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MANUFACTIJRERS RECEIVING APPLE APPROVED VENDOR STATUS FOR THEIR PRODUCT 
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1.0 SCOPE: This specifies the parametric requirements for the DAFB II ("Direct Access Frame Buffer Controller II") 
LC., which is designed to control a video frame buffer and interface it to a 68040 system bus. The part 
was originally designed using the VTI VGT300-046 gate array, a 1µ CMOS process. This device is 
packaged in a 160-pin PQFP. 

2ffiffl~IB~~~~~g~~~~~~~~~~~~~~~~~~Mg~re~~~~~~N 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

VAO 1• 120 SCLK1 
VA1 2 119 SCLKO 
vss 3 118 VDD 
VA2 4 117 LO 
VSSI 5 116 SYNCACTIVE 
VA3 6 115 vss 
VA4 7 114 SCSYNC 
VA5 8 113 PIXSEL1 
VDD 9 112 PIXSELO 
VA6 10 111 SENSE2 
VA? 11 110 SENSE1 
VAf3 12 109 SENSEO 
vss 13 108 VDDI 
RESET 14 107 PIXCLK 
VDDI 15 106 VSSI 
Rm 16 105 VIDCLK 
VSSI 17 104 VTESTEN 
TT1 18 103 CLOCK CS 
TS 19 102 CLUTCS 
SIZEO 20 101 VBLIRQ 
SIZE1 21 100 vss 

l~ 
22 99 BA7 
23 98 BA6 

A29 24 97 BA5 
A28··· 25 96 BM 

... .,, __ .. 

VSSI 26 95 VSSI 
A27 27 94 DREQ1 
A26 28 93 DREQO 
VDDI 29 92 VDDI 
A25 30 91 RD 
A24 31 90 WR 
vss 32 89 VDD 
TBI 33 88 CS1 
TA 34 87 cso 
TEA 35 86 DACK1 
VDD 36 85 DACKO 
XCVREN 37 84 RESETOUT 
VAN/ 38 83 vss 
BOO 39 82 AO 
801 40 81 A1 

~NMvmm~mmo~NMvmm~mmo~NMvwm~mmo~NMvwm~mmo 
vvvvvvvvvwwwmmmmmmmmmmmmmmmmm~~~~~~~~~~m 

FIGURE 1. PIN CONFIGURATION 
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r 
TABLE 1. PIN DESCRIPTION "" 

Signal Name Signal Description Type #of Pins 

68040 Signals 
\ 

A(31 ·0) Address Bus Input 32 
SIZE(1-0) Transfer Size Bits Input 2 

TT1 Transfer Type Bit 1 Input 1 
BD(11-0) Buffered Data Bus (bits 11-0) 1/0 12 

TBI Transfer Burst Inhibit 1/0 1 

TS Transfer Start Input 1 

TA Transfer Acknowledge 1/0 1 

TEA Transfer Error Acknowledge 1/0 1 

R/W Read/Write Line Input 1 

VRAM Control Signals 

VA(S-0) VRAM Address Bus Output 9 
RAS(3-0) Row Address Strobe 

' 
Output 4 

CAS(3-0) Column Address Strobe 
·:~ 

Output 4 
TR'OE(3-0) Data Transfer I Output Enable Output 4 
DSF(3-0) Special Function Enable Output 4 
VWE(3-0) VRAM Write Enable Output 4 
SCLK(3-0) Serial Data Output Clock Output 4 
SOE(3-0) Serial Data Output Enable Output 4 
SBANK Serial Data Mux Bank Select Output 1 

SCSI Control Signals 

) CS(1-0) SCSI Chip Select Output 2 
RD SCSI Read Enable Output 1 
WR SCSI Write Enable Output 1 

~ ' • 4 - .; 

DACK(1-0) SCSI OMA Acknowledge Output 2 
DRE0(1-0) SCSI OMA Request Input 2 
RESET OUT SCSI Chip Reset Output 1 

External Chip Controls 

XCVREN Data Bus Transceiver Enable Output 1 
VR/W Data Bus Transceiver Direction Control Output 1 
CLOCKCS Clock Generator Chip Select Output 1 
CLUTCS CLUT/DAC Select Output 1 
PIXSEL(1-0) Pixel Clock Selects Output 2 
BA(7-4) Buffered Address Lines (bits 7-4) Output 4 

Video Timing Signals ' 

HSYNC Horizontal Video Synchronization Output 1 
VSYNC Vertical Video Synchronization Output 1 
CSYNC Composite Video Synchronization Output 1 
CBLANK Composite Video Blanking Output 1 
~ Switched Composite Video Synchronization Output 1 
SYNCACTIVE SCSYNC Output Enable Input 1 

\_ 

NCYfICE OF PROPRIETARY PROPERTY SIZE ORA WINO NUMBER 
' nm INPORMATION CONTAINED HEREIN IS nm PROPRIETARY , 
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Slgnal Name 

Clocks 

BCLK 

VIDCLK 
PIXCLK 
LO 

Other Signals 

RESET 
VBLIRO 
SENSE(2-0) 

Test Signals 

VfESTEN 

Core Power 

+5V 
GND 

1/0 Power 

+5V 
GND 

··.-;·_ .. ., .. ·,· ·_-, .. ., •. 

TOTAL 

NOTE: 

TABLE 1. PIN DESCRIPTION (CONT) 

Signal Description 

CPU Clock (25 or 33 MHZ) 

12 - 30 MHz Video Clock 
57 MHz TTL Pixel Clock 
12 - 57 MHz Pixel Data Load Clock 

Asynchronous Reset 
Interrupt Request 
Monitor Type Sense Lines 

Tristate Output Disable 

+5 Volts (V DOI) 
Ground (V 551} 

~~Volts (V0 J 
Ground (V 55) 

"'· -
·~::· ... ~ .. ''· .. 

1. All bidirectional and output signals are tristate pins. 

Nancl! OP PROPRIETARY PROPERTY 

Type 

Input 

Input 
Input 
Output 

Input 
Output 
1/0 

Input 

Input 
Input 

Input 
Input 

#of Pins 

1 

1 
1 
1 

1 
1 
3 

1 

6 
7 

9 
13 

.··.·.· 

160 

·' 

SIZE DRAWINONUMBllR 
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TABLE 2. PIN 1/0 DEVICE CHARACTERISTICS 
Input Ou!E_ut 

Pin# Signal Name TTL Schmidt CMOS Tristate BiDir ODt Pad Macro 

) 

1 
2 
4 
6 
7 
8 
10 
11 
12 
14 

16 
18 
19 
20 
21 
22 
23 
24 
25 
27 

28 
30 
31 
33 
34 
35 
37 

VAO 
VA1 
VA2 
VA3 
VA4 
VAS 
VA6 
VA7 
VA8 
RESET 

R/W 
TT1 
TS 
SIZEO 
SIZE1 
A31 
A30 
A29 
A28 
A27 

A26 
A25 
A24 
lBI 
TA 

.. .. ·:;,_-/--.:- .. . 38 
39 
40 

TEA 
XCVREN 
VR/W 
BOO 
BD1 

41 
42 
43 
44 
46 
47 
48 
49 
50 
51 

52 
53 
54 
55 
56 
57 
59 
61 
64 
65 

802 
BD3 
804 
805 
806 
807 
BD8 
809 
8010 
8011 

A23 
A22 
A21 
A20 
A19 
A18 
BCLK 
A17 
A16 
A15 
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..J 
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.®Apple Computer, Inc. 

PT6005 
PT6005 
PT6005 
PT6005 
PT6005 
PT6005 
PT6005 
PT6005 
PT6005 
PC6000 

PC6000 
PC6DOO 
PC6DOO 
PC6000 
PC6DOO 
PC6DOO 
PC6000 
PC6000 
PC6DOO 
PC6000 

PC6000 
PC6DOO 
PC6DOO 
PT6044 
PT6044 
PT6044 
PT6002 
PT6003 ., 
PT6042 
PT6042 

PT6042 
PT6042 
PT6042 
PT6042 
PT6042 
PT6042 
PT6042 
PT6042 
PT6042 
PT6042 

PC6000 
PC6000 
PC6000 
PC6000 
PC6000 
PC6DOO 
PT6C12 
PC6DOO 
PC6000 
PC6DOO 
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r 
""' TABLE 2. PIN 1/0 DEVICE CHARACTERISTICS icont'd_l 

ln£_Ut OuY!_ut 
Pin# Signal Name TTL Schmidt CMOS Tristate BiDir ODt Pad Macro 

' 66 A14 " PC6DOO 
67 A13 " PC6000 
68 A12 " PC6000 
69 A11 " PC6DOO 
71 A10 " PC6DOO 
72 A9 " PC6DOO 
73 A8 " PC6DOO 
74 A7 " PC6DOO 
75 A6 " PC6DOO 
76 A5 " PC6DOO 

77 A4 " PC6DOO 
79 A3 " PC6DOO 
80 A2 " PC6DOO 
81 A1 " PC6DOO 
82 AO " PC6DOO 
84 RESETOUT " PT6003 
85 DACKO " PT6003 
86 DACK1 " PT6003 
87 cso " PT6003 
88 CS1 " PT6003 
90 WR " PT6003 
91 RD " PT6003 
93 DREOO .J PC6DOO 
94 DREQ1 " PC6DOO 
96 BA4 " PT6002 

) 97 BA5 " PT6002 
·' 98 BA6 

.. 1 

" PT6002 
. ' 99 __ ., .. - .• . BA7 ..• .' , .. - . . - . . .J . . .. ' ... . .. . .. •·.PT6002 ·, .,._ .. 

101 VBLIRQ " PT6002 
102 CLUTCS " PT6002 

103 CLOCK CS " PT6002 
104 VfESTEN " PC6DOO 
105 VIDCLK " PC6DOO 
107 PIXCLK " PC6000 
109 SENSEO " " PT6042 
110 SENSE1 " " PT6042 
111 SENSE2 " " PT6042 
112 PIXSELO " PT6004 
113·- PIXSEL1 " PT6002 
114 OCSYNC " PT6003 

116 SYNCACTIVE " 
I PC6DOO 

117 LO " " PT6045 
119 SCLKO " PT6004 
120 SCLK1 " PT6004 
121 SCLK2 " PT6004 
122 SCLK3 " PT6004 
123 SBANK " PT6004 
125 SOEO " PT6003 
126 SOE1 " PT6003 
127 SOE2 

\ " PT6003 

_, N011Cl!OPPROl'RIHTARYPROPl!RTY SIZE DRAWINO NUMBER 
1llB INFORMATION CONTAINED HEREIN IS nm PROl'RIETARY , 

A PROl'EKl'Y OP APl'U! COMPl1fER. INC. nm POSSl!SSOR 
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TABLE 2. PIN 1/0 DEVICE CHARACTERISTICSJ_cont'd_l 

Pin# Signal Name 

128 SOE3 
130 CBLANK 
131 CSYNC 
132 HSYNC 
133 VSYNC 
135 VWEO 
136 VWET 
139 VWE2 
141 VWE3 
142 DSFO 
143 TR/OEO 
144 CASO 
145 RASO 
147 DSF1 
148 TR/OE1 
149 CAS1 
150 RAS1 
152 DSF2 
153 TR/OE2 
154 CAS2 
155 RAS2 
157 DSF3 
158 TR/OE3 
159 CAS3 
160 RAS3 

t OD stands for "Open Drain." 

NOTE: 

ln_l!Ut 
TTL Schmidt Pullup Tristate 

.. . ···: 

'1 
'1 
'1 
'1 
'1 
'1 
'1 
'1 
'1 
'1 
'1 
'1 
'1 
'1 
'1 
'1 
'1 
'1 

" '1 
'1 
'1 
'1 
'1 
'1 

oum_ut 
Bl Dir ODt Pad Macro 

PT6003 
PT6002 
PT6003 
PT6003 
PT6003 
PT6003 
PT6003 
PT6003 
PT6003 
PT6003 
PT6003 
PT6004 
PT6004 
PT6003 
PT6003 
PT6004 
PT6004 
PT6003 
PT6003 
PT6004 
PT6004 
PT6003 
PT6003 
PT6004 
PT6004 

2. Pins 3, 13, 32, 62, 70, 83, 100, 115, 124, 134, 138, 146, and 156 ('V88' pins) are ground pins and 

have pad macro PC6VS2. Pins 9, 36, 63, 78, 89, 118, 129, 137, 140, and 151 ('V00• pins) are power 

pins and have pad macro PC6VD2. Pins 5, 17, 26, 95, and 106 ('V851' pins) are ground pins and 

have pad macro PC6VS1. Pins 15, 29, 92, and 108 ('V ooi' pins) are power pins and have pad macro 

PC6VD1. Pin 60 ('V 88' pin) is a ground pin and has pad macro PT6C 1_ 2. Pin 58 ('V 00' pin} is a 
power pin and has pad macro PT6C12. 
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A(31-0) 

BA(7-4) 

BCLK 

TT1 

SIZE(1-0) 
RMI 

TS 

VRiW 
XCVREN 
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TEA 

TA 
CLOCK CS 
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System 
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FIGURE 2. BLOCK DIAGRAM 
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RAS(3-0) 
CAS(3-0) 

TR/OE(3-0) 

DSF(3-0) 
VWE(3-0) 

VA(8-0) 

SCLK(3-0) 
SOE(3-0) 

LO 

SBANK 

VIDCLK 
PIXCLK 

SYNCACTIVE 
HSYNC 
VSYNC 

SC SYNC 

CSYNC 
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VBLIRO 

RD 
WR 
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CST 
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DACK1 
RESET OUT 
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[.052] 
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'-0 REQUIREMENTS: 
I 

) 

3.1 PHYSICAL: 
3.1.1 PACKAGE: Void free plastic 160-pin POFP package. Dimensions per Figure 3. 

. .. 3.j .2 COMPONENT MARKINGS: The component shall be marked on the top side with the 
manufacture(s name (or industry recognized logo), manufacturing date code, fab and 
assembly codes for traceability, Apple part number (including current revision level), 
Maskwork Rights notice symbol (a circled "M" as shown in example below), copyright 
symbol(©), appropriate year(s), and the Apple name or logo. 

EXAMPLE: 343S0128-A 

@© 1991 Apple 

3.1.3 DIE MARKINGS: The die shall be marked on the top metal layer with the 
Apple part number (no revision level), Maskwork Rights notice symbol (a circled "M" as 
shown in example below), copyright_ sy~!:::il (@),appropriate year(s), and the complete 
Apple name. 

EXAMPLE: 343S0128 

@@ 1991 Apple Computer, Inc. 

The© has the year associated with it. In no case does the circled "M" have an associated 
year. To emphasize these relationships the circled "M" must be physically isolated 
from any printed year. 

3.1.4 SOLDERABILITY: Leads solderability must meet MIL-STD-202, Method 208. 
Prior to test, the devices shall be subjected to steam aging for a period of 8 hours. 

3.2 ELECTRICAL: 
3.2.1 ELECTROSTATIC'DISCHARGE SENSITIVITY: The minimum electrostatic 

'\'. . "''·pi~~arge yoltage pe_r. pin is ±200() volts as specified in MIL-STD-883, :. > 
... M'ethod 3015.3(i.e.,c,;;100 pF; R·;;;;'1.5KQ). 

3.2.2 LATCH-UP TEST: The minimum latch-up current for all pins except ground 
is 50mA in both positive and negative directions. This applies to full 
temperature and power supply ranges. 

3.2.3 PIN CONFIGURATION: Per Figure 1. 
3.2.4 PIN DESCRIPTION: Per Table 1. 
3.2.5 PIN 1/0 DEVICE CHARACTERISTICS: Per Table 2. 
3.2.6 BLOCK DIAGRAM: Per Figure 2. 
3.2.7 ABSOLUTE MAXIMUM RATINGS: Per Table 3. 
3.2.8 RECOMMENDED OPERATING CONDITIONS: Per Table 4. 
3.2.9 DC ELECTRICAL CHARACTERISTICS: Per Table 5. 
3.2.10 AC TIMING SPECIFICATIONS: Per Tables 6-11, Figures 4-45. 

NOTICE OP PROPRIETARY PROPERTY SIZI! DRAWING NUMBER 
nm INl'ORMATION CONTAINED HERl!IN IS nm PROPRIETARY 
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RESISTANCE TO SOLDERING HEAT PROFILES: 

T 
(oC) 

260 

pre-
20S 7S 

cooling In 
still air 

cooling ._ __ 
heating solder-

ing 

T 
(oC) 

240 

pre-heating solder­
ing 

cooling In 
still air 

cooling 

FIGURE A. WAVE/HAND SOLDERING FIGURE B. INFRARED SOLDERING 

3.3 ENVIRONMENT AL: 
3.3.1 RESISTANCE TO SOLDERING HEAT: 

a) Wave or hand soldering: With a 100°c preheat for 20 seconds, the components 
shall be totally immersed in molten solder, 260 ± 3°C for 7 ± 1 second per 
MIL-STD-202, Method 210, condition B (Per Figure A). 

b) IR reflow solder: Preheat at 3°C/sec to 150°C, and using 60/40 solder, IR at 240°C for 
30 seconds (Per Figure B). 

c) Component must withstand two {section 3.3.1.b) IR reflow solder cycles with a cool­
down in between. 

d) Component must withstand one {section 3.3.1.b) IR reflow solder cycle followed, after a 
cooldown, by a (section 3.3.1.a) wave or hand soldering cycle . 

. After resistance to. soldering heat test, t~ere shall be no. evidence of leaching or . '··" 
cracking arid the parts shall meet all electrical and mechanical specifications. 

3.3.2 CLEANING: Parts must be washable in standard flux removal solvent and must 
not trap any cleaning liquids. 

4.0 QUALITY ASSURANCE PROVISIONS: Parts shall be inspected to assure compliance to the 
requirements of this specification. 

5.0 PACKAGING: Parts shall be packaged according to requirements specified in purchase order for 
safe delivery at Apple or Apple designated contractor. {Parts requiring Tape & Reel shall meet 
the proper Tape & Reel specification per the purchase order.) 

TABLE 3. ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER MIN 

VDD Supply Voltage -0.3 

VIN Input Voltage vss - 0.3 

TA Operating Temperature 0 

TSTG Storage Temperature -55 
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""' TABLE 4. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN MAX UNIT 

VDD Supply Voltage 4.5 5.5 v 

VIN Input Voltage 0 5 v 

TA Operating Temperature 0 70 oc 

TSTG Storage Temperature -55 150 oc 

TABLE 5. DC ELECTRICAL CHARACTERISTICS 

(V DD= 4.5 to 5.5 V; V SS= ,o V; TA= 0 to +70 °C) 

SYMBOL CHARACTERISTIC CONDITION MIN MAX UNIT 

VDD Power Supply Voltage 4.5 5.5 v 

1oos Power Supply Current Static V00 = 5.5V 225 mA 

1000 
Quiesent v00 =5.5V 100 µA 

VIL Input Low Voltage TTL (4.) -0.5 0.8 v 
CMOS (4.) -0.5 0.3 x V00 v 

.. 

VIH Input High Voltage TTL (4.) 2.0 VDD v 
) 

CMOS (4.) 0.7 x V00 VDD v 
-:-- -.' .·. -· 11ilf Input Leakage Current " .;·. . OV :S VIN :S VDD :·-.····· .· . 10 µA 

1oz Tristate Leakage Current VOUT = OV to V00 10 µA 

VOL Output Low Voltage IOL = 4, 8, 12, 16 mA (3.) 0.4 v 

1oL = 1 µA 0.05 v 
VOH Output High Voltage IOH = 4, 8, 12, 16 mA (3.) 2.4 v 

1oH = 1 µA V00-0.05 v 
CIN Capacitance Inputs 10 pF 

GOUT V1N = OV, f = 1 MHz Outputs 10 pF 

c,o I/O's 10 pF 

NOTES: i 

3. Maximum output low current, IOL' and maximum output high current, IOH' depend on the 
output macro cell being used. Macros PT6002 and PT6042 have an 4 mA drive capability, 
PT6003 has an 8 mA drive capability, PT6004 and PT6044 have a 12 mA drive capability, 
and PT6005 and PT6045 have a 16 mA drive capability. 

4. SENSE(2-0) are CMOS level inputs. All other inputs are TTL level. 
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TABLE 6. INPUT CLOCK AC TIMING SPECIFICATIONS (See Figures 4-5) 

NUM CHARACTERISTIC MIN MAX UNIT 

Fr~uenc_y of Operation J.BCLKl 33 MHz 
16 BCLK C__y_cle Time 30 ns 
2 BCLK Pulse Width Hill_hjmeasured@ 2.0 Vl 12 ns 
3 BCLK Pulse Width Lowimeasured@ 0.8 Vl 12 ns 
4 5 BCLK Rise/Fall Time 4 ns 

Fr@uenGY_ of O__Q_eration_i_VIDCLKl 12 50 MHz 
66 VIDCLK C_y_cle llme 20 ns 
7 VIDCLK Pulse Width Hig_h(measured_@_ 2.0 V' 6 ns 
8 VIDCLK Pulse Width Low _{_measured @ 0.8 V_l 6 ns 
910 VIDCLK Rise/Fall llme 4 ns 

Frequen~ of O..e..eration 1PIXCLK1 58 MHz 
11 6 PIXCLK C_ycle llme 17 ns 
12 PIXCLK Pulse Width Hill_h_{_rneasured@ 2.0..Yl 5 ns 
13 PIXCLK Pulse Width Lowlrneasured@ 0.8..Yl 5 ns 
14,15 PIXCLK Rise/Fall Time 4 ns 
16,17 LO to VIDCLK Falling/Rising Edge 5 14 ns 

NOTES: 

5. All values in the previous AC Timing Specification tables are for worst case timing with V DD= 4.5 - 5.5 V, 

V ss = O V, TA= Oto +70 °c, worst case processing, and 50 pF load capacitances. Derate the maximum 
times by 0.5 ns/10 pF for VA(8-0) and LO, by 0.6 ns/10 pF for RAS(3-0), CAS(3-0), SCLK(3-0), SBANK, 
IBi, ID, TA, and PIXSELO, by 0.9 ns/10 pF for TR/OE(3-0), VWE(3-0), DSF(3-0), SOE(3-0), 
HSYNC, VSYNC, CSYNC, SCSYNC, RD, WR, CS1, CSO, DACK1, DACKO, RESETOUT, VR/W, and by 
1.3 ns/1 O pF for all other outputs. Output high levels are measured at 2.4 V. Output low levels are measured 
at 0.4 v. 

)6. BCLK, VIDCLK, and PIXCLK are asynchronous signals. 
~. . .' . 

BCLK 

VIDCLK 

13 

PIXCLK 
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LO 

VIOCL_K ___ / 

FIGURE 5. LD-to-VIDCLK INPUT CLOCK TIMING 

TABLE 7. CPU INTERFACE AC TIMING SPECIFICATIONS (See Figures 6--9) 

) 

' 

NUM CHARACTERISTIC 

18 TS, A(31-0), SIZE(1-0), TT1, R/WValid to 
BCLKllr:!Q.ut Setu_fil 

19 BCLKto TS, A(31-23,6-0), SIZE(1-0), TT1, R/W 
lnvalid_l_ln__o__ut HoldJ_ 

20 BCLK to TA TEA TBI Active 
21 BCLK_to TAJEA j'fil V__alid_ 
22 BCLK to TA TEA TBI lmralid_l_Outout H__o!dl_ 
23 BCLK low to TA TEA TBI Hjg_h lm_Q_edance 
24 B_G_LKJQ. X_CVREN V...a.lld_ 
25 BCLK to XCVREN lnvalid10um_ut Holdl 
26 · -. R/WtoVR/WValid-;:.. ··-·:,-,c;, · -_ -: .. .:.,< .. ;:; ..• ·'-- - - -, . -- • · -- • 

27 XCVREN Hjg_h to VR/W Invalid 10ut_Q_ut Hold_l 
28 BD_1_11-Ql_ Valid_t_o 8CLKJ_Write Setu_ID_ 
29 8CLK to 80111-Ql lnvalid1Write Holdl 

_3Q_ BCLKJQ..80111-0\ V_alid 
31 8CLK t2_ 80111-Ql_ Invalid 
32 8CLK_to__B_llill-O\~nce 

337 8CLKJ.Q_Q_LOCKCSJActiv_e_ Hio..hl V..alid 
347 8CLK to CLOCKCSlA__etiv_e__Hklhl lnv__a!id 
357 CLOCKCS1Active Hjg_l1l_ Pulse Width 
367 BCLKJo _Q_LOCKCS{Active_ Lowl. CLUTCS Valid 
377 8CLK to CLOCKCSlActiv_e__l,Qwi._ CLUTC_$_1nvalid 
387 CLOCKCS, CLUTCS (Active Low) Pulse Width 

12_5_ MHz .. Read...c'lcifil 
39 CLOCKCS, CLUTCS (Active Low) Pulse Width 

l3__3_MHz Read C_y_clel 
40 CLOCKCS, CLUTCS (Active Low) Pulse Width 

125 MHz Write CxclEtl. 
41 CLOCKCS, CLUTCS (Active Low) Pulse Width 

(33 MHz Write C_y_cle} 
42 A(7-4) to 8A(7-4) 

MIN MAX UNIT 

5 ns 

5 ns 
12 ns 
_ia ns_ 

4 
12 ns 
1..9. n..s_ 

4 ns 
··· · ·12 - ns 

1 ns 
6 ns 
4 ns 

_3__4 ns 
8 ns 

.2.2 n_s_ 
Ji ns 
58 ns 

21 ns 
5 n_s_ 

117 f1S__ 

77 ns 

87 ns 
11 ns 

NOTE: 7. CLOCKCS may be active high or active low, and is controlled by a programmable 
DAF8 II register bit. 
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TABLE 8. VRAM INTERFACE AC TIMING SPECIFICATIONS {See Figures 10-34) 

NUM CHARACTERISTIC MIN MAX UNIT 

14 ns 

19 ns 

14 ns 
ns 
ns 

14 n 
ns 
ns 

18 ns 
18 ns 
18 ns 

n 
17 n 

ns 

14 

ns 

NOTE: 8. 33 MHz cycle timings are for 100 ns VRAM and have all optional wait states 
active. 
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TABLE 9. VIDEO SIGNAL AC TIMING SPECIFICATIONS (See Figures 35-36) 

NUM CHARACTERISTIC MIN MAX UNIT 

789 PIXCLK to CBLANK Valid 17 ns 
79 PIXCLK to CBLANK lnalid 13 ns 
80 PIXCLK to HSYNC Valid 17 ns 
81 PIXCLK to HSYNC Invalid 14 ns 

IR:> _E_IXCI~ 2il. _ns 
lw~ E1XCl.KJ!LllSYl Jmralid ..11. ns 
IA4 PIXCLK to CSYNC_ SC::S~ --12 ...ns. 
85 PIX_.C_LK_lQ_Q:SYNC. SC' SYN~ Invalid 14 ns 
86 PIXCLK to SBANK Valid 13 ns 
l8z_ EV<CLKJo...SBAf:lK..ln'lalid .11 _IlS_ 

88 PIXCLK to SOE[3~ V...alkt 1_6._ l1S_ 

189 El_XCL KJQ_ SOfilillJnv.alid ~ _JlS 
90 PIXCLK to VBLIRQ Valid 25 ns 
91 PIXCLK to VBLIRQ Invalid 22 ns 
9210 PIXCLK Risioo i=~~-_i_v._LO Faillioo Edae Jt ns 
1~310 PIXCLK F::illina_ Edne.lo_ LDB.isinn. Edo.e. Ji ...ns. 
949 VIOCLK to CBLANK Valid 18 ns 
95 VIOCLK to CBLANK lnalid 14 ns 
lqn VIDCLK _to RSYNC Valid 17 l1S. 
[9_7 VJOCJJ:UQ. H_S_YN=cJn'la.lki ...u _ns 
k18 VIDCL K to VSYNC Valid 20_ l1S. 
99 VIOCLK to VSYNC Invalid 17 ns 
100 VIOCLK to CSYNC SCSYNC Valid 17 ns 
101 - VIOCLK to CSYNC, SCSYNC Invalid 14 ns 
102 VIOCLK to SBANK Valid 16 ns 

1103 ~ .M _IlS_ 

104 VIOCLK to soa3-0} Valid 24 ns 
105 VIOCLK to SOE(3-0} Invalid~ - - -- 21 ns 
106 VIOCLK to VBLIRQ Valid 25 ns 
107 VIOCLK to VBLIRQ Invalid 22 ns 
10811 VIOCLK Rising Edge to LO Rising Edge 

J_LO = VIOCLK divided~ D_ 8 ns 
10911 VIOCLK Falling Edge to LO Falling Edge 

J__LO = VIDCLK divided ~ ~ 10 ns 
11011 VIOCLK to LO Rising Edge 

J_LO = VIDCLK divided 1:?i'_ N, N = 2-2551 10 ns 
111 11 VIOCLK to LO Falling Edge 

(LO = VIOCLK divided cy__ N N = 2-2551 12 ns 
11212 LO Pulse Width Low 

J_LO = VIOCLK divided~ N, N = 2-2551 1 Clk 
11312 LO Pulse Width High 

(LO= VIOCLK divided by N, N = 2-255) ; N-1 Clks 

NOTES: 9. Either PIXCLK or VIOCLK is used to generate video timing, but not both at 
one time. OAFB II video signal timing depends on which clock is active. 

10. When LO is derived from PIXCLK, it is inverted with respect to PIXCLK. 
11. When LO is derived from VIOCLK, it is divided down by a programmable 

divisor. 
12. The duty cycle of LO is not 50/50 when it is generated by VI OCLK divided 

by greater than 1. In this case, LO is low for one VIOCLK cycle and is high 
for the remainder of its period. 
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TABLE 10. OTHER SIGNAL AC TIMING SPECIFICATIONS (See Figures 37-38) 

NUM CHARACTERISTIC MIN MAX UNIT 

5 
17 ns 

NOTE: 13. RESET low time is based on synchronizing it to BCLK and clearing DAFB ll's 
internal state. 

:: .. =.:· _:_:_. -.. -~' ,' ._,. --.~--'.' - .. -... ,,._1,,.,,_. :..-.~~·-'' _: __ ~_ ' ·: ,.:.:,, _-· 
TABLE 11. SCSI SIGNAL AC TIMING SPECIFICATIONS (See Figures 39-45) 

NUM CHARACTERISTIC 
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FIGURE 45. TURBO SCSI 53C96 PSEUDO OMA WRITE (4 or 3 CLOCKS) 
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>.O SUPPLEMENT ARY INFORMATION: The following is not to be used for the acceptance nor 
rejection of the part herein. 

6.1 REFERENCES: The following is a list of all the pertinent ASIC deliverables filed in 
Document Control: 
• SCHEMATIC NETLIST TAPE 
• PRINTED LISTING OF FILE NAMES, CELL LIBRARY, SOFTWARE PROGRAM DESIGNATION, 

ANO REVISION LEVEL 
• LOGIC DIAGRAM PLOTS 
• SPECIFICATIONS FOR PRIMITIVES AND MACRO CELLS 
• SIMULATION TAPE AND LISTING 
• CRITICAL TIMING ANALYSIS SIMULATION TAPE 
• MASK DATA BASE TAPE 

PRODUCTION TEST PROGRAM TAPE AND LISTING 
• TEST PROGRAM IN TAR FORMAT 
• TEST LANGUAGE DOCUMENTS AND FILE LISTING 
• TEST LOAD BOARD 
• BONDING DIAGRAM 

6.2 INTRODUCTION: The DAFB 111.C. is designed to control a video frame buffer and interface it to a 68040 
system bus. It provides address decoding for all frame buffer components (VRAM, clock generator, and 
CLUT/DAC), VRAM control and timing, video timing generation (synchronization and blanking), and 
timing and control for the frame buffer pixel data bus. DAFB II also provides control and interface for 
two SCSI 1/0 channels. 

As shown in Figure 46, a complete DAFB II-based frame buffer also includes the following components: 

) 
• Clock generator - a frequency programmable clock generator which produces the master frame 

buffer video clock. 

,_ , ;;. • :7.4F245 data bus transceivers - isolates the frame buffer data bus from the system data bus 
· · ··(primarily to reduce· system bus loading) .. ·;, ,, ,· .. : ... , .. 

• Four 512 Kbyte banks of video RAM (VRAM)-the memory which contains the graphics image 
to be displayed. VRAM is dual ported memory: one port is accessible via the system bus, the 
other is used to output pixel data for refreshing the video display. 

• 74F399 pixel data bus MUXes - used to MUX data from multiple VRAM banks in order to 
support pixel data rates higher than can be done with a single bank. 

• AC842 CLUT/DAC - inputs pixel data from the 'F399s, video timing from DAFB II, and the pixel 
clock from the DP8531; unpacks the pixel data; and produces the output RGB analog video 
signal. 

This frame buffer design features a programmable clock generator and CLUT/DAC which can be 
configured to support a wide range of video timings and pixel depths. It supports all of Apple's current 
video monitors, and also provides support for several forthcoming products. Figure 47 lists a number of 
specific monitor configurations which are supported. 
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Display Resolution 

512 x 384 (12-inch landscape) 

640 x 480 (13-inch landscape) 

640x480 (NTSC) 

640 x480 (NTSC wt conovlution) 

768 x 576 (PAL) 

768 x 576 (PAL w/ convolution) 

832x 624 (16-inch landscape) 

640 x 87,0 (15-inch portrait) 

1152 x 870 (21-inch landscape) 

JIUMI 1 bank (0.5 Mbytes) 

f~!il 2 banks (1 Mbyte) 

llJ 4 banks (2 Mbytes) 

~ Not supported 

~IGURE47. SUPPORTED DISPLAY RESOLUTIONS 
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) 6.3 IMPLEMENTATION: DAFB II is composed of seven major functional blocks (as shown in Figure 2): 

.-.:;.- ;.. - ~ :·.:-. "; ... ~·· ·. · · 1r System Bus Interlace''".· · · 
· ... : .. .-. ·.: .... · •. -.·.·.-.· .. · •. -.. :.ii::·_::· ... :..._; .. :- - -. _. __ -. ·.··,, -_. ·<.•" • ~ . _· ".;.;;E·.'· ·.• · ..... ~· •... · •• 

2) Address Decoding 
3) Configuration and Status Registers 
4) Video Timing (Swatch) 
5) Video Refresh Timing Generator 
6) VRAM Controller 
7) Turbo SCSI Controller 

Each of these seven functional blocks will be discussed in the following sections. 

6.3.1 System Bus Interface: The System Bus Interface module provides the interface to the Eclipse 
system bus for the frame buffer. It generates all system bus cycle timing for interfacing DAFB II 
and other frame buffer components (clock, CLUT/DAC, VA~. and data bus transceivers) to the 
system bus, and also generates chip selects for the CLUT/DAC and clock chips. 

The module inputs system bus control information along with select lines for frame buffer, 
memory, chip, and register accesses froni the Address Decode module. It outputs the TA, TEA, 
and IBI control signals to the system bus. It also controls the DAFB II data bus output driver, 
enabling it for the appropriate frame buffer access. 

The core of the System Bus Interface module is a state machine which generates the system bus 
cycle timing and control signals. A diagram of the state machine is shown in Figure 48. The 
state machine normally resides in an idle state. From the idle state, a number of different types of 
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cycles may be started. A valid bus cycle to the frame buffer address space will cause a transition 
from the idle state: 

• If the specified address is to super slot space ($9XXX XXXX) or to the unused portion 
of slot space, the state machine will issue a TEA and return to the idle state. 

• If the bus cycle is for a DAFB II register (RCYC), a register cycle is begun. Burst 
operations are not supported for DAFB II registers, and an attempt to perform any 
operation to a register will result in the assertion of TEI along with TA. 

• If the bus cycle is intended for one of the other frame buffer chips (CCYC), the appropri­
ate cycle type is initiated, a chip select is generated for the selected chip, and TA is 
asserted at the end of the cycle. Burst operations are not supported for frame buffer 
chips (but are supported for VRAM), and any access to a chip will result in the assertion 
of TEI along with TA. For the CLUT/DAC and Endeavor, an extra state is inserted in 
the cycle if the frame buffer is being operated with a 33 MHz system bus. 

• If the bus cycle is for frame buffer VRAM (MCYC), then the state machine enters a 
waiting condition until a transfer acknowledge arrives from the VRAM controller. If 
cycle is a line operation, then an end-of-line condition must also be true to end the 
cycle. Line operations are not allowed with word interleaved VRAM, so a TEI is as­
serted along with TA if this occurs. 

6.3.2 Address Decoding: The Address Decoding block provides address decoding for frame buffer 
memory operations, configuration and status registers, and external chip selects. It provides 
outputs for accesses into frame buffer address space as a whole (slot and super slot space), 
VRAM memory space, external chip space(s), and individual select lines for each of the DAFB II 
registers. It also outputs a signal to the VRAM controller indicating when it is time to load a new 
line address, and produces a signal to enable the frame buffer's 'F245 data bus transceivers. 

This module inputs address lines (31-2), along with the system bus control signals TS, TA, TEA, -
TEI, and TT1. The system bus control signals are used to generate an internal "bus transfer in 
progress" signal which is started by a TS, and ended by a TA or TEA. This signal is used to 
condition the decoded address lines to produce valid address-decoded select lines. 

6.3.3 Configuration and Status Registers: DAFB II contains a large number of configuration and status 
registers. These are used for programming the behavior of the video timing block, setting up the 
VRAM addressing and video refresh scheme, configuring the frame buffer clock, detecting the 
type of display connected to the frame buffer connector, setting the VRAM operating mode, 
controlling and clearing interrupts, and resetting the DAFB II hardware. A complete description of 
the function of all the DAFB II registers is found in section 6.6. 

The Registers module contains the physical registers used to hold the above configuration values. 
From these registers, configuration information is bused to ot~er DAFB II modules, or is directed 
outside of the chip in the case of the 3 pixel clock select lines and the 3 monitor type sense lines. 
This module also inputs interrupt status from Swatch in order to make this information available 
via a 'register' read operation. 

Individual register select lines come from the Address Decode module. These register select 
lines are combined with control signals from the System Bus Interface module to individually 
enable read/write operations from/to the registers. Data to be written to the registers is taken 
from the 12-bit external data bus input. Data to be read from the registers is enabled onto an 
internal, tristate 12-bit data bus. The System Bus Interface module then enables this internal bus 
onto the external 12-bit data bus. 
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FIGURE 48. BUS INTERFACE STATE MACHINE DIAGRAM 
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r 6.3.4 Video Timing (Swatch): Swatch is the video timing generator for DAFB II. It receives configuration 

: . ~ .... 

information from the Registers module and a video clock from the Video Refresh Timing Genera­
tor, and then produces a number of video timing signals, including sync, blank, and video-related 
interrupts. It provides several other video timing signals to the Video Refresh Timing Generator 
for use in synchronizing the pixel data stream to the basic video timing. 

Swatch is intended to be a generic, reusable video timing block for Apple video timing applica­
tions. DAFB II uses the standard version of Swatch, but with a number of modifications for 
performance and gate reduction: 

• Since DAFB II does not support genlock to an external sync signal, the genlock circuitry in 
Swatch has been removed. 

• Extra pipeline stages have been added to the horizontal timing section to allow it to operate 
at a higher clock frequency (up to 60 MHz). Several of the horizontal timing register values 
must be changed (decreased by 1) to allow for this pipelining. 

• The vertical timing block has been modified to run at half the clock frequency of the horizon­
tal timing block for performance reasons. The half speed clock i!': c::ynchronized with the 
'half line' signal from the horizontal timing block. 

• Swatch timing can be locked to a phase of DAFB ll's VIDCLOCK input signal. This permits 
proper generation of sync and blank relative to VIOCLOCK when LO is used as the main 
clock input to the CLUT/OAC (i.e., LO > 33 MHz)'. 

• The horizontal blanking signal has been deleted as a Swatch output, and composite 
blanking signals (with DAFB II specific timing required by the Video Refresh Timing Genera­
tor) have been added. In addition, the standard Swatch pipeline delay has been deleted, 
and more flexible, programmable delay has been added to the one of the special composite 
blanking signals used by the Video Refresh module. 

• A "Swatch enable· input signal has been added. ,. . , 
.·.• -:-.·;-' _.,:. ,l ::.:,<::·> .'· ... · ·.:::.:::~ ·.. ---. · .. -. . ... ·., ·-?~ .. -·· --''-~ 

• An extra sync output, SCSYNC, has been added. It is identical to the CSYNC ouput, but 
can be disabled via the SYNCACTIVE pin. When SYNCACTIVE is low SCSYNC is always 
high; when SYNCACTIVE is high SCSYNC mirrors the behavior of CSYNC. 

For more complete information about the internal operation of Swatch, consult the Swatch Specifi­
cation, Version 2.01, February 15, 1990. 

6.3.5 Video Refresh Timing Generator : The Video Refresh Timing Generator module generates all 
signals needed to do dynamic RAM refresh of the frame buffer VRAM, generates the addresses 
and control signals required to refresh the video display (i.e., it controls the VRAMs to generate 
the pixel data stream used by the AC842 to produce an analog video output), and controls the 
incoming video clocks to generate the required video output clock. 

The module is controlled by display configuration data obtained from the Registers module. 
Based on the display format configuration, it generates video refresh timing and addresses. The 
video refresh generation is synchronized to the basic video timing information input from Swatch. 
At the beginning of every blanking interval (using a special blanking signal generated by a modi­
fied Swatch), the module computes the VRAM address at which pixel data for the next display line 
is located, and issues a request(s) to the VRAM Controller module for a read transfer cycle(s) to 
load the VRAM serial access memories (SAMs) with the pixel data (see section 6.5.2 for a 
description of SAM loading). The address for the SAM read transfer is also supplied to the VRAM 
Controller. Since this module and the VRAM Controller operate from asynchronous clocks, the 
request signal is synchronized to the VRAM controller clock before being passed to the VRAM 
controller. When the VRAM Controller acknowledges the SAM read transfer request(s), the 
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acknowledge is in turn synchronized to the video clock. Once the read transfer request(s) has 
been acknowledged, a request(s) is made for the VRAM Controller to run one or more refresh 
cycles. The requesVacknowledge cycle is handled similarly to the read transfer cycle. 

When the video timing signals from Swatch indicate that the active video portion of a horizontal 
line is to begin, the Video Refresh Timing Generator begins producing the VRAM serial clock(s) 
and output enable(s) required to clock data out of the VRAM SAM(s). A pixel load clock is also 
produced to clock the VRAM pixel data into the 'F399s and the AC842. A bank select signal is 
sent to the 'F399s to select pixel data from the proper VRAM bank(s). Depending on the display 
configuration, it may be required to reload the VRAM SAM(s) during the middle of an active video 
line. If so, one or more requests for split SAM read transfer cycles are sent to the VRAM Con­
troller in a manner similar to that used at the beginning of a horizontal blanking interval. (A 
VRAM refresh is not performed, however.) 

Requests to the VRAM Controller for SAM read transfer cycles and refresh cycles are controlled 
by a state machine, shown in Figure 49 on the following page. From the power-up idle state, the 
state machine first looks for the beginning of a blanking interval, and then issues a request for a 
SAM read transfer cycle. Following an acknowledge from the VRAM controller, if another read 
transfer is required (e.g., convolution is active), then an additional request is issued. After the 
acknowledge, it then issues a request for a refresh cycle and waits for that cycle to be acknowl­
edged. If additional refresh cycles are required, as specified by the 'refresh count' value in the 
configuration register (see section 6.6.1 ), then requests are also issued for those cycles, with 
each cycle in turn being acknowledged by the VRAM Controller. The state machine then waits 
for the end of the blanking period. Once the active video line time has begun, the state machine 
continually checks to see if another blanking interval has started, in which case the above 
sequence is repeated, or if a mid-line split SAM read transfer(s) is required. A change in the OSF 
input signal is used to trigger the issuing of a split read transfer request. After a split read trans­
fer request/acknowledge cycle has been completed, the state machine once again continually 
checks for a new blanking interval start, or for a change in OSF. This process repeats indefi­
nitely. 

The Video Refresh liming Generator module also uses the configuration data from the Register~ .. 
to select the correct incoming pixel data clock (either from the AC842 or directly from the clock· 
generator), direct that clock to Swatch, and, if required, divide down the clock frequency by the 
amount specified by a configuration register. 

6.3.6 VRAM Controller: The VRAM Controller module generates all VRAM memory cycles for the 4 
VRAM banks based on VRAM cycle requests from the Address Decode module or the Video 
Refresh Timing Generator. The module is composed of four instances of a VRAM control state 
machine (one for each bank to support independent page mo<;fe for the 4 banks) along with 
additional logic for the generation of write-enable and DSF signals, row/column address MUXing, 
and logic for page hit detection. The VRAM controller operates synchronously with the System 
Bus Interface module (i.e., it is clocked by the system bus clock). 

The core of the VRAM Controller module is the state machine which generates all VRAM cycles 
and control signals (RAS, CAS, DSF, WE. and TR/OE). A diagram of the state machine is shown 
in Figure 50a/b. The state machine normally resides in one of two idle states, one for page mode 
operation and one for "normal" operation. From the idle states, a number of different types of 
VRAM cycles may be started. A valid VRAM cycle request will cause a transition from the 
current idle state: 
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State Machine Outputs 
(NNNN) c VREO,RREO,SPUTXFER,XFER2 

Yes 

No 

FIGURE 49. VIDEO REFRESH TIMING STATE MACHINE DIAGRAM 
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FIGURE 50a. VRAM CONTROLLER STATE MACHINE DIAGRAM 
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FIGURE 50b. VRAM CONTROLLER STATE MACHINE DIAGRAM 
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• If the request (VREO) is for a SAM read transfer cycle, then the state machine asserts an 
acknowledge signal (VACK) and enters a waiting state until all 4 state machines have syn­
chronized (all banks perform read transfer cycles in tandem). Once synchronization has 
occurred, and if the bank is enabled (VBANK = 1), then either a full SAM read transfer or a 
split SAM read transfer cycle is performed based on the SPLITXFER input state. An extra 
wait state will be inserted if the 'extra CAS pulse width' configuration bit is set. If the bank is 
not enabled, it runs through a series of 'dummy' states which parallel the actual read transfer 
cycle of other banks in order to prevent the unselected bank from responding to an incoming 
memory cycle request while other banks are performing read transfer cycles. 

• If the request (RREQ) is for a VRAM refresh cycle, then the state machine asserts an ac­
knowledge signal (VACK) and enters a waiting state until all 4 state machines have synchm­
nized (all banks perform refresh cycles together). Once synchronization has occurred, a 
GAS-before-RAS (CBR) refresh cycle is performed. If RREO is still asserted at the end of the 
refresh, then CAS is left low and another CBR cycle is performed. Extra wait states will be 
added if the 'extra RAS pulse width' and/or 'extra RAS precharge width' configuration bits are 
set. 

• If the request is for a memory read cycle (MREO, R/W ='read', and the bank is selected) 
then a read cycle is performed. Following the first read cycle a check is made to see if the 
cycle is a line operation. If so, then an additional 3 read cycles are performed without raising 
RAS. A line address generator supplies the 3 additional addresses needed for the line read. 
Once the cycle is finished, a check is made to see if page mode is active. If so, then the 
page-mode idle state is entered where RAS is held low. Otherwise the regular idle state is 
entered after one or more RAS precharge states. 

• If the request is for a memory write cycle (MREO, R/W = 'write', block write is false, and the 
bank is selected) then a write cycle is performed. Following the first write cycle a check is 
made to see if the cycle is a line operation. If so, then an additional 3 write cycles are per­
formed without raising RAS. A line address generator supplies the 3 additional addresses 
needed for the line write. Once the cycle is finished, a check is made to see if page mode is 
active. If so, then the page-mode idle state is entered where RAS is held low. Otherwise the 
regular 'idle' state is entered after one or more RAS precharge states. If the 'extra GAS pulse 
width' configuration bit is set, then one wait state will be added to the CAS pulse width. 

• If the request is for a memory block write cycle (MREO, R/W ='write', block write is true, and 
the bank is selected) then a block write cycle is performed. Following the first block write 
cycle a check is made to see if the cycle is a line operation. If so, then an additional 3 block 
write cycles are performed without raising RAS. A line address generator supplies the 3 
additional addresses needed for the line block write. Once the cycle is finished, a check is 
made to see if page mode is active. If so, then the page-mode idle state is entered where 
RAS is held low. Otherwise the regular idle state is entered after one or more RAS precharge 
states. If the 'extra CAS pulse width' configuration bit is set, then one wait state will be added 
to the GAS pulse width. 

If the state machine is idling in page mode and a SAM read transfer request, a refresh request, or 
a memory request to a different page occurs, then the state machine will perform one or more 
RAS precharge cycles. If the request is a memory request, then the idle state will be entered and 
the request will then be serviced. Otherwise (it's a SAM read transfer or refresh request), the 
request is serviced directly after the RAS precharge cycle(s) since the synchronization states 
satisfy the remainder of the RAS precharge requirement. 
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During all cycles but SAM read transfer cycles, the VRAM address is taken from the system 
address bus. During read transfer cycles the Video Refresh Timing Generator supplies the 
address. The VRAM controller keeps an internal 'read transfer in progress· register, and uses the 
address from the Video Refresh Timing Generator module when the register is set. 

Each of the four state machines generates its own master WE signal for its respective bank. 
These signals are combined with the system bus SIZE control bits and the lower 2 address bits to 
generate the four actual WE signals for the VRAM byte lanes. The actual WE signals output to 
the VRAM banks are clocked on the falling edge of the bus clock in order to provide a stable WE 
signal for page mode write cycles (CAS falls on the rising edge of BCLK after a Transfer Start). 

VRAM color register operations are specially handled. During a color register operation the state 
machine performs a 'normal' read or write cycle, but logic external to the state machine forces 
DSF to be asserted, thus causing the VRAMs to perform a color register operation instead of a 
normal read or write cycle. 

6.3.7 Turbo SCSI Controller: 
The Turbo SCSI module included in DAFB II interfaces a 68040-compatible bus to two 53C961 

SCSI controller chips. Through the Turbo SCSI interface and 53C96 controllers, the 68040 
system can communicate with two separate SCSI channels, each featuring SCSl-2 capabilities, 
including up to 10 MB/s2 data rates on SCSI. Refer to Figure 51 to see how DAFB II interfaces to 
the 53C96 Channels. 

The Turbo SCSI module acts exclusively as a slave to the 68040. The module interprets 68040 
bus cycles, and when it detects accesses to the 53C96 chips, it outputs the appropriate control 
signals to the 53C96 chip accessed and acknowledges the completion of the cycle to the 68040. 
Turbo SCSI supports four kinds of accesses to the 53C96 chips: Register Write, Register Read, 
Pseudo OMA Write, and Pseudo OMA Read. 

Turbo SCSl's two 53C96 interfaces have the same capabilities. Both have identical status/ 
configuration registers, and a single state machine controls both interfaces. 

6.3.7.1 Turbo SCSI Address Space: · · · · 
Turbo SCSI Channel O's address space (for access to the Channel 0 53C96) is h50XOFOOO­
h50XOF3FF. The address of the Status/Configuration Register for Channel O is hF9800024. 
Turbo SCSI Channel 1 's address space (for access to the Channel 1 53C96) is h50XOF400-
h50XOF7FF. The address of the Status/Configuration Register for Channel 1 is hF9800028. 
Address bits decoded for access to the 53C96 channels are A(31-24,17-10,8). A(10) selects 
which channel is being accessed (1 =Channel 1, O = Channel 0) and A(B) selects Pseudo OMA 
or Register Access (1 =Pseudo OMA Access, O =Register Access). 

Because OAFS II passes A(7-4) to BA(7-4), which goes to the 53C96s' A(3-0) bits, 53C96 
register access addresses appear at the second nibble. For example, to access Register 8 of a 
53C96 on Channel O, the address that should be put on the 68040 bus is h50XOF080. 

1 NCR's 53C96 is also marketed by Emulex (Emulex is actually the original designer) under the name ESP236. The 
Turbo SCSI interface is quite configurable, and therefore, is capable of controlling all of the following chips in the 
53C9x family: 53C90A, 53C908, 53C94, 53C95, 53C96. For Emulex parts, we support the ESP200, ESP216, 
ESP226, ESP236, FAS200, FAS216, FAS226, FAS236. Refer to the individual specifications for the above chips for 
more information on their respective features. 

2 10MB/s data rates on SCSI are only capable if the FAS236 chip is utilized. 53C96 chips are capable of SMB/s SCSI 
data rates. 
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FIGURE 51. DAFB II TURBO SCSI INTERFACE TO 2 53C96 SCSI CHANNELS 

To make data bus loading even on the 80(31-0) bus, it is recommended to attach the 53C96 
Channels to different byte lanes. Because of this arrangement and the 68040's lack of dynamic 
bus sizing capabilities, an access to Channel 1 must have hn address offset of 2 to put data on 
the correct byte lanes. For example, fo access Register 8 of a 53C96 on Channel 1 , the address 
that should be put on the 68040 bus is h50XOF482. 

In the Blue O/S, a duplicate address space is created for the Turbo SCSI Channels to allow for 
non-serialized 68040 access to the channels. This space is h50F4FOOO -h50F4F3FF for Channel 
O and h50F4F400 -h50F4F7FF for Channel 1. It is only recommended to use the higher perfor­
mance non-serialized pages for Pseudo OMA accesses. Caution should be exercised when 
switching from serialized to non-serialized access to ensure that all serialized accesses complete 
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r 
before the non-serialized cycles begin. To guarantee correct execution, code streams must be 
examined with the 040 pipeline in mind. One way of ensuring that all serialized accesses have 
completed before accessing a non-serialized page is to insert a NOP in the code right before 
accessing a non-serialized address. This forces all serialized accesses issued beforehand to 
complete in the correct order. 

6.3.7.2 53C96 Register Accesses: 
53C96 registers are accessed when Turbo SCSI decodes the 68040 address to be channel 0 or 
channel 1 register space. Register Writes are performed when the 68040 writes to Channel O or 
Channel 1 register space. Outputs asserted for Register Writes are WR and CSO or CS1. Regis­
ter Reads are performed when the 68040 reads from Channel O or Channel 1 register space. 
Outputs asserted for Register Reads are RD and CSO or CS1. All 53C96 registers are 8-bit wide. 
Because of the 68040's lack of dynamic bus sizing, it is recommended that all accesses to these 
registers be byte (i.e. MOVE.B) accesses. Results are unpredictable otherwise. 

6.3.7 .3 53C96 Pseudo OMA Accesses: 
The 53C96 chips provide a 16-bit OMA handshaking capabi:i;y wnich is exploited by the Turbo 
SCSI interface through Pseudo OMA accesses. The full OMA capability of the 53C96 chips is 
utilized, but it is done through direct processor control-therefore the name Pseudo OMA. 
Pseudo OMA Writes are performed when the 68040 writes to Channel 0 or Channel 1 pseudo 
dma space and the accessed channel's OREO pin is asserted . Outputs asserted for Pseudo 
OMA Writes are WR and DACK1 or DACK1. Pseudo OMA Reads are performed when the 68040 
reads from Channel 0 or Channel 1 pseudo dma space. Outputs asserted for Pseudo OMA 
Reads are DACK1 or DACK1 (The WR pin is used as a R/W line for Pseudo OMA accesses, and 
is therefore deasserted during Pseudo OMA Reads). Because of the 68040's lack of dynamic 
bus sizing, it is reeommended that all accesses to pseudo dma space be word (i.e. MOVE.W) 
accesses. Results are unpredictable otherwise. 

6.3.7.4 .Turbo SCSI Status/Configuration Registers: 
Status/Configuration registers are provided for both channels. Bit 9 is the read-only OREO status 
bit. It reflects the live state of DAFB ll's OREOO (Channel 0) or DRE01 (Channel 1) input. 
Because of the Pseudo OMA interface, it was deemed helpful to include this status bit, though the 
state of the bit should be completely predictable based on the state of the 53C96 chip. (The 
status of the OREO line is not readable through a regular 53C96 register). 

The remaining bits of the Status/Configuration registers are state machine configuration bits. 
These bits are all read/write, and though they may be changed dynamically, they are intended to 
be written at startup to setup the state machine for optimal control of each channel. This control 
is provided to allow the interface of either channel to take advantage of increased performance of 
future revisions of the 53C96 (FAS236) chip. The default settings for the configuration bits is for 
the slowest possible interface. Therefore, no programming of these registers is required (a chip 
can always be accessed more slowly than it's fastest rated speed!), though performance will be 
enhanced by matching the interface to the 53C96 chip capability. Listed below are the default 
and recommended settings for the configuration bits. 

The default settings (loaded at system reset) for Turbo SCSl's State Machine is: 
b111010001 = h1 01 
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This translates into: 
Pseudo OMA Write Oreq Check enabled (bit 8 = 1 ), 
Pseudo OMA Read Oreq Check enabled (bit 7 = 1), 
Register Access Chip Select Deassertion Pulse Width Check enabled(bit 6 = 1 ), 
5-clock Pseudo OMA Write access (bits 5-4 = b01), 
4-clock Pseudo OMA Read access (bit 3 = 0), 
4-clock Register Write access (bit 2 = 0), 
6-clock Register Read access (bits 1-0 = b01 ). 

The recommended settings for an Eclipse or Spike system running at 25 MHz with a 53C96 is: 
b111101100 = h1 EC (MOVE.L #$1EC, (AO)). 

This translates into: 
Pseudo OMA Write Dreq Check enabled(bit 8 = 1), 
Pseudo OMA Read Dreq Check enabled (bit 7 = 1 ), 
Register Access Chip Select Deassertion Pulse Width Check enabled(bit 6 = 1), 
3-clock Pseudo OMA Write access (bits 5-4 = b10), 
3-clock Pseudo OMA Read access (bit 3 = 1), 
3-clock Register Write access (bit 2 = 1), 
5-clock Register Read access (bits 1-0 = bOO). 

The recommended settings for an Eclipse or Spike system running at 33 MHz with a 53C96 is: 
b001000001 = h041 (MOVE.L #$041, (AO)). 

This translates into: 
Pseudo OMA Write Oreq Check disabled(bit 8 = 0), 
Pseudo OMA Read Dreq Check disabled (bit 7 = 0), 
Register Access Chip Select Deassertion Pulse Width Check enabled(bit 6 = 1 ), 
4-clock Pseudo OMA Write access (bits 5-4 = bOO), 
4-clock Pseudo OMA Read access (bit 3 = 0), 
4-clock Register Write access (bit 2 = O), 
6-clock Register Read access (bits 1-0 == b01 ). 

6.3.7.5 Turbo SCSI State Machine: 
The Turbo SCSI circuitry is based on a single state machine that is used for both channels. 
Outputs for each channel are derived from the states and decode information. RD and WR are 
the only outputs shared by both channels. Refer to Figure 52 to see how the states are tra­
versed. Below are the logic equations and definitions of terms that define the state machine in 
Figure 52: 

Input descriptions (Reoister Accesses): 
rd40 040 R/W signal 
decRGChx Internal DAFBll signal-register space decode of chan-
nel 
sl_rg_Chx 

rgwr3_x 
rgrd4_x 
rgrd6_x 
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State Encoding: 
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bit 1 = dack 
bit 0 = ta_tbi 

FIGURE 52. TURBO SCSI STATE MACHINE DIAGRAM 

NOTICE OP PROPRIETARY PROPllRTY 
nm INPORMATION COITTAINED HEREIN IS nm PROPRIETARY 
PROl'l!RTY OP APPUl COMIVIBR, INC. THE POSSESSOR 
AORl!l!S TO nm POU.OWING: 
(i) TO MAlNT AIN 1lllS DOCUMBNT IN CONFIDENCE 
(U) NOTTO REPRODUCB OR COPY IT 
(ill) NOTlU REVl!AL OR PUBLISH ITINWHOU!OR PART 

; 

• Apple Computer, Inc. 
® 

Sl21! DRAWING NUMBER 

A 34380128-A 

SCALE: NONE SITT 70 OF 98 



r 

) 
:•":··: .. :. 

·1 

Input descriptions (Pseudo OMA Accesses): 
rd40 040 R/W signal 
decPDChx Internal DAFBll signal-pseudo DMA space decode of 

sl__pd_Chx 

dreqSyncx 
pdwr3_x 
pdwrS_x 
pdrd3_x 

channel x 
Internal DAFBll signal-stall for 1 cycle to assure 
correct recognition of synchronized dreq (only valid 
on assertion of Status/Configuration bit 8-DRQ Check 
Write on a Pseudo DMA Write cycle or on assertion of 
Status/Configuration bit 7-DRQ Check Read on a Pseudo 
DMA Read cycle) for channel x 
Internal DAFB II signal-synchronized dreq for channel x 
Status/Configuration bit 5-Ps DMA Write 3 Clks 
Status/Configuration bit 4-Ps DMA Write 5 Clks 
Status/Configuration bit 3-Ps DMA Read 3 Clks 

State Machine Goto Terms Equations: 
RegGotoTerml 

RegGotoWSl 

RegGotoTerm2 

RegGotoWS3 

.. ··,, .-... 
PDMAGotoTerm = 

PDMAGotoWSl = 

(!rd40 & rgwr3_0 & !/decRGChO & !sl_rg_ChO) 
( !rd40 & rgwr3_1 & !/dec:PSC:: • .i.. &' !sl_rg_Chl); 

(!rd40 & !rgwr3_0 & !/decRGChO & !sl_rg_ChO) 
(!rd40 & !rgwr3_1 & !/decRGChl & !sl_rg_Chl) 
(rd40 & !/decRGChO & !sl_rg_ChO) 
(rd40 & !/decRGChl & !sl_rg_Chl); 

!rd40 
(rd40 & !rgrd6_0 & rgrd4_0 & !/decRGChO) 
(rd40 & !rgrd6_1 & rgrd4_1 & !/decRGChl); 

(rgrd6_0 & !/decRGChO) 
(rgrd6_1 & !/decRGChl); 

(!rd40 & pdwr3 0 & !/decPDChO 
! sl__pd_ChO) 
(!rd40 & pdwr3_1 & ! /decPDChl 
! sl_pd_Chl) 
(rd40 & pdrd3_0 & ! /decPDChO 
! sl_pd_ChO) 
(rd40 & pdrd3_1 & !/decPDChl 
!sl_pd_Chl); 

& dreqSyncO 

& dreqSyncl 

& dreqSyncO 

& dreqSyncl 

& 

& 

( ! rd40 & !pdwr3_0 & !/decPDChO & dreqSyncO 
! sl_pd_ChO) 
( ! rd40 & !pdwr3_1 & !/decPDChl & dreqSyncl 
!sl_pd_Chl) 
(rd40 & !pdrd3_0 & !/decPDChO & dreqSyncO 

! sl__pd_ChO) 

& 

& 

& 

& 

& 

I (rd40 & !pdrd3_1 & !/decPDChl & dreqSyncl & 

! sl__pd_Chl); 

PDMAGotoWS2 (!rd40 & pdwrS_O & !/decPDChO) 
(!rd40 & pdwrS_l & !/decPDChl); 
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6.4 FRAME BUFFER MEMORY MAP: The frame buffer is mapped into the address space for NuBus slot 9. 
OAFS II will respond to all accesses in both slot space (F9000000 to F9FFFFFF) and super slot space 
(9000000 to 9FFFFFFF). 

The memory map for a OAFS II-based frame buffer is shown in Figure 53. All valid frame buffer ac­
cesses occur in slot 9 space. There are no valid accesses in super slot 9 space, and accesses to that 
memory space will result in OAFB II asserting TEA to indicate an error condition for that bus access. 
Accesses to the unused portion of slot 9 space (F920 0000 to F97F FFFF, and F980 0400 to F9FF 
FFFF) also result in an error condition. Each of the separate addressing regions shown in Figure 53 are 
discussed in the following sections. 

F920 0000 -

VRAM 
Banks 0-3 

F900 0000 _.__ _____ _ 

/ 
/ 

\ 
\ 

"''' 

/ 
/ 

\ 
\ 

/ 
/ 

\ 

\ 
\ 

/ 

\ 

/ 
/ 

\ 

\ 
DAFB II Control 

& Status 

. -F980 0200 

.·• .. '·' ...... :: ... 

-F980 01EO 
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\.__ _________ F980 0000 

FIGURE 53. FRAME BUFFER MEMORY MAP 
; 

6.5 FRAME BUFFER VRAM: OAFB II supports frame butters with 1, 2, or 4 banks of VRAM. Each bank 
contains 512K bytes of VRAM, and is organized as 128K by 32. A number of display resolutions are 
supported for each of the VRAM amounts, as shown ear1ier in Figure 47. 

6.5.1 VRAM Addressing: A variety of VRAM bank addressing schemes are supported. The specific 
addressing scheme required depends on the specific display configuration chosen. The options are: 
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• Linear addressing. This is a simple contiguous linear addressing mode used for all configura­
tions but those with 32 bpp or convolution. A maximum of 2 banks of VRAM are used, with 
bank 0 based at F9000000 and bank 1 directly following at F9080000. 

• Row/bank interleaved. This addressing mode is used for display resolutions of 640 x 480 with 
32 bpp (with or without convolution - see the following section on 1-8 bpp convolution 
addressing for a description of the convolution process). All four banks of VRAM are required 
for this mode. Memory is organized in rows, with each row being 1024 long words (or 1024 
pixels, since each pixel is 32 bits) in length. Row 0 resides in bank 0, row 1 in bank 1, etc. , 
with row N occurring in bank N modulo 4. This configuration is show in Figure 54. Row/bank 
interleaving can be used with fast page mode operation to increase the effective bandwidth 
into frame buffer memory for graphics operations such as scrolling and block moves. See 
Section 6.5.4 for a more complete description. 

1 
RowO 
Row 
Row2 
Row3 
Row4 

~ 

Row•:I Row 478 
Row 479 

Banko 
Bank 1 
Bank2 
Bank3 
Bank 0 

Bank 1 
Bank2 
Bank3 

FIGURE 54. ROW/BANK INTERLEAVING 

._, 

• Word/bank interleaved . . This addressing .mode is used for the 832 x 624 display resolution 
wit.ti 32 bpp, and for the 768 x 576 displafresolution (PAL} with 32 bpp. All four banks of 
VRAM are required for this mode. Successive longwords in memory are located in alternat­
ing banks, with word N located in bank N modulo 2 for the first half the display, and located in 
bank (N modulo 2) + 2 for the second half of the display. This configuration is shown in 
Figure 55. Word/bank interleaving is required when data can not be clocked out of a single 
VAAM bank quickly enough (33 MHz typical limit on a single bank) to support the pixel data 
rate required by a particular configuration. 

Word O Word 1 Word 2 Word 3 Word 4 Word 831 

RowO 
Row 1 t---FF....;F....;+t---~~F....;~----F~ 1---+,,,,..,,_,.--.,.-.1 

Row2 

0Bank0 

D Bank 1 

mt] Bank 2 

R,IBank 3 

FIGURE 55. WORD/BANK INTERLEAVING 
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• 1-8 bpp convolution. Convolution is a spatial filtering operation which is used to reduce flicker 
when using a DAFB II-based frame buffer to drive an interlaced monitor (e.g., NTSC or PAL 
timing). To produce the color or grey scale value for a given pixel, a weighted average is 
calculated from its 24-bit color value (after color table lookup) and the color values for the 
pixel above it and the pixel below it. The hardware which performs convolution is located in 
the CLUT/DAC. However, frame buffer pixel data must be presented to the AC842 GLUT/ 
DAG in the proper order for convolution to work correctly. (i.e., first the pixel above the 
current pixel, then the pixel itself, and then the pixel below the current pixel. A fourth 
"dummy" pixel must also be sent to the CLUT/DAC.) When configured for 1-8 bpp convolu­
tion. DAFB II will send the correct sequence of pixel data words from frame buffer VRAM to 
the CLUT/DAC. 

Two banks of VRAM are required to support convolution with 1-8 bpp. The memory addressing is 
organized such that four display lines are interleaved, with each line being 1 024 bytes long. Even 
and odd numbered lines are inter1eaved on a long word basis, so that as the internal VRAM 
address is incremented for a bank, the first word will be from line N, followed by the first word 
from line N+ 1, followed by the second word from line N, and the second wo,rd from line N+ 1. 
(This is for internal frame buffer addressing only. The frame buffer VRAM appears "normal" to 
the 68040 processor due to address line interleaving hardware in DAFB II.) The two VRAM 
banks are interleaved such that the first bank contains line pairs that are odd and the second 
bank contains line pairs that are even. (See Figure 56.) This interleaving scheme allows the 
DAFB II video refresh hardware to access vertically adjacent pixels from four lines of the frame 
buffer memory in quick succession so they may be processed by the AC842 to produce a single 
(filtered) pixel. 

Row N X X+B X+ 16 X+24 X+32 X+2040 

) 
Row N+1 X+4 X+12 X+20 X+28 X+36 X+2044 
Row N+2 11@~@1I:11111~1~~Ifi:11j@ :M~il1§l@ i:et¥!I@i :mi±~@ifiiI i@@: iHMtt '.:R~W.?P~t . 
Row N+3 :t=X.£4.;;rn= =t'X=¥i2:;;~~;~~:;: =mx*20tm~ :Mx¥2ttf=~ =t=x:+satn r~~~~~r: tfillliili D~~o4.iP • . 
Row N+4 X+2048 X+2056 · X+2064 X.f.2072 X+2080 X+4088 

~ 1r ~ --- ---
0Bank0 ffiillBank 1 

X =Number of 1st longword in row N (bank 0) 
or row N+2 (bank 1) 

FIGURE 56. CONVOLUTION ADDRESSING 

Note that VRAM addressing is transparent to the system once DAFB II has been configured. All 
VRAM appears as a single linear address space starting at the location specified by the 'Video 
Base Address' register (see section 6.6.1) and with an offset from one row to the next as speci­
fied by OuickDraw's 'rowBytes' parameter. Consequently, the programmer need not worry what 
particular addressing mode is actually in effect. The only exception to this is with color register 
loading/reading and block writes. See section 6.5.5 below for more information on block write 
and the VRAM color registers. 

6.5.2 SAM Loading: DAFB II-supported frame buffer VRAM is dual ported - each bank includes a 256 x 
32-bit serial access memory (or SAM - it functions much like a parallel-loaded shift register) used 
to clock pixel data out of the VRAM to be sent to the AC842. The SAM is loaded via a VRAM 
read transfer cycle which loads an entire VRAM row into the SAM. The frame buffer VRAM also 
features the capability to perform a split read transfer, which only loads one haH of the SAM (i.e., 
128 32-bit words). The split transfer capability eases timing requirements when reloads occur 
during the active display time. 
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DAFB II initiates a SAM read transfer at the beginning of every horizontal blanking interval 
(except during vertical blanking). With the exception of convolution, all VRAM banks perform a 
(split) read transfer cycle in parallel. For convolution modes, depending on the row and field 
numbers (convolution requires an interlaced display), two read transfer cycles may be performed 
to different VRAM banks. If the first data to be clocked out of the SAMs is located in the second 
half of the SAM (i.e., the VRAM QSF pin= 1), then a split read transfer is performed to load the 
first half of the SAM as soon as the active video line begins. One or more split transfers may also 
be performed during the remainder of the active line if it is required to keep the SAMs filled (i.e., 
whenever OSF toggles). 

The address of the VRAM row loaded into the SAMs is determined by DAFB II based on the 
video base address, rowwords, interlace, row-interleave, and word-interleave registers, and 
internal video timing information such as vertical and horizontal blanking and row and field 
numbers. A new row address is calculated for each new horizontal line. The address is updated 
continuously in a 19-bit counter during the active video line time since a split SAM read transfer 
may be required. 

6.5.3 VRAM Refresh: Since VRAM is dynamic memory, it must be refreshed periodically to retain its 
contents. A single refresh cycle refreshes the contents of a single row, and the entire VRAM 
must be refreshed once every 8 mS. Internally, each VRAM chip is organized as 512 rows of 
256 columns, so 512 refreshes must be performed in 8 mS. DAFB II refreshes all VRAM banks 
in parallel, so only a single refresh cycle is needed to refresh all the frame buffer VRAMs. Also, 
GAS-before-RAS refreshes are performed, thus utilizing the VRAMs' internal refresh address 
counters. DAFB II performs VRAM refreshes at the start of each video horizontal blanking 
period, immediately after the SAM read transfer cycle(s} has been performed. During vertical 
blanking, when no SAM read transfer cycles are performed, refresh remains active and occurs at 
the beginning of each horizontal blanking period. The number of refresh cycles performed during 
each horizontal blanking period is dependent on the display resolution and timing, and is pro­
grammed via one of the DAFB II configuration registers (see the Frame Buffer Control Registers 
section}. ··· ·· ·· · · · ··· · .,_, .. < .. , ·.; ,.::,. ::;,, ...... ;;:, ··: .... :,, · .... 

Note: The SAMs are not dynamic memory, and therefore do not need to be refreshed. 

6.5.4 Fast Page Mode: The frame buffer VRAM features a fast page mode for quickly accessing multiple 
column locations in the same VRAM row by performing multiple CAS cycles during a single active 
RAS cycle. In page mode, the initial VRAM access to a row occurs as a 'standard' VRAM 
access. However, at the end of the cycle, RAS remains active. As long as consecutive VRAM 
accesses are within the same row (rows consist of 256 long words) the VRAM access time is 
significantly reduced since only the column address need be supplied to the VRAM. 

DAFB II provides support for fast page mode VRAM operation. Page mode is enabled or dis­
abled simply by writing to a DAFB II register (see the Frame Buffer Control Registers section}. 
After page mode has been enabled, all subsequent VRAM lead/write operations will occur in 
page mode. Disabling page mode will cause the following VRAM operations to occur as 'stan­
dard' VRAM accesses. It should be noted that just as there is a performance increase for in­
page 'hits', there is a performance penalty associated with each page 'miss' since RAS must be 
precharged before the.next row access. However, since the DAFB II register operation to 
change page mode is relatively fast (only 3 clock cycles}, page mode may be enabled/disabled 
on an operation by operation basis, thus allowing the VRAM to operated in the mode most 
efficient for the current graphics operation. For instance, drawing a vertical or steep line would 
result in consecutive accesses to different pages, so page mode should be left off to achieve best 
performance for this type of operation. However, an area fill would cause a number of consecu-
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tive accesses to the same row, so turning on page mode for this type of operation should result in 
a performance increase. 

DAFB II provides a special feature for the display resolution of 640 X 480 with 32 bpp. Since 
there must be 4 banks of VRAM to support this display resolution, and the banks are row-inter­
leaved, each bank has its own page-hit logic. Thus each bank is operated (somewhat) indepen­
dently of the others. This can benefit scrolling or moving operations which typically consist of a 
sequence of read and write cycles from different parts of frame buffer memory. In a non-inter­
leaved memory structure these types of operations would cause continual page misses since 
consecutive reads and writes would be from different pages. However, with a 4-way row-inter­
leaved memory structure, a scrolling or moving operation performs reads and writes within 
separate VRAM banks 3/4 of the time. And, since each bank{row) has its own page-hit logic, in­
page hits would occur 3/4 of the time, resulting in significantly improved average performance for 
these memory bandwidth bound operations. 

Table 12 indicates the number of clock cycles required from a system bus Transfer Start signal to 
read/write data from/to VRAM. Access times are shown for individual transactions (i.e., page 
mode off), in-page hits, and in-page misses. Both 25 MHz and 33 MHz clock speed options are 
shown. (33 MHz cycle times assume only the 'write access' wait stat6 i;:; active'.) 

TABLE 12. VRAM ACCESS TIMING 

25 MHz Operation 

Operation Single Single Burst Burst 
Type Read Write Read Write 

isolated transaction (RAS precharged) 6 5 6,3,3,3 5,2,2,2 
in-page miss (2 clock cycle penalty) 8 7 8,3,3,3 7,2,2,2 
in-page hit 4 3 4,3,3,3 3,2,2,2 

· ... .. .. . .. ' ...... ~ •. ···:< 

33 MHz Operation 

Operation Single Single Burst Burst 
Type Read Write Read Write 

isolated transaction (RAS precharged) 6 5 6,3,3,3 5,2,2,2 
in-page miss (3 clock cycle penalty) 8 7 8,3,3,3 7,2,2,2 
in-page hit 4 4 .4,3,3,3 3,2,2,2 

6.5.5 Block Write: DAFB II supports the Block Write (BW) feature found in the current generation of 1 Mbit 
VRAMs. The BW operation is capable of writing to 4 adjacent longwords in the frame buffer 
during the period normally used for writing to a single location, and is thus very useful for quick 
area fills. The data written to each of the 4 longwords is identical, and is taken from a "color 
register" located within the VRAM. 

The VRAM color register is 32 bits wide. There is a separate color register for each of the 4 
VRAM banks. A color register is loaded by writing to a special address (one for each of the 4 
banks) in the frame buffer control space (see the Frame Buffer Control Registers section below). 
The frame buffer controller translates this access into the proper VRAM memory cycle needed to 
load the color register. Once a color register is loaded, its value persists until overwritten. The 
value in the color register may also be read by performing a read operation to the same address 
used to write data to the register. 
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The address specified for a BW operation is aligned in hardware to a 4-longword boundary (i.e., 
the 2 lower address bits to the VRAM are dropped). This 'aligned' address is used to determine 
which block of 4 longwords is affected by the BW. It is possible to enable/disable the BW opera­
tion on an individual byte basis within the affected 4 longwords. Since the data written into the 
frame buffer memory locations is taken from the VRAM color register, the 32-bit data present on 
the system data bus can be used to specify which bytes are actually written to. 16 of the 32 data 
bits are used to specify which of the 16 bytes in the 4 longwords are to be written to. Data bit SN 
+ M (where N is the longword byte number [O - 3) and M is the longword number (0 - 3)) controls 
the writing of byte N of longword N. If the bit is a 1, the contents of color register byte N are 
written to the corresponding frame buffer byte. If the bit is a 0, then writing is disabled. For 
example, if the data bus contains 0000111 O 00001110 0000111 O 00001110 B, and the frame 
buffer is configured as 32 bpp under 32 bit OuickDraw, then the 'upper' byte (i.e., byte 0), or 
alpha channel, of each 32-bit pixel will be unaffected by the BW operation, and the 'lower' 3 bytes 
of the color register will be written to each of the four affected pixels. 

The effects of this byte-wise write enable can vary depending on the configuration of the frame 
buffer. Figures 57, 58, and 59 illustrate how a BW operation would work in each of 3 different 
configurations: 32 bpp, 8 bpp, and 1 bpp. 

(Note: The VRAMs also provide the capability for a 'write mask' to enable/disable writing on a bit­
by-bit basis for each of the 32 bits in a longword. The same mask is applied to all 4 longwords in 
a BW operation. Support for the write mask capability is not implemented in DAFB II.) 
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6.6 FRAME BUFFER CONTROL REGISTERS: As shown in Figure 53, the DAFB II frame buffer control space 
is divided into 4 segments: 

• DAFB II configuration and status registers 

• Swatch configuration and status registers 

• AC842 configuration registers and GLUT 

• Clock generator control registers 

Note that although the Swatch video timing block registers are physically contained within DAFB II, they 
are assigned their own distinct address space. Three other control space segments are assigned to 
the frame buffer and SCSI chips external to DAFB II: the clock generator, the CLUT/DAC, and the SCSI 
chips. The Turbo SCSI external chip control registers are located in system VO space, and are detailed 
in the NCR SCSI Controller chip specification (see section 6.8). Each of these five control space 
segments will be described in the following sections. (Note: all unused register bits are shown ~grayed­
out" in the following register diagrams. These bits may all be treated as "don1 care".) 

6.6.1 DAFB II Configuration and Status Registers: The DAFB II data bus is 12 bits wide and is resident 
on the 68040 system data bus bits 11 :O. DAFB II registers range from 16 bits wide to 1 bit wide. 
The DAFB II configuration and status registers are shown below with a description of each 
register and its address. 

I . . . 

Video Base Address Upper 16 bits of the 21 bits forming the base address of the video 
display. (The lower 5 bits are assumed to be zero.) Note that this is the lower 21 bits of the full 
32-bit frame buffer addre5s, so (for this register) the address of the first location in frame buffer 
VRAM is O (i.e, the lower 21 bits of F900 OOOOH are all zero). Since the video base address is 
over 12 bits long, it requires two of DAFB ll's 12-bit registers. The first register contains bits 20:9, 
and the seoond register contains bits 8:5. The default video base address value is OOOOH. 

\ '!··- .· 

F980 0000 · 
76 ~ L/ 1210 , 'l )/ JOt:i1\.-' 

f'(l117fl. /.~ft!~ I . -11 <> 
'1-" r 

Video Base Address, Bits (20:9) 
~ . ./ 

1vc'f is 1\ 1 '.i: 
'q 1t , .. 

( I i 

f: I i ,-z. y, l.f 0 

F 2." 1& 

xx 7' y: 1' '/.. x ")'... 
() C; 0 0 

12 0 

F980 0004 

I 0 
12 I 0 

~-- Video Base Address, 
Bits (8:5) (Bits (4:0) = 0) 

Row Words Bits 13:2 of the address offset to the next video scan lineJRowbYtes74). Default 
row words value is OOOH. · 
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Clock Configuration Multiple bit clock configuration register. This register contains a number 
of fields: 

Clock Divisor: Divisor specifying the factor by which VIDCLK is divided down to generate the 
LO signal for the AC842. 255 = divide by 1, O = divide by 2, 1 = divide by 3, etc. 

Endeavor Select: selects the Endeavor clock generator if 1, and the National DP8531 if 0. 

Pixel Clock Select (1-0): Drives three external clock generator select lines for choosing 
between the 100 MHz oscillator, programmable clock generator (National DP8531 or En­
deavor}, or TTL-level PIXCLK input to DAFB II. (Since one of the external select lines is 
simply an inverted version of another, only two bits are required to specify the state of the 
lines.} The select line encoding is: 

PIXSEL(1) PIXSEL(O) Selected Clock 
0 0 
1 0 
0 1 
1 1 

PIXCLK (AC842 ECL Glocks grounded} 
100 MHz Oscillator 
PIXCLK (AC842 ECL clocks grounded} 
Programmable Clock Generator 

The default clock ~figuration value is OOOH. 

~ 1, F980 OOOC ~ 
I . . 

8 7 6 5 4 1 0 

~~~~'~c I · .... ·. l.__'_c __ ··~_:·)-0 cv~~iv~r 
0 -::. \0tl ')lt~ Endeavor Select 

v Pixel Clock Select 01,l (}v\ ~--------------

~ \\l 
) . } if\j'-· 

(Jlf 

DAFB II Configuration Multiple bit configuration register. This register contains a number of 
fields: 

Word Interleave Enable: enables interleaving of the VRAM banks on a longword-by-longword 
basis. 1 = enabled, O = disabled. Should only be set when operating with 4 banks of VRAM. 

Row Interleave Enable: enables interleaving of the VRl\M banks on a row-by-row basis. 
1 = enabled, 0 = disabled. Should only be set when operating with 4 banks of VRAM. 

Interlace Enable: enables interlaced video. 1 = enabled, O = disabled. If interlace is en­
abled, RowWords should be set to twice the row words value that OuickDraw needs. Also, 
the active number of vertical half-lines must be odd. 

Convolution Enable: enables convolution. 1 = enabled, 0 = disabled. Interlace must also be 
enabled if convolution is enabled. Convolution with requires 2 banks of VRAM. 
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Video Refresh Enable: enables video display refresh. 1 = enabled, 0 =disabled. If video 
refresh is disabled, sync and blank will still be generated and VRAM refreshes will occur, but 
no pixel data will be sent to the AC842. 

Refresh Count: number of VRAM refresh cycles per horizontal retrace. 0 = 1 refresh cycle, 
1 = 2 refresh cycles, etc. 

GAS Pulse Width: adds one extra clock cycle (i.e., a wait state) to the width of CAS. 
1 = enabled, 0 = disabled. 

RAS Pulse Width: adds one extra clock cycle (i.e., a wait state) to the width of RAS. 
1 =enabled, O =disabled. 

RAS Precharge: adds one extra clock cycle (i.e., a wait state) to the width of RAS precharge. 
1 = enabled, o = disabled. 

Write Access: adds one extra clock cycle (i.e., a wait state) to page mode write cycles. 
1 =enabled, 0 =disabled. 

Default DAFB II configuration value is FOOH. 

12 

F980 0010 

L J 

I L Wmd lnJerieave 
Row Interleave 

----- Interlace 
.._·_._.<·-_,_'~---·: ____ convolution 

'---------- Video Enable 
~---------- Refresh Count 

--------------GAS Pulse Width 

~---------------RAS Pulse Width 
'-------------------- RAS Precharge 

'--------------------- Write Access 

Block Write Enable This single bit register enables block write operations if 1, and enables 
'standard' VRAM write operations if O. Default block write enable value is 0. 
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Page Mode Enable This single bit register enables fast page mode operations for VRAM if 1, 
and disables page mode O. Default page mode enable value is 0. 

F980 0018 

12 

L Page Mode Enable 

Sense Lines Each of these 3 bits may be written to in order to drive or 3-state the 3 monitor 
sense lines, and may be read in order to determine the state of the lines. O = sense line driven, 
1 = sense line hi-Z. The value driven onto the sense lines deperv~~ ~>n the contents of the Test 
register (default of all zeros). The default value of the sense line register is 7H. 

F980 001C 

12 

1 
LSenseO 

L.=Sense1 

'------Sense 2 

Reset Reset register. This register contains a number of fields: 

VRAM State Machine Reset: resets the VRAM controller state machines to the idle state. 
1 = reset, O = enabled. 

Video Refresh State Machine Reset: resets the video refresh state machine to the idle state. 
1 = reset, O = enabled. 

Swatch Reset: resets the Swatch video timing generator . 1 = reset, 0 = enabled. 
F980 0020 
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The default value of the reset register is 7H, i.e., all three reset lines are asserted. Each of the 
three sections of DAFB II controlled by this register must be explicitly taken out of reset by writing 
to this register in order for normal OAFB II operation to begin. The recommended startup proce­
dure is to first program all other configuration registers (except the Swatch interrupt mask register 
which should only be written to after DAFB II is fully initialized) including the AC842 and clock 
generator registers, and then to release the three DAFB II sections from reset one at a time as 
follows: 

• First, release Swatch from reset (i.e., write 3H to the reg.). 

·Second, reassert the Swatch reset (7H). 

·Third, again release Swatch from reset (3H). 

·Fourth, release the VRAM state machines from reset (2H). 

·Last, release the video refresh state machine (OH). 

At least 4 of the selected video clock (PIXCLK or VIOCLK) periods should be allowed between 
successive writes to the reset register to assure that the change in the reset state has time to 
propagate through internal synchronization circuitry. 

"**WARNING***: If an access is made to VRAM (including color registers operations) while the 
VRAM controller is held in reset, DAFB II will 'hang' without returning a TA or TEA. 

Turbo SCSI Status/Config. O Turbo SCSI channel O configuration register. All register bits are 
read/write except for OREO status, which is read only. 

Reg Reid 4 Clks ChO!Reg Read 6 Clks ChO: These two bits configure the state machine to 
allow Register Read Cycles for Channel O to be 4, 5 or 6 clocks. The settings are as follows: 

Bit 1 
1 
0 
x 

Bit 0 
0 
0 
1 

#Cycles 
4 
5 
6 (default) 

Reg Write 3 Clks ChO: This bit configures the state mach[ne to allow Register Write Cycles 
for Channel 0 to be 3 or 4 clocks. The settings are as follows: 

Bit 2 
1 

0 

#Cycles 
3 

4 (default) 

Ps OMA Read 3 Clks ChO: This bit configures the state machine to allow Pseudo OMA 
Read Cycles for Channel O to be 3 or 4 clocks. The settings are as follows: 

Blt3 
1 
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Ps OMA Write 3 Clks ChO!Ps OMA Write 5 Clks ChO: These two bits configure the state 
machine to allow Pseudo OMA Write Cycles for Channel 0 to be 3, 4 or 5 clocks. The 
settings are as follows: 

Bit 5 
1 
0 
x 

Bit 4 
0 
0 
1 

#Cycles 
3 
4 
5 (default) 

CS PW Check ChO: This bit, if asserted, configures the state machine to make sure that the 
CS deassertion pulse width is at least two clocks. If deasserted, the CS deassertion pulse 
width is at least one clock. 

Bit 6 Meaning 
1 Chip Select Oeassertion Pulse Width at least 2 clocks (default) 
o Chip Select Oeassertion Pulse Width at least 1 clock 

ORQ Check Read ChO: This bit, if asserted, configures the state machine to make sure that 
the OREO deassertion synchronization delays on Pseudo OMA Reads to Channel 0 do not 
disrupt the next cycle. Whether or not to assert this bit is based on the version of the SCSI 
chip used and the number of clock cycles for a Pseudo OMA Read for Channel 0. 

Bit 7 Meaning 
1 ORO Check on Read Enabled (default) 
O ORO Check on Read Disabled 

ORQ Check Write ChO: This bit, if asserted, configures the state machine to make sure that 
the DREo··aeassertion synchronization delays on Pseudo OMA Writes to Channel O do not 
disrupt the next cycle .. Whether or not to assert this bit is based on the version of the SCSI 
chip used and the number of clock cycles for a Pseudo OMA Write for Channel 0. · 

Bit 8 Meaning 
1 ORO Check on Write Enabled (default) 
0 ORO Check on Write Disabled 

OREO Status ChO: Read only (Writes do nothing). This bit reflects the live state of the 
OREO signal on Channel 0. Because this bit is not readable in the 53C96, it is made avail­
able here. 

Bit 9 
1 
0 

Meaning 
OREO signal is asserted 
OREO signal is deasserted 

The default Turbo SCSI channel 0 configuration value is 101 H. 
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F980 0024 

I· ···.l .. ::'.:!'.:q 9 18 17 16 15 14 13 12 I 1 I 0 I 
12 

I I I O Reg Read 6 Clks (ChO) 

~ Reg Read 4 Clks (Cho) 
Reg Write 3 Clks (ChO) 

.._ ____ Ps OMA Raad 3 Clks (ChO) 
~----- Ps OMA Write 5 Clks (ChO) 

.___ _______ Ps OMA Write 3 Clks (ChO) 
'----------CS PW Check (ChO) 

'------------- ORO Check Read (ChO) 
~----------- ORO Check Write (ChO) 

'----------------OREO Status (ChO) 

Turbo SCSI Status/Config. 1 Turbo SCSI channel 1 configuration register. All register bits are 
read/write except for OREO status, which is read only. 

Reg Read 4 Clks Ch1/Reg Read 6 Clks Ch1: These two bits configure the state machine to 
allow Register Read Cycles for Channel 1 to be 4, 5 or 6 clocks. The settings are as follows: 

Bit 1 Bit 0 #Cycles 
1 0 4 
0 0 5 

:·:~ . · x . . 1 . . 6 (default) : -:·- . 

Reg Write 3 Clks Ch1: This bit configures the state machine to allow Register Write Cycles 
for Channel 1 to be 3 or 4 clocks. The settings are as follows: 

Bit 2 # Cycles 
1 3 
O 4 (default) 

Ps OMA Read 3 Clks Ch1: This bit configures the state machine to allow Pseudo OMA 
Read Cycles for Channel 1 to be 3 or 4 clocks. The settings are as follows: 
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Ps OMA Write 3 Clks Ch1/Ps OMA Write 5 Clks Ch1: These two bits configure the state 
machine to allow Pseudo OMA Write Cycles for Channel 1 to be 3, 4 or 5 clocks. The 
settings are as follows: 

Bit 5 
1 
0 
x 

Blt4 
0 
0 
1 

#Cycles 
3 
4 
5 (default) 

CS PW Check Ch1: This bit, if asserted, configures the state machine to make sure that the 
CS deassertion pulse width is at least two clocks. If deasserted, the CS deassertion pulse 
width is at least one clock. 

Bit 6 Meaning 
1 Chip Select Oeassertion Pulse Width at least 2 clocks (default) 
O Chip Select Oeassertion Pulse Width at least 1 clock 

ORQ Check Read Ch1: This bit, if asserted, configures the state machine to make sure that 
the OREO deassertion synchronization delays on Pseudo OMA Reads to Channel 1 do not 
disrupt the next cycle. Whether or not to assert this bit is based on the version of the SCSI 
chip used and the number of clock cycles for a Pseudo OMA Read for Channel 1. 

Bit 7 Meaning 
1 ORO Check on Read Enabled (default) 
0 ORO Check on Read Disabled 

ORQ Chepk Write Ch1: This bit, if asserted, configures the state machine to make sure that 
the OREO deassertion synchronization delays on Pseudo OMA Writes to Channel 1 do not 
disruptthe next cycle.· Whether or not to assert this bit is based on the version of ·the SCSI , 
chip used and the number of clock cycles for a Pseudo OMA Write for Channel 1. 

Bit 8 Meaning 
1 ORO Check on Write Enabled (default) 
O ORO Check on Write Disabled 

OREO Status Ch 1: Read only (Writes do nothing). This bit reflects the live state of the 
OREO signal on Channel 1. Because this bit is not readable in the 53C96, it is made avail­
able here. 

Bit9 
1 
0 

Meaning 
OREO signal is asserted 
OREO signal is deasserted 

The default Turbo SCSI channel 1 configuration value is 101 H. 
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F980 0028 

I I I O Reg Read 6 Clk• (Chi) 

~ Reg Read 4 Clks (Ch1) 
Reg Write 3 Clks (Ch1) 

.__ ____ Ps OMA Read 3 Clks (Ch1) 
'-------- Ps OMA Write 5 Clks (Ch1) 

.__ _______ Ps OMA Write 3 Clks (Ch1) 
.__ ________ CS PW Check (Ch1) 

'-------------- ORO Check Read (Ch1) 
'-------------ORO Check Write (Ch1) 

'-----------------OREO Status (Ch1) 

Test Register DAFB II Test register- for testing purposes only. This register contains a 
number of fields: 

Sense Line Level: sets the level (high/low) that appears on the external sense lines when 
they are driven by DAFB II. 

VBank Test Level: sets the level (high/low) on the four VBank lines between the Video 
Refresh block and the VRAM Controller block. Note: these levels may be overridden unless 

. the VBank Test Enable bit is set to L .. ;o:.. . ·: :. 

VBank Test Enable: disables the 'normal' VBank signals, thus enabling the VBank test 
signal. 1 = normal signals disabled, O = normal signals enabled. 

XFER2 Test: when set to 1, asserts the XFER2 signal to the VRAM Controller block. This bit 
has no effect when set to 0. 

SplitXFER Test: when set to 1, asserts the SplitXFER sigi:ial to the VRAM Controller block. 
This bit has no effect when set to 0. 

RREQ Test: when set to 1, asserts the RREQ signal to the VRAM Controller block. This bit 
has no effect when set to 0. 

VREQ Test: when set to 1, asserts the VREQ signal to;the VRAM Controller block. This bit 
has no effect when set to 0. 

Swatch HalfLn Test: when set to 1, asserts the Halfln signal from Swatch's horizontal timing 
block to Swatch's vertical timing block. This bit has no effect when set to 0. 

DAFB II Version Number: version number of the DAFB II chip. These bits are read only. 

The default test register value is 200H. 
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F980 002C 

f 11 l10l 9 r111111i11111:11J 716151413 I 2 I 1 Io I 
12 L~-,--~J 

ill~ Sen'e Line Level ~ VBank Test Level 
VBank Test Enable 

.___ ____ XFER2 Test 

~------ SplitXFER Test 
'--------- RREQ Test 

.___ _________ VREQ Test 
.___ __________ Swatch Halfln Test 

~-------------- DAFB II Version Number 

Color Register Bank O Performs a 32-bit color registi:>r :peration to VRAM bank 0. There is 
no physical OAFS II register associated with this address. OAFB II translates an access to this 
address into the proper VRAM cycle for color register access. 

F980 0030 

VRAM Bank O Col~r Register Bits (311:0) 

31 0 

Color Register Bank 1 Performs a 32-bit color register operation to VRAM bank 1. There is 
no physical OAFB II register associated with this address. OAFS II translates an access to this 
address into the proper VRAM cycle for color register access. 

F980 0034 

V~M Bank 1 Col~r Register Bits (3(0) 

31 0 

Color Register Bank 2 Performs a 32-bit color register operation to VRAM bank 2. There is 
no physical DAFB II register associated with this address. DAFB II translates an access to this 
address into the proper VRAM cycle for color register access. 

F980 0038 

V~AM Bank 2 Col~r Register Bits (31'.:o) 

31 0 

Color Register Bank 3 Performs a 32-bit color register operation to VRAM bank 3. There is 
no physical OAFS II register associated with this address. DAFB II translates an access to this 
address into the proper VRAM cycle for color register access. 

F980 003C 

V~AM Bank 3 Co~r Register Bits (31'.:o) 

31 0 

NOTICE OP PROPRIBT ARY PROl'l!RlY SIZl! ORA WINO NUMBER 
lllE INFORMATION COITT AINED HllREIN IS THI! PROPRIETARY 
PROl'l!RTY OP APl'Ul COMPUTER. INC. THI! POSSESSOR 
AGREES ronm POLLOWINO: 

; 

• Apple Computer, Inc. A 34380128-A 
(i) TO MAINI' AIN TIIlS DOCUMENT IN CONFIDENCE 
("Ii) NOT TO REPRODUCE OR COPY IT 

\..("Iii) NCYTTOREVEALORl'UBUSHITINWHOU!ORPART @ SCALE: NONE 1 SHT 88 OF 98 



) 

6.6.2 Swatch Configuration and Status Registers: Swatch registers are written and read in the same 
manner as the DAFB II status and configuration registers. For more complete information on how 
Swatch register values affect video timing, consult the Swatch Specification, version 2.01, 
February 15, 1990. 

6.6.2.1 General Swatch Registers 

Swatch Mode Swatch configuration register. This register contains a number of fields: 

Swatch Enable: enables Swatch operation. O = enabled, 1 = disabled. Swatch is completely 
halted if disabled. 

VidLock Phase: sets the phase of the VIDCLK signal to which Swatch locks its timing 
generation. This configuration bit is only active when the PIXCLK input is used as the main 
DAFB II video clock. 

Horizontal Active High: 1 = HSYNC active high, 0 = HSYNC active low. Does not affect 
CSYNC output. 

Vertical Active High: 1 = VSYNC active high, O = VSYNC active low. Does not affect 
CSYNC output. 

Horizontal Load: 0 = Load horizontal counter with CNTTEST - only used for test. 

Horizontal Halt: O = Halt horizontal counter - only used for test. 

Vertical Load: O = Load vertical counter with CNTTEST - only used for test. 

Vertical Halt: O = Halt horizontal counter - only used for test. 
. .. . . . . . ' . ~ - :~ ···'. : .. 

The Swatch mode register defaults to all ones. 

F980 0100 

11 8 

12 

NOTICE OF PROPRIETARY PROPERTY 
lHBINFORMATIONCONI'AINED HEREIN IS nm PROPRIBTARY 
PROPEJnY OP APl'LI! cx>Ml'l1J'Ell, INC. TilB POSSl!SSOR 
AGIU!l!S TO nm l'OLLOWINO: 
(I) TO MAINTAIN nns DOaJMl!NT IN CONPIDENCB 
(II) NOTTO REPRODUO! OR <X>PY Ir 
(ID) NOT TO RBVBALOR PUBLISH Ir IN WHOLB OR PART 
(IV) ALL RIGHTS RESERVED 

I I lo Sw-~e 
~Vidlock Phase 

HSync Active High 
'-----L----VSync Active High 

...__-------------Horizontal load 

'-----------------Horizontal Halt 

...__----------------Vertical Load 
...__-----------------Vertical Halt 
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Interrupt Mask Interrupt mask register for Swatch interrupts. 

VBL Interrupt Enable: 1 =vertical blanking interrupt enabled, 0 = VBL interrupt disabled. 

Animation Interrupt Enable: 1 = animation line interrupt enabled, 0 = animation line interrupt 
disabled. 

Cursor Interrupt Enable: 1 = cursor line interrupt enabled, 0 = cursor line interrupt disabled. 

The interrupt mask register defaults to OH (all interrupts disabled). Interrupts should not be 
enabled until DAFB II has been programmed and all DAFB II sections have been released from 
reset (see description of the reset register). 

F980 0104 

12 

2 1 0 

11 O VBLlnL Enable 

Anim. Int. Enable 

~---- Cursor Int. Enble 

Interrupt Status Interrupt status register for Swatch interrupts (read only). 

VBL Interrupt Status: 1 = vertical blanking interrupt asserted, O = VBL interrupt not asserted. 

Animation Interrupt Status: 1 = animation line interrupt asserted, 0 = animation line interrupt 
not asserted . 

: :· ' . ·.--•-. , ··.:.,.:. ,-,.: ; .. 

Cursor Interrupt Status:· 1 =cursor line interrupt asserted, 0 =cursor line interrupt not 
asserted. 

12 

Clear Cursor Interrupt 
source. 

Clear Anim. Interrupt 
source. 

Clear VBL Interrupt 
interrupt source. 

NOTICE OP PROl'RIET ARY PROP!lRTY 

F980 0108 

2 1 0 

l1VBLlnL 
Anim. Int. 

~---- Cursor Int. 

,r 

Access to this address (F980 01 OC) clears the cursor line interrupt 

Access to this address (F980 0110) clears the animation line interrupt 

Access to this address (F980 0114) clears the vertical blanking 
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Cursor_Line This is the line of output video which will generate the cursor interrupt. It is 
specified in whole lines and is referenced from the vertical zero reference point, which is nor­
mally at the beginning of vertical sync. The cursor line register defaults to OOOH. 

12 

F980 0118 

Cursor Line (10:0) 
I I I I I 

0 

Animate Line This is the line of output video which will generate the animation interrupt. The 
first line of vertical blanking is counted as line number 0. The animate line register defaults to 
OOOH. 

F980 011C 

Animate Line (10:0) 

12 0 

Counter Test This value gets loaded into an internal Swatch counter when the appropriate load 
signal is asserted. Used for test purposes only. The counter test register defaults to OOOH. 

F980 0120 

Counter Test (11 :O) 
I I I I I I 

. :;_.. .. : .• .' .. ;. . ~- ~ 

0 

Timing Adjust Miscellaneous video timing adjustments. This register contains a number of 
fields: 

PIPED: Pipeline Delay. This parameter specifies the point in the horizontal timing at which 
pixel data from the VRAMs is started through the pixel data pipeline (VRAM to 'F399s to the 
AC842). It is equal to the number of pixel clocks from the_horizontal zero reference point at 
which the pixel data pipeline is to be started. 

ADJF1 and ADJF2: Half-line field adjustments. A special adjustment is available to suppress 
the half-lines that appear in interlaced modes. Interlaced displays typically end one field in 
the middle of a horizontal line and begin the next field in the middle of a horizontal line. For 
some applications it may be desirable for the active video to contain no half-lines. By using 
the ADJF1 and ADJF2 bits, the vertical active areas for field I and field II can include only full 
lines. ADJF1 (adjust field I) and ADJF2 (adjust field II) are used to increase the size of the 
front and back porches by one half-line from field I to field II, as shown in the following table: 
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ADJF2 
0 
1 
0 
1 

~ 

ADJF1 
0 
0 
1 
1 

Result 
No adjustments necessary 
Field II parameters are increased by 1 
Field I parameters are increased by 1 
not useful 
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The timing adjust register defaults to all zeros. 

F980 0168 

I 11 I101 9 18 1 7 16 15 14 13 12 I 1 I 0 I 

12 'o 

._I _______ PIPED 

'----~~~~~~~~~~~~~~~- ADJF1 

'--~~~~~~~~~~~~~~~~~ ADJF2 

6.6.2.2 Swatch Horizontal Timing Registers: Swatch is composed of both horizontal and 

>-
<( 

s: a 
w c:o 
I I 

vertical timing generators. The horizontal timing generator is driven from either the 
PIXCLK or VIDCLK video clock input, whichever is selected as DAFB ll's main 
video clock. Horizontal timing is specified by a number of parameters which control 
when transitions between different states in a horizontal line occur. These 
parameters and states are shown in Figure 60 below: 

I- ·: .. ·'.,.-.. '.::-;..:_ .a: ·,.,z. 
(f) a: .. 

_J a: a.. _J w u. a.. Xa_ c:o c:o <( (f) _J u. a.. (f) 
I I I I I I II 

HSYNC Breeze Color 
Pulse Way Burst 

Back 
Porch 

Active Pixels 
Front HSYNC 
Porch Pulse 

t Zero Reference Point 

FIGURE 60. SWATCH HORIZONTAL TIMING STATES 

All the Swatch horizontal parameters are specified as the number of clocks from a horizontal zero 
reference point (shown in the above figure). The zero reference point must be located within the 
horizontal sync period. 
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HSERR Where the serration pulse rises. Equal to the number of pixel clocks from the beginning 
of the horizontal sync period for the pulse in the first haH of a line. Equal to the number of pixel 
clocks from the haH line point for the pulse in the second half of a line. The HSERR register 
defaults to OOOH. 

12 

F980 0124 

HSERR (11 :0) 
I I I I 

0 

HLFLN HaH-line point where equalizing pulses or serrations fall. Equal to the number of pixel 
clocks from the horizontal zero reference point. The HLFLN register defaults to OOOH. 

12 

F9800128 

HLFLN (11 :0) 
I I I I 

0 

HEQ Horizontal equalizing pulse. Where an equalizing pulse would rise. Equal to the number 
of pixel clocks -1 from the beginning of the horizontal sync period for the pulse in the first half of a 
line. Equal to the number of pixel clocks - 1 from the half line point for the pulse in the second 
half of a line. The HEQ register defaults to OOH. 

.... ~ .. : .. .. ;-... . ~=:·:·~.:~-:.. : .. : . .'·;.: .. ~'.· ... :. ... · . ·;·. ·. ···.··:.·· 

F980 012C 

HEQ (7:0) 

12 0 

HSP Horizontal sync pulse. Where the horizontal front porch ends and the horiZontal sync 
pulse begins. The only requirement for HSP programming is that the zero reference point be 
within the horizontal sync period, so HSP should be programmed to start before the zero refer­
ence point (i.e., at the end of the horizontal line). It is suggested that HSP be programmed to be , 
one less than the number of clocks in a horizontal line. The HSP register defaults to OOOH. 

12 

F980 0130 

HSP (11 :O) 
I I I I 

j. 

0 
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HBWAY Horizontal Breezeway. Where the horizontal sync pulse ends. Equal to the number of 
pixel clocks -1 from the horizontal zero reference point. The HBWAY register defaults to OOOH. 

F980 0134 

HBWAY (11 :0) 
I I I I I I 

0 

HBRST Horizontal Burst. Where the horizontal burst gate begins. Equal to the number of pixel 
clocks - 1 from the horizontal zero reference point. The HBRST register defaults to OOOH. 

F980 0138 

HBRST (11 :0) 
I I I I I I 

12 0 

HBP Horizontal Back Porch. Where the horizontal burst gate pulse ends. Equal to the number 
of pixel clocks - 1 from the horizontal zero reference point. The HBP register defaults to OOOH. 

F980 013C 
' ... . . ~. . .. -·~ . ··.;--.: . -.; ... : 

I I 
.. .. . ' 

HBP (11:0) 
I I I I I I I I I I I 

12 0 

HAL Horizontal Active Line. Where the pixel data for a horizontal line begins. Equal to the 
number of pixel clocks -1 from the horizontal zero reference point. The HAL register defaults to 
OOOH. 
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HAL (11:0) t I I I I I I I I I I I 
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HFP Horizontal Front Porch. Where the pixel data for a horizontal line ends. Equal to the 
number of pixel clocks -1 from the horizontal zero reference point. The HFP register defaults to 
OOOH. 

12 

F980 0144 

HFP (11 :0) 
I I I I 

0 

HPIX Horizontal Pixels. HPIX is equal to the (total number of pixel clocks - 2) in a horizontal 
line. The HPIX register defaults to OOOH. 

F980 0148 

I HPIX {11 :0) I I I I I I I I I I I I 

12 0 

6.6.2.3 Swatch Vertical Timing Registers: The vertical timing generator is driven from a clock 
which is only half the frequency of the horizontal timing generator clock. However, 
vertical state transitions can only occur at intervals of half a horizontal line (i.e., at the 
beginning and middle of a line). Vertical timing is specified by a number of parameters 
which control when transitions between different states in a video field occur. These .. 
parameters and states are shown in Figure 61 below: 

a a 0 w 
w w z z 
Cl. Cl. _J Cl. Cl. >- _J co ro <( lL lL (/) I > > > > > > > 

,, ,, ,, ,, ,, ,, j 
VSYNC 

Back Back Front Front VSYNC 
Pulse 

Porch Porch Active Video 
Porch Porch Pulse 

EQ EQ 

f Zero Reference Point 

FIGURE 61. SWATCH VERTICAL TIMING STATES 

All the Swatch vertical parameters are specified as the number of half-lines from a vertical zero 
reference point (shown in the above figure}. The zero reference point is located within the 
vertical sync period. 
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VHLINE Vertical Half Lines. The total number of half-lines in one field. VHLINE is odd for 
interlaced video and even for non-interlaced video. The VHLINE register defaults to OOOH. 

F980 014C 

VHLINE (11 :0) 
I I I I I I 

12 0 

VSYNC Vertical Sync. Where the vertical sync pulse begins. For interlaced video it is 
VHLINE - 1. For non-interlaced video it is VHLINE - 2. The VSYNC register defaults to OOOH. 

F980 0150 

I VSYNC (11 :0) I I I I I I I I I I I I 
12 0 

VBPEQ Vertical Back Porch Equalization. Where the vertical back porch with equalization 
pulses begins. Referenced from the vertical zero reference point. The VBPEQ register defaults 
to OOOH. 

F980 0154 

I VBPEQ (11 :0) I I I I I I I I I I I I 
12 0 .. 

VBP Vertical Back Porch. Where the vertical back porch without equalization pulses begins. 
Referenced from the vertical zero reference point. The VBP register defaults to OOOH. 

12 

F980 0158 

VBP (11:0) 
I I I I 

0 

VAL Vertical Active Lines. Where the vertical active video area begins. Referenced from the 
vertical zero reference point. The VAL register defaults to OOOH. 

12 
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VAL (11 :0) 
I I I I I 

0 
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VFP Vertical Front Porch. Where the vertical front porch (without equalization pulses) begins. 
Referenced from the vertical zero reference point. The VFP register defaults to OOOH. 

F980 0160 

I VFP (11 :0) I I I I I I I I I I I I 
12 0 

VFPEQ Vertical Front Porch Equalization. Where the vertical front porch with equalization pulses 
begins. Referenced from the vertical zero reference point. The VFPEO register defaults to OOOH. 

F980 0164 

VFPEQ (11 :0) 
I I I I I I 

12 0 

Current Line Current active video line. This is a read only register which returns the number of 
the currently active scan line. Note that this is the number of whole lines, not haH-lines. Since 
the video timing logic is asynchronous to the register logic, this register should be read succes­
sively until two consecutive read operations return the same line number. 

F980 016C 

n1111111111111 

Current Line (10:0) 
I I I I I I I 

12 0 

6.6.3 AC842 Configuration Registers and CLUT: The AC842 CLUT/DAC is accessed at memory 
locations F980 0200 to F980 020C. However, OAFS II decodes the address range from F980 
0200 to F980 02FF, and provides a chip select to the AC842 for any accesses within this range. 
Only address bits 5:4 are actually used by the CLUT/DAC for access to its internal registers and 
CLUT, and any combination of address bits 7:6 and 3:0 result in a chip select to the AC842. The 
AC842 has an 8 bit data bus which is located on bits 7:0 of the frame buffer data bus. Therefore, 
byte accesses to the CLUT/DAC must be aligned on byte 3 of the system data bus (i.e., address 
bits 1 :0 must both be 1 ). For word or longword accesses, the upper data bus bytes are ignored. 
For further information on programming the AC842 CLUT/DAC see the Apple Computer AC842 
CLUT/DAC Specification. 

6.6.4 Clock Generator Control Registers: The DP8531 clock generator is accessed at memory loca­
tions F980 0300 to F980 033C. However, DAFB II decodes the address range from F980 0300 to 
F980 03FF, and provides a chip select to the clock generator for any accesses within this range. 
Only address bits 7:4 are actually used by the clock generator for access to its internal registers, 
and any combination of address bits 3:0 result in a chip select to the clock generator. The clock 
generator has a 4 bit data bus which is located on bits 3:0 of the frame buffer data bus. There­
fore, byte accesses to the clock generator must be aligned on byte 3 of the system data bus (i.e., 
address bits 1 :0 must both be 1 ). For byte-wide accesses, data bus bits 7:4 are ignored. For 
further information on programming the DP8531 clock generator, see the National Semiconductor 
DP8531/32/33 Programmable Clock Generator data sheet. 
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6.7 DEVICE CHARACTERISTICS FOR EACH PIN: Table 2 lists the 1/0 buffer configuration for every pin on the 
DAFB II ASIC. 

6.8 FURTHER READING: Additional information relating to this design can be found in the following documents: 

MC68040 32-Blt Microprocessor User's Manual, Motorola, 1990. 

DP8531/32133 Programmable Clock Generator Specification, National Semiconductor, 
1989. 

AC842 CLUTIDAC Specification, Apple Computer, 1990. 

IC. VRAM. 128K X 8. 1 OOns. SRI. 40-PIN. SOJ, Apple Computer Drawing Number 
333S01n-A, 1991. 

Swatch Specification. Version 2.01. Apple Computer, 1990. 

NCR 53C94. 53C95. 53C96 Advanced SCSI Controller, NCR, 1990. 
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1.0 SCOPE: This specifies the parametric requirements of a custom IC, ACb-..3; 100 MHz CMOS CLUT/DAC 
in a 68-pin PLCC package. 
Features include: 

100 MHz Pipelined Operation in 1, 2, 4, 8or16 Bits Per Pixel 
(No Convolution) 

60 MHz Pipelined Operation in Chunky Planar and 24 Bit Modes 
(No Convolution) 
15 MHz Pipelined Operation Convolution Operation in 16-bit per Pixel Mode 
Software Selection of the Internal Pixel Clock 

"\ 
· ..... 
' '·· 

..... 

Apple Convolution 
Scaled Pixel Clock TTL Output, VIDCLK, with 60 MHz range 
Chunky and 24 Bit TTL Pixel Ports 
Triple 8-bit O/A Converters 
3 x 256 x 8 Dual Port Color Table 
RS-343A Compatible Outputs 
Standard MPU Interface 

___ ............ -··-···- ... . ....... ···-····~ ... ......... 
'·, '· 

_ .................... . 
I 

/ 

PD8 1p 
PDO n 

DO 1g 
' 01 1~ 

02 14 
03 _,15 \ 

' Q4. /16 

....... _ ... ·· 
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'· / 
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··"'-... , 
'· '· ·,. 

m~ ~~ o~m ,...~~ ~o 
,... C\I ' .. ..- en ..-/ C\I C\I ,... ,... C\I M ,... ..- C\I -q- ,... · .. C\I 
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QQQQ~QQQQQQQQQQQ~ 

i 
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J / ' / \ 

/ ' 
, 

/ 
i ·, 

/ 
/ \ / ·· .. ..... . .... 

....... / ··· ... 
··• .... .... ··· 

/ ·, ,.. 
'---.J>?_ .... __ :ff/ ---

06 18 
07 19 

AGND 20 
VAA 21 

AO 22 
A1 23 

RN./ 24 
cs 25 

AGND 26 

FIGURE 1. PIN CONFIGURATION 
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TABLE 1. PIN IDENTIFICATION 

PIN NO PIN NAME DESCRIPTION TYPE 
1 PD18 Pixel Data 18 Input 
2 P010 Pixel Data 10 ln_Q_ut 
3 PD2 Pixel Data 2 Input 
4 PD25 Pixel Data 25 Input 
5 PD17 Pixel Data 17 lnQ_ut 
6 P09 Pixel Data 9 lnp_ut 
7 PD1 Pixel Data 1 ln_.12._ut 
8 PD24 Pixel Data 24 ln_Q_ut 
9 PD16 Pixel Data 16 ln_Q_ut 

-·- 1--_1_0 ___ +-_P_o_a _______ P_i_xe_l_D_a_ta_a ______ _._ __ 1_n_Q1._u_t ____ ~ 
11 POO Pixel Data O ln_.12._ut 
12 DO Data Bus 0 ln_Q_uVOu!Q..ut 
13 D1 Data Bus 1 ln_E?..uVOu!Q._ut 
14 D2 Data Bus 2 ln_Q_ut/Ou!Q..ut 
15 D3 Data Bus 3 ln_E?..ut/Output 
16 ··-·· D4 Data Bus . .4.-....... ln_QUt/Output 

}? .--····' D6·... Oata Bus·-6 · ..... , :S: ~t'/OTf!Q._ut 

/ 19 / \ D7 '\_ _.,.Data Bus 7 ' lhpulLQH.!e_ut 

/I 20 , \ AGND \ / AnaloJiGround '. ' l~t \ 
21 : V AA \ ' AnalOJi. Power l~ut ' 
22 'AO Command Control 0 ~ l~ut 
23 'A1 Command Control' 1 l11Q.ut 
24 \RJW i Read/Write Control IQQ.ut 
25 ' [CS Ch.!e_ $elect Control , ln_Q.ut 
26 AGND ; Analo_g_ Ground ; l'"!Q_ut 
27 i!OR i Red Video Curren~ ' Ou!E_ut ! 
28 ilOG ! Green \Video Current i Ou!E_ut l 
29 !108 i , Blue Video Current f OutQ_ut l 
30 )AGND ! \ Analon\Ground 1 ! lnnut ' ,_t---~t----t--T------!---t-....,...._-~~....,._--__,;----_,__-t-__ ~~----;-;--~ 
31 f VAA / \ Analo_g_\power / lnp_ut i 

'· 32 \ / V AA L·' Analog Rower .' .·,. ln_Q_ut _ _; ..................... ~ 
··33 ........ ,/ COMP CdTI]Q_ensaHoo·· // lnJ:>..ut l 
34 '-------....... -----···VREF Voltage-·Reier.enee~· Outpor······················· ························' 
35 FSADJ Full Scale Adjust Control lnQ_ut 
36 AGND Analo_g_ Ground ln_.12._ut 
37 VAA Analo_g_Power ln_Q_ut 
38 CLK Clock Differential ln_Q_ut 
39 CLK Clock Differential ln!Lut 
40 SYNC Comoosite ~nc Control lnQ_ut 
41 BLANK Comoosite Blank Control lnJ:Lut 
42 LO Load Control ln_Q_ut 
43 VAA Analo_g_Power ln_E?..ut 
44 AGNP Anal~ Ground ln_Q_ut 
45 VIDCLK Video Clock Ou!Q._ut 
46 PD31 Pixel Data 31 ln_E?..ut 
47 PD23 Pixel Data 23 lnQ_ut 
48 PD15 Pixel Data 15 ln_E?..ut 
49 PD7 Pixel Data 7 Input 
50 V AA Analo_g_ Power ln_Q_ul 
51 AGND Analog_ Ground Input 
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J 

·aABLE 1. PIN IDENTIFICATION (CONTD, 

PINNO PIN NAME DESCRIPTION TYPE 

52 PD30 Pixel Data 30 ln..12_ut 
53 PD22 Pixel Data 22 lrm_ut 
54 PD14 Pixel Data 14 ll}Q_ut 
55 PD6 Pixel Data 6 l~t 
56 PD29 Pixel Data 29 IQQ_ut 
57 PD21 Pixel Data 21 ll!Q_Ut 
58 PD13 Pixel Data 13 l~t 
59 PD5 Pixel Data5 lr£Ut 
60 P028 Pixel Data 28 Input 
61 PD20 Pixel Data 20 IQQ_ut 
62 PD12 Pixel Data 12 IQQ_ut 
63 PD4 Pixel Data 4 ll}Q_Ut 
64 PD27 Pixel Data 27 ln_Q.ut 
65 P019 Pixel Data 19 I~ 
66 PD11 Pixel Data 11 Input 
QJ---·-··-···-. .. -- PD3 Pixel-·D::ita·3--.. __ Input 

/68 "P.026 .Pixel D.ata-2.6 '·· , . .lOP..ut.----.... -·-·~- ........ "".. 

l 
PIN N'~ME 

'· 
BLANK -.... < .. 

. 

SYNC 

LO 

' 

7 '· 
' ., 

\ 

\ 

i 
: 

/ 

.. .•·· ·. ·, 

.. ··· ~ 

: 
.·"' 

TAJLE 2\ PIN oesbRIPTIONJ 
.! ... ' : 

DESqRIPTIOti 
/ 

\ 

'· 

'· ., 
\ 

· .. 

/ 
/ 

l 
/ 

............ .- ..... ,_ 
~ 

\,_ CqmPosit~·blank control inpbt (TTL.cpmpatible) .. A'iogic zero driyes··the-·~nalog outputs··········: 
··,,, •. -fo-th~_.b13nking level, as illustratedJ.11 Ta6ie 10 .... 1·t is latched on t~ .. f.i$.if.l.9..~0m~.QL. ..................... ; 

·····vrDCLK. When BLANK is a logical ze·ro;··the pixel inputs are ignored . 

Composite sync control input (TTL compatible). A logical zero on this input switches 
off a 40 IRE current source on the IOG output (see Rgure 11). SYNC does not 
override any other control or data input, as shown in Table 10. Therefore, it should be 
asserted only during the blanking interval. It is latched on the rising edge of VIDCLK. 

Load control input (TTL compatible). The PD[31 :0) inputs are latched on the rising 
edge of LO. The LO frequency depends on the format of pixel data, the number of 
bits per pixel, and whether convolution is enabled or not. LO may have any duty 
cycle, within the limits specified by the A.C. Characteristics section. If CLK and 
CLK are tied to AGND, LO becomes the master clock input (this mode of 
operation is recommended for PACKED CONVOLUTION or 24-bit convolution when 
the frequency of VIDCLK is greater than SO MHz). 
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i 

I 

r 

PIN NAME 

PD(31:0] 

TABLE 2. PIN DESCRIPTIONS (CON-

DESCRIPTION 

Pixel data inputs (TTL compatible). These inputs are used to specify pixel data in one 
of two formats, chunky or 24 bit. Chunky data specifies pixels from 1 to 8 bits per 
pixel. Thus each chunky word can contain from 4 to 32 pixels. Note that the high 
order, or more significant chunks are displayed first. 24 bit data contains one 24 bit 
pixel with P0(31:24) ignored. The pixel data inputs are latched on the rising edge of 
LO. Unused inputs should be connected to AGND. 

IOA, IOG, IOB Red, green, and blue video current outputs. These high impedance current sources 
are capable of directly driving a doubly-terminated 75Q coaxial cable (Figure 16). 

VAA 

AGND 

COMP 

Analog power. All V AA pins must be connected. 

Analog ground. All AGND pins must be connected. 

Compensation pin. This pin provides compensation for the internal reference amplifier. 
A O .1 µF ceramic capacitor must be connected between this pin and V AA. (Figure 16) 

/ -··-·connecting the capacitor to VAA,ratfTe-rthar.t.to AGND provides the highest po.ssffilj3 
....... / i .-·····~~er supply noise rejectia,_?·_,....... //-···-,, '·-. .. "'-.. r--·-··-------/' ! 

FS ADJUST I Full\scale aciwst control,/A resist.or (RSET)\connect~d betweert1hts·pin,and AGNQ 
controls the magnitude/of the full! scale videb signal {Jlijgure 16). Note t~at the IREj 
relationship in F.igure :11 are maintained, regardless of.lhe full scale outRut currentj 

/ f 

VIDCLK 

The ~elationship:betWeen RSET and the full\scale outp4t current on IOG is: 1 

1l. For a 75~RJBlanking p~destal . '. ! I 
! IOG (MA)l= 1p628/RSE11(ohms) ~ j ! l 

Tue full seal~ output currentlon IOR and IOB for a g1ven RSET is: ! l 
l IOR, IOBf(MA~ = 9734.5/~SET (ohm~). f l j 

2. For a 0 (RE Blanking pe~estal I ! I 1 
i IOG (MA)= 13S48/ASET\(ohms) I ! 1 1 
The full s~ale outpUt, current Qn IOR an~ IOB for ,a given RSET is : l ~ 

, f IOR,JOB {MA)= 9734.5/R$ET (oh~s} / j \ 
'·-. ......... ·'·/ ./L. ..'· ....... .__ .......... ···/ , ...... -'° : / '.. ··~ 

,_ '\/olt~gE(reference pin. This is11:l..~ output of_.t,he internal band gap.r.~tenmc.e .•.... A.,9.J..J.!.f ....... .i 
--- ····-c·apacitor should be placed betweerf ftii~f pin and v AA. Alternatively the internal 

reference may be overdriven by an external reference with a sufficiently low valued 
pull-up resistor. 

Clock inputs. These differential clock inputs are designed to be driven by 
ECL logic configured for single supply (+5 volt) operation. The clock rate is typically 
the pixel clock rate of the system or four times the pixel clock rate in convolution 
modes. If CLK and CLK are tied to GND", LO becomes the master clock 
input (this mode of operaJion is recommended for PACKED CONVOLUTION or 24-bit 
convolution when the frequency of the internal clock and the frequency of LO are 

greater than 50 MHz. • GND defined as < TTL V1L (0.8V) 

Clock output. This TTL compatible output is programmable to generate the CLK 
frequency divided by a scale factor programmable to 1, 2, 4, or 8. This signal must be 
buffered. VIDCLK is optimized to drive 12 inches of trace (20 pF) and one load ( 1 O pF) 
totalling 30 pF at 60 MHz operation when ECL clocks are grounded and LO becomes 
the master clock input. SYNC and BLANK are latched into the device on the rising 
edge of VIOCLK. 
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........ 

0.25 
[.010] 

1.5 [.06] 
MIN -H-

0.64 
[.025] 

MIN -'-----~ 

f, 

DETAILJ 

H 
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MILLIMETERS INCHES 
DIM Ml.ti MAX MIN_ MAX 
A 4.20 5.08 0.165 0.200 
A, 2.29 3.30 0.090 0.130 

D 25.02 25.27 0.985 0.995 
D, 24.13 24.33 0.950 0.958 

D2 22.61 23.62 0.890 0.930 

D3 20.32 REF. 0.800 REF. 

E 25.02 25.57 0.985 0.995 
E, 24.13 24.33 0.950 0.958 

E2 22.61 23.62 0.890 0.930 

E3 20.32 REF. 0.800 REF. 

F 1.07 1.22 0.042 0.048 
G 0.66 0.81 0.026 0.032 
H 0.33 0.53 0.013 0.021 . ....--: 
J 0.64 1.14,_.....-· 

,. 

0.025"' -0..045 
'·. 7 '·,PLCC:.Qa 

NOTES: / / /;> , . ' ' / ; ', c=~~--/ ! 
1. ALL·D1MENs10Ns AND toLERANcEs coNFORM ro ANs1 Y14.sM-19s2. \ 
2. DATUM PLANE -H- LOCATED AT TOP OF MOLD PARTING LINE AND COINCIDENT WITH TOP OF\LEAD, 

3. ~:T~R~L~DAi=;~T:-~is~~ g~~~Mi.NED WHE~E CENTER LEADS EXIT PLASTIC BODY AT DlTuM 
PlANE -H-. . . . : l . . i l 

4. TO BE DETE~MINED AT\SEATING ~LA~E-C-. l j l 
5. TRANSITION iS OPTIONAL i \ i i l 
6. PLASTIC BODY DETAILS BETWEEN LEADS ARE OPTIONAL. ! l 
7. DIM~NSIONS\01 AND EJ DO NOT/NCLUQE MOLDfROTRUS)ON. ALL¢WABLE MOLD ~ROTRUSIPN IS 

254f'010J ; : j \ : ! / j : 
.. .. • \ 1 i ·...... ': I / ~ : 

8. DETAf~S OF Pt,N 1 IDEN:TIFIER.ARE OPTIONAL BUT MUST Bt LOCATED WITHIN ONE OF THE Z~ES 
INDICAT-ED. \ / .. -..... ·-........ . . ·' ...... , .......... -···' ·-············ 

9. LOCATIONTP DAiur;As -NANO -B- TO BE DETEHMINED"At.PLANE -H-. :. ..................................................... ·-·····' 
10. EXACT SHAPE'OF'THIS,FEA TURE IS OPTIONAL. --- .. 
11. THESE TWO DIMENSIONS DETERMINE MAXIMUM ANGLE OF THE LEAD FOR CERTAIN SOCKET 

APPLICATIONS. IF UNIT IS INTENDED TO BE SOCKETED, IT IS ADVISABLE TO REVIEW THESE 
DIMENSIONS WITH THE SOCKET SUPPLIER. 

12. CONTROLLING DIMENSION: INCH. 

NOTICE Of' PROPRIETARY PROP£RTY 
TI II; L'"FOIL"IA TION CO ITT AIN ED HERPJN IS Tl IE PROPRll:.I ARY 
PROPERTY OF APPUl COMl'IIffiR, INC. Tl IE POSSF.SSOR 
AGREES TO TIIE POU-OWING: 
(i) TO MAC.I AIS Tl llS DOCUMENT IN CONJ-1DF.NCE 
(ii) l'OT TO RF.PRODUCE OR COPY IT 
(iii) l'OTTO REVEAL OR l'\JRl.JSll IT IN WllOl.EOR PART 

FIGURE 3. DIMENSIONS (CONT) 

; 
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( 

2.0 APPLICABLE DOCUMENTS (latest revision): 
MIL-ST0-202 Test methods for electronic and electrical component parts. 
MIL-STD-883 Test methods and procedures for microelectronics. 

3.0 REQUIREMENTS: 
3.1 PHYSICAL: 

3.2 

3.1.1 PACKAGE: Void free plastic 68-pin PLCC package. Dimensions per Figure 3. 
3.1.2 MARKINGS: Manufacturer's name or logo and manufacturing date code, Apple 

part number, current revision level, mask and copyright symbols, year and 
Apple name or logo. 

EXAMPLE: 343S1075-A 

@© 1991 Apple 

3.1.3 SOLDERABILITY: Leads solderability must meet MIL-STD-202, Method 208. 
Prior to test, the devices shall be subjected to steam aging for a period of 8 hours. 

EL!::,J:!:i!CA.k:. _ ... ---··~····-·--.. /: 
3.2-.1 ELECTROSTATIC DISCHARGE-SENSITIVITY~ The minimum electrostatic __ ,.,. ... 
. / /'Ciisch,arge Vo~age per pin is ±2000 vpffs.as'specifleq in MIL-STD~;-··-------

/ Method 301s:·3 (i.e., c = 190 pF, R,;;, 1.SKQ)\ \., L.. ............ , 
3.2.2' LATCH-UP TEST: The r:riinimum latch-up current for all pins except grouf,ld 

is SOmA in both pqsitive_,~md negative directio~s. This applies to full ' 
temperature and f)ower;supply ranges. · 

3.2.3 PIN CONFIGURATION: Per Figure 1. 
3.2.4 PIN IDENTIFICATiONt Per Tabl~ 1. 
3.2.5 PIN DESCRIPTION: Per Table 2t 
3.2.6 BLOCK DIAGRAM: Per Figure 2. 
3.2.1 ABSOlUTE MAXfMU~ RATING$: Per Tabl¢ 3. 
3.2.$ RECOMMENDEO.OPERATING CONDITIONS: Per Ta~le 4. 
3.2.9 STATIC PARA~TERS: Per Tab1e 5. . / i 
3.2.1\o DYNAMIC PARAMETEA.s: Per T~ble 6, Fig~res 4, Sa,-... and Sb. i 

3.3 ENVfRONMENTAL: 1 1 
\_ \ .! / ! 

'· ·.,3.3.1 \ REStSTANCE TO SOLDERlNG HE-AT: / // .j ' 
·· .... , ···a)·- .. Waveo"r hand soldering: Wit.ha 10(}9.C·prel}e-aJ for 20 second~· ... t"h"e components ··-···········: 

'··---.......... .-sflafl be totally immersed in moltefl.so.lder;·260 ± 3°C for 7 ± 1--s-econct·p~?r ................................. ) 
MIL-STD-202, Method 210, condition B (Per Figure A). 

b) · IA reflow solder: Preheat at 3°C/sec to 150°C, and using 60/40 solder, IR at 240°C for 
30 seconds (Per Figure B). 

c) Component must withstand two (section 3.3.1.b) IR reflow solder cycles with a cool­
down in between. 

d) Component must withstand one (section 3.3.1.b) IA reflow solder cycle followed, after a 
cool-down, by a (section 3.3.1.a) wave or hand soldering cycle. 

After resistance to soldering heat test, there shall be no evidence of leaching or 
cracking and the parts shall meet all electrical and mechanical specifications. 

NOTIC!i OPPROPRJETARY PROPERTY 
TI IE C-"FOR."lA TION COITT AINF.D llEREIN IS nm PROPRIET AR y 
PROPERTY OF APf'Ui COMPl!ll;R. INC. TIIF. POSSESSOR 
AGREES TOTIIE POLLOWING: 
(i) TO ~IAIN TillS OOCUMFXT IN CONl'IDF_'ICE 
(u) !'OT TO RF.PRODUCE OR COPY rr 

\. (iii) NUT TO Rl:.VEAL OR PURl.ISll IT IN WllOl..E OR PART 

~ 
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T 
(OC) 

260 

100°c ---

20S 7S 

RESISTANCE TO SOLDERING HEAT PROFILES 

Cooling in 
Still Air 

~-----

T 
(oC) 

240 

looting in 
Still Air 

Preheating_/ $!lid~ 
......... ·· ..... Solde~ ~~ 

·-. 

FIGURE .. ~ ... WAf.EiHANO SO'i.P~RING .. ······ 

/ ' I ~ 

4.0 

5.0 

! ! . ~ 
3.3.2 ~ CLEANi,NG: Parts. must ~e washable in standard flux removal solvent andimust 

not trap any cleaning liqtfids. 

QUALITY ASSURANck PROVISIONS: Parts sh~ll be inspected to assurle compliance tolthe 
requirements of this sp~cification. l l . : i 

I?ACKAGIN:G: Parts s~all be packige~ according lo requirem~nts specifi.~d in purchase Jder for 
safe deliverY at Apple or Apple designated contractpr. (Parts requiring Tape & Reel shall rheet 
t~ proper l';ape & Ree' specificat,rbn pe~,ihe purch~se order.) ! / ! 

\ ! / \ \ i / ! 
.......... ; ./... ·,. / j 

. ..... .. ... 
·······<.. '-... ............... ···........ ........... rOHOOOOOO __ .... / .... _00000000064: 

·., ·· .. ~............. _,.·· ...... , _,,..· j l 
................... ............... ..... ! .............................................................. , 

NonCE OP PROPRIETARY PROPERTY SIZI! DRAWING 1''\JMBER 
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l\BLE 3. ABSOLUTE MAXIMUM RATlf'' - ; 

SYMBOL PARAMETER MIN MAX UNITS 

VAA Analog Power Supply 7.0 Volts 
(measured to AGND) 

Voltage on any Digital Pin AGND -0.5 VAA +0.5 Volts 

ISC Analog Output Short Circuit Duration indefinite 
to any Power Supply or Common 

TA Ambient Operating Temperature -55 +125 oc 

TS Storage Temperature -65 +150 oc 

TJ Junction Temperature +150 oc 

PO o:· .• er· Oiss!Q_ation 2100 mW 
P02 ............. --··-Power. Dissipation, Low-PowerJv1otfe ... ..................... 1700 mW 

/ .. -
,...-, 

~· ~ 

Note: ~tre~e~·~~ve trn:·se·'l!.sted under "Ab.~olut~ ~~x·;~~tn Ra~'irig?" may cau~~--~;.;·~ent I 
d(lmage to .the device~ This isa stress rq:(ing only !and functional operation of the device '~t these orjany 
other conditions above those listed in t~ operational sections of this specification are not implied. ! 
Exposure to absolute maximum rating conditions for extende9 periods may affected device reliability. 

SYMBOL 

VAA 
TN 
RL 

•. 

RSE1\ 
VREF ···· ..... 

SYMBOL 

I 

IL 
DL 

T'f'BLE 4. R~CtjMMENDEq OPERATING CONDITIONS 

PARAMEfER 
' 

Power Subo!Y. 
J 
/ 

Ambient Q_Q_eratin_g_;Tem_Q_erature 
i Ou!Q_ut Ldad i 

\ 

\FS Adlust Resist6r 
\. 

Reference V9ltage (External) ·· ..... 

.. ··"" 

··. 

l\i11N 

4.75 
d 

. 

' 

.. 

·-. ...... 

T\YP 

$.00 

37.5 
,511 / 

1.295·· ·~OHO" 
.. 

TABLE 5. STATIC PARAMETERS 

MAX 

$.25 
/+70 

/ .. 

UNIT~ 
Volts l 
oc j 
Q ; 

' 
Q ' 

r·--·v ·-

Test conditions (unless otherwise specified) 
"Recommended Operating Conditions" See Table with RSET = 511Q 
The above parameters are guaranteed over the full temperature range 

Blank Pedestal= 7.5 IRE, VREF = 1.235V 

PARAMETER MIN MAX UNITS 
. 

Analog Outputs 
Resolution (each DAC) 8 8 Bits 
Accuracy (each DAC) 

Integral Linearity Error 1 LSB 
Differential Linearity Error 1 LSB 

Gray Scale Error ±5 % Gray Scale 

\ 

Nona;; OF PROPRIETARY PROPERTY SIZE ORA WINO NUMBER 

..... -........... . 

11 IE INl'OR.'l.4A TION CONTAINED I UiREIS IS TI IE l'ROl'RllIT ARY 
PKOPERTY OF APPLE COMPl!TER, INC. TI IE l'OSSF.SSOR 
AGREES TO 11 IE f'OIJ,OWll'IO: 
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(iii) NOT TO REVF..AI. OR l'\JBUSll IT IN WI 101.F.. OR PART 
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,, 
TABLE 5. STATIC PARAMETERS (CONT'D, 

SYMBOL PARAMETER MIN 

Digital Inputs 
(except CLK, CLK, when 

VIH 
VIL 
llH 
Ill 
CIN 

CLK is not tied to AGNO) 
Input High Voltage 
Input Low Voltage 

2.0 
GND-0.5 

Input High Current (Vin = 2.4V) 
Input Low Current (Vin= 0.4V) 
Input Capacitance (f = 1 MHz, Vin = 2.4V) 

Clock Inputs (CLK, CLK) 
VKIH Input High Voltage VAA-1.0 
VKIL Input Low Voltage GND -0.5 
IKIH Input High Current (Vin = 4.0V} 
IKIL Input Low Cl:lrrent (Vin = 0.4V} 
CKIN lpput--Cap~citance (f = 1 MHz, Vin = 4.0YJ._. -·······-. _,... ........ ...... .. .. 

. / .......... . ..... . 
DigitafOutputs .... 

/ i " ' VOH _, Output High Voltage 
VOL ,./ butput Low Voltage\ 
IOH ;output High Current \ 

. 0 [7:0] " 

. VIDQLK 
Output Low Current 

' 0 (7:0] 
VIDQLK i 

IOZ\ 3-state Currenti 1 

COO.UT OulJ>ut Capacit,~mce f 
\ . • j 
' ! ~ : ; l 
\ Internal Refer~nce Voltage 
·\ Ref~rence Te~pco / 

IOL! 

/ 

.······· 
...... ,,.,.--............. 

' 
/' 2.4 \ 

400 
800 

3.2 
4 

1.18 

.' 

··~ 

' ' : / 
t-.. AQalogOuf'puts ,.,../ 

....... .... ... . " -...... -· __ ..... 

voe 

RAO UT 

• ·0o1put--cuiTent 
White Level Relative to Blank 
White Level Relative to Black 
Black Level Relative to Blank 
Blank Level on IOR, IOB 
Blank Level on IOG 
Sync Level on IOG 
LSB Size 

DAC to DAC Matching 

Output Compliance 

Output Impedance 

..... ... ................ . ~-············ ..... _,.,,,. .. 
17.69 
16.74 
0.95 
0 
6.29 
0 
65 

-1.0 

CAO UT Output Capacitance (f= 1 MHz, IOUT = O mA} 

NOTICE OF PROPRIETARY PROPERTY 
TIIE 11\"R)f(MATION CONTAINED HEREIN IS TIIEPROl'KIETARY 
PROPERTY OF APl't..E COMP\TTF.R. INC. 11 IE POSSESSOR 
AOR.EF.S TO TIIE FOU.OWINO: 

~ 

MAX 

VAA+0.5 
0.8 
1 
-1 
10 

VAA+0.5 
VAA-1.6 
1 
-1 
10 

' OA 

10 J 10; 
1:26 

,0.2 
/ 

20.40 
18.50 
1.90 
50 
8.96 
50 
73 

5 

+1.2 

50 

20 

SIZE 

A 

UNITS 

Volts 
Volts 
µA 
µA 
pF 

Volts 
Volts 
µA. 
µA 
pF 

:·-··----------
1 Volts ···voiis·> 

' j 
µA ' 
µA 1 

! 
A ! 
~! 
µA I 
::HS I 
mvrcJ 

......... -; 

I 
' r········-··-' -·-···········, 

I . 
!-. ............................................................. ; 

mA 
mA 
mA 
µA 
mA 
µA 
µA 

% 

Volts 

Kn 

pF 

DRAWINO NUMBER 

343S1075-01 
(i) TO ~"1' A1N TillS DOCUMFJ(T IN CONFIDENCE 
(ia") NOT TO REPRODUCE OR COPY rr 

'(iii) NOT TO REVF..AL OR l'IJBUSll rr IN WllOUl OR PART 
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TABLE 6. DYNAMIC PARAMETERS 

SYMBOL PARAMETER 

Fmax 
LO max 

Clock Rate 
LO Rate (See Note 1) 

1 R/W, AO, A 1 Setup Time 
2 R/W, AO, A1 Hold Time 

3 CS Low Time 
4 CS High Time 
S CS Asserted to Data Bus 

Driven 
6 CS Asserted to Data Valid 
7 Negated to Data Bus 3-Stated 

8 Write Data Setup Time 
9 ·;~·1ite'Data Hold Time ........... -......... .. 

,,,.. ..... .. ....... ·· 
•'1 o ......... -.PixefData Setup Time .... 

.// 11 / ~ixel Da:t~ Hold Time_/.. , 

/,. 12 ! SYNC and .. BLANK S~tup Time 
13i SYNC and B\-ANKj;old Time: 

: : 

14: Clock Cycle Time/ 
: 

1Si Clpck Pulse Width High Time~ 
16\ Clock Pulse Width Low Time ~ 

; l ~ : 

17\ IJt Cycle Tirr/e . 
T 

18\ LO Pulse Wibth Hi~h 
DP Pulse Width Lo~ 

FIGURE 
NO. 

-
-

4 
4 

4 
4 
4 

4 
4 

4 
4 ....... -............. 

/ ·sa-- ., 
Sa \ 

Sa 
Sa 

Sa 
Sa 
Sa 

Sa 
Sa 
Sa 

'· 

: 

: 

MIN/ 
MAX 

max 
max 

min 
min 

min 
min 
min 

max 
max 

min 
min 

' ·'min 
'" mm 

'· 
... 

min 
min 

min 
min 
min 

min 
min 
min / 19 \ ·, (~ee note/t} ' \ 

l 

'· '· '· 

'·· 
··. i / 

.... 

... , ... ...... ...... ... .•· 
<20 '-..... - .··VIDCL:::K Cycle Time ·...... . .5..a. .. .min 

21·-----····-·· .. .V..IDCLK Pulse Width High '-----..... ~? ...... -...-· min 
22 VIDCLK Pulse Width Low Sa min 

23a 

23b 

24 
25 
26 

VIDCLK to LO Delay Sa 
(When VIDCLK used to 
generate LO) (See note 1} 
LO to VIDCLK Delay (when 
LO is used to generate VIDCLK Sb 

Analog Output Delay -
Analog Output Rise/Fall Time 
Analog Output Settling Time 
Clock and Data Feedthrough 
Glitch Impulse 
OAC to DAC Crosstalk 
Analog Output Skew 

Pipeline Delay 

Sa 
Sa 
Sa 

NOTICE OP PRQPRIET ARY PROPERTY 

~ 

min 
max 
max 

min 
max 
max 
max 
max 
max 
max 
max 
max 

min 
max 

TIIF. ll'lfOR.."IATION CONTAINEDllEIUilN IS TIIEPROPIUhlARY 
PROPERTY OF APPUi COMPIJTER. !?IC. TI IE POSSESSOR 
AGREES TO TIIE RX.LOWING: 
(i) TO MAJt-1 A1N TillS DOCUMENT l?I CONl'lDl'.NO! 
(ii) NOT TO REPRODUCE OR COPY IT 

• Apple Computer, Inc. 
® 

(iii) NOT TO REVEAL OR PlJBUSll IT IN WHOLE OK PART 

' 

' 

i 

VALUE UNITS 

100 MHz 
64 MHz 

0 ns 
15 ns 

50 ns 
25 ns 
7 ns 

7S ns 
1S ns 

3S ns 
0 ns 

3 j_ns. .. --------/-· 
2 l ns '· .......... .,,,. 

5 ns 
2 ns 

10 ns 
4.2 ns 
4.2 ns 

1S.62 ns 
s 
5 

30 
12 
12 

2 
10 
1S 

s 
12 
20 
2 
8 
-23 
7S 
-23 
2 

6 
102 

Sl7E 

A 

ns 
ns 

[" ··ns-·-/ ---············ 
i. .. ns. ..................... ····························' 

ns 

ns 
ns (Note 6.) 
ns 

ns 
ns 
ns 
.ns 
ns 
dB 
pV-sec 
dB 
ns 

Clocks 
Clocks 

DRAWING NUMBER 
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TA ; 6. DYNAMIC PARAMETERS (CONT'( 

SYMBOL PARAMETER FIGURE MIN/ VALUE UNITS 
NO. MAX 

IAA V AA Supply Current - max 420 mA 
(See Note 2) 

IAALP V AA Supply Current - max 275 mA 
Low Power Mode 

Test conditions (unless otherwise specified): "Recommended Operating Conditions (See Table 4}" 
with RSET = 5110. TTL input values are 0 to 3 volts, with input rise/fall times~ 3 ns, measured between the 
10% and 90% points. ECL input values are VAA- 0.8 to VAA-1.8 volts, with input rise/fall times~ 2 ns, 
measured between the 20% and 80% points. Timing reference points at 50% for inputs and outputs. Analog 
output load~ 10pF, 0[7:0) output load~ 50 pF, VIDCLK output load~ 30pF. See timing notes in Figure 8 . 

. As the above parameters are guaranteed over the full temperature range, temperature coefficients are not 
specified or required. 

NOTES: ,.---·-··-··········... . .. ··········-·······-.. ,,.-·-, 
1. Clock and.<fata fe.edthfougf'i·is a function of the a¢i.i.nt 9t.o.v~rshoot,and undershoot on ~~ . .Qigitarfnpu*'. 

For thi~ test, U~ TTL digital inPt,Jts have a 1 K!_}--fesisto(to GNG., and are driven by 7 4RC··1ogic. Settling ~ime 
does.not include clock and data''{eedthroug(:l. Glitch :·impulse ihcludes Clock and data-teedthrough, -3c:iB 
test.bandwidth= 2x clock rate. '-, .-' · . ··.. 1 l 

2. At!Fmax. IAA(typ) atVAA=S.ov:'TA=,20°C. :AA(max)atVAA=5.25v.TA=0°C. . I 
3. ~tput delayitime measJred from 50~/o pbint of the rising clock edge to 50%~point of full seal~ transitio~. 
4. Output settling time meaJ.ured from ~% boint of full ~cale transiJion to output settling within J 1 LSB. I 

\ \ I ! \ t 1 ! i 1 
5. Otitput rise/fa\I time measured betw¢en 1 ~%and 90°/o points of tµ11 scale tr;;insition. l 

6. Vt~i\~K IS ~~MHz. / / . ' \ ' // i 
\, 1_.// 2 " / ' ' 

••• • •••••••• .•OOoHooO•-·""..... .. ...... 000HOOHOo, ., 
'• 

RJ'N,AO,A1 

0(7:0) (READ) 

0[7:0] (WRITE) 

·-. 
~-,·--~~-----·--· 

N011CF. OF PROPRJET ARY PROPERTY 

..... ··.,_ 
/ ' ... ·· 

3 

6 
7 

5 

8 9 

FIGURE 4. MPU READ/WRITE TIMING 

, 
TIIE L'1'0R."IATION CONTAINED llERFJN IS TIIE PROPRIETARY 
PROPERTY OF Al'l'LE COMl'UIBR. INC. Tiffi POSSESSOR 
AGREF.S TO TIIE f'OLLOWINO: 
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(i;) .SOT TO RF.PRODUCE OR COPY IT 
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20 

VIDCLK 

SYNC, BLANK SYNC/BLANK 

12 13 t= 
17 

18 

24 

PD(31 :O] DATA 

,. .. ---····-···--:... ~-· _1;....:0_~ 11 ~---- -· ·--..• 
,,.. ..... .......... ....., 

IOR, ,'.?G·:1oa.1.···············,·... ., ___ ·· .. , ·,, .... ···· ...... ····-···· ., ··"',. 

1-1 
/ 

;CLOCK 

FIGURE sa. v1DE0 1~PuT1ouTPuT T1M1Nd f \ . J 

I / \ ,' 
f / 

I , I / i 
···.,·... \ ./l / 

..... ·'............... . ......... 
....... , ,,..,,.-/ 

................. -.............. -

·, 
'. 

__ ....... •· .... '"··-----..... , 
1-............................................................. ; 

·· ... 

... ·· 
......... .,,..-· --..... ____ _ 

VIDCLK 

FIGURE Sb. LO to VIDCLK DELAY WHEN LO IS USED TO GENERATE VIDCLK 
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6.0 SUPPLEMENTARY INFORt..~flON: The following is not to be used fo, J acceptance nor 
rejection of the part herein. 

6.0.2 REFERENCES: The following is a list of alt the pertinent ASIC deliverables filed in 
Document Control: 
• SCHEMATIC NETLIST TAPE 
• PRINTED LISTING OF FILE NAMES, CELL LIBRARY, SOFTWARE PROGRAM 

DESIGNATION, AND REVISION LEVEL 
• LOGIC DIAGRAM PLOTS 
• SPECIFICATIONS FOR PRIMITIVES AND MACRO CELLS 
• SIMULATION TAPE AND LISTING 
• CRITICAL TIMING ANALYSIS SIMULATION TAPE 
• MASK DATA BASE TAPE 
• PRODUCTION TEST PROGRAM TAPE AND LISTING 
• TEST PROGRAM IN TAR FORMAT 
• TEST LANGUAGE DOCUMENTS AND FILE LISTING 
• TEST LOAD BOARD 
• BONDING DIAGRAM 

6.0.1 PRODUCT DESCRIPTION: 

,.,,.·· 

The AC843 is designed specifically tor Apple graphics needs of the future. The architecture 
.... /ena5Te~rthe._display of up to 1152 x ~7.0-blr-mappesl color graphics (up to 16 bits pe~.f)ix~I). 

..... Tbe·multiple pixel ports and interl)af mul~.ipfe-xmg enabJ.es TTL comp3:~ib~~ . .!!:l!edaciflg (u~ to 
,64 MHz)\ to the kame buffer, while maintaining.100 MAz video data (:ates at 1, 2, 4, 8, or 

/16 bits per pixel. 24 bit chunky"planar rtlultiplexirig enables a 24 bit or··t2·bit~hunky pla~r 
' frame bufier to maintain 64 ~Hz video data rates~. 24 bit mode enables a 32 bit frame b~ffer 
(upper byte ignored) °'to maintain 64 MHz video data rates. Convolved video d~ta can ~ 
maintain a rate of 16 MHz.,' · . 

The AC84~ contains t~iple' 256 x 8 colbr lookup tables with triple 8-bit video oJA convertJrs. 
On chip fe~tures inclu~e ,4.pple convoiution, 8 bit psuedo colo,r lookup or triple! 8 bit lookqp 
for 16 andi24 bit modes, dhunky, and\chunky planar multiple~ing, and built in logic block 

observaticr- j \ l I j i I 
The ACS~ generat~s a TTL compati~le clock oulput whicWis programmable Ito be the ~ 

' fequency bf the CLK input di~ided by a scale facfur which Can take on the val~es 1, ·2, 4j 
\. ~pr a. ..f ..... \.. ' j / i \. 

< •••••• 

···-.-.:. ·,, ___ ~he .. AC·~~3-··~~··~:rates RS-343;··.~cimp~tibie .. re~:,QJ=ee~: and blue vidJ_;·~;~~:;s, and is , ---···········: 

capa6fe of driving doubly-terminated 75:0nrrrcOax directly, without reciuiring.exiemafhlifier .......... ., 
ing. A 7.5 IRE setup current can be enabled or disabled in software without changing 
external set resistors. 

The differential and integral linearity errors of the DIA converters on the AC843 are guaran­
teed to be a maximum of± 1 i..SB over the full temperature range. 

6.1 CIRCUIT DESCRIPTION: 
6.1.1 MPU INTERFACE: 

As illustrated in the functional block diagram (Figure 2), the AC843 supports a standard MPU 
bus interface, allowing the MPU direct access to the internal control registers and color lookup 
table. The dual-port lookup table RAM allows color updating without contention with the display 
refresh process. 

The AC843 supports the same MPU signal definition and timing as the AC842, but slightly 
different internal, control register addressing to accommodate the extended functionality. 
As illustrated in Table 7, the read and write functionality of the internal address register, the 
color look up table and the test register remain the same as defined in the AC842 spec. 
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I 

l 

,/ 
The 8-bit addrE. egister (ADDR0-7) is used to address th1 er,nal RAM and registers, 
eliminating the requirement for external address multiplexers. ADDRO corresponds to DO. 

To write color data the MPU loads the address register with the address of the color lookup 
table RAM location to be modified. The MPU performs three successive write cycles (red, 
green, and blue) with AO= 1 and A1 = 0. During the blue write cycle, the three bytes of color 
information are concatenated into a 24-bit word and written to the location specified by the 
address register. The address register then increments to the next location which the MPU may 
modify by simply writing another sequence of red, green, and blue data. 

To read color data, the MPU loads the address register with the address of the color palette 
RAM location to be read. The MPU performs three successive read cycles (red, green, and 
blue) with AO= 1 A1=0. Following the blue read cycle, the address register increments to the 

. ···· next location which the MPU may read by simply reading another sequency of red, green, and 
blue data. 

When accessing the color lookup table RAM, the address register resets to $00 after a blue 
read or write cycle to location $FF. To keep track of the red, green, and blue read/Write cycles, 
the address register has two additional bits (ADDRa, ADDRb), unobervable from the MPU 
intertace ... that count modulo three. They 9,re.res~t to Zero when the MPU reads or writes.to the 

,../addr~.~ reglst~. The MPU does not...have a.~~ss'to·-tbese bits. The other eig~!J:lits'of th~ 
· ad.dress '~gister(ADDR0-7) are act:essib,le.to the MPU>..... i··-···-··-- i 

! \ "·, i/ / \ . \ L. ............. ,, 1 
The red, green, and'Qlue test r,egisters can be writtE:in (read)".in the same way as the color Jookup 
tkble RAM except thal-ADDR,0-7 are ignored. When BLANK.is active the test register is ~ritten 
(read} by first writing some value to the address register to clear ADDRa, b. The MPU then 
performs thi:-ee successive write (read} cycles (red, green, and IJlue) with AO=~ and A1 =!1. 

• 
: TABLE 7.1DD~ESS REGISTER (ADQR) OPERATION ' ' 

A c1:ot R/W PB¢R [2:11 Aoof!o-7 AO.DRESSED :BY MPU ' 

! xx / DO-'z Wri~e address ~egister; /oo-D7 -> ADDRJ-7, \ 00 

'· 01 
... 91 
f ()._ 
10 
11 
11 

0 
! \ ; .' .. / 0 -> ADDRa, ADDRb 

0 xx ,.. 8'h00-8'hFF Wrifo color tablejthree writes r~uired for R G & B) 
\.. 1 xx .. / 8'h00-8'hFF .. ·Read color table (three reads require.ct.for-fl, G & B) --............ ., 

' 
xx ··write control re_g_~ster o· D0-07 -> PBCRO ' 
xx Read·contron·Eillister o· PBCRO ..::;·uo::or·········--·······-- ................ ,, 

O-··· ' ! - Ztf11 
·--.4 ...... ----t·;;. 2'b11 

0 xx xx Write Test Re_g_ister 
1 xx xx Read Test R~ster 

ADDITIONAL INFORMATION 

Although the color lookup table RAM is dual-ported. if the pixel is addressing the same table entry 
being written to by the MPU durJng the blue write cycle, it is possible for one or more of the pixels 
on the display screen to be disturbed. A maximum of one pixel is disturbed if the write data from 
the MPU is valid during the entire chip enable time. 

Table 8b shows the new internal addressing scheme required to access the pixel bus 
control registers, PBCR and PBCR1. The A 1 and AO control inputs, in conjunction with the internal 
address register and PBCR (2:1], specify which control register will be accessed by the MPU. The 
single reserved encoding of the AC842 pixel bus control register. PBCR [2:1] == 2'b11, is used to 
enable the new, indirect addressing of the extended control space of the AC843. The pixel bus 
control registers may be written to or read by the MPU at any time. 

NOTICE OP PROPRIETARY PROPERTY srll'. ORA WING NUMBF.R 

111E f?,"f'ORMA110N CONTAINED HEREIN IS TI!E PROPRIHTARY 
PROPERTY OF APl'Ui COMP\TTER. INC. TI IE POSSESSOR 
AGREES TO 1liE FOLLOWING: 
(i) TO MAC-I AlN TillS DOCUMr'1rr L'I CT>NFIDF.NCF. 
(ii) NOTTO REPRODUCE OR COPY IT 

\, (iii) NOT TO REVEAL OR PUBLISll IT IN WI IOLE OR PART 

~ 

• Apple Computer, Inc. 
® 

A 343s107s-01 

SCAIJi: NONE l SllT 17 OF 33 ~ 



R/W A1 
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0 
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0 
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0 

1 

1 

0 

0 

0 

0 

1 1 

1 ' 1 

1 1 

When PBCA (2:1 I ! =2'b11, read and write operations to ado. u:>S A (1 :0) == 2'b1 O directly access 
the PBCR. To preserve software compatibility with AC842, PBCR (2:1) is asynchronously reset to 
2'b00 on power-up which initially limits access to only the PBCR. Assuming existing firmware does 
not incorrectly use the reserved encoding, AC843 will pertorm identically to AC842. Future firm­
ware can be written to use the reserved encoding to access the extended functionality of the 
AC843. 

When PBCR [2:1) == 2'b11, read and write operations to address A (1 :0) == 2'b10 indirectly 
address both the PBCR and the PBCR1 registers. The two low order bits of the internal address 
register, ADDR0-1, are decoded to select either the PBCR or the PBCR1, as indicated below. 

Tables aa and 8b are the truth tables for reading and writing to the various AC843 internal registers 
and lookup tables. Figure 4 illustrates the MPU read/write timing when accessing the AC843. 

TABLE Sa. TRUTH TABLE FOR READ/WRITE OPERATIONS 

AO ADD Rb ADD Ra 
_.I=··· 

· 0 ./······x .. 
! 

l 
i 

0 
0 

1 1 

~ 0 

~ 0 
' 

' 1 

: 
1 0 

1 0 

1 1 

1 0 

0 

1 1 

. 
' ... 

"· x 

0 

x 

0 

1 

0 

0 

1 

0 

Wfit~--~~dres~--;~giS~r, 00-07 -t AODR.0:1~--_,,./· ·1 
/ ·o --:+ ADDRa. ADoRb :··-···-··- i 

Write,-red color;\00-07 '"7---t RREG·;··fncrement ADDRa-b . 
Write green color; 00-07. -t GREG, inbrernent ! 
AOORa-b . . . ! 

//I 

\ 
!'- · ..... 

Write blue color; 00-07 ~ BREG, write color i 

pale~e RAM, increment AOOR0-7, increme"t AODRa-o.'=,:' 

Write red test; 00-07 ---f RTEST, incre~ent . 
AOORa-b , ' 
Write green testt D0-07 H GTEST, inqrement 1 
ADORa-b i ! ! i 
Write red test; b0-07 -f-t BTEST, increnient ADDRk-b . ...... ' t 

.. / / , ...... ________ ) '' ·-····· 
········ .... , ·· .... 

Read.a<:ldres~_r.egister; ADOR0-7 ; ....... ) ...... DQ7.D.7. .............................. . 
0 -t ADO Ra, AOORb 

Read color lookup red; RO-R7 -t 00-07, 
increment AOORa-b 
Read color lookup green; GO-G7 -t 00-07, 
increment AOORa-b 
Read color lookup blue; 80-87 --+ 00-07, 
increment AOOR0-7, increment AOORa-b 

Read red test; RTEST --+ 00-07, increment 
AODRa-b 
Read green test; GTEST --+ 00-07, increment 
ADDRa-b 
Read blue test; BTEST--+ 00-07, increment 
AOORa-b 
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r 
11XEL BUS CONTROL REGISTER (PBC ""' 

\.. 

TABLE Sb. TRUTH TABLE F( lEAD/WRITE OPERATIONS 

A (1 :O] R/W PBCR [2:1] ADDR0-1 ADDRESSED BY MPU 

10 
10 
10 
10 
10 
10 
10 

0 I= 2'b11 xx Write control register O: 00-07 -> PBCRO,O -> ADDRa, ADDRb 
1 ! = 2'b11 xx Read control r~ster O; PBCRO -> 00-07,0 -> AODRa, AODRb 
0 2'b11 2'h0 Write control re_Qister o· 00-07 -> PBCRO 0 -> ADORa..._ADORb 
1 2'b11 2'h0 Read control register O: PBCRO -> 00-07,0 -> ADDRa, ADDRb 
0 2'b11 2'h1 Write control register 1; 00-07 -> PBCR1 ,0 -> ADDRa, ADDRb 
0 2'b11 2'h1 Read control register 1 ; PBCR1 -> 00-07,0 -> ADDRa, AODRb 
x 2'b11 !2'hO I !2'h 1 Error - Output TBO 

EXTENDED REGISTER ADDRESSING PROCEDURE 
In the AC843 redesign, an additional control register (PBCR1) is required for the 16 bit and DAC 
power down functions. An indirect addressing scheme is used to have this PBCR1 share the same 
control code as PBCRO. Because of the extra internal loading to this extra register, it is recom­
mended to take an extra programming step to prevent possible data corruption to the PBCRO and 
PBCR1 registers. 
1. The AC843 is powered-up with direct addressing to PBCRO only. 
2. Write to PBCRO with AO=O & A 1=1 for the desired mode setup or Write bit2 & 1 with 1 to 

P,BCRO{With.~0=0 & A1=1) to enable the .. inditect-ad.dressing. ...-
3"; ... lmmediately Read from address reaisterwtth--AO.& A1',,. o to prevent PBCRO g.ata-frorn 

cqtfuption>... ·.,. ... .· .· .• \~ .... , r-····-· . 
4. Pfoceed wifD any orJ-eration desjred or dcithe following for the AC843's 'extende.8 functions!~ 
s. Write 01 to the addres~ registers with Ad.=o & A1=0;to address PBCR1. i i 
6. Write to PBCR1 with A0=0 & A1=1 for the desired mode setup, i j 
7. Immediately Read from.:address register with AO & A 1 =0 to pre.vent PBCR1 data from co~ption. 
8. Proceed with any operation desired. : 

6.1.2 PIXEL BUS INiERFACE: i i i ; j I I 
The AC843 incqrporates infernal latches and multiplexers to enable pixel data to be transferred from 
a frame buffer at TTL data fate~ and to support variable depth pixel data. As illustr~ted in Figure 6, 
on the rising ecibe of LO, ?:o [31\;0] which c0ntain pixel!data for trohi 1 to 32 coilsedutive pixel~ (from 
1 to\24 bits peripixel), are/latched into the d~vice. A VlDCLK signal output is provided that ~n be 

, programmed tq the CU<Jnput treQµency di~ided by a ~cale factor of 1, 2. 4.~ a. VtDCLK should be 
\ used, to clock E;ixternal plrcuitry to generate the basic video timing including LO. SYNC and B4ANK 

· ····· .. :are latched i9fo the ¢€vice on the rising edge of. VI DCLK. N.ote that with t~l;? .. 9?.nfi9uration, the,$}'.~~ 
·a~ blani<·trining_.wn·1 be recognized witfi··ttle resolution oJ..th·e VIDCLK freq~ency. ····: 

................... _. ___ ........ · ·· ........ ···~ .... . . . .- ; .............................................................. .; 

Depending upon the contents of the pixel bus control registers (PBCR and PBCR1) the AC843 
outputs color information based on the pixel data inputs every clock cycle or if convolution is enabled 
every four clock cycles. The number of bits per pixel and the format of the pixel data specified in the 
PBCR and PBCR1 determines the number of clock cycles between loads on the pixel data bus. 
Figure 9 describes all the possible data formats on the pixel data bus. 

There are two main data formats accepted by the AC843, chunky and packed. Chunky data can be 
from 1 to 16 bits per pixel. Each pixel time, the AC843 outputs color information based on the most 
significant chunk, followed by the next most significant, and proceeding until the least significant 
chunk. 

16-bit data contains two pixels per 32-bit word. The most significant 16-bits are output first, followed 
by the least significant 16-bits. 24-bit data contains one pixel per 32-bit word with the upper byte 
PD [31 :24] ignored. 
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CLK, CLK are +5 volt ECL differential inputs. Normally, CL.., CLK are used to clock the 
video pipeline. They are also divided down to generate the VIDCLK output. The VIDCLK 
output frequency can be be programmed via the PBCR to be the master internal pixel clock 
frequency divided by a scale factor of 1, 2, 4 or 8. To meet internal setup and hold 
requirements LO must be timed appropriately with respect to the VIDCLK output. The 
VIDCLK output can be used to generate LO and VRAM shift clocks in a frame buffer system. 
When the ECL clocks are used to generate the master internal pixel clock, there must be at 
least one rising edge of VIDCLK for every rising edge of LO. Alternatively, if the system 
requires clocking LO at greater than 50 MHz (PACKED CONVOLUTION for example), the 
master internal pixel clock can be switched to the LO signal (TTL levels < 60 MHz) which 
can be generated from a separate clock source. At 60 MHz, clock duty cycle becomes very 
important to maintain the 5ns pulse width requirement for the LO signal. 

The AC843 supports two mechanisms for switching the main internal pixel clock to be 
derived from the LO signal: 1) CLK and CLK can be tied to ground* which is detected by 
internal logic to switch the clock source in hardware; 2) bit 4 of PBCR1 can be programmed 
to derive the main internal pixel clock from the ECL clocks or the LO signal. The software 
pixel clock selection mechanism was added to eliminate the unnecessary costs of grounding 

/tbe..*5.Y._differential ECL clock signals:JluL.i.v .. (l)_aintain hardware compatability with t!Je_, 
,.,. AC842, theAC843 contains the hardware clock'Se.Jection mechanism described// [ 

./· ...... ~........ '· . ... . .. --....... -. ...... .- : 
/above"."hich w!!I override the clock sel~ction P{_Ogra~ed by PBCR,tf4t:-Futfiermore, ~n 

! power-up, the pixel clock sel~ion bit/ PBCR 1 [i:i], is reset to select th~ .. {;.Q_L clock as th~ 
f internal P,ixel clock. · ' : ' .,, ! 

PBCR1[,1] is not m6oified fo reflect the status of lhe hardwkre clock selection mechaniJm 
and, therefore, may ·not reflect the true status of ihe internai,pixel clock selection. Only!when 
the ECL Clocks remcl:in active will the! software bit correctly reflect the internal pixel clock 
selection! ·. ·' ! • ; 1 : 

The max!mum latency frqm setting ~BCR[ 4] to the valid cloqk selection is 1 o;o ns. I 
If standafd chunky ~ta i~ specified ~ith convolu~ion disablJd, one rising edde of LO sHould 
occur every 32/(#b~~ per ~ixel) clock\ cycles. If ~tandard ctiunky data is specified with ! 
convolution enabli¥t. one ~ing edge\ of LO sho41d occur f?Very 8/(#bits per pixel) clockf 

, cycles. ff chunkyJ>lanar dat\). is spec~fied (conv¢1ution m~st be disabled), on~ rising edge of 
·,_ \ LO should occur'every 8/(#bits_ per chi,Jnk) cloc~ cycles/,. If 16-bit RGB data i~ specifiedl one 

"-.....:_ 'r:js.!Qg.edge L.Jishould occur every 2 doc~ cycres; tha--··master intern(\\{·pil<-el-Clock can no't-be·········. 
',, ____ genera~_ed·from the LO signal. If pctck.e.d daia is.specified one rising ~gg~_.Qf.J,,P..~b.9.~.!9..Q~g.u.r .... .J 

evifriclock. · ........... . 

To maintain 100 MHz video data rates in 16 bit per pixel mode, the maximum VlDCLK 
frequency range has been extended to 50 MHz when the internal pixel clock is derived from 
the ECL clock inputs. For ECL clock rate is greater than 50 MHz, PBCR[6:5] must be 
programmed to divide the internal clock by two to generate the VlOCLK output. Additionally, 
to correctly resynchronize the pixel information latched at the positive edge of LO to internal 
ECL clock rate of AC843 requires the VIOCLK to LO delay to be tightened to 1 O ns when 
VlOCLK is operated at greater than 33 MHz. 

The timing diagram (Figure 6) illustrates the new timing spec in this mode of operation. 

To simplify the interface timing for pixel data transfer rates greater than 50 MHz, the 

• "Grounding" will be defined in the future as <TTL VIL· (0.8V) 
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CLOCK 

VIDCLK 

'· '·· 
··..-....:. 

· ....... 

maximum VIOCLK frequency range has been extended to oO MHz when the internal pixel 
clock is derived from the LO signal. In this mode of operation, the VIOCLK to LO delay is 
not required because the internal pixel clock of the AC843 is generated from the LO signal 
and resynchronizing the pixel data is not an issue. VIOCLK is only used to sample SYNC/ 
BLANK. 

By extending the VIOCLK frequency range to 60 MHz, SYNC/BLANK will be sampled at 
the same rate as LD which eliminates the difficulty in the AC842 interface of synchronizing 
transitions in SYNC/BLANK to the rising edge of the lower frequency VIDCLK output. To 
guarantee the 5 ns setup of SYNC/BLANK with respect to LO, the timing spec 30, LO to 
VIOCLK delay, has been defined to allow SYNC/BLANK to be asserted coincident with 
LO. The timing is illustrated in Figure 7. SYNC/BLANK timing will be recognized with 
resolution of VIOCLK which can be programmed via the PBCR to be the LO signal frequency 
divided by 1, 2, 4 or 8. 

14 

13 

\ 23a / 
' .•• ·······~-· ..... ·· 

, ...... -· 
LO .......................... _ ........ . 

/ 

P0(31:0) WOROO WORD1 

10 

11 

IOR, IOG, IOB 

FIGURE 6. VIDEO INPUT/OUTPUT TIMING- ECL CLOCKS GENERATE PIXEL CLOCK: 100 MHz, 
VIOCLK FREQUENCY <= 50 MHz 
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FIGU~E 7. VIOEO INPUTTOUTPUT f1MrNG ~w;i.sicNAL GENERATES i?txEL CLOCK: ~o MHz, 
, VIOCLK FRE?UENCY f= 60 M~z \ i / 

' '· f /I ._ / 
/ 

·.... .. ..• ·· ··... ; .•. ··/ 

25 

' ' / / ' ....... ..................... _, ... ··· · ......... _ 
.... ·· 

..... · 
;"000040000 ___ ....... .. .. -........... . 

,, ....... _ .. ________ ......... .. ., 
:. ............................................................. ] . ... · 

BLANK 

P0(31 :00)' -· . __ ,_·------<( RED XGREENX BLUEXcfon'tcar)( RED XGREENX BLUE 

IOR, IOG, 108 ___________________________ _, 

FIGURE 8. CHUNKY PLANAR VIDEO INPUT/OUTPUT TIMING 
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I 16bil 

3.._ 20 14 9 ' . 4 

10 5 0 

Chunky Red Green Blue Red Green Blue 

leftmost 15 rightmost 
pixelO pixel 1 

31 0 

8 bit Chunky pixel 0 pixel 1 pixel 2 pixel3 I 
leftmost rightmost 

31 0 

4 bit Chunky I pO p1 p2 p3 p4 p5 p6 p7 I 
leftmost rightmost 

31 0 

2 bit Chunky I 0 I 1 I 2 I 314 I s I 61 1 I s I 9 I 10l 11l 12l 13l 14l 1sl 

,../-----·--..!~.t-~~~t ..-- ··---- · rightmost _., 

....... ·······- 31.' .... / ........ --···-,. '·,·· .. ,_ _ ___ 0.-----------·--
1 b~t/Chunk{'/ '\~ I 1· ['·l 1 I 11 11/r .. ·11 Ill I I I 'i, I I tl 11 I I I LLLL 

! leftmost ' · rightmbst 

. ; 0/ ; ; .. 
31 23 15\ 7 ; . : . 

8 b!t Chunky Planar 

24 bit 

FIGURE 9. PIXEL DATA FORMATS 

6.1.2.1 CHUNKY PLANAR: 
In chunky planar mode the AC843 accepts 3 chunky format words (RED>GREEN>BLUE) on 
three rising edges of LO followed by one empty rising edge to make a four clock cycle. Only 8 bit 
and 4 bit chunky data is supported here. Internal multiplexers combine chunks from the three 
words starting with the most significant chunks proceeding to the least significant to produce 24 
bit pixel values. Four bit chunks are zero extended in the most significant bits to form 8 bit 
chunks before being applied to a color table. 
Figure 8 outlines this mode. 
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6.1.2.2 CONVOLUTION: 

BLANK 

_ .. _.,.·· 

In convolution modes the AC843 accepts 3 words of either chunky or 24 bit data 
(line n-1>1ine n>line n+1) on three rising edges of LO followed by one empty rising edge to make 
a four clock cycle. Internal multiplexers and adder accumulators combine chunks or 24 bit pixel 
values from the words according to the formula ((line n-1) +(line n+1) + 2· (line n)+2}/4. This 
calculation is performed on the 24 bit pixel values after color lookup. Figure 10 outlines this 
mode. 

The AC843 supports convolution operation for the 16 bit RGB pixel data format. Pixel data is 
clocked into the device in a similar procedure as described above for chunky data. 

'· ...... ........... 

PD(31:0Q) 
.......... '·· 

/_. --""---.. -\-.-< line n-1./ .··iine n/ .... line ll~1 ool\~-~r 

,,.~·,,. 

~-....... --...... --- ~___..__.,.. 
line n~1 · -ffne n line n+1 / 

/ ........................ 
) f 

IORJOG, 108 ' 
~-------..,...-----------~------------' 

\ 
' ' 

FIGURE 10. CONVOLUTION v1beo INPUTJOUTPUT T~MING 
I f \ l . ,· 
j j \ r 

i I \ ~ 
: l • / 

i / .. ... 
6.1-~2.3 COLOR SEtECTIOtf: -_ ; ! / : l 

' The AC843/suppor;ts table lookup .tor pixe.1 data up Ao 24 bits per pixel. For 1-8 bit chunky data, 
·· .. "'-,on ev.e.r.y. . .clock _<:! ... chunk is appli~d to-the addr~~-~.iripu_t:)>fthe thre~ ( .~.:G;··a~cfs) color l?oktlp········: 

lab.l~s. Chynks of less than 8 bits are zer:o_ extended-tn the most s1ornt1cant.b.lts. .. o.efQr.e .. 9g!!Jg ... _ ........... l 
applie(ifo. the color tables. For Chunky Planar .. and 24 bit data each byte of the 24 bit pixel is 
applied to the address inputs of the corresponding individual color table (Note. chunky planar 
data with 4 bits per chunk is zero extended in the .II1Q.s1 significant bits before being applied to a 
color table). 

In 16 bit per pixel mode, the five bits each of Red, Green and Blue color information are 
expanded to an 8 bit addresses, as shown below, and applied to the address inputs of the 
corresponding individual color table. 

Pixel Data Red 

16'b x_R[4:0LG(4:0LB(4:0J 

Lookup Table Address 

Green Blue 

Table 9 outlines the color selection process. 
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i 
I. 

j 

r· "' TABLc: 9. LOOK-UP TABLE FOR COLOR SELL. ... noN 

Mode PBCR4,3 PBCR2,1 Pixel Lookup Table Address 
Red Green Blue 

chunky 8 bits/pixel 11 00 $00 $00 $00 $00 
chunky 8 bits/pixel 11 00 $01 $01 $01 $01 

. . . . 
chunky 8 bits/pixel 11 00 $FF $FF $FF $FF 
chunky 4 bits/pixel 10 00 $F $OF $OF $OF 
chunky 2 bits/pixel 01 00 11 $03 $03 $03 
chunky 1 biVpixel 00 00 1 $01 $01 $01 

24 bit chunky planar 11 01 $RrGgBb $Rr $Gg $Bb 
12 bit chunky planar 10 01 $0r0g0b $Or $0g $Ob 

24 biVpixel 11 10 $RrGgBb $Rr $Gg $Bb 

,. ,. ............. -.............. ..... ....... .. ........ -···---.................... ,...-/--"1 

... ,.· ................... '· '·· .·····"' ... ..-............. ......, ·.. ··-·-·"'.,..,..,.,*",.,,. ~ 
6.;1.2.4 ,VIDEO.GENER-A TION: ....... /' \ ""-· r-···- l 

... i . . .... : \ ... : : 

/ /Every clock cycle~, or every fqur clock .cycles in epnvolution mode, the·selected 24 bits of color 
/ i informatiqn (8 bits each of red, greenj and blue) ~re presented to the three 8~it DIA converters. 

The SYNQ and BLA~K inp4ts, pipelined to maintain synchrqnization with the pixel data,j add 
appropriately weighted currents to the analog outputs, prodU,cing the specific putput lev~ls 
required f~r video applications, as illustrated in Figures 11, and 12. Pixel Bus Control ~ister bit 
7 specifie$ whether a\0 IRE or 7.5 IRE blanking pedestal is to be generated. Ao IRE pedestal 
will force the black level and blank le~el to be the~same. j ! l 
The Varyipg output ~rrer\it from each of the DIA j::onverters ~reduces a corre~ponding ~oltage 
ievel, whi~h is used t~ dri~e the color\CRT monitQr. Note that only the green butput (10¢3) 

• contains $ync informhtion.\ Table 10 details how the SYNC ~nd BLANK input$ modify ttie output 
. \ levels ! / \ \ i i i i . 
\ \ The Di A ¢onverter.l on the ~843 us~ a segmerjted arch~~cture in which bit ~urrents a~e routed 
\, \to either.the curreht output or<?ND by\p. sophistJtated d.e'coding scheme. Thi$ architecture 

···-:.;_ eUminates the . ...rleed for precisioh ... ~ompb~ent ratios al)d greatly reduq,s-the-S'witching transients~ 
·,, ___ associat~Q..-wlth turning current sourc~~ oil"or of!vMonotonicity and IQ~ .. 9.!!~_gh .. ~r~ .. 9.~.g.@_m.~~9. .. 9.Y. 

usitl{fidentical current sources and curre'iirsteering their outputs. An on-chip band-gap 
reference and operational amplifier stabilizes the DIA converter's full scale output current against 
temperature and power supply variations. 

The AC843 contains triple 8-bit video DIA converters which can be disabled under software 
control to achieve low power dissipation when the video output is turned off. Bit 5 of PBCR1 can 
be programmed to enable or disable the DAC outputs. 

When PBCR1[5J is set to 1'bt, all of the current references to the DACs are disabled and the 
outputs will be pulled to ground by the 750. par~l!el termination. This includes the SYNC current 
reference for the Green DAC output. 

When PBCR1 (5] is set to 1 'bO, the DAC current references are enabled and the DAC outputs will 
settle to the appropriate levels in a maximum of 1 s (TBD) for a 0.1 µF compensation capacitor*. 

• Apple currently uses four capacitors (0.01 µF, 0.1 µF, 1 µF, and 10 µF) in parallel between the 
COMP and VAA pins to provide compensation for the internal reference amplifier and improve 
power supply rejection. 
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( 

WHITE LEVEL 
RED BLUE GREEN 
mA v mA v 
19.25 0.722 26.84 1.007 

92.5 IRE 

BLACK LEVEL 

1.44 0.054 9.09 0.341 
BLANK LEVEL 

7.5 IRE 

0.00 0.000 7.65 0.287 40 IRE 

SYNC LEVEL 

0.00 0.000 -

' 
750 doubty~.terrriinated load, RSET = 5110, B_lank-pedesta• = 7.5 IRE RS-343A levels 
ansM6iera~G~S asSU(ned on all levels. PB..cR[7] =:=_J.. VAEf: = 1.235V -----

· Note: 

... ;· ...- .... .. ... ··.... .......... /.,,... -.... \ '.......... r·-····-··---·-
FtG~RE 11 ... ·COMPOSllJ: VIDEO OUTPUT WAVE~ORMS L. .................. l 

· .... _ 

··· .. · ... : .. _ 

... -.. 
DESCRIPTION . 

WHITE 
DATA 
DATA-SYNC 
BLACK 
BLACK-BLANK 
BLANK 
SYNC 

' 
;' 

/ 
i 

' '· ·· ............. ... .. .. ·· 

· ... 
~A°BLE 10. VIDEO. .... ?UTPUTTRUTH T~BLE 

~-···· 

f ' . .... .. --100·-- .-· _,., ....... ~ 
IOR, 108 .. 

•Oo~ AO .. 
.. 

SYNC 
(mA) (mA) 

26.84 19.25 1 
(data • 0.0695) + 9.09 (data· 0.0695) + 1.44 1 
(data • 0.0695) + 1.44 (data· 0.0695) + 1.44 0 
9.09 1.44 1 
1.44 1.44 0 
7.65 0 1 . 
0 0 0 

) 
•••• .-1 ...... _ ........... : 

. ......... J 
BLANK .... ·······················15"Ac··. 

Input Data 

1 $FF 
1 data 
1 data 
1 $00 
1 $00 
0 $xx 
0 $xx 

Note: Typical with full scale IOG = 26.84 mA. Blank pedestal= 7.5 IRE. RSET = 5110. PBCR[7] = 1. 
I VREF = 1.235V 
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RED BLUE GREEN 
mA v mA v 
19.20 0.720 27.57 1.034 

100 IRE 

0.00 0.000 8.37 0.314 

40 IRE 

0.00 0.000 

Note: 75il doubly-terminated load, RSET = 51 H2, Blank pedestal = OIRE. RS-343A levels 
,ancrfoierances..assumed on all levels ... .PBCR(?f;·o:,yREF = 1.235V ,,. 

'·· 

./ ' / . -/ 
l .. -...... ---~........ , ··.. .-········· ... ·•··· ...• --............ _ ·... ·-............... r _________ .... 

., 

f F.IGURl:'12. COMPOSITE VIDEO OUT.PUT WAVEFORMS. \ ' ·.\ ....... :" \ ·... . ................. ,_\ 

' '· / ............. -

\ ·, 
'· 

\ .. 

· .............. . 
.. ······ 

_,,..·· 

i 
i 

./ 

' 
.' 

f 

.... ____________ _ 
.............. 

.. ,.·· 
' ' ............. ........ _ ........ . ·-. _ ..... : .............................................................. ,; 

TABLE 11. VIDEO OUTPUT TRUTH TABLE 

DESCRIPTION IOG IOR, 108 SYNC BLANK DAC 
(mA) (mA) Input Data 

WHITE 27.57 19.20 1 1 $FF 
DATA (data· 0.075) + 8.37 (data· 0.075) 1 1 data 
DATA-SYNC (data· 0.075} (data • 0.075) 0 1 data . 
BLACK 8.37 0 1 1 $00 
BLACK-BLANK 0 0 0 1 $00 
BLANK 8.37 0 1 0 $xx 

I SYNC 0 0 0 0 $xx 

Note: Typical with full scale IOG = 27.57 mA. RSET = 511 ohms. Blank pedestal= o IRE. PBCR[?J = 0. 
VREF = 1.235V 
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' 

INTERNAL REGISTf:n.:i: 
6.2.1 PIXEL BUS CONTROL REGISTER: 

The pixel bus control register may be written to or read by the MPU at any time, and is not 
initialized. PBCR[O] corresponds to data bus bit DO. 

When the indirect addressing of the control registers is enabled, PBCR[2:1] == 2'b11, the 
Extended Pixel Data Formats defined by bits [7:6] of PBCR1 will supersede the pixel data 
formats previously defined by bits [2:1] of PBCR. If the extended functionality of the AC843 
is not utilized and the indirect addressing of the control registers is disabled, 
PBCR[2:1] != 2'b11, the pixel data formats are defined by bits (2:1) of PBCR, as defined in 
the AC842 spec. 

The 16 bit RGB pixel data format can be selected by setting PBCR1[7:6} == 2'b11. When 
PBCR1[6] is programmed to enable 16 bit RGB, PBCR[4:3} must be set to 2'b11 to select 
8 bit per pixel. 

Pixel Bl;J.s .. comrol Registers (PBCR and PBC.B.1). .... 
............. .. .............. • ,/'" ........... A ...................... . 

PBCR -.Pixei'B,us Cdntrol Re lster ......... ..··········--- ., ·,,,\ :·-····----------... -·· 

·'-:.: 

Bit 7! Ped~s,tal Enable;.-·/ 

Bit 6-5 

Bit ~-3 

\ 
\, 

VIDCLK\Frequ,ency Sele<;:t: 

Bits Per Pixe~ 
' i 
! 
i 

J 
Pixel D<,lta Format: 

.• \ 

......... 

f 
.1 

·, 
\ 

·· ... 
·· ....... .. 

·(O) 0 IRE,pedestal ··············--., 
·~1 7.5 IRE edestal ~ 
(00) VIDCLK=CLK 
(01) VIDCLl<=CLK/2 
0 0) VIDCLK=CLK/4 
11 VIDCLl\=CLK/8 

(00) 1 bit 

:Ii: i,~~'d chunry w:,;j::. 

1 11 1 0 

~b1) Chu.nky Plan.ar 
.(10) 24 .. bit 
11 [ndirect PBCR Addressin '··-··········· 

BitO .......... _.Convolution Enable ··. '· (0}·-disable convolution , / ··-........... ··r1) enable convolution··· .. ·············· .. ···································' 

• On power-up, bit [2:1] initialized to 2'b00 

PBCR1 - Pixel Bus Control Register 1 

Bit 7-6* Extended Pixel Data Format: (00) Standard Chunky 
(01) Chunky Planar 

I l DO 0000 

(10) 24 bit 
_i11l 16 bit 

Bit S* Low power mode· (1) - DAC outputs disabled 
_mt-~ 

Bit 4* Pixel Clock Selection ( 1) -/LO signal 
J.Ql ; ECUECL clock siQ.nals 

Bit 3-1 Revision Number 10001 Fixed value first tum 
Bit O Manufacturer Number (0) AMO 

( 1) - Reserved -

• On power-up, bits (7:4} are initialized to 4'b0000 
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6.2.2 TEST REGISTERS 

.00 

The red, green and blue test registers are 8 bit signature analyzer registers. During blanking 
these registers are readable and writable. When blanking becomes inactive the registers 
generate parallel signatures based on the initial value stored in the register and the data on the 
input to the OACs. Every clock or every four clocks a new 8 bit value is combined from the 
OAC inputs with the current contents of the register. When blanking becomes active again the 
resultant signature can be read from each of the red, green and blue channels. A circuit 
diagram of the signature register is shown in Figure 13. 

01 06 07 
WRITE DATA 

BLANK 

-...... 

••••••• 

••••••• 
...... 

.... ··· 

. .......... ~ ... ...... - .......... 

... --~ ........ 
.. ··· 

....... 

"'"' ..... ..... \ 
REA_+-------------------'---_.,.··-' ..__ • • ~ • • • • 

· .... 

~------------ . •'• .... 
. . 

' * Note: So:me vendor~ may use E?cc1Jsive nor instead of ExclLsive or. 

. FIGU~ 13. TESf R~GISTER F~NCTIONAL CIRCUIT,blAGRAM 

6.3 

: ! ~ ~ : : 

; j ~ .. ···'',/ ' / \ 
f / \ 

\ ' ' 
..... \ .: /l ..... ~ f ,..... J 

' ... LO, VfQCLK and VID~O TIMING COMPATIBILITY: / ..... / 
NQ,r!Tlally·lD-i~ de~J.ved from VIOCLK a·?ro !s a free..run.ning,,c6nstant trequericY-dock. It clocks ?or.rr:Q] 
into the--internal-l~tches. Thus the period of i:.-O . .mu.st.be-·a multiple of the ddt-or-f)fxef.-per-iOO, ... fQ,: ............. : 

example, if.the part is in 8 bit per pixel chunky mode the LO period will be 4 times the pixel period, and 
if the part is' in 1 bit per pixel chunky mode the LO period will be 32 pixel periods. As a result the active 
display period (BU.NK = H) must be a multiple of the worst case LO period, or 32 pixel periods. 

In the interest of compatibility, the AC843 can support local modification of the period of LO in the 
blanking period. For instance, to support a horizontal blanking period of 304 pixel periods 
(FP =32, HS= 128, BP= 144) in one bit per pixel mode a 16 pixel period cycle of LO can be inserted 
during horizontal blanking as shown in Figure 14. The internal pipeline will adjust to the new LO phase 
within some n clocks without disturbing the currently blanked video. Modifying the period of LO during 
unblanked video will produce undesirable results. In two bit per pixel mode or greater a 304 pixel 
period horizontal blanking period is not a problem as 16 goes into 304 evenly. 

Since SYNC and 81.J\NK are latched into the device by the rising edge of VIOCLK as opposed to LO. 
there is more freedom with respect to the placement of the horizontal sync pulse during blanking than 
would be the case if LO latched SYNC and BU.NK. In order to produce correctly blanked video the 
signal BU.NK should be generated in synchronism with the signal LO. 
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BLANK 

·LO 

VIDCLK 

6.4! 

Valid Data 

32 Pixel Periods 
16 Pixel Periods --+-111----1~~-----..-1 

.. ___ 304 = 9.5 x 32 Pixel Periods .... 

FIGURE 14. BACK PORCH WITH SHORT CYCLE 

....... -......... . ........ .--.. 

....... ··.,,_ .. -· .. ·· / \,-- ...... ·.,'··--... ~ ... -···-··---------_.,·/'° ;,, 
..... ' ... _ ·- ..................... 1 I 

.. · ...... 
/ 

/ 

CLK INTERFACE: ·. .· . . I 
Due to the high clock rates at which the AC843 may operate, it is designed to acceptjdifferenti~ 
clock signals (CLK and CLK).\ These clock ir]puts are designed to be generated by SCL logic ~ 
operating at +5 volts. Note ttiat the CLK and!CLK inputsirequire termination resistors (220Q ~ 
resistor to VCC a~d a 330Q r~sistor to GND)i The termination resisiprs should be a~ close as P,ssible 
to the \AC843. j j \ : . j j j 

The C~K and cuk inputs m,~st be ~ifferential\signals du~ to the noi,~e margins of thelcMOS ! 
proce$s. The AC843 can be operated using ~ single-ended TTL glock with CLK and)CLK ~ 

'\_conneqted to groi.md. H7te the AC84~ autorri~tically switches t?~ internal clock to b~ derived f~om LO. 
Alternatively, SE?fting th.e appropriate PB.~R1 bit will disable th~·EcL clock input ang).ise the TTl_ LO 
cl6~ as the·pixel ctock The maximum fiequency-0H::.O is li.rrifted to 64 MHzf ....... --· -- : 

.................... _......... .......... .. .... .. .. . ..... ·•· .. ·· ~ ............................................................. .] 

Typically, LO is generated from the VIDCLK output or from a TTL oscillator when CLK and CLK 
are disabled. The designer must meet the timing requirements between VIOCLK and LO when 
VIDCLK is used to generate LD. 

6.5 POWER-ON RESET: 
To maintain hardware and software compatability with the existing design, PBCR1 will be reset as 
follows on power-up. 

Bit [7:6] = (00) 16 bit per pixel Disabled 

Bit 5 (0) DAC outputs enabled 

Bit 4 (0) ECUECL clock signals 

Also, to maintain software compatability with the AC842, the MPU must have direct access to the 
PBCR on power-up. Therefore, the pixel data format or PBCR will be set to 

PBCR[2:1] == 2'b00 
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.. . )' . 

ECL 
osc 

+SV +SV 

220 

330 

...._--1~-+---_._--+--fCLOCK 

AC842 

VIDCLK 
LOt----------~LD 

SCLK2 1------------~ 
SCLK11-------------l- v:1M 
SCLKoi------------_.. 

..---~CLOCK 

SCLK3 } 

CLK 

.__ __ ...,..._-_--_·-_,··-,.,.,.··,....··-_-·_···---.... ,.... __ --------·-;;..· _···_·-----~---' ·-- '._ ·'-.. -------- /Ctof K 

// ··,,\ , \ 1--'---· ~---------~ /lADC$',,,,_:,_ 42 ., f VRAM SHIFT CTL \ '·············-., 
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. .. 
6.6 PC BOARD LAYOUT Ct. .. ..>IDERATION: 

6.6.1 GENERAL: 
It is recommended that a four layer PC board be used with the AC843. The layout should 
be optimized for lowest noise on the AC843 power and ground lines by shielding the digital inputs 
and providing good decoupling. The lead length between groups of V AA and GND pins should be 
minimized so as to minimize inductive ringing. 

6.6.2 GROUND PLANES: 
The ground plane area should encompass all AC843 ground pins, voltage reference circuitry, 
power supply bypass circuitry for the AC843, the analog output traces, any output amplifiers, and 
all the digital signal traces leading up to the AC843. 

6.6.3 POWER PLANES: 
The AC843 and any associated analog circuitry should have it's own power plan referred 
to as the analog power plane. This power plane should be connected to the regular PCB 
power plane (VCC) at a single point through a ferrite bead. This bead should be located 
within three inches of the AC843. 

The PCB power plane should provide power to all digital logic on the PC board, and the 
,~ooro~fpowec.r:ilane should provide poY.!encralTAG8.13 power pins, voltage reference_./_,..-·1 

./ circuitry;·and any.output amplifiers....... . .. ··········, '·,, __________ ,/ i 
./ '--._ · .• \ / i ·· · .. \ ··,· ... , r-···· i 

It Js importa~t that pdf:tions of th.e regular/PCB power and grqund planes-·do·no-t-.pverlay l 
p0rtions of tl~e analog"power pJane, unless they can. be arrang_ed such that the plane-to- ~ 
piane noise is common\mode/ This will reduce plan'e-to-plane"noise coupling. l 

i . . . . . i 
. . . . 

6.6.4 SUPPL y DECOUPLING: : ; . . . 
The bypass ctapacitors shouid be install~d using the:shortest leads possible, consistent 
with reliable 9peration, to re~uce the lecid inductance. j ! 

~ ~ i ' l j l . 
~or the best pertormanqk, a 0.1 µF ceramic capacit9r in paralle,i with a 0.01µF chip capaci~or 
should be used to decqLiple ~ch of the four groupsiof V AA pirfs (21, 31, 32, 37 ~nd 50) ~ 
td AGND. These capabitors should be placed as close as possible to the device. If chip i 

\ c~pacitors are not fe;:tsible, rad~l lead ceramic capacitors m_ay be used. ' i 
·, ...... <. It;~ iJtiP..9.rt£~t to .. Plb~,~ that while t~·E?·-.f.C843 9_ont_a..in'~ circuit~ to reject power-.sudply noise, \, ... - .......... ., 

.,1hi$ rejectiO.IJ...<f~creases with frequency,.Jf a switchi.og'power supply is µsed, the designer should! 
pay"Cio-se .. attention to reducing power supplfiioise. and consider using a"""three""iermlnai""volta~;i"e""""'""' 
regulator for supplying power to the analog power plane. 

6.6.5 DIGITAL SIGNAL INTERCONNECT: 
The digital inputs to the AC843 should be isolated as much as possible from the analog 
outputs and other analog circuitry. Also, these input signals should not ovelay the analog 
power plane. 

Due to the high clock rates involved, long clock lines to the AC843 should be avoided 
to reduce noise pickup. 
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q.1 µF cerah1ic capa~or I 
\ 0.01 µF ceefamic ch!P capacitor ,.·.! 

... , 3.q µF tant.alum carfacitor 
......... Ferrite .. bead ,.... ··········-·_,., 

'-75:-Q.!:JllJ.J.%·rtietal film resistor '····················· 
511-0HM 1% metal film resistor 
1.2V ±2% Voltage Reference (optional) 

FIGURE 16. TYPICAL CONNECTION DIAGRAM 
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