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3. Display Control 

3.1 General Information 

..... 

lOP 

The display controller, display memory, memory controller, and part 
of system memory are contained on the Display Control and Memory 
(OCM) board. This section describes display control. Refer to Section 
4 for discussion of memory. 

The display controller uses a partitioned, three-port memory to reduce 
the loss of processor bandwidth while the display is running. The 
display controller has highest priority access to the low 256K memory 
bank only when it is acquiring data bits during an active horizontal 
line. The lOP or Mesa processor has complete access to the low bank 
at all other times. 

Figure 3.1 illustrates the ports for data transfer between the OCM and 
other system components. 
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Figure 3.1. OCM data paths 

Display Control 3-1 



Daybreak Technical Reference Manual 

Port A is the 80186 bus port to memory. For display memory, this port 
is used for diagnostics. Port B is the Mesa bus read/write port to 
memory. Port C is a read-only port in display memory, accessed by 
the display controller; Port C is passive in system memory. The 
refresh port refreshes memory on command from the MCC gate array. 

3.1.1 Display Parameters 

3.1.2 Hardware 

3·2 

DCM control parameters, control registers, and cursor RAM are 
written and read by the Input/Output Processsor (lOP). 

Dove display parameters include: 

• 10.4 in. high by 7.9 in. wide bit map display. Active bitmap for 15-
inch monitor is 13 quadwords x 633 lines; for 19-inch monitor, 17 
quadwords x 861 lines. 

• Separate video, horizontal, and vertical sync signals. 

• Software-controlled horizontal and vertical scrolling. 

• Hardware-supported cursor. 

• Visible area: Total = 896 x 697 pixels of bitmap and border, of 
which 832 x 633 pixels are bitmap for IS-inch monitor. 

• Total frame (visible + non-visible) = 737 lines x 1120 bits for 15-
inch monitor; for 19-inch monitor = 981 lines x 1520 bits. 

• Border area = 32 lines at top, 32 lines at bottom, 32 bits at each 
side. Contents of programmable register are repeated to form the 
border pattern. The size of top and bottom borders is set by 
microcode. 

• Refresh rate = 38 frames/second, or one frame every 26.3 ms. 

• Memory used - optional. Baseline is 64 KWord (64 x 16), 
expandable to 256 KWord (256 x: 16). 

The display memory is implemented in 64K or 256K DRAMs and is 
the first 64 KW of the 256 KW memory space. Up to 1.0 Mbytes of 
system memory, in 512 Kbyte blocks, is placed on the DCM card. 
System memory size is independent of the optional display memory 
size. 

The DCM board contains: 

• three bipolar gate arrays that constitute the display controller, as 
described in section 3.2.1 

• other display subsystem hardware, also described in section 3.2.1 

• memory controller gate array chips, described in Section 4, for 
display memory and system memory 

• buses, as follows: A-Bus (lOP) and B-Bus (Mesa) for system 
memory; A-Bus, B-Bus, and C-Bus (display) for bitmap memory . 

This section describes the DCM board layout, interfaces, and power. 

Display Control 



3.1.2.1. 
Display Control and 
Memory Board 

Display Control 
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The OCM board is a full size (10.9" x 16"), four signal layer PWBAthat 
connects to the backplane connector J2. 

Figure 3.2 illustrates the board layout. Appendix C contains the parts 
list for the board. 

Figure 3.2. OCM board layout 
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3.1.2.2 
Interfaces Table 3.1 lists the backplane interfaces of the board. On the 

backplane, pins are grouped in six rows of three columns each. The 
table reflects the grouping. 

Table 3.1. DCM Backplane Pin Assignment (Front View). 

Outmost 

1) 80186 Bus 

~gl&:s:-l sl2 g!n 
~l~1l g:z (bil ,[2 gllj 
Alall g§~il 112 ggl 
~l~ Illlli (bil ,[2 Ilill 
~£~Illlj (bil .[2 ilIa 
~l~ 1l1l3 (bil ,[2IlUi 
Al~1l1l2 (bil ,[2 illS 
~£~ 1lll11bil ,[21l22 
~l~1l1l1l Ibil ,[21l21i 
~rill ,[21l28 

J2.031 GNO 
J2.034 NAA.19· 

J2.037 NAA.18· 

J2.040 NAA.17· 

J2.043 NAA.16· 

J2.046 AlEPROMCs' 

J2.049 Reserved·O 
J2.052 (i) AlIOPLock' 

J2.055 NPCHldToArb 

J2.058 -5V 

Grill ,[2IlSI 
'[20Sj 

Sp8rA.7 ,'2 IlS:Z 
Spa tern:- ,'2 1l:Z1l 
IlRRKalAJSV'! .l2 1173 
AlPEINT Col .l2 illS 
AIMEBIntC .l2 1179 
ANRETINT (01 ,'2 1182 
GNIl ,[2IlSIi 
NRawCl K m .12 IlS8 

• Notused 

3·4 

Inmost 

~rill ,[2 gg2 
~lIlIlB.' lil ,12 Illlli 
.wEl:i'm sl2 gll8 
~rill ,12 III I 
~LM~DJRd:£ (ill ,121lB 
~£~I,E' ,12 1l1:Z 
AlIO~MllIm:W:[' m .J:21l20 
Sga[e .. a ,[21l23 
~rill ,I21l26 
~l!:I,K m .J:21l2a 

J2.032 GNO J2.033 GNO 
J2.035 (i) AJS.2' J2.036 NAA.23· 
J2.038 (i) AJS.l' J2.039 NAA.22· 
J2.031 (i) A.S.O' J2.042 NAA.21· 
J2.044 (i) NBHE' J2.045 NAA.20· 

J2.047 GNO J2.048 (i) AIlOR' 
J2.050 NLocRamCS" J2.051 Spare-4 
J2.053 GNO J2.054 (i) AllOW' 
J2.056 (i) AlIOPMemRd' J2.057 (i) Spare·5 
J2.059 -5V J2.060 ·5V 

2) MPB-DCM 

Grill 
AlMA 23m 

AlMA 21 m 

AlMA IS m 

AlMA 17m 

Grill 
MPB·IlPYf .5p8l:e2 

Grill 
MPH.lleM '5P8l:e3 
Grill 

. more-

,12 Q62 
,[21l65 
.r21l6S 
,12 Q7J 
,12014 
,12077 
,12 QSIl 

,I21l83 
.r21l86 
,I21l8a 

Grill ,!2IlS3 
AlMA 22 W ,I206S 
AlMA 20 m ,I2 1l69 
AlMA 18 Ii> .r21l72 
NAA 168 m ,12 g:z5 
MPB.lleM-sporel .r21l7S 

r---------
I 3) Mesa Bus 
I B/MWT m ,[2 OSI 
I IlftWn •Mp.sp8l:1lIl .12 IlSj 
I RIMRIY m .r2 IlS1 
I vee ,[2 1l91l 

Display Control 
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Table 3.1. DCM Backplane Pin Assignment (continued) 

Outmost Inmost 

4) lOP-Mesa I 3) MesaBus (continued) 

I 
.12091 GNP ,[2092 GNP I .120a3 G:tiP 
.12094 AOOPIntMP'* J2 095 CSWBEH* I J2 096 (0) A1MEMS' 
.12097 AIMPlntIOJ)! .[2 !laS eSI.OAQlSHIIT" I ,[2099 'P BadoCk' 

,12100 AOOP&lNIA ,[2 101 CSB! JFFERE:ti- I ,[2 102 BaOR" 
J2103 AMAlt' .12104 eSpATAIH* I .12105 m RlMemRgf 

,12 106 [OP.S-spareJ .[2 107 eSSHIITCI K- I .12 108 BOOr 
,12 109 AlResetMPB' ,[2 110 espATOllr I .12 tIl (0) BlRdy 
,12112 vee ,[2 lI3 vee I ,12114 vee 
,[2115 vee ,[2 lI6 vee I ,12) 17 (jl vee 
J2.118 vee J2.119 vee I J2.120 vec 

I 

r--------------------------J 
GND 
GND 
GND 
INTDIS' 
B/A.23 (i) 

B/A.22 (i) 

B/A.21 (i) 

B/A.20 (i) 

B/A.19 (i) 

·12V 

.12151 
112 15~ (llil 
.12 151 'llil 
112 160 'lli l 
.12 163 !lIil 

Display Control 

J2.121 GND J2.122 GND J2.123 

J2.124 GND J2.125 GND J2.126 

J2.127 GND J2.128 GND J2.129 

J2.130 B/A.18 (i) J2.131 B/ALE' (0) J2.132 

J2.133 B/A.17 (i) J2.134 Dawn-Mp-spare3J2.135 

J2.136 GND J2.137 BID.11 (bi) J2.138 

J2.139 BID.15 (bi) J2.140 BID.10 (bi) J2.141 

J2.142 BID.14 (bi) J2.143 BID.09 (bi) J2.144 

J2.145 BID.13 (bi) J2.146 BID.08 (bi) J2.147 

J2.148 ·12V J2.149 ·12V J2.150 

G:tiP .12 152 G::iD .121 53 G:tiD 
BlP 01 ,[2155 (llil BlP 12 .[2 156 (lID BlP 06 

BlP05 ,[2 158 GNP ,121@ 'llil BlP!l4 

BlP03 ,[2 161 m AJR..5et' .f2 162 'llil BlP 02 

alP 01 ,[2164 G::iP .[2 165 (liD BlP 00 

The DCM interfaces with the 80186 bus (A bus) at Port A and with the 
Mesa bus at Port B. Table 3.2 lists the pins and signals for the interfaces. 

3-5 
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Table 3.2. Bus Interface Signals 

80186 BUS (A bus) MESA BUS (B bus) 

Signal Pin Signal Descrietion 
Signal Pin Signal Descrietion 

B/A.23 J1.133 

AlMA.23 Jl.065 B/A.22 J1.136 

AIMA.22 Jl.066 B/A.21 J1.139 Mesa 

AlMA.21 Jl.06S Mapped B/A.20 J1.142 Address 

AlMA.20 Jl.069 B/A.19 Jl.145 Sus 

AlMA. 19 Jl.071 Address B/A.IS J1.l31 

AlMA.IS Jl.072 B/A.17 J1.l34 
AlMA. 17 Jl.074 BID.15 J1.l40 
AlA.16S Jl.075 Address 16 BID.14 Jl.l43 
AlAD.15 Jl.OO6 BID.13 Jl.l46 
AlAD.14 Jl.009 BID.12 J1.l55 
AlAD.13 Jl.012 BID. 11 Jl.l3S 
AlAD.12 Jl.015 BID.IO Jl.l41 

AlAD.11 Jl.OlS BID.09 Jl.l44 
AlAD.10 Jl.021 BID.08 J 1.1 47 Mesa 

AlAD.09 Jl.024 Addresa!Data BID.07 JU54 Data 
AlAD.OS Jl.027 BID.06 J1.l56 Bus 
AlAD.07 Jl.004 BID.05 J1.l57 
AlAD.06 Jl.007 Bus BID.04 Jl.l59 
AlAD.05 J1.010 BID.03 Jl.l60 
AlAD.04 Jl.013 BID.02 J1.162 

AlAD.03 Jl.016 BID.OI JU63 
AlAD.02 Jl.019 BID.OO J1.165 
AlAD.Ql Jl.022 BIMRD' Jl.087 Memory read operation 

AlAD.OO Jl.025 BIMWT' Jl.OSI Memory write operation 

AlBHE' Jl.044 Bus High Enable BIMEMREF' JU05 Memory reference request 

AlS2' Jlom BILOCK' Jl.099 Lock out other bus masters 

AlSI' Jl.03S Buscyc1e BIRDY Jl.l11 Mesa bus ready 

AlSO' Jl.041 status B/ALE Jl.l32 Address latch enable 

AlPEIm- Jl.076 Parity error interrupt 

AlMRO' Jl.OS6 Memory read operation 

AIMWT' Jl.OSO Memory write operation 

AIlOR' Jl.048 lOP read operation 

AllOW' J1.054 lOP write operation 

AlRAWCLK Jl.OS8 80186 system clock 

AlRESET' JU6t Reset 
ANRETINT' J1.014 Vertical retrace interrupt 

AIIOWL' Jl .0S2 Notuaed 

AlALE J1.057 Address latch enable 

AlDEN' J1.008 Data enable 

AlDTIR' J1.005 Data transmit/receive 

AlMEMS' Jl.096 Memory status select 

IOPLOCK' Jl.052 Lockout other bus masters 

8MHzCLK Jl.029 System Clock 
AlPCEHLDA' Jl.055 PCE Hold acknowledge 

3·6 Display Control 



3.1.2.3 
Power 
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Table 3.3 lists the power consumption by the display controller. Table 
3.4 lists the power interface for the DCM board. Power interface to the 
backplane is given in Table 1.1. 

Table 3.3. Display Controller Power Consumption 

Typical Maximum 

+5V 2721 rnA 3888 rnA 
13.61 W 19.44 W 

-5.2V 70 rnA 100 rnA 
0.36W 0.52W 

Table 3.4. Power Interface 

Vee Jl.058 
Jl.059 
Jl.060 

GND Jl.061 
Jl.062 
Jl.063 

RawVCC Jl.030 
JU90 
JU12 
JU13 
JU14 
JU15 
JU16 
Jl.117 
Jl.1l8 
Jl.119 
Jl.l20 

GND Jl.085 
Jl.089 
Jl.091 
Jl.092 
Jl.093 
Jl.l21 
Jl.l22 
Jl.l23 
JU24 
Jl.l25 
Jl.l26 
Jl.l27 
JU28 
Jl.l29 

GND Jl.002 
Jl.Oll 
Jl.026 
Jl.032 
Jl.047 
Jl.053 
Jl.l51 
JU52 
J1.l53 
J1.158 
J1.164 

3.2 Display Control 

Figure 3.3 illustrates the major components that control display, as 
described in this section: 

• display controller - retrieves data from display memory, mixes the 
cursor pattern with display data at the cursor position, and sends 
the data to the display monitor. The controller consists of three 
gate array chips: an 84-pin display data chip (DOC); an 84-pin 
display cursor chip (DCC); and a 68-pin display memory chip 
(DMC). See also Appendix A for a description of a CMOS display 
controller chip. 

• horizontal and vertical control store - 256 x 4 (horizontal) and 2K 
x 4 (vertical) PROMs that control vertical and horizontal events. 
Each PROM holds parameters for two display sizes. 

• display data FIFO - a 64 x 16 RAM buffer between memory and 
the display data chip. Data is input from memory in Intel bit 
format and is output in Mesa bit format. 

• cursor buffer - holds the cursor pattern. Data is input in Intel byte 
format (32 x 8 byte) and is output in Mesa word format (16 x 16). 

• Video shift register - shifts the data out to the display in a serial 
format. 

Dispiay Control 3 . 7 
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3.2.1 Hardware 

Displav Control 

The following figures illustrate pins and signals for the display 
subsystem components. 

• Figure 3.4 Display Data Chip 

• Figure 3.5 Display Cursor Chip 

• Figure 3.6 Display Memory Chip 

• Figure 3.7 Vertical and Horizontal Control Store 

• Figure 3.8 FIFO 

• Figure 3.9 Cursor Buffer 

Table 3.5 describes the signals shown in the figures. 

Table 3.6 describes internal signals. Data paths for these signals are 
illustrated in the subsection 3.2.2, titled" Theory of Operations. " 

3 - 9 



Daybreak Technical Reference Manual 

HCSA.OO (Output) 1 PI P84 84 (Output) HCSA.Ol 

(Input) .;L P2 P83 83 (Output) HCSA.02 

(Input) .L P3 P82 82 (Output) HCSA.03 

(Input) .L P4 P81 81 (Output) HCSA.04 

CURD.OO (Inout) 5 P5 P80 80 (Output) HCSA.05 

CURD.Ol (lnout) 6 P6 P79 79 (Output) HCSA.06 

CURD.02 (Input) 7 P7 P78 78 (Output) HCSA.07 

CURD.03 <Inout) 8 P8 P77 ~ 
CURD.04 (lnout) 9 P9 P76 76 (Output) CURWORDB' 

VCC 10 P10 P75 75 

GND 11 Pll P74 ~VCC 
CURD.05 ([nout) 12 P12 P73 73 GND 

CURO.06 (lnout) 13 P13 P72 8 
CURO.07 <Inout) 14 P14 P71 ~ 
PXLCLKJ4 (Inout) 15 PIS P70 70 (UO) DB.07 

CENB' (Inout) 16 P16 P69 69 (VO) OB.06 

CSO.OO (Inout) 17 Pl7 P68 68 (VO) OB.05 

CSO.Ol (lnout) 18 P18 P67 67 (110) OB.04 

CSO.02 (Input) 19 P19 P66' 66 (110) OB.03 

CSO.03 (lnout) 20 P20 P65 65 (110) OB.02 

BHSYNC (Output) 21 P21 P64 64 (VO) OB.Ol 

HA'NAB (Output) 22 P22 P63 63 (Output) OB.OO 

BYTECLKB (Outout) 23 P23 P62 62 (Input) AlA.01B 

HAIVA'S (Output) 24 P24 P61 61 (Input) AlA.OOB 

PCLKJ168 (Output) 25 P25 P60 60 (Input) DOCS' 

BVSYNC' (Output) 26 P26 P59 59 (Input) AflORB' 

PCLKJ16B (Output) 27 P27 P58 ~ 
I!- P28 P57 57 (Input) SHCLKB 

PCLKJ16B (Output) 29 P29 P56 56 <Input> AflOWB' 

VCC 30 P30 P55 ~ 
V- P31 P54 54 (Input) OOCRST' 

GNO 32 P32 P53 53 VCC 

DL P33 P52 52 (Input) 00.07 

~ P34 P51 51 Ilnput) 00.06 

CBKGNOB (Output) 35 P35 P50 50 ({nput) 00.05 

VRESTNB (Outout) 36 P36 P49 49 (Input) 00.04 

INTLACEB (Output) 37 P37 P48 ~ 
(Output) ~ P38 P47 47 (Input) 00.03 

YID.O (Outout) 39 P39 P46 46 ({nput) 00.02 

YID.l (Output) 40 P49 P45 45 ({nput) 00.01 

VIO.2 (Output) 41 P41 P44 ~ 
YID.3 (Output) 42 P42 P43 43 (Input) 00.00 

Figure 3.4. Display Data Chip (DOC) pin-out 
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CCURD.OO (Outout) 1 PI P84 84 (Output) CCURD.01 

.L P2 P83 83 (Output) CCURD.02 

~ P3 P82 82 (Output) CCURD.03 

~ P4 P81 81 (Output) CCURD.04 

CDB.OO' (Input) 5 P5 P80 80 (Output) CCURD.05 

CDB.01' (Input) 6 P6 P79 79 (Output) CCURD.06 

CDB.02' (Input) 7 P7 P78 78 (Output) CCURD.07 

CDB.03' (Input) 8 P8 P77 8 
CDB.04' (Input) 9 P9 P76 76 (Output) CCENB' 

VCC 10 PtO P75 75 

GND 11 PH P74 ~VCC 
CDB.05' (Input) 12 P12 P73 73 GND 

CDB.06' (Input) 13 Pt3 P72 8 
CDB.07' (Input) 14 P14 P71 ~ 
CDB.08' (Input) 15 P15 P70 70 (110) DB.07 

CDB.09' (Input) 16 P16 P69 69 (110) DB.06 

CDB.IO' (Input) 17 Pt7 P68 68 (110) DB.05 

CDB.U' (Input) 18 P18 P67 67 (110) DB.04 

CDB.12' (Input) 19 P19 P66 66 (110) DB.03 

CDB.13' (Input) 20 P20 P65 65 (110) DB.02 

it= 
P21 P64 64 (110) DB.Ol 
P22 P63 63 (110) DB.OO 

DCCA.Ol (Outout) 23 P23 P62 62 (Input) NA.OIB 

DCCA.02 (Outout) 24 P24 P61 61 (Input) NA.OOB 

DCCA.03 (Output) 25 P25 P60 60 (Input) DCCS' 

DCCA.04 (Outout) 26 P26 P59 59 (Input) MORB' 

CURLINEB' (Outout) 27 P27 P58 58 (Input) VRESTNB 

VCSA.09 (Outout) 28 P28 P57 57 (Input) BYTECLKB 

VCSA.08 (Output) 29 P29 P56 56 (Input) MOWB' 

VCC 30 P30 P55 55 (Input) CURWORDB' 

~ 
P31 P54 54 (Input) DCCRST' 

GND P32 P53 53 VCC 

GND L1L P33 P52 52 <Input) INTLACEB 

rs P34 P51 ~ 
VCSA.07 (Output) P35 P50 50 (Input) HNVA'B 

VCSA.06 (Outout) 36 P36 P49 49 (Input) BHSYNC 

VCSA.05 (Outout) 37 P37 P48 48 (Input) CBKGNDB 

VCSA.04 (Outout) 36 P38 P47 ~ 
VCSA.03 (Output) 39 P39 P46 ~ 
VCSA.02 (Outnut) 40 P49 P45 45 <Input) CDB.14' 

VCSA.Ol (Output) 41 P41 P44 ~ 
VCSA.OO (Output) 42 P42 P43 43 (Input) CDB.15' 

Figure 3.5. Display Cursor Chip (DCC) pin-out 
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CIPMEMREF' (Output) 1 PI P68 68 (Output) TfNXTAOR 

~ P2 P67 67 (Output) C/A.20 

~ P3 P66 66 (Output) C/A.19 

HNVA'B <Input) 4 P4 P65 65 (Output) C/A.I8 

~ P5 P64 64 (Output) C/A.I7 

CSO.02 <Input) 6 P6 P63 63 (Output) C/A.I6 

~ P7 P62 62 <Output) C/A.I5 

PCLKl16B <Input) 8 P8 P61 61 VCC 

VCC 9 P9 P60 60 GND 

GNO 10 P10 P59 59 (Output) C/A.14 
RA WCLKB (Input) 11 Pll P58 58 (Output) C/A.13 

.g.. P12 P57 57 (Output) C/A.12 

INTLACEB <Input) 13 P13 P56 56 (Output) CIA. 11 

~ P14 P55 55 (Output) C/A.10 
VRESTNB (Input) 15 P15 P54 54 (Output) C/A.09 

~ P16 P53 53 (Output) T/QDACK 

VERTRET' (Output) 17 P17 P52 52 (Output) TIXACK 

T/OFFSET (Output) 18 P18 P51 51 (Output) TILSTQWD 

C/A.03 (Output) 19 P19 P50 ~ C/A.04 (Output) 20 P20 P49 ~ C/A.05 (Output) 21 P21 P48 ~ C/A.06 (Output) 22 P22 P47 & C/A.07 (Output) 23 P23 P46 ~ C/A.08 (Output) 24 P24 P45 ~ VCC 25 P25 P44 44 (Output) CIPXACK' 
GND 26 P26 P43 43 VCC 

~ P27 P42 42 (Input) DMCRST' 

OB.OO (1/0) 28 P28 P41 ~ 
OB.Ol (I/O) 29 P29 P40 40 <Input) AIlOWB' 

OB.02 (I/O> 30 P30 P39 39 (Input) AlA.01B 

OB.03 (1/0) 31 P31 P38 38 (Input) AlA.OOB 

OB.04 (I/O> 32 P32 P37 37 (input) OMCS' 

OB.05 (I/O> 33 P33 P36 36 (Input) AIlORB' 

OB.06 (I/O> 32 P34 P35 35 (110) OB.07 

Figure 3.6. Display Memory Chip (DMC) pin-out 
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CI007 
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VCSA.04 
VCSA.03 
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7 

6 

S 

13 

15 
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17 
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7 
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S 
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Horizontal 

Control 

Store 

PROM 

9 CSO.03 
10 CSO.02 

256][ " 11 CSO.Ol 
12 CSO.OO 

Vertical 

Control 10 HANA'S 
Store S XTALSELO' 

PROM 

11 
~ 

12 

2K][" 13 

14 

Figure 3.7. Horizontal and Vertical CS pins and signals 

Intel Bit Format :-.t:esa Bit Format 

CHIP ... ~isplay FIFO (4) CHIP --2 3 4 2 3 4 

..... ..... ..... 8 04 04 11 -CI003 CI01S· ClOll 7 03 03 12 FO.OO· FO.04 FO.OS FO.12 

CID02 CI014 CIOI0 6 02 02 13 FO.Ol FO.OS FO.09 FO.13 

CIDOI CI013 CI009 S Dl 01 14 FO.02 FO.06 FO.I0 FO.14 

C.OOO·· CI012 CIOOS 4 DO 00 IS FO.03 FO.07 FO.l1 FO.lS·· 

2 IR OR 16 - -..... - - 3 SI SO 17 PCLKl16G ..... ..... 

BVSYNC' ..... ..... ..... 10 MR' Note: These si~als are sent to the 
display ata latches, which 

• MSB 

outi3ut 00.0~-07. 00.00 is 
MS ; 00.07 IS LSB. 

•• LSB 

Figure 3.S. Display FIFO pins and signals 
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Intel Bit Format Me .. Bit Format 

CHIP ... Cursor Buffer (4) CHIP .... 
2 3 4 2 3 4 

CURA.04 -+ -+ -+ 13 AO 

CURA.03 -+ -+ -+ 14 Al 

CURA.02 -+ -+ -+ 15 A2 

CURA.01 -+ -+ -+ A3 

OB.OO OB.04 OB.OO·· OB.04 12 DO QO 11 COB07' COB.03' CDB.15'·· COB.11' 

OB.01 OB.05 OB.01 OB.05 10 Dl Q1 9 COB.06' CDB.02' CDB.14' COB.lO' 

OB.02 OB.06 OB.02 OB.06 6 02 Q2 7 CDB.05' CDB.Ol' CDB.13' COB.09' 

DB.03 OB.07 OB.03 OB.07· 4 03 Q3 5 CDB.04' CDB.00"CDB.12' COB.OS' 
CS' WE' 

CURBLO' -+ CURBHI' -+ I • MSB 

CURWR' -+ -+ -+ •• [SB 

Figure 3.9. Cursor buffer pins and signals 

Table 3.5. Display Control External Signal Description 

From To 
Signal (see key at Function 

end of table) 

NA.00B-01B lOP OC,CS,CB Address lines to sel~ct internal registers within devices. 

NIORB', lOP OC,CS ReadlWrite controls. Active low strobe ... 
NIOWB' 

BHSync DOC OCC,CRT Horizontal synchronizer to the CRT. Increments line counter in DCC. 

BVSync DOC CRT,OF Synchronizes vertical events for CRT, and clears display FIFO. 

ByteClkB DOC OCC Pixel clock divided by S and inverted. Informs OCC when to switch a byte 
and which byte to switch. 

C/A.00-20 OMC Memory Address to port C in display memory; addresses bitmap. 

C/O.00-15 Memory OF Data from bitmap to FIFO. 

CIPMEMREF' OMC Memory Memory request to bitmap memory; that is, to the MCC for display memory. 

CIXACK' MCC OMC OMC counts CXACK' strobes to determine how many more words must be 
requested. Also a control signal to FIFO. 

CBKGNDB DOC OCC Cursor Background. Determines value of background data to DOC when a 
cursor is not being mixed with display data. 

COB.OO'-15' CB DCC Cursor data. 

VCSA.OO-09 DCC CS Address to control store. DOC generates the signal during horizontal 
HCSA.OO-07 DOC events, DCC generates it during vertical events. 

CSD.OO-03 CS DC Data bits that inform the display controller what to do for every line 
(vertical events controlled by the OCC) and every word (horizontal events 
controlled by the DOC). During line events, the OMC monitors the bits to 
determine if data must be fetched. 

CENB' DOC DOC Cursor enable. Active low signal that informs DOC to mixcursor data with 
display data. 

- more-
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Table 3.5. Display Control External S~gnal Description (continued) 

Signal From To Function 

CURA.00-04 lOP CB Addresses to load cursor buffer. DCC uses the addresses to read the buffer. 

CURBLO'!HI' (lOP) CB Enables high and low bytes for cursor RAMs. Sent by the lOP unless the 
cursor is being displayed. If the cursor is displayed, then the signals are sent 
by the DCC. and both bytes are enabled. 

CURD.00-07 DCC DDC Shifted data (full shift) from RAM. This data is the actual, bit-aligned 
cursor information. 

CURLINEB' DCC DDC Active low signal that notifies DDC to display the cursor for this line. 

CURWORDB' DOC DCC Qualifier for cursor word. Enables DCC cursor·enable logic. 

CURWR' (lOP) CB AIlOWB' buffered and enabled for HN control store. 

DB.00-07 lOP DC,CB lOP data bus. 

DCCA.OI-04 DCC CB Cursor buffer address. 

DD.00-07 DF Memory Bitmap display data from latches at the end of the FIFO. 

DD(/CIM)cRST' DC Reset from hardware or software to a display controller gate array chip. 

DD(/CIM)cS' DC Chip select for a display controller gate array chip. 

FD.00-15 OF Latches Intermediate data from display FIFO to display data latches. 

HAlVA'B DCC CS,DMC Active low signal requesting data for a vertical event. 

HA'NAB DOC CS Active low signal requesting data for a horizontal event. 

INTLACEB DOC DCC Control signal indicating whether display is programmed for interlaced 
mode, as follows: 1 = interlace; 0 = non-interlace. 

PCLKJ16B DOC DMC Pixel clock divided by 16. DMC uses this clock to synchronize internal 
functions and to clock data from the display FIFO into the display data 
latches. Also selects which output goes to the DOC at a given time; 
multiplexes data from 16 to 8 bits. 

PCLKJ16G' DOC DF Pixel clock divided by 16. Internally gated in DOC; indicates when to pull 
words from the display FIFO. 

PCSA.08-09 DCC CS Precursor or intermediate CSA addresses. 

PXLCLKJ4 DCMBoard DOC Pixel clock divided by 4. Generates other clocks for the display subsystem. 

RAWCLKB lOP DMC 80186 system clock that synchronizes memory requests. 

SHCLKB DCMBoard DDC Select Horizontal Clock selects whether to delay HSYNC by nibble clock or 
byte clock. 

TILSTQWD DMC MCC Indicates that last quadword has been received; stops memory requests. 

TINXTADR DMC Test points 
T/OFFSET 
T/QDACK 

TIXACK DMC DF Clocks data into FIFO 

VIDO:3 DOC vid shift reg 4-bit nibble of video data. 

VERTRET' DC lOP Vertical retrace interrupt sent once per field. 

VRESTNB DDC DCC,DMC Notification to start a new field. 

Abbreviation Key: 
DC Display Controller (all three display gate arrays) DOC Display Data Chip 
DCC Display Cursor Chip DMC Display Memory Chip 
CB Cursor Burrer CS Horizontal and Vertical Control Store 
CRT Display Monitor DF Display FIFO 
MCC Memory Controller Chip 
The letter B appended to a signal name indicates a buffered signal. 
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Table 3.6. Display Subsyste,m Internal Signals 

Interrace 

Signal Function 

From To 

DDC 
Blank Event machine flip-flop Output is ANDed with video data and blanks the screen: Video 

forced to 0_ 

BorderSelect Event machine mux Determines high or low border byte to be displayed 

HAddr.0-7 Horizontal horizontal Horizontal control store address 
address counter 

control store 

(Mix Function) lOP Data/Cursor Part of control byte sent from lOP that informs DDC how to mix 
Mixer the data and cursor; that is, by logic functions 1 of 16 mix. 

PiclBdr' Event machine mux Determines whether picture or border is shown. 

(VertClks) 3 Event machine DDClogic Three pulses generated in time across a line, as specified by HN 
control store. Identifies three points at which specific actions 
should occur, as follows: 

Vertclkl - Zero horizontal counter, load vertical parameters. 
Vertclk2 - If VSync is true and line is odd, enable VSync. 
Vertclk3 - If VSync is true and line is even, enable VSync. 

DeC 
1. BOS.O-l lOP Bit Offset that determines how many bits to shift the cursor 

2. BOS.2 
within a word, as follows: 

1 bit shifter 1. Bits 0-1 determine how many bits are to be shifted within 
3. BOS.3 locations 0-3 (of a nibble). 

2 nibble shifter 2. Bit 2 determines whether to shift an entire nibble; that is, a 
0-7 bit shift. 

3 byte shifter 3. Bit 3 determines whether to shift the entire byte. 

CByteO'-2' Cursor byte Nibble shifter Byte enable; determines which ofthree bytes to send to the DDC. 
select 

(Cursor line) Cursor Line logic Counts H-syncs to determine if this is a cursor line. 

DMC 
(Bitmap Preset latches Quadword adder Informs addresser where in the bitmap to begin display. 
starting addr) (lOP) addresser 

EOFBBB' VIIi control store End of Frame - with HAJV A informs DMC that an end of line or 
end of field (EOF) has occurred. If EOF, then a reset occurs, 
setting the starting address at the next field. 

EOFieid VIIi control store Interrupt CSD3, qualified by HAJV A. EOFBBB and vertical retrace are 
generator derived from the signals. 

Evenfield Interrupt Memory address Notifies the address generator where to start the address or 
generator whether to add a number of words and show that line. 

Lastquad- Last quadword Mem reference Turns off memory request. 
wordactiveO-3 detector circuitry 

LatchSel0-3 decoder Preset latches Selects latches 

MemAddrO:17 Quadword adder drivers Memory address that was generated in the adder. 

MemRefBef Mem reference Controls quadword counts per line. 
circuitry 

- more-
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Signal 

DMC 
Next Address 
Sel 

QuadWord 

QuadWord 
Count 

QuadWord 
Offset 0:7 

QuadXAck 

VerretInt' 

Vert.PPicIBdr' 

XAckSync 

3.2.2 

UaybreaK 1 ecllmca11tt!iel·.,nce _Hanuai 

Table 3.6. Display Subsystem Internal Signals (continued) 

Interface 

Function 

From To 

Next memory Quadword adder Selects either the bitmap starting address (beginning of field) or 
address selection the current memory address + 1. 

lOP writes to Last quadword Indicates how many quadwords to include in one line, depending 
Preset latches detector on the size of the display monitor; for example, 13 quadwords for a 

15" display. 

Quadword Last quadword Actual count, which is compared to QuadWord. If the two are not 
counter detector equal, then 1 is added. If the two are equal, then the integer equal 

to the number of quad words per line is added. 

MemAddr Quadword adder Causes a line jump. Memory addresses jump a number of 
quadword offset addresses in a line in the bitmap. Informs DMC whether to add 1 

or an integer number (4 x number of quadwordsl. 

XACK counter a) Quadword Divide-by-four counter ofXACK syncs to generate the number of 
counter quadword acknowledges; clocks the counts. 
bl latch 

Interrupt drivers Vertical Retrace Interrupt; sent to lOP once per field. 
generator 

Control store Next memory CSD02 gated with HAN A. Determines whether next line will 
address selection show bitmap data. Stops DMC from retrieving bitmap data 

during borders and blanking. 

Sync a) XACK counter CIXACK synchronized with raw clock. 
bl Next memory 
address selection 

Theory of Operations 

The display controller on the DCM board provides a high resolution 
bitmap display. The controller autonomously fetches display data 
from memory, buffers it in a FIFO, and sends it synchronously to the 
display. Vertical and horizontal syncs are generated. A 16 bit by 16 
bit, bit-aligned cursor is stored internally and mixed into the display 
stream. Video data and syncs are supplied directly to a simple display 
interface. The pixel clock rate is independent of other clocks, and can 
be as high as 56.66 MHz. 

The parameters of the display controller are set from the 80186 bus; in 
other respects the display controller is transparent to the 
programmer. 

The display controller competes with the Mesa processor and lOP for 
access to display memory. Because the display memory accesses are 
normally performed at a lower priority than the refresh and higher 
priority than the 80186 and Mesa memory accesses, the display 
controller must contain a pixel buffer to absorb fluctuations in the 
available bandwidth. The pixel buffer, a FIFO on the DCM board, is 
filled whenever a memory cycle is available at the beginning of each 
active display (bitmap only) line, and is emptied to the display at a 
constant rate. 
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3.2.2.1 
Display Controller 

From 

IOP 

lOP 

lOP 

System 

(hardware 

& software) 

Control 
Store 

Display 

FIFO 

DB.00·07 

AlAD.00B·01B 

AIlORB', AIlOWB' 

DOCS' 

DDCRST' 

PXLCLKl4 

CSD.00-03 

00.00·07 

This subsection illustrates the functional blocks of the gate array 
chips that constitute the display controller. First the chip I/O is 
illustrated, then internal data paths are shown. Refer to the 
preceding tables for signal descriptions. 

Note: Appendix A describes the Daybreak Display Controller (DOC) 
chips, which is a CMOS LSI chip replacing the gate array 
chips in later Daybreak machines. 

Display Data Chip (DOC) 

The display data chip retrieves data from the display FIFO and sends 
it to the display monitor. It mixes display data with cursor pattern 
data, provides addressing for the horizontal control store, and 
generates the sync signals to the CRT. 

Figure 3.10 illustrates the I/O for the functional blocks of the DOC; 
Figure 3.11 illustrates the internal data paths. 

8" , 
I/O Registers 

/ 2 , 
Bus Control 

2 , 

~-----------
HorizontallV ertical 
Event Generation 

Horizontal Address 
Registers 

4 , 
Cursor Word Detection 

~-----------
Border Pattern 

8 Cursor , 

DB.00·07 8 , 

CURSOR BKGRND 

INTERLACEB 

PXLCLK16G 

VSYNC 

HSYNC 

PXLCLKl16B 

HCSA.00·07 8 , 

HAlVA'B 

HA'NAB 

CURSORWORD 

BYTECLK 
PXLCLKl16R' 

VID.0-3 /4 

To 

lOP 

DCC 

DCC 

DCC 

Horz.CS 

DCC 

DCC 
DCC 

Video shift 

register 

CURSOR· ENABLE Display Data 
DCC CURD.00·07 8 , 

Mixer 

Figure 3.10. Display Data Chip I/O 
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Border Pattern 
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Figure 3.ll. DDC internal data paths 
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From 

lOP 

IOP 

lOP 

lOP Decode 
System 

DOC 

Control store 

DOC 
DOC 

DOC 

DOC 

Cursor buffer 

3 -20 

OBO:7 

NAO.O-I 

Display Cursor Chip (DCC) 

The display cursor chip fetches data from the 16 x 16 cursor buffer. It 
aligns cursor data to a bit boundary. It also provides cursor control, 
based on data from the lOP which specifies the scan line and word at 
which to locate the cursor, and generates the vertical control store 
addresses. 

Figure 3.12 illustrates the VO for the functional blocks of the DCC ; 
Figure 3.13 illustrates the internal data paths. 

8 , 
I/O Registers 

,2 , 
Bus Control OB.0-7 8 lOP 

IORB',IOWB' 

DCCS' 
OCRST' 

~-----------
HNVA'B 

CSD.04 

BHSYNC Vertical Address 
INTERLACE Registers 

~-----------
CURSORWORO Cursor Buffer 
BYTECLK Address Register 

CDB.OO-IS ,16 Cursor Shifter 

Figure 3.12. Display Cursor Chip I/O 
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___ =DCC 

r------------------------------, 
1 /5 Cursor Line , 
~ 16 CDB(0:16) . , 

• 0-3 bit shifter 
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~ 
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Shifter 
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-'1 IOWR' 

1 Interlace -. .. 
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Figure 3.13. Dee internal data paths 
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From 

lOP 

IOP 
lOP 

lOP Decade 

System 

OCC 

Control store 
OCC 
DOC 

DOC 
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Display Memory Chip (DMC) 

The display memory chip retrieves bitmap data from memory and 
stores it into a FIFO. Data is fetched in quadwords, using the nibble 
mode feature ofthe DRAM. Every reference, therefore, is 4 bits. 

Figure 3.14 illustrates the I/O of the functional blocks of the display 
memory chip; Figure 3.15 illustrates internal DMC data paths. 

OB.00·07 8 I/O Registers OB.OO·07 
AJIOWB', lORB' VERTRET'/ 

AlA.OOB·Ol Bus Control 
OMCS' 

OMCRST' 

~---------HA/VA'B Memory Addressing C/A.03·20 ~ 

CSO.02 CIPMEMREF 
VRESTNB TILSTQUAO 
lNTLACEB 

----------
FIFO Control CPXACK' 

PCLKll6B 

Figure 3.14. Display Memory Chip I/O 

8 

To 

lOP 
[OP 

~emory 

Memory 

Memory controller 

Display Control 



- ~ 

Preset 
DB.0:7 8/. DBO:7 /8 latches DBO:7 / 8 

2--6, Bit Map Starting Addr 18 
A.0:1 A0:1 L2 

Starting bit / , R Decoder 
LATCHSEL.r3. 

Presotmom Addre.s D 
DMCS' DMCS' map & #of 

E hzntlquad R 

C words ina I 
IOWR' IOWR' scan line QUADWORD 

C/XACK' E V 
XACK 

RAWCLKB I 2ltCLCK' 
Sync E 

6 
V :'{ACKSYNC R 

DCRST' RESETS , 
I E S 

IORD' Memory address 0 
R 4 XACK Counter {QUADltACK 

A 
DISABLE quad word offset -

S MUX 
DMC 

B r--
LASTQU ADWORDACTIVE3 r- TEST 

L • S r-
Quad Word 

U 
I-- POINTS 

- -
Counter SET 

F/F Q 
TIXACK 

"" /6 RESET , T/LSTQWD 
INTERLACEl I."IT'INONINT 

-'tt T!QUADXACK 
EVENFIELD 

I QUADXACK T/OFFSET 
Last hznt! quad 

TINltTADR 

MEMREFBEF' 
word in a scan 

LASTQU ADWORDACTIVE1&2 .. line detector LASTQU ADWORDACTIVE3 

VERT ·PPIC/SRD' QUADWORDOFFSET/S .. Next 
HANAB' r-.. Memory RESETS 

QUADXACK I Latch I .. Address 
PIXEICLKl16 --y .. .. Selection 
XACKSYNC , 18 .. 

A MUX B 
NEXTADDRESSEL 

S 

MA/l8 

R -7l r7 E D 

C Cl Quad Word Adder R 

E I 
MEMADDR 18 V CA.XX )8 

I , 
V E 

WORDCLK PIltELCLKllS' R E 
HANAB' Memory S R .. MEMREF' CMEMREF' 

CSD02 
S 

PPIC'IBRD Reference 
4ASTQU ADWORDACTIVE ~, . Circuitry 
2ltCLK' .. 
RESETS .. 
WORDCOUNTO&l 2 

7~ 

EOFSBB' 

CSD03 EOFIELD 

HANA' HAiVAB Interrupt VERRETINT' HRTRET' 

PIXELCLKllS' .. 
2XCLK' Generator .. 
RESETB .. - -

Figure 3.15. DMC internal data paths 
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3.2.2.2. 
Display 
Initialization 

3.2.2.3. 
Display 
Line Control 

3·24 

Display is initialized as follows: 

1. The display size port is read to determine the CRT size. 

2. The cursor may be initialized (depending on the operating 
system). The cursor pattern is loaded into the cursor buffer. The 
cursor address is loaded: the line number and bit offset into the 
DCC, and the word number into the DDC. 

3. The Display Memory Chip is initialized, the bitmap starting 
location is loaded, and the number of quadwords per line is loaded. 

Note: Steps 2 - 3 can be done in any sequence. 

4. The Display Data Chip is initialized. The border pattern and 
control register are loaded. When the control register is loaded, 
the display is enabled, and the display is started at the first word, 
first line (top left corner of the display). 

The following sequence describes the control of the display line. 
Figure 3.16 summarizes the sequence; Figure 3.17 illustrates the 
timing. 

1. Hblank is started. This step occurs after step 4 of display 
initialization, after a reset or power·on, or after completion of the 
line control sequence. 

2. At the signal Vertclkl, the vertical parameters for the next line 
are loaded. The vertical parameters include Vblank', Vpiclbdr', 
Vsync', and EOF (end offield). 

If the next line is an active bitmap display line, then a memory 
read sequence is started. 

3. Hsync is started and clocks the DCC. The line number is 
incremented. 

4. For non-interlace mode, all vertical signals are enabled at 
Vertclk2. 

For interlaced mode, at Vertclk2, if Vblank' and Vpiclbrd' were set 
in step 2, then they are now enabled. When Vblank' goes low, a 
vertical retrace interrupt is sent to the lOP. 

If the line is an odd number, and if Vsync' was set true at step 2, 
then Vsync' is now enabled. If the line is an even number, then 
Vsync is not yet enabled. 

5. The DDC clears Hsync and Hblank; the border is enabled for two 
more words. 

6. The border is cleared and bitmap data is displayed. 
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7. Halfway through the scan line, Vertclk3 occurs. If Vsync' was 
true and if the line number is an even number, then (in interlace 
mode) Vsync' is enabled now. Otherwise, no action occurs at 
Vertclk3. 

8. When the data ends, the display switches from bitmap to display 
border, and displays the border for two more words. 

9. Loop to step 1. 

t 
I Start Hblank 

t 
Vertclk #1 

Load vert parameters for next line. 
Ifnext line is an active display line, 
then clear display FIFO and initiate 
memory read sequence. 

t 
I 

Start Hsync 

1 Increment line I 

t 
Vertclk #2 

Vblank', Vpiclbdr' enabled, if set at 
Vertclk II. 
Vsync' enabled, ifset at Vertclk 11 
and if the line number is odd. 

f 
End Hsync 

End Hblank 
Retain border for 
two more words. 

t 
I End border 1 

Display bitmapdata 

t 
Vertclk#3 

Vsync' enabled, if true and if line 
number is even. Else, no action. 

t 
End data 

Display border 
for 2 words 

I 
Figure 3.16. Display line control flow 
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3-26 

Timing 

Horizontal control address counters are clocked by PxlClkJ16; vertical 
control address counters are clocked by Hsync. 

Figure 3.17 illustrates control timing. In the figure, the numbers in 
the first line indicate a sequence in time; that is, the numbers do not 
correspond to a control store address. The number 0 is the first border 
word on the left side of the screen. The circled numbers refer to the 
vertical clock pulse. 

Part A of the figure illustrates the case for an active display line . At 
clock 57, with vertical control store selected, the vertical control 
parameters for the line are latched. Note that Pblnk', Psync, and 
Ppicibdr' are 'false' at clock 57, indicating no vertical action. 

Part B illustrates the case for vertical sync and blank line. Note that 
at clock 57, Pblnk', Psync, and Ppicibdr' are 'true: indicating vertical 
events for the next line. 

Figure 3.18 illustrates sync timing. Vertical events across the line are 
controlled by VertClk'. The circled number refers to the vertical clock 
pulse. 
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Figure 3.17. Control timing 
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Horizontal timing 
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H~nc~ _______ ~r_lL ________________ ~r_lL ____________ ___ 

Video'------, '--_...J 

PiclBdr' 

Vertical timing (even field) 

Hsyn~II~II~II~ 

Vsync II -11'--'-------
1/'--------------1 

Video 
/-----------1 11-----

I !------~ 
PiclBdr' '-----II ----------~~-~-~ 1/ 

of 20H 

.. 20.5 H -------.-I 

Vertical timing (odd field) 

~
• 20H~ 

HSyn~: II~ :.-JL-.J 
Vsync' -1/'---------1 

Video 11-----, I I II 

PiclBdr' ~ ____ ~--------~~---------------~--~r 
1 ....... --- HJ2 ------1.-1 

Hsync ___ --l 

Vsync' (odd) 

Vsync' (even) 

Video 

Figure 3.18. Sync timing 
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3.2.2.4 
Display FIFO 
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A 64 x 16-word data FIFO buffers data between memory and the 
display data chip (DOC) and translates data from Intel format (LSB = 
bit 0 and MSB = bit 15) to Mesa format (LSB = bit 15, MSB = bit 0). 
The display FIFO performs bit swapping within a byte. The swap is 
completed at the display latches, which latch the FIFO output sent to 
the DOC. 

3.2.3 Programmer Interface 

3.2.3.1. 
Vertical/Horizontal 
Control Store 

This section describes the registers and timing for components of the 
display subsystem. 

The vertical and horizontal control store are stored in PROM. Two 
sets of parameters are store in each PROM; the 15-inch display and 
the 19-inch display par~meters. 

The status of XTALSELO' determines which set of parameters is 
addressed by the display controller (DOC and DCC). If XTALSELO' is 
a logic 1, then the I5-inch parameters are selected. If XTALSELO' is 
logic 0, then the I9-inch parameters are chosen. 

Figures 3.19 and 3.20 illustrate the format of the vertical and 
horizontal control store data. 

Bit3 Bit2 Bit 1 BitO 

I EoF I PidBrd' I Blnk I Sync 1 
End ofField: Tells display controller that ____ --'J 
this is the last line in the field I 
Picturelborder: 1 = picture line 

o = border line 
Blank: 1 = blank 

o = don't blank 
Sync: 1 ;,. send out sync pulse _________________ ---' 

o = don't send pulse 

Figure 3.19. Vertical control store registers 

Bit3 Bit2 Bit 1 

I Vertclk I PidBrd' 1 81nk 

Vertclk: 1 = generate VCTJ.._tl' _____ --I1 
0= no action 

Picturelborder: 1 = picture line 
o = border line 

Blank: 1 = blank 
o = don't blank 

Sync: 1 = send out sync pulse 
o = don't send pulse 

Figure 3.20. Horizontal control store registers 

Display Control 

BitO 

I Sync I 
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3.2.3.2. 
Display Data Chip: 
Registers and 
Timing 

Data/cursor mix 
function 

0= border; 1 = picture 

The display data chip contains four command registers and one status 
register. 

The Display Control register is an 8-bit write-only register. Bits 7-4 of 
the register specify how the cursor and data are to be merged. Bits 3-0 
enable display. and specify interlace/non-interlace, and 
borderlbitmap. Two 8-bit, write-only border registers specify the 
border pattern. An 8-bit, write-only cursor word number register 
specifies the word number in the display line. 

Figure 3.21 illustrates the write operations of the DOC control 
registers. 

EC80 Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit 1 BitO 

I Fcur3 I MSB 
Fcur2 I Fcurl ~ FeurO I Pic/Bdr'I~D 19- I video . I interlace I 

LSB lOch enable 

I I 1 J 

o = half line blank; 1 = fuji 

0= disabled; 1 = enabled 
line blank 

0= interlace; 1 = noninterlac e 

3-30 

Display Control 

EC81 Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit 1 BitO 

I MSB I ILSB 

Border Pattern 0 

EC82 Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit 1 BitO 

I MSB ILSB 

Border Pattern 1 

EC83 Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit 1 BitO 

I MSB ILSB 

Cursor Word Number 

Figure 3.21. Display control registers: Write operations 

The DOC status register is an 8-bit, read-only register that holds the 
current status of the DOC. Figure 3.22 illustrates the register; Figure 
3.23 illustrates DOC timing. 

Status 1 

EC80 Bit 7 Bit6 BitS Bit4 Bit3 Bit2 Bit 1 BitO 

Figure 3.22. DOC status register: Read operation 
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uayoreaK leCnnlCiU "'eu~rence .UanUiil 

PxlClkl4 

SHF'ILD 1 r-1 r-1 !l !l !l 

PxlClkl8 1 low pibbl. hillh nibble 
low n,bbl. 

!!illb. nihbl. 
low nibble 

PxlClkl16 1 lowbyt. 
hillh byte 19pbyt. 

Data at FIFO 11I111111 WORDN 1111111 II 

Data at latch WORDN · l III WORDN 

t t t t t 
1st stara N2 N3 NO Nl 
2nd stara Nl N2 N3 NO 
3td stara NO Nl N2 N3 

hJ sJ",' iol4lch.d al mixrr inped; 2nd .J",. iolaJch.ct al vUUo re,(oJcr within thl DOC lale Grray; 3rd .,..,c ioloGdcd inJo vUUo .hift rtgitJcr. 
NO, Nl, N2, and N3 denote/h. nibbl .. thal MG •• up Gny OM word. 

PxlClkl4 

SHF'ILD 

PxlClkl8 

PxlClkl16 11-__ ---1 

Data at FIFO 111I11 WORDN 111111 WORDN + 1 111111 WORDN + 2 1.11111 

Data at latch II WORDN WORDN .. 1 II WORDN + 2 

+ + + + + 
NO Nl N2 N3 NO Nl 

ByteClk 

CursorWord ---------1 
CursorEnb 

byte dly'd byte dly'd 

CbyteO' 

CBytel' 

CByt.e2' 

Cursor Byt. 0 

t 
N2 
Nl 

NO 

L 

WORDN + 3 

IlwORDN +3 

Cursor Data Cursor Byte 0 III C Byte 1 III C Byte 2 III 
~-------~+~~+~~.~-+~~.-~+~~--C-u"-O-rn-ib-bl-•• -----------

CNO CNl CN2 CN3 CN4 CN~ 

Figure 3.23. DDC timing 
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3.2.3.3. 
Display Cursor Chip: 
Registers The display cursor chip contains three control registers for cursor bit 

offset and cursor line number and also contains a status register. 

EC84 

EC85 

EC86 

3.2.3.4. 

Bit7 

The cursor bit offset register is an 8-bit, write-only register that 
provides a 4-bit offset for the cursor (0-15 bit shifter). Two 8-bit, write
only registers represent the line number in the frame where the 
cursor is displayed. Figure 3.24 illustrates the registers. 

Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 BitO 

Cursor Line Number, low byte 

Bit5 Bit4 Bit3 Bit2 Bit 1 BitO 

I don't car~ don't care I LSB 

Cursor Line Number, high byte 

Bit7 Bit6 BitS Bit4 Bit9 BitS Bit7 Bit6 

Figure 3.24. Dee control registers: Write Operations 

The Dee status register is an 8-bit, read-only register that describes 
the current status of the Dee. Figure 3.25 illustrates the register. 

EC84 Bit7 Bit6 Bit 5 Bit4 Bit3 Bit 2 Bitt BitO 

Figure 3.25. Dee status register: Read Operations 

Display Memory Chip: 
Registers & Timing The display memory chip contains three control registers and one 

status register. 

3 -32 

The horizontal active quad word register is an 8-bit, write-only, 
control register that specifies the number of words to be displayed and 
retrieved from memory during an active display line. Memory bitmap 
starting address registers are 8-bit, write-only, control registers. 
Figure 3.26 illustrates the registers. 

Display Control 



EC88 

EC89 

EC8A 

EC88 

Timing 

Display Control 

.iJavbreaK ! eCllmCa! ,",e[erence ,Uanual 

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 BitO 

I ~on't care Idon~ care I MSB I LSB 

Horizontal Active Quad Words 

low byte 

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 BitO 

I PMA12 
I LSB PMA05 

high byte 

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 BitO 

I MSB PMA20 IPMA13 

Display Memory Starting Address 

Figure 3.26. DMC control registers: Write operations 

Bit7 

Figure 3.27 illustrates the DMC status register, which indicates the 
current status of the display memory chip. 

Bit6 Bit2 Bit 1 BitO 

Figure 3.27. DMC status register: Read operation 

Figure 3.28 illustrates DMC timing; Figure 3.29 illustrates memory 
access timing. 

Pixell165Y 

halva' 

ppiclbrd' 
La8tworda~ L_.;..;;..;.;.....;;......;.;.;.;..._.--Io' , active only during _ horizontal . _______ . vertical ppiclbrd' 

eofield _____ ----L1u_uu.ol-.1 --
memrefsync 

me::j 
wIth raw clock 

loadmemorycounter' ---------------. 

vertret' 

Figure 3.28. DMC timing 
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MEMRE~~------________________________________________________________________ __ 

C/XACK' 

Memory acce" starta 

MEMREri on qlUJd word boundary 

ClUCK' 

Data isload.d into the display FIFO on the 

rising edge ofCIXACK' 

Interlace lilll must stert on qlUJd word boundary, 

Non-interlace lilli' can sterton a word boundary. 

All Ii illS (interlace and non-interlace) must have an 

integer number of qlUJd words. 

MEMRE;::-t date display lilll 
//------~ 

wait81 

memory 

cycle 

bordler 

CIltACK:---mJJlf1U\U1J--,.I~--------------

---, i----------//-----------------------~ ~---------------
HAiVA'B L.J clears display U clears display 

3.2.3.5 
Cursor 

3 -34 

FIFO FIFO 

Figure 3.29. Memory access - nibble mode 

The cursor is 16 x 16 bit aligned, The positioning and bit alignment of 
the cursor is done entirely in hardware. 

The cursor pattern is written into the cursor buffer by the lOP in intel 
byte format, and read from the cursor buffer by the display controller 
in Mesa word format, Figure 3.30 illustrates the display word format. 
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display 
wordn 

t
St.bit. 
isplayed 

SB 

o 

uaylJreaK 1 ecnnlClU nell~rence ."anUai 

display 
wordn+l 

last bit 
displaye 

LSB 

o Bits as displayed on CRT 

32x 8 
MSB LSB 

LSB 

Bit. assi!nment outside the block 
is Intel ormat. 

7 6 5 4 3 2 0 

Bit assi~ment inside the block 
EDOOH 0 7 Intel low byteJMesa high byte 

is Mesa ormat. EDOIH 8 15 Intel high byteJMesa low byte 

OH 

IH 

• 
• 
• 

EH 

FH 

Cursor Buffer 

Display Control 

MSB 

• 
• 
• 

• 
• 
• 

EDlEH 

EDIFH 

16 X 16 

• 
• 
• 

• 
• 
• 

Figure 3.30. Cursor pattern 

LSB 

15 Mesa format 

The cursor buffer consists of four 16 x 4 RAMs that store the cursor 
data. These buffers are byte-written by the lOP and word-read by the 
DCC. 

Figure 3.31 illustrates the cursor buffer registers. 
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