase and 
frequency error in incoming message. An additional condition 
placed on the jitter tolerance test is thtIt it must meet all test 
requirements Within 10 ms after power is applied. This forces 
the Am79928 crystal oscillator to start and lock the analogue 
PLl to within acceptable limits for recaMnQ from a cold ItIIrt. 

Case 1 of the test corresponds to the expected Manchester 
data after clock acquisition and average yakJes for clock 
leading jitter tolerance are 21.5 ns. For C888I 5 through 8, 
awrage values are 24.4 ns. CUes 5 through 8 .... Jttered at 
bit times 55 or 56 as applicable. The Am7992B. then, - .... 
than 0.6 ns static phase error for the noiM-..... case. 
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Figure 6. Typical Ethernet Node 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature ............................ -85 to + 1SO-C Commercial (C) 0eYic:es 
Ambient Ternperatwe with Temperature ........................................ 0 to + 70·C 

Power Applied ....................................... 0 to + 70·C Suppty Voltage .................................. + 5.0 V 110% 
Suppty Voltage Continuous ............................... + 7.0 V 
DC Voltage Applied to Outputs .......... -0.5 to + Vee Max. Operating ranges define thosB limits over which the function.. 
DC Input Voltage (Logic Inputs) ......................... + 5.5 V aIIty of the dfMce is (JUIII8tttBed. 
DC Input Voltage (Receive1/Co1Iision1) ....... -6 to + 16 V 
Transmitt Output Current ................•.... -so to +25 rnA 
DC ~ Current, Into Outputs ....................... 100 rnA 
DC Input ewr.nt (Logic Inputs) ........................ 130 rnA 
Transmitt Applied Voltage .......................... 0 to + 18 V 

stresses aboWI thoN listed under ABSOLUTE MAXIMUM 
RATINGS may ~ ~f ~ "..n. FunctJoneJIty 
.t or aboWI theN limits is not implied. Elq:JotILn 10 ~ 
fnIIXimum nltings kx fIJdeIJCIed periods may .Hect deMice 
reIiMJiIity. 

DC CHARACTERISTICS aver operating range unless otherwise specified 

P8rwnet .... Deecllptlon T ... CondItIone MIn. Typ.- lID. Untt8 

VOH Output HIGH VoII8ge AX. RENA, a.sN. TCU<. AClK IoH --1.0 InA 2.4 3.4 V 

Output LOW VCIbge lot. -11 InA 0.38 0.5 
VOl RCLK. TSEL. TCLK, RENA, AX. a.sN lot. - 1 InA (Hole 1) 0.25 0.4 V 

an.r.- 0uIput VoII8ge I Vo 550 870 no 
Veo (T1'III'Iemit+ ) - (Trw.NI- ) IVO Al-78 0 -550 -870 -no mV 

Veo OFF T,.,.,.. ~ Output Idle VoIIIIge Al-71S 0 (Hole 2) -20 0.5 20 mV 

100 OFF T,..,.,.. ~ Oueput Idle ewr.nt TSEL- HIGH (Hole 1) -0.5 to.1 0.5 rnA 

V(;MT TI'III'Iemit 0uIput Comrnon-Mode VoII8ge 0 2.5 5 V 

~ Output V~ ImbeAence 
Al-78 0 

VOOI (TlWI8mitt) IIVOI-IVOI (NcU 2) 5 20 

VIH If1)UI HIGH VoIIIige TX. lENA 2.0 V 

IIH If1)UI HIGH ~ TX. TENA, TE!f Vee - Ma, VIN - 2.7 V +50 fAA 
Vll Input lOW VoIt8ge TX, TENA 0.8 V 

III Input LOW Current TX. TENA, mT Vee - MD., VIN - 0.4 V -270 -400 fAA 
VIAO OitterenU/ Input Thre8hokI (Aee Data) -35 0 +35 mV 

VIRVO 
I Differential Mode Input Vobge AwIge t 1.5 V 
I (FleceMtt ICoIIiIiont) 

VIOC Differential Input Threshold -175 -225 -275 i mV 

Icc Power ~ Current lose - 50 ns 125 180 rnA 

I VIS Input Breakdown Voltage CTX, TENA, mT) 11-1 rnA 5.5 I V 

VIC Input Oamp Voltage 11N--18 rnA I -12 V 

Undershoot Voltage ., Zero Ditferentilll Point on TI'MImit i 

Voop Return to Zero (End of ....... ) 
(Note 9) 

1 
-100 mV 

ISC 
Short Circuit Current 

Vee - Max. (Note 6) -40 I -80 1-'50 I rnA 
RCLK. RX. TCLK. CLSN. RENA 1 ' 

RIOF Differential Input R8SlStance Vee - 0 to Max. (Note 1) 6 8.4 ; kn 
RICM Common Mode Input Resistance Vee - 0 to Max. (Note 1) 1,5 21 kn 
VI(;M A«:eIve and CoIIieion If1)UI Biu Vobge lIN -0 1.5 3.5 j 42 V 

IILO ReceMt and CoIIiIion Input LOW Curren! VIN --1 V -1.06 -164 rnA 

IIHO Receive and CoIIiIion Input HIGH Currant VIN -6 V +0.6 + 1.10 rnA 

11HZ Recerve and CoIIiIion Input HIGH Current Vee - O. VIN - + 6 V 1.28 186 rnA 

IIH Crystal O8ciUalor (X 1) Input HIGH Current Viti - 3.5 V (Notes 3 & S) + 1.2 rnA 

IlL Crystal o.c.tor (X,) Input lOW Current Vil - 0 V (Notes 3 & 5) -1.2 rnA 

VIH Crystal Oec:iIIator (X,) Input HIGH Vobge (Notes 3. 4 & 5) 2.0 V 

VIL Crystal OeciIIator (X,) Input LOW Volatge (Notes 3, 4 & S) 0.8 V 

Notes: See notes fOllOwing Switching ~tic:s table. 

-TypicaJ values liS1ed .e for Vee - 5.0 V 
TA - + 25-C 
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SWITCHING CHARACTERISTICS fNfW operating range unless otherwise specified-

No. P .......... DMcrIp1fon Teet CoIdIIoI. MIn. Typ. lID. UnIta 

RECEIVER SPECIFICATION 
1 IAcT RClK C\'Cfe TIrM 15 100 118 nI 

2 tAcH RCLK HIGH TIrM (NoeIe 7, • & 8) 38 50 

3 fAct. RCLK LOW TIrM 38 50 nI 

4 IACR ACU< RiM Tme 2.5 e nI 

5 IRcF RCLK F .. TIrM 2.5 e nI 

1 IRoA AX RiM Time 
(Hole 7) 

2.5 a nI 

7 fAoF AX r-.. TIrM 2.5 8 nI 

e tAcH AX Hold TIrM (RQ.K f 10 AX et.nge) (NoIee 2 & 7) 5 8 nI 

g fRos RX Prop 0eI8)' (RCLK : to RX StIIbIe) (Note 7) 8 25 nI 

10 toPH 
RENA Tum-On o.y (VIDe Max. on ~ 50 eo nI 110 RENAH) 

11 toPo 
RENA Tum-OrI o.y (VO:: Min. on ~% 265 300 nI to RENAL) 

12 toPL RENA LOW TIrM 120 200 ". 

13 lAPWR 
Receive:! Input PufM WIdIh 10 R.;.ct (Input < VIOC 34 20 ". Min.) 

14 tRPWO 
Rec:ePte:! Input PuIee WiI:fth to Tum-On (Input> VIOC 45 34 nI M&x.) 

15 IRLT Decoder ~ TIrM 3eO 450 ". 

11 tReOH RENA Hold TIrM (RClH f to RENAtJ 40 57 eo ". 

11 lRPWN Reoeive% Input PuIM WIdIh to Not Tum-Off INTCARR (Note 1) 155 165 nI 

COLLISION SPECIFICATION 

18 tcPwR ~ .npIr. Pulse Width to RO\8Ct (Input < VIOC Min.) 18 10 ". 

19 tcPwo 
CoIIiIion Input Pulse Widttl to Tum-On Collision! 28 18 ". Exceeds VIOC Max.) 

20 tcPwe CoIIi8ion Input 10 Tum-Oft CSl.N (Input < VIOC M&x.) eo 117 !'IS 

21 tcPwN Collision Input to Noi Turn.()f1 ClSN (Input> VICC MIn.) ~1a8) 117 180 ". 

22 tcPH 
ClSN Tum-On Delay MOC Un. on Collision! 

I 33 50 ". to ClSNH) 

23 tcPo 
ClSN T~ ~ NIKr Min C'I"' CoIIision~ I 133 160 ". to CLSNLl 

TRANSllmER SPECIFICAnON 

24 trCl TCU< LOW T,me lOse - SO ns (Note 2) 45 SO 55 !'IS 

25 trCH TCU< IofIG'" T i,.,.. 45 SO 55 ". 

26 trCR TClK Rise TIrM 2.5 8 !'IS 
- losc-50 !'IS 27 trCF TCL~ Fall Ttrne 2.5 8 !'IS 

28 tros. ITEs 7); 8M TEN/> s.tuD Ierne 10 1 ClI< 

t 
(Note 2) 5 1.1 ns 

29 troH. tm; ;X 8M TEN~ I1(JIc1 i ..... 110 TCLK 5 -1.1 ". 

30 troce ' :renan.t.t ~~(84 ~ .Arrte~~ Edgoil __ .-1 _____ 49.5 SO 50.5 !'IS 

S1 too TC _>< ~!.GII .• ~ "!";ens.l·1~ C' .• ~ j 80 100 ns 

32 troA Tr.n!I1T'ot~ ,1t;\PU' R0!'8 TtmI' .----.~ 2 4 ". 

33 trOF Tranll"Wf ! Output Fall ~irne i 20-80'110 2 4 !'IS 

34 txrCH ,(, ~.~~A.!.':'~~~ ~~ . .!.:!.KiH. 
I 8.2 18 ". 

-4 IN<)Ies 3 & 5) I 35 tx"rCl Al I:) 1~ ~ .... ~~!"'r •. ~.:. ! .... . _,)W 9.6 18 !'IS ------ ! 
~ f(.;: (:Inck A,c~.~ J-r.~ T clt~ce L ___ . 16 21.5 !'IS . . 

I ~7 Dr ';I!ter 1 CII8f:t".ce 4,."", .~ ~ T rnor .. , 19 24.4 !'IS 

I .Mr.. - 4.5 V. _ .• :».5 'yo ·'l.So..; - :'" r':-
I 

i NQIas: 1. CooT""" 10 omer t9:.1foO ~. "'~ .. - ,,r:1 l~lWl d'-~. 

2. T..-,. but 10 ~ in "'C8S! or 1Ir!1ft. TOItSt aca;r~ not. ~ to allow tcreemng guardDendL 

I 3. TW; cI'IengM mff! oro "1 m~ ecgtl. ir.J! ir1itIal slatto ')f TCu<. IS not defined. When TENA is HIG~. TIt data is ' .. nct ..... 
I enc:oct.d on !he i*'G ~~ of Xl ener tne r"ISIt".g edge CIt TCL'" 

I 4. X, V ... Met X, VIL .... not saallCAlly teaId. 1.imiIa .. c:orreIMed to ..... ,..,. when operdng et 20 MHz under Cf'IS18I control. 

s. When X, is c:tiYen by 811 ~ cIoc:il. X2 should be left ftoating 8M !he Xl iI1IUt must h8Ye the foIowing c::t.ac1eIisticS: 
Clock F~ 20.0 MHz !0.C1" 
RiM/Fai Tme (tR/IF): Less ttwt 2 ttl from 0.8 V to 2.0 V 
X, HIGH/LOW Ttme ClttIGH/lLOwl: Gre.1er !han 20 ns 
X, Feling Edge to F8IIing Edge JitI.er Less !han i 0.2 ns at 1.5 V input 

6. Not men ~ one ouIpII. st'oOI.IId be Ihor'IeO at • .... O .. ation of h Ihotl CIrQMt ..ac IhouId not exceecI one second.. 

I 
i. AuumeI 5().pF capecilanCtt i08drng or. ACL~ and RX. 
8. T....., under c:oncIitions not idenIic:aI 10 data shNl 
8. T-.t c:annol be irnpIemv.1tad !IO da".a ... requirWnenIa. 



SWITCHING WAVEFORMS 

NcMa: A) Minimum WIdIh >.s ,. 
B) ACU< - INTACLK wtwn TEST LOW 
C) RX undefined untI bit lime 5 (1. decoded bit) 
0) 08ciIIat0r InIerTupl 1M)' oc:cu at 2nd INTRCLK IftIr BIl 2 Clock TI'InIIIon 
E) Timing o.gr.rn doea not indude ........ ~i DeIIIp 
F) FnI VIiIid dIIta at RX C8'I 5) 

Receive TImIng - SDrt of ReceptIon Clock AcquIaItIon 

PU. CU< 

Notee: A) INTCARR .......,. 1.55 bit IImeI IftIr .... Aecehet ~ Edge 
B) SWt of .... P8cket 

Recetve TImIng - End of Reception (Uat BIt = 0) 

10 
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SWITCHING WAVEFORMS (COnt.) 

Now.: A) INTCAAR deu8«'ta 1.55 bit tme. .... !at ~ RilIng Edge 

x, 

TCLJ( 

TX 

TSEL 

TrwwnIt+ 

T ........ 

Receive TIming - End of Reception (Last BIt = 1) 

(NOTE A) 

WF010701 

~ A) X, 2O-MHz Sine W..,. from Cryst8I 0aciIat0r or DrMn witt X, DrMn from ex..m.a Source W.-orm 
B} TSEl connected .. Ihown in Fvn 28. For Fig&n 2A, Trw.1Iit+ • HIGH when TENA • LOW 
C) When Idle T,..,.,mi Zero ~ ia 1/2 (YH + Va) 

Tranamit TImIng - StIwt of P8cket 

11 
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SWITCHING WA YEfORIIS (ConI.) 

x, 

TSEL 

1)( cu.~; 0) ______ ...4,.'I"lii.iiliril"I'~ .. lrpl'I" 
T,.,.,...+ 

TfIIfIMIiI-

r-------------...... -J0.5 Vo" 2 ,. 

TIWWIIit+ 1 '--_ ..... !L.J 
T ___ 

J LlI __ _ 
T...-.b Vo 1 ....... rl Ir--------------...... ,~, 0.5 Vo .. 2,. 

~ 'To -,---I LJ 

T.........mer TImIng - End of T,...", •• ,on* 

*TSEL Components (see F"9Jf828) 

WF010721 

See Typical Performance Curve for Response at End of Transmission with Inductive loads 

@ =1 .... __ . V ___ _ 

WFOO7191 

CoIHaIon TIming 

12 



SwrrcHING WAVEFORMS (Cont.) 

y.~ 

f-111 -V) ----r------1:......----oIi--
".IIIIIL. ---~----++-----~-

f-m -V) 

WF007202 

Recelve:t Input PuIM WIdth TImIng 

v.~ 
f-171 -V) ___ ~-----"t..-----~--

" ..... ---~----#i-------+l~--
f-m -V) 

1----@--~-4r----­_____ II 2.OV 

WF007211 

CoIIIsIon± Input PuIM WIdth nmlng 

1-------~0 

WFOO7222 

RCLK .nd RX nmlng 
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TClJ( 

TENA 

X, 
ORIVING 

INPUT 

TCLK 

Transmit+, TransmiI­
(Note Al 

SWITCHI~ WAVEFORMS (Cont.) 

Tell( end TX TImIng 

ace BC8 
(BIT CELL CENTER) (BIT CELL BOUNDARy) 

• See Specification for External TIL Level in Functional Description section. 

WF007232 

~. 

WF010730 

Notes: A) Encode Manchester clock transition (Bee) at Point 'A' and bit cell edge (BCB) at point '8: 

X 1 Drtven from External Source 

14 



flU. cue: 

~ 

~ 
S 

1 FIeceHe~ 

AX 

~+ 

0 ~ 

1 
~ 

AX 

~ 

5 

I 
~ 

~ 

AX 

4.5 V 

SWITCHING WAVEFORMS (COnt.) 

I' 
1 

3V----~------~------~----~--~ .. 
0-

.4.5 y­

.,.5 V 
0-

-1.5 V-

.3 V 

0-

+4.5 y-

.'.5 V 

-4.5 v-

0-

+4.5 '1-

+1.5 \1-

.'.5 '1-
0-

-1.5 v-

+3 V-

.'.5 V-
0-

-1.5 V-

Notes: 1.) c.. t, lOBI ......... 0. 1 
Riling clock edge IIICIWd aow.d 1/4 bit cell ACU< dIda strobe. Cue 
1 ... bit 5, c:a. 5 ... bit 55. 

B) c.. 2, • DMI ......... " 0 
Filling clock edge IIICIWd aow.d 114 bit cell ACU< dIda strobe. c:a. 
2 ... bit .. c:a. I ... bit se. 

C) c.. 3. 7 DMI ......... " 1 
Filling bit cell edge IIICIWd aow.d 1/4 bit eel ACLK dIda strobe. c:a. 
3 ... bit 8, cae 7 ... tift se. 

0) c.. 4, • o.ta • P.n.m X. 0 
Riling bit cell edge IIICIWd IDWW'd 1/4 bit cell ACU< dIda SWobe. c:a. 
" u.s bit 5, cae 8 ... bit 55. 

Input Jitter TIming 

15 



TYPICAL PERFORMANCE CURVE 

End of Tranamlaalon - otfferentlal Output Voltage-

~ too 

~~~~~4--+--+--+--~~~~~~~ 

R,. 710@ 
I-+--+-'\-+-+"r--,.'t-'- L =: • ~ -+---+--+--+--1---4 

I 
~~~--~~~±R-710®~-4--+-+-~ 

1.0 2.0 

-Equivalent Load: 

Notea: 

1. 802.3 Te.t Load: 

2. 802.3 10 Base 5 Network Connection: 

3. 802.3 10 Base 2 Network Connection: 

L=75~ 

16 

3.0 

TIllE 
u.s) 

•. 0 5.0 1.0 

0P00191 0 

75 .. H NOlI. 75 .. H NOM. "'"7996 

DFOO503O 



SWITCHING TEST CIRCUITS 

TCDOO472 

A. Test Load for AX, RENA, ACLI(, 
TCLI(,CLSN 

8. T.......at± Output 

C. AeceIve± and CoIIIaion± Input 

KEY TO SWITCHING WAVEFORMS 

_VfFOllll .WUtI ~ 

IIUIT. WILL. 
STEADY STlAO'f 

-- IllAYCICAIIIGI WILLIE 

~_"TOL 
CMAIIGIIC 
F_ .. TOL 

lIIfff IllAYC ...... f 
WILLIE 
C_IIIG 

'_L TO" F_L TOM .. OOII"TCAAI. CMAIIGIIC. 
Ml'tCMAlllGl STAn 
"_TT1D --

H 
CIIITP 

DOHIIOT L ........ 
-.Y _DUCI 

"OIF-STAn 

KS000010 

17 



PHYSI~AL DIMENSIONS 

CD3024 

PD3024 

I- ~= -I 

~::::::::::Ii 
~~.005M1N. 

PID '*' 0701tA 
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ADVANCED MICRO DEVICES 

DOMESTIC SALES OFFICES INTERNATIONAL SALES OFFICES 
ALABAMA ... 
ARIZONA. 

Tempe .. 
Tucson. 

CALIFORNIA. 
EI Segundo .. 
Newpott Beach . 
San Diego .. 
Sunnyvale ..... 
Woodland Hills. 

COLORADO .... 
CONNECTICUT. 

Southbury ... 
FLORIDA. 

Altamonte Springs 
Clearwater . 
Ft. Lauderdale 
Melbourne . 

GEORGIA .. 
ILLINOIS .... . 
INDIANA .. . 
KANSAS ................. .. 
MARYLAND. . ................... . 
MASSACHUSETTS. . ........................ . 
MINNESOTA... . ...................... .. 
NEW JERSEY.. . .................... .. 
NEW YORK, 

L.iverpooI .... . .................................... . 
Poughkeepsie .. 
Woodbury .. 

NORTH CAROLINA, 
ChaI1one. 
Raleigh ........ 

OREGON 
OHIO, 

Columbus .. 
PENNSYL VANIA. 

Allentown . 
Willow Grove 

TEXAS. 
Austin . 
Dallas .. 
Houston 

WASHINGTON 
WISCONSIN. 

(205) 882·9122 BELGIUM. 
Bruxelles TEL. . ....... (02) 771 99 93 

(602) 242-«00 FAX ... 762·3716 
(602) 792·1200 TLX: ... 61028 

CANADA, Ontario. 
(213) 640·3210 Kanata . TEL. . (613) 592·0060 
(714) 752·6262 Willowdale TEL. . ........ (416) 224·5193 
(619) 560·7030 FAX .. . ... (416) 224-0056 
(408) 720-8811 FRANCE. 
(818) 992-4155 Paris ... TEL ...... (01) 687.36.66 
(303) 691·5100 FAX:. . ... 6862185 

TI )(. .20253 
(203) 

(305) 
(813) 
(305) 
(305) 
(404) 
(312) 
(317) 
(913) 
(301) 
(617) 
(612) 
(201) 

EJ~~~ In HKOALNTRON 
GRUPPE m BLEITER 

8057 Eching bei Munchen, Breslauer Stra8e 16 
Tel. (089) 31901-3n· Telex 5212467· Telefax (089) 31901-499 
85 Ni.irnberg 20, Rennweg 60162. Te!efon (0911) 533306 Telex 626391 
8057 Ectl/rlQ, Breslauer SlraBe 16, Telefon (089) 31901·367' Telex 52i2467 
~ ~tuttgart 30, MaybachstraBe 39a, Telefon (0711) 8917.140 Telex 723061 

(315) 
(914) 
(516) 

rankfun 70. Kennedy·AlIee 34. Telefon (0691 6317.144' Telex 414881 
; Dusseldorf " Ronsdorfer SIr 145 Telefon (0211) 7361"50,' Telex 8582675 

Hannover 81. Hermann·Guthe·Str 3, Telelon (0511) 839051·57, Telex 923729 
2 Hamburg 70. KOnl9srelhe 4. Teleton (040) 68295·122, Telex 211998 

(704) 52>1875 

(503) 245-0080 

(614) 891-&455 

(215) 398-8006 
(215) 657-3101 

(512) 34&-7830 
(214) 934·9099 
(713) 785-9001 
(206) 45>3600. 
(414) 782·7748 

LATIN AMERICA. 
Ft. Lauderdale, ..... . 

SWEDEN, Stockholm 

UNITED KINGDOM, 
Manchester area . 

London area ...... 

"I'V\ .... . 

TLX: .......... J24064 AMDTKOJ 

TEL: 
FAX: 

.... TEL: .. 
FAX: 
TLX: 

. TEL 
FAX. 
TL)( 

TEl. 
FAX: .. 
TL)( 

....... (305) 484·8600 
... (305) 485·9736 

.. (08) 733 03 50 
7332285 

11602 

«()j,,25) 828008 
827693 

.626524 
(04862) 22121 

22179 
859103 

NORTH AMERICAN REPRESENTATIVES 

CALIFORNIA NEW JERSEY 
12 INC .. OEM (408) 988·3400 T AI CORPORA T!ON (609) 933·2600 

DISTI (408) 498·6868 NEW MEXICO 
CONNECTICUT THORSON DESERT STATES (505) 293·8555 

SCIENTIFIC COMPONENTS. · (203) 272·2963 NEW YORK 
IDAHO NYCOM. INC (315) 437·8343 

INTERMOUNTAIN TECH MKGT. (208) 322·5022 OHIO 
INDIANA Day10n 

SAl MARKETING CORP .. (317) 241·9276 OOLFUSS ROOT & CO (513) 433·6776 
IOWA Strongsviile 

LORENZ SALES · (319) 377·4666 OOLFUSS ROOT & CO (2 1 6) 238·0300 
MICHIGAN PENNSYLVANIA 

SAl MARKETING CORP · (313) 227·1786 OOLFUSS ROOT & CO (412) 221·4420 
NEBRASKA UTAH 

LORENZ SALES (402) 475·4660 R2 MARKETiNG. (80') 595·0631 

... ~ Iohcro o..oc:.s , __ 1tle ngI'II to ...... ChenIIn WI lIS produc:1 -.out notice on order to tmpre»re <IeStgn 01 penormance chlltllCt""5tic. The penormar..::" CherM:1enshCs 
Iosled on 1hS 00C;:urnenI lite guw.,.,te«l by tp8CIIIc _, oorr ... 1ed testing. guwd benQng cIMogn IItId O!her precTic .. common '0 !he .nctu.1ty For spec-mc 1"1Ing Oe\aIts COllUlC1 y..,v 
Ioc-' AMO ..... ,._111_ The oompeny _ no ,~ lor 1tle ... Of ..". cirCUIS deec:nIJed hllteon 

.,.. ADVANCED MICRO DEVICES 901 Thompson Pt, P.O. Box 3453, Sunnyvale, CA 94088, USA 

... ~ TEL (408) 732·2400 • TWX: 910-339·9280 • TELEX: 34-0306 • TOLL FREE: (SOO1536·8450 
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ALABAMA 
ARIZONA, 

Tempe 
Tucson ... 

CALIFORNIA, 
EI Segundo .. 
Newport Beach 
San Diego 
~aIe ... 

land Hills. 

ADVANCED MICRO DEVICES 

DOMESTIC SALES OFFICES 

(205) 882-9122 

(602) 242-4400 
(602) 792-1200 

(213) 640-3210 

MASSACHUSETTS 
MINNESOTA 
NEW JERSEY 
NEW YORK, 

Liverpool. 
Poughkeepsie 
Woodbury . 

NORTH CAROLINA, 
Charlone . 
Raleigh ... 

COlORADO ................... . 

. .. (714) 752-6262 
(619) 560-7030 
(408) 720-8811 
(818) 992-4155 
(303) 691-5100 OREGON . 

OHIO, CONNECTICUT, 
Southbury . 

FLORIDA, 
Altamonte SPrings 
Clearwater 
Ft Lauderdale 
Melbourne. 

GEORGIA. 
ILUNOIS 
INDIANA. 
KANSAS. 
MARYLAND. 

BELGIUM, 
Bruxelles 

CANADA. Ontario, 
Kanata 
Willowdale 

FRANCE. 
Pans 

GERMANY. 
Hannover area 

Munchen 

Stuttgart 

r;AlIFORNIA 
12 INC 

(203) 264-7800 

(305) 339-5022 
(813) 530-9971 
(305) 484-8600 
(305) 254-2915 
(404) 449-7920 
(312) n3-4422 
(317) 244-7207 
(913) 451-3115 
(301) 796-9310 

Columbus .... 
PENNSYLVANIA, 

Allentown 
Willow Grove 

TEXAS, 
Austin 
Dallas 
Houston .. 

WASHINGTON 
WISCONSIN 

INTERNATIONAL SALES OFFICES 

HONG KONG, 
. TEL . (02) 771 99 93 Kowloon . 

FAX . 762-3716 
TLX: 61028 

ITALY. Milano 
TEL' (613) 592-0090 

.. TEL: (416) 224-5193 
FAX (416) 224-0056 JAPAN. Tokyo 

TEL (01) 6873666 
FAX 6862185 LATIN AMERICA. 
TLX: 20253 Ft. Lauderdale 

TEL (05143) 50 55 SWEDEN. Stockholm 
FAX 5553 
TLX 925287 
TEL (089) 41 14-0 UNITED KINGDOM, 
FAX 406490 Manchester area 
TLX: 523883 
TEL 

(0711) 623377 
FAX 625187 London area 
TLX 721882 

NORTH AMERICAN REPRESENTATIVES 

NEW JERSEY 
OEM (408) 988-3400 TAl CORPORATION 
DISTI (408) 498-6868 NEW MEXICO 

TEL. 
FAX: 
TLX 
TEL 
FAX 
TLX 
TEL 
FAX 
TLX 

TEL 
FAX 
TEL 
FAX. 
TlX 

TEL 
FAX 

TLX 
TEL 
FAX 
TLX' 

(617) 273-3970 
(612) 938-0001 
(201) 299-0002 

(315) 457-5400 
(914) 471-8180 
(516) 364-8020 

(704) 525-1875 
(919) 847-8471 
(503) 245-0080 

(614) 891-6455 

(215) 398-8006 
(215) 657-3101 

(512) 346-7830 
(21~) 934-9099 
(713) 785-9001 
(206) 455-3600 
(414) 782-7748 

3-695377 
1234276 

50426 
(02) 3390541 

3498000 
. 315286 

(03) 345-8241 
3425196 

J24064 AMDTKOJ 

(305) 484-8600 
(305) 485-9736 
(08) 733 03 50 

7332285 
11602 

(0925) 828008 
827693 

628524 
(04862) 22121 

22179 
859103 

(609) 933-2600 

r.ONNECTICUT THORSON DESERT STATES (505) 293-8555 
SCIENTIFIC COMPONENTS (203) 272-2963 NEW YORK 

iDAHO NYCOM.INC. (315) 437-8343 
11'4 'I'ERMOUNTAIN TECH MKGT (208) 322-5022 OHIO 

INDIANA Datc°n 
Sftl MARKETING CORP (317) 241-9276 OLFUSS ROOT & CO (513) 433-6776 

·')WA Stro~sVilie 
LORENZ SALES (319) 377-4666 DO FUSS ROOT & CO (216) 238-0300 

~'.UCHIGAN PENNSYLVANIA 
S/,! MARKETING CORP (313) 227-1786 DOLFUSS ROOT & CO (412) 221-4420 

NEBRASKA UTAH 
LORENZ SALES (402) 475-4660 R2 MARKETING (801) 595-063' 

Advanced Micro DeVices reserves the nght to make changes In ItS product without notice In order to Improve des~gn or perlormance 
charactenstics. The performance characteristics hsted In this document are guaranteed by specifiC tests. guard bandIng. deSign and 
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Am28F010 
131,072 x 8-Bit CMOS Flash Memory 

DISTINCTIVE CHARACTERISTICS 
• High performance 

- 90 ns maximum access time 

• Low power consumption 
- 30 rnA maximum active current 
- 1 00 ~ maximum standby current 

• Compatible with JEDEC-standard byte­
wide 32-Pln E2PROM pinouts 
-32-pin DIP 
- 32-pin PLCC 

• 10,000 erase/program cycles 

• Program and erase voltage 12.0 V ±S% 

• Latch-up protected to tOO rnA 

from -1 V to Vee +1 V 

GENERAL DESCRIPTION 
The Am28F01 0 is a 1 Megabit "Flash" electrically eras­
able, electrically programmable read only memory or­
gariized as 128K bytes of 8 bits each. The Am28F01 0 is 
packaged in 32-pin PDIP and PLCC versions which al­
low for upgrades to the 2 Megabit density. The device is 
also offered in ceramic DIP and LCC packages. It is de­
signed to be reprogrammed and erased in-system or in 
standard EPROM programmers. 

The standard Am28F01 0 offers access times as fast as 
90 ns, allowing operation of high-speed microproces­
sors without wait states. To eliminate bus contention, 
the Am28F01 0 has separate chip enable (CE) and out­
put enable 10E} controls. 

AMD's Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F010 uses a command register to manage this 
functionality, while maintaining a standard 32-pin 
pinout. The command register allows for 1000/0 TIL 
level control inputs and fixed power supply levels during 
erase and programming, while f1)aintaining maximum 
EPROM compatibility. 

AMD's Flash technology reliably stores memory con­
tents even after 10,000 erase and program cycles. The 
AMD cell is designed to optimize the erase and pro­
gramming mechanisms. In addition, the combination of 
advanced tunnel oxide processing and low internal elec­
tric fields for erase and programming operations .pro­
duces reliable cycling. The Am28F010· uses a 
12.0 V ± 50/0 Vpp supply to ·perform the Flasherase and 
Flashrite algorithms. 

The highest degree of latch-up protection is achieved 
with AMO's proprietary non-epi process. Latch-up pro­
tection is provided for stresses up to 100 milliamps on 
address and data pins from -1 V to Vcc+ 1 V. 

Advanced 
Micro 

Devices 

• FlasheraseTJI Electrical Bulk Chip-Erase 
- One second typical chip-erase 

• FlashrlteTJI programming 
- 10 IJ.S typical byte-program 
- Less than 2 seconds typical chip program 

• Command register architecture for 
microprocessor/mlcrocontroller compatible 
write Interface 

• On-chlp address and data latches 

• Advanced CMOS flash memory technology 
- Low cost single transistor memory cell 

The Am28F01 0 is byte programmable using 10 J.l.S pro­
gramming pulses in accordance with AMD's Flashrite 
programming algOrithm. The typical room temperature 
programming time of the Am28F010 is less than two 
seconds. The entire chip is bulk erased using 1 Oms 

·erase pulses according to AM D's Flasherase algOrithm. 
Typical erasure at room temperature is accomplished in 
less than one second. The windowed package ana the 
15-20 minutes required for EPROM erasure using ultra­
violet light are eliminated. 

Commands are written to the command register using 
standard microprocessor write timings. Register con­
tents serve as inputs to an internal state-machine which 
controls the erase and programming circuitry. During 
write cycles, the command register internally latches ad­
dress and data needed for the programming and erase 
operations. For system design sirTlRlificati2.!!:. the 
Am28F010 is designed to support either WE or CE con­
trolled writes. During a system write cyc.!!:. addresses 
are latched on the falling edge of WE or CE whichever 
OCQJrs last. Data is latched on the rising edge of WE or 
CE whichev~ccu~}irst. To-simplify the following dis­
cussion, the WE pin is used as the write cycle control pin 
throughout the rest of this text. All setup and hold times 
are with respect to the WE signal. 

AMo's Flash technology combines years of EPROM 
and E2PROM experience k> produce the highest levels 
of quality, reliability. and cost effectiveness. The 
Am28F010 electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are pro­
grammed one byte at a time using the EPROM program­
ming mechanism of hot electron injection. 

Put:llicll1OM 11551 Rev. B ~menLO 

Issue Dale: ..kIM 1810 





BLOCK DIAGRAM 

Vee 

Vss 
Vpp 

---. 
---. 

-.. 

...... 

State 
Control 

Command 
Register 

.A ., 
~ 

PRODUCT SELECTOR GUIDE 

Family Part No. 
Ordering part No: 

± 19ro Vcc Tolerance 
± 50/0 Vee Tolerance 

Max Access Time (ns) 
CE (E) Access (ns) 
OE (G) Access (ns) 

2 

-90 
-95 
90 
90 
40 

Erase 
Voltage 
Switch 

f I To Array 

I 

Program 
Voltage Chip Enable 
Switch Output Enable 

Logic 

I 
• • 
V-Decoder 

.J:; 
0 , co 

...J 

V 
CI) 
CI) 
Q) X-Decoder -0 
~ 
< 

Am28F010 

-120 
-
120 
120 

50 

Am28F010 

~ 
InputlOutput 

Buffers 

£~ 
- I---

'7 
Data r latch 

"'"7 
Y-Gating 

• 1,048,576 
• Bit 

• Cell Matrix 
...... 

• 

11561~18 

-150 -200 
- -
150 200 
150 200 
65 75 



CONNECTION DIAGRAMS 
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PIN DESCRIPTION 

Symbol Functional Description 

Ao-A16 Address Inputs for memory locations. Intemallatches hold addresses during write cycles. 

000-007 Data Inputs during memory write cycles. Intemallatches hold data during write cycles. Data 
Outputs during memory read cycles. 

CE (E) The Chip Enable active low input activates the chip'sco'ntrollog4c and input buffers. Chip 
Enable high will deselect the device and operates the chip in sta~-by mode. 

OE(G) The OUtput Enable active low input gates the outputs of the deviCe through the data buffers 
during memory read cycles. 

WE(W) The Write Enable active low input controls the write function of the command register to the mem-
ory array. The target address is latched on the falling edge of the Write Enable pulse and the ap 
propriate data is latched on the rising edge of the pulse. 

Vpp Power supply for erase and programming. Vpp must be at high voltage in orderto write to the com-
mand register. The command register controls all functions required to alter the memory array 
contents. Memory contents cannot be altered when Vpp ~ Vee +2V. 

Vee Power supply for dev~ce operation. (5.0V ± 50/0 or 100/0) 

Vss Ground 

NC No Connect-corresponding pin is not connected internally to the die. 
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ORDERING INFORMATION 
Standard Products 

AMO standard products are available in several packages and operating ranges. The ordering number (Valid Combination) 
is formed by a combination of: a. Device Number 

b. Speed Option 
c. Reprogram Cycles 
d. Package Type 
e. Temperature Range 
f. Optional Processing 

T
AM28F010-195 IC4. IJ 

C TL. ___ f. OPTIONAL PROCESSING 

Blank - Standard processing 
B- Bum-in 

....... ----- e. TEMPERATURE RANGE 

I 
C - CommerdaJ (0 to +70°C) 
I • Industrial (-40 10 + 85"C) 

. E - Extended (-55 to + 125°C) 

~----------------d.PACKAGETYPE 

011: 32-Pin Ceramic DIP (CD 032) 
l = 32-Pin Rectangular Ceramic lead less 

Chip Carrier (Cl 032) 
P = 32-Pin Plastic DIP (PO 032) 
J = 32-Pin Rectangular Plastic leaded 

Chip Carrier (Pl 032) 

~----------- c. REPROGRAM CYCLES (10x) 

C4 :0: 10,000 cycles minimum 
C3 :0: 1,000 cycles minimum 

L-___________________ b. SPEED OPTION 

"---- a. DEVICE NUMBER/DESCRIPTION 
Am28F010 _ 

See Product Selector Guide and 
Valid Combinations 

1 Megabit (128K x 8"3it) CMOS Flash Memory 

Valid Combinations 

C4DC. C40CB. OWl, 
C40IB. C40E. C40EB, 
C4lC. C4lCB, C4l1, 

AM28F010-95 C4l1B. C4LE. C4l.EB. , 
AM28F010-90 C4PC. C4PI, Q4JC. 

AM28FO 10-120 C4J1. C3DC, C3OCB. 

AM28F010-150 c3bl. C30IB, C3QE, 

AM28FO 10-200 C3DEB, C3LC. C3l.CB. 
C311' C311B, C3lE. 
C3lEB. C3PC. C3Pt, 
C3JC. C3J1 

Am28F010 

Valid Combinations 
Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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ORDERING INFORMATION 
APL Products 

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APl 
(Approved Products list) products are fully compliant with Mll-STD-883C requirements. The order number (Valid Combina-
tion) is formed by a combination of: a. Device Number 

6 

AM28F010 -90 C4 /B 

b. Speed Option 
c. Reprogram cycles 
d. Device Class 
e. Package Type 
l Lead finish 

u A 

T'-____ f. LEAD FINISH 

A - Hot Solder Dip 

'-------- e. PACKAGE TYPE 
X - 32-Pin Ceramic DIP (CD 032) 
U - 32-Pin Rectangular Ceramic 

Leadless Chip Carrier (Cl 032) 

----------- d. DEVICE CLASS 
18 = Class B 

------------- c. REPROGRAM CYCLES (1 Ox) 
C4 = 10,000 cycles minimum 
C3 = 1,000 cycles minimum 

~------------------~SPEEDOFnON 

~-- a. DEVlCE NUMBER/DESCRIPTION 
Am28F010 

See Produd Selector Guide and 
Valid Combinations 

1 Megabit (128K x 8-Bit) CMOS Flash Memory 

Valid Combinations 

AM28FOl0-9O 

AM28F010-120 C41BXA. C418UA 
AM28F010-150 C31BXA. C31BUA 

AM28F010-200
r 

Valid Combinations 
Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
SpecifIC valid combinations and to check on newty 
released combinations. 

Am28F010 

Group A Tests 
Group A tests CX)nsist of Subgroups 
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BASIC PRINCIPLES 
The Am28F010 uses 100% TIL-level control inputs to 
manage the command register. Erase and reprogram­
ming operations use a fixed 12.0V ± 5·0/0 power supply. 

Read Only Memory 
Without high Vpp voltage, the Am28F010 functions as a 
read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 

Command Register 
The command register is enabled only when high volt­
age is applied to the Vpp pin. The erase and reprogram­
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 

The Am28F010's command register is written using 
standard microprocessor write timings. The register 
controls an internal state machine that manages all de­
vice operations. For system design Simplification, the 
Am28F010 is designed to support either WE or CE 
controlled writes. During a system write 9:£Ie. ad­
dresses are latched on the falling edge of WE or CE 
whiChever occurs last. Data is latched on the rising edge 
of WE or CE whichever occur first. To simplify the follow~ 
ing discussion, the WE pin is used as the write cycle con­
trol pin throughout the rest of this text. All setup and hold 
times are with respect to the WE signal. 

Overview of Erase/Program Operations 
Erase Sequence 

A multiple ~t~p command sequence is required to erase 
the Flash device (a two-cycle Erase command and re­
peated one cycle verify commands). 

Note: 
The Flash memory array must be completely pro­
grammed prior to erasure. R~erto the Flasherase 
Algorithm. 

1. Set-up Erase: Write the Set-up Erase command to 
the command register. 

2. Erase: Write the Erase command (same as Set-up 
Erase command) to the command register again. 

The second command initiates the erase operation. 
The system software routines must now time-out the 
erase pulse width (10 ms) prorto issuing the Erase­
verify command. 

3. Erase-verify: Writefhe Erase-verify command to 
ttle command register. This command terminates 
the" erase C)peration. ~fter the erase operation, each 
byte of the array muSt be verified. Address informa­
tion must be supplied with the Erase-verify com­
mand. This command verifies the margin and 
outputs the addressed byte in order to compare the 
array data with FFH data (Byte erased). After suc­
cessful data verification the Erase-verify command 
is written again with new address information. Each 
byte of the array is sequentially verified in this 
manner. 

If data of the addressed location is not verified. thr 
Erase sequence is repeated until the entire array is suc­
cessfully verified or the sequence is repeated 1000 
times. 

Programming Sequence 

A three step command sequence (a two-cycle Program 
command and one cycle Verify command) is required to 
program a byte of the Rash array. Refer to the Flashrite 
Algorithm. 

1. Set-up Program: Write the Set-up Program com­
mand to the command register. 

2. Program: Write the Program command to the com­
mand register with the appropriate Address and 
Data. The system software routines must now time­
out the program pulse width (10 J1S) prior to issuing 
the Program-verify command. 

3. Program-verify: Write the Program-verify com­
mand to the command register. This command ter­
minates the programming operation. In addition, thi~ 
command verifies the margin and outputs the byte 
just programmed in order to compare the array data 
with the original data programmed. After successful 
data verification, the programming sequence is initi­
ated again for the next byte address to be pro­
grammed. 

If data is not ve,-ified,.the Program sequence is repeated 
until a successful cPmparison is verified or the se­
quence is repeated 25times .. 
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FUNCTIONAL DESCRIPTION 
Description Of User Modes 

Table 1. Am28F010 User Bus Operations 

Operation 
CE OE WE Vpp 

(E) (G) (W)- (Note 1) 

Read Vil VI.. Vg.f Vp.~ 

Standby VIH X X. Vp~ 

Read-Only Output Disable Va. VIH VlH Vppt( 

Auto-select Manufacturer Va. Va. Vt4 VpPl 
Code (Note 2) 

Auto-select Device Code VL Va. VIH VpPl 
(Note 2) 

Read VIl. VIl. VIH VPPH 

ReadJWrite 
Standby (Note 5) VIH X X VPPH 

Output Disable Vtt VIH VIH VPPH 

Write VIL VIH VIL VPPH 

Legend: 

Ao Ag 110 
Ag Ao Dour 
X X HIGHZ 

X X HIGHZ 

Va. VrJ CODe 
(Note 3) (01 H) 

VIH VJD CODE 
(Note 3) (A7H) 

Ao Ag Dour 
(Note 4) 

X X HIGHZ 

X X HIGHZ 

Ao Ag DIN 
(Note 6) 

X = Don't care, where oon"1 Care is either Vtt or VIH levels. VPPl = VPP < Vee + 2V, See DC Characteristics for voltage lev­
els of VPPH, OV < An <Vee + 2V, (normal TTL or CMOS input levels, where n = 0 or 9). 

Notes: 

1. VPPL may be grounded, connected with a resistor to ground. or ~ Vee +2.0V. VPPH is the programming voltage specified 
for the device. Refer to the DC characteristics. When Vpp = VPPl, memory contents can be read but not written or erased. 

2. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 

3. 11.5 ~ VIO ~ 13.0V 

4. Read operation with Vpp = VPPH may access array data or the Auto select codes. 

5. With Vpp at high voltage, the standby current is Icc + Ipp (standby). 

6. Refer to Table 3 for valid DIN during a write operation. 

7. All inputs are Don't Care unless otherwise stated, where Don't Care is either Vil or VIH levels. In the Auto seled mode all 
addresses except A9 and A(J must be held at VIl. 

8 Am28F010 



READ ONLY MODE 
Vpp < Vee + 2V 
Command Register Inactive 
Read 

The Am28F01 0 functions as a read only memory when--­
Vpp < Vee + 2V. The Am28F010 has two control func­
tions. Both rrust be satisfied in order to output data. CE 
controls power to the device. This pin should be used for 
specific device selection. OE controls the device outputs 
and should be used to gate data to the output pins if a 
device is selected. 

Address access time tAce is equ~1 to the delay from sta­
ble addresses to valid output data. The chip enable ac­
cess time tee is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en­
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming the addresses 
have been stable at least lAce - toe). 

Standby Mode 

The Am28F010 has two standby modes. The CMOS 
standby mode (CEinput held atVce ± O.SV),consumes 
less than 100J,lA of current. TTL standby mode (CE is 
held at VIH) reduces the current requirements to less 
thaJ:l1 mAo When in the standby mode the o~s are in 
a high impedance state, independent of the OE input. 

If the device is deselected during erasure, program­
ming. or progranverase verification. the device will draw 
active current until the operation is terminated. 

Output Disable 

Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im­
pedance state. 

Auto Select 
Rash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol­
dered to the circuit board upon receipt of shipment and 
programmeq. in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to ·the board. 

The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto­
maticallymatching the de~e to be programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire temperature range of the de­
vice. 

Programming In A Prom Programmer 
To activate this mode, the programming equipme. 
must force VIC (11.5V to 13_0V) on address Ag. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address Ao from Vil to VIH. All other 

address lines must be held at VIL. and Vpp must be less 
than or equal to Vce + 2.0V while using this Auto select 
mode. Byte 0 (Ao = VL) represents the manufacturer 
code and byte 1 (Ao = VIH) the device identifier code. For 
the Am28F01 0 these two bytes are given in the table be­
low. All identif"lers for manufacturer and device codes 
will exhibit odd parity with the MSB (007) defined as the 
parity bit. 

-(Refer to the AUTO SELECT paragraph in the ERASE. 
PROGRAM, and READ MODE section for program­
ming the Rash memory device in-system). 

Table 2. Am28F010 Auto Select Code 

Code 
Type Ao (HEX) D07 DO, DOs D04 D03 D02 DO, DOo 

Manufacturer Code VIL 01 0 0 0 0 0 0 0 1 

Device Code VIH A7 1 0 1 0 0 1 1 1 
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ERASE, PROGRAM, AND READ MODE· 

Vpp = 12.0 V ± 5% 
Command Register Active 
WrHe Operations 
High volt~ge mJst be applied to the V pp pin in order to 
activate the command register. Data written to the regis­
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 

The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command. along with the address and data information 
needed to execute the command. The !!9ister is written 
by bringing WE and CE to VL. whBe OE is at Vif. Ad­
dresses are latched on the falling edge of WE. while data 
is latched on the rising edge of the WE pulse. Standard 
microprocessor write timings are used. 

Register bits R7 - Ro correspond to the data inputs 007 
- DOa (Refer to Table 3). Register bits R7- Rs store the 
command data. All register bits R4 to Ro must be zero. 
The only exceptions are: the reset command. when FFH 
is written to the register and Auto select. when 90H or 
BOH is written to the register. 

The device requires the OE pin to be V IH for write opera­
tions. This condition eliminates the possibility for bus 
contention during programming 0E!!ations. In order to 
write. OEmust be VIH, and CEand WErrust be Va.. If any 

pin is not in the correct state a write command will not be 
executed: 

Refer to AC Write Characteristics and the EraSe/Pro­
gramming Waveforms for specific·timing parameters. 

Command Definitions 
The contents of the cdmmand register default to OOH 
(Read Mode) in the ab~ence of high voltage applied to 
the Vpp pin. The device operates as a read only mem­
ory. High voltage on the Vpp pin enables the command 
register. Device operations are selected by writing spe­
cific data codes into the command register. Table 4 de­
fines these register commands. 

Read Command 
Memory contents can be accessed via the read com­
mand when Vpp is high. To read from the device, write 
OOH into the command register. Wait ~ before reading 
the first accessed address location. All subsequent 
Read operations take lAcc. Standard microprocessor 
read cycles access data from the memory. The device 
will remain in the read mode until the command register 
contents are altered. 

The command register defaults to OOH (read mode) 
upon Vpp power-up. The OOH (Read Mode) register de­
fauH helps ensure that inadvertent alteration of the 
memory contents does not occur during the Vpp power 
transition. Refer to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 

Table 3. Command Register 

Data Input/Output D07 D06 DOs 004 DO:J o~ D01 000 
Command Register R7 As Rs R4 . Ri R2 A,· Ro 
Data/Commands· X X X X X X X X 

• Notes: 
1. See Table 4 Am28F01 0 Command Definitions 
2. X = Appropriate Data or Register Commands 
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Table 4. Am28F010 Command Definitions 

First Bus Cycle Second Bus Cycle 

Operation Address Data Operation Address Data 
Command (Note 1) (Note 2) (Note 3) (Note 1) (Note 2) (Note 3) 

Read Memory (Note 6) Write X OOH Read RA RD 

Read Auto seled Write X SOH or90Hr Read OOHlO1H 01HJA7H 

Set-up Erase/Erase Write X 20H Write X 20H 
(Note 4) 

Erase-Verify (Note 4) Write EA AOH Read X EVD 

Set-up ProgramlProgram Write X 40H Write PA PO 
(Note 5) 

Program-Verify (Note 5) Write X COH Read X PVD 

Reset Write· X FFH Write X FFH 

Notes: 
1. Bus operations are defined in Table 1. 

2. RA - Address of the memory location to be read. 
EA - Address of the memory location to be read during erase-verify. 
PA - Address of the memory location to be programmed. 
Addresses are latched on the falling edge of the WE pulse. 

3_ RD = Data read from location RA during read operation. 
EVD == Data read from location EA during erase-verify. 
PO == Data to be programmed at location PA. Data latched on the rising edge of WE. 
PVD ... Data read from location PA during program-verify. PA is latched on the Program almmand. 

4. FlQure 1 illustrates the Flasherase Electrical Erase Algorithm. 

5. FlQure 2 illustrates the Aashrite Programming Algorithm. 

6. Wait 6sJ.s after first Read command before accessing th~ data When the Sealnd bus command is a Read command, all 
subsequent Read operations take tAcc. 

Erase Sequence 
Set-up Erase/Erase Commands 

Set-up Erase 

Set-up Erase is the first of a two-cycle erase command. 
It is a comrnand-only operation that stages the device 
for bulk chip erase. The array contents are not altered 
with this command. 20H is written to the command reg­
ister in order to perform the Set-up Erase operation. 

Erase 

The second two-cycle erase command initiates the bulk 
erase operation. You inust write. the Erase command 
(20H) again to the register. The erase operation begins 
with the rising edge of the WE pulse. The erase opera­
tion must be terminated by writing a new command 
(Erase-verify) to the register. 

This two step sequence of the Set-up and Erase com­
mands helps to ensure that memory contents are not ac­
cidentally erased. Also, chip erasure can only occur 
when high voltage is applied to the Vpp pin and all control 
pins arc in their proper state. In absenceofthishigh volt­
age, memory contents cannot be altered. Refer to AC 
Erase Characteristics and Waveforms for specific tim­
ing parameters. 

Note: 
The Flash memory device must be fully programmed to 
OOH data prior to erasure. This equalizes the charge on 
all memory cells ensuring reliable erasure. 

Erase-verify Command 

The erase operation erases all bytes of the array in pa, 
allel. After the erase operation, aU bytes must be se­
quentially verified. The Erase-verify operation is 
initiated by writing AOH to the register. The byte address 
to be verified must be supplied with the command. Ad­
dresses are latched on the falling edge of the WE pulse. 
The rising edge of the WE pulse terminates the erase 
operation. 

Margin Verify 

During the Erase-verify operation, the Am28F010 ap­
plies an internally generated margin voltage to the ad­
dressed byte. Reading FFH from the addressed byte 
indicates that all bits in the byte are properly erased. 

Verify Next Address 

You must write the Erase-verify command with the ap­
propriate address to the register prior to verification of 
each address. Each new address is latched on the fail­
ing edge of WE. The process continues for each byte in 
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the memory array until a byte does not return FFH data 
or all the bytes in the array are accessed and verified. 

If an address is not verified to FFH data. the entire chip is 
erased again (refer to Set-up EraseJErase). Erase verifi­
cation then resumes at the address that failed to verify. 
Erase is complete when all bytes in the array have been 
verified. The device is now ready to be programmed. At 
this point. the verification operation is terminated by 
writing a valid command (e.g. Program set-up) to the 
command register. FlQUre 1 and Table 5. the Flasherase 
electrical erase algorithm. illustrate how corrmands and 
bus operations are combined to perform electrical era-

sure. Referto AC Erase Charaderistics and Waveforms 
for specific timing parameters. 

Note: 
The erase-verify command must be written to the reg­
ister in orderto termirrate the erase operation. During 
the erase operations. the local microprocessor must 
be dedicated to run sOf!ware timing routines (erase in 
10ms) as specified in AMD's Rasherase algorithin. 
Should a system interrupt ocaJr during an erase opera­
tion, always write the Erase-verify command prior to 
executing an interrupt sequence. 

r-------------...... ~Write Erase Set-uo Command 

NO 

lnaement Address 

11561'()()S8 

Figure 1. FJasherase Electrical Erase AlgOrithm 
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Flasherase Electrical Erase Algorithm 
This Flash memory device erases the entire array in par­
allel. The erase time depends on Vpp, temperature, and 
number oferase/program cycles on the device. In gen­
eral, reprogramming time increases as the number of 
erase/program cycles increases. 

complished using the Aashrite programming algorithm. 
Erasure then continues with an initial erase operation. 
Erase verification (Data = FFH) begins at address 
OOOOH and continues ttlrough the array to the last ad­
dress, or until data other .than FFH is encountered. If a 
byte fails to verify, the device is erased again. With each 
erase operatiQn, an increasing number of bytes verify to 
the erased state. Typically, devices are erased in less 
than 100 pulses (1 second). Erase efficiency may be im-

The Flasherase electrical erase algorithm employs an 
interactive closed loop flow to sirrultaneously erase all 
bits in the array. Erasure begins with a read of the mem­
ory contents. The Am28F010 is erased when shipped 
from the factory. Reading FFH data from the device 
would immediately be followed by executing the Flash­
rite programming algorithm with the appropriate data 

. proved by storing the address of the last byte that fails to 
verify in a register. Following the next eras~ operation, 
verification may start at the stored address location. A 
total of 1000 erase oPerations are allowed per 
reprogram cycle, which corresponds to approximately 
10 seconds of cumulative erase time. Erasure typically 
occurs in one second. The entire sequence of erase and 
byte verification is performed with high voltage applied 
to the Vpp pin. Figure 1 illustrates the electrical eraSE 
algorithm. 

pattern. . 

Should the device be currently programmed, data other 
than FFH will be returned from address locations. Fol­
low the Aasherase algorithm. Uniform and reliable era­
sure is ensured by first programming all bits in the 
device to their charged state (Data = OOH). This is ac-

Table 5. Flasherase Electrical Erase AlgOrithm 

Bus Operations Command Comments 

Entire memory must = OOH before erasure (Note 3) 
Note: Use Flashrite programming algorithm (Figure 2) for 
programming. 

Standby Wait for Vpp ramp to VPPH (Note 1) 
Initialize: 
Addresses 
PLSCNT ('pulse count) 

Write Set-Up Erase Data = 20H 

Write Erase Data = 20H 

Standby Duration of Erase Operation (tWHWH2) 

Write Erase-verify (Note 2) Address = Byte to Verify 
Data = AOH 
Stops Erase Operation 

Standby Write Recovery Time before Read = 6J.1S 

Read Read byte to verify erasure 

Standby Compare output to FFH 
Increment pulse count 

Write Read Data = OOH. reset the register for read operations. 

Standby Wa~ for Vpp ramp to VPPl (Note 1) 

Notes: 

1. See DC Characterist!cs for value of VpPHor VPPL. The Vpp power supply can be hard-wired to the device or switchable. 
When Vpp is switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee + 2.0V. 

2. Erase Verify is pe:iormed only after chip erasure. A final read compare may be periormed (optional) after the register is 
written with the read command. 

3. The erase algorithm Mus~ Be Followed to ensure proper and reliable operation of the device. 

Am28F010 13 



Section A B c o E F G 

Add~sses ~ ~ · .... . 
• I 

• )0 

S · . s OEL 7 • \J.' '-.~ . (. 
I 

• • ss • • 55 WE) V; V: :v: '-• • • • • .. • I I 

I • • 8 «~h I 0. @: DataJ , 

vee7 \ 
vPg "C 

A B C D E F G 
11561~ 

Bus Cyde Write Write Time Write Time Read Stand by' 
-out -out 

Command 20H 20H NlA AOH NlA Compare NlA 
Data 

Function Set-up Erase Erase Erase- Transition Erase Stand by & 
Erase (1 Oms) verify (6p.s) verifICation Vc;cPower 

down 

Rgure 2. A.C. Waveforms For Erase Operations 

Analysis Of Erase Timing Waveform 

Note: 
This analysis does not include the requirement to pro­
gram the entire array to OOH data prior to erasure. Refer 
to the Rasherase algorithm. 
Set-up Erase/Erase 

This analysis illustrates the u~e of two~cle erase com­
mands (section A&B). The first erase command (20H) is 
a set-up command a~does not affect the array data 
!section A). The second erase command (20H) initiates 
the erase operation (section 8) on the rising edge of this 
WE pulse. All bytes of the memory array are erased in 
parallel. No address information is required. 

The erase pulse occurs in section C. 

Time-out 

A software timing routine (1 Oms duration) rrust be initi­
ated on the rising edge of the WE pulse of section B. 

Erase-verify 

Upon completion of the erase software timing routine. 
the microprocessor must write the Erase-verify com" 
mand (AOH). This command terminates the erase op-

eration on the rising edge of the WE pulse (section 0). 
The Erase-verify command also stages the device for 
data verification (sedion F). 

After each erase operation each byte must be verified. 
The byte address to be verified must be supplied with 
the Erase-verify command (section 0). Addresses are 
latched on the falling edge of the WE pulse. 

Another software timing routine (6J,J.S duration) must be 
exearted to allow for generation of intemal voliages for 
margin checking and ~ad operation (section E). 

During Erase-verification (section F) each address that 
returns FFH data is successfully erased. Each address 
of the array is sequentially verified in this manner by re­
peating sections D thru F until the entire array is verified 
or an address fails to verify. Should an address location 
fail to verify to FFH data. erase the device again. Repeat 
sections A thru F. Resume verification (section D) with 
the failed address. 

Each data change sequence allows the device to use up 
to 1.000 erase pulses to completely erase. Typically 100 
erase pulses are required. 
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Notes: 
1. All address locations must be programmed to DOH 
prior to ,!r,ase. This equalizes the charge on all memory 
cells and ensures reliable erasure. 

2. The erase verify command must be written to termi­
nate the tfrase operation. Should a system interrupt oc­
cur during an erase operation, always write the 
erase-verify command prior to executing an interrupt se­
quence. 

Programming Sequence 
Set-up ProgramIProgram Command 

Set-up Program 

The Am28F01 0 is programmed byte by byte. Bytes may 
be programmed sequentially or at random. Set-up Pro­
gram is the first of a two-cyc!e program command. it 
stages the device for byte programming. The Set-up 
Program operation is performed by writing 40H to the 
command register. 

Program 

Only after th~rogram set-up operation is completed 
will the next WE pulse initiate the active programming 
operation. The appropriate address and data for pro­
gramming must be available on the second WE pulse. 
Addr7~es and data are internally latched on the falling 
and nSlng edge of the WE pulse respectively. The rising 
~e of WE also begins the programming operation. 
You must write the Program-verify command to termi­
nate the programming operation. This two step se­
quence of the Set-up and Program commands helps to 
ensure that memory contents are not accidentally writ­
ten. Also, programming can only occur when high volt­
age is applied to the V pp pin and aU control pins are in 
their proper state. In absence of this high voltage. mem­
ory contents cannot be programmed. 

Refer to AC Characteristics and Waveforms for specific 
timing parameters. 

Program Verify Command 

Following each programming operation, the byte just 
programmed must be veritied. .. 

Write COH into the command register in order to initiate 
the Program-verify operation. The rising edge of this WE 
pulse terminates the programming operation. The Pro­
gram-verity operation stages the device for veritication 
of the last byte programmed. Addresses were previ­
ously latched. No new Information is required. 

Margin Verify 

During the Program-verity_operation, the Am28F01 0 ap­
plies an internally generated margin voltage to the ad­
dressed byte. A normal microprocessor read cycle 
outputs the data. A successful comparison between the 
programmed byte and the true data indicates that the 
byte was successfully programmed. -The original pro­
grammed data should be stored for comparison. P­
gramming then proceeds to the next desired byte 
location. Should the byte fail to verity, reprogram (refer 
to Set-up Program/Program). F"lQUre 3 and Table 6 indi­
cate how instructions are combined with the bus opera­
tions to perform byte programming. Refer to AC 
Programming Characteristics and Waveforms for spe­
cific timing parameters. 

Flashrite Programming AlgOrithm 

The Am28F010 Flashrite programming algorithm em­
ploys an interactive closed loop flow to program data 
byte by byte. Bytes may be programmed sequentially or 
at random. The Flashrite programming algorithm uses 
10 microsecond programming pulses. Each operation is 
followed by a byte verifICation to determine when the ad­
dressed byte has been successfully programmed. The 
program algorithm allows for up to 25 programming op­
erations per byte per reprogramming cycle. Most bytes 
verity after the first or second pulse. The entire se­
quence of programming and byte verification is Pl 
formed with high voltage applied to the Vpp pin. Figure 3 

and Table 6 illustrate the programming algorithm. 
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Write Set-up Program Command .... -----~---___, 

Write Program Command (AID) 

NO 

Increment PLSCNT 

NO 
Increment Address 

11561-OO7A 

Figure 3. Flash rite Programming Algorithm 

Table 6. Flashrite Programming Algorithm 

Bus Operations Command Comments 

Standby Wait forVpp ramp to VPPH (Note 1) 
Initialize pulse counter 

Write Set-Up Program Data = 40H 

Write Program Valid Address/Oata 

Standby Duration of Programming Operation (tWHWH1) 

Write Program-Verify (2) Data = COH Stops Program Operation 

Standby Write Recovery Time before Read = ~ 

"Read Read byte to verify programming 

Standby Compare data output to data expected 

Write Read Data = OOH, resets the register Jor read operations. 

Stafldby Wait for Vpp ramp to VPPl (Note 1) . 

Notes: 

1. See DC Charaderistics for value of VPPI-t. The Vpp power supply can be hard-wired to the device or switch able. When Vpp is 
switched. VPPl may be ground. no connect with a resistor tied to ground. or less than Vee + 2.0V. 

2. Program Verify is performed only after byte programming. A final read/compare may be performed (optional) after the 
register is written with the read command. 
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Section A B C 0 E F G 

Aqqresse ~ 
• • I 

CE 

I. 

oe/ / ~ 

I 
~ I 

we} V: V :v \ 
I 

• 
«~h DataJ B ~i (3 In • 

Vee] \ 
vPg \::= 

A B C 0 E F G 
11561-OO8A 

Bus Cyde Write Write Time Write Time Read Stand by 
-<lut -<lut 

Command 40H Program NlA COH N/A Compare N/A 
Address. (Stops Data 

Program Data Program) 

Function Set-up Program Program Program Transition Program Stand by & 
Program Command (10~) verify (6p.s) verification Vee Power 

latch Address down 
& Data 

Figure 4. A.C. Waveforms for Programming Operations 

Analysis Of Program Timing Waveforms 

Set-up ProgramlProgram 

Two-cycle write commands are required for program 
operations (section A&B). The fir~t program command 
(40H) is a set-up command an6 does not affect the array 
data (section A). The second program command 
latches address and data required·for programming on 
the falling and rising edge of WE respectively (section 
B). The rising edge of this WE pulse (section B) also initi­
ates the programming pulse. The device is programmed 
on a byte by byte basis either sequentially or randomly. 

The prcgram pulse ()(;Curs in section C. 

Time-out 

A software timing routine (1 OJ.1S duration) must be initi­
ated on the rising edge of the WE pulse of section B. 

Program-verify 

Upon completion of the program timing routine. the mi­
croprocessor must write the program-verity command 

(COH). This command terminates the programming op­
eration on the rising edge of the WE pulse (section D). 
The program-verify command also stages the device for 
data verification (section F). Another software timing 
routine (6J.1S duration) must be exeruted to allow for 
generation of intemal voltages for margin checking and 
read operations (section E). 

During program-verifICation (~ection F) each byte just 
programmed is read to' compare array data with original 
program data. When successfully verified, the next de­
sired address is programmed. Should a byte fail to ver­
ify, reprogram the byte (repeat section A thru F). Each 
data change sequence allows the device to use up to 25 
program pulses per byte. Typicaliy. bytes are verified 
within one or· two pulses. 

Note: 
The program-verify operation must be written to termi­
nate the programming operation. Should a system 
interrupt occur during a programming operation. always 
w7ite the program-verify command prior to executing an 
interrupt sequence. 
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Algorithm Timing Delays 

There are four different timing delays associated with 
the Flasherase and Flashrite algorithms: 

1. The first delay is associated with the V pp rise-time 
when Vpp first turns on. The capacitors on the Vpp 

bus cause an RC ramp. After switching on the Vpp, 

the delay required is ·proportional to the number of 
devices being erased and the· 0.1 pFJdevice. V pp 

must reach its final value 100ns before commands 
are executed. 

2. The second delay time is the erase time pulse width 
(10 ms). A software timing routine should be run by 
the local microprocessor to time out the delay. The 
erase operation must be terminated at the conclu­
sion of the timing routine or prior to executing any 
system interrupts that may occur during the erase 
operation. To ensure proper device operation, write 
the Erase-verify operation after each pulse, or the 
device may continue to erase until the memory cells 
are driven into depletion (over-erasure). Should this 
happen the internal Circuitry will no longer select 
unique addresses. A symptom of over-erasure is an 
error attempting to program the next time. Occasion­
ally it is possible to recover over-erased devices by 
programming all of the locations with OOH data. 

3. A third delay time is required for each programming 
pulse width (10 ~). The programming algorithm is 
interactive and verifies each byte after a program 
pulse. The program operation must be terminated at 
the conclusion of the timing routine or prior to execut­
ing any system interrupts that may occur during the 
programming operation. 

4. A fourth timing delay associated with both the 
Flasherase and Flashrite algorithms is the write re­
covery time (6 J.1S). During this time internal circuitry 
is changing voltage levels from the erasel program 
level.to those used for margin verify and read opera­
tions: An attempt to read the device during this pe­
riod will result in possible false data (it may appear 
the device is not properly erased or programmed). 

Note: 
Software timing routines should be written in machine 
language for each of the delays. Code written in ma­
chine language requires knowledge of the appropriate 
microprocessor clock speed in order to accurately time 
each delay. 
Parallel Device Erasure 

Many applications win use more than one Flash memory 
device. Total erase time may be minimized by imple­
menting a parallel erase algorithm. Flash memories 
may erase at different rates. Therefore each device 
must be verified seperately. When a device is com­
pletely erased and verified use a masking code to pre­
vent further erasure. The other devices will continue to 
erase until verified. The masking code applied could be 
the read command (OOH). 

Power-up Sequence 

Vee prior to Vpp 

The Am28F010 powers-up in the Read only mode. In 
addition. the memory contents may only be altered after 
successful completion of a two step command se­
quence. 

Vpp prior to Vee 

During power transitiollS, hold any control pin (WE. OE 
or CE) in a non-write condition. This disables the device 
from executing any write operation. 

When Vee = 0 V. the Vpp voltage is internally disabled 
from the device. Memory contents cannot be altered. 
With Vpp = 12 V. the Flash device resets to the Read 
mode when Vee rises above 2 V. 

Reset Command 

A reset command sequence is provided to initialize the 
Flash memory to a known state - Read mode. The Re­
set command sequence also provides the us.er with a 
means to safely abort the erase or program command 
sequences. Following either set-up command (erase or 
program) with two consecutive writes of FFH will safely 
abort the operation. Memory contents will not be altered. 
A valid command roost then be written to place the de­
vice in the desired state. 

If V pp is left at high voltage during system resets, you 
must incorporate the device reset command into the 
hardware initialization code. This minimizes the poten­
tial for over erasure or programming if the device is in 
the middle of an erase or program operation during re­
set. Execute the reset command early in the initialization 
routine. 

Auto Select Command 

Rash memories can be programmed in-system·orln a 
standard PROM programmer. The device may be sol­
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

Programming In-system . 

AMO's Flash memories are designed for use in applica­
tions where the local CPU alters memory contents. Ac­
cordingly. manufacturer and device codes must be 
accessible While ttie device resides in the target system. 
PROM programm~~ typically access the signature 
codes by raising Ag to a high voltage. However, multi­
plexing high voltage onto address lines is not a generally 
desired system design practice. 

The Am28F010 contains an Auto Select operation to 
supplement traditional PROM programming methodol­
ogy. The operation is initiated by writing BOH or 90H into 
the command register. Following this command, a read 
cycle address OOOOH retrieves the manufacturer code of 
01H. A read cycle from address 0001H returns the de­
vice code A7H (See Table 2). To terminate the opera­
.tion, it is necessary to write another valid command into 
the register (See Table 3). 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 
Ceramic Packages 
Plastic Packages 

Ambient r emperature 
with Power Applied 

Voltage with Respect To Ground 
All pins except Ag and Vpp (Note 1) 
Vee (Note 1) 
Ag(Note 2) 
Vpp(Note 2) 

- 65°C to + 150°C 
- 65°C to + 125°C 

-2.0Vto 7.0V 
- 2.0V to 7.0V 

- 2.0V to 14.0V 
- 2.0V to 14.0V 

Output Short Circuit Current (Note 3) 200mA 

Notes: 
1. Minimum DC voltage on input or /10 pins is -0.5 V. During 

'!Oltage tr&'7sitions, inputs may overshoot Vss ;0 -2.0 V· 
forperiods of up to 20 ns~ Maximum DC voltage on output 
and J,O pins is Vee + 0.5 V. During voltage transitions, 

outputs may overshoot to Vee + 2.0 V for periods up to 
2Ons. 

2. Minimum DC input voltage on Ag and Vpp pins is -o.s\!. 
During voltage transitions, Ag and Vpp may overshoot 

Vss to -2.0 V for periods of up to 20 ns. Maximum DC in­

put voltage on Ag and Vpp is +13.5 V which may over­
. shoot 10 14.0 V for periods up 10 20 ns. 

3. . No more than one output shorted at a time. Duration of 
. the short drcuit should not be greater than one second 

Stresses above those listed under "Absolute Maximum Rat­
ings· may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera­
tional sections of this specifICation is not implied. Exposure of 
the device to absolute maximum rating conadions for ex­
tended periods may affect device reliability. 

OPERATING RANGES 
Commercial (C) Devices 

Case Temperature (T c) 

Industrial (I) Devices 
Case Temperature· (T c) 

Exte.nded (E) Devices 
Case Temperature (T c) 

Military (M) Devices 
Case Temperature (T c) 

V cc Supply Voltages 
VocforA~F010-X5 

Vee for Am28F01 O-XXO 

Vpp Supply Voltages 
Read 
Program, Erase, and Verify 

+ 4.75V to +5.25V 
+ 4.S0V to +5.50V 

. - O.SV to +12.6V 
+ 11.4Vto +12.( 

~ ____ ~ .• ·,C"~~"·~·-~· ______________________________ _ 
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MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 

20n5 20n5 

20n5 

Maximum Negative Overshoot Waveform 

Maximum Positive Input Overshoot 

Vee + 0.5 V 

2.0 V 

Maximum Vpp Overshoot 

13.5 V 

Vcc+0.5V 

20 

20n5 

Vee + 2.0 V --:------:liIf-----l 

20n5 20n5 

Maximum Positive Overshoot Waveform 

20n5 

20n5 2005 

Maximum Vpp Overshoot Waveform 

Am28F010 

11561~ 

11561-010A 

11561-011A 



DC CHARACTERISTICS over operating range unless otherwise specified (for APL Prod­
ucts, Group A, Subgroups 1,2,3, 7 and 8 are tested unless otherwise noted). 
(Notes 1-3) 

DC CHARACTERISTIC5-rrUNMOS COMPATIBLE 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. Unit 

III Input Leakage Current Vee- Vee Max .• ±1.0 J1A 
VIN = Vee or Vss 

IlO OU~tLe~geCurrern Vee. Vee Max., ±1.0 J1A 
Varr = Vee or Vss 

Ices Vee Standby Current Vee- Vee Max. 1.0 rnA 
CE= Vii 

Icc 1 Vee Active Read Current Vee. Vee Max .• CE = VI.. OE = VH 20 rnA 
lOOT = 0 rnA (Note 4) 

iCC2 Vee Programming Current CE=Vu.. 30· rnA 
Programming in Progress 

leC3 Vee Erase Current CE=Vu.. 30 rnA 

Erasure in Progress 
Ipps Vpp Standby Current Vpp= VPPl ± 1.0 ~ 

IpP1 V PP Read Current 
Vpp= VPPH 200 

J.LA Vpp= VPPl ± 1.0 

IpP2 Vpp Programming Current Vpp= VPPH 30 rnA 
Programming in Progress 

IpP3 Vpp Erase Current Vpp= VPPH 30 rnA 
Erasure in Progress 

VI. Input low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee V 
+0.5 

VOl OUtput low Voltage Ia. .. 2.1 rnA 0.45 V 
Vee - Vee Min. 

VOH1 Output High Voltage IOH--2.5 rnA 2.4 V 
Vee - Vee Min. 

VIO Ag Auto Select Voltage Ag= VIO 11.5 13.0 V 

110 Ag Auto Select Current Ag= VcMax. 50 J.LA 
Vee. Vee Max. 

VpPl V pp during REmd-Only Note: EraseJProgram are 0.0 Vee V 
Operatio,flS inhibited when Vpp = VPPl +2.0 

VPPH Vpp during ReadIWrite 11.4 12.6 V 
Operations 
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DC CHARACTERISTlCS-CMOS COMPATIBLE 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. Unit 

lu Input Leakage Current Vcc- Vee Max .• ±1.0 J1A 
ViN = VeeorVss 

IlO Output Leakage Current Vee - Vee Max., ± 1.0 J1A 
Voor = Vee or Vss 

Ices Vee Standby Current Vee - Vee Max. 100 J1A 
CE= VIH 

Icc1 Vee Active Read Current Vee - Vee Max .• CE = VL OE = VIH 20 rnA 
lOUT = 0 rnA (Note 4) 

lea Vee Programming Current CE= VI. 30 rnA 
Programming in Progress 

1CC3 Vee Erase Current CE= VI. 30 rnA 
Erasure in Progress 

Ipps Vpp Standby Current Vpp= VpPl ±1.0 J1A 
IpP1 Vpp Read Current Vpp= VPPH 200 J.LA 

IpP2 Vpp Programming Current Vpp= VPPH 30 rnA 
Programming in Progress 

IpP3 Vpp Erase Current Vpp= VPPH 30 rnA 
Erasure in Progress 

Va.. Input Low Voltage -0.5 0.8 V 

" VIH Input High Voltage Vee Vee V 
-0.5 +0.5 

VOl Output Low Voltage 1a.-2.1"rnA 0.45 V 
Vee - Vee·Min. 

VOH, " " IQi - -2.5 rnA, Vee - Vee Min. 0.85 

Output High Voltage 
Vee 

V 
V0H2 100- -100 IJA. Vee - Vee Min. Vee 

-0.4 

VIO Ag Auto Select Voltage Ag= VIC 11.5 13.0 V 

110 As Auto Select Current Ag= VIOMax. 50" J1A 
Vee - Vcc Max. 

VPPL Vppduring Read-Only Note: Erase! Program are 0.0 Vee V 
Operations inhibited when Vpp = VPPl +2.0 

VPPH Vppduring ReadiWrite 11.4 12.6 V 
OperatiOns 

Notes: 

1. caution: the Am28~()10 must not be removed from (or inserted into) a socket when/Vee or Vp., is applied. 

2. Icc, is tested w~h OE - VIH to simulate open"outputs. 

3. Maximum active power usage is the sum of " Icc and Ipp. 

4. Icc, total. 20 mA + 1.6 mAlMHz. 
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PIN CAPACITANCE 
Parameter 

SymbOl Parameter Description Test Conditions Typ. Max. 

CIN Input Capacitance VIN = 0 8 10 

Cour Output Capacitance Voor = 0 8 12 

CIN2 VPP Input Capacitance Vpp=O 8 12 

Notes: 
1. Sampled. not 100% tested. 

2. Test conditions T A - 25°C, f - 1.0 MHz 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified. 

AC CHARACTERISTICS-Read Only Operation (Notes 1- 2) 

Parameter Am28F010 
Symbols -90 -120 -150 -200 

JEDEC Standard Parameter Description -95 - - -
tAVAv tRC Read Cyde Time Min. 90 120 150 200 

Max. 

tElov tee Chip Enable Min. 
Access Time Max. 90 120 150 200 

lAvov lAce Address Min. 
Access Time Max. 90 120 150 200 

tGlOV toe Output Enable Min. 
Access Time Max. 40 50 55 55 

tElOX tu Chip Enable to Min. 0 0 0 0 
Output in Low Z Max. 

teHOZ toF Chip Disable to Min. 
Output in High Z Max. 25 30 35 35 

lGLOX ta.z Output Enable to Min. 0 0 0 0 
Output in Low Z Max. 

tGHOZ tOF Output Disable to Min. 
Output in High Z Max. 25 30 35 35 

lAxax tOH Output Hold from first of Min. 0 0 0 0 
Address, CEo or OE Change Max. 

tWHGL Wrile Recovery Min. 6 6 6 6 
Time before Read Max. 

Notes: 

Unit 

pF 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 
ns 

os 
ns 

ns 
ns 

J,lS 

1. Output load (exceJ.jt Am28F010-95): 1 TTl gat~ and Ct - 100 pF, Input Rise and FalJJlmes: s 10 nSf Input Pulse levels: 
0.45 to 2.4 V, Timing Measurement Reference level- Inputs: 0.8 V and 2 V 

Outputs: 0.8 V and 2 V 

2. The Am28F01 0-95 Output load: 1 TTl gate and Ct. - 30 pF 
Input Rise and Fall Times: oS 10 ns 
Input Pulse levels: 0 to 3 V 
Timing Measurement Reference level: 1.S V inputs and outputs. 

I 
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AC CHARACTERISnCS-WriteJEraseJProgram Operations (Notes 1- 4) 
Parameter Am28F010 
Symbols -90 -120 -150 -200 

JEDEC Standard Parameter Description -95 - - -
lAvAv tv«: Write Cycle Tme Min. 90 120 150 200 

Max. 

IAVWL lAs Address Set-Up Time Min. 0 0 0 0 
Max. 

tWlM lAH Address Hold Tune Min. 45 50 60 75 
Max. 

tovY.ti los Data Set-Up Time Min. 45 50 50 50 
Max. 

tWHOX toH Data Hold Time Min. 10 10 10 10 
Max. 

tYMGl tWA Write Recovery Tame Min. 6 6 6 6 
before Read Max. 

tGHWL Read Recovery Time Min. 0 a 0 0 
before Write Max. 

tELWl tcs Chip Enable Min. 0 0 0 0 
Set-Up Time Max. 

tWHEH tcH Chip Enable Min. 0 0 0 0 
Hold Time Max. 

tw\'WH twp Write Pulse Width Min. 45 50 50 50 
Max. 

tWtiwL tWPH Write Pulse Min. 20 20 20 20 
Width HIGH Max. 

tWHWH1 Duration of Min. 10 10 10 10 
Programming Operation Max. 25 25 25 25 

tWHWH2 Duration of Min. 9.5 9.5 9.5 9.5 
Erase Operation Max. 10.5 10.5 10.5 10.5 

teHVP Chip Enable Set-Up Min. 100 100 100 100 
Time to Vpp Ramp Max. 

tVPEL Vpp Set-Up Time to Min. 100 100 100 100 
Chip Enable LOW Max. 

tvcs Vee Set-Up Time Min. 2 2 2 2 
Max. 

tVPPR Vpp Ris.e Time Min. 500 500 500 500 
Max. 

tvpPF 

I 
Vpp Fall Time Min. 500 500 500 500 

Max. 

Notes: 
1. Road timing characteristics during readlwrite operations are the same as dumg read-only operations. Refer to AC 

Characteristics for Read Only operations. 

Unit 

ns 

ns 

ns 

ns 

ns 

J1S 

J1S 

ns 

ns 

ns 

ns 

J1S 

ms 

ns 

ns 

J1S 

ns 

ns 

2. Chip-Enab!e Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In 
systems where Chip-Enable defines the Write Pulse Width (within a longer Write-Enable timing waveform) aU set-up. hold 
and inactive Write-Enable times should be mqasured relative to the Chip-Enable waveform. 

3. An devices except Am28F01Q-95.lnput Rise and Fall tim~s: ~ 10 os; Input Pulse Levels: 0.45 V to 2.4 V 
Tming Measurement Reference Level: Inputs: 0.8 V and 2.0 V: Outputs: 0.8 V and 2.0 V 

4. Am28F010-95. Input Riso and Fall times: ~ 10 ns; Input Pulse Levels: 0.0 \f to 3.0 V 
Taming Measurement Reference Level: Inputs and Outputs: 1.5 V 
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Addresses 

Data (00) 

5.0 V 
Vee 
'OV 

Device and Outputs Data 
Power-up, Standby Address Selection Enabled Valid 

HighZ 

J 

Addresses Stable 

t4-------- tAVAV (lRC) -----........... - ...... 

/2N' 

I --f tGLOV (toe) 

t---- telov (tee) ..:: ",*,y' 

tGLOV (tOLZ) --I 
J.. telox (tLZ) 

14--- tAvov (tACC) ---t.,. 

IAxox (IOH) J 
~~ 

Output Valid 

Rgure 5. AC Waveforms for Read Operations 

Am28F010 

Standby, Power-down 

HighZ 

11561-013A 
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I\) 
(X) 
." 
0 ... 
0 

Addresses 

~(E) 

r5E (~) 

WE(W> 

Data (DQ) 

5.0 V 
V:.c 
OV 

VPPH 
Vpp 

VPPL 

Power-Up & 
Standby 
• x , 

{ 

Set-Up Erase 
Command Erase Command 

l1L tGLnOESI 

ss r tWHWH2 

Erase-Verify 
Command 

Figure 6. A.C. Waveforms for Erase Operations 
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Power-Down 
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Addresses 

CE (c) 

nr: (0) 

~(W) 

Data (OQ) 

5.0 V 
Vee 
ov 

VPPH 
Vpp 

VPPL 

HIGHZ 

tVPEl 

Program Command 
latch Address & Verify' 
" Data • _. ,.~~g!~mmlng Com"2an~ 

Programming Standbyl 
Verification Power-Down 
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Figure 7. A.C. Waveforms for Programming Operations 
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SWITCHING TEST CIRCUIT 

Device 
U~ ~----------~~--< 
Test 

I~ 6.2 k.n 

2.7k.n 

Diodes ~ IN3064 
or Equivalent 

11561-012A 

Ct. - 100 pF including jig capacitance (30 pF for Am28FO 10-95) 

SWITCHING TEST WAVEFORMS 

2.4 V 
2.0 V 2.0 V > TEST POINTS < 
0.8 V ·0.8 V 

:: ~~~~~~X: .5-TEST POINTS-l.5X",, __ 

O.45"V --..I 
INPUT OUTPUT 

INPUT OUTPUT " 

28 

All Devices Except Am28FO'O-95 

AC Testing: Inputs are driven at 2.4 V for a 
logic ",. and 0.45 V for a logic "0·. Input pulse 
rise and fall times are ~ '0 ns. 

Am28F010 

For Am28F010-95 

AC Testing: Inputs are driven at 3.0 V for a 
logic .. ,. and 0 V for a logic "0". Input pulse rise 
and fall times are ~ 10 ns. 

08007-OO3A 



ERASE AND PROGRAMMING PERFORMANCE 
Limits 

. I 
I Parameter Min. Typ. Max. Unit Comments 

Chip Erase Time 0.5 10 s. ExCludes OOH programming 
(Note 1) 

1-
prior. to erasure 

- , 

Chip Programming Time 2 24 S Excludes system-level overhead 
(Note 1) 

\. 

". 

Erase/Program Cycles 

Am28FO 1 0-95C4JC 10,000 Cycles 

Am28F010-95C3JC 1,000 Cycles 

Note: 

1. 25°C. 12V Vpp 

LATCHUP CHARACTERISTICS 

Min. Max. 
Input Voltage with respect to Vss on all pins except 110 pins 
(Including Ag and Vpp) -1.0V 13.5 V 

Input Voltage with respect to Vss on all pins va pins -1.0V Vcc+ 1.0 V 

Current -100 rnA .+ 100 rnA 
Includes all pins except Vee. Test conditions: Vee = 5.0 V. one pin at a time. 

Am28F010 29 
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6. ORDERING INFORMATION 

Name of Product Description 

SYS68K1EAGLE-OIC EAGLE Module for the CPU board. 

SYS68K1EAGLE-Ol C/UM User's manual for the EAGLE-OIC. 
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7. mSTORY OF MANUAL REVISIONS 

Revision Description Date of Last 
No. Change 

0 First Print FEB/04/1991 

1 Default Switch Setting in Figure 2-2 was AUG/16/1991 
changed. 
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8. PRODUCTERRORREPORT 

DEAR CUSTOMER, 

ALTHOUGH FORCE COMPUTERS HAS ACHIEVED A VERY HIGH STANDARD 
OF QUALITY IN PRODUCTS AND DOCUMENTATION, SUGGESTIONS FOR 
IMPROVEMENT ARE ALWAYS WELCOME. 

ANY FEEDBACK YOU CARE TO OFFER WOULD BE APPRECIATED. 

PLEASE USE THE ATTACHED "PRODUCT ERROR REPORT" FORM FOR YOUR 
COMMENTS AND RETURN IT TO ONE OF THE NEAREST FORCE COMPUTERS 
OFFICES. 

FORCE COMPUTERS GmbH 
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PRODUCT: SERIAL NO.: 

DATE OF PURCHASE: ORIGINATOR: 

COMPANY: POINT OF CONTACT: 

ADDRESS: TELEPHONE: 

EXT: 

PRESENT DATE: 

THIS AREA TO BE COMPLETED BY FORCE COMPUTERS: 

DATE: 
PR#: 

RESPONSIBLE DEPT.: 
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MARKETING -
PRODUCTION -

AFFECTED PRODUCT: AFFECTED DOCUMENTATION: 

HARDWARE HARDWARE - -
SOFTWARE SOFrWARE - -
SYSTEM SYSTEM - -

ERROR DESCRIPTION: 

Please send this product error report to one of our nearest FORCE COMPUTERS offices: 

FORCE COMPUTERS Inc. 
3165 Winchester Blvd. 
Campbell, CA 95008-6557 
U. S. A. 

FORCE COMPUTERS FRANCE Sari 
11, rue Casteja 
92100 Boulogne 
France 

FORCE COMPUTERS Gmba 
Prof.-Messerschmitt-Str. 1 
D - 8014 NeubiberglMunich 
West Germany 

FORCE COMPUTERS UK Ltd. 
No. 1 Holly Court 
3 Tring Road 
Wendover 
Buckinghamshire HP22 6PE 
England 
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SECTION 7 INTRODUCTION TO VMEPROM 

1. GENERAL 

1 . 1 General Information 

This CPU board operates under the control of VMEPROM, an EPROM resident real time multiuser 
multitasking monitor program. VMEPROM provides the user with a debugging tool for single and 
multitasking real time applications. This manual describes those parts of VMEPROM which pertains 
to the hardware of the CPU. All general commands and system calls are described in the VMEPROM 
User's Manual. 

1.2 Features of VMEPROM 

• Line assembler/disassembler supporting all 68040 instructions. 

• Numerous commands for program debugging, including breakpoints, tracing, processor 
register display and modify. 

• Display and modify floating point data registers of the (68040 versions only). 

• S-record up/downloading from any port defined in the system. 

• Time stamping of user programs. 

• Built-in Benchmarks. 

• Support of RAM-disk, floppy and Winchester disks, also allowing disk formatting and 
initialization. 

• Serial I/O support for up to two S10-1 /2 or ISI0-1/2 boards in the system. 

• EPROM programming utility using the SYS68K/RR-2/3 boards. 

• Full Screen Editor. 

• Numerous commands to control the PDOS kernel and file manager. 

• Complete task management. 

• I/O redirection to files or ports from the command line. 

• Over 100 system calls to the kernel supported. 

• Data conversion and file management functions. 

• Task management system calls in addition to terminal I/O functions. 
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1.3 Power-up Sequence 

After power-up, the 68040 retrieves the initial stack pointer and program counter from address 
locations $0 and $4. These locations are the first 8 bytes of the EPROM area. They are mapped 
down to address $0 for a defined start after reset or power-up. Control is transferred to the BIOS 
modules to perform all the necessary hardware initialization of the CPU. The real time kernel is 
started and the user interface of VMEPROM is invoked as the first task. This sequence also reads 
the Real Time Clock (RTC) of the CPU board and initializes the software clock of the kernel. If a 
terminal is connected to the terminal port of the CPU board, the VMEPROM banner and the 
VMEPROM prompt ("? ") will be displayed upon power-up or reset. 

The default terminal port setup is as follovvs: 

Asynchronous communication 
9600 Baud 
8 data bits 
1 stop bit 
no parity 
Hardware handshake protocol 

If the above message does not appear, check the following: 

1 ) Baud rate and character format setting of the terminal (default upon delivery of the CPU board 
is 9600 Baud, 8 data bits, 1 stop bit, no parity). 

2) Cable connection from the CPU board to the terminal (refer to the Hardware User's Manual 
for the pinning of the O-Sub connector and the required handshake signals). 

3) Power supply, + 5V, + 12V, -12V must be present. See the Hardware User's Manual for the 
power consumption of the CPU board. 

If everything goes well, the header and prompt are displayed on the terminal and VMEPROM is now 
ready to accept commands. 
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1.4 Front Panel Switches 

1 .4.1 RESET Switch 

Pressing the RESET switch on the front panel causes all programs to terminate immediately and 
resets the 68040 processor and all 1/0 devices. 

When the VMEPROM kernel is started t it overwrites the first word in the user memory after the task 
control block with an EXIT system call. If breakpoints were defined and a user program was running 
when the RESET button was pressed t the user program could possibly be destroyed. 

Pressing reset while a program is running should only be used as a last resort when all other actions 
(such as pressing AC twice) have failed. 

1.4.2 ABORT Switch 

The ABORT switch is defined by VMEPROM to cause a level 7 interrupt. This interrupt cannot be 
disabled and is therefore the appropriate way to terminate a user program and return to the 
command level of VMEPROM. 

If ABORT is pressed while a user program is under execution t all user registers are saved at the 
current location of the program counter and the message "Aborted Task" is displayed along with the 
contents of the processor register. 

If ABORT is pressed while a built-in command is executed or the command interpreter is waiting for 
input, only the message is displayed and control is transferred to the command interpreter. The 
processor registers are not modified and are not displayed in this case. 

1 .4.3 Control Switches 

The two rotary switches on the front panel of the CPU board define the default behaviour and 
actions taken by VMEPROM after power up or RESET. 

The default definition of some of these switches can be patched in the EPROMs for the user's 
convenience. Please refer to the Appendix of this manual for a description of the memory locations 
to be patched. 

The switch settings are read in by VMEPROM after reset and control various options. 
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The following describes the software definition for every switch: 

Upper Rotary Switch (SW2): 

Bit 3: If this bit is set to "0", the RAM disk is initialized as defined by bit 0 and 1 of SW2. 
When the disk is initialized, all data on the disk is lost. 

Bit 2: This bit defines the default data bus size on the VMEbus. If the bit is set to "0", 16 
bits are selected, if it is set to "1 ", 32 bits are selected. 

Bit 1: 
and 
Bit 0: These two bits define the default RAM disk. See Table 1 for a detailed description. 

If Autoboot is set by bit 2 and bit 3 of SW1, bit 1 and 0 of SW2 define which 
operating system will be booted. See Table 3 for detailed description. 

Lower Rotary Switch (SW1): 

Bit 3: 
and 
Bit 2: 

Bit 1: 

Bit 0: 

These two bits define which program is to be invoked after reset. Please refer to 
Table 2 for a detailed description. 

If this switch is "0", VMEPROM tries to execute a startup file after reset. The default 
filename is SY $STRT. If the bit is "1 ", VMEPROM comes up with the default banner. 

If this switch is set to "0", VMEPROM checks the VMEbus for available hardware after 
reset. In addition VMEPROM waits for SYSFAIL to disappear from the VMEbus. The 
following hardware can be detected: 

Contiguous memory starting at the end of the on-board memory 
ISI0-1/2 
SI0-1/2 
ISCSI-1 

Please refer to Chapter 4.2 of this section for details. 
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Table 1: RAM Disk Usage 

Bit 1 Bit 0 Upper Switch (SW2) 

1 1 = RAM DISK AT TOP OF MEMORY (32 Kbytes) 
1 0 = RAM DISK AT $FFC10000 (64 Kbytes) 
0 1 = RAM DISK AT $40700000 (512 Kbytes) 
0 0 = RAM;DISK AT $40800000 (51 2 Kbytes) 

Table 2: Program After Reset 

Bit 3 Bit 2 Lower Switch (SW1) 

1 1 = VMEPROM (OR USER PROGRAM at same 
location) 

1 0 = USER PROGRAM AT $FFC10000 
0 1 = Autoboot System 
0 0 = USER PROGRAM AT $40800000 

Table 3: Boot an Operating System 

(Valid only if SW1 is set to Autoboot) 

Bit 1 Bit 0 Upper Switch (SW2) 

1 1 = Boot PDOS 
1 0 = Boot UNIX 
0 1 = Boot another operating system 
0 0 = Setup for UNIX mailbox driver 
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Table 4: Examples in Using the Rotary Switches 

I 
Rotary Switches 

Description 

Upper Lower 

I 
$F $F No RAM Disk initialization will be done. 

The VMEbus data size is 32 bits. 
! 

The RAM Disk is on top of memory. I V~Y~EPRO~y~ vvi!! be started. I No start file will be executed. 
The available hardware on the VMEbus will not be 
checked. 

$4 $C RAM Disk intialization will be done. 
The VMEbus data size is 32 bits. 
The RAM Disk is located at address $40800000. 
VMEPROM will be started. 
VMEPROM tries to execute a startup file. 
The available hardware on the VMEbus will be checked. 

$8 $7 The VMEbus data size is 16 bits. 
Autoboot System is enabled. 
POOS will be booted. 
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1 .4.4 Default Memory Usage of VMEPROM 

By default, VMEPROM uses the following memory assignment for the CPU board: 

$00000 

$00400 

$00800 

$01000 

$07000 

$08000 

Highest on-board 
memory address 

MEMORY LAYOUT OF THE ON-BOARD RAM 

Vector Storage of the 68040 

System configuration data 

General purpose RAM, reserved 
for system commands 

Kernel System RAM 

Task Control Block for 
first task 

User memory 

Mail Array 

Hashing Buffer for Disk 1/0 

Please note that the size of the first task cannot be extended beyond the highest on-board memory 
address. However, the additional memory which can be installed may be used for data arrays or for 
creating new tasks. The maximum memory which may be used for tasking is 64 Mbytes. If more 
memory is available, it can only be used for data storage, but not for tasking memory. 
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1.4.5 Default EPROM Usage of VMEPROM 

MEMORY LAYOUT OF THE SYSTEM EPROM 

$FFOOOOOO 
Initial Supervisor Stackpointer 

$FF000004 
Initial Program Counter 

$FF000008 

$FFOOOOOC 
Pointer to VMEPROM Initialization I 

Pointer to User Alterable Memory Locations 
$FF000010 

$FF040000 

$FF050000 

$FF058000 

$FF060000 

$FF080000 

I 

EPROM 

Pointer to VMEPROM shell 

BIOS Modules 
Kernel 

File Manager 

resident installable devices and 

VMEPROM Intialization Code 

User Alterable Memory Location 

System Tools 

VMEPROM Shell 
System Tools 

Debugging Tools 
Line Assembler/Disassembler 

Floating Point Software Library 

UNIX Boot Program 

Another Boot Program 

PDOS Boot Program 
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SECTION 7 INTRODUCTION TO VMEPROM 

2. DETAILS OF THE CPU BOARD 

2. 1 EPROM/RAM Layout 

Address Device 

00000000 / 

" Local RAM 
* ......... 

FFOO 0000 

" EPROM Area 
FF7F FFFF 

FFCO 0000 

" SRAM Area 
FFC7 FFFF 

FFC80000 

" FLASH EPROM Area 
FFCF FFFF 

FFEO 0000 

" EPROM Area 
FFEF FFFF 

• - Hightest On-board Memory Address 
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2.2 On-board 1/0 Devices 

The following table shows the base addresses of the on-board I/O devices. 

Table 5: On -board 1/0 Devices 

BASE ADDRESS DEVICE 

$FF803000 RTC 72423 

$FF802000 DUSCC 1 68562 

$FF802200 DUSCC2 68562 

$FF800COO PI/T1 68230 

$FF800EOO PI/T268230 

$FFDOOOOO FGA-002 
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2.3 On-board Interrupt Sources 

The following table shown is used for the on-board interrupt sources and levels which are defined 
by VMEPROM. All interrupt levels and vectors of the on-board I/O devices are software 
programmable via the FGA-002 Gate Array. 

Table 6: On-board Interrupt Sources 

DEVICE INTERRUPT LEVEL INTERRUPT VECTOR 

Abort Switch 7 232 

PI/T1 5 242 

DUSCC1 4 244 

DUSCC2 4 245 
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2.4 Off-board Interrupt Sources 

VMEPROM supports several VMEbus boards. As these boards are interrupt driven the level and 
vectors must be defined for VMEPROM to work properly. The following table shows the default 
setup of the interrupt levels and vectors 'of the supported hardware. For a detailed description 
of the hardware setup of the boards, please refer to the Appendix of this manual. The supported 
I/O boards together with the base addresses and the interrupt level and vector are summarized 
in Table 7. In order for these boards to work correctly with VMEPROM, the listed interrupt 
vectors may not be used. 

Table 7: Off-board Interrupt Sources 

Board Interrupt Level Interrupt Vector Board Base Address 

SI0-1/2 4 64-15 $FCBOOOOO 

IS10-1/2 4 76-83 '$iFC:9'SOOO:O 

ISCSI-1 4 119 $FCAOOOOO 

2.5 The On-Board Real Time Clock 

During the power up sequence, the on-board real time clock of the CPU board is read and loaded 
in the VMEPROM. This sequence is done automatically and requires no user intervention. If the 
software clock of VMEPROM is set by the ID command as described in the VMEPROM User's 
Manual, the RTC is set automatically to the new time and date values. 
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3. CONCEPT OF VMEPROM 

3.1 Getting Started 

After power-up or after RESET has been pressed, VMEPROM prints a banner showing the version 
and revision being used and prints the prompt ("? "). 

If the above message does not appear, check the following: 

1) Baud rate and character format setting of the terminal (default upon delivery of the CPU 
board is 9600 Baud, 8 data bits, 1 stop bit, no parity). 

2) Cable connection from the CPU board to the terminal (refer to the Hardware User's Manual 
for the pinning of the D-Sub connector and the required handshake signals). 

3) Power supply, + 5V, + 12V, -12V; must be present. See the Hardware User's Manual for 
the power consumption of the CPU board. 

If everything goes well, the header and prompt are displayed on the terminal and VMEPROM is 
now ready to accept commands. 

3.2 Command Line Syntax 

All valid VMEPROM commands consist of the following: 

? command < cr > or 
? command parameters < cr > 

The underlined areas must be entered by the user. If more than one parameter will be entered, 
they must be separated by a space or a comma. 

For a detailed description of all functions of the command interpreter please refer to chapter 3 of 
the VMEPROM User's Manual. 

3.3 VMEPROM Commands 

VMEPROM supports many commands. All of these commands are EPROM resident and are 
available at any time. Most of these commands are common for all versions of VMEPROM. All 
the common commands of VMEPROM are described in detail in the VMEPROM User's Manual. 
Those commands which are specific for the hardware of the CPU board are described in the 
following paragraphs of this manual. For a short description of one or all VMEPROM commands, 
the HELP command can be used. Enter HELP<cr> for a description of all commands, or enter 
HELP command < cr > for a description of a particular command. 
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4. SPECIAL VMEPROM COMMANDS FOR CPU BOARD 

The following commands are implemented on the CPU board in addition to those listed in the 
VMEPROM User's Manual. 

4. 1 ARB - Set the Arbiter of the CPU Board 

Format: ARB 

The ARB command allows the user to set the arbitration mode of the CPU board for VMEbus. 
This command is also used to select the Standard Access Mode for the VMEbus. Additionally, 
the VMEbus interrupts can be enabled or disabled. 

Example: 

? ARB<cr> 

Current arbiter mode: enab1ed, Mode = Prioritized ROUND ROBIN 
Set arbiter mode? (Y,y/-) : Y 

ROUND ROBIN mode? (Y,y/-) :Y 
Prioritized ROUND ROBIN? (Y,y/-) : N 

New arbiter mode = ROUND ROBIN 
Set arbiter mode for VME-BUS: 

STATUS: 
SET: 
SET: 

ROR & RAT & RBClR & FAIR 
Release on bus clear (RBClR) 
Fair VME-BUS arbitration (FAIR) 

(Y IN) ? 
(Y IN) ? 

Y 
Y 

Standard Access Mode (A24) for Slave Accesses currently disabled. 
Enable A24 mode? (Y,y/-) : Y 

A31-A24 = 80 
Change interrupt mask? (Y, y/-) : Y 

Enable(1) / Disable{O) VMEbus interrupts by level: 

STATUS: level: 7 6 5 4 3 2 1 

1 1 111 1 1 

SET: Enter new interrupt mask: 1 1 1 1 1 1 0 

? 
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4.2 CON FIG - Search VMEbus for Hardware 

Format: CONFIG 

This command searches the VMEbus for'available hardware. It is useful if VMEPROM is started 
and bit 0 of the lower rotary switch on the front panel is set to "1 ", so that VMEPROM does not 
check the configuration by default. 

In addition this command allows the user to install additional memory in the system .. Additional 
memory can ONLY be installed with this command. 

The fo!!ovving hardvvare is detected: 

1. IS10-1/2 
2. S10-1/2 
3. ISCSI-1 
4. Contiguous memory starting at the highest on-board memory address 

The boards must be set to the default address for 32 bit systems. This setup is summarized for 
all supported boards in the Appendix of this manual. 

Additional memory must be contiguous to the on-board memory of the CPU board. This memory 
is cleared by the config command to allow DRAM boards with parity to be used. Please 
remember that the installation of additional memory does not effect the RAM size of the running 
task. However I VMEPROM identifies this installed memory area and every time memory is 
required (i.e. with CT or FM) it is taken from this area as long as there is enough free space. 

The CONFIG command also installs Winchester disks in the system and initializes the disk 
controller (if available). So if a SYSFAIL is active on the VMEbus (which can come for example 
from the IS10-1/2 or ISCSI-1 controller during selftest) the command is suspended until the 
SYSFAIL signal is no longer active. 

Example: 

? CONFIG<cr> 
UART FORCE 1510112 (U3) INSTALLED 
ISCSI-1: 1 boards available 
1510-1/2: 1 boards available 

? 
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4.3 FGA - Change Boot Setup for Gate Array 

Format: FGA 

Some registers of the gate array are definable by the user. The contents of this register is stored 
in the on-board battery SRAM in a short form. 

The boot software for the gate array will take these values after reset to initialize the gate array. 
The FGA command may be used to enter an interactive mode for changing this boot table in the 
battery SRAM. 

The FGA command will show the actual value stored in the battery SRAM. To change any value, 
a new one has to be entered in binary form. If only a <cr> is entered, no change will be made. 
To step backward a minus has to be entered. If a <. > or < ESC> is given, the FGA command 
returns to the shell. 

Example: 

? FGA 

> > > Setup for FGA-002 BOOTER «< 

REGISTER FGA offset value in SRAM changed value 

SPECIAL $0420 %00011110 %00011110 
CTL 01 $0238 %00000100 %00000100 
CTL 02 $023C %00000000 %00000000 
CTL 05 $0264 %00001100 %00001100 
CTL 12 $032C %00000000 %00000000 
CTL 14 $0354 %00000000 %00000000 
CTL 15 $0358 %01001100 %01000110 
CTL 16 $035C %00100000 %00100000 
MBX 00 $0000 %00000000 %00001001 
MBX 01 $0004 %00000000 %00000000 
MBX 02 $0008 %00000000 %00000000 
MBX 03 $OOOC %00000000 
MBX 04 $0010 %00000000 
MBX 05 $0014 %00000000 
MBX 06 $0018 %00000000 
MBX_07 $001C %00000000 

? 
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4.4 FLUSH - Set Buffered Write Mode 

Format: FLUSH 
FLUSH? 
FLUSH ON 
FLUSH OFF 

FORCE COMPUTERS 

This command flushes all modified hashing buffers for disk write or enable or disable buffered 
write mode for the local SCSI controller. 

If no argument is entered, all modified hashing buffers are flushed. If an argument of "ON" or 
"OFF" is given~ the buffered write mode will be enabled or disabled. By entering a question mark 
as an argument, only a message will be displayed, whether the buffered write mode is enabled 
or disabled. 

Note: 

Example: 

? flush 

This command only functions when an EAGLE Module which contains an SCSI 
controller is installed. 

All modified buffers are flushed 

? flush ON 

Buffered write is enabled 
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4.5 FMB - Force Message Broadcast 

Format: FMB < slotlist > , < FMB channel> , < message> 
FMB [< FMB channel> 1 

INTRODUCTION TO VMEPROM 

The FMB command allows sending a byte message to individual slots in the backplane, broadcast 
to all the boards, and getting a pending message. 

The first format is used to send a message. With this the first parameter is used to select the 
slots to which a message should be sent. Each slot number can be separated with a '/' sign; a 
'-' defines a range of slot numbers. Slot numbers can range from 0 to 21. A slot number of 0 
sends the message to all slots. The second parameter defines which FMB channel should be 
used. It can be '0' or ' 1'. The message is the byte to be deposited into the FMB channel (s). 

The second format is used to get messages. If no parameter is given, one message of each FMB 
channel is fetched and displayed. If a channel is specified only this channel is addressed and the 
message will be displayed. 

Example: 

?FMB 
FMB channel 0 is empty 
FMB channel 1 is empty 

? FMB 1-21 ,O,$EF 

? FMB 1-21,1,%10100001 

?FMB 
FMB channel 0 = $EF 
FMB channel 1 = $A 1 

? FMB 1-21,1,$77 

? FMB 1 
FMB channel 1 = $77 

? FMB 1/2/5/7-19/21,0,$1 

? 
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4.6 FUNCTIONAL - Perform Functional Test 

Format: 

NOTE: 

FUNCTIONAL 

This command is not designed for the user, but instead for internal purposes by 
FORCE COMPUTERS. 
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4.7 MEM - Set Data Bus Width of the VMEbus 

Format: MEM 
MEM 16 
MEM 32 

INTRODUCTION TO VMEPROM 

This command can display or set the data bus width of the CPU board on the VMEbus. 
If no argument is entered, the current data bus width is displayed. If an argument of '16' or '32' 
is given, the data bus width is set to 16 or 32 bits respectively. 

Example: 

? MEM<cr> 
Data bus width is set to 32 bits 

? MEM 16<cr> 

? MEM<cr> 
Data bus width is set to 16 bits 

? HEM 32<cr> 

? 
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4.8 PROG - Program FLASH EPROM 

Format: PROG [< source> [, < destination> [, < length> [, < width> ]]]] 

This command is used to program FLASH EPROMs. All parameters may be specified on the 
command line or may be entered interactively after the function has been invoked. 

The first parameter < source> is the start address of the data which is to program into the 
FLASH EPROM. 

The second parameter < destination> represents the base address of the FLASH EPROM. 

The third parameter < length> specifies the length of the FLASH EPROM. If 0 is entered the 
length and width is automatically calculated. 

The fourth parameter < width> selects the data width of the FLASH EPROMs. Three values are 
possible: 

, 1 ': Byte width (8-bit) 
, 2': Word width (1 6-bit) 
'4': Long width (32-bit) 

Please note that the FLASH EPROM(s) must be completely programmed. Therefore programming 
only parts of a FLASH EPROM is not possible. 

Example: 

? PROG $100000 $FFC80000 0 
programming ..... . 
FLASH EPROM successfully programmed 

? PROG 

? 

Source base address 
FLASH EPROM base address 
Source length (0 for automatic select) 
Width (1,2 or 4) 
programming ..... . 
FLASH EPROM successfully programmed 

= 
= 
= 
= 
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4.9 SELFTEST - Perform On-board Self test 

Format: SELFTEST 

This command performs a test of the on-board functions of the CPU board. It may only be run 
if no other tasks are created. If there are any other tasks no selftest will be made and an error will 
be reported. The self test tests the memory of the CPU board and all devices on the board. 

The following tests are performed in this order: 

1. 1/0 test 

This function tests the access to and the interrupts from the DUSCC. If the DUSCC cannot 
generate interrupts an error will be reported. This test also checks if reading from and writing to 
the floppy disk controller and the SCSI controller proceeds as expected.' 

2. Memory test on the memory of the current task. 

The following procedures are performed: 

1) Byte Test 
2) Word Test 
3) Long Word Test 

All passes of the memory test perform pattern reading and writing as well as bit shift tests. If 
an error occurs while writing to or reading from memory it will be reported. 

3. Clock Test 

If the CPU does not receive timer interrupts from the PlfT 68230 an error will be displayed. This 
ensures that VMEPROM could initialize the PlfT 68230 properly and the interrupts from the PlfT 
are working. 

CAUTION: During this process, all memory is cleared. 

Example: 

? SELFTEST 

VMEPROM Hardware Self test 

I/O test 
Memory test 
Clock test 
? 

. passed 

. passed 
passed 

Only applicable when an EAGLE Module is installed which contains these devices. 
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5. INSTALLING A NEW HARD DISK WITH THE ONBOARD SCSI CONTROLLER 

NOTE: The following is only possible if an EAGLE Module is installed which contains an 
SCSI controller. 

The hard disk must be set to 256 bytes per block. The FRMT command of VMEPROM may be 
used to set all hard disk parameters, to format the Winchester and to divide the disk into logical 
partitions. Before starting the FRMT command, the number of the last logical block of the 
Winchester must be known. The number of physical blocks per track must be 32, the number 
of bytes per sector must be 256. By using the following equation: 

(# of Heads) * (# of Cylinders) * (Blocks/Track) = # of Last logical block 

The number of Heads and the number of Cylinders may be calculated. 

NOTE: The maximum number of Heads is 16. The number of large and floppy partitions 
are free definable by the user. 

The following example aids in formatting a CDC 94211-5 Winchester. 

? FRMT 
68K PDOS Force Disk Format Utility 07-Sep-88 

Possible Disk Controllers in this System are: 
Controller #1 is not defined 
Controller #2 is not defined 
Controller #3 is a Force ISCSI-1 
Controller #4 is a onboard CPU-40/41 SCSI 

Drives that are currently defined in system are: 
FO is controller #4 , drive select $82 
F1 is controller #4 I drive seLect $83 
WO is controller #4 , drive select $00 

All not named drives are undefined 

Select Menu: W,WO-W15=Winchi F,FO-F8=FloppYi Q=Quit 
Select Drive: W 

WO Main Menu: 1)Parm 2)BadT 3)Form 4)Veri 5)Part 6)Writ 
P)Togl Q)Quit 

Conmand: 1 

WO Parameters Menu: A)lter, D)isplay, R)ead file, Q)uit 
Conmand: A 

# of Heads = 10 
# of Cylinders = 1022 

Physical Blocks per Track = 32 
Physical Bytes per Block = 256 

Shipping Cylinder = 0 
Step rate = 0 

Reduced write current cyl = 0 
Write Precompensate cyl = 0 

Current Winch Drive 0 Parameters: 
# of Heads = 10 

# of Cylinders = 1022 
Physical Blocks per Track = 32 
Physical Bytes per Block = 256 

Shipping CyLinder = 0 
Step rate = 0 

Reduced write current cyl = 0 
Write Precompensate cyL = 0' 
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WO Parameters Menu: A)lter, D)isplay, R)ead file, Q)uit 
Conmand: Q 

WO Main Menu: l)Parm 2)BadT 3)Form 4)Veri 5)Part 6)Writ 
P)Togl Q)Qui t 

Conmand: 3 
Sector Interleave = 0 
Physical Tracks to FORMAT = 0,10219 
Ready to FORMAT Winchester Drive 0 ? Y 
Sector Interleave Table: 0,1,2,3,4,5,6,7,8,9,10,11,12, 

13,14,15,16,17,18,19,20,21,22, 
23,24,25,26,27,28,29,30,31 

Issuing Format ,Drive Conmand. 
FORMAT SUCCESSFUL ! 

WO Main Menu: 1)Parm 2)BadT 3)Form 4)Veri 5)Part 6)Writ 
P)Togl Q)Qui t 

Conmand: 5 
Wo Partitions Menu: A)lter, D)isplay, R)ecalc, Q)uit 

Conmand: A 
# of Large partitions = 6 

# of Floppy Partit'ions = 15 
First track for PO OS Parts = 0 
Last track for PO OS Parts = 10219 

First PDOS disk # = 2 

Current Winch Drive 0 Partitions: 
# of Large partitions = 6 

# of Floppy Partitions = 15 
First track for PDOS Parts = 0 
last track for PDOS Parts = 10219 

First POOS disk # = 2 
Total # of Logical Tracks = 10220 

Disk # Logical Trks Physical Trks 
Base,Top Base,Top 

2 0,1502 0,1502 
3 1503,3005 1503,3005 
4 3006,4508 3006,4508 
5 4509,6011 4509,6011 
6 6012,7514 6012,7514 
7 7515,9017 7515,9017 
9 9018,9097 9018,9097 
10 9098,9177 9098,9177 
11 9178,9257 9178,9257 
12 9258,9337 9258,9337 
13 9338,9417 9338,9417 
14 9418,9497 9418,9497 
15 9498,9577 9498,9577 
16 9578,9657 9578,9657 
17 9658,9737 9658,9737 
18 9738,9817 9738,9817 
19 9818,9897 9818,9897 
20 9898,9977 9898,9977 
21 9978,10057 9978,10057 
22 10058,10137 10058,10137 
23 10138,10217 10138,10217 

PDOS sectors 
Total/{boot} 
48064/47872 
48064/47872 
48064/47872 
48064/47872 
48064/47872 
48064/47872 
2528/2336 
2528/2336 
2528/2336 
2528/2336 
2528/2336 
2528/2336 
2528/2336 
2528/2336 
2528/2336 
2528/2336 
2528/2336 
2528/2336 
2528/2336 
2528/2336 
2528/2336 
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WO Partitions Menu: A)lter, D)isplay, R)ecalc, Q)uit 
Corrmand: Q 

WO Main Menu: 1)Parm 2)BadT 3)Form 4)Veri 5)Part 6)Writ P)Togl 
Q)Quit 

Corrmand: 6 
Write to Disk Y)es, N)o, F)ile : Y 
Write to file (Y/N)?N 
WO Main Menu: 1)Parm 2)BadT 3)Form 4)Veri 5)Part 6)Writ P)Togl 

Q)Quit 
Corrmand: Q 

Exit to Select Drive. Update Param RAM (YIN) ? Y 
System Parameter RAM Updated!! 
Select Menu: W,WO-W15=Winch; F,FO-F8=Floppy; Q=Quit 

Select Drive: Q 

INTRODUCTION TO VMEPROM 

(cont'd) 

After formatting the disk, all logical partitions must be initialized using the INIT corrmand. The example below 
may be used to initialize the large logical partition number two. 

? INlT 
Enter Disk # :2 
Directory Entries :1024 
Number of sectors :47776 
Disk Name :SYSTEM 
Init: Disk # 2 

Directory entries: 1024 
Number of sectors: 47776 
Disk name: SYSTEM 

Initialize disk? Y 

? 
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APPENDIX A 

A. VMEbus Board Setup 

This appendix summarizes the changes to be made to the default setup of additional VMEbus boards 
so that they are VMEPROM compatible. Appendices A.2 through A.6 are available in EPROM, but 
are not installed. All drivers may be installed with the INSTALL command. When INSTALL followed 
by a question mark is entered, the following will appear: 1 

? INSTALL? 

THE FOLLOWING UARTS AND DISK DRIVER ARE ALREADY IN EPROM: 

UART TYPE 1 
UART TYPE 2 
UART TYPE 3 
UART TYPE 4 
DISK DRIVER 
DISK DRIVER 

FORCE CPU-40/41/DUSCC 
FORCE SI0-1/2 
FORCE 1510-1/2 
FORCE UNIX MAIL 
FORCE SCSI CPU-40/41 
FORCE ISCSI-1 

ADDR: $FF004500 
ADDR: $ FF004800 
ADDR: $FF004COO 
ADDR: $FF005100 
ADDR: $FF005900 
ADDR: $FF007300 

By typing in: INSTALL < file> , < address> < cr > , a specific driver may be loaded in the system. 
The addressed file should be located in EPROM. 

A 1. VMEbus Memory 

In general, every FORCE memory board can be used together with VMEPROM. The base address 
must be set correctly in order to use the board within the tasking memory of VMEPROM. The board 
base addresses of any additional memory boards must be set to be contiguous to the on-board 
memory. It is strongly recommended that only 32 bit memory boards are used because of speed 
purposes. 

A2. SYS68K/SIO-1/SIO-2 

These two serial 1/0 boards are set to the base address $800000 by default. VMEPROM expects 
the first S10-1 IS10-2 boards at $FC800000. This is in the standard VME address range (A24, 016, 
08) with the address $800000. The address modifier decoder (AM-Decoder) of the S10-1 /2 boards 
must be set to: 

Standard Privileged Data Access 
Standard Nonpriviledged Data Access 

Please note that the printed UART and Disk Driver addresses are only examples. They may alternate according to software 
versions. 
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Please refer to the SIO User's Manual for setup; If a second S10-1 /2 board will be used, the base 
address must be set to FCB00200. The AM-decoder setup described above must again be used. 
Please refer to the User's Manual of your SIO board for the address setup of the second SIO board. 
Before using the driver for the SI0-1/2 board, the driver must be installed by using the INSTALL 
command. The following must be entered: 

? INSTALL U2,$FF004800 

In order to install one of the ports of the SIO hoards in VMEPROM, the BP command can be used. 
The S10-1 /2 boards use the driver type 2. To install the first port of a SIO board with a 9600 baud 
rate, the following command line can be used: 

? BP 4, 9600, 2, ·$FCBOOOOO 

The port can then be used as port number 4. Please note that the hardware configuration must be 
detected before a port can be installed. This can be done with the CONFIG command or by setting 
a front panel switch on the CPU Board and pressing RESET. Please refer to the command 
description in the VMEPROM User's Manual for a det~iled description of. the CONFIG and BP 
commands. The base addresses of all ports of a SI0-1/2 board which must .be specified with the 
BP command is as follows: 

SIO port # 

1 (first SIO board) 
2 
3 
4 
5 
6 
1 (second SIO board) 
2 
3 
4 
5 
6 

Address 

$FCBOOOOO 
$FCB00040 
$FCB00080 
$FCBOOOCO 
$FCB00100 
$FCB00140 
$FCB00200 
$FCB00240 
$FCB00280 
$FCB002CO 
$FCB00300 
$FCB00340 

VMEPROM supports up to two serial I/O boards. These can be either the S10-1 /2 board, the ISIO-
1/2 board, or a mixture of both. Please note that the first board of every type must be set to the 
first base address. In using one S10-1 board and one IS10-1 board, the base address of the boards 
must to be set to: 

S10-1 
IS10-1 

$FCBOOOOO 
$FC960000 
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A3. SYS68K/ISIO-1/2 

These serial I/O boards are set to the address $960000 in the standard VME address range by 
default. VMEPROM awaits this board at this address (FC960000 for the CPU-40/41); no changes 
need to be made to the default setup. An optional second board may be used. When used, the 
address must be set to $980000. Read the SYS68K/ISI0-1/2 User's Manual for a description of 
the base address setup. Before using the driver for the ISI0-1/2 board, the driver must be installed 
by using the INSTALL command. The following must be entered: 

? INSTALL U3,$FF004COO 

In order to install one of the ports of an ISIO board in VMEPROM, the BP command can be used. 
The ISI0-1/2 boards are driver type 3. In order to install the first port of an ISIO board with a 9600 
baud rate, the following command line can be used: 

? BP 4, 9600, 3, $FC968000 

The port number is four. The hardware configuration must be detected before a port can be 
installed. This is done with the CONFIG command, or by setting a front switch on the CPU board 
and pressing RESET. Read the command description in the 'VMEPROM User's Manual for a 
description of the CONFIG and BP commands. The base address of all ISI0-1/2 ports, specified by 
the BP command, is as follows: 

ISIO port # 

1 (first ISIO board) 
2 
3 
4 
5 
6 
7 
8 
1 (second ISIO board) 
2 
3 
4 
5 
6 
7 
8 

Address 

$FC968000 
$FC968020 
$FC968040 
$FC968060 
$FC968080 
$FC9680AO 
$FC9680CO 
$FC9680EO 
$FC988000 
$FC988020 
$FC988040 
$FC988060 
$FC988080 
$FC9880AO 
$FC9880CO 
$FC9880EO 

VMEPROM supports two serial I/O boards. These can be the SI0-1/2 or ISI0-1/2 board or mixture 
of both. The first board of each type must be set to the first base address. When using one S10-1 
and one IS10-1 board, the base address of the boards must be set to: 

S10-1 
IS10-1 

$FCBOOOOO 
$FC960000 
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A4. SYS68K/ISCSI·' Disk Controller 

VMEPROM supports up to two floppy disk drives and three Winchester disk drives together with the 
ISCSI-1 disk controller. The floppy drives must be jumpered to drive select 3 and 4 and can be 
accessed as disk number 0 and 1 out of VMEPROM. The floppy drives are installed automatically 
when a ISCSI-1 controller is detected by the CONFIG command or after pressing RESET when the 
front panel switch of the CPU board is set to detect the hardware configuration. Usable floppy 
drives must support 80 tracks/side, and must be double sided/double density. The step rate used 
is 3 ms. The Winchester drives are not installed automatically. The VMEPROM FRMT command 
must be used for defining the following factors: 

.. The physical structure of the drive (Le. number of heads, number of cylinders, drive select 
number, etc.) 

• The bad block of the Winchester drive 

• The partitions to be used 

If this setup is done once for a particular drive, the data is stored in the first sector of the Winchester 
and is loaded automatically when the disk controller is installed in VMEPROM. The driver for the 
ISCSI-1 may be installed by using the INSTALL command. The following must be entered: 

? INSTALL W,$FF007300 

The default base address of the ISCSI-1 controller is $AOOOOO in the standard VME address range. 
This is the address $FCAOOOOO for the CPU board and no changes have to be made to this setup. 
The ISCSI-1 driver uses interrupts by default. This cannot be disabled. Please make sure that the 
interrupt daisy chain is closed so that the controller can work properly. 
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AS. Local FOC and SCSI Controller 

NOTE: The following chapter only applies to those CPU boards which contain an 
installed EAGLE Module with a floppy and/or SCSI controller. 

VMEPROM supports up to two floppy disk drives and three Winchester disk drives together with the 
local FDC and SCSI Controller. The floppy drives are installed automatically. 

Here are the required floppy drive settings: 

• Drive select 2(0) or 3(1); VMEPROM access drive select 2 as disk 0 and drive select 3 as disk 
1 

• Head Load is to be executed if Motor On and Drive Select is TRUE. 

• Pin 34 of the floppy interface should select the Disk Change signal. 2 

• Pin 2 of the floppy interface selects high or normal density.3 When this signal is "low level", 
it designates normal density mode. VMEPROM only operates under normal density. 

• Pin 4 should be the Eject signal.4 

The step rate used is 3 ms. 

The Winchester drives are not installed automatically. 

The VMEPROM FRMl command must be used for defining the following factors: 

• The physical structure of the drive (Le. number of heads, number of cylinders, drive select 
number, etc.) 

• The bad block of the Winchester drive 

• The partitions to be used 

If this setup is done once for a particular drive, the data is stored in the first sector of the Winchester 
and is loaded automatically when the disk controller is installed in VMEPROM. Upon viewing the 
VMEPROM Banner, the driver for the local FDC and SCSI controller is already installed. For this 
driver, memory is needed for hashing. The storage for the hashing buffers is allocated at the top 
of memory. 

2 Only if the floppy drive is able to generate or read this signal. 

30lTO 

40lTO 
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APPENDIX B 

B. S-Record Formats 

B 1. S-Record Types 

Eight types of 5-records have been defined to accommodate the needs of the encoding I 
transportation and decoding functions. VMEPROM supports 50, 51, 52, 53, 57, 58 and 59 records 
(57 and 58 on load only). 

An 5-record format module may contain 5-records of the following types: 

SO The header record for each block of 5-records. 

S 1 A record containing code/data and the 2-byte address at which the code/data is to reside. 

S2 A record containing code/data and the 3-byte address at which the code/data is to reside. 

83 A record containing code/data and the 4-byte address at which the code/data is to reside. 

85 A record containing the number of 51, 52 and 53 records transmitted in a particular block. 
The count appears in the address field. There is no code/data field. Not supported by 
VMEPROM. 

87 A termination record for a block of 53 records. The address field may optionally contain the 
4-byte address of the instruction to which control is to be passed. There is no code/data 
field. 

88 A termination record for a block of 52 records. The address field may optionally contain the 
3-byte address of the instruction to which control is to be passed. There is no code/data 
field. 

S9 A termination record for a block of 51 records. The address field may optionally contain the 
2-byte address of the instruction to which control is to be passed. 

Only one termination record is used for each block of 5-records. 57 and 58 records are usually used 
only when control is to be passed to a 3 or 4 byte address. Normally, only one header record is 
used, although it is possible for multiple header records to occur. 
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82. S-Record Example 

S214020000000004440002014660000CB241F8044CB1 
S214020010203C0000020E428110C1538066FA487AE4 
S214020020001021DF0008487A001221DFOOOC4E750E 
S21402003021FC425553200030600821FC41444452C2 

xx.­
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx----

0200XX-------------------------------------
14-------------------------------------------­

S2-----------------------------------------------

S9030000FC 

FC-------------------------------------
0000---------------------------------------

03--------------------------------------------
89--------------------------------------------

B-2 
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APPENDIX C 

C. System RAM Definitions 

/* SYRAM:H -- DEFINITION OF SYRAM BLOCK OF MEMORY 
05-Jan-88 Revised to correspond to PO OS 3.3 
BRIAN C. COOPER, EYRING RESEARCH INSTITUTE, INC. 
Copyright 1985-1988 

*/ 
#define NT 
#define NM 
#define NP 
#define NO 
#define NC 
#define NF 
#define NU 
#define IZ 
#define MZ 
#define TZ 

#define NTB 
#define NTM 
#define NTP 
#define NCB 
#define NFS 
#define NEV 
#define NIE 
#define NPS 
#define P2P 
#define MMZ 
#define TMZ 

#define IMK 
#define NCP 
#define MPZ 
#define MBZ 
#define NMB 
#define FSS 
#define TaB 
#define TOM 
#define TQE 
#define TOS 
#define TBZ 
#define BPS 
#define NRO 

struct SYRAM{ 

64 
«NT+3)&OxFC) 
16 
«NT+3)&OxFC) 
8 
64 
15 
6 
Ox4000000 
64 

NT 
NM 
NP 
NC 
NF 
NO 
(NO!2) 
(NU+1) 
lZ 
MZ 
TZ 

(OxFF»(8-P2P» 
«1«P2P)+2) 
2048 
(MMZ/MPZ) 
(MBZ/8) 
38 
2 
(1QB+4) 
(1QM+2) 
(1QE+2) 
(10S+2+4) 
256 
4 

1*000*/ char * bios· 
1*004*/ char *-mail~ 
/*008*/ unsigned in! rdkn; 
/*OOA*/ unsigned int -rdks; 
/*OOC*/ char * rdka· -
/*010*/ char bflg;' 
1*011*/ char -dflg; 
/*012*/ int -f681; 
/*014*1 char * sram· 
1*018*/ int spare1;' 
1*01A*/ int fcnt; 
/*01C*/ long -tics; 
/*020*/ unsigned char _smon; 
1*021*/ unsigned char sday; 
1*022*/ unsigned char -syrs[2]; 
/*024*1 unsigned char =shrs; 
/*025*/ unsigned char _smin; 
1*026*/ unsigned char _ssec[2]; 
/*028*/ char --patb[16]; 
/*038*1 char brkf[16]; 
/*048*/ char =f8bt[16J; 
/*058*/ char _utyp[16J; 
/*068*/ char _urat[16J; 

/* m.lnber of tasks * / 
/* number of task messages */ 
/* number of task message pointers */ 
/* number of delay events */ 
/* number of active channel buffers */ 
/* number of file slots */ 
/* number of I/O UART ports */ 
/* input buffer size (2A p2p. */ 
/* maxinun memory size ,*/ 
/* task message size */ 

/* input buffer wrap around mask */ 
/* (# characters/port) + 2 */ 
/* memory page size */ 
/* memory bitmap size */ 
/* m,mber of map bytes * / 
/* fi le slot size */ 
/* TCB index */ 
/* map index */ 
/* event #1 / event #2 */ 
/* scheduled event */ 
/* TASK entry size * / 
/* bytes per sector */ 
/* number of RAM disks */ 

/* address of bios rom 
/* *mail array address 
/* *ram disk # 
1* *ram disk size 
/* *ram disk address 
1* basic present flag 
/* directory flag 
/* 68000/68010 flag 
/* run module B$SRAM 
/* reserved for expansion 
1* fine counter 
/* 32 bit counter 
/* month 
/* day 
/* year 
/* hours 
/* minutes 
/* seconds 
/* input port allocation table 
1* input break flags 
/* port flag bits 
1* port uart type 
/* port rate table 
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C. System RAM Definitions (cont'd) 

1*078*1 
1*082*1 
1*084*1 
1*086*1 
1*088*1 
1*098*1 
I*OA8*1 
/*OAC*I 
I*OBO*I 
I*OB4*1 
I*OB6*1 
I*OB8*1 
I*OB9*1 
I*OBA*I 
I*OBB*I 
I*OBC*I 
/*OBO*/ 
I*OBE*I 
I*OCO*I 
I*OC1*1 
I*OC2*/ 
/*OC3*1 
/*OC4*/ 
I*OC8*/ 
I*OCA*/ 
1*000*1 
/*006*/ 
I*OE6*/ 
I*OEA*I 
I*OEE*/ 
I*OF2*/ 
/*OF6*/ 
/*OFA*I 
I*OFB*/ 
/*OFC*I 
1*100*/ 
/*11C*/ 
1*158*1 
1*198*1 

char evtb(10J; 
char -evto(2J; 
char -evti(2J; 
char -evts[2]; 
char -ev128[16]; 
long -evtm[4]; 
long -bclk; 
char *_tltp; 
char *_utcb; 
int _suim; 
int usim; 
char =sptn; 
char utim; 
char =tpry; 
char tskn; 
char spare2; 
cha'" _tqux; 
C/;-If' t lck [2] ; 
d~" -e122· 
cr " -e123: 
cn ' -e124: 
ch",i' -e125; 
lo,.} =cksm; 
int _pnod; 
char bser[6]; 
char iler[6]; 
char ccnt[16]; 
char * wind; 
char *-wadr; 
char *-chin; 
char *-chot; 
char *-iord; 
char feet; 
char =pidn; 
long * begn; 
int rwcl[14]; 
char *_opip[15]; 
char * uart[16]; 
long jnapb; 

1* 0-79 event table 
1* 80-95 output events 
1* 96-111 input events 
1* 112-127 system events 
1* task 128 events 
/* events 112-115 timers 
1* clock adjust constant 
1* task list pointer 
1* user tcb ptr 
1* supervisor interrupt mask 
1* user interrupt mask 
1* spawn task no. (** must be even **) 
1* user task time 
1* task priority (** must be even **) 
1* current task number 
1* reserved 
1* task queue offset flag/no 
1* task lock/reschedule flags 
1* batch task # 
1* spooler task # 

/* system checksum 
1* pnet node # 
1* bus error vector 
1* illegal vector 
1* control C count 
1* window id's 
1* window addresses 
1* input stream 
1* output stream 
1* i/o redirect 
1* file expand count 
1* processor ident byte 
/* abs addr of K1$BEGN table 
1* port row/col 1 .. 15 
1* output port pointers 1 .. 15 
1* uart base addresses 1 .. 15 
/* memory map bias 

1* 
1* 
1* 
1* 
1* 

the following change with different configurations: 
configuration for VMEPROM is defined to: 

NT = 64, NF = 64, MZ = $400000 

1* NOTE: the offset on top of each line is calculated only for this 
1* configuration 
1* 
1*019C*1 
/*119C*/ 
1*157A*/ 
/*1958*/ 
1*1968*/ 
1*19EA*/ 
1*10EA*1 
1*25EA*1 
1*26EA*1 
1*36EA*/ 
1*374A*1 
1*3894*1 
1*3B16*/ 
1*3B56*1 
1*3B66*1 
1*4366*1 
1*4CE6*/ 
1*4CE7*1 
1*4CE8*1 
1*4CEC*1 
/*4CFO*/ 
); 

char _maps[NMB]; 
char _port[(NPS-1)*NCP]; 
char iout[(NPS-1)*NCP]; 
char rdtb[16]; 
int _tque[NTB+1]; 
char tlst[NTB*TBZ]; 
char -tsev[NTB*32]; 
long -tmtf[NTM]; 
char -tmbf[TMZ*NTM]; 
char =tmsp[NTP*6]; 
char _deiq[2+8+NIE*10]; 
char devt[2+NEV*10]; 
int -bsct[32]; 
int -xchi[NCB]; 
char -xchb[NCB*BPS]; 
char -xfsl[NFS*FSS1; 
char -l2lk; 
char -l3lk; 
long - drvl; 
long -utll; 
int =rdkl[NRD*4 + 1]; 

1* system memory bitmap 
1* character input buffers 
1* character output buffers 
1* redirect table 
1* task queue 
1* task list 
1* task schedule event table 
1* to/from/INOEX.W 
1* task message buffers 
1* task message pointers 
1* delay event insert queue 
1* delay events 
1* basic screen command table 
1* channel buffer queue 
1* channel buffers 
/* file slots 
1* level 2 lock (file prims, evnt 120) 
1* level 3 lock (disk prims, evnt 121) 
1* driver link list entry point 
1* utility link list entry point 
1* RAM disk list 
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APPENDIX D 

D. Task Control Block Definitions 

#define MAXARG 
#define MAXBP 
#define MAXNAME 
#define TMAX 
#define ARGLEN 

10 
10 
5 

64 
20 

/* special system flags for VMEPROM 

#define SOMEREG Ox0001 
#define T OISP 
#define T-SUB 
#define T-ASUB 
#define T-RANG 
#define REG INI 
#define REj>IR 

Ox0002 
Ox0004 
Ox0008 
Ox0010 
Ox0020 
Ox0040 

/* max argument count of the cmd line 
/* max 10 breakpoints 
/* max 5 names in name buffer 
/* Max number of tasks 
/* maximum argument length 

/* display only PC,A7,A6,A5 
/* no register display during trace(TC>1) 
/* trace over subroutine set 
/* trace over subroutine active 
/* trace over range set 
/* no register initialization if set 
/* output redirection into file and 
/* console at the same time 

/* the registers are stored in the following order: 
#define VBR 0 
#define SFC 1 
#define OFC 2 
#define CACR 4 
#define PC 5 
#define SR 6 
#define USTACK 7 
#define SSTACK 8 
#define MSTACK 9 
#define DO 10 /* 10-17 00-07 
#define AO 18 /* 18-24 = AO-A6 

#define N_REGS 25 

#define BYTE 
#define WORD 
#define LWORO 

struct TCB{ 

uns gned char 
uns gned int 
uns gned long 

/*000*/ char ubuf[256]; 
/*100*/ char -clb[80]; 
/*150*/ char -mwb[32]; 
/*170*/ char =mpb[60]; 
/*1AC*/ char cob[8]; 
/*1B4*/ char -swb[508]; 
/*3BO*/ char *_tsp; 
/*3B4*/ char * kilo 
/*3B8*/ long _sfp;' 
/*3BC*/ char svf; 
/*3BO*/ char =iff; 
/*3BE*/ long _trp[16]; 
/*3FE*/ long zdv; 
/*402*/ long =chk; 
/*406*/ long _trv; 

/* 256 byte user buffer 
/* 80 byte monitor command line buffer 
/* 32 byte monitor parameter buffer 
/* monitor parameter buffer 
/* character out buffer 
/* system work buffer/task pdos stack 
/* task stack pointer 
/* kill self pointer 
/* RESERVED FOR INTERNAL POOS USE 
/* save flag -- 68881 support (x881) 
/* RESERVED FOR INTERNAL POOS USE 
/* user TRAP vectors 
/* zero divide trap 
/* CHCK instruction trap 
/* TRAPV Instruction trap 
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D. Task Control Block Definitions (cont'd) 

/*40A*/ long _trc; /* trace vector */ 
/*40E*/ long _fpa[2]; /* floating point accumulator */ 
/*416*/ long *_fpe; /* fp error processor address */ 
/*41A*/ char * _clp; /* command line pointer */ 
/*41E*/ char *_bum; /* beginning of user memory */ 
/*422*/ char *_eum; /* end user memory */ 
/*426*/ char * ead- /* entry address */ 
/*42A*/ char *-imp~ /* internal memory pointer */ - , 
/*42E*/ int _aci; /* assigned input file 10 */ 
/*430*/ int _aci2; /* assigned input file lOis */ 
/*432*/ int len-- , /* last error number */ 
/*434*/ int sfi -- , /* spool fi le id */ 
/*436*/ BYTE _f 19; /* task flags (bit 8=command line echo) */ 
/*437*/ BYTE _slv; /* directory level */ 
/*438*/ char fec: /* file exoansion count */ 
/*439*1 char -_sparel; 1* reserved for future use */ 
1*43A*/ char csc [2] /* clear screen characters */ 
/*43C*1 char =psc [2] /* position cursor characters */ 
/*43E*1 char sds[3] /* alternate system disks *1 
1*441*1 BYTE =sdk; 1* system disk *1 
1*442*1 char * ext-- , 1* XEXT address */ 
/*446*1 char * err-- , 1* XERR address */ 
/*44A*1 char cmd-- , /* command line delimiter */ 
/*44B*1 BYTE _tid; /* task id */ 
/*44C*/ char _ecf; /* echo flag */ 
/*440*/ char cnt-- , /* output column counter */ 
1*44E*1 char mmf-- , 1* memory modified flag */ 
/*44F*1 char _prt; /* input port # */ 
1*450*/ char _spu; /* spooling unit mask */ 
/*451*/ BYTE unt-- , 1* output unit mask */ 
/*452*/ char _ulp; /* unit 1 port # */ 
/*453*/ char _u2p; /* unit 2 port # */ 
/*454*/ char _u4p; 1* unit 4 port # */ 
/*455*1 char _u8p; /* unit 8 port # */ 
/*456*1 char _spare2[261; /* reserved for system use */ 

/************************************************************************************************/ 
1* VMEPROM variable area *1 
/***********************************************************************************~************/ 

/*470*1 char linebuf[82]; /* command line buffer */ 
/*4C2*1 char alinebuf[82]; /* alternate line buffer */ 
/*514*/ char cmdl ine[82]; /* alternate cmdline for XGNP */ 
1*566*1 int allargs, gotargs; 1* argc save and count for XGNP */ 
/*56A*/ int argc; 1* argument counter */ 
/*56C*1 char *argv[MAXARG]; 1* pointer to arguments of the cmd tine */ 
/*594*/ char *odir, *idir; 1* 1/0 redirection args from cmd line */ 
/*59C*1 int iport,oport; /* I/O port assignments */ 
/*5AO*/ char *ladr; /* holds pointer to line in_mwb */ 
/*5A4*/ LWORD offset; /* base memory pointer */ 
/*5A8*/ int bpcnt; /* num of defined breakpoints */ 
/*5AA*/ LWORD bpadr[MAXBP]; /* breakpoint address */ 
/*502*/ WORD bpinst[MAXBP]; /* breakpoint instruction */ 
/*5E6*/ char bpcmd [MAXBP] [11] ; /* breakpoint command */ 
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D. Task Control Block Definitions (cont'd) 

1*654*1 WORD bpocc[MAXBP]; 

1*668*1 WORD bpcocc[MAXBP]; 

1*67C*1 LWORD bptadr; 
1*680*1 WORD bptinst; 
1*682*1 WORD bptocc; 

1*684*1 WORD bptcocc; 

1*686*1 char bptcmd[11l; 
1*691*1 char outflag; 
1*692*1 char namebn[MAXNAMEl [8]; 
1*6BA*1 char namebd[MAXNAMEl [40]; 
1*782*1 WORD errcnt; 
1*784*1 LWORD times,timee; 
1*78C*1 LWORD pregs[N_REGSl; 
1*7FO*1 WORD tflag; 
1*7F2*1 WORD tcount; 
1*7F4*1 WORD tacount; 
1*7F6*1 WORD bpact; 
1*7F8*1 LWORD savesp; 
1*7FC*1 char VMEMSP[202l; 
1*8C6*1 char VMESSP[802l; 
I*BE8*1 char VMEPUSP[802]; 
I*FOA*I LWORD f_fpreg[3*8]; 
I*F6A*1 LWORD f_fpcr; 
I*F6E*1 LWORD f_fpsri 
I*F72*1 LWORD f_fpiar; 
I*F76*1 BYTE f save[Ox3c]; 
I*FB2*1 BYTE cleos[2l; 
I*FB4*1 BYTE cleol[2l; 
I*FB6*1 char u-prompt[10]; 
I*FCO*I long c_save: 
I*FC4*1 long exe_cnt; 
I*FC8*1 BYTE nokill; 
I*FC9*1 BYTE u_mask; 
I*FCA*I WORD sysflg; 

I*FCC*I LWORD t_range[2l; 
I*FD4*1 LWORD ex_regs; 
I*FD8*1 BYTE sparend[Ox1000-0xFD8]: 

char _tbe[Ol: 
}: 

1* # of times the breakpoint should be 
1* skipped 
1* # of times the breakpoint is already 
1* skipped 
1* temp. breakpoint address 
1* temp. breakpoint instruction 
1* # of times the temp. breakpoint should 
1* be skipped 
1* # of times the temp. breakpoint is 
1* already skipped 
1* temp. breakpoint command 
1* output messages (yes=1,no=0) 
1* Name buffer, name 
1* Name buffer, data 
1* error counter for test •• 
1* startlend time 
1* storage area of processor regs 
1* trace active flag 
1* trace count 
1* active trace count 
1* break point active flag 
1* save VMEprom stack during GO/T etc 
1* Master stack, handle wI care 
1* supervisor stack, handle wI care 
1* vmeprom internal user stack 
1* floating point data regs 
1* FPCR reg 
1* FPSR reg 
1* FPIAR reg 
1* FPSAVE for null and idle 
1* clear to end of screen parameter 
1* clear to end of line parameters 
1* user defined prompt sign 
1* save Cache control register 
1* execution count 
1* kill task with no input port 
1* unit mask for echo 
1* system flags used by VMEPROM 
1* bit 0: display registers short form 
1* bit 1: trace without reg. display 
1* bit 2: trace over subroutine 
1* bit 3: trace over subroutine active 
1* bit 4: trace over range 
1* bit 5: no register initialization 
1* bit 6: output redirection into file 
1* and console at the same time 
1* start/stop PC for trace over range 
1* pointer to area for saved regs 
1* make tcb size $1000 bytes 
1* task beginning 
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APPENDIX E 

E. Interrupt Vector Table of VMEPROM 

Vector Vector 
Numberls HEX Assignment 

0 000 Reset: Initial Interrupt Stack Pointer 
1 004 Reset: Initial Program Counter 
2 008 Bus Error 
3 OOC Address Error 
4 010 Illegal Instruction 
5 014 Zero Divide 
6 018 CHK, CHK2 Instruction 
7 01C FTRAPcc, TRAPcc, TRAPV Instructions 
8 020 Privilege Violation 
9 024 Trace 

10 028 VMEPROM System Calls 
11 02C Coprocessor Instructions 
12 030 (Unassigned, Reserved) 
13 034 Not used by MC68040 
14 038 Format Error 
15 03C Uninitialized Interrupt 
16 040 -, 

THROUGH t-~ (Unassigned, Reserved) 
23 05C -.J 

24 060 Spurious Interrupt 
25 064 AV1 
26 068 AV2 
27 06C AV3 
28 070 AV4 
29 074 AV5 
30 078 AV6 
31 07C AV7 
32 080 -, 

THROUGH t-~ TRAP #0-15 Instruction Vectors 
47 OBC -.J 

48 OCO FPCP Branch or Set on Unordered Condition 
49 OC4 FPCP Inexact Result 
50 OC8 FPCP Divide by Zero 
51 OCC FPCP Underflow 
52 000 FPCP Operand Error 
53 004 FPCP Overflow 
54 008 FPCP Signaling NAN 
55 ODC FPCP Unimplemented Data Type 
56 OEO PMMU Configuration 
57 OE4 PMMU Illegal Operation 
58 OE8 PMMU Access Level Violation 
59 OEC -, 

THROUGH t-~ Unassigned, Reserved 
63 OFC -.J 

64 100 -, 
THROUGH t-~ S10-1/2 Interrupt Vectors 

75 12C .J 

76 130 -, 
THROUGH t-~ ISI0-1/2 Interrupt Vectors 

83 14C -.J 
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confd ..... 

Vector Vector 
Numberls HEX Assignment 

84 150 -, 
THROUGH 1-" User Defined 

118 108 ~ 

119 IDC Disk Interrupt Vector 
120 1 EO -, 

THROUGH 1-" User Defined 
191 2FC ~ 

192 300 Mailbox 0 
193 304 Mailbox 1 
194 308 Mailbox 2 
195 30C Mailbox 3 
196 310 Mailbox 4 
197 314 Mailbox 5 
198 318 Mailbox 6 
199 31C Mailbox 7 
200 320 -, 

THROUGH 1-" Reserved 
223 37C ~ 

224 380 Timer 
225 384 Reserved 
226 388 Reserved 
227 38C Reserved 
228 390 FMB 1 Refused 
229 394 FMBO Refused 
230 398 FMB 1 Message 
231 39C FMBO Message 
232 3AO ABORT 
233 3A4 ACFAIL * 
234 3A8 SYSFAIL * 
235 3AC OMA Error 
236 3BO OMA Normal 
237 3B4 PARITY Error 
238 3B8 Reserved 
239 3BC Reserved 
240 3CO LOCAL 1 
241 3C4 LOCAL2 
242 3C8 LOCAL3 
243 3CC LOCAL4 
244 300 LOCAL5 
245 304 LOCAL6 
246 30S LOCAL7 
247 30C LOCALS 
248 3EO -, 

THROUGH 1-" Reserved 
254 3F4 ~ 

255 3FC Empty Interrupt 
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APPENDIX F 

F. Benchmark Source Code 

*************************************************************** 
** Module name: Assembler benchmarks Version: 1.0 ** 
** date started: 20-Apr-87 M.S. last update: 23-Apr-87 M.S. ** 
** Copyright (c) 1986/87 FORCE Computers GmbH Munich ** 
*************************************************************** 

* 

* 

section 
opt 
xdef 
xdef 
xdef 
xdef 
xdef 
xdef 
xdef 
xdef 
xdef 
xdef 
xdef 
xdef 
xdef 
xdef 
xdef 
page 

o 
alt,P=68020,P=68881 
.benchex 
.BEN1BEG,.BEN1END 
.BEN2BEG,.BEN2END 
.BEN3BEG,.BEN3END 
.BEN4BEG,.BEN4END 
.BEN5BEG,.BEN5END 
.BEN6BEG,.BEN6END 
.BEN7BEG,.BEN7END 
.BEN8BEG,.BEN8END 
.BEN9BEG,.BEN9END 
.BEN10BEG,.BEN10END 
.BEN11BEG,.BEN11END 
.BEN12BEG,.BEN12END 
.BEN13BEG,.BEN13END 
.BEN14BEG,.BEN14END 

* benchmark execution: benchex(address) 

* 

* 

movem.l 
move. 1 
jsr 
movem.l 
rts 

d1-a6,-(a7) 
15*4(a7),aO 
(aO) 
(a7)+,d1-a6 

* BENCH #1: DECREMENT LONG WORD IN MEMORY 10.000.000 TIMES 

* 
LEA.L @010(PC),AO 
MOVE.L #10000000, (AO) 

@020 SUBQ.L #1, (AO) 
BNE.S @020 
RTS 

@010 DS.L 1 

* 
* BENCH #2: PSEUDO DMA 1K BYTES 50.000 TIMES 
* 
@001 

@002 

@010 

MOVE.L 
MOVE.W 
LEA.L 
MOVE.L 
DBRA 
SUBQ.L 
BNE.S 
RTS 
NOP 
NOP 
PAGE 

#50000,D2 
#$FF,D3 
@010(PC) ,AI 
(A1),(A1)+ 
D3,@002 
#1,D2 
@001 

DO 50000 TRANSFERS 
EACH IS 1K BYTES 
Al POINTS TO SOURCE AND DESTINATION 
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(cont'd) 

* * BENCH #3: SUBSTRING CHARACTER SEARCH 100.000 TIMES TAKEN FROM EON 08/08/85 
* 
* 

@002 

* 

MOVE.L 
MOVE.L 
MOVE.L 
LEA.L 
LEA.L 
BSR.S 
SUBQ.L 
BNE.S 
RTS 

#100000,04 
#15,00 
#120,01 
EON10AT(PC),A1 
EON10AT1 (PC) , AO 
EON1 
#1,04 
@002 

****** BEGIN EON BENCH #1 ******* 
EON1 MOVEM.L 03/04/A2/A3,-(A7) 

SUB.W 00,01 
MOVE.W 01,02 
SUBQ.W #2,00 
MOVE.B (AO)+,03 

@010 CMP.B (A1)+,03 
@012 OBEQ 01,@010 

BNE.S @090 
MOVE.L AO,A2 
MOVE.L A1,A3 
MOVE.W 00,04 
BMI.S @030 

@020 CMP.B (A2)+,(A3)+ 
OBNE 04,@020 
BNE.S @012 

@030 SUB.W 01,02 
@032 MOVEM.L (A7)+,03/04/A2/A3 

RTS 
@090 MOVEQ.L #-1,02 

BRA.S @032 

******* ENO EON BENCH #1 ******* 
EON10AT OC.B '000000000000000000000000000000' 

OC.B '000000000000000000000000000000' 
EON10ATl OC.B 'HERE IS A MATCHOOOOOOOOOOOOOOO' 

PAGE 

* * BENCH #4: BIT TEST/SET/RESET 100.000 TIMES TAKEN FROM EON 08/08/85 
* 

@010 

MOVE.L 
LEA.L 
MOVEQ.L 
MOVEQ.L 
BSR.S 
MOVEQ.L 
MOVEQ.L 
BSR.S 
MOVEQ.L 
MOVE.W 
BSR.S 
MOVEQ.L 
MOVEQ.L 
BSR.S 

#100000,04 
EON20AT(PC),AO 
#1,00 
#10,01 
EON2 
#1,00 
#11,01 
EON2 
#1,00 
#123,01 
EON2 
#2,00 
#10,01 
EON2 

TEST 

SET 
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(cont'd) 

MOVEQ.L #1,00 
MOVEQ.L #11,01 
BSR.S EON2 
MOVEQ.L #1,00 
MOVE.W #123,01 
BSR.S EON2 
MOVEQ.L #3,00 RESET 
MOVEQ.L #10,01 
BSR.S EON2 
MOVEQ.L #1,00 
MOVEQ.L #11,01 
BSR.S EON2 
MOVEQ.L #1,00 
MOVE.W #123,01 
BSR.S EON2 
SUBQ.L #1,04 
BNE.S @010 
RTS 

* 
EDN2 SUB.W #2,00 

BEQ.S @020 
SUBQ.W #1,00 
BEQ.S @030 

@010 
* BFTST (AO){Ol:l} 

OC.W $E800 
oC.W $0841 
SNE 02 
RTS 

@020 
* BFSET (AO){Ol:l} 

OC.W $EEOO 
oC.W $0841 
SNE 02 
RTS 

@030 
* BFTST (AO){Ol:l} 

OC.W $E800 
oC.W $0841 
SNE 02 
RTS 

EON20AT OC.L 0,0,0,0 
PAGE 

* 
* BENCH #5: BIT MATRIX TRANSPOSITION 100.000 TIMES 
* TAKEN FROM EON 08/08/85 
* 

MOVE.L #100000,04 
LEA.L EON30AT(PC),AO 

@002 MOVE.L #7,00 
MOVEQ.L #0,01 
BSR.S EON3 
SUBQ.L #1,04 
BNE.S @002 
RTS 
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* 
EDN3 

@010 

@020 

EDN3DAT 

* 

MOVEM.L 
MOVE.L 
MOVE.W 
SUBQ.W 
ADOQ.L 
MOVE.L 
ADO.L 
MOVE.L 

BFEXTU 
BFEXTU 
BFINS 
BFINS 
ADD.L 
ADDQ.L 
CMP.L 
BNE.S 
DBRA 

MOVEM.L 
RTS 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
DC.B 
OC.B 
EVEN 
PAGE 

D1-D7,-(A7) 
D1,D2 
00,D7 
#2,D7 
#1,01 
D1,03 
DO,02 
02,04 

(AO){03:1},D5 
(AO){04:1},D6 
D 5, (AO) {O 4 : 1} 
D6,(AO){03:1} 
DO,D3 
#1,D4 
03,04 
@020 
07,@010 

(A7)+,D1-D7 

%01001001 
%01011100 
%10001110 
%10100101 
%00000001 
%01110010 
%10000000 

* BENCH #6: CACHE TEST - 128KB PROGRAM IS EXECUTED 1000 TIMES 
* CAUTION: THIS BENCHMARK NEEDS 128 KBYTE MEMORY 
* 

LEA.L @010(PC),A2 
MOVE.L #$203AOOOO,D1 
MOVE.L #$20000/4,02 

@004 MOVE.L D1,(A2)+ 
SUBQ.L #1,D2 
BNE.S @004 
MOVE.W #$4E75,(A2) 

* PROGRAM IS NOW LOADED -- START 
MOVE.L #1000,03 

@008 BSR.S @010 
SUBQ.L #1,D3 
BNE.S @008 
RTS 

* 
@010 

* 

DC.L 
PAGE 

o 

OPCODE FOR MOVE.L ($O,PC),DO 
LENGTH IS 128 KBYTE 
LOAD OPCODE TO MEMORY 

; APPEND RTS 
1000 TIMES 

; PROGRAM WILL START HERE 

* BENCH #7: FLOATING POINT 1.000.000 ADDITIONS 
* 

@010 

MOVE.L 
FMOVE.L 
FMOVE.L 
FAOD.X 
SUBQ.L 
BNE.S 
RTS 

#1000000,05 
#O,FPO 
#1 / FP1 
FPO,FP1 
#1,05 
@010 
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* * BENCH #8: FLOATING POINT 1.000.000 SINUS 
* 

@010 

* 

MOVE.L 
FMOVE.L 
FSIN.X 
SUBQ.L 
BNE.S 
RTS 
PAGE 

#1000000,05 
#1,FP1 
FP1 
#1,05 
@010 

* BENCH #9: FLOATING POINT 1.000.000 MULTIPLICATIONS 
* 

@010 

* 

MOVE.L 
FMOVE.L 
FMOVE.L 
FMUL.X 
SUBQ.L 
BNE.S 
RTS 
page 

#1000000,05 
#l,FPO 
#1,FP1 
FPO,FP1 
#1,05 
@010 

* PO OS BENCHMARK #1: CONTEXT SWITCHES 
* 
@OOO 

* 

MOVE.L #100000,06 
XSWP 
SUBQ.L #1,06 

BGT.S @OOO 
RTS 
PAGE 

* POOS BENCHMARK #2: EVENT SET 
* 

* 
@OOO 

* 

MOVEQ.L #32,01 
MOVE.L #100000,06 

XSEV 
SUBQ.L #1,06 

BGT.S @OOO 
RTS 
PAGE 

iCONTEXT SWITCH 
iOONE? 
iN 

iSELECT EVENT 32 

iSET EVENT 
iOONE? 
iN 

* POOS BENCHMARK #3: CHANGE TASK PRIORITY 
* 

MOVEQ.L #-1,00 iSELECT CURRENT TASK 
MOVEQ.L #64,01 iSET PRIORITY TO 64 
MOVE.L #100000,06 

* 
@OOO XSTP iSET PRIORITY 

SUBQ.L #1,06 iOONE? 
BGT.S @OOO iN 

RTS 
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* * PDOS BENCHMARK #4: SEND TASK MESSAGE 
* 

* 
@OOO 

MES01 

* 

CLR.L 
LEA.L 
MOVE.L 

XSTM 
XKTM 

DO 
MES01(PC),A1 
#100000,D6 

SUBQ.L #l,D6 
BGT.S @OOO 

RTS 
DC.B 'BENCH #13',0 
EVEN 
PAGE 

;SELECT TASK #0 
;POINT TO MESSAGE 

;SEND MESSAGE 
;READ MESSAGE BACK 
;DONE? 
;N 

* PDOS BENCHMARK #5: READ TIME OF DAY 
* 
@OOO 

MOVE.L #100000,D6 
EQU 
XRTP 

* 

SUBQ.L #l,D6 
BGT.S @OOO 
RTS 
end 

;DONE? 
;N 
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APPENDIX G 

G. Special Locations 

The following table describes some special locations in the EPROM. These locations define the 
default setup of the name of the startup file, user program location and RAM disk addresses. These 
options can be selected by front panel switches. 

The locations shown in the table can be changed by the user to adapt VMEPROM to every 
environment. To make the necessary changes, please conduct the following steps: 

1. Read the EPROMs with an EPROM programmer 

2. Modify the code 

3. Burn new EPROMs and keep the old ones in a safe location 

4. Insert the new EPROMs in the CPU board and test the changes 
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The address of the following table is located at address $C relative to the begin of the EPROM): 

Offset Size Default Description 

$00 DS.B 22 'SY$STRT',O Name of the startup file. It has to be a O-terminated string. 

$16 DS.W 1 8 Disk no. of first RAM disk entry. 
DS.W 1 2048 No. of 256 byte sectors. 
DS.L 1 $40800000 Start address of first RAM disk. 
DS.W 1 8 Disk no. of second RAM disk entry. 
DS.W 1 2048 No. of 256 byte sectors. 
DS.L 1 $40700000 Start address of second RAM disk. 
DS.W 1 8 Disk no. of third RAM disk entry. 
DS.W 1 256 No. of 256 byte sectors. 
DS.L 1 $FFC10000 Start address of third RAM disk. 

$2E DS.B 18 'SY$DSK',O Default name of initialized RAM disk. It must be a O-terminated string. 

$40 DS.L 1 $40800000 These four entries contain the address which is jumped to after kernel 
DS.L 1 $ ........ intialization. The second entry contains the address of the BOOT 
DS.L 1 $FFC10000 command. The fourth address is the start address of the VMEPROM 
DS.L 1 $ ........ shell. These values depend on the VMEPROM version. 

$50 DS.B 4 'USER' Disk drivers need this ident to make sure that below data is valid. 

$54 DS.B 1 $03 Bit 0: If this bit is "0", no message occurs indicating that VMEPROM 
is waiting until the hard disk is up to speed. This bit is only 
considered if bit 1 is set to "1". 

Bit 1: If it is "0", VMEPROM will not wait until hard disk is up to 
speed. 

Bit 2: Reserved, should be "0". 
Bit 3: Reserved, should be "0". 
Bit 4: Reserved, should be "0". 
Bit 5: Reserved, should be "0". 
Bit 6: Reserved, should be "0". 
Bit 7: Reserved, should be "0". 

$55 DS.B 7 7 * $FF Reserved 

$5C DS.W 1 16 This entry defines the number of hashing buffers. Valid entries are 
numbers from 1 to 32. The hashing buffers are used to improve disk 
access speed. Each buffer can hold 16 Kbytes of data. 

Example on how to find this table: 

? M $FFOOOOOC L 

FFOOOOOC FF008AOO .<cr> 

? MD $FF008AOO 60 
FF008AOO: 53 59 24 53 54 52 54 00 00 00 00 00 00 00 00 00 Sy$STRT ......... 
FF008AI0: 00 00 00 00 00 00 00 08 08 00 40 80 00 00 00 08 •••••••••• @ ••••• 
FF008A20: 08 00 40 70 00 00 00 08 01 00 FF Cl 00 00 53 59 .@.p •••••••••• Sy 
FF008A30: 24 44 53 4B 00 00 00 00 00 00 00 00 00 00 00 00 $DSK ............ 
FF008A40: 40 80 00 00 FF 00 FO EA FF Cl 00 00 FF 00 88 A4 @ •••••••• p •••••• 
FF008A50: 55 53 45 52 03 FF FF FF FF FF FF FF 00 10 00 00 USER ......•..... 

? 
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APPENDIX H 

H. Generation of Applications in EPROM 

H 1. General Information 

In general, there are three ways to bind an application program in EPROMs to the VMEPROM kernel. 
In all cases the application program is executed in user mode. The XSUP system call can be used 
to switch to supervisor mode. The first way keeps the original EPROMs of VMEPROM. The 
application can be put into an external RR-2 or RR-3 board on the VMEbus. In this case, the front 
panel switches of the CPU board must be set so that the application program is started after 
VMEPROM is booted. In this instance, the user stack is located at the top of the tasking memory 
and the supervisor stack is located within the task control block. The supervisor stack has a size 
of 500 bytes. No registers are predefined. If the reserved supervisor stack space is not sufficient, 
the stack pointer has to be set to point to an appropriate address in RAM. 

H 1 . 1 Replacing the User Interface 

The following section describes how an application program can be put into EPROMs, replacing the 
user interface of VMEPROM. This method gives nearly 180 Kbytes of EPROM space to the 
application. Two general ways are possible: 

8. Removing All Setups: 

If no setups are required, the application can be put into EPROMs at an address which is located in 
address $8 relative to the EPROM start address (real address $FF000008). The code is started in 
user mode, directly after the kernel has been initialized. The supervisor stack is located in the task 
control block (size is about 500 bytes) and the user stack is located at the top of the task's memory. 
Only bit 2 of SW2 of the rotary switches on the front panel is used. It defines the data bus width 
on the VMEBus. All other bits are insignificant. 
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b. Keep All Setups: 

To keep all setups the user program can be put into EPROM at an address which is located in 
address $10 relative to the EPROM start address (real address $FFOOOO 10). In this case, the front 
panel switches are defined as described in the "Introduction to VMEPROM". Both the user and the 
supervisor stack are located in the task control block. The user stack has a reserved space of 800 
bytes and the supervisor stack a space of 800 bytes. The program is started in user mode. The 
following values are available on the stack: 

4(A7) 
8(A7) 

Long word containing the begin address of the TCB 
Long word containing the begin address of the system RAM (SYRAM). 

A C-program at this address could look like this: 

main (tcbp, syramp) 

struct TCB *tcbp; 

struct SYRAM *syramp; 

{ 
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Dear Customer, 

·When using the SYS68K1CABLE MICRO-9 SET 2 (See Section " 
INTRODUCTION; Chapter 4, ·Ordering Information" please adhere to the 
following connection diagram. 
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