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MEDICAL APPLICATIONS

UMC's products are not authorized for use in medica!l applications, includ-
ing, but not limited to, use in life support devices without the written
consent of the appropriate officer of UMC'’s sales company. Buyers of
UMC's products are requested to notify UMC’s sales offices when planning
to use the products in the applications which involves medical applica-
tions.

NOTICE
The information in this document has been carefully checked. However,
no responsibility is assumed for inaccuracies.

The example of an applied circuit or combination with other equipment
shown herein indicates characteristics and performance of semiconductor -
applied products. The Company shall assume no responsibility for any
problem involving a patent caused when applying the descriptions in the
example.
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Numerical Indices

UM6116-2/-3/-4

UM6502/6507/6512 . .. .. .. ....... ... ..

Part No. Page
UMBBAB/A/B . .. . 5-3
UMBB4BE . . .. ... . . e 5-26
UMBBASR . . ... . . 5—-29
UMB048/35/49/39 . . .. ... ... ... 3-3
UMBOSB1/31 . . . . e, 3-14
UMB2COT . ... e 7-96
UMB2C284 . ... ... 7-107
UMB2C288 . . . .. 7-108
UMB237A/A-4/AS . . ... 7-142
UM8B2450/8250 . .. . .. o e 7-188
UMB253/8253-5. ... . ..o 7-143
UMB254 . . e 7154
UMB2CBBA . . .. 7-109
UMB259A . . . ... e 7-169
UMB2CB818 . . .. v ei e e e 7-186
UMB272A . . . e e 6-3
UMB2CBIB7A . .. et 7-187
UMB2CB4A . ... ... i i 7-128
UMB2CB8 . ... . 7-135
UMB312 . . . e 5-71
UMB321 ... e 557
UMB326/B .. oot e 629
UMB329/T/B/BT .. ..o i 6-34
UMBO0T7 ... . e 5-56
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Functional Indices

Part No. = - - Page Part No. Page
Mask ROM UMBS45R . . . . . P 5-26
UMBBABE ... o 5-39
UM2332 ... o138 UMOOO7 . ..ot 556
UM2333 . oo e e 1-6 oMez21 557
UM23B4 . e 1-9 UMB312 .. 571
UM2366/A . .o oo o 1212 ¥
UM23128/A o e 1-15
UM2B256/A o oo 1-18" Floppy Disk Controller
, UMB272A . o oot 6-3
SRAM UMO228-1 . . ool .. 6-24
UMBB26/B ..o oo 629
UMTAT o 28 UMB329/T/B/BT ..o 6-34
UM2T48.. . oo 2-8 :
UM2149 . oo 2-13
UMBTO8 . oo oot 2-18 Peripheral 1C
UMBTO4T ..o 2-23 UM266T . oo oo 7-3
UMBITA .. . 2-28 UM268T .. ..o 7-18
UMBT162/-34 . 2-33 UMBB2O/A Iat
UMBIIBB . o o oo oo 2-38 OMBB21/A 6
UMBTBA . ool 2-43 UMBB22/A 763
UMBIEZ . ... -+ 2580 UMBB32/A o\ o 7-80
UMBTEB . o oo oo oo 255 UMBESUA e
, UM8B2COT .. ... o P 7-96
Microcontroller ) UMB2C284 . . ... .. . . . . 7-107
. UMB2C288 . . o oo 7-108
UM8048/35/49/39 ... ... ... 3-3 UMB2CBBA . o o e 7-109
UMBOST/3T . ..o 3-14 UMB2C8AA 7128
, UMB2CB8 . oo 7-135
Microprocessor . UMB237A/A-A/IAS . .. .. .. .. . ... 7-142
UMB253/8253-5 . . . ..o 7-143
UMB502 ... 4-3 UMB254 . . . o 7-154
UMBBO7 . ... .. e 4-3 UMBS2BOA . . o 7-169
UMBBI2 . . .. 4-3 UMSB2CB8T8 . . . o o 7-186
UMB2CBTB7A . . oot 7-187
CRT Controller UMB2450 ... .. .. ... . . 7-188
UMB2E0 . .. .ot 7-188
UMBBAB/A/B . .\ 5-3
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| CROSS REFERENCE GUIDE §

SRAM
umMc um2147 UM2148/UM2149 uM6167 UM6168
Synertek SYP2147H SYP2148H/SYP2149H sSYP2167 SYP2168
AMD AM9247 AM2148/AM2149 AMO99C68
Fujitsu MBM2147H MBM2148/MBM2149 MB8167A MB8168
Intel 2147 2148/2149 2167 2168
Mostek MK4104
NS NMC2147H .. NMC2148H
NEC 1PD2147 uPD4311 1PD4314
Toshiba TMM315
Hitachi . HMB148 HMB167
T.I. TMS2147H TMS2149 TMS2167 TMS2168
Mitsubishi
Mask ROM
umc UM2366/A UM23128/A UM23256/A
Synertek . SYP2365 SYP23128 SYP23256
AMD AM9265 AM92128
AMI S2364 $23128
G.I. R0-3-9365 R0-9128
Mostek MK 37000 MK 38000
Motorola MCM63256
NS
NEC uPD2364E uPD23128A UPD23256A
Signetics 26128A
Toshiba TMM2364P ) TMM23256
Intel 2364A




ORDERING INFORMATION

Microcomponent Products
Part Clock Compatible Part Clock Compatible
Number (Speed) Devices Number (Speed) Devices
UM8048-6 6MHz Intel 8048-6 BmggggT gmz Egggggg
UMB035-6 BMHz Intef 8035-6 yeadl : MHZ Foco ng
UM8049-6 6MHz Intel 8049-6 U 6MHz 92298
UM8039.6 oy Ints] 6039-6 UM83298T 16MHz FDCY2298T
UmMgo48.8 SMHz Intel 8048-8 UM2661-1 | Baud Rate 1 SYP2661-1
UMB035-8 BMHz Intet 8035-8 UM2661-2 | Baud Rate 2 SYP2661-2
UMB049-8 8MHz Intel 8049-8 UM2661-3 | Baud Rate 3 SYP2661-3
UM8039-8 8MHz Intel 8039-8
UM8048-11 11MHz Intel 8048-11 068 MC2681
UM8035-11 11MHz Intel 803511 UM2681 SCN2681 ACTN4O
UM8049-11 11MHz Intel 8049-11
UM8039-11 11MHz Intel 8039-11 UMB520 TMHz SYP6520
UM6520A 2MHz SYP6520A
UM8B051/31 12MHz Intel 8051/31 Ovesa1 Vs pRv—
UM6502 1MHz SYP6502 UMB521A 2MHz SYPG521A
UMB502A 2MHz SYPB502A
UM6502B 3MHz SYPB5028 Ume522 1MHz, SYP6522
UM6502C AMHz UMB522A 2MHz SYP6522A
UMB507 1MHz SYP6507 UM6532 1MHz SYP6532
UMB507A 2MHz SYPB507A UM/B32A 2MHz SYP6532A
UMB512 1MHz SYP6512 UM6551 1MHz SYP6551
UMB512A 2MHz SYP6512A UMB551A 2MHz SYPB551A
UM6512B . 3MHz SYPB5128
Interface
UM6845 1MHz HD6845S UM82C01 with 1—11MHz -
UM6845A 1.5MHz HDB8A45S 8048/49
UM6845B 2MHz HD68B45S
UMB2CE5A | tRD = 250 ns HD82C55A
UMB845R 1MHz SYPB84SR ] L Rt
UMBS45R A 2MHz SYPG845RA UMB2C55A-5 | tRD = 200ns
UME845RB SMHz SYPEB845RB UM82C84A 8MHz HD82C84A
UMG84GE 1MHz SYPB8ASE UMB2C84A-1 | 10MHz -
UMBS45EA 2MHz SYPBS45EA
UMBS45EB 3MHz SYPB345€E8 UM82C88 - HD82C88
UMQ007 - CRTO007 UM8237A 3MHz Intel 8237A
UM8237A-4 AMHz Intel 8237A-4
UM8321A 30MHz CRT9021A
UM8312 - CRTO212 UM8253 2.6MHz iP8253
UM8253-5 5MHz iP8253-5
UMB272A 8MHz FDC765A
UMB272A-4 4MHz - UM8254 8MHz iP8254
UM9228-1 - -

2 8 UM8259A tRHAX=260ns’ iP8259A
um8326 AMHz FDC9216 UMB289A-2 | tRHAX=235ns iP8259A-2
UM83268 8MHz FDC9216B UMB2E9A-8 | tRHAX=420ns iPB259A-8
*T: Clock
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ORDERING INFORMA TION

Memory Products

Max. Current Max. Current
Access mA Acc A
Part Organi- Time ( y Synertek Part Organi- T":n::s (mA) Synertek
Number zation (ns) Oper- | Stand- P/N Number zation (ns) Oper- | Stand- P/N

ating by ating by
UM2332 4K x8 450 100 - - ume114dt | 1kx4 90 40 | 002 -
UM2332-1 | 4Kx8 350 100 - - UMB1144-1 | 1Kx4 70 30 | 002 -
UM23322 | 4Kx8 250 100 - - UMB1144-2 | 1Kx4 55 30 | 0.02 -

UMB114J-3 | 1Kx4 45 30 | 002 -
UM2333 4K x8 450 100 - - -

UM2333-1 | 4Kx8 350 100 - ~ umMe116-2 | 2Kx8 .| 120 100 | 0.5 -
UM23332 | 4Kx8 250 100 - - UMB116-3 | 2Kx8 90 100 | 05 -

UMB116-4 | 2Kx8 70 100 | 0.05 -
UM2364 8Kx8 450 100 — | syp2364 UMB1165 | 2Kx8 55 100 | 0.05 -
UM2364-1 | 8Kx8 300 100 — | sypP2364-3
UM2364-2 | 8Kx8 200 100 ~ | svpP2364-2 UME116J-2 | 2Kx8 | 120 100 | 05 -
UM2364A | 8Kx8 450 100 12 | SYP2364A UMB116J-3 | 2Kx8 90 100 | 05 -
UM2364A-1 | 8Kx8 300 100 | 12 | SYP2364A-3 UM6116J-4 | 2Kx8 70 100 | 0.05 -
UM2364A-2 | 8Kx8 200 100 12 | SYP2364A2 UM6116J-5 | 2Kx8 55 100 | 0.05 -
UM2366 8kx8 | 450 | 100 | - | svyp2ses UmMe164-2 | BKx8 45 | 100 | 10 -
UM2366-1 | 8Kx8 300 | 100 | — | svpe3ss3 Ume164-1 | 8Kx8 56 | 100 | 10 -
UM23662 | 8Kx8 200 | 100 | — | syp23es2 UmE164 8Kx8 70 | 100 [ 10 -
UM2366A | 8Kx8 450 100 12 | SYP2365A
UM2366A-1 | 8kx@ | 300 | 100 | 12 | syP23e5A3 Smg:g; ) :gi:l ;‘5’ gg ; -

M2366A-2 | 8Kx8 200 100 SYP2365A-2 § -
v BKx 0 12 5 UMB167-2 | 16Kx1 45 60 | 2 -
um23128 | 16kx8 | 450 | 100 | - | svyPz23128 Smg:g;b :g"z"} ;g gg 8‘85 =
Um23128-1 | 16Kx8 300 100 - SYP23128-3 '2 ; "1 2 0'05 -
UM231282 | 16Kkx8 | 200 | 100 | — | svP23128-2 UMG167L-2 | 16Kx 5 | %0 05 -
UM23128A | 16Kx8 | 450 100 10 | syp23128a
UM23128A-1| 16Kkx8 | 300 | 100 | 10 | SyP23128A-3 3,\"221221 Ziiz ;(5’ gg g -
U - Y K - —
M23128A-2| 16Kx8 | 200 100 10 | sypa312sa2| | jul | s e % > B
UM23256 | 32kx8 | 450 | 100 | — | SyP23256 b’mg:ggt : 2"2"2 ;g gg g‘gg -
UM23256-1 | 32Kx8 | 300 100 — | SYP23256-3 OMB168 L‘2 4K" . s % | o -
UM232562 | 32kx8 | 200 100 — | syP23256-2 3 X 05 -
UM23256A | 32Kx8 | 450 100 | 10 | syp232s6A
UM23256A-1| 32Kkx8 | 300 100 10 | SYP23256A-3| | UM2147 4Kx1 70 160 20 | SYP2147H
UM23256A-2| 32Kx8 | 200 100 | 10 | syp2s2sea-2| | UM2147-1 4Kx1 55 180 | 30 | SYP1147H-3

Um2147-2 | 4kx1 45 180 | 30 | SYP2147H-2
UMB104 1Kx4 250 7 | 0.01 - UM2147L 4Kx1 70 140 | 15 | SYP2147HL
UM6104-2 | 1Kx4 200 7 1001 - UM21471-1 | 4Kx1 56 125 15 | SYP2147HL-3
UMB104-3 | 1Kkx4 150 7 | 001 -
mg}gf‘f : E"j 2(1358 ; 8'8(’)3 - um2148 1Kx4 70 | 150 | 30 | svp2i4sn

x : - UM2148-1 | 1Kx4 55 150 | 30 | syP2148H-3
OMB104 Kt 250 7 Toor ~ UM21482 | 1Kx4 45 150 | 30 | SYP2148H-2
OMe1002 | 1Kua 200 7 oo UM2148L | 1Kx4 70 125 | 20 | SyP2148HL
OMB10403 | 1Kut 150 3 1 oo - UM2148L-1 | 1Kx4 55 125 | 20 | SYP2148HL-3
UMB104J-4 | 1Kx4 120 7 | 0.01 -

UM2149 1Kx4 70 150 — | sYP2149H
ume114 1K x4 90 40 | 020 - UM2149-1 1Kx4 55 150 - SYP2149H-3
Ume114-1 1K x4 70 30 | 0.02 — UM2149-2 1K x4 45 150 - SYP2149H-2
UM6114-2 1Kx4 55 30 | 0.02 — uUm2149L 1Kx4 70 125 - SYP2149HL
UM6114-3 1K x4 45 30 | 0.02 - UM2149L-1 | 1Kx4 55 125 - SYP2149HL-3

% : Ceramic Package
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umMc ' ' Mask ROM

Selection Guide

Part No. Descriptions Compatible Devices Remarks Page

»

Access Time 450, 350,
UM2332 4Kx8 NMOS ROM (2532) uPD 2332 250 1-3
ns

Access Time 450, 350,
UM2333 4Kx8 NMOS ROM (2732) AM 9233 250 1-6
ns

: Access Time 450, 300,
uM2364 8Kx8 NMOS ROM (2564) SYP 2364 200 1-9
. ) ns

Access Time 450, 300,
UM2366/A 8Kx8 NMOS ROM (2764) SYP 2366 200 1-12
ns

: Access Time 450, 300,
UM23128/A 16K x8 NMOS ROM (27128) SYP23128 200 1-15
ns

Access Time 450, 300,
*UM23256/A 32Kx8 NMOS ROM (27256) SYP 23256 200 1—-18
: ns

* Under Development




UM2332
. 4K X 8 NMOS ROM

=
(0]
oz
X
%
=

Features

= Access time 2560/350/450ns (max.) ® Pin compatible with 25632 EPROM

8 Single +5V £10% power supply : s Two programmable chip selects for output control

® TTL compatible inputs and outputs ® N-channel silicon gate technology

® Three-state outputs

General Description

The UM2332 is a 32,768-bit static MOS read only memory Programming of the device is accomplished by a custom
organized as 4096 words by 8 bits. The device is com- masking process. The UM2332 is designed for memory
pletely static in operation, and operates from a single applications where high performance, large bit storage,
+5V power supply. All inputs and outputs are TTL com- and simple interfacing are important -design objectives.

patible. The two chip select inputs are programmable.

Pin Configuration Block Diagram
-— Vce
Y4 A1 Ao '
A1 24 [IVee 1 l <— GND
As ]2 23 [ 1ag
As[]3 22[1Ag ADDRESS INPUT BUFFER + cs,/cs.
== OUTPUT =51
As[]s 21 [JCS2/CS,
o X v ENABLE —
As[]s Cs,/C8 [+ CS2/CSy
3 20 : 17&=1 DECODER DECODER Locic
A []e A L 1A10
All:7 18 jAu cesa .o
Ao []s 17 [[107 0o
0o []e 16 | 106 — 01
. ' . . —» 02
o; [0 15 [10s 32768 BIT | ° v outPur |03
o, [ 14| |04 CELL MATRIX | . | CATING BUFFER [~ 84
‘ : . o,
GND [} 12 13 103 — Og¢
| 07

1-3
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Absolute Maximum Ratings*

UM2332

*Comments

Ambient temperature-under bias, Ta .. ... —10 to +80°C Stresses above those listed under “Absolute Maximum
o Ratings’” may cause permanent damage to the. device.
........... — + . .
Storage temperature, Tstg 8510 +160°C These are stress ratings only. Functional operation of
Applied voltage on any pin with this device at these or any other conditions above those
respecttoground . .. .. ... —05to +7V indicated in the operational sections of this specification
o is not implied and exposure to absolute maximum rating
Power dissipation, Pp . ... 1.0 conditions for extended periods may affect device
reliability.
D.C. Electrical Characteristics
(TA=0to 70°C, Vee =5V £ 10% uniess otherwise specified)
Limits
Symbol Parameter Units Test Conditions
Min. Typ. Max.
\/||_. Input low voltage —.05 0.8 \
ViH Input high voltage 2.0 Vee | \
VoL Output low voltage 0.4 Vv loL =2.1TmA
Vou Output high voltage 2.4 Vee \% loy = —400pA
'] Input load current 10 MA VN = Ve =5.25V
Lo Output leakage current 10 HA Vout = Vce =5.25V
lce Ve current 100 mA
Capacitance
(Ta =25°C f=1.0MHz)
Limits
Symbol Parameter Unit Test Conditions
Typ. Max. R
CiNn “Input capacitance - 7 pF
All pins except pin under
CouT ‘Output capacitance 10 pF tied to AC ground
Note:

This parameter is periodically sampled and is not 100% tested.
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A.C. Electrical Characteristics
{To=01070°C, Vee =5V + 10%)

UM2332 UM2332-1 UM2332-2
Symbol Parameter : Unit

Min. | Max. | Min. | Max. | Min. [ Max. s
e
tACC Address access time 1 450 350 250 ns x
g

tco Output enable delay from CS,/CS; or CS,/CS, 150 120 120 ns

tDF Output disable delay from CS;/CS; or CS,/CS; 0 100 0 100 0 100 ns

tOH Output hold from address change 10 10 10 ns

Test Conditions

Output load . ............. 1 TTL load and 100pF Timing reference levels ... .....................
Input transition time . ... .. ............... 20ns L Input = 1.5V, Output = 0.8V and 2.0V

Timing Diagram

ADDRESS

INPUTS VALID-

AN Y X VVVVV.V‘
0
‘AAA‘A A‘AAAA‘

XX XAXARARXXXAAX XK XX
Qi e WL
7 1 LOOOCON0OOOOOHXAXXN

VUV VLYYV GV Y YV Y v Vv ey Y
ineuTs  XOCOOOSEA0000MANNN COOQARONNAR

IDF |e——

HIGH IMPEDANCE -

Ordering Information

Part Number Access Time Package
um2332 450ns Plastic
UM2332-1 350ns Plastic
Uum2332-2 250ns Plastic
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UM2333

Features

B Access time 250/350/450ns {max.) B Pin compatible with 2732 EPROM

B Single +5V £10% power supply ’ ® Two programmable chip selects for output control
® TTL compatible inputs and outputs - ® N-channel silicon gate technology

® Three-state outputs

General Description

The UM2333 is a 32,768-bit static MOS read only memory Programming of the device is accomplished by a custom
organized as 4096 words by 8 bits. The device is com- masking process. The UM2333 is designed for memory
pletely static in operation, and operates from a single applications where high performance, large bit storage,
+5V power supply. All inputs and outputs are TTL com- and simple interfacing are important design objectives.

patible. = The two chip select inputs are programmable.

Pin Configuration Block Diagram
~ Vcc
U/ Al Ao
A [ 24 Vee l 1 ~— GND
As []2 23 JAs :
As[]3 A -
s (] 22 [1Ag ADDRESS INPUT BUFFER outruT  |— csi7s,
Aq[ 4 21 | JAn « v ENABLE .
_ .
As[]s 20 J_1¢81/CS, DECODER DECODER Logic C52/CS2
Ay 6 Ao
L° umzass 7 _
A 17 18 {1CS,/CS,
Aol]8 17 {107 0o
Ooq 9 16 [ 106 : . — Oy
o — O,
o:[fo 15[ 105 32768 BIT . Y OUTPUT }— 03
0, [ 14 [ 104 . ceLL MATRIX | © | caTing | BUFFER | Oa
. = 05
GND[:l 12 131103 L= 04
L 04
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UM2333

Absolute Maximum Ratings*

Ambient temperature under bias, Ta ... .. —10 to +80°C
Storage temperature, TgTg -+ . «« . . ... —65 to +150°C
Applied voltage on any pin with

respecttoground ... ... ... ... —0.5to +7V
Power dissipation, Pp .. ........ ... ... ... .. 1.0W

D.C. Electrical Characteristics

{To=01070°C, Vce =5V £ 10% unless otherwise specified )
A CcC

*Comments

Stresses above those listed under “Absolute Maximum
Ratings’” may cause permanent damage to the device.
These are stress ratings only. “Functional operation of
this device at these or any other conditions above those
indicated in the operational sections of this specification
is not implied and exposure to absolute maximum rating
conditions for extended periods may affect device
reliability.

Limits
Symbol Parameter Test Conditions Units
Min. Typ. Max.
ViL Input low voltage —.05 0.8
Vin Input high voltage 2.0 Vee \%
VoL Output low voltage loL =2.1TmA 0.4 Vv
VoH Output high voltage loy =—400uA 2.4 Ve \
Iy Input load current Vin = Ve =5.25V 10 uA
ILo Output leakage current VouT = Vee = 5.2V 10 MA
lcc " Ve current 100 mA
Capacitance
{Tp=25°C f=1.0MHz)
Limits
Symbol Parameter Test Conditions Unit
Typ. Max.
Cin - Input capacitance . 7 F
N P P All pins except pin under P
tied to AC ground
CouT Output capacitance g 10 pF
Note:

This parameter is periodically sampled and is not 100% tested.

=
¢}
=
5
]
2
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A.C. Electrical Characteristics
(To =010 70°C, Vge =5V £ 10%)

uM2333 UM2333-1 UM2333-2
Symbol Parameter Unit
Min. { Max. | Min. | Max. | Min. | Max.
tacc | Address access time 1 450 350 250 ns
tco Output enable delay from CS; /CS; or CS,/CS; 150 120 120 ns
tDF Output disable delay from CS,/CS; or CS,/CS; 0 100 0 100 0 100 ns
tOH Output hold from address change 10 10 10 ns

Test Conditions

Output load . ............. 1 TTL load and 100pF Timing reference levels . ... ....................
Input transition time . .................... 20ns L Input = 1.5V, Output=0.8V and 2.0V

Timing Diagram

ADDRESS
INPUTS

IR v"
¢ .
‘A AYAYAY A.A AVAN A‘A’

Y ¥ V.' Y X XY VY YVMAAAAXAAAAY
R OMXOOKKEEEK

cie TR KRR ARRRRXRRR) TRRRRX RN

SRS R0 55
SeLecT nnumonmm vaLD X0 gmm
INPUTs  ARANO0O0OAKAY NSROOOCARKNS

ouTRUTS W VALID i W——
HIGH IMPEDANCE )

Ordering Information

‘Part Number Access Time - Package
UM2333 450ns ‘ Plastic
UM2333-1 350ns Plastic
UM2333-2 250ns Plastic




Features

8192 x 8 Bit organization

Single +5 Volt Supply

Access Time — 200/300/450 ns {(max.)
Totally static operation

Completely TTL compatible

24 Pin JEDEC approved pinout

General Description

The UM2364 and UM2364A high performance Read Only
Memories are organized 8192 words by 8 bits with access
times from 200 ns to 450 ns. The ROMs are designed to
be compatible with all microprocessor and similar applica-
tions where high performance, large bit storage and simple

UM2364/UM2364A

8K X 8 NMOS ROM

UM2364A — Automatic power down (CE)
UM2364 — non power down version

— programmable chip select (CS)
Three state outputs for wire-OR expansion
EPROMs accepted as program data input
2564 EPROM compatible

The UM2364A offers an automatic power down feature.
Power down is controlled by the Chip Enable (CE) input.
When CE goes high, the device will automatically power
down and remain in a low power standby mode as long as
CE remains high. This unique feature proyides system level

Mask ROM

power savings as much as 90%.

Both the UM2364 and UM2364A are pin compatible with
the 2564 EPROM thus eliminating the need to redesign
printed circuit boards for volume mask programmed ROMs
after prototyping with EPROM:s.

interfacing are important design considerations, Both
ROMs conform to the JEDEC approved pinout for 24 pin
64K ROMs.

The UM2364 offers the simplest operation (no power
down.) Its programmable chip select allows two 64K
ROMs to be OR-tied without external decoding.

Pin Configuration Block Diagram
Ay —]
R —
Ag = ROW .
\ , w Ag —— DECODER- .
A, [ 24 [ JVce A7 24 dVee | a— dorsm | *‘;:g:sfﬂsﬁllv
Jop— . x 256)
aq ]2 23| JAs - As[]2 23] As Ay —+ .
A —1
As []s 22 [ A9 As[]s 22f 1 A9 T
A ]4 21 [ JAn Aq[]a 21 ] A I ceecsan
—— Ag — =1
A3 [: 5 20 __—]CS A3 |: 5 20 :] CE A‘: — chcfég j.— COLUMN SELECT
Ay ——t . CIRCUITRY
M08 veses PP 2208 Gypgeaatt P A0 | w — % LA —_
A7 18 JAn A [} 18] An M T
AOEB 17 :108 AOES 17 308 @ ROWER
CE—=1 pown
o; o 1607 o; []e 16 [ 07
0[]0 15 [ 106 02 [0 157 06 f
o3 [Jn 14105 o3 [n 14| 0s e P>
- * SELECT
ano [}12 13104  ono [z 13] 104 e cncumay Wﬁ
* CHIP SELECT {CS) IS PROGRAMMABLE LOW ACTIVE, HIGH ACTIVE
OR DONT CARE,
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UM2364/UM2364A

Absolute Maximum Ratings*

Temperature Under Bias

Voltage on Any Pin with Respect to

Storage Temperature . . . . ... .. ...

—10°Cto0 80°C
—65°C to 150°C

*Comments

Stresses above those listed under “Absolute Maximum
Ratings’” may cause permanent damage to the device.
These are stress ratings only. Functional operation of this

Ground . . .o —05Vto+7V device at these or any other conditions above those indi-
Power Dissipation . . . .o oo e 1.0W cated in the operational sections of this specification is not
: implied and exposure to absolute maximum rating condi-
tions for extended periods may affect device reliability.
D.C. Characteristics
{Ta = 0°Cto +70°C, Ve = +5V £ 10%)
Symbol Parameter Min, Typ. Max. Units Conditions
Vou Output HIGH Level 24 Vee \% lop=—1.0 mA
VoL Output LOW Level 0.4 \ loL =32mA
ViH Input HIGH Level 2.0 Vee \
ViL Input LOW Level -0.5 0.8 \
Iy Input Leakage Current 10 MA Vin =0V to Ve
Lo Output Leakage Current 10 MA VouTt =0V 1o Ve
lce Operating Supply Current 100 mA Note 1
lsg Standby Supply Current 12 mA Note 2
los Output Short Circuit Current 90 mA Note 3
Capacitance
(Tp =25°C, f=1.0 MHz)
Symbol Parameter Min Max. Unit Conditions
C Input Capacitance 5 pf Vin =0V
Co Output Capacitance 5 pf VouTt =0V
Note: This parameter is periodically sampled and is not 100% tested.
A.C. Characteristics
{Ta=0°Cto +70°C, Vce = +BV *10%) (Note 7)
UM2364-2 ‘UM2364-1 um2364
Symbol! Parameter UM2364A-2 UM2364A-1 UmM2364A Unit | Conditions
Min. | Max. Min. Max. { Min. | Max.
tcye Cycle Time 200 300 450 . ns
tAA Address Access Time 200 300 450 ns
tOH Output Hold After Address Change 10 10 10 ns
tACE Chip Enable Access Time 200 300 450 ns Note 4
tACS Chip Select Access Time 85 100 150 ns
4 Ouput LOW Z Delay 10 10 10 ns Note b
tHZ Output HIGH Z Delay 85 100 150 ns Note 6
tPU Power Up Time 0 0 0 ns Note 4
tPD Power Down Time 85 100 150 ns Note 4
Notes:
1. Measured with device selected and outputs unloaded.
2. Applies to A’ versions only and measured with CE = 2.0V
3. Foraduration not to exceed one second.
4. Applies to A" versions (power down) only. o
5.. Output low impedance delay (t| 7) is measured form CE going low or CS going active.
6. Output high impedance delay (tH7) is measured from CE going high or CS going inactive.
7.

A minimum 0.5 ms time delay is required after application Qf Ve (+5V) before proper device operation is achieved.

1-10
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UM2364/UM2364A

Timing Diagrams
Propagation Delay from Address (CE LOW or CS = Active)

ADIEN’ES% VALID ADDRESS
AA toH
pATA PREVIOUS DATA VALID DATA
Propagation Delay from Chip Enable, Chip Select (Address Valid)
(4]
- tacE
TE S‘ 7!
1 {6l
- tacs — tHz
cs VALID <
[5] !HZ[GL——’
HIGH Wz
DATA IMPEDANCE 7 )
ouT DATA VALID —
WAVANAN
_ 151
Wz
log = o e e [
Vee CURRENT 50% 50% NF
'sB le—— tpy - tPD -

A.C. Testing Input, Output Waveform

A.C. Testing Load Circuit

24v +5V
2.0v 2.0V.
> TEST POINTS< 125002
0.8v 0.8V Dout
0.4v
INPUT OUTPUT 77582 100pf (INCLUDING SCOPE AND JIG)
AC TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC
“1' AND 0.4V FOR A LOGIC "0". TIMING MEASUREMENTS =
ARE MADE AT 2.0V FOR A LOGIC 1" AND 0.8V FOR A
LOGIC “0". INPUT PULSE RISE AND FALL TIMES ARE 5 ns.
Figure 1.
Programming Instructions Package Availability
All UMC Read Only Memories (ROM) utilize computer
asided techniques to manufacture and test custom bit Ordering Information
patterns.  The customer’s bit pattern and address informa-
tion can be supplied to UMC in a number of different ways. Order Access | Operating Sé/qndby Package
UMC can process customer inputs in EPROM, ROM, Number Time Current urrent Type
PROM, paper tape, and computer punched cards. Contact UM2364 450 ns 100 mA N.A* Plastic

your UMC sales representative for complete details on
each of the various data input formats.

Programming instructions are listed at the end of the
Memory Section.

UM2364-1 300 ns
UM2364-2° | 200 ns
UM2364A 450 ns
UM2364A-1 | 300 ns
UM2364A-2 | 200 ns

100mA | N.A Plastic
100 mA N.A. Plastic
100 mA 12mA Plastic
100mA | 12mA | Plastic
100 mA 12'mA | Plastic

* Not Applicable.
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. UM2366/UM2366A

Features

® 2765 EPROM pin compatible ® UM2366A — automatic power down (CE)

® 8192 x 8 bit organization — output enable function (OE)

® Single + 5 volt supply — two programmable chip selects {CS)
8 Access time — 200/300/450 ns {max) 8 UM2366 — non power down version

® Totally static operation — four programmable chip selects (CS)
@ Completely TTL compatible m  Three state outputs for wire-or expansion

L] ® EPROMSs accepted as program data input

28 Pin JEDEC approved pinout

Description
The UM2366 and UM2366A high performance Read Only Power down is controlled by the Chip Enable (CE) input.
Memories are organized 8192 words by 8 bits with access When CE goes high, the device will automatically power
times from 200 ns to 450 ns. The ROMs are designed to be . down and remain in a low power standby mode as long as
compatible with all microprocessor and similar applications CE remains high. This unique feature provides system level
where high performance, large bit storage and simple inter- power savings as much as 90%. An additional feature of the
facing are important design considerations. Both ROMs UM2366A is the Output Enable {OE) function. This
conform to the JEDEC approved pinout for 28 pin 64K eliminates bus contention in multiple bus microprocessor
ROMs. " systems. The two programmable Chip Selects (CS) allow
up to four 64K ROMs to be OR-tied without external
The UM2366 offers the simplest operation (no power decoding.
down.) Its four programmable chip selects allow up to )
sixteen 64K ROMSs to be OR-tied without external decod- Both the UM2366 and UM2366A are pin compatible with
ing. the 2764 EPROM thus eliminating the need to redesign
printed circuit boards for volume mask programmed ROMs
The UM2366A offers an automatic power down feature, after prototyping with EPROM:s.
Pin Configuration Block Diagram
A3 ]
) Ag ] E
Ay ] .
el 1 Vee Ne [ ~ e Vee ag—n] oo |, 65,536 617
. A [— DRIVER " ROM ARRAY
Ap[]2 27 El’csl* A2 27 f1¢sy v worzss | 7 (256 x 56)
A7l]s w[Jcsr A3 sefdcs [ 27 xn
" . —
As )4 251 ] A8 o 251 Ag
As[]s 24 [ J A9 As[]5 24 1A l.l
A a[an Ao ol ST Wi P 1 e
Az )7 22 :] CS3* Az 7 22 DO_E Ay —a DDE:‘OVZ? s CIRCUITRY
. UM: 1) vora | (8 OF 256)
A []s UM2386 , Fay Ay []s YM238A, sy A
Ar1]e 20Jcss* A e 20 [ JCE T ‘ ﬁ.?"_o.
Ao[]10 19[] Os Ao ] 10 19{Jog ww ] rowen LI o,
O [ 1 18 j 07 0y [: 11 18 307 CIRCUITRY ) '“-ll >——0l o‘
——D—— s
o212 171706 0,12 17706 e SSRY
03113 . 16 ]0s 03.|:* 13 16 05 f‘i_. . lDb-l '°°Z
GND 14 15[ 104 GND 14 15 D 04 CS; P Uiy POWER DOWN ¥ T
o [ opa— OUTPUT ENABLE
C8q ———w]

“CHIP SELECTS CS ARE PROGRAMMABLE LOW ACTIVE, HIGH A(
wCHip sELEC 3 CTIVE OR
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UM2366/UM2366A

Absolute Maximum Ratings*

Temperature Under Bias . ........... —10°C t0 80°C
Storage Temperature . . . .. ......... —65°C 10 160°C
Voltage on Any Pin with Respect to Ground

*Comments

Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent demage to the device. These
are stress ratings only. Functional operation of this device
at these or any other conditions above those indicated on

............................. -0.5V+7V the operational sections of this specification is not implied
Power DisSIPation . . . .. oo oo 1.0W and exposure to absolute maximum rating conditions for
extended periods may affect device reliability.
D.C. Characteristics
{Ta =0°Cto +70°C, Vcc = +6V £ 10%)
Symbol Parameter Min. Typ. Max. Units Conditions
VoH Output HIGH Level 24 Vee \ loq = —=1.0 mA
VoL Output LOW Level 0.4 \ loL=32mA
ViH input HIGH Level 2.0 Vee |V
ViL Input LOW Level —0.56 0.8 \%
Iy Input Leakage Current 10 MA Vin =0V to Ve
ILo Output Leakage Current 10 uA VouT =0V to Vec
lce Operating Supply Current - 100 mA Note 1
Isg Standby Supply Current 12 mA Note 2
los Output Short Circuit Current 70 mA Note 3
Capacitance
(Ta =25°C, f=1.0 MHz)
Symbol Parameter Min. Max. Unit Conditions
Cy Input Capacitance 5 pf Vin =0V
Co Output Capacitance 5 pf VouT =0V

Note: This parameter is periodically sampled and is not 100% tested.

A.C. Characteristics
(Ta =0°Cto +70°C, Ve = +BV £ 10%) (Note 7)

UM2366-2 UM2366-1 UM2366
Symbol Parameter UM2366A-2 UM2366A-1 UM2366A Unit Condition
Min. | Max. Min. | Max. Min. Max.

teve Cycle Time 200 300 450 ns

taAA Address Access Time 200 300 450 ns

toH Output Hold After Address 10 10 10 ns

Change

tACE Chip Enable Access Time 200 300 450 ns Note 4
taCs Chip Select Access Time 85 100 150 ns '

tAQE Output Enable Access Time 85 100 150 ns Note 4
tLz Output LOW Z Delay 10 10 10 ns Note 5
tHz Output HIGH Z Delay 85 100 .| 180 ns Note 6
tpy -Power Up Time 0 0 0 ns Note 4
tpD Power Down Time 85 100 150 ns Note 4

Notes:

. Measured with device selected and outputs unloaded.

For a duration not to exceed one second.
. Applies to ""A’’ versions (power down) only.

first.

N ooisawN=

. Applies to “A’" versions only and measured with CE = 2.0V.

. Output low impedance delay (t, z) is measured from CE and_OE going low and CS going active, whichever occurs last.
. Output high impedance delay (tz) is measured from either CE or OE going high or CS going inactive, whichever occurs

. Aminimum 0.5 ms time delay is required after application of Ve (+5V) before proper device operation is achieved.
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@UMO | UM2366,/UM2366A

Timing Diagrams

Propagation Delay from Address (CE = OE = LOW, CS/CS = Active)

ADDRESS VALID ADDRESS
INPUTS

Dém PREVIOUS DATA VALID DATA
H

Propagation Delay from Chip Enable, Chip Select {Address Valid)

(4)

tACE -
= X /S
t t (6)
- ACS - HZ
4 (4) 1., 6
[———— tADE ——— HZ =

o T 77

- ‘Lz(5’->1 |<-1H§:6-’>
t
DATA Lz
ouT HIGH IMPEDANCE ]7\ — DATA VALID )
®)
Yz >
[ L e e ——— -
50% 50% .
Vee CURRENT K
'ss |e—— tpy - Pp |
A.C. Testing Input, Output Waveform . A.C. Testing Load Circuit
2.4V \ +5V
2.0v 2.0V.
> TEST POINTS < 125082
08v - 0.8V- DOUT
04v . .
INPUT OUTPUT 100pf (INCLUDING SCOPE AND JIG)

AC TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC :

“1' AND 0.4V FOR A LOGIC “0". TIMING MEASUREMENTS =
ARE MADE AT 2.0V FOR A LOGIC “1” AND 0.8V FOR A
LOGIC “0". INPUT PULSE RISE AND FALL TIMES ARE 5 ns.

Figure 1.

Programming Instructions Ordering Information
‘All UMC Read Only Memories (ROM) utilize computer
aided techniques to’ mariufacture and test custom bit Part - Access | Operating | Standby | Package
patterns. The customer’s bit pattern and address inform- Number Time | Current Current Type
ation can be supplied to UMC in a number of different
ways. -UMC can process customer ‘inputs in EPROM, ROM, UM2366 450 ns | 100 mA N.A. Plastic
PROM, paper tape, and computer punched cards. Contact UM2366-1 300 ns | 100 mA N.A. Plastic
your UMC sales representative for complete details on each UM2366-2 200 ns | 100 mA N.A. Plastic
of the various data input formats. UM2366A 450 ns | 100 mA 12 mA Plastic

- UM2366A-1 | 300 ns | 100 mA 12 mA Plastic
Programming instructions are listed at the end of the UM2366A-2 | 200 ns | 100 mA 12 mA Plastic
Memory Section. . '
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Features

EPROM pin compatible

16,384 x 8 bit organization

single +5 volt supply

Access time — 200/300/450 ns (max)
Totally static operation

Completely TTL compatible

28 pin JEDEC approved pinout

TR

Description

The UM23128 and UM23128A high performance Read
Only Memories are organized 16,384 words by 8 bits with
access times from 200 ns to 450 ns. The ROMs are design-
ed to be compatible with all microprocessor and similar
applications where high performance, large bit storage and
simple interfacing are important design considerations.
Both ROMs conform to the JEDEC approved pinout for
28 pin 128K ROMs.

"The UMZ23128 offers the simplest operation (no power
down.) Its three programmable chip selects allow up to

eight 128K ROMs to be OR-tied without external decoding.

The UM23128A offers an automatic power down feature.

UM23128/UM23128A

16K X 8 NMOS ROM

UM23128A— automatic power down (CE)

n
— output enable function (OE)
— one programmable chip select {CS)
= UM23128 - non power down version
— three programmable chip selects (CS)
® Three state outputs for wire-OR expansion
m EPROMS accepted as program data input

Power down is controlled by the Chip Enable (CE) input.
When CE goes high, the device will automatically power
down and remain in a low power standby mode as long as
CE remains high. This unique feature provides system level
power savings as much as 90%. An additional feature of
the UM23128A is the Output Enable {OE) function. This
eliminates bus contention in multiple bus microprocessor
systems. The programmable chip select allows two 128K
ROMs to be OR-tied without external decoding.

Both the UM23128 and UM23128A are pin compatible
with EPROMs thus eliminating the need to redesign printed
circuit boards for volume mask programmed ROMs after
prototyping with EPROMs.

Pin Configuration Biock Diagram
» Ay — o
A ||
As ——  mow
\J A ——sf DecoDER | °
NC [ V728 :] VCC NC [Ji1e 2811 Vee A7 —wf DRIVER | *® 131072817
Ag ——d (10F512) - ROM ARRAY
Ap []2 271CStt A )2 27 []csy* Ay —n! . 512x 256)
Ap ——] .
A;[]s 26 1A A3 26 1A A ——]
Ag []4 25 | ] As As[]4 251 As t
. A ]
As E: 24 :] Ag As l: 5 24 :‘ 9 20—t oo 1 i
as o x[dan  ag]e sfday [ nresss | ewmme
As [:‘ 7 22 [1cs,* A3 [ 22 OE N ELL ) B 18 OF 2561
UmM23128 UM23128A Ay —fe
Ay []s 21 [ 1A A, s 21 { 1A T
A e 20 [} CS3* a [e 20 :]ﬁ " ——
TE ] .
Ag E 10 19 j Og Ao [: 10 19 ::I Os clanngrer
oy 18 J0q o, M 18107 ;
o, ]2 17 [J06 o, ]2 17{J06 w
O O 2 i
1 . CHIP*
O3 E 3 16 :]OS O3 E 13 16 : 5 zz;:‘*’ SELECT _‘ L
GND ] 14 15 04 oND T 114 15 o P CIRCUITRY
*CHIP SE LéCTS {CS} ARE PROGRAMMABLE LOW ACTIVE, HIGH ACTIVE, OR
DON'T CARE.
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UM23128/UM23128A

Absolute Maximum Ratings*

Temperature Under Bias
Storage Temperature

—10°Cto 85°C
—65°C to 150°C

Voltage on Any Pin with Respect to Ground

............................ 3.5V to +7V
Power Dissipation . . .. .................... 1.0W
Electrostatic Discharge Rating (ESD)**

Inputsto Ground . .. ............. ... + 2000V

**Test Condition: MIL-STD-883B Method 3015.1

D.C. Characteristics

(

Ta=0°Cto+70°C, Ve = 45V £ 10%)

*Comments

Stresses above those listed under ““Absolute Maximum
Ratings’ may cause permanent damage to the device. These
are stress raiings only. Functional operation of this device
at these or any other conditions above those indicated on
the operational sections of this specification is not implied
~and exposure to absolute maximum rating conditions for
extended periods may affect device reliability.

Symbol Parameter Min. Typ. Max. Units Conditions
VOH Output HIGH Level 2.4 Vee \ lon =-1.0 mA
VoL Output LOW Level 0.4 \ loL =32 mA
VIH Input HIGH Level 2.0 Vee Y
ViL Input LOW Level -3.0 0.8 A2
L1 Input Leakage Current 10 MA ViN =0V to Vee
ILo Output Leakage Current 10 MA VouT =0V to Vce
lcc Operating Supply Current 100 mA Note 1
Isg Standby Supply Current 10 mA Note 2
l0s Qutput Short Circuit Current 90 mA Note 3
Capacitance
(Ta =25°C, f= 1.0 MHz)
Symbol Parameter Min. Max. Unit Conditions
C) Input Capacitance 5 pf VinN =0V
Co Output Capacitance 5 pf Vout =0V
Note: This parameter is periodically sampled and is not 100% tested.
A.C. Characteristics
(Ta =0°Cto +70°C, Vcc = +5V £ 10%) (Note 7)
UM23128-2 UM23728-1 UM23128
Symbol Parameter UM23128A-2 | UM23128A-1 UM23128A Unit | Conditions
Min. Max. Min. | ‘Max. Min. Max.
tcye Cycle Time 200 300 450 ns
tAA Address Access Time 200 300 450 ns
tOH OQutput Hold After Address 10 10 10 ns
Change
tACE Chip Enable Access Time 200 300 450 ns Note 4
tACS Chip Select Access Time 85 100 150 ns
tAOE Output Enable Access Time 85 100 150 ns Note 4
Lz Output LOW Z Delay 10 10 10 ns Note b
tHZ Output HIGH Z Delay 86 100 150 ns Note 6
tPU Power Up Time 0 0 0 ns Note 4
tPD Power Down Time 100 120 150 ns Note 4
Notes:
1. Measured with device selected and outputs unloaded.
2. Applies to A" versions only and measured with CE = 2.0V.
3. For aduration not to exceed one second with VouT = 0V
4. Applies to A’ versions {power down) only.
5. Output low impedance delay (tLz) is measured from CE and OE going low and CS going active, whichever occurs last.
6. Output high impedance delay (tHz) is measured from either CE or OE going high or CS going inactive, whichever occurs

~

first.

. A minimum 0.5 ms time delay is required after application of Vc¢ (+6V) before proper device operation is achieved.
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UM23128/UM23128A

Timing Diagrams

Propagation Delay from Address (CE = OE = LOW, CS/CS = Active)
ADDRESS:
INPUTS VALID ADDRESS
A toH
2
Dgﬁ PREVIOUS DATA VALID VALID DATA o
X
g
Propagation Delay from Chip Enable, Chip Select (Address Valid)
. (4)
ACE -
S /
N /
(6)
[ tacs tyz >
S AAA N S i
- tape A - g (O
5 \
ANTITRRNRRINRNNNY ~
e Lz et S
DATA HIGH IMPEDANCE™ Lz ~7
out AN DATA VALID )—-
P . 18
Lz
o] Y S PR —— [p—
Vee CURRENT 50% 50%
Ise - toy «—tpp

A.C. Testing Load Circuit

A.C. Testing Input, Output Waveform

2.4V +5vV
2.0V 2.0V.
> TEST POINTS < 125082
0.8v 0.8V o
0.4v ouT
INPUT OUTPUT 77680 100pf (INCLUDING SCOPE AND JIG)
AC TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC
“1" AND 0.4V FOR A LOGIC 0", TIMING MEASUREMENTS —
ARE MADE AT 2,0V FOR A LOGIC “1” AND 08V FOR A =
LOGIC "0". INPUT PULSE RISE AND FALL TIMES ARE 5 ns.
Figure 1.
Programming Instructions Ordering Information
All UMC Read Only Memories (ROM) utilize computer
asided techniques to manufacture and test custom bit Part - [ Access | Operating | Standby | Package
patterns. The customer’s bit pattern and address inform- Number Time Current Current | Type

ation can be supplied to UMC in a number of different
ways. UMC can process customer inputs in EPROM, ROM,
PROM, paper tape, and computer punched cards. Contact
your UMC sales representative for complete details on
each of the various data input formats. '

Programming instructions are listed at the end of the
Memory Section.

uUmM23128 450 ns 100 mA N.A. Plastic
UM23128-1 300 ns 100 mA N.A. Plastic
UM23128-2 200 ns | 100 mA N.A. Plastic
UM23128A 450 ns 100 mA 10 mA Plastic
UM23128A-1 | 300 ns | 100 mA 10 mA | Plastic
UM23128A-2 | 200 ns 100 mA 10 mA Plastic
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UM23256/UM23256A
32K X 8 NMOS ROM

Features

® EPROM pin compatible m UM23256A— automatic power down (CE)
m 32,768 x 8 bit organization — output enable function (OE)
m Single +5 volt supply » UM23256 — non power down version

® Access time—200/300/450ns (max) — two programmable chip

® Totally static operation selects (CS)

m Completely TTL compatible m Three state outputs for wire-OR expansion
® 28 Pin JEDEC approved pinout m EPROMSs accepted as program data input

General Description

The UM23256 and UM23256A high performance Read
Only Memories are organized 32,768 words by 8 bits with
access times from 200 ns to 450 ns. The ROMs are
designed to be compatible with all microprocessor and
similar applications where high performance, large bit
storage and simple interfacing are important design con-
siderations. Both ROMs conform to the JEDEC approved
pinout for 28 pin 256K ROMs.

Power down is controlled by the Chip Enable (CE) input.
When CE goes high, the device will automatically power
down and remain in a low power stand-by mode as long as
CE remains high. This unique feature provides system level
power savings as much as 90%. An additional feature of
the UM23256A is the Output Enable (OE) function. This
eliminates bus contention in multiple bus microprocessor
systems.

The UM23256 offers the simplest operation (no power
down.) Its two programmable chip selects allow up to four
256K ROMs to be OR-tied without external decoding.

Both the UM23256 and UM23256A are pin compatible
with EPROMs thus eliminating the need to redesign printed
circuit boards for volume mask programmed ROMs after

The UM23256A offers an automatic power down feature. prototyping with EPROMs.

Pin Configuration Block Diagram
S~ \J s
Ne [ 28 [ 1Vee NC ]9 28 [1vee F— - F .
] 62, 144 BIT
Aja l: 2 27 :}Al4 AIZ [: 2 27 :I As '::__, DDE;OVDE? : R((;\:IZ'AR;:;V
Ay ——] (1 of x
A, [C}s 26 [ 1A A7[]3 26 [ 1A prpumn Bl I
Ap ——
Ag ()4 25| 1Ag Ag []4 25 Ag s —
As []5 24_._.!A9 A5:5‘ 2411 A0 __| I — I
= 23pAn As l: 6 ) g f\: oL COLUMN SELECT
43 L7 ymzazse22 |1 3L vpassen? | OF e = el B
. . (1 0f 64) of
Az []s 21 [ A0 Az []s 21 1A n — I
Ay []o 20f]cs, A1 ]o 200 1CE | T : o
Ag [[]10 19108 Ao [] 10 191108 = o _D'—:»_:gf
N IREUITRY.
OIDH 181 Jo, 01511 1810, "—|D—:Z:
i
o, ]2 171706 0,12 1757 06 ____I_D_D:g:
CHIP D
03 13 161195 03 13 16§ ] Os Cc:—_’-sgctﬁ%v poweroows |~
GND []14 15 :104 GND 14 15 04 oy - OUTPUT ENABLE
*CHIP SELECTS (CS) ARE PROGRAMMABLE LOW ACTIVE,
HIGH ACTIVE OR DON'T CARE
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Absolute Maximum Ratings* *Comments
Temperature Under Bias .. . ... ...... —10°C to0 85°C Stresses above . those listed under “‘Absolute Maximum
Storage Temperature —_65°C to 150°C Ratings” may cause permanent damage to the device.

These are stress ratings only. Functional operation of

Voltage on Any Pin with Respect to Ground this device at these or any other conditions above those

........................... —3.5Vto+7V indicated on the operational sections of this specification g

Power DISSIPALION .« . oo oo e e 1.0W is noj( .implied and exposure tF) absolute maximum'rating i
conditions for extended periods may affect device re- i
liability. =
D. C. Characteristics
(TA=0°Cto +70°C, Vi =45V £ 10%)
Symbol Parameter Min. Typ. Max. - Units : Conditions

VoH Output HIGH Level 2.4 Vee \ lop =—1+.0mA

VoL Output LOW Level 0.4 \Y loL =32mA

ViH Input HIGH Level 2.0 Vee \

ViL Input LOW Level -3.0 0.8 \%

Vi Input Leakage Current 10 MA Vin =0V to Ve

Lo Output Leakage Current . 10 MA VouTt =0V 10 Ve

lcc Operating Supply Current 100 mA Note 1

lsg Standby Supply Current 10 mA Note 2

los Output Short Circuit Current 90 mA Note 3
Capacitance
(Ta=26°C, f=1.0MHz)

Symbol Parameter Min. Max. - Unit Conditions
C Input Capacitance 5 pf ViN =0V
Co Output Capacitance 5 - pf Vout =0V

Note: This parameter is periodically sampled and is not 100% tested.

A. C. Characteristics
{Ta =0°Cto +70°C, Ve =+6V £10%) (Note 7)

23256-2 23256-1 23256
Symbol | Parameter 23256A-2 23256A-1 23256A Unit | Conditions
Min. | Max. | Min. | Max. | Min. | Max.
teye Cycle Time 200 300 450 ns
tAA Address Access Time 200 300 450 ns
t1oH Output Hold After Address Change 10 10 10 ns
tACE Chip Enable Access Time 200 300 450 ns Note 4
tacs Chip Select Access Time 85 100 150 ns
tAOE Output Enable Access Time 86 100 150 ns Note 4
tLz Ouput LOW Z Delay 10 10 10 ns Note 5
thz Output HIGH Z Delay 85 100 150 ns Note 6
tpy Power Up Time 0 0 0 ns Note 4
tpp Power Down Time 100 120 150 ns Note 4

Notes:

1. Measured with device selected and outputs unloaded.

2. Applies to A" versions only and measured with CE = 2.0V.

3. For a duration not to exceed one second with Vot = 0V.

4. Applies to A" versions (power down) only. . -

5. Qutput low impedance delay (t_ z) is measured from CE and OE going low and CS going active, whichever occurs last.

6. fOutpu‘[ high impedance delay (tyz) is measured from either CE or OE going high or CS going inactive, whichever occurs
irst.

7. A minimum 0.5 ms time delay is required after application of Ve (+6V) before proper device operation is achieved.
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UM23256/UM23256A

Timing Diagrams

Propagation Delay from Address (CE = OE = LOW, CS/CS = Active)
ADDRESS

INPUTS VALID ADDRESS
- tAp—] to
DATA
ouUT  PREVIOUS DATA VALID VALID DATA

Propagation Delay from Chip Enable, Chip Select (Address Valid)

¢ (4)
. ACE Ve
. \
= X —
tacs HZ
o5 X0, i
-4—-tAOE(4)—> Ty (6L
SHATIINNARNRNRRRR S ;@77 /
HIGH t z(5) (6)
DATA MPEDANCEe—— t 7(5) — L/z// ——— ) 2
ouT ) ANANANAN
IO m - e o o o - o
Ve CURRENT 50% 50%
1SB - tpy . tpp

«

A.C. Testing Input, Output Waveform

A.C. Testing Load Circuit

: +5V
2.4v
2.0V 20V 125082
TEST POINTS <
0.8v 0.8V. Pout
o.av INPUT QuUTPUT 77582 100pf (INCLUDING SCOPE AND JIG
AC TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC
“1 AND 0.4V FOR A LOGIC “0". TIMING MEASUREMENTS
ARE MADE AT 20V FOR A LOGIC “1" AND 0.8V FOR A =
LOGIC “0”. INPUT PULSE RISE AND FALL TIMES ARE 5 ns. .
Figure 1.
Ordering Information
‘ Part Access Operating Standby Package
Number Time Current Current Type

UM23256 450 ns 100 mA N.A. Plastic

UM23256—1 300 ns 100 mA N.A. Plastic

UM23266--2 200 ns 100 mA N.A. Plastic

UM23256A 450 ns 100 mA 10 mA Plastic

UM23256A-1 300 ns 100 mA 10 mA Plastic

UM23256A—-2 200 ns 100 mA 10 mA Plastic
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@Umc | Static RAM

Selection Guide

Part No. Descriptions Compatible Devices | - Remarks Page
um2147 . 4Kx1 High Speed NMOS SRAM SYP 2147\ | Access Time 70, 55, 45 ns 2-3
um2148 . 1Kx4 High Speed NMOS SRAM SYP 2148 Access Time 70, 55, 45 ns 2-8
UmM2149 1Kx4 High Speed NMOS SRAM SYP 2149 Access Time. 70, 55, 45 ns 2-13

v Access Time 250, 200, 150,
UM6104 1Kx4 CMOS SRAM HM 4334 120 ns for 5V, 2us for 2--18
2.5V Operating

UmMe104-1 1Kx4 CMOS SRAM TC 5047AP 2—2_3
UM6114 1Kx4 CMOS SRAM Access Time 100, 70, 55,45 ns | 2—-28
UMB116-2/3/-4 | 2Kx8 High Speed CMOS SRAM IDT 6116 Access Time 70, 90, 120 ns 2-33
UM6116-5 2Kx8 High Speed CMOS SRAM IDT 6116 A(icess Time 55 ns 2-38
UM6164 8Kx8 High Speed CMOS SRAM IDT 7164 Access Time 70, 55, 45 ns 2—-43
ume167 16Kx1 High Speed CMOS SRAM HM 6167 Access Time 70, 55, 45 ns 2-50
UM6168 4Kx4 High Speed CMOS SRAM HM 6168 ' Access Time 70,:55, 45 ns 2-55




Features

45 ns maximum access time

No clocks or strobes required

Automatic CE power down

Identical cycle and access times

Single +5V supply (* 10%)

Pinout and function compatible to SY2147

General Description

The UMC UM2147 is a 4096-Bit Static Random Access
Memory organized 4096 words by 1-bit and is fabricated
using UMC's new scaled N-channel silicon gate technology.
It is designed using fully static circuitry, therefore requiring
no clock or refreshing to operate. Address set-up times
are not required and the data is read out non-destructively
with the same polarity as the input data. Separate data
input and output pins provide maximum design flexibility.
The three-state output facilitates memory expansion by
allowing the outputs to be OR-tied to other devices.

4K X 1 High Speed NMOS SRAM f

UM2147

® Total TTL compatible:
All inputs and outputs
@ Separate data input and output
B High density 18-pin package
8 Three-state output

The UM2147 offers an automatic power down feature.
Power down is controlled by the Chip Enable input. When
Chip Enable {CE) goes high, thus deselecting the UM2147
the device will automatically power down and remain
in a standby power mode as fong as CE remain high. This
unique feature provides system level power savings as
much as 80%.

The UM2147 is packaged in an 18-pin DIP for the highest
possible density. The device is fully TTL compatible and
has a single +5V. power supply.

Pin Configuration

Block Diagram

3

A1 *{X — -— Vce
A 4%—: <«—— GND
Aa{ MEMORY ARRA
S ROW el
Ao [ 18 [ vee £ 64 ROWS
As SELECT] 64 COLUMNS
A L2 7H A A —
= N = a3
As[]a 18] ]As
As |5 um2147 14| ] As N
b COLUMN 1/0 CIRCUITS —D
As s 13[] Ao " oo
COLUMN sELECT |
oout []7 2f]Au
WE |8 o
GND Q 9 10 ]TE
Ao As As Ag AlgAnr
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UM2147

Absolute Maximum Ratings*

Temperature Under Bias
Storage Temperature

Voltage on Any Pin with Respect

to Ground

D.C. Characteristics
(TA=0°C to +70°C, Vee =5V 2 10% Unless otherwise specified) (Note 8)

—10°C 10 85°C
—65°C to 180°C

—35V to +7V

*Comments

Stresses above those listed under “Absolute Maximum
Ratings’” may cause permanent damage to the device.
These are stress ratings only. Functional operation of
this device at these or any other conditions above those in-
dicated in the operational sections of this specification is
not implied and exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.

2147 /1/-2) 2147 U/L4A
Symbol Parameter Units Conditions
Min. | Max. | Min. | Max.
| Input Load Current 10 10 A V. Max. V Gnd 1o V.
= =Gn
LI (All input pins) " ce VN 0 Vee
CE=Viy.Vee = Max.
! Qutput Leakage Current 50 50 A
o] P g * Vour =Gnd to 45V
150 115 mA Tpo=25°C | Vgc =Max. CE=V
[ Power Supply Current A cc : 'L
ce PRy 160 125 | mA| T,=0°C | Outputs Open
Isg Standby Current 20 10 | mA| Ve = Minto Max, CE =V,
Peak Power-on Current Vee =Gnd to Ve Mi
oo wer-on Curre 50 30 . Vee nd to Ve Min )
(Note 9) CE = Lower of V¢ or Vi Min
ViL Input Low Voltage -3.0| 08 [-30 | 08 \%
ViH Input High Voltage 20| 6.0 20| 60 \%
VoL Output Low Voltage 04 0.4 \% lop =8 mA
VoH Output High Voltage 24 24 \ oy =—4.0mA
Capacitance
(TA=25°C, f=1.0 MHz)
Symbol Test Typ. " Max. Unit
CouT Output Capacitance 6 pF
Cin Input Capacitance 5 pF

Note: This parameter is periodically sampled and not 100% tested.
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A.C. Characteristics
{Ta =0°Cto +70°C, Voc =5V +10% Unless otherwise specified) (Note 8, 10)

READ CYCLE
2147/L 2147-1/L1 2147-2
Symbol Parameter Unit | Notes
Min. | Max, Min. | Max. | Min. | Max.

tre Read Cycle Time 70 55 45 ns

‘ tAA Address Access Time 70 55 45 ns
tacet | Chip Enable Access Time 70 . 55 45 ns 1
tace2 | Chip Enable Access Time 80 65 45 ns 2
ton Output Hold from Address-Change 5 5 5 ns
t 7 Chip Selection to Output in Low Z 10 10 5 ns 7
thz Chip Deselection to Output in High Z 0 40 0 30 0 30 ns 7
tpy Chip Selection to Power Up Time 0 0 0 ns
tpp Chip Deselection to Power Down Time 30 20 20 ns

WRITE CYCLE

twe Write Cycle Time 70 55 45 ns
tow Chip Enabled to End of Write 55 45 45 ns
taw Address Valid to End of Write 55 45 45 ns
tas Address Setup Time -0 0 0 ns
twp Write Pulse Width 40 25 25 ns
twr Write Recovery Time 15 10 | 0 ns
tow Data Valid to End of Write 30 25 25 ns
o Data Holcll Time 10 10 10 ns
twz | Write Enabled to Output in High Z 0 35 0 25 0 25 ns 7
tow Output Active from End of Write 0 0 0 | 7

2-5



@UMO UM2147

Timing Diagrams
READ CYCLE NO. 1 (NOTES 3 AND 4)

I tRC 'k

ADDRESS *

taa {
toH
DATA OUT PREVIOUS DATA VALID XX DATA VALID
'READ CYCLE NO.2 (NOTES 3 AND 5)
tRC
E——-——!( . y
: tACE tHz

HIGH IMPEDANCE - HIGH

DATA OUT X XﬁL DATA VALID r——
[*tPU tPD

\S,l.(l:gPLY lcc T T T T o %_ —
CURRENT lsB 7f °
WRITE CYCLE NO. 1 (WE CONTROLLED) (NOTE 6)
| _ twe |
ADDRESS
tcw
AN X L/ /L)
— taw
_ tAS twp [—tWR

WE
X ™\ /
©OH |

ow
DATA IN * DATA VALID *
—twz — tow
HIGH IMPEDANCE

DATA OUT DATA UNDEFINED ,l l\

Notes:
1. Chip deselected for greater than 55 ns prior to selection.
2. Chip deselected for a finite time that is less than 55ns prior to selection. (If the deselect time is Ons, the chip is by
definition selected and access occurs according to Read Cycle No. 1.).

3. WE is high for Read Cycles.

4. Device is continuously selected, CE = V.

5. Addresses valid prior to or coincident with CE transition low.

6. . If CE goes high simultaneously with WE high, the outputs remain in the high impedance state.

7. Transition is measured * 500mV from low or high impedance voltage with load B. This parameter is sampled and not
100% tested. :

8. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute,

9. A pullup resistor to Ve on the CE input is required to keep the device deselected: otherwise, power-on current ap-

proaches I active.
10. A minimum 0.5 ms time delay is required after application of Vo (+5V) before proper device operation is achieved.
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UM2147

WRITE CYCLE NO. 2 (CE CONTROLLED) (NOTE 6}

twc

ADDRESS 2(_
|

*tAS tow
CE *

Jf

taw

ld—tWR—b

*eANAANANANNNNN N X

twp

£/ /[

tDH

PW ————=

DATA IN DATA VALID
[ty z —|
HIGH IMPEDANCE
DATAOUT DATA UNDEFINED ,I

A.C. Testing Input, Output Waveform

A.C. Testing Load Cifcuit

3.0v
2.0V
1.5V <—TEST POINTS +5v +5v
ov 08 51082 ) 51082
INPUT OUTPUT 5
ouT D
30pF ouT
A.C. TESTING: INPUTS ARE DRIVEN AT 30V FOR A 30082 S“CNSPLEU/?&NDG 300 oeF
LOGIC 1" AND 0.0V FOR A LOGIC “0". TIMING MEAS- 11G)
UREMENTS ARE MADE AT 20V FOR A LOGIC “1"* AND L 1
0.8V FOR A LOGIC “0” AT THE OUTPUTS. THE INPUTS - -
ARE MEASURED AT 15V. INPUT RISE AND FALL TIMES LOAD A. LOAD B.
ARE 5 ns,
Ordering Information
Part Atfcess Operating Stand by Package
Number Time Current Current Type
: (Max.) (Max.) (Max.) s
UM2147 70 ns 160 mA 20 mA Plastic
UM2147-1 55 ns 180 mA 30 mA Plastic
UM2147-2 45 ns 180 mA 30 mA Plastic
UM2147L 70 ns 140 mA 10 mA Plastic
UM2147L-1 55 ns 1256 mA 15 mA Plastic
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General Description

45 ns maximum access time

No clocks or strobes required

Automatic CE power down

Identical cycle and access times

Single+5V supply (£ 10%)

Pinout and function compatible to SY2148

The UMC UM2148 is a 4096-Bit Static Random Access
Memory organized 1024 words by 4 bits and is fabricated
using UMC's new scaled N-channel silicon_gate technology.
It is designed using fully static circuitry, therefore requiring
no clock or refreshing to operate. Address set-up times are
not required and the data is read out non-destructively
with the same polarity as the input data. Common data
input and output pins provide maximum design flexibility.
The three-state output facilitates memory expansion by
allowing the outputs to be OR-tied to other devices.

1K X 4 High Speed NMOS SRAM '

UM2148

®m |ndustry standard 2114 pinout

® Totally TTL compatible all inputs and outputs
® Common data input and output

m High density 18-pin package

B Three-state output

The UM2148 offers an automatic power down feature.
Power down is controlled by the Chip Enable input. When
Chip Enable (CE) goes high, thus deselecting the UM2148
the device will automatically power down and remain in
a standby power mode as long as CE remains high. This
unique feature provides system level power savings as
much as 85%.

The UM2148 is packaged in an 18-pin DIP for the highest
possible density. The device is fully TTL compatible and
has a single +5V power supply.

Pin Configuration Block Diagram
Ay — 5] ~-—— vee
Ay ———P%] -—— GND
A 1 18 \4 ——l%
6 E :] cc Ae ROW MEMORY ARRAY
__._IE 64 ROWS
As []2 7 :l A7 A SELECT 64 COLUMNS
A —%
As[]3 161 As )
Ag -
As[]a 151 ] Ag .
Ao |: 5 UM2148 14} ] 1/01 /0y —4—>— COLUMN 1/0 CIRCUITS
INPUT
0 LECT
s 5|5 vos vor =D x| [ eomieas
| 1/03 b— TROL
A2 )7 12 }] /03 /04
CE |
CE[ s 11 [ 1oa he A1 As Ay &
GND [}o 10]] wE ﬁ
cE t
WE

(-]



@UMO UM2148

Absolute Maximum Ratings* *Comments

Temperature Under Bias. ... ......... —10°C 10 85°C Stresses above those listed under “Absolute Maximum

Storage Temperature . . .. . ... ...... —65°C to 160°C Ratings’ may cause permanent damage to the device. This

Voltage on Any Pin with Respect is a stress rating only and functional operation of the device
toGround . . . .......... ..., .. ;. =35V to+7V at these or any other conditions above those indicated in

Power Dissipation . . .. .................... 1.0W the operational sections of this specification is not implied.

D.C. Characteristics ,
{TA=0°C t0 +70°C, Vcg =5V £10% Unless otherwise specified) (note 8)

2148/-1/-2  2148L/L-1
Symbeo! Parameter Units Conditions
Min. [ Max. | Min. | Max. )
Input Load Current
I, nput Load LU 10 10/ wA | Vec =Max, Vin = Gnd to Vee
{All input pins)
CE= V|H , VCC = Max
| Output Leakage Current: 50 50
|0l utput eakage Lurre HA 1 Vour =Gndtod sV
140 116] mA Ta=25°C| Vee =Max, CE =V,
lce Power Supply Current —
150 126 mA | Ta=0°C | Outputs Open
lsg Standby Current 30 20| mA Ve = Min to Max. CE=Vy
Peak P -on C t Vee =Gnd to Vee Min
Ieo eak Power-on Curren 50 0! ma Vee nd to Ve ‘
(Note 9) CE = Lower of V¢ or Vi Min
ViL Input Low Voltage -30{ 08 [-3.0 08 V
Vin Input High Voltage 20|60 | 20| 60[ V
VoL -‘Output Low Voltage 0.4 0.4 \V; loL =8mA
Vou Output High Voltage 24 2.4 \ lon = —4mA
Capacitance
(TA=25°C, f=1.0 MHz)
Symbol Test Typ. Max. Unit
Cout Output Capacitance 7 pF
CiN Input Capacitance 5 pF

. Note: This parameter is periodically sampled and not 100% tested.
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A.C. Characteristics
(Tp =0°Cto +70°C, Ve =5V #10% Unless otherwise specified) (Note 8)

READ CYCLE -
. 2148/L 2148-1/L-1 2148-2
Symbol Parameter - Unit | Conditions
: Min. | Mex. | Min. | Max. | Min. | Max.
tpe Read Cycle Time ~70 55 45 , ns
o tan Address Access Time 70 55 | 46 ns
tace1 | Chip Enable Access Time 70 55 45 ns Note 1
tacez | Chip Enable Access Time 80 65 55 ns Note 2
toH Output Hold from Address Change -5 5 5 ns
tLz Chip Selection to Output in Low Z 10 10 10 ns Note 7
thyz | Chip Deselection to Output in High Z 0 20 0 20 0 20 ns Note 7
tpy Chip Selection to Power Up Time 0 0 0 ns
tpp Chip Deselection to Power Down Time 30 30 30 ns
‘WRITE CYCLE
twg | Write Cycle Time 70 55 45 ns
tcw ’ Chip Enabled to End of Write 65 50 40 ns
| taw Add?ess Valid to End of Write 65 50 40 ns
f Aé Address Setup Time 0 0 ‘0 ns
twp \ Write Pulse Width 50 40 35 . ns
twRr k Write Recovery Time 5 5 5 ns
tpw | Data Valid to End of Write 25 20 20 ns
toH k Data Hold Time 0 0 0 ns
twz Write Enabled to Qutput in High Z 01 - 25 0 20 0 15 ns Note 7
tow Output Active from End of Write 0 0 ' 0 ns, Note 7
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Timing Diagrams
READ CYCLE NO. 1 (NOTES 3 AND 4)

tRC
ADDRESS 3 *

tAA '
tOH _
DATA OUT PREVI0US DATA VALIDK X X DATA VALID

READ CYCLE NO. 2 (NOTES 3 AND 5)

- tRC
g™\ ) C—
tACE ' tHZ
. r—1) 7 ———
DATA OUT ——rHOHLIMEERANS OTSOL DATA VALID D, IM'—:EGI:ANCE
le—tpy *‘ -—tpp —*]
\S/SE’:PLY cemmmTm T

{
AN

WRITE CYCLE NO. 1 (WE CONTROLLED) (NOTE 6)

wc
ADDRESS * ’ } 4
tew
CEANS L/ /170
AW
tAS twp [— T R~ )
WE ‘ AN Vi
' DH |
[ oW
DATA IN * DATA VALID }

F— twz [ tow
HIGH IMPEDANCE

DATA OUT DATA UNDEFINED 2l \

Notes:

1. Chip deselected for greater than 55ns prior to selection.

2. Chip deselected for a finite time that is less than 55ns prior to selection. {If the deselect time is Ons, the chip is by

definition selected and access occurs according to Read Cycle No. 1).

. WE is high for Read Cycles.

. Device is continuously selected, CE = V;_.
. Addresses valid prior to or coincident with CE transition low.

. If CE goes high simultaneously with WE high, the outputs remain in the high impedance state.
. Transition is measured £500mV from low or high impedance voltage with load B. This parameter is sampled and not
100% tested.
The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute.
. A pullup resistor to Voc on the CE input is required to keep the device deselected: otherwise, power-on current ap-

proaches lcc active.
10. A minimum 0.6 ms time delay is required after application of V¢ (+5V) before proper device operation is achieved.

NOoO oA W

©®
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UM2148

WRITE CYCLE NO.2 (CE CONTROLLED) (NOTE 6)

twe
ADDRESS 3( B 4
*tAs tew
CE !( ;L
tAW tWP "—IWR_‘"
FTAONMANAAANNNNNK y A
DH
' ow - |
DATA IN DATA VALID
le— tywz
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED

A.C. Testing Input, Output Waveform

It

A.C. Testing Load Circuit

3.0V
2.0V
15V TEST +5v +5v
~ POINTS <
8V
ov 2 48082 48082
INPUT OUTPUT
DouT 30pF DouT
‘ Q {INCLUDING SoF
AC. TESTING: INPUTS ARE DRIVEN AT 30V FOR A 255 SCOPE AND 255
LOGIC 1" AND 0.0V FOR A LOGIC “0”. TIMING MEAS-
UREMENTS ARE MADE AT 2.0V FOR A LOGIC “1" AND L L
0.8V FOR A LOGIC “0"" AT THE OUTPUTS. THE INPUTS
ARE MEASURED AT 15V. INPUT RISE AND FALL TIMES LOAD A. LOAD B.
ARE 5 ns,
Ordering Information
Access Operating Standby
. Pack
Part Time Current Current a';':ya:e
Number {Max.) (Max.) (Max.) P
UM2148 70 ns 150 mA 30 mA Plastic
UM2148-1 55 ns 150 mA 30 mA Plastic
UM2148—-2 45 ns 150 mA 30 mA Piastic
UM2148L 70 ns 125 mA 20 mA Plastic
UmM2148L—1 55 ns 126 mA 20mA Plastic




Features

B 45 ns maximum address access

UM2149

High Speed NMOS SRAM '

® |ndustry standard 2114 pinout

B Fully static operation: | Totally TTL compatible:
No clocks or strobes required All inputs and outputs
B Fast chip select access time: 20ns max. B Common data input and outputs
® |dentical cycle and access times 8 High density 18-pin package
® Single +5V supply B Three-state output

General Description

The UMC UM2149 is a 4096-Bit Static Random Access
Memory organized 1024 words by 4 bits and is fabricated
using UMC’s new N-channe! Silicon-Gate HMOS technology.
It is designed using fully static circuitry, therefore requiring
no clock or refreshing to operate. Address set-up times
are not required and the data is read out non-destructively
with the same polarity as the input data. Common data
input and output pins provide maximum design flexibility.
The three-state output facilitates memory expansion by
allowing the outputs to be OR-tied to other devices.

The UM2149 offers a chip select access that is faster than
its address access. In a typical application, the address
access begins as soon as the address is valid. At this time,
the high order addresses are decoded and the desired
memory is then selected. With the faster chip select access,
this decode time will not add to the overall access time thus
significantly improving system performance.

The UM2149 is packaged in an 18-pin DIP for the highest
possible density. - The device is fully TTL compatible and
has a single +5V power supply.

Pin Configuration Block Diagram
Aa -——Vce
. E ) S As—‘x -— GND
6 8 cc As K oW MEMORY ARRAY
64 ROWS
As E 2 170] Aq A’—_K SELECT 64 COLUMNS
A A A ——%]
4 [: 3 16 :] 8
Ay —% ]
Az E 4 15 D Ag
Ag E 5 UM2149 14 ] ] 1/0, 1701 **‘—D— ] coLumn 1o circuTs
1/02 D e COLUMN SELECT
A1 ]e 13 ] /0, o
103 D o
A7 12| ] /03 /04
cs[Js 1 D 1/0a Ao AL Az As k
GND Ij 9 10f | WE s
D -
-
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Absolute Maximum Ratings

Temperature Under Bias
Storage Temperature . . ... .........
Voltage on Any Pin with Respect
toGround . . . ... ... ...... ... ..
Power Dissipation

—10°C to 85°C
—65°C to 150°C

D.C. Characteristics

UM2149
*Comments '
Stresses above those listed under “Absolute Maximum
Ratings’* may cause permanent damage to the device. This
is a $tress rating only and functional operation of the device

at these or any other conditions above those indicated in
the operational sections of this specification is not implied.

(Ta =0°Cto+70°C, Ve =5V £ 10% Unless otherwise specified) (Note 8)

2149/-1/-2 | 2149L/L1
Symbol Parameter Units Conditions
Min. | Max. | Min. | Max.
| Input Load Current 10 10 A V. Max. V/ Gnd to V
. = Max, = (o}
H (All input pins) k cc IN cc
C_S= VIH . VCC = Max.
| Output Leakage C t 50 50
! Lo utput Leakage Curren MA Vour = Gnd to 4.5V
140 15 | mA TA=25°C| Vee =Max, CS=V,_
lcc Power Supply Current
150 125 | mA T A=0°C | Outputs Open
ViL Input Low Voltage -03}| 08 {03 08| V
ViH Input High Voltage 20} 60 |-20] 60| V
VoL Output Low Voltage 0.4 04| V loL =8mA
Vou Output High Voltage 24 24 \ o =—4.0mA
Output Short Circuit Vout =GND to Ve
| 1200 +200 A
08 Current m (Note 7)
Capacitance
(Ta =25°C, f= 1.0 MHz)
Symbol Test Typ. Max. Unit
Cout Output Capacitance 7 pF
Cin Input Capacitance 5 pF

Note: This parameter is periodically sampled and not 100% tested,
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A.C. Characteristics
{Ta =0°Cto +70°C, Vge =5V + 10% Unless otherwise specified) - (Note 6, 8)

READ CYCLE
2149 21491 2149-2
Symbol Parameter Unit | Conditions
Min. | Max. | Min, | Max. | Min. | Max.

tre Read Cycle Time 70 55 45 ns

taa Address Access Time 70 55 45 ns

tacs Chip Select Access Time 30 25 20 ns

toH Output Hold from Address Change 5 5 5 ns

Vt Lz Chip Selection to Output in Low Z 5 5 5 ns Note 5
tyz Chip Deselection to Qutput in High Z 0 15 0 15 0 15 ns v Note 5

WRITE CYCLE

twe Write Cycle Time 70 b5 45 ns

tcw Chip Selection to End of Write 65 50 40 ns

taw Address Valid to End of Write 65 50 40 ns
tas Address Setup Time 0 0 0 ns

twp Write Pulse Width 50 40 35 ns

tWR Write Recovery Time 5 5 5 ns

tow Data Valid to End of Write 25 20 20 ns

tpH Data Hold Time 0 0 0 ns

twz Write Enabled to Output in High Z 0 25 0 20 0 15 ns . Noteb
tow Output Active from End of Write 0 0 0 ns Note 5

(See following page for notes)
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UM2149
Timing Diagrams
READ CYCLE NO. 1 {Notes 1 and 2)
tRC '
ADDRESS )(
tAA >
DATAOUT  PREVIOUS DATA VALID 7< >< >< DATA VALID
READ CYCLE NO.2 {Notes 1 and 3)
tRC
CcS —L 7£
tACS thz
.z
HIGH IMPEDANCE HIGH
DATA OUT >< >< )( DATA VALID )mCE

WRITE CYCLE NO. 1 (WE controlled) (Note 4)

| twe :
5 tcw
s3I /[ [/
- taw tWR
tas ’ twp
WE }\ X ya
| toH_|
pw
DATAIN DATA VALID *
(— Tz ~— tow
‘ HI
DATA OUT DATA UNDEFINED ) SH IMPEDANCE X
Notes:
1. WE is high for Read Cycles.
2. Device is continuously selected, CS = V;_.
3. Addresses valid.
4. If CS goes high simultaneously with WE high, the outputs remain in the high impedance state.
5. Transition is measured £ 500 mV from low or high impedance voltage with load B. This parameter is sampled and not
100% tested.
6. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute.
7. Duration not to exceed one minute.

8. A minimum 0.5 ms time delay is required after application of V¢ (+5V) before proper device operation is achieved.
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UM2149

WRITE CYCLE NO. 2 (CS controlled) (note 4)

we

ADDRESS :)( *

tew

[ tAS

]l

taw

NN |

3l

| WWp ———

[— tWR —

7!

([ L]

IDH
tDw ———-—»k———»

DATA IN

DATA VALID

DATA OUT DATA UNDEFINED

<—tWZj
)

HIGH IMPEDANCE

A.C. Testing Input, Output Waveform

A.C. Testing Load Circuit

30V
2.0V +BV +EV
1.5V<TEST POINTS
ov 0.8V 48082 48082
D
INPUT OUTPUT DouT 30pF ou
(INCLUDING
AC. TESTING: INPUTS ARE DRIVEN AT 30V FOR A 2558 SCOPE AND 25682 5pF
LOGIC “1""'AND 0.0V FOR A LOGIC “0”. TIMING MEAS- JIG)
UREMENTS ARE MADE AT 20V FOR A LOGIC “1” AND = =
0.8V FOR A LOGIC “0" AT THE OUTPUTS. THE INPUTS
ARE MEASURED AT 1.5V. INPUT RISE AND FALL TIMES LOAD A. LOAD B.
ARE 5 ns,
Ordering Information
Order ATo.cess cSupph:: Package
ime urren
Number Type
(Max.) (Max.) P
umM2149 70 ns 150 mA Plastic
UM2149-1 55 ns 150 mA Plastic
UM2149—2 45 ns 150 mA Plastic
Uum2149L 70 ns 125 mA plastic
UM2149L-1 55 ns 125 mA Plastic




Features

Single + 5V power supply

Low power standby
Low power operation
Fast Access time

Data retention

General Description

The UM6104 is a 1024x4 fully static CMOS RAM. The

device utilizes synchronous circuitry to achieve perform-

ance and low power operation.

120/150/200/250 ns max.
2.0V min.

UM6104
1K X 4 CMOS SRAM |

Three-state outputs

On-chip address register
Synchronous circuitry
Standard 18 pin DIP package
TTL compatible input/output

On chip latches are provided for the addresses allowing

efficient interfacing with microprocessor systems. The data

output can be forced to a high impedance state for use in

expanded memory systems,

Pin Configuration

A [0 18
as ]2 17
Aq Y3 16
Az [} 15
Ao (15 UM610414
A []s 13
A 7 12
CE[]s 1
GND [Jo 10

| Ve
[ A7
[ 1As
LY
| |1/04
[ 1/0,
[ ]1/03
[ 1i/04

. Block Diagram
A —O0 Vce
As O——r] . ——0 GND
o e | 1 o uevony
A7 ADDRESS ¢+ | DECODER
Ago— | REGISTER | : 64x64
Ag
| 2
1/0; © 1/0 :>
1/05 O— CONTROL <: COLUMN DECODER
1/03 © T
/04 © cesen
L LATCHED
— +— ADDRESS
REGISTER
CLOCK CLOCK
WE O GEN. GEN.
l Ao AL Az A3
CE
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Absolute Maximum Ratings* *Comments

Ambient temperature under bias, Ta . ... —10to +80°C Stresses above those listed under "“Absolute Maximum
Storage temperature, Tgr . . .. ... .. .. b5 to + 125°C Ratings’” may cause permanent damage to the device.
Input voltage, Vi + . oo oo oo —0.3to Vge +0.3V These are stress ratings only. Functional operation of
Output voitage Voyt . ... .. b —0.3 to V¢ +0.3V this device at these or any other conditions above those
Maximum power supply voltage, Vee max. . . . . .. +7.0V indicated in the operational sections of this specification

is not implied and exposure to absolute maximum rating
conditions for extended periods may affect the device
reliabifity.

D.C. Electrical Characteristics
(Ta =010 70°C, GND = 0V, Ve = 4.5 to 5.5V unless otherwise specified)

Limits
Symbol Parameter Test Conditions Units
Min. Typ. Max.
Vee Supply voltage 4.5 5.0 55 \Y
ViL Input IoW voltage -0.3 - . 0.8
Vin Input high voltage 2.4 - Vee +0.3
ﬁ=VCC:|OUT=OmA .
Iccse Standby supply current v Vin = GND or Vee 10 MA
0 X | f=1 MHZ, IOUT=OmA 7 mA
lccop peration supply current Vi = Vee ViL=GND
. VCC=C—E=3V IOUT=0mA
lccor Data retention supply current VN = GND or Ve 5 HA
Vcebr Data retention supply voltage CE = high 2.0 \%
Ly Input leakage current GND V|y Ve -1.0 - 1.0 HA
Lo Output leakage current GND Voyt Vece -1.0 - 1.0 RA
Vou Output low voltage loL =3.2mA 0.4 \
Vou Output high voltage lop = —1.0mA 2.4 \
Capacitance
(Ta =25°C f=1.0 MHz)
: Limits
Symbol Parameter i Test Conditions Unit
. Typ. Max.
Cin Input capacitance All pins except pin under 7 pF
CouTt Output capacitance test tied to AC ground 10 pF

Note: This parameter is periodically sampled and is not 100% tested.
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A.C. Electrical Characteristics

(Ta=01070°C, Vg = 4.5 t0 55V) g
* Symbol UM6104 UM6104-2 | UM6104-3 | UM6104-4
- - Parameter - Unit
COnvenftional Standard : Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
tca TeLav Chip enable access time 250 200 150 120 ns
tcoe TeLax Chip enable output enable time 50 20 20 10 ns
tcoz TeHOZ Chip enable output disable time 80 80 60 50 ns
twoz TwLaz Write enable output disable time 80 80 60 50 ns
tee TeLen#* | Chip enable pulse engative width | 250 200 150 120 ns
tee TeHEL Chip enable pulse positive width | 100 80 70 | 50 ns
tAS TAVEL Address setup time 20 ) 20 20 20 ns
tAH TeLAX Address hold time 100 80 60 40 ns
tRs TWHEL Read setup time 0 0 0 0 ns
tRH TenwL Read hold time : 0 0 0 0 ns
trRD TeLwL Read enable time v 250 200 150 126 ns
tws TwLEL Write setup time —-20 —20 -20 —20 ns
twp TeLwH Write enable time ‘ 250 200 150 120; ns
tps TovEH Input data setup time 200 150 100 70 ns
tDH TEHD X Input data hold time 0 0 0 0 ns
Tenax
toH ‘Output data hold time 0 | 0 0 0 ns
Twirax
'tC* TeLeL Read or Write cycle time 350 | - 280 220 170 ns
Notes: :

*: Tetee =Teren + Tewer + Tr + TF
**. For Read Modify Write cycle, Te gy = TerwL + Twien + TF
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UM6104
A. C. Test Conditions
Input pulse levels: 0.6V to 2.4V
Input pulse rise & fall times (Tg & Tg): 10 ns
‘Timing measurement levels: input: Vy_ = 0.8V Vig = 2.2V
output: Vg = 0.6V Vou = 2.4V
output load: 1 TTLGATEand C = 100pF
Read Cycle Timing Diagram
tc
R R R R R K KRS R TR,
XX RAKIXXXIMXXANNUNUN X XXXXBBXNXXXXX XN
A QR R XXX
N tcE | \ |
TE N
N tce \_
'Rs tRH

1/0 HIGH-Z (XKL 3
XOOOOK) VALID
(ouT) A 7
' * iy
110 HIGH-Z : . toH
(IN)

Write Cycle Timing Diagram

"""' AAR
XX

‘V".v’v‘v’v‘ _ "'.V‘V’V’v‘v‘V‘v‘V‘V’V"’V‘V‘V.V‘V‘V‘V‘Q‘O.Q"‘V‘V‘V‘v‘v‘v'v’v’v‘v’v‘v.v‘v’
A KRN VALID MK KX KIKKXXIKIIHHIX KX XKXXXN
X e s e o o oo
tAs tAH

twp

NN
LRREXR
PR

170 XXAPYWNRAKXIOAARKRXIOCX XX KAXX A X X XKAR X AAXAX KX XX YD N AXKXGKX
R KRR KX MCKX XXM XN QKIS
(I BB BN VALID R
1/0 | HIGH-Z
{OUT)
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Read Modify Write Cycle Timing Diagram

tc

R R R
0 I N O N e 0 0 e S 0 0 e et
ORI RO KNI HX K RILIK IR
00t N o It

XX X ) WV 0a9.9,9.9,

Lol I
tCE *‘_

* wo
\
i woz ‘
t
/0 ’ HIGH-Z "- co VALID
(ouT) " ¢
OH
o DS
110 HIGH-Z (TRRTTZ LRI
Ordering.Information
: Access Time

Part Number {Max.) +  Package
UM6104 250 ns Plastic
UM6104-2 200 ns Plastic
UM6104-3 150 ns Plastic
UM6104—4 120 ns ' Plastic
UMG104J © 2501ns CERDIP
UM6104J-2 200 ns CERDIP
UM6104J-3 150 ns CERDIP
UM6104J-4 120 ns CERDIP
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Features

B 2 5V minimum operating voltage
Low power standby

Low power operation

Chip access time: 2.0 us

Data retention: 2.0V min.

General Description

The UM6104-1 is a nonclocked CMOS static RAM or-
ganized as 1024 words by 4-bits. Since 1Kx4 CMOS static
RAM is usually used in low voltage or low power consump-
tion situation, such as telephonic equipments and portable

Three-state outputs

On-chip address register

Synchronous circuitry

Standard 18 pin DIP package

No clock required {complete static circuit)

equipments, UMC creates a new product version, UM6104-1
to serve these requirements. UM6104-1 dissipates very
little current at the data retention mode and is suitable for
use in non-volatile RAM applications with battery backup.

Pin Configuration Block Diagram
Ag O——r —O Vce
As O—] . | cano
A6 O LATCHED : ROW ——I\ TAEAI\Q-(;T;
\J" A70—— ADDRESS 1w | necoper |y )
As [ 11 18 vee Ago——| REGISTER | : 64x64
Ag O—r]
A2 1711 Aq 9
A, L3 16 ] Ag 1 iI
T 1560 ] Ag 101 ©- /0
: 1/02 O COI\/ITROL q COLUMN DECODER
Ao []s umet0a-114 [ o1 | 1o, o— |
A, s 13[J o, | V00
A, 7 12| ] 1vos L] LATCHED
TE — +— ADDRESS
ce[]s 1l Jvo !
. ] v REGISTER
GND [ ]9 10 ] We
— cLock cLock
Weo GEN. GEN.
J) Ao A1 Ay Az
CE
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Absolute Maximum Ratings - *Comments
Stress above those listed under Absolute Maximum Ratings
Ambient temperature under bias, Ta ... .. —10 t0 +80°C may cause permanent damage to the device. These are
Storagé temperature, Tgt. . . .. ...... — 5510 +125°C stress ratings only. Functional operation of this device at
Input voltage, Vin. . . oo .. —031t0 Ve 0.3V these 9r any otr.aer condrt!ons at?gve *fhos.e |nd19ateq in the
: operational sections of this specification is not implied and
Output voltage, Voyr. ... ... ... —0.3to Ve +0.3V exposure to absolute maximum rating conditions for
Maximum power supply voltage, Vcc max. . ... ... +7.0V extended periods may affect the device reliability.

D.C. Electrical Characteristics
(TA=0to 70°C, GND =0V, Ve = 2.5 10 5.6V unless otherwise specified)

. Limits
Symbol Parameter Test Conditions Units
Min. Typ. Max.

Vee Supply Voltage 25 3.0 5.5 Vv
ViL .| Input Low Voltage —0.3 — 04

v Input High Voltage ] . 22 — Vee 0.3

: CE=V, I =0mA
! CcC. 'ouT
ccsB Standby Supply Current Vin = GND or Ve 3.0 MA
. f=400 KHz, oyt =0mA
]
ccoep Operation Supply Current Vih = Vee VL = GND 5.0 mA
. VCC = CE=15V [OUT =0mA

|

CCDR Déta Retention Supply Current Vin = GND or Ve 1.0 MA
VeebRr Data Retention Supply Voltage | CE = high 15 Y
Iy Input Leakage Current GND Vv Vee —1.0 - 1.0 MA
lLo Output Leakage Current GND Vout Vee -1.0 - 1.0 MA
VoL Output Low Voltage loL =32mA . 0.4

Vou Output High Voltage loy =—1.0mA . 24

Capacitance
(Ta =25°C =400 KHz)
. . Limits
Symbol Parameter Test Conditions Unit
Typ. Max.
CiN Input Capacitance All pins except pin under 7 pF
Cout Output Capacitance test tied to AC ground 10 pF

Note:
This parameter is periodically sampled and is not 100% tested.
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A.C. Electrical Characteristics
(Ta =01t070°C, Ve =25105.5V)

Symbol Limits
Parameter Units
Conventional Standard Min, Max.
tea TeLav Chip enable access time 20 s
tcoe TeLox Chip enable output enable time . 100 ns
tcoz Tenaz Chip enable output disable time 500 ns
twoz TwLaz Write enable output disable time 500 ns
icE TeLeH** Chip enable pulse negative width 20 ' Ms
tce TeneL Chip enable pulse positive width 500 ns
tas TaveL Address setup time 100 ns
tAH TeLax Address hold time 0 ns
trs TwHEL ) Read setup time 0 ns
tRH TenwL Read hold time 0 ns
tRD TelwL Read enable time . 20 Ms
tws TwiLeL Write setup time -100 ns
two TeLwH Write enable time , 20 us
tps ToveH input data setup time 1.5 us
tpn Tenbx Input data hold time 0 ns
TeHax
toH Output data hold time 0 ns
Twiox
tex TeLeL Read or write cycle time ‘ 25 Ms

Notes:

*

" Terer = Teren t TeweL * Tr + Tk
**: For Read Modify Write cycle, Teren = Tewwe + TWLEH +Tg

AC Test Conditions

Input pulse levels: 0.6V to 2.4V
Input pulse rise & fall times {Tg & Tg): 10ns

Timing measurement levels: input: V| =08V V)3 =22V
output: Vg = 0.6V  Vpu =24V
Output load: 1 TTL GATE and C, =100 pF
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UM6104-1

READ CYCLE TIMING DIAGRAM

1/0 HIGH-Z

N | ¢
R A s
A EXOOKXXKXX X 200 900
VALID R R 0000 0 e 0
tAS [:tAH
__ tCE 1) : ﬂN
= *
t.CE I
}' RS le— tRH oi
[ tcA l* tcoz .
tCOE
10 HIGH-Z ‘——'1
{ouT) VALID .
'—— toH
1/0 HIGH-Z
(IN)
WRITE CYCLE TIMING DIAGRAM
- tc
R R R R R KR KA
LR X ERIIINOLICKKLKEK KKK
A VALID R AR R KRN XKD
tas [ tAH
tCE |
= 7 N
N toE o
tws -
wD
we LB
1 .
tDs —>| I-—IDH—>
170 XXX R R LR LRI RACLERNK
(i) R R R R KRXN vALID PRI

(ouT)
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UM6104-1
READ MODIFY WRITE CYCLE TIMING DIAGRAM

tc
|

O T T OSSOSO

VALID MK ERXKXEREKL RRKLLHIKAIKHHAK)

A ‘t"ofbf&oﬁfo&f’x2‘2‘:‘:‘:?:?:?:%?0?0?0?0?0?0?:?:?o?a?:%.‘ofo?:?o%90?0?0?0?0?0?0?0?0

tAs — tAH
l‘— tC_E |
CE

1
- twD
" N A
N Z
WOZ | ;
tcA |

1COE 7|
1o HIGH-Z
(ouT)

~‘IOH
oH DS
o HIGH-Z _

(TTTTDN R
() IR

2114 COMPATIBILITY

| |
2114 tcy
ADD

ADDRESS VALID * NE
ESNNNNNN

TELEL
X XCCGRLKIIAY DK HKX XKLL
N e e e e e e e e e e

ADDRESS VALID

a
°l

COMPATIBLE TIMING
ADD X ><

2114 — REQUIRES THE ADDRESS TO REMAIN VALID UM6104-1 — REQUIRES VALID ADDRESS FOR ONLY
THROUGHOUT THE CYCLE. A SMALL PORTION OF THE CYCLE, BUT

REQUIRES CE tc FALL TO INITIATE
EACH CYCLE,
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Features

B High speed—45/55/70/90 ns (max.)
B | ow power dissipation:

50mW (Typ.) operating

SMN (Typ.) standby
B Single 5V power supply

General Description

The UM6114 is a 4,096 bit high speed and low power static
random access memory organized as 1,024 words by 4 bits
using CMOS technology, and operates from a single 5-volt
supply.

The UM6114 is compatible with the industry produced '
NMOS 2148 type 4K RAM, yet offers a more than 90%
reduction in power of their NMOS equivalents.

The UM6114 is a fully CMOS RAM, therefore it is suited

UM6114
1K X 4 CMOS SRAM

& Fully static operation

B All inputs and outputs directly TTL compatible
B Three state outputs |

W Data retention supply voltage: 2.0-55V

for use in low power applications where battery operation
and battery back up for nonvolatility are required.

The UM6114 is guaranteed for data retention at a power
supply as low as 2 volts. The UM6114 is directly TTL
compatible in all inputs and outputs.

The UM6114 is offered in both standard 18 pin plastic and
cerdip packages, 0.3 inches in width.

Pin Configuration Block Diagram
Aag _K - -—— Ve
a——5] P
\J As X ROW MEMORY ARRAY
as [ 18 :l Vee Ag ——x SELECT 6463(:'&"&3'\‘8
as ]2 17 A, ny —P ]
A4 [: 3 16| ] Ag Ag —E: |
A s 15§ 1 A
s umeé114 o 1os —e—P— |  COLUMNI/OCIRCUITS

ho ' 1102 P weur COLUMN SELECT
A }s 1311 1/0, DATA .

os i ok

7 1271
A2 - /05 1104 P
CE[ |8 ] o, \
. Ag Ay Ay A .
VSSE 9 10 :] RV 0o A1 Ay Az ’—i‘
Pl
I Ay
RIW —-‘ij
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UM6114

Absolute Maximum Ratings*

Supply Voltage Vcc -Vss —0.3V to 7V
Input Voltage VIN .+« « v v oo oo oo —-0.3Vto 7V
Input/Output Voltage Applied Vijo —0.3V to Vcc +0.3V
Temp Under Blas Tgjas Ceramic —55°C 10 1258°C

Temp Under Blas Tgjas Plastic. . ... ... —10°C to 85°C
Storage Temperature Tstg Ceramic . . —65°C to +150°C
Storage Temperature Tgtg Plastic. ... —40°C to +125°C
Power Dissipation Pt . ... ... .. .. ... . ... 1.0W
DC OutputCurrentloyT ..« v v i e s 50mA

*Comments

Stresses above those listed under “‘Absolute Maximum
Ratings'’ may cause permanent damage to the device. This
is a stress rating only and functional operation of the device
at these or any other conditions above those indicated in
the operational sections of this specification is not implied.

Pin Names Operating Range
Ao—As ADDRESS Range Ambient Temperature Vee
1/01—1/04 DATA INPUT/QUTPUT o°C 2070 V£ 10%
i to + +
CE CHIP ENABLE INPUT Commercial ° oV * 10%
RW READ WRITE CONTROL INPUT
Vee/Vss POWER SUPPLY TERMINALS
Recommended Operating Conditions
Symbol Parameter Min Typ. Max. Units
Vee Supply Voltage 45 5.0 5.5 \%
Vss Supply Voltage 0 0 0 \Y
ViH Input High Voltage 22 35 Ve 0.3 \
Vi Input Low Voltage -3 - +0.8 \Y
Cy Output Load - - 30 pF
TTL Qutput Load - - 1 -
D.C. Electrical Characteristics over the operating range
Symbol Parameter Test Conditi __61143 __ 6142 __61141 ___ 6114 nits
Min.| Typ.* [ Max.| Min.| Typ.* | Max. [Min.| Typ.* | Max. [Min.| Typ.* | Max,
Input Leakage Vee =55V, )
||'-l | Current VN = GND to Ve - i s - (Foy - - |0 - = |E10] MA
| Output Leakage TE=VH + + +
| '-Ol Current Vi/0=GND to Vc¢ - i e i L L = |F0] uA
Icc CE=V|L, l}jjo=0mA | — 15 |30 | - 15 |30 | - 15 |30 | - 20 |40 | mA
Operating Power Vin=35v v ooV
Supply Current IH= 3.0V, VL =0, _
et 11/0= 0mA 10 - | - 10 | - - 0| - |- 10 - | mA
Dynamic Operatin N
Iccz Cu,,em' 9| Min. buty Cycle =100%| — — |50 | - - |50 | - - |80 | = — |50 | mA
isg CE= Vi - 5 |10 | - 5 |10 | - 5 | 10 | - 5 | 10 | mA
Standby Power TE >VCC_0~2V'
Iggy | Current VN 2 Vee—0.2V or - 1 (20 | - 1 (20 | - 1 (20 | - 1 {200 | MA
VN S0.2V
Output Low _
VOL | voltage IoL= 2.4 mA -1 = |oaj -] - Joa | -] = 104 -] - |04]|V
Qutput High
VOH Voltage loH= —1.0mA 24| - - |24 - [ - |24 - | - |24 - Y

*Vee=5Y, Ta=25°C
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UMé6114
Truth Table Capacitance®
(Ta =25°C, f=1.0MHz)
Mode CE R/W 1/0 Operation Symbol Parameter Conditions | Max. | Unit
Standby H X High Z Cin Input Capacitance | V| =0V 8 pF
" | Input/Output
Read L H DouT CI/O c p . p Vijo =0V 10 oF
- apacitance
Write L L Din
* This parameter is periodically sampled and not 100%
tested.
A.C. Test Conditions
Input Pulse Levels 0V 10 3.0V
Input Rise and Fali Times 5ns
Input and Output
Timing Reference Levels 1.5V
Output Load 1 TTL Gateand C_ = 30pF
(Including scope and jig)

A.C. Electrical Characteristics over the operating range

6114-2

Symbol Parameter .61 14-3 . .61 141 . 6114 Unit
Min. Max. [ Min. Max. | Min. Max. | Min. Max.
READ CYCLE
tRre Read Cycle Time 45 - 55 — 70 - 90 — ns
tAA Address Access Time - 45 - 55 - 70 - 90 ns
tacs Chip Enable Access Time - 45 - 55 . 70 — 90 ns
toLz Chip Enable to Output in Low Z 5 - 5 — 5 - 5 - ns
teHz Chip Enable to Qutput in High Z 0 30 0 30 0 35 0 40 | ns
tonz Output Disable to Qutput in High Z 0 25. 0 30 0 35 0 40 ns
ton Output Hold from -Address Change 5 - 5 — 5 - 5 - ns
WRITE CYCLE

twe Write Cycle Time 45 - 55 - 70 - 90 - ns
tow Chip Enable to End of Write 40 - 40 - 45 - 55 - ns
Taw Address Valid to End of Write 40 - 50 - 60 - 80 - ns
tas Address Set-up Time 5 - 5 - 10 - 10 - ns
twp Write Pulse Width 40 - 45 - 45 - 55 - ns
twr Write Recovery Time 5 -_ 5 . 5 - ' - ns
twHz Write to Output in High Z 0 25 0 25 0 40 0 50 ns
tow Data to Write Time Overiap 25 - 25 - 30 - 30 — ns
tpH Data Hold from Write Time 5 - 5 - - - ns
tow Qutput Active from End of Write 0 — 0 - 0 + - ns
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UM6114

Timing Waveforms of Read Cycle No. 10

tRC

ADDRESS )(

tAA

& \\X

[ TACs r*— tOH%S(;S)
e ICHZ,
DouT ( —
READ CYCLE 2(1.2)
tRC
ADDRESS )(
tAA
tOH TOH—™
DouTt
READ CYCLE 3.3
ADDRESS
|
tacs - tey5©
H
),.ﬂm_z(a . foHz”
PouT )——

Notes:

1. R/W is High for Read Cycle.

2. Device is continuously selected, CE =V|L.

3. Address valid prior to or coincident with CE transition low.

4. Transition is measured £500mV from steady state. This parameter is sampled and not 100% tested.

Timing Waveforms of Write Cycle 11"

we

ADDRESS )e

N7

_

[ tcw

(8)

wr®)

taw

/

(2)

twp

bouT \}\\/\\_)},

e tpW—[e—tpH —

Din

A
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WRITE CYCLE 2¢1)

we
ADDRESS >( )<
H— v ——~  —wg®
N\ 5
AN X £
taw
wpl2)
RAW \ \ \ )
X N Ao
tAS
am— twhz% 10 e o110 o) | g
AN
bout 7777

’7 - jzvm
2

Din I\ I\\A/ "y
Notes:

R/W must be high during all address transitions.

A write occurs during the overlap (twp) of a low CE and a low R/W.

tWR is measured form the earlier of CE or R/W going high to the end of write cycle.

During this period, I/O pins are in the output state so that the input signals of opposite phase to the output must not be applied.

If the CE low transition occures simultaneously with the R/W low transitions or after the R/W transition, outputs remain in a high im-
pedance state.

Dout is the same phase of write data of this write cycle.

Dout is the read data of next address.

If CE is fow during this period, /O pinsare in the output state. Then the data input signals of opposite phase to the outputs must not be
applied to them, '

10. Transition is measured £500mV from steady state. This parameter is sampled and not 100% tested.

S SINE

Lo~

Data Retention Characteristics over the operating temperature range

Symbol Parameter Test Conditions Min. | Typ./"| Max. | Units
VDR Ve for Retention Data CE =Vcc 20 - - \%
lccor Data Retention Current Vin =0VorVce - 2 20 MA
tCDR Chip Deselect to Data Retention Time Vee =2.0V, CE = Ve 0 - - ns
iR Operation Recovery Time VIN =0V or Vee tgcl2) - - ns

1. Vee =2V, Tp =+25°C
2. IRrc = Read Cycle Time

Timing Waveform Low V¢c Data Retention Waveform

Data Retention Mode

Vee - =
4.5\/1\ VDR =2V ] 45V
CDR tR

S T . 29 TURARNY

Ordering Information

Access Time Operating Current Standby Current

Part Number (Max.) (Max.) (Max.) Package Type
UMB114 90 ns 30 mA 10 mA Plastic
Ume114-1 70 ns 30 mA 10 mA Plastic
UM6114-2 55 ns 30 mA 10 mA Plastic
Um6114-3 45 ns 40 mA 10 mA - Plastic
ume114J 90 ns 30 mA .10 mA CERDIP
UM6114J-1 70 ns 30 mA 10 mA CERDIP
ume114J-2 . 55 ns 30mA 10 mA ~ CERDIP
UM6114J-3- 45 ns 40 mA 10 mA CERDIP

2-32



Oume
UM6116-2/UM6116-3/UM6116-4
2K X 8 High Speed CMOS SRAM

Features
B Single 5V supply and high density 24 pin package required
m High speed: Fast access time ® Directly TTL compatible: All input and output
70ns/90ns/120ns (max.) B Pin compatible with standard 16K EPROM/Mask ROM
m | ow power standby e;nd Standby: SUW (typ.) B Equal access and cycle time
Low power operation Operation: 250mW (typ.)

B Completely static RAM: No clock or timing strobe

General Description

The UM6B116 is a 16,384-bit static random access memory provides low standby current and high-reliability. Inputs
organized as 2048 words by 8 bits and operates from a and three-state outputs are TTL compatible and atlow for
signle 5 volt supply. It is built with UMC's high perform- ~ direct interfacing with common system bus structures. The
ance CMOS process. Six-transistor full CMOS memory cell UMB116 is moulded in a standard 24-pin 600mil-DIP.
Pin Configuration Block Diagram
rmo—— ] ——o0 Vee
\ row |®| MEMORY MATRIX O GND
Aq ': 1 24 :, Vee DECODER| ® 128 x 128
Ag []2 23] As —
As []s 221 As Ato
Aq [: 4 21 :IVV—E— — o ° |
As []s 20 [ ] OF 110, | columnio
A 6 A
2 [} 6 ume116-2719 [ 1 Ao | [coromn oeconen
A 7 ume116-3/ o )¢S | | INPUT
i UM6116-4 : i DATA
Ao I8 17 ] 1/Os I : CONTROL - |
I
1101 o 16 |_] /07 1/0g O Lo
1/o 1 110 Lot
2 [0 15| ] /06 o pe b
/o3 [ 14 ] 1/0s

GND [ 12 13 f1 104 EO—DO——L '
Weo— - )
i -
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Absolute Maximum Ratings*

UM6116-2/UM6116-3/ UM6116-4

*Comments

Stresses above those listed under '‘Absolute Maximum

Voltage on Any Pin Relative to GND, V —0.3V to +7.0V Ratings" may cause permanent damage to the device. These
Operating Temperature, Topr -« .« . . .. . . 0°C to +70°C are stress ratings only. Functional operation of this device
s T Plastic) T 5g° +195° at these or any other conditions above those indicated in
torage Temperature {Plastic), Tstg. . . . —=85°Cto+125°C the operational sections of this specification is not implied
Temperature Under Bias, Thiag « . . .. . - —10°C to +85°C and exposure to absolute maximum rating conditions for,
Power Dissipation, PT . .. ....oooureenn .. 1.0W extended periods may affect device reliability.
Truth Table
(53 OE WE Mode Ve Current 1/0 Pin
H X X standby Isg, lseT High Z
L L H Read lce Dout
L H H Read lce High Z
L X L Write lce Din
DC and Operating Characteristics
(Voo =BV £5%, GND =0V, T4 =0 to +70°C)
6116-4 6116-3 6116-2
Item Symbol Test Conditions Units
Min. | Typ.* | Max. [ Min. |Typ.* [Max. | Min, | Typ.* | Max
Input Leakage Current L1 Vee=b.5V, VINSGND to Ve | — - 10 — — 10 - - 10 | MA
CS=V iy or OE=V 4,
Output Leakage Current ILo - — 10 - - 10 — - 10 | MA
V/0=GND to V¢
icc | CS=V|L, lijo=OmA - 50 | 100 | — 50 | 100 | — 50 | 100 | mA
Operating Power Supply
VIH=3.5V, V|L=0.6V,
Current lcer IH I _ 45 _ _ 45 _ _ 45 _ mA
11/0=0mA
Dynamic Operating Current | Icca | Min. cycle, duty=100% - — 100 - — 100 | — - 100 | mal
Isg CS=V |y - 5 10 | - 5 15 | — 5 10 | mA
Standby Power Supply ~= >
CS=Vec-0.2V, V \Y
Current g1 ~ree INZFCC L —p 1 fsc | = | 1 |s00| = | 1|50 |pua
| -0.2V or V |y 0.2V
VoL | loL=4ma - - |04 | - — 04| — - |04 ]|V
.| Output Voltage
VoH | loH=-1.0mA 24 - - 24 - - |24 - — \Y
ViH 22| 35 | 68 [22 |35 [58]22| 356|568 | Vv
Input Voltage
ViL -03| - [os8 |-03 | — |+o8 |03 | - [+08 | V

*Vee =5V, Ta=25°C
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A.C. Characteristics
(Voe =BV £ 5%, Tp =0 to+70°C)

A.C. Test Conditions

Input Pulse Levels: OV to 3.0V

Input Rise and Fall Times: 5ns

Input and Qutput Timing Reference Levels: 1.5V

Output Load: 1TTL Gate and C,_ = 100pF (including scope and jig)

READ CYCLE
6116-4 6116-3 6116-2
item Symbol Unit
Min. Max. Min. Max. Min. Max.
Read Cycle Time tre 70 - 90 - 120 - ns
Address Access Time taa - 70 - 90 - 120 ns
Chip Select Access Time tacs - 70 - 90 - | 120 ns
Chip Selection to Output in Low Z tcLz 5 - 5 - 10 - ns
- Output Enable to OQutput Valid toe — 50 o 65 - 80 ns
Output Enable to Qutput in Low Z toLz 5 - 5 - 10 - ns
Chip Deselection to Qutput in High Z teHz 0 35 0 40 0 40 ns.
Chip Disable to Output in High Z toHZ 0 35 0 40 0 40 ns
Qutput Hold from Address Change toH 5 - 5 — 10 - ns
WRITE CYCLE
6116-4 6116-3 6116-2 .
ttem : Symbol | Min. Max. Min. Max. Min. Max. Unit
Write Cycle Time twe 70 - 90 - 120 - ns
Chip Selection to End of Write tew 45 - b5 — 70 — ns
Address Valid to End of Write Taw 65 — 80 - 105 - ns
Address Set Up Time tas 10 - 10 - 20 - ns
Write Pulse Width twp 45 - 55 - 70 — ns
Write Recovery Time twR 5 — 5 - 5 - ns
Output Disable to Output in High Z tonz 0 35 0 40 0 40 ns
Write to Output in High Z ‘ twhz 0 40 0 50 0 50 ns
Data to Write Time Overlap Tow 30 - 30 - 35 - ns
Data Hold from Write Time toH 5 - 5 - 5 — ns
Output Active from End of Write tow 0 - 0 - 5 - ns
Capacitance* (f = 1MHz, T4 =25°C)
Item Symbol Test Conditions Max. Unit
Input Capacitance Cin Vin =0V 8 pF
Input/Output Capacitance Cio Vi/o =0V 10 pF

*This parameter is sampled and not 100% tested,
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UM6116-2/UM6116-3/UM6116-4

Timing Waveform
READ CYCLE {1){1)8)

ADDRESS )(

tRC

v tAA (
o \
- tOF ——»| — tOH —’1
oS \ S‘ toLz —* 7{
tACS L~ —TChz'0HZ ] |
Lz > ‘
DouT

READ CYCLE (2)(12)4)

ADDRESS

Dout

IRC J
AA {t —
toH ( OH

20O

READ CYCLE (3){1(3)(a)s)

ADDRESS 5(

[ ——————
le—1CLz —+

taAcg ————» [tCHZ S &

DouT
Notes:
1. WE is High for Read Cycle.
2. Deviceis continuously selected, CS = VL.
3. Address Valid prior to or coincident with CS transition Low.
4, OE=Vj_.
5.

WRITE CYCLE (1)

Transition is measured +500mV from steady state. This parameter is sampled and not 100% tested.

twe '
ADDRESS }{
twR(3)
oF P X
tcw
TS \QS) ]K
tAs tAw
We \\ \k //
u&%)z:l e typl2) —»
DouT -
DW tOH ™

ow 6 XXX X
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WRITE CYCLE (2) (1)(6)

. we
ADDRESS ). 4 X
tcw > tWR(3)
& SO\ G £
AW (2)
__ TWP(2) ——tr| ey
WE } \ /
tAS tWHZ (4,10)
DouT == >
tDw
DIN
Notes;
1. WE must be high during all address transitions. -
2. Awrite occurs during the overlap (tWP) of a low CS and a low WE.
3. tWR is measured from the earlier of CS or WE going high to the end of write cycle.
4. During this period, 1/O pins are in the output state so that the input signals of opposite phase to the outputs must not be

applied.

If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, outputs remain in
a high impedance state.

. OE is continuously low (OE = V).

. Doyt s the same phase of write data of this write cycle.

. DoyT is the read data of next address.

If CS is low during this period, /0 pins are in the output state. Then the data input signals of opposite phase to the
outputs must not be applied to them.

10. Transition is measured £ 500mV from steady state. This parameter is sampled and not 100% tested.

o

© oo

Data Retention Characteristics over the operating temperature range

Symbol Parameter Test Conditions Min. Typ.(1) Max. | Units
VDR Vcc for Retention Data CS=Vcce 20 — - .V
lccpr Data Retention Current ViN =0V or Vee - 2 20 MA
tCDR Chip Deselect to Data Retention Time Vee =2.0V,CS=Vee 0 - - ns
tr Operation Recovery Time Vin =0V or Ve trci2) - - ns

1. Vec =2V, Ta =+25°C
2. lgc =Read Cycle Time

Timing Waveform Low V¢ Data Retention Waveform

«—— Data Retention Mode ——»|

Vee 4.5V\\ VpR =2V 4.5V

1CDR "
R
v
s [T BT AR

Ordering Information

Part Number * Access Time (Max.) Package
UM6116-2 120 ns Plastic
UM6116-3 90 ns Plastic
UM6116-4 70 ns Plastic
UM6116J-2 120 ns CERDIP
UM6116J-3 90 ns CERDIP
UM6116J-4 70 ns CERDIP
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Features

B Single 5V supply and high density 24 pin package
B High speed: Fast access time 55ns (max.)
B | ow power standby and Standby: 5uW (typ.)
Low power operation Operation: 2560mW {typ.)

L] Cohnpletely static RAM: No clock or timing strobe

General Description

The UM6116 is a 16,384-bit static random access memory
organized as 2048 words by 8 bits and operates from a
signle 5 volt supply. It is built with UMC’s high perform-
ance CMOS process. Six-transistor full CMOS memory cell

,,2K X 8 High Speed CMOS SRAM

UM6116-5

required
W Directly TTL compatible: All input and output
® Pin compatible with standard 16K EPROM/Mask ROM

m Equal access and cycle time

provides low standby current and high-reliability. Inputs
and three-state outputs are TTL compatible and allow for
direct interfacing with common system bus structures. The
UM6116 is moulded in a standard 24-pin. 600mil-DIP.

Pin Configuration

Block Diagram

Mo———ﬁ

——O0 Vce
row |®] MEMORY MATRIX O GND
DECODER| ® 128 x 128
— [eo o]
[ J
}_._ COLUMN 1/0
! INPUT COLUMN DECODER
i DATA
| CONTROL
i —_—
|
.
|
Ay Az | :

‘WE

A ~ 24 ] Vee

As []2 23 [ As

As é 3 22| 1Ay Ao

A ]a 21 L] WE

A3 s 20 |1 OF 1/0;

Az [(]6 19 b Ato

Ay umeres e |

Ao[]8 17 D 1/Qg I'
1101 o 16 | ] 107 1/0g O !
/0210 15 ] V/Os
/03 [ 11 14 [] ¥Os
GND 12 1a [ V0a EO_DO_

o[>

Déﬁj )
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Absolute Maximum Ratings *Comments

Stresses above those listed under "“Absolute Maximum
Ratings” may cause permanent damage to the device. These

Voltage on Any Pin Relative to GND, V1 . —0.3V to +7.0V

Operating Temperature, Topr « . .. . ... .. 0°C to +70°C are stress ratings only. Functional operation of this device
Storage Temperature (Plastic), Tstg. . . . —B5°C to +125°C at these or any other conditions above those indicated in
- d . ] 10° +8E° the operational sections of this specification is not implied
emperature Under Bias, Thias - - . . . . . —10°Cto +85°C and exposure to absolute maximum rating conditions for
Power Dissipation, Py . .. .................. 1.0W extended periods may affect device reliability.
Truth Table
(=3 OE WE Mode " Vg Current 1/0 Pin
H X X Standby lsg. lsBT High Z
L L H Read lce Dout
L H H Read lce High Z
L X L Write lce - Din

D.C. and Operating Characteristics
(Vee =5V 6%, GND =0V, Tp=0to+70°C)

6116-5 .
Item Symbol Test Conditions Units
' Min.' Typ.* Max.

Input Leakage Current Iy Vce =6.5V, VIN=GND to V¢ - - 10 MA

CS=Viy or (f=V|H,
Output Leakage Current ) . - - 10 MA
Vi/0 =GND to V¢ce

| TS=ViL, lijo=OmA - 50 | 100 A
Operating Power Supply cc Lo =m : m
Current Viy =3.5V, V| =06V,
|Cc'| —- 45 - mA
/o =0mA
Dynamic Operating Current leeo Min. cycle, duty=100% - - 100 mA
1 CS=Vv - 5 10 mA
Standby Power Supply s8 H
Current CS 2Ve-0.2V, Vi =V,
Isg1 ce IN=Tee - 1 50 HA
-0.2Vor V|y <02V
Voo loL = 4mA - - 0.4 Vv
Output Voltage
Vou lon =-1.0mA 24 - - \
Vin v 22 35 58 v
Input Voltage -
ViL -0.3 - +0.8 Y

*Voe =BV, Ta=25°C
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A.C. Characteristics (Ve =5V 5%, Ta = 0to +70°C)

A.C. Test Conditions

Input Pulse Levels: OV to 3.0V

input Rise and Fall Times: 5ns

Input and Output Timing Reference Levels: 1.5V

Output Load: 1TTL Gate and C = 30pF (including scope and jig)

READ CYCLE
6116-5
Item Symbol Unit
Min. . Max.
Read Cycle Time tre ) 56 - ns
Address Access Time tan - 55 ns
Chip Select Access Time tacs - 55 ns
Chip Selection to Output in Low Z teLz 5 - ns
Output Enable to Output Valid tog - 35 ns
Output Enable to Output in Low Z toLz 5 - ns
Chip Deselection to Output in High Z teHz 0 30 ns
Chip Disable to Output in High Z toHz 0 25 ns
Output Hold from Address Change toH 5 - ns
WRITE CYCLE
6116-5
Item Symbol N Unit
Min, Max.
Write Cycle Time ' twe 55 - ‘ns
Chip Selection to End of Write Ctow 40 - ns
Address Valid to End of Write taw 50 - ns
Address Set Up Time tas 5 — ns
Write Pulse Width twp 40 — ns
Write Recovery Time twr 5 — ns
Output Disable to Qutput in High Z tonHz 0 25 ns
Write to Output in High Z twHzZ 0 25 ns
Data to Write Time Overlap tow 25 — ns
Data Hold from Write Time ) . tpy 5 = ns
Output Active from End of Write tow 0 — ns
Capacitance* (f= 1MHz, Ta =25°C)
Item Symbol Test Conditions Max. Unit
Input Capacitance Cin Vin =0V 8 pF
Input/Output Capacitance Cijo Vi/o =0V 10 pF

*This parameter is sampled and not 100% tested.
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UM6116-5

Timing Waveform
READ CYCLE (1)(1)5)

} tRC
ADDRESS % *
I tAA /
oF N hY )
toE [~— tOH —|
= N l—toL2 /
TS
\ k L Z 4
tacs — e~ __tCHz QHZ
t
w—@X T
READ CYCLE (2){1)(2(4)
tRC |
ADDRESS 9&
AN —————>
ton TOH
Dout KX XX
READ CYCLE (3)(1)(3)(4)(5)
ADDRESS 5( 7|i
| tCHzi
[e——1tCLZ

DouTt

‘Notes:

OE =V,_.

oMb =

WRITE CYCLE (1)

WE is High for Read Cycle.
Device is continuously selected, CS = V| .
Address Valid prior to or coincident with TS transition Low.

v

TACj

|

Transition is measured £500mV from steady state. This parameter is sampled and not 100% tested.

twe
ADDRESS >< *
twg(3)
oF /K H&
fcw
s \((5) ]l
AW ]
. tag
e O AN /S
R v
D AN
ouT /‘
ow toH —J
<X XXXX
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WRITE CYCLE (2)(1)(6)

Wwe
. ADDRESS J(

tcw
cs \V 5) /

taw —

. twp(2)
WE “\ /
t te— tOH
AS TWHZ

(4,10)
DouT >—> a 0w
" ol _ v4 toH

ow

Din

Notes:.

HWN -

. WE must be high during all address transitions.

. A write occurs during the overlap (tWP) of a low CS and a low WE.

. tWR is measured from the earlier of CS or WE going high to the end of write cycle.

. During this period, 1/0 pins are in the output state so that the input signals of opposite phase to the outputs must not be
applied.

5. If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, outputs remain
in a high impedance state.
6. OE is continuously low (OE = V).
7. Doyt Iis the same phase of write data of this write cycle.
8. Doyr .Is the read data of next address.
9. If CS is low during this period, /O pins are in the output state. Then the data input signals of opposite phase to the
outputs must not be applied to them.
10. Transition is measured 2500mV from steady state. This parameter is sampled and not 100% tested.
Data Retention Characteristics over the operating temperature range
Symbol Parameter Test Conditions Min. |Typ.(1)] Max. Units
VbR Vce for Retention Data CS = Vce ; 20 - | - Vv
lccor Data Retention Current Vin =0V or Vce — 2 20 MA
tCDR Chip Deselect to Data Retention Time Vee =2.0V,CS = Ve 0 - - ns
tR Operation Recovery Time ViN =0V or Ve trc(2) - - ns

1.
2.

Vee =2V, Ta=+25°C
Irc = Read Cycle Time

Timing Waveform Low V¢ Data Retention Waveform

l+—— Data Retention Mode

4.5V \\ VpR =2V 4.5V

Vee .
CDR *1
R L.
- VDR
—C—S/:i::::?Vm\ - JVIH%::::::E

Ordering Information

Part Number Access Time (Max.) Package
UM6116-5 55 ns Plastic
UM6116J-6 ) 55 ns CERDIP
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Features

B High-speed — 45/55/70ns (Max.)
B | ow power dissipation
300mW (Typ.) Operating
100uW (Typ.) standby
B Single 5V power supply

General Description

The UM6164 is a 65,536-bit static random access memory
orgarized as 8192 words by 8 bits'and operates from a
single 5 volt supply. It is built with UMC's high perform-
ance . twin tub CMOS process. Inputs and three-state

8K X 8 High Speed CMOS SRAM ;

UMé6164

Fully static operation

All inputs and outputs directly TTL compatible
Three state outputs

Data retention supply voltage: 2.0-5.5V

outputs are TTL compatible and allow for direct interfacing
with common system bus structures. The UM6164 is
moulded in a standard 28-pin, 600 mil-DIP.

Pin Configuration - Block Diagram
A o———lo '>o—: -——0 Ve
— Jree— o]
NC ’: 1 28 b Vee 8 * GND
Ay, 2 27 1 we fo o—ﬁz ROW . 256 x 256
A, Cs 6 css a O——E DECODER ) MEMORY ARRAY
A )4 2511 As
Ag s 2411 Ag A O—E
A4E6 23::|A“ N | s e s s e o
}As (I UMG164 22 g O 1/0y o——m .
A, ] 8 21 Ao g : COLUMN 1/0
e [ 20 [ cs, ° e o
Ag []10 19 [1 V0Og o CIRCUIT .COLUMN DECODER
/04 an 18 :’ i/O7 /08 g N
110, []12 17 |1 1os — \
1104 []13 16 ] 1/0s o o
eND []14 15[ 1/04 ho A3 o
CS; o——
CSy 0——— CONTROL
OE 0——— CIRCUIT
WE o0——
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UM6164

Absolute Maximum Ratings*

Terminal Voltage with Respect to

GNDAVTERM) -« v e e —0.5V to +7.0V

Temperature Under Bias (Tgjag)

—10°C to +125°C

*Comments

Stresses above those listed under ‘“Absolute Maximum
Ratings’ may cause permanent damage to the device. This

Storage Temperature (Tsta) —4F C to +150°C is a stress rating only and functional operation of the device
Power Dissipation (PT). .. ............... ... 1.0W at these or any other conditions above those indicated in
DC Output Current (lout). o v oo oo 20 mA the operational sections of this specification is not implied.
Pin Names Operating Range
Ao—Ar, Address WE Write Enable Ambient
Range Vee
1/0,—1/0g Data Input/Output | OE  Output Enable Temperature
CS, Chip Select One CS, Chip Select Two Commercial 0°C to +70°C 5V + 10%
Vee Power GND Ground
D.C. Electrical Characteristics
(Vee =BV #10%, GND =0V, T4 =0 to 70°C)
Symbol Parameter Test Conditions Min, Typ.1 Max. | Units
I Input leakage current Vin = GND to Ve - - 5 A
= cS, = =
Lo Output Leakage Current CS1 =V orCS2 =V orOE =V, - - 5 MA
Vijo =GNDto Ve
Operating Power Supply
lec Current CS; =V, CS2 =V, 110 =0mA - |80 100 | mA
f = 0, =
leet Average Operating Current Min, Duty Cycle =100%, €S, =Vyi, — 60 120 mA
CS, =V
lsg CSy =V yorCS;=V ., lj0 =0mA - 5 10 mA
Standby Power Suppl CS;>=Vee—02V,V (= Vee—0.2V
Isg12 Y PPy 1= rcc IN=TCe - 02 2 mA
Current orViy<02v.
<0.2V,V iy = Vee—02V
Isg2? €S, <02 IN=Tee o - 02 2 mA
Vin< 0.2V
VoL loL=2.1TmA - - 0.4
Output Voltage
VOH . IOH =—1.0mA 24 - bl

1. Typical limits are at Vgc =5.0V, Ta = 25° C and specified loading.

2. Vi min=-03V
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Recommended D.C. Operating Conditions
(Ta =0 to +70°C)

Symbol Parameter Min. Typ. Max. Unit
Vee Supply Voitage 45 5.0 55 Y
Gnp Supply Voltage 0 0 0 \Y
Vin Input High Voltage 22 35 6.0 \%
Vi Input Low Voltage -05 0 0.8 \
Capacitance (1) A.C. Test Conditions

(Ta =28°C, f=1.0MHz)

Parameter Conditions
Symbol Parameter- Conditions | Max. | Unit Input Pulse Levels 0V to 3.0V
Cin Input Capacitance | V|y =0V 6 pF Input Rise and Fall Times| 5ns
Input/Output
Cio Capacitancz Vijo =0V 8 oF Input and Output 1.6V
p Timing Reference Level

1 TTL Gateand C = 30pF

Output Load (including scope and jig)

Note: This parameter is sampled and not 100% tested.

A.C. Electrical Characteristic
(over the operating range)

UM6164-2 UM6164-1 um6164 3
Symbol Parameter - - - Unit
Min. Max. Min. Max. | Min. | Max.

READ CYCLE

tre Read Cycle Time 45 - ' b5 - 70 —

TAA Address Access Time . - 45 - b5 - 70 ns
'ACST__ | Chip Select Access Time €S, - 45 - ol 70| ns
tacsz CS, — 45 - 55 - 70 ns
toe Output Enable to Output Valid - 30 - 35 - 50 ns
tcLz1 . . . CS,y 5 - 5 - 5 - ns
forzo Chip Selection to Output in Low Z o 5 _ 5 _ 5 _ ns
toLz Output Enable to Output in Low Z 5 - 5 — 5 - ns
tcHz1 ] ) S CS, 0 25 0 30 0 35 ns
Yoriza Chip Deselection to Qutput in High Z cs, ) 75 ) —50 o 5 ~
toHZ Output Disable to Output in High Z 0 25 0 30 0 35 ns
toH Output Hold from Address Change 5 - 5 - 5 - ns
WRITE CYCLE

twe Write Cycle Time 45 - 55 - 70 - ns
tow Chip Selection to End of Write 35 - 40 - 45 - ns
tas Address Setup Time 5 - 5 - 5 - ns
taw Address Valid to End of Write 40 - 50 — 65 - ns
twp Write Pulse Width 35 - 40 - 45 - ns
WR1 Write Recovery Time CS,, WE 5 - 5 - 5 - ns
twRr2 CS, 5 - 10 - 10 - ns
twHz Write to Output in High Z 0 20 0 25 0 30 ns
tow Data to Write Time Overlap 20 - 25 — 30 — ns
tp - | Data Hold from Write Time 5 - 5 - 5 - ns
toHz OE to Output in High Z 0 25 0 25 0 25 ns
tow Output Active from End of Write 5 - 5 — 5 — ns

Note: :

tcHz . tonz and twyz are defined as the time at which the outputs achieve the open circuit condition and are not referred to
output voltage levels. '
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UM6164
Truth Table
Mode WE cs cs, OE 1/0 Operation Vcc Current Notes
Not Selected X H X X High Z lsg .+ Isg1
(Power Down) X X L X High Z lsg. !sa2
Output Disabled H L H H High Z Ice, leer
Read H L H L Dout lce, lect
. L L H H Din lee, lech Write Cycle 1
Write
L L H L Din lce, lecr Write Cycle 2
Timing Waveforms
READ CYCLE!.2.4)
tRC
ADDRESS }( X
taA
toH le—— tOH
0

READ CYCLE 2(1.3.4.8)

cs; __\

e 'ACS;

‘———tCLZs ——

tcHz®

DouT

READ CYCLE 3(1.4.7)

cs, ——/|

/

tACS,

f—tcLz®S —

DouT

—
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UM6164

READ CYCLE 4

ADDRESS

DouT

tRC
X X
tAA
ot LN AVY LT77777
DE tOH
« S\ T | AT
tACS;
tcrz,® tehz'
< ///f \ \
T 'ACS tOHZS
[e—tcLz,® ——* ~—tcHz2d
X wh

Notes: 1. WE is high for READ cycle.

. OE=V|L.

. CS, is high.
. CSy is low.

NO O WN =

. Device is continuously selected CS; = V|_ and CSy = V|H.
. Address valid prior to or coincident with CS; transition low.

. Transition is measured * 500mV from steady state. This parameter is sampled and not 100% tested.

WRITE CYCLE 1%

twe
ADDRESS }(_ )(
’ —] le— twr,>
OE’ ]l \;
_(B)_tcwlll [—
o TUUTULLOY TT7777
o 7777777
—  |j=—tas A = Ry’
S vven S S
tOHZ4.10 F— lr- twp?
boutT 777777 7] _
|+—DW —>=—1DH =
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WRITE CYCLE 201.8

e X X

we

l‘——'tCWIIl _— <—tWR!3

= N\ MO ‘NS
TV TT77H A ANRRNNNY

tCW2“ —_—
tAW - —twR,®
f-—— tWPZ —_— - )
AR / o —
OH
4.10 t 10
—_— tAS — ——tWHZ l-—— TOow

o NNV N NV NN NN
N[ 77777777

Dw IDH ——

on ) AVAVAVAVAYA
\VAVAVAVAVAVAN

Notes:

1.
2. Awrite occurs during the overlap (typ) of a low CSy a high CS, and a low WE.

3.

4. During this period, 1/0 pins are in the output state SQ that the input signals of opposite phase to the outputs must not

WE must be high during address transitions.
twg Iis measured from the earlier of CS, or WE. going high or CS, going low to the end of write cycle.

be applied.

. If the CS; low transition or the CS, high transition occurs simultaneously with the WE low transitions or after the WE

transition. Outputs remain in a high impedance state.

. OE is continuously low (OE =V, ). v

. Doy is the same phase of write data of this write cycle.

. Doyt is the read data of next address. '

. If CSy is low and CS, is high during this period, I/O pins are in the output state. Then the data input signals of opposite

phase to the outputs must not be applied to them.

. Transition is measured = 500mV from steady state. This parameter is sampled and not 100% tested.
. tow is measured from the later of CS; going low or CS, going high to the end of write.
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Data Retention Characteristics
(Ta =0 to +70°C)

Symbol Parameter Test Conditions Min. | Typ/1) |Max.|Units
VDR1 b . CS1 > VCC —O.ZV, VIN = VCC—O.2V or VIN < 0.2V 20 bt bt \%
Vee for Data Retention
VDR2 C82< 0.2v, ViN 2 VCC—O.ZV or V|N < 0.2V 20 - - \%
CS1> Ve —-0.2V,
lccori , c - 2 50| uA
Data Retention Current | Vin = Vec—0.2VorV < 0.2V
lccor2 CS2< 0.2V, V= Vc—=0.2Vor V 0.2V — 2 50| MA
Chip Deselect to
tcor Data R ion Ti 0 - —| ns
ata Retention Time See Retention Waveform
tg Operation Recovery Time tge@ | — — | ns
1. Veg =2V, Ta =+25°C
2. tgc = Read Cycle Time
Low V¢ Data Retention Waveform
CS,; CONTROLLED
DATA RETENTION MODE
v
cc 45V L 4.5V

/

le— IR —>{

Cs; ViH VIH *\ \
CS; >V - 0.2V

CS, CONTROLLED

CDR VoR =2V

lt——- DATA RETENTION MODE______ |

v
ce 45V N vy,

VoR = 2V
—_— tcDR — R
CS, ViL \ ViL
CS, 2 0.2V
Ordering Information
Part Number Access Time (Max.) Package
UM6164 70 Plastic DIP
UM6164-1 45 Plastic DIP
UM6164-2 55 . Plastic DIP
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Features

® High-speed — 35/45/55/70 ns

B | ow power dissipation
150mW (Typ.) operating
100uW (Typ.) stand by

B Single 5V power supply

General Description

16K X 1 High Speed CMOS SRAM

The UMC UM6167 is a 16,384 bit static random access
memory organized as 16,384 words by 1 bit and operates
from a single 5 volt supply. It is built with UMC'’s high

UM6167

| Fully static operation

| All inputs and outputs directly TTL compatible
B Three state outputs

B Data retention supply vo_ltage: 20—-55V

performance twin tub CMOS process. Inputs and three-
state outputs are TTL compatible. The UM6167 is moulded
in a standard 20-pin, 300 mil DIP.

Pin Configuration

Aod’ ~ 20 :chc
A ]2 19 ] A
A, s sl dA,
as )4 17 .L:IAu
A4|:5 16 ‘_‘]Alo
as o ume1e7 an
A§Q7 14 ] Ag
DouT[]8 13]A,
WE [ Jo 12 ] oiN
GND []10 np]cs

Block Diagram

Ag -—— V¢C
AL —— . <-——— GND
Az L)
ROW 128x128
A3 seLecT| MEMORY ARRAY
Ag L
At .
Az — ]
L ) L J L] L ) L )
c_s——pw
~N COLUMN L/O
DIN > Dout
COLUMN SELECT
A A
- T

A11 AjoAg Ag A7 Ag As
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- UM6167

Absolute Maximum Ratings*
Terminal Voltage with Respect to

GND Ve oo ~0.5V to +7.0V-
Operating Temperature, Topr. . . .. . ... . 0°C to +70°C
Temperature Under Bias, Tg ag - - - - - —~B55°C to +125°C
Storage Temperature, TsTc . .. ... .. —65°C to +150°C
Power Dissipation, Py . . ................... 1.o0w
DC Output Current, loyt ... ..o oot 20mA

D.C. Characteristics
{Ta =0°C 10 +70°C, Vee =5V * 10%)

*Comments

Stresses above those listed under “Absolute Maximum
Ratings”” may -cause permanent damage to the device.
These are stress ratings only. Functional operation of
this device at these or any other conditions above those in-
dicated in the operational sections of this specification is
not implied and exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability..

UM6167 UM6167L.
| Symbol Parameter Test Conditions Units
Min. | Typ. | Max. | Min. | Typ. | Max.
1] Input Leakage Current Vee =55V, VN =0V to Vee - =1 2 - - 2 | uA
[iLol Output Leakage Current | CS=V,4, Vout =0V to Ve - =1 2 o - 2 HA
| Operating Power G5 = V), Output Open - | 30|60 | - | 25|80 | ma
ce Supply Current L. p P .
| Dynamic Operating in. Duty Cycle = 100% | aoleo | - | 25|50 | ma
€2 | current - Luty Lyde ?
Standby Power —
ISB Supply Current CS > VIH - 5 20 - 5 20 mA
Full Standby Power TS > Ve =—0.2V :
'se1 Supply Current Vin = Ve =—02Vor <02V | 0021 2 0.002/0.05 | mA
ViL Input Low Voltage -05| — |08 {06! — | 08 \'A
Vin Input High Voltage 22| — | 60 22| - | 60 \
VoL | Output Low Voltage oL =8mA — | =loa | = | —joa| v
Vou Output High Voltage loy =—4mA 24| — | - 24 = | - 1V
Capacitance - Truth Table
{Ta =25°C, f=1.0MHz)
. Mode CS | WE | Output Power
Symbol It Conditi Max, | Unit ' '
ym em onditions | Wax. | ~nf Standby | H X | Highz | Standby
Input . ' .
C = F H Act
IN Capacitance Vin =0V 5 p Read L Dout ctive
Write L L High Z Active
c Ot | vour=ov| 6 | oF
ouT Capacitance ouT ) : P

Note: This parameter is vsampled and not 100% tested.
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A.C. Characteristics
(Ta =0°C t0 +70°C, Vcc =5V +10%)

READ CYCLE
Symbol Parameter UM6167 | UM6167-1 UM6167-2 UM6167-3 Unit
Min. | Max. | Min. [ Max. | Min.| Max. | Min. | Max.
Re Read Cycle Time 70 - 55 - 45 - 35 - ns
tan Address Access Time —-{ 70 - 55 - | 45 - | 3| ns
tacE Chip Enable Access Time - | 70 - 55 - | 46 - | 3| ns
ton -Output Holid from Address Change 5 - 5 - 51 — 5 -1 ns
7 Chip Selection to Output in Low Z 5 - 5 - 5| — 5 - | ns
thz Chip Deselection to Output in High Z 0}l 35 0 30 0| 30 0 25| ns
tpy Chip Selection to Power Up Time 0 - 0 - 0| - 0 = | ns
tpp Chip Deselection to Power Down Time — | 40 - 35 - 35 - 25 1 ns
WRITE CYCLE
UM6167 UM6167-1 UM6167-2 | UM6167-3
Symbol Parameter Unit
Min. | Max. Min. [ Max. | Min. [ Max. | Min. | Max.

twe Write Cycle Time 70 | — 65 - 45 - 35 - ns
tow Chip Enabled to End of Write 55 - 45 - 40 - 35 - ns
tAW Address Valid to End of Write 55 - 45 - 40 - 35 - ns
tas Address Set-up Time 0 - 0 - 0 = 0 - ns -
twp Write Pulse Width 40 - 35 - 30 - 25 - ns
twR Write Recovery Time 0 - 0 - 0 - 0 - ns
tow Date Valid to End of Write 25 - 25 - 20 - 17 - ns
toH Data Hold Time 3 - 3 - 3 - 3 - ns
twz Write Enabled to Output in High Z 0] 26 0| 25 0] 2 0 13 ns
tow Output Active from End of Write - 0 35 0 35 0| 35 0| 30 ns

Timing Diagrams

‘READ CYCLE NO. 1 (NOTES 1 AND 2)

1

tRC '
ADDRESS i %

tAA
10H
DATA OUT PREVIOUS DATA VALID X X X : DATA VALID
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READ CYCLE NO.2 (NOTES 1 AND 3)

iRC g
—

cs N /

tHz ’

TACS I o
HIGH
HIGH IMPEDANCE 7
TA VALID )——
X DA IMPEDANCE

DATA OUT N
Ltpu <—tPD"‘
Vee lee I .
SUPPLY  Tgg —
CURRENT

WRITE CYCLE NO. 1 (WE CONTROLLED) (NOTE 4)

[ we i
ADDRESS j X

tcw
TS\ \ y.d L/
» tAS taw wp la- WWR-»]
WE VAN N {
| tow 0H)
DATA IN )k DATA VALID %
e twz - tow
DATA OUT DATA UNDEFINED HICH IWFEDANCEL

Notes:

1. CS or WE must be high during address transitions,

2. If CS goes high simultaneously with WE high, the output remains in a high impedance state.

3. Allwrite cycle timings are referenced from the last valid address to the first transition address.

4. Transition is measured £500mV from steady state voltage with specified loading in Figure 2. This parameter
is sampled and not 100% tested.

WRITE CYCLE NO. 2 (CS CONTROLLED) (NOTE 4)
|

| we |
ADDRESS R4 X
+tAS tew
cs N P 4
tAW " wWR
WP :
WE ANANANNANNANNNY £/ /77
i 'DW ~tDH|
DATA IN )l{ DATA VALID i
[—twz -
HIGH IMPEDANCE
DATA OUT .DATA UNDEFINED /
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UM6167
A.C. Test Conditions +5v +5v
48082 48080
Test : Typ. DouT— Dou-r_J
Input Pulse Levels GND to 30V Z26502 30pF : 25560 = 5pF
Input Rise and Fall Times. . . bns l
Input Timing Reference Levels 15V
Qutput Reference Levels 1.5V
Qutput Load . See Figures 1 and 2 Figure 1. Output Load Figure 2. Output Load

- (for tmz, tLz, twz, and tow)

* Including scope and jig.

Low Ve Data Retention Characteristics For L Version Only (Ta =0 to 70°C)

Symbol Parameter Test Conditions Min.

Typ.! | Max. | Units
Vor Vee for Data Retention 20 - - \%
lcepa Data Retention Current - - 0‘5: 20: HA
CS »Vee —0.2V 1.0 30
tcpa Chip D'eselect to Data .Retentlon Time VN = Vee =02V or <02V 0 - - ns
R Operation Recovery Time trct = = ns
Notes: 1, T4 =25°C, 2. atVee =2V, 3. Vee =3V, 4. tge= Read Cycle Time
Timing Waveform Low V¢ Data Retention Waveform
| DATA RETENTION MODE
Vee 45v - .Vpr=>2Vv 45V
|—-tco R a-|
\
w / AL DR / VR \
Ordering Information
Access Time Operating Current Standby Current
Part Number (Max.) (Max.) (Max.) Package Type
UMe6167 : 70 ns 60 mA 2 mA Plastic
UM6167-1 55.ns 60 mA 2 mA Plastic
UM6167-2 45 ns 60 mA 2'mA Plastic
UM6167-3 35 ns 1 60 mA 2 mA Plastic
UMB167L. ~ - 70ns 50 mA S50 A Plastic
UMB167L-1 55 ns 50 mA | BOuA Plastic
UM61671.-2 45 ns 50 mA B50uMA Plastic
UM6167L-3 35ns 50 mA. 50U A Plastic
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Features

®m High-speed — 35/40/45/55/70 ns
B Low power dissipation

225mW (typ.) operating

100uW (typ.) standby
B Single 5V power supply

General Description

The UMC UM6168 is a 16,384 bit static random access
memory organized as 4096 words by 4 bits and operates
from a single 5 volt supply. It is built with UMC's high

7 4K X 4 High Speed CMOS SRAM |

Fully static operation

Three state outputs

performance twin tub CMOS process.
state outputs are TTL compatible. The UM6168 is moulded
in a standard 20-pin, 300 mil-DIP.

UM6168

All inputs and outputs directly TTL compatible

Data retention supply voltage: 2.0 — 5.5V

Inputs and three-

Pin Configuration

Ao )1 ~ 20} Ivee
A2 19 An
A [ ]3 18 J A
As[]s 17 ] As
A, []s 160 1A
As[1s UMe188 15 [ 10w
O ¥ 14 ] vos
A )s 13[11/0,
M [ 12 ] vo;
GND []10 1 [_]WE

Bloek Diagram

MEMORY ARRAY
128 ROWS
128 COLUMNS

L

COLUMN 1/0 CIRCUITS

--— Ve
-+—— GND

COLUMN SELECT

o— |
A —3

A, —P%

A ROW

3 X SELECT
A4
—

A ———F
o _—D— ineut [
170, D oara

CON-

Y03 7'>__ TROL
1104

T

As Ag Ay Ag Ag

D

I D
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UM6168

Absolute Maximum Ratings*
Terminal Voltage with Respect

toGND, VT ... ... . —0.5V to +7.0V
Operating Temperature, Topr . . . . . . . . . 0°Cto+70°C
Temperature Under Bias, TeLas - - - - . —556°C to +125°C
Storage Temperature, TgTe ... ..... —B5°C to +150°C
Power Dissipation, Pt ... .......... ... ..... 1.0W
DC Output Current, loyT - -« v v v v ve e i 20mA

D.C. Characteristics
(Ta=0°C 1o +70°C, Vcc =5V *10%)

*Comments

Stresses above those listed under '‘Absolute Maximum
Ratings"” may cause permanent damage to the device. This
is a stress rating only and functional operation of the device
at these or any other conditions above those indicated in
the operational sections of this specification is not implied.

. Note: This parameter is sampled and not 100% tested.

UM6168 UM6168L
Symbol Parameter Test Conditions Units
Min. | Typ. | Max. | Min. | Typ. | Max.
[lLi] | Input Leakage Current | Ve =5.5V, Vi =0V to Ve - - 2 - - 2 | MA
[lLo| | Output Leakage Current | CS=V|yy, Vout =0V to Ve - - 2 - - 2 | pA
Operating Power —~_
leer Supply Current CS =V, Output Open - 30 | 60 - 25| 50 | mA
Dynamic Operating ; 1nmo _ _
lccz Current Min, Duty Cycle = 100% 30 60 25 50 mA
Standby Power .
= — -
Isg Supply Current CS> Viy 5| 20 51 20 | mA
Full Standby Power CS > Vce =02V
Isg1 Supply Current VN> Voo =—02Vorg 0.2V i 2 0.002) 0.05 | mA
ViL Input Low Voltage —-05 - 08 |-0b - | 08 \%
Vin | Input High Voltage 2.2 - 60 | 2.2 - | 60 \
Vor | Output Low Voltage loL =8mA - - 0.4 - - | 04 \%
Von | Output High Voltage lon =—4mA 24 - - 24 - - Y
Capacitance Truth Table
. (Ta =25°C, f=1.0MHz)
Mode (33 WE Output Power
Symbol Item Conditions | Max. | Unit Standby H X High Z Standby
Input Read L H D Active
CIN P Vin=0V 5 PF il
Capacitance
Write L L High Z Active
Qutput
C V =0V F
ouT Capacitance out =0 6 P
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A.C. Characteristics
{Ta =0° Cto +70°C, Ve =5V * 10%)

READ CYCLE

UM6168 | UM6168-1 | UM6168-2 | UM6168-3 | UM6168-4
Symbol Parameter : Unit

Min. | Max. [ Min. | Max, | Min, | Max. | Min. | Max. | Min. | Max.
tac | Read Cycle Time 70 -85 — {4 — |4 | —[3B] —]ns
LIVN Address Access Time . -1 70 | — 56 — |46 - | 40 - | 356 ns
tace | Chip Enable Access Time -1 70 | - 55 — | 46 - | 40 — | 3 | ns
toH Output Hold from Address Change 5] — 5 - 51 — 5 | — 51 — ns
2 Chip Selection to Output in Low Z 5 | — 5 - 5| — 5 - 5| — ns
thz Chip Deselection to Qutput in High Z 0] 3 | - 25 - 120 - |20 -1 15 ns
tpy Chip Selection to Power Up Time 0 - 0 - o — 0 - 0 - ns
trp Chip Deselection to Power Down Time | — | 40 | — B | -3 | - |35 -1 25 ns
tres | Read Command Set-up Time 0| - 0 - 0| — 0| - o - ns
trcy | Read Command Hold Time. 0| — ol — o - 0| - 0 - ns

WRITE CYCLE
' UM6168 | UM6168-1 | UM6168-2 | UM6168-3 UMG168-4
Symbol Parameter - Unit
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
twe Write Cycle Time 60 - 50 - 40 - .| 40 - 35 - ns
tew Chip Enabled to End of Write 60 - 50 - 40 - 40 - 35 - ns
taw Address Valid to End of Write 60 - 50 - 40 - 40 — 35 - ns
tas Address Set-up Time 0 - 0 - 0 - 0 - 0 — ns
twp Write Pulse Width 40 - 35 - 1 30 - 30 - 25 . ns
twr | Write Recovery Time 0| - 0| - 0| - 0| - ol - | ns
tpw Date Valid to End of Write 25 - 25 - 20 - 20 - 17 - ns
_tpy | DataHold Time 3| - 3| - 3| - 3| - 3| — | ns
twz Write Enabled to Output in High Z - | 251 -1 26 - |12 | - | 20 -~ | 13 ns
tow | Output Active from End of Write -~ 14 )] -3 ) ~|3| -|3]| —-]3]|mns
Timing Diagrams
READ CYCLE NO. 1 (NOTES 1 AND 2)
f= tRC -
ADDRESS * ' k
: - tAA —|
[e———tOH ——
DATA OUT _PREVIOUS DATA VALID X X X DATA VALID
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READ CYCLE NO.2 (NOTES 1 AND 3)

tRC
T\ —
' tHz

) tACS -~ ‘
HIGH
HIGH IMPEDANCE e
DATA OUT ‘w DATA VALID ) VMPEDANCE

[—tPD —>|
L——'

CURRENT

WRITE CYCLE NO. 1 (WE CONTROLLED) (NOTE 4)

| twe ) i

ADDRESS & , 7(
. *CW .
SRS 4 777777
le—TtAS »__:AW twp TWR-» )
WE T 4
i . — oW ——> tD,H
DATA IN : _ ‘ li DATA VALID
| ' , wz - tow
DATA OUT __DATA UNDEFINED HIGH IMPEDANCE
Notes:

1. €S or WE must be high during address transitions.

2. 1f TS goes high simuitaneously with WE high, the output remains in a high impedance state.

3. All write cycle timings are referenced from the last valid address to the first transition address.

4, Transition is measured £2500mV from steady state voltage with specified loading in Figure 2. This parameter
is sampled and not 100% tested.

WRITE CYCLE NO. 2 (C5 CONTROLLED) (NOTE 4)

! twe — ﬁi
ADDRESS * ' X

+tAgs cw
s N w4
“taw WR
twp : ”
WE NNANNNANANNNNNYK y IS SNSNENs
DATA IN *l DATA VALID j
. : HIGH IMPEDANCE
DATA OUT __DATA UNDEFINED D o ’ 8
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UM6168
A.C. Test Conditions +5v +5V
48062 48082

DouT—m]

P:

Test Typ.
Input Pulse Levels GND to 30V
Input Rise and Fall Times 5ns
Input TimingsReference Levels 1.5V
Output Reference Levels 1.6V
Output Load See Figures 1 and 2

225582 1 30pF

Figure 1. Output Load

Low Vcc Data Retention Characteristics For L Version Only (T, =0 to0 70°C)

DouT——

2 25582 SpF

___i

Figure 2. Output Load
{for 315, 4 7, twz, and tow)
* Including scope and jig.

Symbol Parameter Test Conditions Min. Typ.! Max. [ Units
Vor Vcc for Data Retention 20 — — \
lccpa | Data Retention Current == ~ 057 202 MA

; CS = Vg —0.2V — 1.0 30°
tcpa Chip Deselect to Data Retention Time | V y 2 Vcc—0.2V or < 0.2V 0 = - ns
tR Operation Recovery Time trc?t - - ns

Notes: 1. Tp =26°C, 2.atVee =2V, 3.Vee =3V, 4. tgpe = Read Cycle Time

Timing Waveform Low V¢c Data Retention Waveform

DATA RETENTION MODE

4.5V

VpR =2V

’4- tcp

/FVu-l \

4.5V
g

25NN\

Ordering Information

Access Time Operating Current Standby Current
Part Number (Max.) (Max.) (Max.) Package Type
UM6168 70 ns 90 mA 2 mA Plastic
UM6168-1 b5 ns 90 mA 2mA Plastic
UM6168-2 45 ns 90 mA 2mA Plastic
UM6168-3 40 ns 90 mA 2 mA Plastic
UM6e168-4 356 ns 90 mA 2 mA Plastic
UM6168L 70 ns 90 mA 50 uA Plastic
UMG168L-1 55 ns 90 mA 50 uA Plastic
UM6168L-2 45 ns 90 mA 50 MA Plastic
UM6168L-3 40 ns 90 mA 50 uA Plastic
UM6168L-4 36 ns 90 mA 50 uA Plastic
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Selection Guide

Part No. Descriptions " Compatible Devices Remarks ] Page
| UMB048/35/ 6 i Sincle Chio NMOS Intel 8048/35/ . s
it Single Chi 6,8, 11 MHz Versio —.
49/39 1t ingle =hip # 49/39 ersion
* UM8051/31 8 Bit Single Chip NMQOS uC Intel 8051/31 —_ 3—-14

* Under Development .
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Features

® 8-Bit CPU, ROM, RAM, I/O in single package

= Single 5V supply

® Up to 1.36 usec instruction cycle for 11 MHz operation.
All instructions 1 or 2 cycles

® Basic machine instructions: 96
1-byte instructions: 68
2-byte instructions: 28

® Single level interrupt

General Description

The UM8048/8035/8049/8039 is a totally self-sufficient
8-bit parallel computer fabricated on a single silicon chip
using UMC N-channel silicon gate MOS process.

The UMB048 contains a 1K x 8 program memory, a 64 x 8
RAM data memory, 27 |/0 lines, and an 8-bit timer/counter
in addition to on-board oscillator and clock circuits. The
UMBO049 contains a 2K x 8 program memory, a 128 x 8
RAM data memory, 27 /O lines, and an 8-bit timer/counter
in addition to on board oscillator and clock circuits. For
systems- that require extra capability, the UM8048/8049
can be expanded using standard memories and MCS-48,

UM8048/8035/8049/8039
» Single Chip 8-Bit Microcomputer '

®m UMB048/8049 is interchangeable with Intel’s P8048/
8049 in pin configuration and electrical characteristics

m UM8B049-2Kx8 ROM  128x8 RAM 27 1/O Lines
UMB048-1K x8 ROM 64x8 RAM 27 I/O Lines

B |nternal timer/event counter

Easily expandable memory and 1/0

B Compatible with MCS memory and |/O

MCS-80 and MCS-85 peripherais. The UMB8035 is the
equivalent of an UM$048 without program memory. The
UMB039 is the equivalent to an UMB049 without program
memory.

This microprocessor is designed to be an efficient controller
as well as an arithmetic processor. The UM8048/8049 has
extensive bit handling capability as well as facilities for
both binary and BCD arithmetic. Efficient use of program
memory results from an instruction set consisting mostly of
single byte instructions and non instructions over two
bytes in length.

Pin Configuration

To ] A 40 JVcc
XTAL1[]2 BT
xTAL2 []3 38| Jr27.
RESET [} 4 37 []P26

SS[]s 36 szs

INT[]e 35 [ P24

eEa |7 34 %PW

rRD[ |8 33| _]P16
m% o UMB048/ 3, [ri5
WrR[]10 8035/ 3| Jr1a
ale[]11 8049/ 351 p3
o8y [}12 8039 9 7r12
DBy []13 28] ]P1
DBy [ 14 27 ]P10
DBj3 15. 26 jVDD
0345 16 25 [ JPROG
pBs [ ]17 24| 1P23
pBg (] 18 23| Jp22
pB, [} 19 22 JpP21
ves [ |20 211_}P20

Logic Symbol

—
XTAL
—

PORT
PORT
RESET . —=| =
SINGLE

STEP -+ READ

EXTERNAL _
MEM um8048/

8049 |—WRITE
—
TEST <|i
f-b

INTERRUPT —»

PROGRAM
[— STORE
ENABLE

ADDRESS
> LATCH
ENABLE

BUS PORT

> EXPANDER
STROBE
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UM8048/8035/8049/8039

Block Diagram
P20 o8o
D87
EXPANSION TO
MORE 1/0 AND
MEMORY
PORT 2
BUS BUFFER BUS BUFFER
P&gvza;':::%” PORT 2 LATCH HIGH PROGRAM RESIDENT BUS LATCHES ZAN
COUNTER AND LOW
EXPANOER (HIGH 4) @) ROM 1Kx8
PORT 1/0 (2K x 8) PC TEMP REG
DECODE
is
0sC. 18Y
FREa. —] 3x5x32 TIMER EVENT LOWER PROGRAM
COUNTER PROGRAM STATUS
TEST 1 8) COUNTER (8) WORD
ﬁ 0 PORT 1 P10
A4 BUS .
. Asurrer K8 >
AN /N AND y
LATCH P17
-
ACCUMULATOR TEMP REG INSTRUCTION RAM ADDRESS
[} ) FLAGS REQIETES REGISTER
AND DECODER
MULTIPLEXER
|
ACCUMULATOR d REGISTER O
LATCH :> o —
ARITHMETIC REGISTER 1
LoGIC - [ TEST O
UNIT
® - TEST1 REGISTER 2
e TNT
> FLAGO REGISTER 3 X
CONDITIONAL !
BRANCH ’4— FLAG 1
LoGIC REGISTER 4 -
J=—TIMER FLAG
Voo
“——RAM SUPPLY le— CARRY REGISTERS
Vee A «
SO ™ 5V MAIN SUPPLY oECIvAL < acc g
Vs ADJUST ACC BIT e} REGISTER 6
——GND TEST b
e REGISTER 7
8 LEVEL STACK
(VARIABLE LENGTH)
OPTIONAL SECOND
- REGISTER BANK
CONTROL AND TIMING
DATA STORE
70 INT RESET PROG EA XTAL1 XTAL2 ALE PSEN SS RD R
(128x8) RESIDENT
64x8 RAM ARRAY
TIMING  INTER. INITIA. EXPANDER  CPU  OSCILLATOR PROGRAM  SINGLE ~ READ/WRITE 8048: 6“< "g szm
OUTPUT ~ RUPT  LIZE  STROBE  MEMORY  XTAL MEMORY  STEP STROBES 4 x
SEPARATE ENABLE 8049 2K x8ROM
. 128 x8 RAM
'ADDRESS
LATCH
ENABLE
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UM8048/8035/8049/8039

Absolute Ratings*

Operating Temperature . ... ........... 0°C 10 70°C
Storage Temperature . . . . . [ —65°C to 150°C
Voltaggeon Any Pin. . .. .. ... ... .... ~0.5V to +7V
Power Dissipation . . .. ........... .. ....... 1.5W

D.C. Characteristics
(T =0°C —70°C Ve = Vpp =5V £ 10%, Vgg = OV)

*Comments

Stresses above those listed under ‘‘Absolute Maximum
Ratings”” may cause permanent damage to the device.
These are stress ratings only. Functional operation of this
device at these or any other conditions above those indicat-
ed in the operational sections of this specification is not
implied and exposure to absolute maximum rating condi-
tions for extended periods may affect device reliability.

Limits
Parameter Symbol Units Test Conditions
Min. | Typ. | Max.
Input Low Voltage y 8
(All Except XTAL1, XTAL2, RESET) M —05 0. v
Input High Voltage v V. Vv
(All Except XTAL1, XTAL2, RESET) IH 20 ce
Input High Voltage (RESET, XTALT, XTAL2) ViH1 38 Vee \%
Input Low Voltage (RESET, XTAL1, XTAL2) Vit Vss| 0.5 \
Output Low Voltage (BUS) VoL 045 |- V loL =2.0 mA
Output Low Voltage _
(TRT)-,_VVF?_, »——PSEN' ALE) VOLT 045 \% lOL = 18 mA
Output Low Voltage (PROG) VoL2 0.45 \ loL = 1.0 mA
Output Low Voltage (All Other Outputs) Vois 0.45 \ loL =1.6 mA
Output High Voltage (BUS) Von 2.4 \Y IOH = —400 uA
Output High Voltage (RD, WR, PSEN, ALE) Vo1 2.4 \Y lon = —100 uA
Output High Voltage (All Other Outputs) VoH2 2.4 \ lon = —40 uA
Input Leakage Current (T1, INT) I £10 | MA | VssSViINSVce
Input Leakage Current >y
(P10-P17, P20-P27, EA, 53] liLs -500 MA Vcc> Vin 2 Vgs +0.45V
Input Leakage Current (RESET) iz 20 -300 =A VeeZ2Vin2ViL1
Odtput Leakage Current
+ VAN +
(BUS, TO) (High Impedance State) oL 101 KA | VeeZViNZVss +0.48V
8 8MHz, 6MHz
| Power Down Supply Current Ibo mA
12 11 MHz
35 70 8MHz, BMHz
Total Supply Current Ipbp t lcc mA
45 100 11 MHz
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A.C. Characteristics
(Ta =0°C —70°C, Ve = Vpp = +5V' % 10%, Vsg = 0V)

" Limits
Test
Parameter Symbol 6MHz 8MHz 11MHz Units
- Conditions(1)
Min. Max. Min. Max. Min. Max.
Cycle Time tcy 25 16.0 | 1.875{ 15.0 1.36 15.0 us
ALE Pulse Width ‘ ?LL 410 270 150 |- ns
Address Setup Before ALE tAL | 200 | | 140 70 ns
Address Hold FromAALE tLA 120 85 50 . ns
(C_ﬁo—gt’r\(;vl—:f fse Width tce1 | 1080 1730 480 | ns
%’ Pulsa Width. tcca | 800 650 | 350 ns
Data Setup Before WR tow | 880 610 390 1 ns
Data Hold After WR - WD 116 75 _ 40 ns (2)
Data Hold (RD, PSEN) DR 0 220 o | 160 0 110 ns
RD to Data in tRD1 800 520 330 | ns
'PSEN to Data in tRD2 » 550 330 190 ns
Address Setup Before WR. ' tAW 850 470 300 ns
Q:i :Zs;i::“‘i w5 tap1 | | 1680 {100 | 730 | ns
Address Setup
Before Data in (PSEN) tAD2 1250 : 720 : 46.0 : ns.
Address Float to RD, WR tAFCT 290 210 140 ns. ol (2)
Address Float to PSEN tAFC2 | 40 20 0 | | s @
%ﬁ%;‘m ALE teat | 120 | s ", | s0 1 ons
Control Pulse to ALE ‘
- (PSEN) tCA2 620 | 460 320 » ns
'Interrl;th Pulée Width TNT 3 3 | 3 MC (3)
Power on Reset Time tRES 5 5 S 5" | Mc (3)
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A.C. Characteristics {Continued)

Limits

Test
Parameter Symbol 6MHz 8MHz 11MHz Unit

Conditions(1)
Min. Max. Min. Max. Min. Max.

Port Control Setup
Before Falling Edge tcp 200 110 100 ’ .ns
of PROG

Port Control Hold

After Falling Edge - tpPC 460 300 160 ns

of PROG

PROG to P2 Input must v '

be Valid tPR 1300 940 650 ns

Output Data Setup Time tpp 850 600 400 ns 2
c

Output Data Hold Time tPD 200 130 90 ns g

input Data Hold Time tPF 0o | 250 o | 190 | o 140 | ns s

PROG Pulse Width tpp 1500 1060 700 ns

Port 2 1/O Data Setup

o0 ALE tPL 460 300 160 ns

Port 2 1/0 Data Hold

0 ALE tLp 150 90 40 ns

Port Output From ALE tpyv 850 660 510 ns

Notes: (1) Control Outputs C{ =80 pf, Bus Outputs Ci_= 150 pf
(2) Bus High Impedance Load 20 pf ’

(3) MC means machine cycle

Waveforms
INSTRUCTION FETCH FROM EXTERNAL PROGRAM MEMORY

|«

ey |
|<—— L —-————! |
ALE I L } l |
_ | |
—=| tarc2 i tce2 { tca2 |<—
PSEN . | [
S LA
AL —»f l —’I OR
BUS FLOATING ADDRESS )( FLOATING INSTRUCTION FLOATING X
. }e— tRD2
tAD2
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WRITE TO EXTERNAL DATA MEMORY

EO e | L

l tcer } I tcal

B8US FLOATING T- ADDRESS X FLOATING a DATA l FLOATING X

taw ——l

READ FROM EXTERNAL DATA MEMORY

e | I ' [ L

tcet ‘ I

|
Ol
—

tAF1 }._._ —| o~
8US FLOATING ADDRESS FLOATING DATA FLOATING X
fe— tRD1
f tAD1

PORT 2 TIMING

v T\ S

EXPANDER we |— tcar
PORT

f—tPL —ea—s] }-— top D
ouTPUT x PCH X rorT20230ATA X PORT CONTROL x OUTPUT DATA x

EXPANDER ’ ’ l

tpE
PORT “‘ PR l

x . INPUT X
INPUT PCH x PORT 20-23 DATA X PORT CONTROL X DATA

}o—tcp ——T tPC —-I |
tpp

PROG

1/0 PORT TIMING

|

P20-23 x
OUTPUT PCH X PORT 20-23 DATA

NEW P20-23 DATA X PCH

P24-27

P10-17 PORT 24.27 PORT 10-17 DATA
QUTPUT

i \
A
X

NEW PORT DATA
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Pin Description

Designation Pin Functions
Vss 20 Circuit GND Potential
Vpp 26 +5V during operation. Low power standby pin
Vee 40 Main power supply; +5V during operation
PROG 25 Output strobe for UM8243 1/0 expander
Port 1: 27-34 8-bit quasi-bidirectional port
P10-P17
Port 2:
P24-pP27 35-38 8-bit quasi-bidirectional port
P20-P23 21-24 P20-P23 contain the four high order program counter bits during an external program

fetch and serve as a 4-bit 1/O expander bus for UM8243.

BUS: DO-D7 12-19 True bidirectional port which can be written or read synchronously using the R’RD,WR
strabes. The port can also be statically latched. Contains the 8 fow order program
counter bits during an external program memory fetch, and receives the addressed
instruction under controt of PSEN.

They also contains the address and data during an external RAM data access instruc-
tion under control of ALE, RD, and WR.

.
]
©
o
s
c
<]
o
<]
2
2
=

TO 1 Input pin testable using the conditional transfer instructions JTO and JNTO. TO can
be designated as clock output using ENTO CLK instruction.

m . 39 Input pin testable using the JT1, and JNT1 instructions. Can be designated the timer/
counter input using the STRT CNT instruction.

|

INT 6 Interrupt input. Initiates an interrupt if interrupt is enabled. Interrupt is disabled
(Active Low) after areset. Also testable with conditional jump instruction. (Active Low)
RD 8 Output strobe activated during a BUS read. Can be used to enable data onto the BUVS
(Active Low) from an external device. Used as a Read Strobe to External Data Memory.
WR 10 Output strobe during a BUS write. Used as write strobe to External Data Memory.
(Active Low)
RESET 4 Input which is used to initialize the processor. Also used during verification, and
(Active Low) power down.
ALE 11 Address Latch Enable. This signal occurs once during each cycle and is useful as
a clock output. The negative edge of ALE strobes address into external data and
program memory.
PSEN 9 Program Store Enable. This output occurs only during a fetch to external program
(Active Low) memory.
SS 5 Single step input can be used in conjuction with ALE to ''single step’ the processor
(Active Low) through each instruction
EA 7 External Access input which forcess all program memory fetches to reference external
memory. Useful for emulation and debug, and essential for testing and program
verification
XTAL1 2 One side of crystal input for internal oscillator Also input for external source.
XTAL2 3 Other side of crystal input
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UM8048/8035/8049/8039

Instruction Set

. . . Instruction Codes
Mnemonic Functions Descriptions D7 D6 DS D4 D3 D2 D1 DO Cycles | Bytes
Accumuintor
ADD A, #data | (A)<(A) + data Add immediate the specified Data to 6 0 0 0O o0 0 1 1 2 2
the Accumulator d7 d6 db5 d4 d3 d2 dl1 do
ADD A, Rr {A)«<{A) + (Rr) Add contents of designated register 0o 1 1 0 1 r r r 1 1
forr=0-7 to the Accumulator
ADD A,@ Rr | {A)«(A) + ((Rr)) Add indirect the contents of the data o 10 0 O 0 r 1 1
‘ forr=0-1 memory location to the Accumulator
ADDC A # (A)«(A) + (C) +data | Add immediate with carry the specified [0 0 0O 1 0 0 1 1 2 2
data data to the Accumulator d7 d6 db d4 d3 d2 dit do
[ADDC A, Rr {A)«(A) + (C) +{Rr}) | Add with carry the contents of the ot 1 1 1t ¢ r r 1 1
forr=0-7 designated register to the Accumulator
ADDC A, @ Rr | (A)«(A) + (C) + ({Rr)) | Add indirect with carry the contentsof | 0 1 1 1 0 0 O r 1 1
forr=0-1 data memory location to the Accumulator|
ANL A, #data | {A)«(A) AND data Logical AND specified immediate Data | 0 1 o 1 o o 1 1 2 2
with Accumulator d7 d6 d5 d4 d3 d2 d1 do
ANL A, Rr (A)<(A) AND (Rr) Logical NAD contents of designated o 1 0 1 1 r r r 1 1
forr=0-7 register with Accumulator .
ANL A, @Rr {A)«(A) AND ({Rr)) Logical AND indirect the contents of 0 t o0 1 0O 0 0 r 1 1
for r = 0-1 data memory with Accumulator
CPL A (A)«NOT (A) Complement the contents of the o o 1 1t o 1 1t 1 1 1
Accumulator
CLR A (A)«0 Clear the contents of the Accumulator o o0 1 o] 1 1 1 1 1
DA A Decimal Adjust the contents of the 1 0 1 1 1 1 1 1
Accumulator
DEC A (A)e<(A) ~1 Decrement by 1 the Accumulator'’s 6 0 0 0 o 1 1 1 1 1
contents
INC A (A)«(A) +1 increment by 1 the Accumulator’s 0 0 0 1 o 1 1 1 1 1
} contents
ORL A, #data |(A)<«(A) OR data Logical OR specified immediate data O 1t o 0o o O 1 1 2 2
’ with Accumulator d7 d6 d5 d4 d3 d2 d1 do
ORL A, Rr (A)<(A) OR (Rr) Logical OR contents of designated o 1 0 0 1 r r r 1 1
fror=0-7 register with Accumutator
ORLA,@Rr |(A)«(A) OR ({(Rr}) Logical OR indirect the contentsofdata [0 1 0 0 0 0 0 r 1 1
for r=0-1 memory location with Accumulator
RL A (AN+1) 4—(AN) Rotate Accumulator left by 1 bit 1 1 1 0o o0 1 1 1 1 1
(A0)« (A7) without carry
for N =0-6
ﬁLC A (AN+1) < (AN); Rotate Accumulator left by 1 bit 1 1 1 1 0 1 1 1 1 1
N =0-6, (AQ)«(C) through carry
(C)« (A7) .
RR A (AN} < (AN+1); Rotate Accumulator right by 1 bit o 1 1 10 1 1 1 1 1
N =0-6, (A7)« (AD) | without carry
RRC A (AN) < (AN+1); Rotate Accumulator right by 1 bit o 1 1 0 0 1 1 1 1 1
N =0-6, (A7)« (C) through carry
(C)«(A0)
SWAP A (Ad4-7)==(A0-3) Swap the two 4-bit nibbles in the 0 1 0O o0 O 1 1 1 1 1
Accumulator
XRL A1, # (A)«(A) XOR data Logic XOR specified immediate data 1 1 0 1 0 O 1 1 2 2
data with Accumulator d7 d6 d6 d4 d3 d2 di do
XRL A, Rr (A) < (A) XOR (Rr} Logical XOR contents of designated 1 1 1 1 r r r 1 1
forr=0-7 register with Accumulator
XRLA,@Rr | (A)<«(A) XOR ((Rr)) Logical XOR indirect the contents of 1 1 0 1 0 0 O r 1 1
forr=0-1 data memory location with Accumulator
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UM8048/8035/8049/8039

Instruction Set (Continued)

M . . e Instruction Codes ! 8
nemonic Functions Descriptions D7 D6 D5 D4 D3 D2 D1 0O Cycles | Bytes
Branch
DJINZ Rr, addr | (Rr)«(Rr})—1;r=0-7 | Decrement the specified register and 1 1 1 o] 1 r r r 2 2
1f(Rr) %0 test contents a7 a6 ab5 a4 a3 a2 al a0
(PCO~—7)+addr
JBb addr (PCO—7)<«addr if Bb=1 | Jump to specified address.if b2 bl bo 1 0 0 1 0 2 2
(PC) «(PC)+2 if Bb=0 | Accumulator bit is set al a6 ab a4 a3 a2 al a0
JC addr (PCO-7)«addrif C=1 | Jump to sepecified address if carry 1 1 1 1 o 1 1 0 2 2
(PC)« (PC)+2 if C=0 flag is set a7 a6 ab a4 a3 a2 al a0
lJFO addr (PCO-7)«addr if PO=1 | Jump to specified address if Flag FO 1 o] 1 1 0o 1 1 0 2 2
(PC)«(PC}+2 if FO=0 | isset a7 a6 a5 a4 a3 a2 al a0l
JF1 addr (PCO~7)«addrif F1=1 | Jump to specified address if Flag F1 Q 1 1 1 o} 1 1 0 2 2
(PC)«(PC)+2 if F1=0 | is set a7 a6 ab a4 a3 a2 al a0
[JMP addr (PC8—10)«addr 8~10 | Direct Jump to specified address al0 a8 a8 0 O 1 0 0 2 2
(PCO—7}<addr 0—7 within the 2K ‘address block a7 a6 a5 a4 a3 a2 al a0
(PC11)« DBF
JMPP @A (PCO-7)«({A)) Jump indirect to specified address 10 1 10 0 1 1 2 1
with address page
UNC addr (PCO—7)«addr if C=0 | Jump to specified address if carry flag 1 1 1 o o 1 1 0 2 2
(PC)«(PC)+2 if C=1 is low a7 a6 a5 a4 a3 a2 al a0
JN1 addr {PCO—7)<addr if I=0 | Jump to specified address if interrupt B 0 0 0 0 1 1 0 2 2
{(PC)<(PC)+2 if I=1 is fow a7 a6 ab a4 a3 a2 al a0
JNTO addr (PCO~7)<«addr if TO=0 | Jump to specified address if Test O o 0 1 o 0 1 1 0 2 2
(PC)« (PC)+2 if TO=1 | is low - a7 a6 ab5 a4 a3 a2 al a0
UNT1 addr {PCO—7)«addrif T1=0| Jump to specified address if Test 1 o] 1 0O 0 © 1 1 0 2 2
(PC)«(PC)+2if T1=1 | is low a7 a6 ab a4 a3 a2 al a0
UNZ addr (PCO—7)«addr if A#0 | Jump to specified address if 1 0 o0 1 o 1 10 2 2
(PC)«(PC)+2 if A=0 Accumulator is non-zero a7 a6 ab a4 a3 a2 al a0
JTF addr (PCO—7)<addrif TF=1| Jump to specified address if TimerFlag | 0 0 0 1 o 1 1 0 2 2
(PC)«(PC)+2 if TF=0 | issetto 1 : a7 a6 ab a4 a3 a2 al .al
UTO addr (PCO—7)<«addr if TO=1{ Jump to specified address if Test 0 0.0 1 1 0] 1 1 0 2 2
(PC)«(PC)+2if TO=0 | isa 1 : a7 a6 ab a4 a3 a2 al a0
JT1 addr (PCO—7)<«addr if T1=1| Jump to specified address if Test 1 0o 1 0 1 o 1 1 0 2 2
(PC)«(PC)+2if T1=0 | isa 1 ‘a7 a6 a5 a4 a3 a2 al a0
JZ addr (PCO7)<addr if A=0 Jump to specified address if 1 t 0 o0 0 1 1 0 2 2
(PC)«~(PC)+2 if A#0 | Accumutator is O a7 ab a5 a4 a3 a2 al a0
Control
ENI Enable the External Interrup input 0 o o o 1 0o 1 1 1
DIS | Disable the External Interrupt input 0 10 v o0 1 1 1
ENTO CLK Enable the Clock Output pin TO 0 1 1 1 4] 1 (o] 1 1 1
SEL MBO (DBF)<0 Select Bank O-(locations 0-02047) of 1 1 1 o 0 1 0 1 1 1
program Memory
SEL MB1 (DBF) <1 Select Bank 1 (locations 2048-4095) of | 1 1 1 1 o] 1 0 1 1 1
Program Memory
SEL RBO (BS)«0 Select Bank O (locations 0-7) of Data 1 t 0 o o 1 0 1 1 1
Memory
SEL RB1 (BS)+1 Select Bank 1 {locations 24-31) of 1 1 [} 1 [¢] 1 0 1 1 1
Data Memory
Data Moves
MOV A, #data | (A)«data Move immediate the specified datainto | 0 0 1 0O 0 0 1 1 2 2
the Accumulator d7 d6 d5 d4 d3 d2 d1 do
MOV A, Rr (A)<(Rr); r=0-7 Move the contents of the designated 1 1 1 1 1 r r r 1 1
registers into the Accumulator
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UMS8048/8035/8049/8039

Instruction Set (Continued)‘

. . . Instruction Codes
Mnemonic Functlops Descriptions D7 D6 D5 D4 D3 D2 D1 DO Cycles | Bytes
Data Moves (Cont.)
MOV A, @Rr [ (A)« ((Rr));r=0-1 Move indirect the contents data 1 1 1 1 o 0 0 r 1 1
memory location into the Accumulator
MOV A, PSW (A) « (PSW) Move contents of the Program Status 1 1 0O 0 0 1 1 1 1 1
Word into the Accumulator ’
MOV Rr, # (Rr) < data; r=0-7 Move immediate the spocified data into | 1 o 1 1 1 r r r 2 2
data ’ the designated register d7 d6 d5 d4 d3 d2 di do
MOV Rr, A (Rr) < (A); r=0-7 Move Accumulator Contents into the 1 T 0 r r r 1 1
designated register
MOV @ Rr, A ((Rr)} < (A), r=0-1 Move indirect Accumulator Contents 1 0 1 0O 0 o 0 r 1 1
into data memory |location
MOV @ Rr, # | ((Rr))«data; r=0-1 Move immediate the specified data into | 1 o 1 1 0 0 0 r 2 2
data data memory d7 d6 d5 d4 d3 d2 d1 "do
MOV PSW, A (PSW) < (A) Move contents of Accumulator into the | 1 1 o 1 0 1 1 1 1 1
program status word
MOVP A, @A | (PCO-7) « (A) Move data in the current page into th 1t 0 1 0 0 0 1 1 2 1
(A) < ((PC)) Accumulator .
MOVP3 A, @ A | (PCO-7) « (A) Move Program data in Page 3 into the 1 1 1 0 0 O 1 1 2 1
(PC8-10) « 011 Accumulator
(A) « ((PC))
MOVX A, @R | (A) < ({Rr)); r=0—1 Move indirect the contents of external 1 0 0 0 0 0 0 r 2 1
data memory into the Accumulator
MOVX @R, A | ({Rr)) « (A), r=0-1 Move indirect the contents of the 1 0o 0 1 0O 0 Oo r 2 1
Accumulator into external data memory
XCH A, Rr (A} = (Rr); r=0-7 Exchange the Accumulator and 0 O 1 0 1 r r r 1 1
designated register’s contents.
XCHA,@Rr .| (A) « ({Rr)); r=0~1 Exchange indirect contents of Accumu- | O 0 1 0 O O O r 1 1
lator and location in data,memory
XCHD A, @ Rr | (A0-3) = {(Rr0-3)); | Exchange indirect 4 bit contents of o o0 1 1 0O 0O 0 r 1 1
r=0-1 Accumuiator and data memory ’
Flags
CPLC (C) < NOT (C) Complement carry bit 1 0 1 o o0 1 1 1 1 1
CPL FO (FO) < NOT (FO) Complement Flag FO 1 0 0o 1 0 1 0 1 1 1
CPL F1 (F1) < NOT (F1) Complement Flag F1 1 0 1 1 ¢} 1 0 1 1 1
CLRC (C)<0 Clear carry bit to O 1 0o 0 1 0o 1 1 1 1 1
CLR FO (FO)« 0 Ciear Flag0to O 1 0 O 0o 1 0 1 1 1
CLR F1 (F1)«< 0 Clear Flag 1 to 0 1 0 1 0 1 0 1 1 1
* Input/Output
ANL BUS, #. (BUS) « (BUS) AND Logical AND immediate specified data 1 0 0 1 1 O ¢ o0 2 2
data data with contents of Bus d7 d6é d5 d4 d3 d2 dit do
ANL Pp, # (Pp) < (Pp) AND data | Logical AND immediate specified data 1 o 0o 1 1 0O p p 2 2
data p=1-2 with designated port (1 or 2) - d7 d6 db5 d4 d3 d2 di do
ANLD Pp, A {Pp) < (PpY AND (AQ—3) | Logical AND contents of Accumulator 1 o 0 1 1 1 P P 2 1
p=4-7 with designated port (4—7)
IN A, Pp 1 (A) < (Pp),p=1-2 Input data from designated port (1—2) 0O 0 0 0 1 0O p p 2 1
' into Accumulator :
INS A, BUS (A) < (BUS) Input strobed Bus data into 0o 0o 0o 0 1t O O O 2 1
o . Accumulator
MOVD A, Pp (A0—3) <« (Pp); p=4—7 | Move contents of designated port 0O o 0 0 1 1 P p 2 1
-1 {A1=7I«0 (4—7) into Accumulator )
MOVD Pp, A {Pp) « A0-3; Move contents of Accumulator into o 1 1 1T p p 2 1
: p=4-7 designated port (4—7) :
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Instruction Set (Continued)

UM8048/8035/8049/8039

. . Lo Instruction Codes
Mnemonic Functions Descriptions D7 D6 D5 D4 D3 D2 D1 DO Cycles | Bytes
Input/Output {Cont.)
ORL BUS, # (BUS) « (BUS) OR Logical OR immediate specified data 1 0O o0 0 1 o 0 o© 2 2
data data : with contents of Bus d7 d6 db6 d4 d3 d2 di1 do
ORLD Pp, A (Pp) < (Pp) OR (A0-3} | Logical OR contents of Accumutator 1 1 1 [ 2 1
p=4-7 with designated port (4—7)
ORL Pp, # (Pp) < (Pp) OR data Logical OR immediate specified data 1 0 o0 O 1 0 p p 2 2
data p=1-2 with designated port (1—2) d7 d6 d5 d4 d3 d2 d1 do
OUTL BUS, A [ (BUS) « (A) Output contents of Accumulator onto c 0O 0-0 0 O 1 2 1
Bus
OUTL Pp, A (Pp) « (A); p=1-2 Output contents of Accumulator to 0 O 1 1 1 0 »p p 2 1
designated port (1-2)
Register
DEC Rr (Rr) < (Rr) — 1; Decrement by 1 contents of designated | 1 t 0 0 1 r roor 1 1
r=0-7 register
INC Rr (Rr) < (Rr) +1; tncrement by 1 conents of designated 0o 0 0 1 1 r r r 1 1
r=0-7 register - t
INC@R (Rr)) < ((Rr}) +1; Increment indirect by 1 the contents 0 0 0 1 0 0 0 r 1 1 3
r=0— of data memory location S
Subroutine g
Call addr ((SP)) « (PC), (PSWA—7) | -Call designated Subroutine al0 a9 a8 1 0 1 0 O 2 2 §
(SP) « (SP) +1 a7 a6 ab a4 a3 a2 al a0 . 9
(PC8~10) «-addr 8—10 b
(PCO—7) « addr 07
(PC11) « DBF
RET (SP) < (SP) — 1 Return from Subroutine without 1 6 0 0O 0 0 1 1 2 1
(PC) « ({SP)) restoring Program Status Word .
JRETR (SP) «- (SP) — 1 Return from Subroutine restoring * 1 o 0 1 0o 0 1 1 2 1
(PC) « ({SP)) Program Status Word
(PSW4-7) « ((SP})
Timer/Counter
ENTCNTI Enable Internal interrupt Flag for o 0 1 0 o0 1 0o 1 1 1
Timer/Counter output  *
DIS TCNT! Disable Internal interrupt Flag for 0o 0 1 1 0 1 0 1 1 1
Timer/Counter output ’
MOV A, T (A) «(T) Move contents of Timer/Counter into o 1t 0o o o0 O 1 O 1 1
Accumulator
MOV T, A (T) «(A) Move contents of Accumulator into o 1 1 o.0 0 1 O 1 1
Timer/Counter
STOP TCNT Stop Count for Event Counter 0] 1 10 O 1 o] 1 1 1
STRT CNT Start Count for Event Counter o 1 o 1 1 1 1
STRTT Start Counter foe Timer o 1 0 1 1 1 1
Miscellaneous )
NOP No Operation performed 0 0 0 0O 0 O 0 © 1 1
Notes: 1. Instruction Code Designations r and p form the binary representation of the Registers and Ports involved.

2. References to the address and data are specified in bytes 2 and/or 1 of the instruction.

3. Numerical Subscripts appearing in the FUNCTION column reference the specific bits affected.

Ordering Information

Part Number Max. Freq.
UMB035-6

- 6 MHz
UM8039-6
UM8035-8 8 MHz
UMB039-8
UMB035-11 11 MHz
UM8039-11
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Features

m 4K x 8 ROM

m 128 x 8 RAM

m Four 8-bit ports, 32 1/0 lines

m Two 16-bit t':mer/event. counters

m High-performance full-duplex serial channel
®m External memory expandable to 128K

® Boolean processor

General Description

The UMB8051/8031 is a stand-alone, high-performance
single-chip computer fabricated with UMC’s highly-reliable
+5 Volt, NMOS technology and packaged in a 40-pin DIP.
It provides the hardware features, architectural enhance-
ments and new instructions that are necessary to make
it a powerful -and cost effective controller for applications
requiring up to 64K bytes of program memory and/or up
to 64K bytes of data storage.

~The UMB051/8031 contains a non-volatile 4K x 8 read-
only program memory, a volatile 128 x 8 read/write data
memory; 32 /O lines; two 16-bit timer/counters; a five-
source, two-priority-level, nested interrupt structure; a
serial 1/O port for either multi-processor communications,
1/0 expansion, or full duplex UART; and on-chip oscillator
and clock circuits. The UM8031 is identical, except that

Single Chip 8-Bit Microcomputer .

UMS8051,/UMS8031

® UMB048 architecture enhanced with:
® Non-paged jumps
® Direct addressing
® Four 8-register banks
® Stack depth up to 128-bytes
® Multiply, divide, subtract, compare
® Most instructions execute in 1us
® 4us multiply and divide

it lacks the proéram rﬁemory. For systems. that require
extra capability, the UMB8051 can be expanded using
standard TTL compatible memories.

The UM8051 microcomputer, like its UM8048 predecessor,
is efficient both as a controiler and as an arithmetic pro-

~ cessor. The UMB051 has extensive facilities for binary and

BCD arithmetic and excels in bit-handling capabilities.
Efficient use of program memory resuits from an instruc-
tion set consisting of 44% one-byte, 41% two-byte, and
15% three-byte instructions. With a 12 MHz crystal, 58%
of the instructions execute in 1us, 40% in 2us and multiply
and divide require only 4us. Among the many instructions
added to the standard UM8048 instruction set are multiply,
divide, subtract and compare.

Pin Configuration
.
ro L ~ a0 JVee
(RN 39 ] PO.0/ADO
P12 3 38 [ ] PO.1/AD1
P1.3[]a 37 [} Po.2/AD2
p1.a []s 36 { ] PO.3/AD3
P15 []e 35 [] P0.4/AD4
P16 []7 34 ] PO.5/ADS
P17 []8 33 [ ] ro.6/aD6
RST [Jo UMB051/ 32 ] Po.7/AD7
RXD/P3.0 [[]10UMB031 31 7] ER
TXD/P3.1 [ 11 30 %ALE
NTo/P3.2 []12 29 [ PSEN
WFipsa 13 5[] P22/a15
To/P3.a []14 27 P26/A14
T1/P34 []15 26 % P2.5/A13
wR/P36 []186 2617 P2.4/A12
RO/P3.7 []17 24[] P2.3/A11
xTaL2 [(}18 23{] P2.2/A10
xTAL1 []19 22§7] P2.1/A9
vss []20 21[] P2.0/A8

Logic Symbol

SECONDARY FUNCTIONS

RST
vgg Vec l

ADDRESS
AND
DATA BUS

§

PORT
0

UmM8051/

UMB031 PORT

5

" RXD —
TXD —»
INTQ —»
INTT ~a [

70 == |5

T1 ~»

PORT ADDRESS

BUS

%

=

RD -
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Block Diagram

FREQUENCY
REFERENCE COUNTERS
e T
OSCILLATOR 4096 BYTES TWO 16-BIT
& PROGRAM 128 BYTES TIMER/EVENT
TIMING MEMORY 8051 DATA MEMORY COUNTERS

ZaN AN AN

.
L
S
2
s
€
o
o
o
2
&
2

I
I
I
|
|
I
|
|
I
| 8051 <
| “CPU
I
|
|
|
I
I
I
I
|
|
|

I
I
I
|
I
I
I
|
I
I
|
I
I
|
I
|
|
]
I
|
I
I
I
J

PROGRAMMABLE
K-BYTE SERIAL PORT
64 BUS . ® FULL DUPLEX
EXPANSION PROGRAMMABLE 1/0 UART
CONTROL ® SYNCHRONOUS
INTERRUPTS SHIFTER
S O — 0 I I A I SR DU L
INTERRUPTS CONTROL PARALLEL PORTS. SERIAL SERIAL
ADDRESS/DATA BUS IN ouT
AND [/O PINS
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Pin Description

Designation Pin Functions
Vss 20 Circuit ground potential.
Vee 40 +BV power supply during operation and program verification.
Port O 32-39 Port O ié an 8-bit open drain bidirectional 1/0 port. It is also the multiplexed low-order

address and data bus when using external memory. It is used for data input and output
during programming and verification. Port O can sink/source eight TTL loads,

Port 1 1-8 Port 1 is an 8-bit quasi-bidirectional 1/0 port. -It is used for the low-order address the
during program verification. Port 1 can sink/source four TTL load.

Port 2 21-28 Port 2 is an 8-bit bidirectional /O port. It also emits the high-order address byte
when " accessing external memory. It is used for the high-order address and the control
signals during program verification. Port 2 can sink/source four TTL load.

Port 3 10-17 Port 3 is an 8-bit quasi-bidirectional /O port with internal pultups. It also contains the
interrupt, timer, serial port and RD and WR pins that are used by various options. The
“output latch corresponding to a secondary function must be programmed to a one (1) for
that function to operate. Port 3 can sink/source four TTL load. The secondary function are
assigned to the pins of Port 3, as follows:

—RXD/data (P3.0). Serial port’s receiver data input {asynchronous).

—~TXD/clock (P3.1). Serial port's transmitter data output (asynchronous).

~INTO (P3.2). Interrupt O input. '

—INTT (P3.3). Interrupt 1 input.

—T0 {P3.4). Input to counter O.

—T1 (P3.5). Input to counter 1. )

—WR (P3.6). The write control signal latches the data byte from Port 0 into the External

Data Memory.
—RD (P3.7). The read control signal enables External Data Memory to Port 0.

RST 9 A high on this pin for two machine cycles while the oscillator is running resets the device.
‘A small external pulldown resistor (= 8.2k2) from RST to Vgg permits power-on reset
when a capacitor (= 10 uf) is also connected from this pin to V.

ALE 30 - ‘Address Latch Enable output for latching the low byte of the address during accesses to
external memory. ALE is activated at a constant rate of 1/6 the oscillator frequency except
during an external data memory access at which time one ALE pulse is skipped. ALE can
sink/source 8 LS TTL inputs.

PSEN 29 The Program Store Enable output is a control signal that enables the external Program -
Memory to the bus during external fetch oherations. It is activated every six oscillator
periods except during external data memory access. PSEN remains high during internal
program execution. '

EA 31 When held at a TTL high level, the 8051 executes instructions from the internal ROM
when the PC is less than 4096. When held at a. TTL low level, the 8031/8051 fetches
all instructions from external Program Memory. Do not float EA during normal operation.

XTALI1 19 Input to the inverting amplifier that forms part of the oscillator. This pin should be con-
nected to ground when an external oscillator is used.

XTAL2 18 Output of the inverting amplifier that forms part of the oscillator, and input to the internal
clock generator. XTAL2 receives the oscillator signal when an external oscillator is used.
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UM8051/UM8031

Absolute Maximum Ratings*

Ambient Temperature Under Bias . .. ... .. 0°C to0 70°C
Storage Temperature . . . .. ........ —656°C to +150°C
Voltage on Any Pin With Respect to

Ground (Vgg) . ................ —0.5Vto +7V

Power Dissipation . . .. .................. 1 Watts

D. C. Characteristics
(Tp =0°C 1o 70°C; Vce =5V % 10%; Vgg = 0V)

*Comments

Stresses above those listed under '‘Absolute Maximum
Ratings’” may cause permanent damage to the device.
These are stress ratings only. Functional operation of
this device at these or any other conditions above those
indicated in the operational sections of this specification
is not imptied and exposure to absolute ‘maximum rating
conditions for extended periods may affect device
reliability.

Symbol Parameter Min. Max. Units Test Conditions
VIiL Input Low Voltage —0.5 0.8 \Y
VIH Input High Voltage (Except RST and XTAL2) 2.0 Vee +05 Y
VIH1 Input High Voltage to RST For Reset. XTAL2 25 Vee +0.5 \ XTAL1T to Vss
VOL Output Low Voltage Ports 1, 2, 3 (Note 1) 0.45 Vv IOL=1.6mA
VOLA 8\‘1);?:2 )Low Voltage Port 0, ALE, PSEN 0.45 v OL = 3.2mA
VOH Output High Voltage Ports 1,2, 3 2.4 \% IOH = —80uA
VOH1 Output High Voltage Port 0, ALE, PSEN. 2.4 \% |OH = —400uA
e Logica! O Input Current Ports 1,2, 3 —800 uA Vin = 0.45V
L2 Logical O Input Current for XTAL2 -2.5 mA XTALT = Vss, Vin=0.45V
Il “Input Leakage Current To Port O, EA +10 MA 0.45v < Vin< Vce
1H1 Input High Current to RST/Vep For Reset 500 MA Vin< Vee =156V
ICC Power Supply Current 1256 mA All outputs disconnected
CIO Capacitance of |/O Buffer 10 pF fo= 1MHz, Ta = 256°C

Note: VOL is degraded when the 8031/8051 rapidly discharges external capacitance. This AC noise is most pronounced
during emission of address data. When using external memory, locate the latch or buffer as close to the 8031/8051

as possible.

A.C. Characteristics

(Ta = 0°Cto 70°C, Vee =5V + 10%, Vgg =0V, C_ for Port 0, ALE and PSEN Outputs = 100 pF; C_ for all other

outputs = 80 pF) .
EXTERNAL PROGRAM MEMORY CHARACTERISTICS

Symbol Parameter 12 MHz 1Clock 1/TCLCIY gr?.g'ﬁnﬁlzogt 12 MHz
: Min. Max. Units Min. Max. Units
TLHLL ALE Pulse Width 127 ns 2TCLCL-40 ns
TAVLL Address Setup to ALE 43 ns TCLCL-40 . ns
TLLAX Address Hold After ALE 48 ns TCLCL-35 ns
TLLIV ALE to Valid Instr In 233 ns 4TCLCL-100 ns
TLLPL ALE To PSEN 58 ns TCLCL-25 ns
TPLPH PSEN Pulse Width 215 ns 3TCLCL-35 ns
TPLIV PSEN To Valid Instr In 125 ns 3TCLCL-125 ns
TPXIX Input Instr Hold After PSEN 0 ns 0 ns
TPXIZ Input Instr Float After PSEN 63 ns TCLCL-20 ns
TPXAV Address Valid After PSEN 75 ns TCLCL-8 ns
TAVIV Address To Valid Instr In 302 ns BTCLCL-115 ns
TAZPL Address Float To PSEN 0 ns 0 ns
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UM8051/UM8031

EXTERNAL DATA MEMORY CHARACTERISTICS

Symbal Parameter 12 MHz Clock ATeLCL a——'r;glfvaﬁ?:g 12 MHz
Min. Max. Unit Min. Max. Unit
TRLRH | TRD Pulse Width 400 ns 6TCLCL-100 ns
TWLWH WR Pulse Width 400 ns 6TCLCL-100 ‘ns
TLLAX Address Hold After ALE 48 ns TCLCL-35
TRLDV RD To Valid Data In 250 ns 5TCLCL-165 ns
TRHDX Data Hold After RD 0 ns 0 ns
TRHDZ Data Float After RD 97 ns 2TCLCL-70 ns
TLLDV ALE To Valid Data in 517 ns 8TCLCL-160 ns
| Tavov Address To Valid Data In 585 ns 9TCLCL-165 ns
TLLWL ALE ToWR or RD 200 300 ns 3TCLCL-50 3TCLCL+50 ns
TAVWL | Address To WR or RD 203 ns 4TCLCL-130 ns
TWHLH | WR or RD High To ALE High 43 123 ns TCLCL-40 TCLCL +40 ns
TDVWX Data Valid ToWR Transition 23 ns TCLCL-60 ns
TQVWH Data Setup Before WR 433 ns 7TCLCL-150 ns
TWHQX Data Hold After WR 33 ns TCLCL-50 ns
TRLAZ Address Float After RD 0 ns 0 ns
Datum Emitting Ports Degraded 1/O Lines VOL (peak) (Max.)
" Address P2, PO P1, P3 08V
Write Data P1, P3, ALE 0.8v
EXTERNAL CLOCK DRIVE CHARACTERISTICS (XTAL2)
Variable Clock
Symbol Parameter freq = 3.5 MHz to 12 MHz Unit
Min. Max.
TCLCL Oscillator Period 83.3 286 ns
TCHCX High Time 20 ns
TCLCX Low Time 20 ns
TCLCH Rise Time 20 ns
TCHCL Fall Time 20 ns
TCHCX TCLCH —=  |=— h- TCHCL
25
\—
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A.C. Timing Diagrams

EXTERNAL PROGRAM MEMORY READ CYCLE

12 TCLCL |

TLHLL—sta—- TLLIV ——a

TLLP \\
ALE N -

re——— TPLPH

TLLAX —a By k
= TPLIV ] TPXIZ
TAVLL —> = TAzPL Texix

PORT 0 INSTR IN A0-A7 INSTR IN

le—— TAVIV '

| |

ADDRESS N
PORT2 02 SF%_PZ >< ADDRESS A8-A15 )\ ADDRESS A8-A15 s

EXTERNAL DATA MEMORY READ CYCLE

LY TWHLH —4 —
ALE / \\

.
=
]
°
]
c
S
o
o
2
&
2

[e——— TLLWL ——|
o TRLRH s
TAVWL /| TRHDZ
AX — |
TAVDV ——TLL l«— TRLDV TRHDX M
N Y
POTA O AD-A7 ® DATA IN
(e— TRLAZ

ADDRESS 4
PORT 2 QR SFR-P2 ><. ADDRESS A8-A15 OR SFR-P2

EXTERNAL DATA MEMORY WRITE CYCLE

TWHLH —|
ALE / N\

\ /

fe—— TLLWL ——

WR TWLWH
le——1 TAVWL N /
la TLLAX 3] Iw— TDVWX TOVWH tTWHOx
PORT O AO0-A7 Nk DATA OUT
' K
ADDRESS >( ™
PORT 2 OR SFR.P2 ADDRESS A8-A15 OR SFR-P2 ,

A.C. Testing Input/Output, Float Waveforms

INPUT/OUTPUT FLOAT
f¢————— FLOAT —“—‘—’1
24 20 20 24 —'5\2.0 20 jf—'_ 24
TEST POINTS
0.45 0.8 28 0.45 __—)/oe . 0~8\t__0445

AC inputs during testing are driven at 2.4V for a logic 1" and 0.45V for logic 0", Timing measurements are made at
2.0V for a logic “1"” and 0.8V for a logic.”0". For timing purposes, the float state is defined as the point at which a PO
pin sinks 3.2mA or sources 400 uA at thevolitage test levels.

3-19



Oume

UM8051/UM8031

. Clock Waveforms

PORT OPERASTION

INTERNAL STATE4 | STATES STATE6 | STATE! | STATE2 | STATE3 | STATE4 | STATES
CLocK P lrz e ezl e e e | pa]|plez]r |e2|p|r2]e] e
XTAL2
ae — 1 | l | I

' THESE SIGNALS ARE NOT
. ACTIVATED DURING THE

EXTERNAL PROGRAM MEMORY FETCH EXECUTION OF A MOVX INSTRUCTION
PSEN
PO JoaTa] | pcLout | Joatal | pcLout | _foata]l | pcLout | _

SAMPLED SAMPLED SAMPLED
FLOAT —=| |<—— FLOAT ————| | FLOAT —l
P2(EXT) l INDICATES ADDRESS TRANSIONS | I
READ CYCLE
RD 1 |
PCL OUT (IF PROGRAM
00H IS EMITTED
DURING THIS PERIOD MEMORY IS EXTERNAL)
PO DPL OR RI — DATA
ouT h - SAMPLED |
| f FLOAT —
P2 —_— INDICATES DPH OR P2 SFR TO PCH TRANSITIONS —_
WRITE CYCLE
WR b | pcL ouT (EVEN IF PROGRAM
MEMORY IS INTERNAL)
’ I DPL OR RI I
0 ouT
|[#—————— DATA OUT —————————=}«——{pc| OUT (IF PROGRAM
MEMORY 1S EXTERNAL)
P2 | INDICATES DPH OR P2 SFR TO PCH TRANSITIONS | Rl

MOV PORT,_SRC OLD DATA

MOV DEST, PO

NEW DATA

PO PINS SAMPLED

MOV DEST, PORT (P1, P2, P3) | oS SAMPLED

(INCLUDES INTQ, INT1, TO, T1)

P1, P2, P3
. N e
SERIAL PORT SHIFT CLOCK P1. P2, P3 PINS SAMPLED PINS SAMPLED
XD b~ L v
A N
{MODE 0} RXD SAMPLED

RXD SAMPLED

This diagram indicates when signals are clocked internally.
The time it takes the signals to propagate to the pins,
however, ranges from 25 to 15ns. This propagation
delay is dependent on variables%such as temperature and

pin.loading. Propagation also varies from output to output

and component to component, Typically though, (Ta =
25°C, fully loaded) RD and WR propagation delays are
approximately 50 ns. The other signals are typically 85 ns.
Propagation delays are incorporated in the AC specifica-

tions.
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UM8051 Instruction Set Summary

INTERRUPT RESPONSE TIME

To finish execution of current instruction, respond
to the interrupt request, push the PC and to vector
to the first instruction of the interrupt service program
requires 38 to 81 oscillator periods (3 to 7us @
12 MHz).

INSTRUCTIONS THAT AFFECT FLAG SETTINGS”

Flag
Instruction

o
Q
<

AC

Add
ADDC
SuBB
MUL

DIV

DA

RRC

RLC
SETB C
CLR C
CPLC
ANL C, bit
ORL C, bit
ORL C, bit
MOV C, bit
CINE

X X X X X
x

- X X X O O X X X

X X X X X X O

* Note that operations on SFR byte address 208 or bit
addresses 209—215 (i.e., the PSW or bits in the PSW)

will also affect flag settings.

Notes on instruction set and addressing modes:

Rn

Register R7 —RO of the currently selected Register
Bank.

Data

8-bit internal data location's address. This could be
an Internal Data RAM location {0—127) or a SFR
[i.e., 1/O port, control register, status register, etc.
(128 —-255) .

@Ri

8-bit internal data RAM location (0 —25b) addressed
indirectly through register R1 or RO.

#data

8-bit constant included in instruction.

#data 16

16-bit constant included in instruction.

Addr. 16

16-bit destination address. Used by LCALL & LJMP.
A branch can be anywher within the 64K-byte Program
Memory address space.

Addr. 11

11-bit destination address. Used by ACALL & AJMP,
The branch will be within the same 2K-byte page
of program memory as the first byte of the following
instruction. ’

Signed (two’s complement) 8-bit offset byte. Used
by SJMP and all conditional jumps. Range is — 128 to
+127 bytes relative to first byte of the following
instruction.

Bit

Direct Addressed bit in Internal Data RAM or Special
Function Register. N

* New operation not provided by UM8048/8049.
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ARITHMETIC OPERATIONS

Mnemonic Descriptions Bytes Cycles
ADD A, Rn Add register to accumulator : 1 1
ADD A, direct Add direct byte to accumulator ‘ 2 1
ADD A, @Ri Add indirect RAM to accumulator 1 1
ADD A, # data Add immediate data to accumulator | ) 2 1
ADDC A, Rn Add register to accumulator with carry 1 1
ADDC A, direct Add direct byte to accumulator with carry 2 1
ADDC A, @Ri Add indirect RAM to accumulator with carry _ 1 1
ADDC A, # data Add immediate data to Acc with carry 2 1
SUBB A, Rn Subtract register from Acc with borrow 1 1
SUBB A, d‘irect Subtract direct byte frém Acc with borrow ' 2 1
SUBB A,@Ri Subtract indirect RAM from Acc with borrow 1 1
SUBB A, # data Subtract immediate data from Acc with borrow 2 1
INC A Increment accu mulatorv 1 1
INC Rn Increment register 1 1
INC direct Increment direct byte ' 2 1
INC @ Ri Increment indirect RAM 1 1
DEC A Decrement accumulator 1 1
DEC Rn Decrement register . 1 1
DEC  direct Decrement direct byte 2 1
DEC @Ri Decrement indirect RAM 1 1
INC DPTR Increment data pointer 1 2
‘MUL  AB Multiply A & B 1 4
DIV  AB Divide A by B ' 1 4
DA A Decimal adjust accumulator 1 1
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LOGICAL OPERATIONS

Mnemonic Descriptions Bytes Cycles
ANL R, Rn AND register accumulator » : 1 : 1
ANL ‘ A, direct AND direct byte to accumulator - 2 1
ANL A, @Ri AND indirect RAM to accumulator . 1 1
ANL A, # data AND immediate data to accumulator 2 1
ANL - direct, A AND accumulator to direct byte 2. . 1
ANL  direct, #data AND immediate data to direct byte 3 ) 2
~ORL A, Rn OR register to accumulator 1 1 N
ORL A, direct OR direct byte to accumulator 3 1 §
ORL A, @Ri OR indirect RAM to accumulator , 1 1 g
- =
ORL A, # data OR immediate data to accumulator 2 1
ORL  direct, A v OR accumulator to direct byte 2 1
~ ORL direct, # data OR immediate data to direct byte 3 -2
XRL A, Rn Exclusive-OR register to accumulator 1 R
XRL A, direct Exclusive-OR direct byte to accumulator 2 1
XRL A, @ Ri i Exclusive-OR indirect RAM to accumulator ‘ 1 1
XRL A, # data Exclusive-OR immediate data to accumulator ' 2 i 1
XRL  direct, A Exclusive-OR accumulator to direct byte 2 1
XRL  direct, # data Exclusive-OR immediate data to direct byte 3 2
CLR = A Clear accumulator ’ 1 v 1
CPL A Complement accumulator ‘ 1 1
RL A Rotate accumulator left 1 1
- RLC .A Rotate accumulator left through the carry 1 1
RR A Rotate accumulator right : 1 1
RRC A Rotate accumulator right through the carry 1 1
SWAP A Swap nibbles within the accumulator. ) 1 1

O
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DATA TRANSFER

Mnemonic Descriptions Bytes Cycles
MOV A, Rn : Move register to accumulator 1 1
MOV A, direct Move direct byte to accumulator 2 1
MOV A, @Ri Move indirect RAM to accumulator | 1
MOV A # data Move immediate data to accumulator 2 1
MOV  Rn,A Move accumulator to register ’ 1 1
MOV  Rn,direct Move direct byte to register 2 2
MOV . Rn, # direct Move direct byte to register 2 1
MOV  direct, A Move accumulator to direct byte 2 1
MOV  direct, Rn Move register to direct byte 2 2
MOV  direct, direct - Move direct byte to direct 3 2
MOV  direct, @ Ri Move indirect RAM to direct byte 2 2
MOV  direct, # data Move immediate data to direct byte 3 2
MOV @Ri, A Move accumulator to indirect RAM 1 1
MOV  @Ri,direct Move direct byte to indirect RAM 2 2
MOV @ Ri, # data Move immediate daté to indirect RAM 2 1
MOV . DPTR, # data 16 Load data pointer with a 16-bit constant 3 2
MOVC A,@A +DPTR Move code byte relative to DPTR to Acc 1 2
MOVC A, @A +PC Move code byte relative to PC and Acc 1 2
MOVX A, @Ri ) Move external RAM (8-bit addr) to Acc 1 2
MOVX A, @ DPTR Move external RAM (16-bit addr) to Acc ' 1 2
MOVX @Ri, A _ Move Acc to-external RAM (8-bit addr.) 1 2
" MOVX @DPTR, A Move Acc to external RAM (16-bit addr.) 1 2
PUSH direct Push direct byte onto stack 2 2
POP direct Pop direct byte from stack ) 2 2
XCH- A, Rn Exchange register with accumulator 1 . 1
XCH A, direct Exchange direct byte with accumulator 2 1
XCH A, @Ri ‘ * Exchange indirect RAM with accumulator 1 1
XCHD A, @Ri Exchange low-order digit indirect RAM with Acc 1 1
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BOOLEAN VARIABLE MANIPULATION

Mnemonic Descriptions Bytes Cycles

CLR C Clear carry . 1 1

CLR bit Clear direct bit 2 1

SETB C Set carry ‘ 1 1

SETB bit Set direct bit 2 1

CPL C Complement carry 1 1 %

CPL bit Complement direct bit 2 1 g
5

ANL  C, bit AND direct bit to carry 2 2 .

ANL  C,bit | AND complement of direct bit to carry 2 2

ORL C,bit OR direct bit to carry 2 2

ORL C./bit OR complement gf direct bit to carry 2 2

MOV  C, bit Move direct bit to carry . 2 2

MOV  bit, C Move carry to direct bit 2 2

JC rel Jump if carry is set 2 2

JNC rel Jump if carry not set 2 2

JB bit, rel Jump if direct bit is set 3 2

JNB ’ bit, rel Jump if direct but is not set 3 ' 2

JBC bit, rel Jump if direct bit is set & clear bit ) 3 2

3—-25
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PROGRAMING BRANCHING

Mnemonic o Descriptions Bytes Cycles
ACALL addr. 11 Absolute subroutine call .2 2
LCALL addr. 16 Long subroutine call 3 2
RET Return for subroutine . S 1 2
" RETI Return for interryupt 1o 2
AJMP  addr. 11 Absolute jump - 2 2
LIMP  addr. 16 Long jump ' 3 : 2
SIJMP. el ) Short jump (relative addr.) » 2 V 2
JMP @A +DPTR ~ Jump indirect relétive to the DP"I;R ) ) 1 2
Jz rel Jump if accumulator is zero ) © 2 2

INZ rel Jump if aécumulator is not zero 2 » 2
CINE A, direct, rel Compare diirect byte to Acc and jump if not equal 3 2
CINE A, # data, rel Compare immediate fo Acc and jump if not equal 3 2
‘ CINE Rn, # data, rel Compare immediate to register and jump if not equal 3 2
CINE @ Ri, # data, rel Compare immediate to indirect and jump if not equal 3 2
DINZ Rn, rel ' Decrement register and jump if not zero 3 2
DJINZ direct, rel Decrement direct byte and jump if not zero ‘ 3 2
NOP No operation | 7 1 1
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@UMG ‘ Microprocessor

Seleciion' Guide

Part No. Descriptions Compatible Devices Remarks - Page
UM6502 8 Bit CPU v SYP 6502 1.2, 3,4 MHz Version v 4-3
umes07 8Bit CPU SYP 6507 1,2 MHz Version 4-3
UMB6512 | 8 Bit CPU SYP 6512 1, 2,3 MHz Version 4-3




Features

Single 5V £ 5% power supply
N channel, silicon gate depletion load technology
56 instructions

Decimal and binary arithmetic
Thirteen addressing modes
True indexing capability
Programmable stack pointer
Variable length stack
Interrupt capability
Non-maskable interrupt
Bi-directional data bus

General Description

The UM6502/UMB507/UMB512 microprocessors are totally
software compatible with one another. These products
provide a selection of addressable memory range, interrupt
input options and on-chip clock oscillators and drivers.
Thé UM6502/UMB507 on-chip clock versions are aimed
at high performance, low cost applications where single

UM6502/UM6507/ UMé6512

s

aaa

- 8-Bit Microprocessors . P

Addressable memory range of up to 64K bytes
""Ready’’ input

Direct memory access capability

Bus compatible with MC6800

Choice of external or on-board clocks

1MHz, 2MHz, 3MHz and 4MHz versions
On-chip clock options

—External single clock input

—Crystal time base input

® Pipeline architecture

phase inputs or crystals provide the time base. The
UM6512 external clock version is geared for the multi-
processor system applications where maximum timing
control is 'mandatory. These products are bus compatible
with the MC6800 product offering.

Pin Configuration
vss[]1 A Dm, mes ™ = [ 16, (0UT) vss ] ~ [ ] RES
rRoY[]2 9[¢, 0uT  vgs[]2 27 [ ¢ (IN) roy []2 3¢ [T]¢; loum
¢y (ouTI []3 , 38| s.0. oy [z - 26 [ RAW ¢ )]s | 38| s.0.
TRA[]4 37 [ 190 (IN) vee O 25 | oo Ra[]4 3719,
N.C.[15 3Bl IN.C. ves []5 36| |DBE
M ]e s N C. ABo [}5 24 L1081 i [1e s N C.
sync[]7 #rRW As1 []6 23] 082 SYNCE 7 34 [rW
vee[]e 33| ]oBO aB2 []7 22[]08B3 vee s 33| 1DpBO
ABOE 9 2 E_']]Dm aezs[le YM®7 L. I oBa ABo []9 32 [Jos1
AB1[]10 31 [ |DB2 a1 [ 110 31 []os2
AB2[ ] umesoz 30| ]pB3 L 201 1085 A32E 1p UMESIZ 4 %DBB
aB3[]12 29[ ]oB4 ABs []10 19 | 1086 a3 [}z 20 [ oBa
as4[]13 28[JoBs5 Ass L] 18 [1 087 AB4[}13 28 [ Joss
ABs[ |14 27 [ Joss A7 []12 17 |1 AB12 ABs []14 27 []o86
ass[]15 26 %037 ass []13 16 [ AB11 aBs []15 26 D87
AB7[]16 25 [_]AB15 ABO 14 15 [ Ast0 AB7 [ {16 25 [] AB15
ass[]17 24 [ ]AB14 ass (117 24 [ AB14
ABo[ |18 23] ]AB13 aBo []18 23[]AB13
aB1o[]19 22[]AB12 aB10 |19 22 [ AB12
As11[]20 21| Jvss as11 20 21 [ vss
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@ ume | UM6502/UM6507/UM6512
Absolute Maximum 'Ratings* o ~ *Comments A K

' T . Stresses above those listed under “Absolute Maximum
Supply Voltage Veg - v v o oo oo —0.3to +7.0V v Y u

Ratings” may cause permanent damage to the device.
Input Voltage Vi -t oo v e - —031 +7‘2V These are stress ratings only. Functional operation of this
Operating Temperature Tao . . .. ... ...... .. 0t070°C device at these or any other conditions above those indi-
Storage Temperature TgTg . - - - - -« - - .. —55 to +150°C cated in the operational sections of this specification is not

implied and exposure to absolute maximum rating condi-
tions for extended periods may affect device reliability.

Block Diagram
<—————— REGISTER SECTION CONTROL SECTION —n &
. . RES TRQ NMI
(ABO - r " INDEX r INTERRUPT
REGL{STER LOGIC
AB1 =
INDEX
AB2 = REGISTER
X j¢«————————RODY
AB3 =
ABL K— STACK <:>
AB4 POINTER
r REGISTER
ABS = —
" .
ABG = <:‘:> 2 INSTRUCTION
ALU 2 DECODE
AB7 <:> = :
<
o
g}
ADDRESS | g
BUS 4
w
) =
I o z
ABS = Ik b TIMING
= ACCUMULATOR IN
3 g A [*—] conTROL
ABY ] z & <;——> ’
i 5 [N
AB10 =] £ ) <:> PCL /} s T UME512
= e
ABT1 =] ) PCH
ABH . <:|'> PROCESSOR
) STATUS 1 cLock . crock] umesaz
AB12 == « - REGISTER GENERATOR INPUT | UM6507
. INPUT DATA P
: LATCH ;
AB13 =] ) <L oL l—“¢1 ouT
e ¢, OUT
AB14 = <:> > RAW
DATA BUS - INSTRUCTION DBE
AB15 = J BUFFER | REGISTER
L. L
DBO
LEGEND: ) De1
:> =8 BIT LINE : DB2
' - DB3
——— =1BIT LINE ) DBa [ DATA BUS
i ~—»DB5
DB6
- DB7
Notes:
1. CLOCK GENERATOR IS NOT INCLUDED ON UM6512 :
2. ADDRESSING CAPABILITY AND CONTROL OPTIONS VARY WITH EACH PRODUCTS.
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UM6502/UM6507/UM6512
D.C. Characteristics
(Vee =5.0V £6%, Tpo =0—70C)
(¢1. ¢, applies to UMB512, ¢q (in) applies to UMB502/UMB507)
Symbol Characteristics Min. Max. Units
Vin Input High Voltage
Logic and ¢q {in) for } { 1,2, 3MHz +2.0 Vee Vv
UMB502/UMB507 4 MHz +3.3 Vee \,
¢, and ¢, only for ,
UMB5 12 } All Speeds Vee — 05 Vee +0.25 v
ViL Input Low Voltage
Logic, ¢ (in) (UMB502/UM6507) —-0.3 +0.8
91,92 (UMB512) —0.3 +0.2 \Y
i Input Loading
(V|N =WO\/, VCC = 5.25V) ’ )
RDY, S.0. -10 —300 MA
N ‘Input Leakage Current
(ViN =010 5.25V, Ve =0)
Logic (Excl. RDY, S.0.) - 25 MA
61,92 (UMB512) - 100 HA
®o(in) (UMB502/UM6E507) - 10.0 HA
ItsI Three-State (Off State) Input-Current
(VlN =04t024V, VCC = 5,25V}
DB0O-DB7 - +10 HA
Vou Ouiput High Voltage
(lLoap = —100uAdc, Ve =4.75V) 1, 2 MHz 2.4 — \
SYNC, DB0-DB7, A0-A15, R/W
VoL Output Low Voltage
(ILOAD =1.6mAdc, Ve = 4.75V) 1, 2 MHz - 0.4 \Y
SYNC, DB0-DB7, AQ-A15, R/W
Pp Power Dissipation . 1MHz and 2MHz - 700 mW
(VCC =525V)
C Capacitance
(Vin =0, Ta=25°C, f=1MHz)
Cin RES, NMI, RDY, IRQ, S.O., DBE - 10
DBO0-DB7 - 15
Cout AD-A15, R/W, SYNC - 12 pF
Coy (in) %o (in) (UMB502/UMB507) - 15
Co, BN (UMB512) - 50
Co, (73 (UMB512) — 80
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UM6502/UM6507 Teye

cLOCKS TLgo THe,
: 3 Va
$o (IN) \ /
To1+ e TPWH®,
@, (OUT) & /
T02_1<-> T )
—- |« TD le————TPWH02 ——]
uT \
¢, (OUT) Z . SE—.—_.
—{ [« Tp
le— TRWS ——= To2+ TRWH
A )
TADS TADH -
) ) X_
Tosu
Tacc THR
DATA y ‘ -
- (READ) n' E—
REF A" —» REF "B" —*
- - Thw
TMDS

DATA E
(WRITE) .

e 7 -
oY T, /N X/

CLOCKS

é; (IN) TPWHO1 x }
o .
D

le—— TPWHO2 —————]
¢2 (IN} Z L—
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Dynamic Operating Characteristics
{(Vee =5.0£5%, T =0°to0 70°C)

1 MHz 2 MHz 3MHz 4 MHz
Parameter Symbol Units
Min. Max. Min. Max. Min. Max. Min, Max.
Ume512
Cycle Time Tcye 1.00 40 0.50 40 0.33 - 40 0.25 40 s
¢, Pulse Width TPWH, 430 - 215 - 150 - ‘ ns
¢, Pulse With . TPWH¢2 470 — 235 — 160 — ns
Delay Between ¢y and ¢, TO 0 - 0 — 0 - ns
¢y and ¢, Rise and Fal| Times ") TR.TF 0 25 0 20 0 15 ns
UMB502/UM6507
Cycle Time . Teye 1.00 40 0.50 40 0.33 40 0.25 40 Hs
$o(1n) Low Time(2) TLdo 480 - 240 - 160 - 110 - ns
do(iN) High Time!2) THéo 460 - 240 - 160 - 115 - ns
$o Neg to ¢, Pos Delay (5! Tot+ 10 70 10 70 10 70 10 70 ns
$o Neg to $, Neg Delay®! Too— 5 65 5 65 5 65 5 65 ns
$o Pos to ¢, Neg Delay'® To1— 5 65 5 65 5 65 5 65 ns
@0 Pos to ¢, Pos Delay 5! TO2+ 15 75 15 75 15 75 15 7% ns
| ¢0(IN) Rise and Fall Time(") Tao.Teo | © 30 0 20 0 15 0 10 ns
¢4 (OUT), Pulse Width TewHe, |TLoo20] TLdy |TLég20] Tig, TLoo20| Tidy |TLég20| Tigo ne g )
¢, (OUT), Pulse Width TPWH@, | TLog40|TLeg 10 TLea 40 TLda 40T 40| Ty 10| TLE40|TLg 10 ns g
Delay Between ¢ and ¢, To 5 - 5 - 5 - 5 - ns 5
¢, and ¢, Rise and Fall Times!" 3| g, T¢ - 25 - 25 - 15 - 185 ns g
2
UM6502/UMB507/UM6E512
R/W Setup Time TRWS - 2265 - 140 - 110 - 90 ns
R/W Hold Time TRWH 30 - 30 - 15 - [ 10 - ns
Address Setup Time TADS - 225 - 140 - 110 - 90 ns
Address Hold Time TADH 30 - 30 - 15 - 10 - ns
Read Access Time TACC - 650 - 310 - 170 - S no ns
Read Data Setup Time Tpsu 100 = 50 - 50 . 50 - ns
Read Data Hold Time THR 10 — 10 - 10 — 10 — ns
Write Data Setup Time TMDS 20 175 20 100 20 75 - 70 ns
Write Data Hold Time THW 60 150 60 150 30 130 20 - ns
Sync Setup Time Tsys - 350 — 175 - 100 - 90 ns
Sync Hold Time TsYH 30 - 30 - 15 = 15 = ns
RDY Setup Time!4) TRS 200 - 200 - 150 - 120 - ns
Notes; . Timing Diagram Note:
1. Measured between 1_0% and 90% points. Because the clock generation for the UM6502/UM6507
2. Measured at 50% points. and UM6512 is different, the two clock timing sections are
3. Load=1TTL load + 30 pF. . e .
i o referenced to the main timing diagram by three reference
4. RDY must never switch states within TRg to end of ¢,. lines marked REF ‘A", REF ‘B’ and REF ‘C’. Reference
5. Load =100 pF. . . .
) between the two sets of clock timings is without meaning.
6. The 2 MHz devices are identified by an A" suffix. L. : )
Timing parameters are referred to these lines and scale
7. The 3 MHz devices are identified by an “B" suffix. L . K
. variations in the diagrams are of no consequence.
8. The 4 MHz devices are identified by an “C" suffix.

4-7
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" Pin Description

Clocks (¢, ¢,)
The UMB512 requires.a two phase non-overlapping clock
that runs at the V¢ voltage level.

The UM6502/UMB507 clocks are supplied with an:internal
clock -generator. . The frequency of these clocks is ex-
ternally controlied. ' Clock generator circuits are shown
elsewhere in this data sheet.

Address Bus (Aj-A;5)
(See sections on each micro for respecttve address lines
on those devices.)

These outputs are TT:L compatible, capable of drlvmg
one standard TTL load and 130 pF.

Data Bus (DB,-DB;) )

Eight pins are used for the data bus. This is a bidirec-
tional bus, transferring data to and from the device and
peripherals. The outputs are three-state buffers, capable
of driving one standard TTL load and 130 pF.

Data Bus Enable (DBE)

This TTL compatible input allows external control of the
three-state data output buffers and will enable the micro-
processor bus driver when in the high state. In normal
operation DBE would be driven by the phase two (¢5)
clock, thus allowing data output from microprocessor only
during ¢,. During the read cycle, the data bus drivers are
internally disabled, becoming essentially an open circuit.
To disable data bus drivers externally, DBE should be heid
low. Thissignal is available on the UM6512 only.

Ready (RDY)
_ This input signal allows the user to halt the microprocessor
~on all cycles except write cycles. A negative transition to
the low state during or coincident with phase one, (¢, ) will
halt the microprocessor with the output address lines reflec-
ting the current address being fetched. This condition will
remain through a subsequent phase two (¢,) in which the
Ready signal is low. This feature allows microprocessor
interfacing with low speed PROMS as well as fast {max. 2
cycle) Direct Memory Access (DMA). 1f ready is low during a
write cycle, it is ignored until the following read operation.
Ready transitions must not be permitted during ¢, time:

Interrupt Request (TRQ)

This TTL level input requests that an interrupt sequence
begin within the microprocessor.
complete the current instruction being executed before
recognizing'the request. At the time, the interrupt mask bit
in the Status Code Register will be examined. If the inter-
rupt mask flag is not set, the microprocessor will begin an
interrupt sequence. The Program Counter and Processor
Status Register are:stored in the stacK. The microprocessor
will then set the interrupt mask fiag high so that no futher
interrupts may occur. At the end of this cycle, the program

UM6502/UM6507/UME512

Non-Maskable Interrupt (NMI)

A negative going transition on this input requests ‘that

The microprocessor will_

counter low will be loaded from address FFFE, and pro-

gram. counter- high from location FFFF, therefore trans-
ferring program control to the memory vector located at
these addresses. The RDY signal must be in the high state
for any interrupt to be recognized. A 3KQ external resistor
should be used for proper wire-OR operation.

a non-maskable interrupt sequence be generated within
the mlcroprocessor

NMI is an uncondmonal |nterrupt Following .comple-
tion of the current instruction, the sequence of operations
defined for TRQ will be performed, regardless of the state
interrupt mask flag. The vector address loaded into the
program counter, low and 'high, are locations FFFA and
FFFB respectively, thereby transferring program control
to ‘the memory vector located at these addresses. . The
instructions loaded . at these locations cause the micro-
processor to branch to a non-maskable interrupt routine
in memory.

‘NMI also requires an external SKQ resistor to Vee for
proper wire-OR operations.

Inputs 1RQ and NMJ are hardware interrupts lines that
are sampled during ¢, (Phase 2) and will begin the ap-
propriate interrupt routine on the ¢, (phase 1) following
the completion of the current instruction. o

Set Overflow Flag (S. 0.)

A NEGATIVE going edge on this input sets the overflow
bit in the Status Code Register. This signal is sampled
on the trailing edge of ¢;. )

SYNC

This output line is provided to |dent(fy those cycles in
which 'the microprocessor is doing an OP CODE fetch. The
SYNC line goes high during ¢, of an OPCODE fetch and
stays high for the remainder of that.cycle. [f-the RDY line
is pulled low during the ¢; clock pulse .in which SYNC
went high, the processor will. stop in its current state and
will remain: in the state until the RDY line goes high. In
this manner, the SYNC signal can be used to control RDY
to cause single instruction execution.

Reset (RES)

This input is used to reset or start the microprocessor
from a power down condition. During the time that this
line is held low, writing to or from the microprocessor
is inhibited. When a positive edge is detected on the
input, the microprocessor will immediately begin the
reset sequence. ‘ .

After a system initialization time of six clock cycles, ‘the
mask interrupt flag will be set and the microprocessor
will load the program.counter from the memory vector
locations FFFC and FFFD. This is the start location for
program control. )

After Ve reaches 4.75 volts in a power up routine, reset
must be held low for at least two clock cycles. At this
time the R/W and SYNC signal will become valid. When
the reset signal goes high following these two clock cycles,
the microprocessor will -proceed with the normal reset
procedure detailed above. .

Read/Write (R/W)

This output signal is used to control the direction of data
transfers between® the processor and other circuits on the
data bus. A high level on R/W signifies data .into the pro-
cessor; a low is for the data transfer out of the processor.
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Programming Characteristics

INSTRUCTION SET — ALPHABETIC SEQUENCE

.ADC Add Memory to Accumulator with Carry
AND ""AND” Memory with Accumulator

ASL  Shift left One Bit (Memory or Accumulator)
BCC Branch on Carry Clear

BCS Branch on Carry Set

BEQ Branch on Result Zero

BIT  Test Bits in Memory with Accumulator
BMI  Branch on Result Minus =~

BNE Branch on Result not Zero

BPL Branch on Result Plus

BNK  Force Break

BVC Branch on Overflow Clear

BVS  Branch on Overflow Set

CLC Clear Carry Flag

CLD Clear Decimal Mode

CL!I  Clear Interrupt Disable Bit

CLV Ciear Overfiow Flag )

CMP  Compare Memory and Accumulator

CPX Compare Memory and Index X

CPY Compare Memory and Index Y

DEC Decrement Memory by One

DEX Decrement Index X by One

DEY Decrement Index Y by One

EOR "Exclusive-or’ Memory with Accumulator
INC  Increment Memory by One

INX Increment Index X by One

INY  Increment Index Y by One

JMP  Jump to New Location

JSR  Jump to New Location Saving Return Address

LDA Load Accumulator with Memory
LDX Load Index X with Memory
LDY Load Index Y with Memory
LSR - Shift One Bit Right (Memory or Accumulator)
NOP  No Operation
ORA  "OR" Memory with Accumulator
PHA  Push Accumulator on Stack
PHP  Push Processor Status on Stack
PLA  Pull Accumulator from Stack
PLP  Puli Processor Status from Stack
ROL Rotate One Bit Left (Memory or Accumu- )
i lator)
ROR Rotate One Bit Right {(Memory or Accumulator)
RTI Return from Interrupt ‘
RTS  Return from Subroutine
SBC  Subtract Memory from Accumulator with,
Borrow
SEC  Set Carry Fiag
SED. Set Decimal Mode
SEI Set Interrupt Disable Status
STA  Store Accumulator in Memory
STX  Store Index X in Memory
STY  Store Index Y in Memory
TAX  Transfer Accumulator to Index X
. TAY Transfer Accumulator to Index Y
TSX  Transfer Stack Pointer to Index X
TXA Transfer index X to Accumulator
TXS Transfer Index X to Stack Pointer
TYA Transfer Index Y to Accumulator

ADDRESSING MODES .

Accumulator Addressing
This form of addressing is represented with a one byte
instruction, implying an operation on the accumulator.

Immediate Addressing

In immediate addressing, the operand is contained in the
second byte of the instruction, with no further memory
addressing required.

Absolute Addressing

In absolute addressing, the second byte of the instruction
specifies the eight low order bits of the effective address
while the third byte specifies the eight high order bits.
Thus, the absolute addressing mode allows access to the
entire 65K bytes of addressable memory.

Zero Page Addressing )

The zero page instructions allow for shorter code and
execution times by only fetching the second byte of the
instruction and assuming a zero high address byte. Careful
use of the zero page can result ih'significant increase in
code efficiency. )

Indexed Zero Page Addressing — (X, Y indexing)

This form of addressing is used in conjunction with the
index register and is referred to as ‘“Zero Page, X" or
""Zero Page, Y. The effective address is calculated by
adding the second byte to the contents of the index
register. Since this is a form of "Zero Page” addressing,
the content of the secondbyte references a location in
page zero. Additionally due to the “"Zero Page’ addressing
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nature of this mode, no carry is added to the high order
8 bits of memory and crossing of page boundaries does
not occur.

Indexed Absolute Addressing — (X, Y indexing)

This form of addressing is used in conjunction with X
and Y index register and is referred to as "'Absolute, X,"
and “Absolute, Y.” The effective address is formed by
adding the contents of X or Y to the address contained
in the second and thirdbytes of the instruction. This mode
allows the index register to contain the index or count
value and the instruction to contain the base address.
This type of indexing allows any location referencing and
the index to modify multiple fields resulting in reduced
coding and execution time..

Implied Addressing

In the implied addressing mode, the address containing
the operand is implicitly stated in the operation code
of the instruction.

Relative Addressing
Relative addressing is used only with branch instructions
and establishes a destination for the conditional branch.

The second byte of the instruction becomes the operand
which is an "Offset” added to the contents of the lower
eight bits of the program counter when the counter is set
at the next instruction. The range of the offset is-128
to + 127 bytes from the next instruction.

PROGRAMMING MODEL

~
S

ACCUMULATOR

I

~
'S

I

INDEX REGISTER

~

Q

INDEX REGISTER
i )

o
1~

| PCH

STACK POINTER

|

PCL PROGRAM COUNTER “PC"’

UM6502/UM6507/UM6512

Indexed Indirect Addressing o

In indexed indirect addressing (referred to as [Indirect,
X1), the second byte of the instruction is added to the
contents of the X index register, discarding the carry.
The result of this addition points to a memory location
on page zero whose contents is the low order eight bits
of the effective address. The next memory location in
page zero contains the high order eight bits of the effective
address. Both memory locations specifying the high and
low order bytes of the effective address must be in page
zero.

Indirect Indexed Addressing

In indirect indexed addressing (referred to as [Indirect],
Y), the second byte of the instruction points to a memory
location in page zero. The contents of this memory
location is added to the contents of the Y index register,
the ‘resuit being the low order eight bits of the effective
address, The carry from this addition is added to the
contents of the next page zero memory location, the result
being the high order eight bits of the effective address.

Absolute Indirect

The second byte of the instruction contains the low order
eight bits of a memory location. The high order eight
bits of that memory location is contained in the third
byte of the instruction. The contents of the fully specified
memory location is the low order byte of the effective
address. The next memory location contains the high

“order byte of the effective address which is loaded into

the sixteen bits of the program counter.

7 @

N[V BID]I{Z]|C PROCESSOR STATUS REG "P"

CARRY . 1=TRUE
L= ZERO  1=RESULT ZERO
L = IRQ DISABLE 1=DISABLE
L = DECIMAL MODE 1=TRUE
L+ BRK COMMAND 1 =BRK

1=TRUE
1=NEG.

e » OVERFLOW

L = NEGATIVE

4-10
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Clock Generation Circuits*

* Crystais used are CTS Knight MP Series or equivalents. (Series Mode)

F 7 7 7 Toscittator circurm T bwipe BY 2 oR 4 clrRcuiT |
| (ONE TTL PACKAGE REQUIRED) | (ONE TTL PACKAGE REQUIRED) |
0.05 MF I +5V 5V
|| | L A PYE || o .
A R ol R ] o0 (UM6502/UMBE0
| 18K Lz 1P %s%s i12 O O ¢ wumes1z)
2.2K 2.2K -
[ e Ao—— ~ I 12 7 12 |
7 74 74
(S 741504 XTAL 741504 741504 ! aLs Ls74 |
a g le ¢, (UMB512)

| 5 6L_‘D 3 4 2 ] e s St
l | 2 10 }
| | |

jf 500 pF | |
= [ +5V +5V |
| | JUMPER "A" =+ 4 |
L 3 JUMPER "B = +2 _J

Output Frequency
Crystal Freq Y
+2 +4 3
3.579545 MHz 1.7897 MHz 0.894886 MHz g
=]
) 4.194304 MHz 2.097152 MHz 1.048576 MHz g
UMB602/UME507
1.8K 1.8K
ANA A\~
1 D74Lso4 2 3 74Lsga 4
33K ®2
é_ i D [ L— SYSTEM
= 19| CLOCK
XTAL
UMe502/
UMes07 741504 741504 ¢,
[ ! 8 u SYSTEM
cLocK
10pF =R
330K
12
1ML
1L
= XTAL

+B5V
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Instruction Set

nstructions Immediate Absolute Zeropage Accum Implied (Ind. X) ((ind. Y)

Mnemonic Operation OP/ n | #|OP| n |#|OP|n| #|OP|n| #|OP|n| #|OP|n| # |OP|n| #
A D C|lA+M+C—>A (4(1) 69| 2|2 (6D} 4 |3 |65[3]2 61|62 |71|5]| 2
A N D|AAM=A (1) 29| 2 {2 |20]| 4 |3 ]25|3]| 2 ! 21|62 |31|5] 2
A S L C+[7_0J]«o0 . OE| 6 |3 |06|5]2 [0A|2]1
B C C|BRANCHONC=0 (2
B C S |BRANCHONC=1 (2}
B E Q| BRANCHONZ=1 (2
B | T |AAM 2c| 4 |3 ]24(3]2
B M | | BRANCHONN=1 (2)
B N E |BRANCHONZ=0 (2)
B P L |BRANCHONN=0 (2) ‘ i
B R K | BREAK ) : 100|711
B V C | BRANCHON'V=0 (2) : et :
B V S |BRANCHONV=1 (2)
cC L clo~c 1821
cC L Dl|o->D : D8 |2 |1
cC L 1 {0=1 58 2|1
c Lt Vvio-v B8|2|1
C M P{A-M co9| 2|2 |cp| 4 |3 |c5|3|2 : ci|e6| 2 |p1]|s| 2
C P X |X=M E0| 2|2 |EC| 4 (3 |E4(3]|2
cC P Y|Y=mMm co| 2|2 |cc|a |3 |cal3]|2
D E C|M=1-M ) CE| 6 |3 {Cc6|5 |2
D E X |X-12X cal2 |1
D E Y |Y-1->Y ) Lo 88 (2|1
E O R|AVM=A (1) |49| 2 12 |4D| 4 |3 |45]3 ]2 41|62 |81|5] 2
I N C|[M+1o>Mm ’ EE{:6 |3 |E6|56 |2
I N X | X+1-X . Eg|2' 1
I N Y |Y+1>Y 1 cs(2]1
J M P |JUMPTONEWLOC | | -l acl 3 |3
J S R |Jumpsus . . 20{ 6 |3
L D A{M A (1) |Ag| 2 | 2:/AD| 4 |3 |A5[3 |2 Alle| 2 iBt|5] 2
L D X |M=>X (M (a2l 2! 2:|AE{ 4|3 |a6|3]2 .
L D Y |M>Y .. |laofl 2|2 {Aacl 4 |3 |Aa3]2 R
L s R| 0-[7 0]»cC 4E| 6 |3 (46|55 |2 |4A|2]1
N O P | NOOPERATION EA[2] 1
0 R AlAVM=A 09| 2|2 |op) 4 |3 |05{3]|2 o1|6|2 |11|5] 2
P H A|A->MSS—1=>5S 48|31
P H P|PMSS—1-S : 08|32
P L A|S+1>SMS—>A . 68 4|1
P L P |S+1>SMS=>P i 28 (411
R O L [Z 0]« [C] 2E( 6 {3 |26(5 |2 [2a[2]1
R o r |MTO-_714 6E| 6 |3 |66)5 |2 |6a|2]|1 B
R T | |RTRNINT . 406 | 1
R T S | RTRN SUB 606 | 1 l
S B CJ|A-M-C—A (1) |eo| 2 |2 |ep| 4 |3 |E5]|3 |2 E1|6]|2 |F1|5] 2
S E Cc|1>cC : 38 (2] 1
S E D |1-D Fgl2]1
S E 1 |1=1 78|21
S T AlA=>M 8D} 4 |3 |85]3.|2 81|62 |o1|6] 2
S T X |X=M 8E| 4 |3 |86(3 |2
S T Y|Y-Mm 8c| 4 |3 |84|3]2
T A X |A=X . | AAl2 |1
T A Y |A>Y : : : ] . Agl211
T S X|s=x 1. BA[2 |1
T X A|X=A . 8Al2( 1
T X S |X=S i A2 1
T Y A|lYy->A : 98|21

(1) ADD 1 TO N IF PAGE BOUNDARY IS CROSSED

(2) ADD 1 TO N IF BRANCH OCCURS TO SAME PAGE

ADD 2 TO N IF BRANCH OCCURS TO DIFFERENT PAGE
(3) CARRY NOT = BORROW
(4) IF IN DECIMAL MODE Z FLAG IS INVALID
ACCUMULATOR MUST BE CHECKED FOR ZERO RESULT
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@UMG UM6502/ UM6507,/ UM6512

Z Page. X Abs. X Abs. Y Relative indirect Z Page. Y Processor Status Codes
7 6 54 3 2 1 0
OP|( n | #|oP| n|#|OP| n| #lOP| n | #|OP| n | #|OP| n | # Mnemonic
N V .B DI 2z ¢
751 4 | 2 |70 4 |3 |[79] 4 | 3 NV z c|la D cC
35| 4 |2 {30 4|3 (343 N z A N D
16| 6 | 2 1€ 3 N z cla s L
9| 7 | 2 . B C ¢
B0 2 | 2 B C S
Fol 2 | 2 B E Q
My Mg . . . . Z B | T
30| 2 |2 S B M |
ool 2 |2 . B N E
10| 2 |2 . B P L
[ .8 R K
50| 2 |2 . .le v c
70 .o .1B Vv s
. olc L ¢
o .. .lc ¢ D
. 0 e
.0 . .lc LoV
p5| 4 {2 |ob| 4 | 3 |po| 4 | 3 N z c|c ™M P
N z c|c P X
N z c|lc p ¥
pe| 6 [ 2 [pE| 7 |3 N z D E C
N z D E X
N z D E Y
55| 4 |2 [5D| 4|3 |59| 4| 3 N z E O R
F6l 6 | 2 |FE| 7 | 3 N z I N C
N z | N X
N z ION Y
6c| 5 | 3 ) . J M P
. . J S R
B5| 4 |2 (BD| 4 | 3 |B9| 4| 3 N z L D A N
BE| 4 | 3 B6| 4 | 2 | N z .|tv b X 2
B4l 4 |2 |BC| 4|3 N z .|L D Y g
56| 6 | 2 |56| 7 | 3 0 z c|lL s R 3
. . .{N O P a
15| 4 |2 [1D] 4| 3 |19| 4| 3 N z O R A g
P.H A s
P H P
Lo P L A
(RESTORED) P L P
36| 6 (2 (3|7 o clrR 0 L
76| 6 | 2 |7 7 | 3 N . .. . .z c|lmr o R
(RESTORED) R T |
B I T
F5! 4 |2 [FD| 4 | 3 {Fo| 4| 3 NV .. . . zZ @®ls B C
.. . . . . . 1i|ls E ¢
1 S E D
. 1 s E |
95| 4 |2 |oD| 5 {3 |99| 5] 3 . . s T A
96| 4 |2 . S T X
94| 4| 2 . s T Y
N z T A X
N z T A Y
N z T s X
N z T X S
. T Y s
N z T Y A
X INDEX X + ADD M7 MEMORY BIT 7
Y INDEX Y —  SUBTRACT Mg MEMORY BIT 6
A ACCUMULATOR A AND n NO.CYCLES
M MEMORY PER EFECTIVE ADDRESS vV  OR # NO.BYTES
Ms MEMORY PER STACK POINTER ¥ EXCLUSIVE OR
Ordering Information
1 MHz 2 MHz 3MHz 4 MHz neart e | Clocks | Pins| 1RQ | NMI | RYD | Addressing
UM6502 UMB502A UM65028 UM6502C
UMB502 | On-Chip | 40 | &/ | /| V/ 64K
Umeso7 - - - UMB507 | On-Chip | 28 v 8K
UMB512 | UM6512A UM65128 UMB512C UMB512 | External | 40 | 8/ | v/ | 4/ 64K
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@UMG ' CRT Controller

Selection Guide *

Part No. Descriptions Compatible Devices Remarks Page
UM6845/A/B CRT Controller HD 6845S 1,1.5,2MHz Version, 5-3
UM6845R CRT CQntroIIer SYP 6845R 1.2,3 MHz Version 5-26
UM6845E CRT Controller » SYP 6845E 1.2, 3 MHz Version : 5-39

*UM9007 CRT Controtler SMC 9007 - 5-56
uma3a21 Video Attributes Controller SMC 9021 30, 28.5 MHz Version 5-57
UM8312 Double Row Buffer SMC 9212 - 5-71

* Under Development

5-2



@UMG |
UM6845/UM6845A/UM68458B
= CRT Controller '

Features
® Applications include smart, programmabile, intelligent m Provides CPU’s with synchronous signals to external
CRT terminals; video games; information display . device
® Alphanumeric, semi-graphic, and full graphic capa- & Programmable cursor format
bility ®m Light pen registers and input strobe signal to latch the
® Fully programmable via processor data bus and can light pen position on screen
generate timing for almost any alphanumeric screen ® Line buffer-less operation. No external DMA required.
density Reading screen memory is mutliplexed between CRTC
m Single +5 volt supply, TTL compatible 1/0, NMOS and CPU
Technology 8 Programmable interlace or non-interlace scan
®»  Hardware scrolling by page, line or character ®  14-bit wide display memory reading address

General Description

The CRTC UM6B845 family are LS! controllers designed CPU in both data lines and control lines. Its primary
to provide an interface for microcomputers to raster function is to generate timing signals which are necessary
scan type CRT displays. The CRTC belongs to the for raster-scan type CRT displays according to the speci-
MC 6800 LSI Family and has full compatibility with fication programmed by the CPU.

k
[
Pin Configuration §
v
vss C]1 N~ o|Pvsvne &
Res[}2 39 " JHsYNC
LpstB []3 38| _|RAO
Mao [ |4 37[_1RA1
MA1 E 5 3] 1 rA2
MAa2 []6 35| ] RA3
mMA3 []7 3a[rA4
maa s 33{_1po
MA5§ 9 UM6845/ 32 1p1
MAG 106845A/ 31 _1p2
ma7 1 30f 1p3
6845B
mag [} 12 29[ Joa
MAg []13 28[]D5
MAl0[ |14 27| ] D6
‘MA11 []15 26[ ] D7
MA12[ 116 25]]TsS
ma13[]17 24 % RS
pispTMmG [] 18 23| €
cubisp 19 2] RiW
vee L) 20 21 Jcik

53



@UMC

UM6845 / UM6845A / UM6845B

Absolute Maximum Ratings *Comments
' Supply Voltage, Vee® - o oo oo ~0.3~+7.0V Strees above those listed under “‘Absolute Maximum Rat-
Input Voltage, ViN* -« oo e —0.3~+7.0V ings” may cause permanent damage to the device. These
. 0,50 are stress ratings only. Functional operation of this device
Operating Temperature, Topg - - - - .-« - - - OO 7OOC at these or any other conditions above those indicated in
Storage Temperature, Tstg .+ . ... ... .. —b5 ~+160°C the operational sections of this specification is not implied
*With respect to Vsg (SYSTEM GND) and exposure to absolute maximum .rati.ng conditions for
extended periods may affect device reliability.
D.C. Electrical Characteristics
Item Symbol Test Conditions Min. Typ. Max. Units
Supply Voltage Vee - 475 5.0 6.25 Y
ViL - -0.3 - 0.8 vV
Input Voltage
Vin - 2.0 - Vee \
Vin=0-5.25V
Input Leakage Ci t | 2.5 — 2.5 A
npu aKage Curren IN (‘Except DO _ D7) M.
Three-State Input ViN=04-24V
| —-10 - 10 A
Current (Off-State) TSl Ve =5.25V (DO — D7) K
’ 'LOAD = 205A
(DO — D7)
Output “High” Voltage Vou 2.4 - — \
lLoap = —100uA
(Other Outputs)
Output “Low" Voltage VoL fLoap = 1.6mA - - 0.4 \%
Vin=0 DO —- D7 - - 125 pF
Input Capacitance Cin Ta = 25°C
F=1.0MHz Other Input — — 10.0 pF
Vin =0V, Ta =25°C, -
. — — 10. F
Output Capacitance Cout f=1.0MHz 0.0 p
Power Dissipation Pp Ta = 25°C, Vee =5.0V - - 1000 mwW
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@UMG UM6845 / UMG845A / UMG845B

Block Dlagram Vee  GND
HORIZONTAL
cLK
CTR (+256)
MC
{ DISPTMG
H
Hs CE HORIZONTAL SYNC
WIDTH
CTR (+18)
MC
cLK
CHARACTER ROW
€ crrRe=12m
MC
H
HH
VERTICAL CONTROL
Vs
INTORLACE MODE
K — } 8 | TunD skew ReG
.
X
SCAN LINE 3
H c CTR (+32) o — MAX SCAN LINE =
MC ADDRESS REG g
v
[
o
Y]
CURSOR START
RASTER REG
CURSOR
CONTROL I
cupisp
CURSOR END
REG
HEND ———
LINEAR
ADDRESS
oLk - GENERATOR
:LPSTB
RAO-RAG MAO-MA13

5—-5



@UMG e UM6845 / UMG845A / UM6S45B

A.C. Characteristics

{Vee =BV 5%, Vgg =0V, Ta = —20~+75°C)
BUS TIMING CHARACTERISTIC

MPU READ TIMING

UMe6845 UMG6845A UM68458
Item Symbol - Units
Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max.
Enable Cycle Time teycE 1.0 — — 0.666 | — — 05 — — us
Enable ““High” Pulse Width PWEH 0.45 - - 0280 | - - 0.22 - — us
Enable ”Léw” Pulse Width PWEL 0.40 — - 0.280 - - 0.21 - - us
Enable Rise and Fall Time tEr. tEF — - 25 — — 25 - - 25 us
Address Set Up Time tAS 140 - — 140 - | = 70 — — nS
Data Delay Time tDDR - - 320 - - 200 - | = 180 | nS
Data Hold Time tH 10 - ~ 10 - — 10 — - nS
Address Hold Time tAH 10 — — 10 - - 10 - - nS
Data Access Time » TACC - - 460 - - 360 - | - 250 [ nS
* See Fig-3

MPU WRITE TIMING

UMé845 UM6845A UM6845B
Item Symbol Units
' Min. | Typ. !VIax. Min. | Typ. | Max. | Min. | Typ. | Max.
Enable Cycle Time teycE 1.0 — \ - 0.666 — — 0.5 - - uS
Enable "“High”* Pulse Width . PWEH 0.45 — - 0280 | - - 0.22 - - uS
Enable “Low" Pulse Width PWEL 0.40 - - 0.280 - - 0.21 — - uS
Enable Rise and Fall Time tEr, tEf - - 25 - - 25 - — 25 nS
Address Set Up Time tAS 140 — — 140 - — 70 - - nS
Data Set Up Time tDSW 195 - - 80 - - 60 — — nS
Data Hold Time tH 10 - - 10 -~ - 10 - - nS
Address Hold Time tAH 10 - - 10 - - 10 - - nS
* Seé Fig-4
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UM6845 / UM6845A /| UM6845B

[ teycE
PWEH
«—TAS
2.0V 2.0V PWeL jfz.ov
c 0.8V KO8V A osv
ER t [+—1EF
- = toonr
£ 20v 2.0v
_ X 0.8V 0.8V
R/W, RS
le—————— tACC —————»| tAH
Do™~Dq
Figure 3. Read Sequence
! teycE
f PWEH
tAs
20V - 2.0V PWEL #2.0v
£ 0.8v \< 0.8v 7 o8v
J— 1ER —»| le—tEE
CS t
PW DSW
RS (Address Register) 2.0V 2.0V
0.8V 0.8V
RS (Contro! t
Register) th —o AH
f2.0V 2.0V
DO—B7
NO.BV 0.8V
Figure 4. Write Sequence
CRTC SIGNAL TIMING
Item Symbol Min Typ. Max. Unit
Clock Cycle Time teycC 270 - - ns
Clock "High" Pulse Width PWCH 130 - — nS
Clock “Low" Pulse Width PWcL 130 - - nS
Rise and Fall Time for Clock {nput tCr, tCf - - 20 nS
Memory Address Delay Time tMAD - - 160, nS
Raster Address Delay Time tRAD - - 160 nS
DiSPTMG Delay Time tDTD - - 250 nS
CUDISP Delay Time tCDD - - 250 nS
Horizontal Sync Delay Time tHSD — - 200 nS
Vertical Sync Delay Time tvSD - - 250 nS
Light Pen Strobe Pulse Width PWLPH 60 - - nS
Light Pen Strobe tLPD1 - — 70 nS
Uncertain Time of Acceptance tLPD2 - - 0 nS

* See Fig. b; Fig. 6

o
]
°
2
]
c
]
V]
.
4
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UM6845 / UM6845A / UM6845B

MAO-MA13

RAO-RA4

DISPTMG

CUDIsP

HSYNC
VSYNC

LPSTB

CLK

MAO-MA13

LPSTB

LPSTB

/

PW, / \
cL 0.8V Q.ev
2.4v
0.4V
- tMAD [+ TMAD
2.4V
0.4V
™ tRAD e TRAD
2.4V
0.4V
le— tDTD -— IDTD
2.4V
0.4V
[*—1CcDD [+— tCDD
2.4V
0.4v
tHSD vsD tHSD tvsSD

2.0V 2.0V
PWLPH

The Figure shows the relationin time between

CLK signal and each output signal.

Output

sequence is shown in Application Notes.

tLPD2

Figure 5. CRTC Timing Chart

M+2

8

/0.8V

Ny

2.0!;(

tLpD1. tLpp2: LPSTB's uncertain
time of acceptance.

When LPSTB rises in this period. Display Memory
Address “M+2"* is set into the light pen register.

Figure 6. LPSTB Input Timing & Display Memory Address is Set Into the Light Pen Register.
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@UMO \ UM6845 / UM6845A / UMG845B

Typical Crt Controlier Application Block Diagram

PROCESSOR ] NS brimary Bus
,ts E;;dary Ls
Sl e [l BT [ S R & T
e o
ADDRESSES ) ENABLE

LATCH
= 1
CIRCUIT

ROW ADDRESSES ROM
: guanacren [—= occicrer [ oureor [
HS VS
Figure 7. Typical CRT Controller Application
CRT Screen Format and Time Chart
REGISTERS PROGRAMMED VALUE
Register Register Name Specified Value . Programmed (Written) Value

RO Horizontal Total Nht+ 1 Nht
R1 Horizontal Displayed Nhd Nnd -
R2 Horizontal Sync Position Nhsp+1 ’ Nhsp %Oj
R3 Sync Width Nysw: Nhsw Nysw. Nhsw :?;
R4 Vertical Total Nyt +1 Nyt &
RS Vertical Total Adjust Nadj Nadj
R6 Vertical Displayed Nvd Nvd
R7 ~ Vertical Sync Position Nysp+1 Nysp
R8 Interlace & Skew
R9 Max. Raster Address Nr+1/Nr+2 N
R10 Cursor Start Raster NCSTART
R11 Cursor End Raster NCEND
R12 Start Address (H) 0
R13 Start Address (L) 0
R14 Cursor (H)
R15 Cursor (L}
R16 Light Pen (H)
R17 Light Pen L (L)
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SCREEN FORMAT

Number of Horizontal Total Char. (Npt + 1)

+——— Number of Horizontal Displayed Char. (Nhg) ——>|

—CATT”—BI-C } Line

—

Maximum Scan Line (N, + 1)

Display

)
>
z
o
©
<
(@]
°
o)
>~
8
Q
2
Qa
©
o
=
T
o
>
[
[e]
.
T
Kol
=
3
z

Number of Vertical Total Char. (Nyt + 1)

Vertical Retrace Period

Total Scan Line
Adjust (Nagdj)

RESTRICTION ON PROGRAMMING INTERNAL REGISTER

(1) 0<Npg <Npt+1<256

(2) 0<Nyg<Nyt+1<128

(3) 0 Nhgp S<Npt

(4) 0<Nysp <Ny

(6) 0<NCSTART << NCEND <Ny (Non-Interlace, Interlace Sync Mode)
0 <NCSTART SNCEND S Nr+ 1 (Interlace Sync & Video Mode)

8) 2<N, <30

N

(7) 3= Npt (Except Non-Interlace Mode)

A

5 << Np¢ (Non-Interlace Mode Only)
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CRTC ADDRESSING FOR READING DISPLAY MEMORY

2z
2
c 2 HORIZONTAL DISPLAY HORIZONTAL RETRACE (NON-DISPLAY}
w 3 "
5z
k4 2| 1 CHARACTER
L3 3]
< Bl
5
0 0 \ J— Nhg =1 Nrg - . Nhll
1 I 1
o | | |‘ : :
! —_—— —_——
Np 0 | Nhd -1 Nhd Nht
0 Nhd Npg+1 2xNpg-1 2xNhg Mg Nhe
" R E—— —_—
1 ' ' ! ! '
! —_—
x Ne Nhd Npg+1 _— 2xNpg-1 2xNpg Niyg+Nht
§ 0 2xNhg ZxNyI,dH 3xN¢‘.d<1 3xNhg zuthNm
8 2 : : | l :
—_—
g‘ Np 2xNpg 2xNpg+1 —_— 3xNpg-1 3xNhg 2Npg+Nnt
=
o
u
>
’
O] (Nyg-11xNhg (Nyg-11xNpg+1 J— Nyg*Nhg-1 Nvdx‘th (N,,d-1)xl\ll,\d+Nm
| ' '
ot | - : : :
i
Ne (Nyg-1)xNng {Nyg-1)xNpg+1 Nyg*Npg-1 Nyg xNhg (Nyg=11xNhg+Nht
-~ 0 {Nygx Nhg NygxNhg+1 (Nyg+ 1) xNpg-1 [Nyg+1)%Nng Nyg % Nng +Nht
! ]
% Nyg | ! 1 1
X e i
§ N Nyg % Nng NygxNhg+1 —_— (Nyg+ 1) xNpg~1 (Nyp +11xNhg NygXNpg+Nht
°
o
z
3]
S o NytxNhg Nv.x:\:hdn (NVN)TNMJ (Nvmlixth vianld'Nm
| — — -
5 Nyt i | | ! '
@ ' ) t { '
—_—— —_——
I Nr NyrxNpg NygxNhg+1 (Nyg+ 11 XNpg -1 (Nyt+1)xNng NytxNhd+Nht
Ky
2 0] N+ xNpg (Nyp+1) xNpg+1 (Ny+2)xNg -1 (Ny1+21%Nng (N“n)xlthmm
L | - E———
I : : : : :
e
> i) (Nyg*+ 1) xNpg (Nyt#+1)xNpg#1 —_— {Nyt+2) x Npg -1 (Nyt+2) xNng (Nyp+ 1) xNhg+Nnt
z

Figure 9. Display Memory Addressing (MA0-MA13) Stage Chart

Note: The initial MA is determined by the contents of state address register, R12/R13. Timing is shown for R12/R13 = 0.

Only Non-Interlace-and Interlace Sync Modes are shown.

.
2
°

2
S

c

<]
v
-
53
v}

CRTC HORIZONTAL TIMING

HORIZONTAL TOTAL (RO) tg = (Npy+ 1) x te
[#————  HORIZONTAL DISPLAY (R1} Npgxtc A—’] HORIZONTAL RETRACE

!

D - B |
a
%

. | | I 1 [l i
Lol 2 } : ! Mo | | {8 I ! | |
| | hd | N e N ~ | tng
P I} . L . ! L ’
MAO-MA13 | | i | . ! . N | [ ! L L \f: ! : '\‘-'-—},J\‘-q—,—“l
S SR SO O At s A B S I B S R B R R
[ L 2 | | | | | Nha-1 | Nnd | t ! | Nhgp-1 ! : 1 | ! i Nne
| - N - - L - L L L L N L Il l
craracTeR M m————i— LQL | A *Ql 1 J_.er ANA—
| | HS PULSE WIDTH (R} | |
| | HORIZONTAL SYNC POSITION (R2) ‘4_ Now X o : |
| | FRONT PORCH (SYNC DELAY) BACK PORCH (SCAN DELAY) |
HSYNC I I l
} N ; Ne Ne {
| |
— - |
|
oispen [ N 1 N I
)\r J\r N\

Figure 10. CRTC Horizontal Timing
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CRTC VERTICAL TIMING

tF = Nyt + 1} x tre + Nadj x 15|

RAO-RA4 FIELD TIME VERTICAL TOTAL (R4} + VERTICAL TOTAL ADJUST (RS)
L VERTICAL DISPLAY = Nyg X tyg (R6) ~———n] VERTICAL RETRACE
f—— tc —— r <ti>i
IS INTERFACE .___'_l\,__,_N_'__l_I\,.I__'_I\ N ' " . N
SYNC AND T iy L] L Lol |y 2
NI N Ny 1 | | ~ lo (1 |
VIDEQ MODE lo Ny o (1) Ny N o o n Np Tadj = Nadj x ts]
0DD FIELD " | I(Nr’”| (-1 (N1 | ey | | | 1= Tag) = Nagj x ts1 =
| | | | | ADDRESS CONTINUES TO INCREMENT ..... | FIELD ADJUST TIME |
MAO-MAIZ"® ! HIHTEELITEL ST T T Y,
T T | I |
)
| | g N/ ! N I ! ! I ' I | !
X 0 Nny | © Nt Mot 1) XNng+Ne | LN ) | ~ | | J
gg@HACTER L | | T \‘ T T | | \‘ | | L‘ | \ j
. t T =N T 1 N N N N Nyg + 1 I
| : 0 | | | | M-t ) : Nygp -1 Lz— vsp i vt vt :
| | VERTICAL 16 x 15 — |
v | ! | I | [ v | SYNC DELAY | | 1
YNC | ! | | ] m VERTICAL SCAN DELAY
(NON-INTERFACE) | | N N VERTICAL - —
! B o ! b V‘ERTICAL I osyne - !
| | | ! ! | ! la SyNG —a) PULSE (R3 | i
| : | | | | : |POSITION (R7)] 2 Y :
VSYNC 1 | | [ 1 |
N — N N N
(EVEN FIELD) lr T T N I | T 4——41 ! ll ) N ;
| [ i ] | X \
sl H t,
| | [t | i | ; e e e e ;' |
o N R T SO R N L i
ODD FIELD L N
T T 1 N1 | | N N |
| | | ! | ! |
! | | | | | |
ENABLE ~ Ny NG
Figure 11. CRTC Vertical Timing
Notes: 1. The odd-field is offset % horizontal scan time.
2. Vertical sync pulse may be programmed foom 1 to 16 scan line times.
CURSOR DISPLAY TIMING
RAO-RA4 | T i !
I 1 1 2 | 3 !
’. ! | !
L | | N S
MAO-MA13 | T T T Q i | ! L] \l ! ! . l)\ ! -
T T A 1 | NY P T T 1
| Nhg ! Nng 1 :th+2| ‘[ Npg + II Nhg |Nhg+1 :Nghd+2| —: Nng* | Nnd | Nna*1] | I Nnd* |
|’ l | ! | Nnt | | I [ I Nht | | | i | Nht |
: 1 L ! | ] | ! I i L ) I N |
CHARACTER ROW | __ |
' | R [ ' ! R [ [ | ' T |
| [ ! | I | 1 | |
| I I I I | ! | ' ' I I !
I | | | ! ( ! | ! ! I I I : !
L b S L 4
CHARACTER |+ ] N | ! El . AL ! N ! , Q ! o
| T | !
0 1T 2 Nht 0 1 2 Nht [¢] 112 Npt
| | ‘ |
| | | |

CURSOR J__—l r_-l n

Figure 12. Cursor Timing

Notes: 1. Timing is shown for non-interlace and interlace modes.
Cursor Register = Npg + 2.

. Cursor start = 1.

. Cursor End = 3.

R12/R13 = 0 for start address registers.
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Example of Raster Scan Display &

Fig. 13 shows an example where the same character is and video mode.
displayed in the non-interlace mode, interlace sync mode,

SCAN LINE ADDRESS SCAN LINE ADDRESS. SCAN LINE ADDRESS
0 0 0
I 0 — —— — — —9—1
1 —e- = 1 — o —— o— -
"o 5 -Gl S o e o e pLiNE #O
— — —— — o-- 2 -6 ————9-5
— 9 —-—— ——-0—3 - SE—
4 —o—0—0—0—0— 4
-9 0 -0—06-9 -4 —_—— 1
5 ——m0————o— 5 —0— g_ 5 2 3
— —— — —— -5 e e ——— \
6 —o o 6 _8 2 4 LINE #1
- ——— — =6 o — e —— 5
7 —© = 7 —© o0— 6
—-———-—06--7 @ ——————— 7
EVEN ODD  EVEN oDD
FIELD FIELD FIELD FIELD
(a) NON-INTERLACE (b) INTERLACE SYNC {c) INTERLACE SYNC AND VIDEO
Figure 13. Interlace Control
Interface to Display Control Unit
14 max
mA :ﬂ PGy
MEMORY
= =
5 max ]
R[> CHARACTER s
GENERATOR €
CRTC S
-
7 5
DISPTMG
CUDISP VIDEO VIDEO SIGNALS @
HSYNC CONTROL SYNC SINGNALS
VSYNC
CLK . O O
Figure 14. Interface to Display Control Unit
Fig. 14 shows the interface between the CRTC and display screen. Moreover, HSYNC and VSYNC signals are used
control unit. Display control unit is mainly composed as drive signals respectively for CRT horizontal and vertical
of display Memory, Character Generator, and Video deflection circuits.
Control circuit. - For display memory, 14 Memory Address )
lines (0-16383) max are provided and for character gen- Outputs from video control circuit, (video signals and sync
erator, 5 Raster Address lines (0-31) max are provided. signals) are provided to CRT display unit to control the
For video control circuit, DISPTMG signal is used to deflection and brightness of CRT, thus characters are
control the blank period of video signal. CUDISP signal displayed on the screen.

is used as video signal to display the cursor on the CRT
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Circuitry Standard of Display Control Unit

Fig. 15. shows the detailed block diagram of the
This shows how to use CUDISP

CUDISP and DISPTMG signals

display control unit.

and DISPTMG signals.
should be used being latched at least one time at external
flip-flop F1 and F2. Flip-Flop F1 and F2 function
to make one-character delay time so as to synchronize
them with the video signal from parallel-serial converter.
High-speed D-type flip-flop as TTL is used for this
purpose. After being delayed at F1 and F2 DISPTMG
signal is OR-ed with output from AND gate. By using this
circuitry, bilanking of horizontal and vertical retrace time is

controlled and cursor video is mixed with character video

signal.

Fig. 16 shows the example in the case that both
display memory and CG can be accessed for horizontal
one character time. Time chart for this case is shown
in Fig. 18 This method is uded when a few characters
need to be displayed in the horizontal direction on the

screen.

Table 5. Circuitry Standard of Display Control Unit

&

When many characters are displayed in the horizontal
direction on the screen and horizontal one-character
time is so short that both display memory and CG cannot
be accessed, the circuitry shown in Fig. 16 should be
used. In this case, display memory outhut shall be latched
and CG shall be accessed at the next cycle. The time chart
in this case is shown in Fig. 19 CUDISP and DISPTMG
signals should be provided after being delayed by one-
character time by using skew bit of interlace & skew
register (RS). Moreover, when there are some troubles
about delay time of MA during horizontal one character
time on high speed display operation, system shown in
Fig. 17 should be adopted. The time chart in this case
is shown in Fig. 20 Character video signal is delayed for
two-character time because each MA output and display
memory outputs are latched and are made to be in phase
with CUDISP and DISPTMG signals by delaying for two-
Table 5 shows the circuitry selection

character time.

standard of display units.

Interlace & Skew Register
. Block Bit Programming
Case Relation among tcH, RM and CG o
: Diagram

Ct Cco D1 | DO
1 tcH => RM Access + CG Access + tMAD 'Fig. 15,18 0 0 0 0
2 RM Access + CG Accwss + tMAD = tCH > RM Access + tMAD Fig. 16,19 0 1 0 1
3. RM Access + tMAD = tcH ~> RM Access Fig. 17. 20 1 0 1 0

tCcH: CHCP Period: tpmAD: MA Delay
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CUDISP

D Q
CHCP — N T
DISPTMG F2
D Q
.
. ’ VIDEO
CRTC MA DISPLAY P
— — }
MEMORY
s
RA (}
cLK
[N CHCP —P
DOT COUNTER —— osc

Figure 15. Display Control Unit (1)

F1

CuDISP
D a
CHCP — N T
P
DISPTMG —
r

CRTC MA DISPLAY
MEMORY > cG
RA (T

TOAP>r

=

CLK ]
T CHCP — P ' s
DOT COUNTER . osc g
S
. - 0 =
Figure 16. Display Control Unit (2) S
CuDISP
CHCP — N
DISPTMG 2
L L
A A
CRTC MAL T DISPLAY T
c - MEMORY c :> ce
H H
(1) {2)
RA {?
CLK
} CHCP —P
DOT COUNTER — osc

Figure 17. Display Control Unit (For high-speed display operation) (3)
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I [ I 1
MA 0 X 1 X 2] X 3 X___+1 X

_ |
X__
CuDIsP { / \

F2-Q

. CHCP —-P

\
T /1 GRCND// TID ///1 GREND 1// EN 11, Gr

N

>

VIDEO

CRT DISPLAY o000 0000

Figure 18. Time Chart of display Control Unit (1)

ma | kol X il X 2] X 3| X 4

p— == ——

T

DISPTMG y

ONE CHARACTE \
—_————
CuDIsP SKEW ¥ "y‘ —\

F2.Q / \

F1-Q /
LATCH (1) :x A 0 X 1 X 2 X 3 )
ceout __| X A1 X X o X X X X 2 A

VIDEO

|

T

CRT DISPLAY o0 00000

Figure 19. Time Chart of Display Control Unit (2)
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I U2 NV W\

/o e N/ /

MA 4L 0 J 1 x 2 x 3 X P L s X
DISPTMG \/r-————-l———_*
I - e - —
CUDISP TWO CHARACTER SKEW l,- _\\ /_

LATCH (2) L o X

_A

F2-Q

RMOUT

LATCH (1) )(

csovr _TXOXIXX a0 @ GEID S GEIb & GE
VIDEO A
Neoos
CRT DISPLAY [ N N N J [ N ]

Figure 20. Time Chart of Display Unit (3)

How to Decide Parameters on the CRTC

Before the determination of parameters on the CRTC
and the dot frequency of crystal, we must check the
Specification of CRT Display Unit (Monitor) and the
Screen Format. The outp‘ut signal timing of CRTC, must
be in the specification of Monitor to reach the formal
display. (Such as DISPTMG, HSYNC, VSYNC.). Screen
fromat includes:

Example: for non-interlace mode one frame = 60 Hz
then one raster line frequency
=60Hz x [(Ny+1) (N, +1) + Nadj]
CLK frequency of CRTC = raster line frequency
- X (Nht + 1)

* Relation between RO-R7 is in Figure 21.

rmM
Horizontal Programming I I H l

RO: Horizontal Total | RO +1 —{

R1: Horizontai Display je———— R ————»

R2: Horizontal Sync. } R2+1 |
Position

R3i.): Horizontal Sync. R3 (L) —| |e—

Width

(1) Horizontal display characters column number. (N4}

(2} Vertical display row number. (N,4)

(3) Horizontal dot numbers per character.
(+Na)).

(4) Vertical raster lines per row. (N, + 1)

(Dot counter

A
K
°

£

]

c

o
(V)
-
o
v}

dot frequency of crystal = Na x CLK frequency of CRTC
=60Hz x [{Ny,+1) (N +1) +
Nadj] X [Nht+ 11 x N

[
Vertica!l Programming I I: ! ) I

R4: Vertical Total je——— R4+ ———»

R3 (H): Vertical Sync. Width CR3(H) —] j—
R6: Vertical Display j¢——— R6 ————|
R5: Vertical Total Adjust R5 —»| |a—

R7: Vertical Sync.
Position

le——R7+1 ——]

Figure 21.
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Pin Description

Function Name Symbol Pin No.
33, 32, 31, 30
Data Bus DO - D7 )
29, 28, 27, 26
Enable E 23
Processor
Interface Chip Select [ 25
Register Select RS 24
Read/Write RW 22
Vertical Sync VSYNC - 40
CRT Control Horizontal Sync HSYNC 39
Display Enable DISPTMG 18
4, 5, 6, 7, 8,
Reading
Reading Display Memory/ MAO-MA13 9, 10, 11, 12, 13,
Memory Addresses
Character Generator 14, 15, 16, 17
Addressing
Raster Addresses RAO-RA4 38, 37, 36, 35, 34
Cursor CUDISP 19
Clock CLK 21
Other Pins Light Pen Strobe LPSTB 3
Power VCC(+) VSS(—) 20, 1
Reset RES 2
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PROCESSOR INTERFACE

The CRTC interfaces to a processor bus on the bidirectional
data bus (D0O-D7) using CS. RS. E. and R/W as control
signals.

Data Bus (D0-D7)

The bidirectional data lines (DO-D7) allow data transfers
between the CRTC internal register file and the processor.
Data bus output drivers are 3-state buffers which remain
in the high impedance state except when the processor
performs a CRTC read operation. '

Enable (E) .

The Enable pin is a high impedance TTL/MOS compatible
input which enables the data bus input/output buffers
and clocks data to and from the CRTC. This signal is
usually derived from the processor clock and the high
to low transition is the active edge.

Chip Select (CS)

The CS line is a high impedance TTL/MOS compatible
input which selects the CRTC, when low, to read or write
the internal Register File. This signal should only be
active when there is a valid stable address being decoded
from the processor.

Register Select (RS)
The RS line is a high impedance TTL/MOS compatible
input which selects either the Address Register (RS =

“0"") or one of the Data Registers (RS = “1") of the in-'

ternal Register File.

Read/Write (R/W)

The R/W line is a high impedance TTL/MOS compatible
input which determines whether the internal Register
File gets written or read. A write is active at low (“0").

CRT CONTROL

The CRTC provides horizontal sync (HS), vertical sync (VS),
and Display Enable (DISPTMG) signals.

Vertical Sync (V SYNC)

The TTL compatible output is an active high signal which
drives the monitor directly or is fed to Video Processing
Logic for composite éignal generation. This signal deter-
mines the vertical position of the displiayed text.

Horizontal Sync (H SYNC)

This TTL compatible output is an active high signal which
drives the monitor directly or is fed to Video Processing
Logic for composite generation. This signal determines
the horizontal position of the displayed text.

Display Enable (DISPTMG)

This TTL compatible output is an active high signal which
indicates the CRTC is providing addressing in the active
display area. '

READING DISPLAY/CHARACTER GENERATOR
ADDRESSING

The CRTC provides Memory Addresses (MAO-MA13) to

scan the display RAM. Also provided are Raster Addresses
(RAO-RA4) for the character ROM,

Reading Memory Addresses (MAO-MA13)
These 14 outputs are used to read the display memory.

Raster Addresses (RAQ-RA4)
These 5 outputs from the internal Raster Counter address
the character ROM for the row of a character.

OTHER PINS

Cursor (CUDISP)
This output signal indicates the cursor display signal sent
to the video processing logic to display in the proper area.

Clock (CLK)

CLK, TTL/MOS compatible input is used to synchronize
all. CRT control signals. An external dot counter is used”
to derive this signal which is usually the character rate
in an alphanumeric CRT. The active transition is high to
low.

Light Pen Strobe (LPSTB)

This high impedance TTL/MOS compatible input latches -

the current display memory address in the register file.
Latching is on the low to high edge and is synchronized
internally to character clock.

Vce. Gnd (Vee, Vss) Power Supply Pins.

Reset (RES) .

The RES input is used to reset the CRTC. An input low

level on RES forces CRTC into the following status:

{a)  All the counters in CRTC are cleared and the device
stops the display operation.

{b)  All the outputs go to low level.

(c)  Control registers in CRTC remain unchanged.'

This signal is different from other MC 6800 family in the

following functions: :

‘(a) RES signal has capability of reset function only when
LPSTB is at low level.

(b) The CRTC starts the display operation immediately
after the release of RES signal.

5-19
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CRTC INTERNAL REGISTER ASSIGNMENT

Table 1. CRTC Internal Register

Address Register Register

Program Number of Bits

CS| RS p s 2 3 p 4 Register File Unit Read | Write ; s Talsl2 ; 5
1 XX X X X X X — - - -
o] o[ X X X X X AR Address Register - No Yes
0 1 0 0 O 0 © RO ‘Horizontal Total * Char. No Yes
0 1 0O 0 0 ©O 1 R1 Horizontal Displayed Char, NQ Yes
0 1.0 0 0 1 0| R2 H. Sync Position* Char. No Yes
o|l1lo o o 1 1| R3 |syncwidth \;Rg::r No | Yes [vi|vijvi|vi{m [H[w]|H

011 o o0 1 0 0 R4 Vertical Total *

Char. Row | No Yes

0|1 o o0 1 0o 1 R5 V. Total Adjust

Scan Line No Yeé

01 o 0 1 1 0 R6 Vertical Displayed.

Char. Row | No Yes

6] 1 0 0 1 1 1 R7 V. Sync Position*

Char. Row | No Yes

Interface Mode and

o1 o 1 o 0 O R8 Skew

o;j1rji0 v 0 0 1 R9

Max Scan Line Address

Scan Line No Yes

01 o 1 o 1 0 R10 Cursor Start Raster

Scan Line | No Yes Bl P

o1 |0 1 o 1 1 R11 Cursor End Raster Scan Line | No Yes
ojp1j0 1 1 0 O R12 Start Address (H) — Yes| Yes | 0| O
ol1]0 1 10 1 R13 Start Address (L) - Yes | Yes
01 o 1 1 1 0 R14 Cursor (H) - Yes| Yes | O | O
ot1rjo 1.1 1 1 R15 Cursor (L) - Yes | VYes
0 1 1 0 0 o0 O R16 Light Pen (H) - Yes No ol 0
of1[1 o o 0o 1 R17 | Light Pen (L) - Yes | No

Table 1. Shows The Register File In CRTC, The Registers Marked* (Written Value) = (Specified Value) — 1

REGISTER DESCRIPTION

Address Register (AR)

The Address Register is a 5-bit write-only register used
as an “‘indirect” or "pointer” register. . Its contents are
the address of one of the other 18 registers in the file.
When RS and CS are low, the Address Register itself is
addressed. When RS is high, the register file is accessed.
(see Table 1).

Horizontal Total Register (R0) .
This 8 bit Register determines the horizontal frequency

of H Sync output. It is the total of displayed plus non-
displayed character timeunits minus one.

Horizontal Displayed Register (R1)
This 8 bit register determines the number of displayed
characters per horizontal line.

Horizontal Sync Position Register (R2)
This 8 bit register determines the horizontal sync position
on the horizontal fine.
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Sync Width Register (R3)

v viviviwle][nu]lw]

This 8 bit write-only register determines the width of the
vertical sync (VS) pulse and the horizontal sync (HS)
pulse.

The HS pulse width may be programmed from 1-to-15
character clock periods. The VS puise width may be
programmed from 1-to-16 Raster scan lines. (see Table 2)

Vertical Total Register (R4) and Vertical Total Adjust
Register (R5)

The vertical frequency of VSYNC is determined by both
R4 and R5. The calculated number of character line
times is usually an integer plus a fraction to get exactly
a b0 or 60Hz vertical refresh rate. The integer number
of Character line times minus one is programmed in the
7 bit write-only Vertical Total Register, the fraction is
programmed in the 5 bit write-only Vertical Scan Adjust
Register as a number of scan line times.

Vertical Displayed Register (R6)

This 7-bit write-only register specifies the number of
displayed character rows on the CRT screen, and is pro-
grammed in character row times. Any number smaller
than the contents of R4 may be programmed into R6.

Table 2. Sync Width Register

Vertical Sync Position (R7)

This 7-bit write-only register controls the position of
vertical sync with respect to the reference. It is program-
med in character row times. Any number equal to or less
than the vertical total (R4) may be used.

Interlace Mode and Skew Register {R8)

[cfCfoifoo] [ [ulth]

This is a register used to program raster scan mode and
skew of CUDISP signal and DISPTMG signal. In the
non-interlace mode, the rasters of even number field and
odd number field are scan duplicated. In the interlace
sync mode, the rasters of odd number field are scanned
in the middle of even number field. Thus, the same char-
acter pattern is displayed in both fields. In the interlace
sync and video mode, the raster scan method is the same
as the interlace sync mode, but it is controlled to display
different character patterns in two fields. Skew function
is used to delay the output timing of CUDISP and DISPTMG
signals such that they are synchronized with serial video
output signal. This is due to the time delay from display
memory data to serial output character pattern. (see Table
3).

vsw Pulse Width Hsw Pulse Width

27 26 25 24 Unit: H 23 22 ot 20 Unit: CH
0 0 0 0 16H 0 0 0 0 No Used
0 0 0 1 1 0 0 0 1 1

0 0 1 0 2 0 0 1 0 2

0 0 1 1 3 0 0 1 1 3

0 1 0 0 4 0 1 0 0 4

0 1 0 1 5 0 1 0 1 5

0 1 1 0 6 0 1 1 0 6

0 1 1 1 7 0 1 1 1 7

1 0 0 0 8 1 0 0 0 8

1 0 0 1 9 1 0 0 1, 9

1 0 1 0 10 1 0 1 0 10

1 0 1 1 1 1 0 1 1 11

1 1 0 0 12 1 1 0 0 12

1 1 0 1 13 1 1 0 1 13

1 1 1 0 14 1 1 1 0 14

1 1 1 1 15 1 1 1 1 15

H: Raster Period

CH: Character Clock Period
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Table 3. Interlace Mode and Skew Register

Interlace Mode (2*, 29) I lo Raster Scan Mode
0 0 Non-Interlace Mode
1 0 Non-Interlace Mode
0 1 Intertace Sync Mode
1 1 Interlace Sync & Video Mode
Cursor Skew Bit (27, 2°) Cy Co CUDISP Signal
0 0 Non-Skew
0 1 One-Character Skew
1 0 Two-Character Skew
1 1 Non-Output
DISPTMG Skew Bit (25, 2%) D, Do DISPTMG Signal
0 0 Non-Skew
0 1 One-Character Skew
1 0 Two-Character Skew
1 1 Non-Ouptut
Maximum Raster Address Register (R9)
This is a register used to program maximum raster address programmed.

within 5-bit. This register defines total number of rasters

. per character including space. .This register is programmed

as follows.

When total number
programmed.

For Non-interlace Mode, Interlace Sync Mode

When total number of rasters is RN,

Non-Interlace Mode

0
1
2
3
4 -
Raster Address

Interlace Sync Mode

0
___________ 0
1
____________ 1
2
——————————— 2
3
_____________ 3
4
e 4

Raster Address

(RN-1) shall be

Total Npmber of Rasters 5
Programmed Value N, = 4
{The same as displayed total number. of rasters)

Total Number of Raster 6
Programmed Value N, = 4

For Interlace Sync & Video Mode

of rasters in RN, (RN-2) shall be

(In the interlace sync mode, total number of rasters in both the even and

odd fields is ten. On programming, half of
rasters).

it is defined as total number of
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Interlace Sync & Video Mode

0 Total Number of Rasters 5
——————————— ] Programmed Value N, =3

2 (Total number of rasters is displayed in the even field and the odd field)
____________ 3

4

Cursor Start Raster Register (R10)

Nelel [T [ ] ]

This is a register used to program the cursor start raster

Table 4. Cursor Display Mode

address by lower 5-bit (29-2%) and the cursor display
mode higher 2-bit (25, 2%). (see Table-4).

Cursor Display Mode B P Cursor Display Mode
{26,2%) - 0 0 Non-blink
0 1 Cursor Non-display
1 0 Blink, 16 Field Period
1 1 Blink, 32 Field Period

Cursor End Raster Register (R11)
This is a register used to program to cursor end raster
address.

Start Address Register (R12, R13)

These are used to program the first address of refresh
memory to read out. Paging and Scrolling is easily per-
formed using this register. This register can be read but
the higher 2-bit (28, 27) of R12 are always “0"".

Cursor Register (R14, R15)
These two read/write registers store the cursor location.

The higher 2-bit (26, 27) of R14 are always “0"".

Light Pen Register (R16, R17)

These read-only registers are used to catch the detection
addréss of the light pen. The higher 2-bit (28, 27) of
R16 are always 0", Its value needs to be corrected by
software because there is time delay from address output
of the CRTC to signal input LPSTB pin of the CRTC
in the process raster is lit after address output and light
pen detects it.
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CRTC Register Comparison Table

NON-INTERLACE

UMG6845R
. MC6845R UM6845
Register MC6845 UMG6845E SYS6545-1
MC6845*1 HD6845R HD6845S
RO Htotal Total-1 Total-1 Total-1 Total-1 Total-1
R1 Hdisp Actual Actual Actual Actual Actual
. R2 Hsync Actual Actual Actual Actual Actual
R3 Sync Width Horizontal Horizontal Horizontal Horizontal Horizontal
(& Vertical *1) & Vertical & Vertical & Vertical
R4 Vtotal Total-1 Total-1 Total-1 Total-1 Total-1
R5 Vtotal Adjustment Any Value Any Value Any Value Any Value Any Value
. ‘| Except Rb
R6 Vdisp Any Value Any Value Any Value Any Value Any Value
<R4 <R4 <R4 <R4 <R4
R7 Vsync Actual-1 Actual-1 Actual-1 Actual-1 Actual-1
R8 BO-1 Interlace Interlace Interlace Interlace Interlace
Mode B2 - - - Row/Column or | Row/Column or
Select Binary Addr. Binary Addr.
B3 — - - Shared or - Shared or
Transparent Transparent
Addr. Addr.
B4 (Display Enable - Display Enable | Display Enable Display Enable
Skew *1) Skew Skew Skew
B5 (Display Enable — Display Enable | Cursor Skew Cursor Skew
Skew *1) Skew
B6 (Cursor Skew *1) - Cursor Skew RA4/ RA4/
B7 {Cursor Skew *1) - Cursor Skew Transparent Transparent
R9 Scan Lines Total-1 Total-1 Total-1 Total-1 Total-1
R10 Cursor Start Actual Actual Actual Actual Actual
R11 Cursor End Actual Actual Actual Actual Actual
Write Only .
R12/R13 Display Addr. Read/MWrite Read Write Read/Mrite Write Only Write Only
(MC6845 & *1)
R14/R15 Cursor Position Read /Write Read Mrite Read /Mrite Read Mrite Read MWrite
R16/R17 Position Read Only Read Only Read Only Read Only Read Only
R18/R19 Update N/A N/A N/A Transparent Transparent
Addr. Register Mode Only Mode Only
R31 Dummy Register N/A N/A N/A Transparent Transparent
Mode Only Mode Only
Status Register Yes (UMB845R) |No No Yes Yes
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CRTC Register Comparison Table {Continued)
INTERLACE SYNC

UM6845R
f MC6845R UM6845
Register MC6845 UM6845€E SYS6545-1
MC6845* 1 HD6845R HD6845S
RO Htotal Total-1=0dd | Total-1=0dd | Total-1=0dd | Total-1=0dd Total-1 = Odd
or Even or Even

INTERALACE SYNC AND VIDEO

R4 Vtotal Total-1 Total-1 Total-1 Total-1 Total/2-1
R6 Vdisp Total Total/2 Total Total , Total/2
R7 Vsync Actual-1 Actual-1 Actual-1 Actual-1 Actual/2
R9 Scan Lines Total-1 Total-1 Total-1 Total-1 Total-1
Odd/Even Only Even Odd/Even Odd/Even Odd/Even
R10 Cursor Start Odd/Even Both Odd or Odd/Even Odd/Even Odd/Even
R11 Cursor End Odd/Even Both Even Odd/Even Odd/Even Odd/Even
Cclk 2.5 MHz 2.5 MHz 3.7 MHz 3.7 MHz 2.5 MHz

Ordering Information

Part Number CPU Clock Rate Package b

°

UMG845 1MHz Plastic 8

UMBBAGA 1.5MHz Plastic &
UM6845B8 2MHz Plastic

5-25



uMC

Features

UM6845R/UM6845RA/UM6845RB

® Single + 5 volt (£5%) power supply

® Alphanumeric and limited graphics capabilities

Fully programmable display (rows, columns, blanking,

etc.)

Interlaced or non-interlaced scan’

& 50/60 Hz operat‘ion

Fully programmable cursor

General Description

The UMB845R is a CRT Controller intended to provide
capability for interfacing any microprocessor family to

CRT or TV-type raster

scan displays.

A unjque feature

CRT Controller .

External light pen capability

Capable of addressing up to 16K character Video Display
RAM.

No DMA required

Compatible with SY6845R

Straight-binary addressing for Video Display RAM

is the inclusion of several modes of operation, so that the
system designer can configure the system with a wide
assortment of techniques.

Pin Configuration

GND [}

1
RES []2
LPEN []3
CCO/MAOQ []4
cci/MAl [ s
cce/maz [1s
CC3/MA3 [} 7
cca/ma4 []8
ccs/MAS [Jo 32
ccemas [} 10UMBB4ER/;,
CC7/MA7 116845RA/ 30
CRO/MAS% 126845RB o
CR1/MA9 E 13 28
CR2/MA10 [} 14 27
cr3/MA11 [} 15 26
CR4/MA12 [ 16 25
crsMAI3 17 . 24|
DISPLAY ENABLE [] 18 23
CURSOR [ 19 22|
vee [} 21

CCLK

Block Diagram

pBo-087

E
R/W ———]
CS ——
RS ———»

Vee GND
——— HSYNC
——— VSYNC
—— DISPLAY ENABLE
UM6845R CRTC |—— CURSOR

|¢——— LPEN
le—— CCLK
l«—— RES

I

MAO-MA13 RAO-RA4
| S —

VIDEO DISPLAY RAM AND CHARACTER ROM
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Absolute Maximum Ratings*

Supply Voltage, Vg . o oo oo oo —0.3V to + 7.0V
Input/Output Voltage, Vi . ... .. ... —0.3V to + 7.0V
Operating Temperature, Top . ... ....... 0°C t0 70°C
Storage Temperature, Tgtg - - - <« -« - . ~55°C t0 160°C
Notice: ’

All inputs contain protection circuitry to prevent damage
due to high static discharges. Care should be exercised to
prevent, unnecessary application of voltages in excess of
the allowable limits.

D.C. Electrical Characteristics
(Vo =5.0V£5%, To=0-— 70°C, unless otherwise noted)

*Comments

Stresses above those listed under ‘‘Absolute Maximum
Ratings’* may cause permanent damage to the device.
These are stress ratings only. <Functional operation of
this device at these or any other conditions above those
indicated in the operationa} sections of this specification
is not implied and exposure to absolute maximum rating
conditions for extended periods may affect device
reliability. '

Symbol Characteristics Min. Typ. Max. Units
ViH Input High Voltage 2.0 Vee \
VL Input Low Voltage -0.3 0.8 \

IN input Leakage (¢2, R/W, RES, CS, RS, LPEN, CCLK) - 2.5 MA
Three-State Input Leakage {DBO-DB7)
I7si Vin = 0.4 t0 2.4V —100 +10.0 HA
Output High Voltage
VOH I'LOAD = -205 MA (DBO‘DB7) 2.4 — V
ILoap = —100 pA (all others)
Output Low Voltage
VoL lLoAD = 1.6mA - 0.4 \%
Pp Power Dissipation - 3256 650 mW
Cin Input Capacitance ’
2, RAW, RES, CS, RS, LPEN, CCLK - ’ 10.0 pF
DB0-DB7 - 125 pF
COUT' Output Capacitance - 10.0 pF
TEST LOAD
Vee
2.4k Q2
UM6845R PIN 14—

H——

B

R= 11K FOR DBgy-DBq

R= 24K§) FOR ALL OTHER OUTPUTS -
C = 130pF TOTAL FOR D¢-D~

C = 30 pF ALL OTHER OUTPUTS
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A.C. Electrical Characteristics
MPU BUS INFERFACE CHARACTERISTICS

WRITE CYCLE reve READ CYCLE v —
l—PWEH le— PWEH
E /_ 5*. PwEL :# e / St:vfﬂz
o« Dl N =omnz
on — ol -
TS, RW 'cs j CS. RiW jp tcs —=| 1DDR DHR
|
DATA BUS W*tmw BREEL —— 5—
DATABUS . |
—e DA
WRITE TIMING CHARACTERISTICS (V¢c = 5.0V £5%, Ta = 0 — 70°C, unless otherwise noted)
Symbol Characteristics UM6B45R UMGBASRA UM6B45RE Units
Min. Max. Min. Max. Min. Max.
tcyc Cycle Time 1.0 - 0.5 - 0.33 — s
PwEH E Pulse Width, High 440 - 200 - 150 - ns
PweL E Pulse Width, Low 420 — 190 - 140 - ns
tAS Address Set-Up Time 80 - 40 - 30 — ns
tAH Address Hold Time 0 - 0 - 0 - ns
tcsg R/W, CS Set-Up Time 80 - 40 - 30 | - ns
tcH R/W, CS Hold Time 0 - 0 - 0 - ns
tpsw Data Bus Set-Up Time 165 — 60 — 60 - ns
tDHW Data Bus Hold Time 10 — 10 - 10 — ns
(tr and t5 = 10 to 30 ns)
READ TIMING CHARACTERISTICS . (V¢ = 5.0V £5%, Ta =0 —70°C, unless otherwise noted)
UM6845R .UM6845RA UM6845RB
Symbol Characteristics Units
i Min. Max. Min. Max. Min. Max.
teye Cycle Time 1.0 - 0.5 - 0.33 - Ms
PWEH E Puise Width, High 440 - 200 -~ 150 — ns
PWEL E Pulse Width, Low 420 - 190 - 140 — ns
tas Address Set-Up Time 80 - 40 - 30 — ns
tAH Address Hold Time 0 — 0 - 0 - ns
tcs R/W, CS Set-Up Time 80 - 40 - 30 - ns
tpDR Read Access Time {Valid Data) - 290 - 150 - 100 ns
toHR. Read Hold Time 20 60 | 20 60 20 60 ns
oA Data Bus Active Time {Invalid Data) 40 - 40 - 40 - ns

(ty and ts = 10 to 30 ns)
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MEMORY AND VIDE
(Vog = 5.0V £ 5%, Tp

O INTERFACE CHARACTERISTICS
=010 70°C, unless otherwise noted)

I cey
lae—— PWC
CCLK 2.0V 2.0V / \
0.8V N\ osv 0.8v
le— t, — t
[&——1CCH —™ [ _— \\
MAO-MA13 2.4V 0.4v
r—tMAD la— IMAD.
1 AR
RAO-RA4 j 24v 0.4v
1RAD tRAD
i | -
DISPLAY ENABLE 24v 0.4v
le— tDTD le— 1DTD
[} — )
HSYNC, VSYNC 2.4v 0.4V
tHSD
k— tHsD —1, . [ tvsD
. tysp N
CURSOR 24V 0.4v
le— tcDD le— tcDD
Symbol Parameter Min. Typ. Max. Units
Teen Minimum Clock Pulse Width, High 200 ns
Teey Clock Frequency 25 "MHz
Ty, tf Rise and Fall Time for Clock Input 20 ns
tMAD Memory Address Delay Time 100 160 ns
tRAD Raster Address Delay Time 100 160 ns
tOTD Display Timing Delay Time 160 300 ns %’
tHSD Horizontal Sync Delay Time 160 300 ns ‘g
tvsp Vertical Sync Delay Time 160 300 ns E
tcop Cursor Display Timing Delay Time 160 300 ns b4

LIGHT PEN STROBE TIMING

NOTE:

“’Safe’’ time position for
LPEN positive edge to
cause address n+2 to load
into Light Pen Register,
t p2 and t_ pq are time

CCLK / S

/T \_/

SEE NOTE le—tLpT
tLPH
LPEN e ,

iti i tai MAg-MA n x n+1 x n+2 x
E)eosi:ltlgns caus|ing uncertain 0 13
. UMB6845R UMG6845RA UM6845RB
Symbol Characteristics Unit
Min. Max. Min. Max. Min. Max.

1L PH LPEN Strobe Width 100 - 100 - 100 - ns
L p LPEN to CCLK Delay — 120 - 120 - 120 ns
L= CCLK to LPEN Delay - 0 - 0 - 0 ns

tr and t¢ = 20 ns (max.)
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Pin Description

MPU INTERFACE SIGNAL DESCRIPTION

E (Enable)

The enable signal is the system input and is used to trigger
all data transfers between the system microprocessor and
the UM6845R. Since there is no maximum limit to the
allowable E cycle time, it is not necessary for it to be a
continuous clock. This capability permits the UMB8456R
to be easily interfaced to non-6500-compatible micro-
processors.

R/W (Read/Write)

The R/W signal is generated by the microprocessor and is
used to control the direction of data transfers. A high on
the R/W pin allows the processor to read the data supplied
by the UMB845R; a low on the R/W pin allows a write to
the UM6845R

'CS (Chip Select)

The Chip Select input is normally connected to the pro-
cessor address bus either directly or through a decoder.
The UM68B45R is selected when CS is low.

RS (Register Select)

The Register Select input is used to access internal registers,
A low on this pin permits writes into the Address Register
and reads from the Status Register. The contents of the
Address Register is the identity of the register accessed
when RS is high.

DBy,—DB; (Data Bus)

The DB¢—DB, pins are the eight data lines used for
transfer of data between the processor and the UM6845R.
These lines are bi-directional and are normally high-
impedance except during read/write cycles when the chip
is selected.

VIDEO INTERFACE SIGNAL DESCRIPTION

HSYNC (Horizontal Sync)

The HSYNC signal is an -active-high output used to
determine the horizontal position of displayed text. It
may drive a CRT monitor directly or may be used for
composite video generation. HSYNC time position and
width are fully programmable.

VSYNC (Vertical Sync)

The VSYNC signal Is an active-high output used to
determine the vertical position of displayed text. Like
HSYNC, VSYNC may be used to drive a CRT monitor
or composite video generation circuits. VSYNC position
and width are both fully programmable.

UM6845R / UM6845RA / UMG6845RB

DISPLAY ENABLE

The DISPLAY ENABLE signal is an active-high output
and is used to indicate when the UM6845R is generating
active display .information. The number of horizontal
displayed characters and the number of vertical displayed
characters are both fully programmable and together are
used to generate the DISPLAY ENABLE signal.

CURSOR

The CURSOR signal is an active-high output and is used
to indicate when the scan coincides with the programmed
cursor position. The cursor position may be programmed
to be any character in the address field. Furthemore,
within the character, the cursor may be programmed to
be any block of scan lines, since the start scan line and the
end scan line are both programmable.

LPEN

The LPEN signal is an edge-sensitive input and is used to
load the internal Light Pen Register with the contents of
the Refresh Scan Counter at the time the active edge
occurs.  The active edge of LPEN is the low-to-high
transition.

CCLK

The CCLK signal is the character timing clock input and
is used as the time base for all internal count/control
functions.

RES .

The RES signal-is an active-low input used to initialize all
internal scan counter circuits. When RES is low, all internal
counters are stopped and cleared, all scan and video outputs
are low, and control registers are unaffected. RES must
stay low for at least one CCLK period. All scan timing is
initiated when RES goes high. In this way, RES can be
used to synchronize display frame timing with line
frequency.

MEMORY ADDRESS SIGNAL DESCRIPTION

MAO—-MA13 (Video Display RAM Address Lines)

These signals are active-high outputs and are used to address
the Video Display RAM for character storage and display
operations. The starting scan address is fully programmable
and the ending scan address is determined by the total
number of characters displayed, which is also program-
mable, in terms of characters/line and lines/frame.

m Binary Addressing
Characters are stored in successive memory locations.
Thus, the software must be developed so that row
and column co-ordinates are translated to sequential-
ly-numbered addresses’ for video display memory
operations.
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RAO-RA4 (Raster Address Lines)

These signals are active-high outputs and are used to select
each raster scan within an individual character row. The
number of raster scan lines is programmable and determines
the character height, including spaces between character
rows.

HOAT TOTAL

HOR DISPLAYED
M [PEEEEEEEERE e
™

NUMBER OF
SEAN LINES

CHARACTER
Aow

VERT
DISPLAYED

VER
ToTAL

\

VeRT
L TOTAL
E——0ou«———#s}.an3}

Figure 1. Video Display Format

Description of Internal Registers

Figure 1 illustrates the format of a typical video display
and is necessary to understand the functions of the various
UMB845R internal registers. Figure 2 illustrates vertical
and horizontal timing. Figure 3 summarizes the internal
_registers and indicates their address selection and read/
write capabilities.

Address Register

This is a 5-bit register which is used as a ‘pointer’’ to
direct UM6846R data transfers to and from the system
MPU. Its contents is the number of the desired register
(0-31). When RS is low, then this register may be loaded;
when RS is high, then the register selected is the one
whose identity is stored in this register.

Status Register &
This 2-bit register is used t& monitor the status of the
CRTC, as follows:

[7lelsfafa2]1]0]

I— NOT USED J
VERTICAL BLANKING

0" Scan currently not in vertical blanking
portion of its timing.

‘1" Scan currently is in its vertical blanking
time.

LPEN REGISTER FULL

0" This bit goes to "“0" whenever either
register R16 or R17 is read by the MPU.
‘1" This bit goes to "1" whenever a LPEN
strobe occurs.

NOT USED

Horizontal Total (RO)

This 8-bit register contains the total of displayed and
non-displayed characters, minus one, per horizontal line.
The frequency of HSYNC is thus determined by this
register.

Horizontal Displayed (R1)
This 8-bit register contains the number of displayed
characters per horizontal line.

Horizontal Sync Position (R2)

This 8-bit register contains the position of the HSYNC on
the horizontal line, in terms of the character location
number on the line. The position of the HSYNC deter-
mines the left-to-right location of- the displayed text on
the video screen. In this way, the side margins are adjusted.

Horizontal and Vertical SYNC Widths (R3})
This 4-bit register programs the width of HSYNC.

UI6lsl4IT|2’|1|Icld

8 4 2 1

HSYNC WIDTH

(NUMBER OF
CHARACTER CLOCK
TIMES)

VSYNC width is set to 16 scan line times.

Vertical Total (R4)

The Vertical Total Register is a 7-bit register containing
the total number of character rows in a frame, minus one.
This register, along with R5, determines the overall frame
rate, which should be close to the line frequency to ensure
flicker-free appearance. If the frame time is adjusted to
be longer than the period of the line frequency, then RES
may be used to provide absolute synchronism.

Vertical Total Adjust (R5)

The Vertical Total Adjust Register is a 5-bit write only
register containing the number of additional scan lines
needed to complete an entire frame scan and is intended
as a fine adjustment for the video frame time.

Vertical Displayed (R6)

This 7-bit register contains the number of displayed
character rows in each frame. In this way, the vertical
size of the displayed text is determined.

Vertical Sync Position (R7)

This 7-bit register is used to select the character row time
at which the VSYNC pulse is desired to occur and, thus,
is used to position the displayed text in the vertical direc-
tion.
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1 COMPLETE FIELD (VERTICAL TOTAL)

VERTICAL DISPLAYED

frrompiniginiginipginininipint
ENBALE

nsvne [

VSYNC

RAO-RA4 3

-~

1 COMPLETE SCAN LINE (HORIZONTAL TOTAL)

Ul =<

HORIZONTAL DISPLAYED

DISPLAY

ENABLE

HSYNC

1

CO00000

RAO-RA4 )

.

ad
xXZ

Mode Control (R8)

Figure 2. Vertical and Horizontal Timing

This register is used to select the operating modes of the
UMB845R and is outlined as-follows:

Clelef o[-0

0I

gl

BIT

CPERATION

Non-Interlace

Interlace SYNC Raster Scan

Interiace SYNC and Video Raster Scan

Scan Line (R9)
This 5-bit register contains the number of scan lines per

character row, including sp@ng minus one. -

Cursor Start (R10) and Cursor End (R11)

These 5-bit registers select the starting and ending scan

lines for the cursor. In addition, bits 5 and 6 of R10 are

used to select the cursor mode, as follows:

CBIT
CURSOR MODE
6 5
0 0 No Blinking
0 No Cursor
1 0 Blink at 16 x field period
1 Blink at 32 x field period
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Note that the ability to program both the start and end
scan line for the cursor enables either block cursor or
underline to be accommodated. Registers R14 and R15
are used to contro! the character position of the cursor
over the entire 16K address field.

Display Start Address High (R12) and Low (R13)

These registers together comprise a 14-bit register whose
contents is the memory address of the first character of
the displayed scan (the character on the top left of the
video display, as in Figure 4. Subsequent memory ad-
dresses are generated by the UM684BR as a result of
CCLK input pulses. Scrolling of the display is accom-
plished by changing R12 and R13 to the memory address
associated with the first character of the desired line of
text to be displayed first. Entire pages of text may be
scrolled or changed as well via R12 and R13.

Cursor Position High (R14) and Low (R15)

These registers together comprise a 14-bit register whose
contents is the memory address of the current cursor
position. When the video display scan counter (MA lines)
matches the contents of this register, and when the scan
line counter (RA lines) falls within the bounds set by R10
and R11, then the CURSOR output becomes active. Bit
5 of the Mode Control Register (R8) may be used to delay
the CURSOR output by a full CCLK time to accommodate
slow access memories. :

LPEN High (R16) and Low (R17)}

These registers together comprise a 14-bit register whose
contents is the light pen strobe position, in terms of the
video display address at which the strobe occurred. When
the LPEN input changes from low to high, then, on the
next negative-going edge of CCLK, the contents of the
internal scan counter is stored in registers R16 and R17.

cs Address Reg. Reg. o Register Bit.
RS No. Register Name Stored Info. RD | WR

41 3 (211 /] 76 |5 |4 (32|1]|0
INDEEnEE T
o] o =] -1=]=]=] = |AddressReqg. Red. No. V] N As [ As] A2 ] A | Ao
0 [0 e e e B - Status Reg. Vv v
] 1 o] 0 0 0 0 RO Horiz. Total #Charac, -1 \/ o L4
o|1]ojo|lo]|o|1| Rt |Horiz.Displayed | #Charac. VAR ° L
o1 ]|ojojo|1|0}| R2 |Horiz, Sync #Charac. V]/e|ele|e|e|loe ele

Position

0 1 o|0j0(1 1 R3 \X/isdtl'[:lsc' HSYNC ﬁg(r:\?;:,':rlinrisesand v H3 | Ha | Hy | Ho
ol 1]ofo|1]|o0|0| R4 |VertTotal #Charac, Rows -1 v o o 0o o 0 o0
o] 1 1{0o|0|1|0]| 1| RS |Vert,Total Adjust | #Scan Lines v o e 0|0
0 1 o]0 1 1 0 R6 Vert, Displayed #Charac Rows \/ LI [ ]
o1 |o]o]|1|1]1 R7 | Vert. Sync Position | #Charac, Rows iV o oo o o0
o|1|of1|l0o}|0]|0| R8 |ModeControl v hlte
0 t|{oj1jo ‘ 0 (1 R9 Scan Line #Scan Lines-1 v LR LI J
0 1 1017011 |0]| RI0 |CursorStart Scan Line No. v By | Bo o
0 1 0 1 0|1 1 R11 Cursor End Scan Line No. \/ .
ofl1]o|1]|1]o]o} Ri2 DEg;iy(agarx V elololo|e|e
0 1 o1 1 01 R13 D:dpc'i?'y( I-S.)tart \/ olo/oe|/e/e]e .» °
o| 1 |o]1|1]1}]o0][ R4 |CursorPosition (H) ViV o/ o000 o
ol 1 o 1]|1]1]|1]| RIS |CursorPosition (L) ViV ie|e|e| e e e leie
o] 1]1]0|0] o] o] Rie |LightPen Reg(H) vV ojeje/oiele
0 1 1 0|0]| 0|1 R17 Light Pen Reg (L) \/ o[ O o 0 0 0o 0 o

Notes: E Designates binary bit

Ry Designates unused bit. Reading this bit is always “0", except for CS =1, which
does not drive the data bus at all.

Figure 3. Internal Register Summary
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l— TOTAL = 90
DISPLAY = 80
—
0 1 2 -- - 77 78 79 80 81 89
80 81 82 157 | 158 | 159 | 160 | 161 169

g, "160 | 161 162 | --- --- | 237 | 238 | 239 ] 240 | 241 --- | 249

[ :I E ,

E i i |
KN | :
) [a) ! ' !

_i 1

5 1760 | 1761|1762 | --- --- 1 1837|1838 |1839] 18401841 | --- | 1849}

O

= 1840 | 1841 | 1842 | --- --- [ 1917 11918 | 1919 1920 | 1921 | --- | 1929
19201 1921|1922 | --- --- | 1997 | 1998 | 1999 | 2000 | 2001 | --- | 2009
2000 | 2001.| 2002 | --- ---.| 2077 | 2078 | 2079 | 2080 | 2081 | --- | 2089

s | |

2640 | 2641 | 2642 | --- --- | 2717 | 2718 | 2719 | 2720 | 2721 | --- | 2729

STRAIGHT BINARY ADDRESSING SEQUENCE

Figure 4. Display Address Sequences (with Start
Address = 0) for 80 x 24 Example

SYSTEM VSYNC T
BUS
) HSYNC
UMBB45R
/‘\,_—_:> CRT CONTROLLER DISPLAY ENABLE
; URS To
MAO-MA13 RAO-RA4 CURSOR _ VIDEO
CIRCUITS
DISPLAY ADDRESS
MPU <}:} : :
' ADDRESS &b SHIFT
:@:>k°NTENT'ON SCAN LINE REGISTER [ _
CONTROL COUNT
MPU
ADDRESS
BUS VIDEO ADDRESS b
VIDEO CHARACTER
(L oiseuay - penenaton
RAM ROM
~ MpU CHARACTER SCAN LINE
DATA DATA DOT PATTERN
BUS

Figure 5.. Shared Memory System Configuration
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Memory Contention Schemes for Shared Memory
Addressing

From the diagram of Figure 5, it-is clear that both the
UM6845R and the system MPU must be capable of addres-
sing the video display memory. The UMB845R repetitively
fetches character information to generate the video signals
in order to keep the screen display active. The MPU
occasionally accesses the memory to change the displayed
information or to read out current data characters. Three
ways of resolving this dual-contention requirement are
apparent:

MPU PRIORITY

In this technique, the address lines to the video display
memory are normally driven by the UMB845R unless the
MPU needs access, in which case the MPU addresses im-
mediately override those from the UM6845R and the MPU
has immediate access. )

¢1/¢2 MEMORY INTERLEAVING

This method permits both the UM6845R and the MPU
access to the video display memory by time-sharing via the
system ¢1 and ¢2 clocks.. During the ¢1 portion of each
cycle (the time when E is low), the UM6845R address
outputs are gated to the video display memory. In the
@2 time, the MPU address lines are switched in. In this
way, both the UMB845R and the MPU have unimpeded
access to the memory. Figure 6 illustrates the timings.

}w—— MPU CYCLE ———sla—— MPU CYCLE
E -\\__7

le— ¢1 —ele— ¢2 —»

—
I
\[;\ISDPEI?AY UME845R MPU UM6E845R
MEMORY MAQ-MA13 ADDRESS MAO-MA13,
ADDRESSES el i

I 1 1 I

Figure 6. ¢1/¢2 Interleaving

INTERLACE MODES
There are three raster-scan dispiay modes (see Figure 7).

a) Non-Interlaced Mode.. In this mode each scan line is
refreshed at the vertical field rate (50 or 60Hz).

In the interlaced scan modes, even and odd fields
alternate to generate frames. The horizontal and vertical
timing relationship causes the scan lines in the odd
fields to be displaced from those in the even fields.
The two additional raster-scan display modes pertain
to interlaced scans.

b) Interlace Sync Mode. This mode is used when the same

C

information is to be displayed in both odd and even
fields. Enhanced readability results because the spaces
between adjacent rows are filled and a higher quality
character is displayed. This is achieved with only a
slight alteration in the device operation: in alternate
fields, the position of the VSYNC signal is delayed by
% of a scan line time. This s illustrated in Figure 8 and
is the only difference in the UMB845R operation in this
mode.

Interlaced Sync and Video Mode. This mode is used
to double the character density on the screen by dis-
playing the even lines in even fields and the odd lines
in odd fields. As in the Interlace-Sync mede, the
VSYNC position is de|ayed in alternate display fields.
In addition, the address generation is altered.

)
1 —
\1
2 5% A7
3 — P
4 DN Ve 4 ()
5 D P
6 ——b ©
7 3 ’)
NON-{NTERLACED
EVEN 0oDD
FIELD FIELD
0
0
1 Va
a & ]
2
)4
3 4 R ?
g 5 s
Va N
4 RS .
5 —— .
6 R
R p 6
7
5 g
INTERLACED-SYNC
EVEN oDD
FIELD FIELD
0 a
) 4 R °
& K )
2 R & (}( é 2
3 K
A g 3
4 Fa n_.d 4
5 N Y AN
& R 6
T & )
K K 6
;18 &
A2 N N2 A 4 7
V " N

INTERLACED SYNC AND VIDEO

Figure 7. Comparison of Display Modes
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1 COMPLETE FIELD

DISPLAY

ENABLE
FIELD__‘ |

VSYNC. ODD FIELD

I

: ‘ |

% SCAN LINE TIME _.| —

|
|
!
|
|

VSYNC . EVEN FIELD

DISPLAY

ENABLE -
FOR EVEN
FIELD

=

1 SCAN LINE —*
DELAY

Figure 8. Interface Sync Mode and Interface Sync &
Video Mode Timing

-
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CRTC Register Comparison Table

NON-INTERLACE

UMG845R
Register MC6845 Mooaon iyt UM6845E SYS6545-1
MC6845*1
RO Htotal Total-1 Total-1 Total-1 Total-1 Total-1
R1 Hdisp Actual Actual Actual Actual Actual
R2 Hsync Actual Actual Actual Actual Actual
R3 Sync Width Horizontal Horizontal Horizontal Horizontal Horizontal
(& Vertical *1) & Vertical & Vertical & Vertical
R4 Vtotal Total-1 Total-1 Total-1 Total-1 Total-1
R5 Vtotal Adjustment Any Value Any Value Any Value Any Value Any Value
Except RS
R6 Vdisp Any Value Any Value Any Value Any Value Any Value
<R4 <R4 <R4 <R4 <R4
R7 Vsync Actual-1 Actual-1 Actual-1 Actual-1 Actual-1
R8 BO-1 Interlace Interlace Intertace Interlace Interlace
Mode B2 — - - | Row/Column or | Row/Column or
Select Binary Addr. Binary Addr.
B3 - - - Shared or Shared or
Transparent Transparent
Addr. Addr.
B4 (Display Enable - Display Enable |Display Enable Display Enable
Skew *1) Skew Skew Skew
B5 (Display Enable - Display Enable { Cursor Skew Cursor Skew
Skew *1) Skew
B6 (Cursor Skew *1) - Cursor Skew RA4/ RA4/
B7 {Cursor Skew *1) — Cursor Skew Transparent Transparent
R9 Scan Lines Total-1 Total-1 Total-1 Total-1 Total-1
R10 Cursor Start Actual Actual Actual Actual Actual
R 11 Cursor End Actual Actual Actual Actual Actual
Write Only
R12/R13 Display Addr. Read Mirite Read/Write Read Mrite Write Only Write Only
(MC6845 & *1)
R14/R15 Cursor Position Read Mrite Read/Mrite Read Mirite Read /Write Read Mrite
R16/R17 Position Read Only Read Only Read Only Read Only Read Only
R18/R19 Update N/A N/A N/A Transparent Transparent
Addr. Register Mode Only Mode Only
R31 Dummy Register N/A N/A N/A Transparent Transparent
Mode Only Mode Only
Status Register Yes (UM6845R) |No No Yes Yes
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CRTC Register Comparison Table (Continued)
"INTERLACE SYNC

UMB6845R

. MC6845R UM6845
Register MC6845 UMG6845E SYS6545-1
MC6845%1 HD6845R HD6845S
RO Htotal Total-1=0dd | Total-1=0dd | Total-1=0dd | Total-1 =0dd Total-1 = Odd
or Even or Even
INTERALACE SYNC AND VIDEO
R4 Vtotal Total-1 Total-1 Total-1 Total-1 Total/2-1
R6 Vdisp Total Total/2 Total Total Total/2
R7 Vsync Actual-1 Actual-1 Actual-1 Actual-1 Actual/2
R9 Scan Lines Total-1 Total-1 Total-1 Total-1 Total-1
Odd/Even Only Even Odd/Even Odd/Even Odd/Even
R10 Cursor Start QOdd/Even Both Odd or Odd/Even Odd/Even Odd/Even
R11 Cursor End Odd/Even Both Even Odd/Even Odd/Even Odd/Even
lccLk 2.5 MHz 2.5 MHz 3.7 MHz 3.7 MHz 2.6 MHz
Ordering Information
Part Number CPU Clock Rate Package
UM6845R 1 MHz Plastic
UMB845RA 2 MHz Plastic
UM6845RB 3 MHz Plastic
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Features

Single + 5 volt (% 5%) power supply

Alphanumeric and limited graphics capabilities

Fully programmable display {rows, columns, blanking,
etc.).

Interlaced or non-interlaced scan

50/60 Hz operation

Fully programmable cursor

External light pen capability

Capable of addressing up to 16K character Video
Display RAM

CRT Controller -

No DMA required

Pin-compatible with MC6845R

Row/Column or straight-binary’ addressing for Video
Display RAM

Video Display RAM may be configured as part of
microprocessor memory field or independently slaved
to 6845

Internal status register

3.7 MHz character clock

Transparent address mode

General Description

The UMG845E is a CRT Controller intended to provide
capability for interfacing and 8 or 16 bit microprocessor
family to CRT or TV-type raster scan displays. A unique

feature is the inclusion of several modes of operation,
so that the system designer can configure the system
with a wide assortment of techniques.

Pin Configuration Block Diagram %’
, §
sno 1 ™ 4 ] vsyne s
RES []2 39 [ HsYNC e
LPEN % 3 38 ] RAO Vcc  GND
cco/Mao [ Ja 37 RA1
ccimal 15 36 | ] RA2
cc2/ma2 [(]6 35 |1 RA3 HSYNC
ccamas 7 3a I Raa pso-087 () - VSYNG
ccamad s a3 Joeo L= DISPLAY ENABLE

E ——

ccs/MAas [] 9 UMG846E/32 ] 081
cce/Mas [} 106845EA/ 31 [ oB2

UMB6B4SE CRTC |—— CURSOR

RW ——= e LPEN

cc7/MA7 [ 11 6845EB 30 %1033 g: [«—— CCLK
cRo/MA8 {12 29[ 1DB4 [~— RES
CR1/MA9 []13 28§ ] DB5
CR2/MA10 [} 14 27 oBs il il
CR3/MA11 [ 15 26 ] DB7
CRa/MAT2[ 116 25 %Eg \MAO-MA13 RAO-RA4
CRS/MA13 []17 2] IRS VIDEO DISPLAY RAM AND CHARACTER ROM
DISPLAY ENABLE [_]18 23 JE
CURSOR[J19 21 R/W
vee []20 21 JccLk
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Absolute Maximum Ratings*

Supply Voltage, Vee . ... . —0.3V to +7.0V
Input/Output Voltage, Vi .. . . . . . .. —0.3V to +7.0V
Operating Temperature, Top . . . . ... .. .. 0°C to 70°C
Storage Temperature, Tstg .. . o o . . . - —55°C to 150°C

All inputs contain protection circuitry to prevent damage
due to high static discharges. Care should be exercised
1o prevent unnecessary application of voltages in excess
of the allowable limits.

Electrical Characteristics
(Vee = 5.0V £5%, Ta =0 —70°C, unless otherwise noted)

*Comments

Stresses above those listed under “Absolute Maximum
Ratings’” may cause permanent damage to the device.
These are stress ratings only. Functional operation of
this device at these or any other conditions above those
indicated in the operational sections of this specification
is not implied and exposure to absolute maximum rating
conditions for extended periods may affect device
reliability.

Symbol Characteristics Min. Typ. Max. Units
Vin Input High Voltage 2.0 Vee \%
ViL Input Low Voltage ~0.3 0.8 \%
liNn Input Leakage (¢2, R/W, RES, CS, RS, LPEN, CCLK) — 25 UA

Three-State Input Leakage (DB0O-DB7)
ITs| VN = 0.4 10 2.4V —-10.0 +10.0 MA
Output High Voltage
VoH ILoaDp = —205uA {DB0-DB7) 2.4 - \%
lLoap = —100uA (all others)
Output Low Voltage
Vou ILoap = 1.6mA - 04 v
Pp Power Dissipation - 325 650 mwW
Cin Input Capacitance
¢2, R/W, RES, CS, RS, LPEN, CCLK - 10.0 pF
DB0-DB7 - ' 12.5 pF
Cout Output Capacitance - 10.0 pF
Test Load
Vee

% 24K
11 ‘

UMB8B45E PIN

I

¥

R=11KS) FOR DBy-DB4

R = 24K§) FOR ALL OTHER OUTPUTS
C =130pF TOTAL FOR Dg-D7

C =30pF ALL OTHER OUTPUTS
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MPU Bus Interface Characteristics
WRITE CYCLE READ CYCLE
lcve | cye
PWEH PwWEH
E /_ N PweL e __] SE_M
RS % tas  tAH RS %—*—‘AS A h
[
ICH ‘F_— |
TS, RIW _\ ics ] Cs. RiW ﬁ- tcs -~ tDDR DHR
TIDHW I X
— DA
Write Timing Characteristics (Vo = 5.0V £5%, Ta =0 —70°C, unless otherwise noted)
UMG6845E UMG6845EA UM6845EB
Symbol Characteristics Units
Min. Max. Min. Max. Min. Max.
tcyc Cycle Time 1.0 - 0.5 - 0.33 - us
PWEH E Pulse Width, High 440 - 200 — 160 — ns
PWEL E Pulse Width, Low 420 — 190 — 140 - ns
tAS Address Set-Up Time 80 - 40 - 30 - ns
tAH Address Hold Time 0 - 0 - 0 - ns
tcs R/W, CS Set-Up Time 80 - 40 - 30 - ns
tCH R/W, CS Hold Time 0 - 0 - 0 - ns
tDSwW Data Bus Set-Up Time 165 — 60 - 60 - ns
tDHW Data Bus Hold Time 10 — 10 — 10 - ns
(ty and tf= 10 to 30 ns)
Read Timing Characteristics (Vo =5.0V £5%, Ta =0 — 70°C, unléss otherwise noted)
Symbot Characteristics UMEB4SE UMGBASEA UMe84sEB Units
Min. Max. Min. Max. Min. Max.
tCYC Cycle Time 1.0 - 05 — 0.33 — us
PWEH ¢, Pulse Width, High 440 - 200 - 150 - ns
PwWEL ¢, Pulse Width, Low 420 - 190 - 140 - ns
tAS Address Set-Up Time 80 — 40 — 30 - ns
tAH Address Hold Time 0 - 0 - 0 - ns
tcs R/W, CS Set-Up Time 80 - 40 - 30 - ns
tDDR Read Access Time (Valid Data)- — 290 — 160 - 100 ns
tDHR Read Hold Time 10 — 10 — 10 60 ns
DA Data Bus Active Time (Invalid Data) 20 60 20 60 20 60 ns
'TAD MAO-MA13 Switching Delay 100 160 100 160 90 130 o
(Refer to Figure Trans. Addressing) typ. typ. typ.
(ty and tf=10to 30 ns)
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UM6845E / UM6845EA /| UM6845EB

Memory and Video Interface Characteristics
(Vee = 5.0V £5%, Ta =0to 70°C, unless otherwise noted)

I - cey

le—— PWCL ——»
osv / Nosv
Pt
MAO-MA13 ‘ 24v 3 0.4V
l=—tMAD l—tMAD
RAQ-RA4 ‘ 24v o 0.4V
r=— tRAD: . =—tRAD -
DISPLAY ENABLE 24y N 0.4V
‘ le— toTD j f— tDTD
HSYNC, VSYNC f"v — 0.4V
W ) . P
CURSOR 24v 0.4v
[+— tcoD j [+— tcop
Symbol Parameter Min. Typ. Max. Units
tCccH Minimum Clock Pulse Width, High 130 ns
tcev Clock Frequency 3.7 MHz
tr, tf Rise and Fall Time for Clock Input . 20 ns
TMAD Memory Address Delay Time 100 160 ns
TRAD Raster Address Delay Time 100 160 ns
tDTD Display Timing Delay Time 160 250 ns
tHSD Horizontal Sync Delay Time 160 250 ns
tvsD Vertical Sync Delay Time 160 250 ns
tCbD Cursor Display Timing Delay Time 160 250 ns

Transparent Addressing (¢ 1/92 Interleaving)

Light Pen Strobe Timing

cex /TN _/ X/ \_/

ITAD 1TAD
SEE NOTE—s{ |e—tLP1
ILPH
E 7 X / LPEN tLP2
MAO— DISPLAY N UPDATE \F DISPLAY Y/ UPDATE MAQ—MA 13 n X~ X n+2 ) &
MA13 ADDR \_ADDR ADDR ADDR
Note: ““Safe” time position for LPEN positive edge
to cause address n + 2 to load-into Light Pen Register.
t p2 and t pq are time positions causing uncertain results.
UMG6845E UMG6845EA UMG6845EB
Symbol Characteristics - - - Unit
Min. max. Min. Max. Min. Max.
TLPH LPEN Strobe Width 100 - 100 - 100 — ns
tLP1 LPEN to CCLK Delay — 120 — 120 - 120 ns
tLP2 CCLK to LPEN Delay - 0 — 0 — 0 ns

tr and tf = 20 ns (max.}
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MPU Interface Signal Description

E (Enable)

The enable signal is the system input and is used to trigger
all data transfers between the system microprocessor and
the UMBB45E. Since there is no maximum limit to the
allowable E cycle time, it is not necessary for it to be a
continuous clock. This capability permits the UMB845E
10 be easily interfaced to non-6500-compatible micro-
Processors.

R/W (Read/Write)

The R/W signal is generated by the microporocessor and is
used to control the direction of data transfers. A high on
the R/W pin allows the processor to read the data supplied
by the UMBB45E, a low on the R/W pin allows a write to
the UMB845E.

'CS (Chip Select)

The Chip Select input is normally connected to the pro-
cessor address bus either directly or through a decoder.
The UMBB4S5E is selected when CS is low.

RS (Register Select)

The Register Select input is used to access internal registers.
A low on this pin permits write into the Address Register
and reads from the Status Register. The contents of the
Address Register is the identity of the register accessed
when RS is high.

DBy-DB, (Data Bus)

The DBy-DB, pins are the eight data lines used for transfer
of data between the processor and the UMB845E. These
lines are bi-directional and are normally high-impedance
except during read/write cycles when the chip is selected.

Video Interface Signal Description

HSYNC (Horizontal Sync)

The HSYNC signal is an active-high output used to deter-
mine the horizontal position of displayed text. It may
drive a CRT monitor directly or may be used for composite
video generation. HSYNC time position and width are
fully programmable.

VSYNC (Vertical Sync)

The VSYNC signal is an active-high output used to deter-
mine the vertical position of displayed text. Like HSYNC,
'VSYNC may be used to drive a CRT monitor or composite
video generation circuits. VSYNC position and width are
both fully programmable.

DISPLAY ENABLE

The DISPLAY ENABLE signal is an active-high output
and is used to indicate when the UMGB45E is generating
active display information. The number of horizontal
displayed characters and the number of vertical displayed
characters are both fully programmable and together are
used to generate the DISPLAY ENABLE signal. DISPLAY

ENABLE may be delayed by one character time by setting
bit4of RBtoa 1"

CURSOR

The CURSOR signal is an active-high output and is used
to indicate when the scan coincides with the programmed
cursor position. The cursor position may be programmed
to be any character in the address field. Furthermore,
within the character, the cursor may be programmed to
be any block of scan lines, since the start scan line and the
end scan line are both programmable. The CURSOR
position may be delayed by one character time by setting
bitbof RBtoa 1"

LPEN

The LPEN signal is an edge-sensitive input and is used to load
the internal Light Pen Register with the contents of the
Refresh Scan Counter at the time the active edge occurs.
The active edge of LPEN is the low-to-high transition.

CCLK
The CCLK signal is the character timing clock input and is
used as the time base for all internal count/control func-
tions.

RES

The RES signal is an active-low input used to initialize all
internal scan counter circuits. When RES is low, all internal
counters are stopped and cleared, all scan and video outputs
are low, and control registers are unaffected. RES must
stay low for at least one CCLK period. All scan timing
is initiated when RES goes high. In this way, RES can
be used to synchronize display frame timing with line
frequency.

Memory Address Signal Description

MAO0-MA13 (Video Display RAM Address Lines)

These signals are active-high outputs and are used to address
the Video Display RAM for character storage and display
operations. The starting scan address is fully programmable
and the ending scan address is determined by the total
number of characters displayed, which is also program-
mable, in terms of characters/line and lines/frame.

There are two selectable address modes for MAO-MA13:

m Binary
Characters are stored in successive memory locations.
Thus, the software must be developed so-that row and
column co-ordinates are translated to sequentially
numbered addresses for video display memory opera-
tions.

® Row/Column .
In this mode, MAO-MA7 function as column addresses
CCO0-CC7, and MA8B-MA13, as row addresses CRO-CRb5.
In this case, the software may handle addresses in terms
of row and column locations, but additional address
compression circuits are needed to convert CCO-CC7
and CRO-CR5 into a memory-efficient binary scheme.
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UMG6845E / UM6845EA / UMG845EB

RAO-RA4 (Raster Address Lines)

These signals are active-high outputs and are used to seléct
each raster scan within an individual character row. The
number of raster scan lines is programmable and determines
the character height, including spaces between character
rows.

The high-order line, RA4, is unique in that it can also
function as a strobe output pin when the UMB845E is
programmed to operate in the “Transparent Address
Mode”. In this case the strobe is an active-high output
and is true at the time the Video Display RAM update
address is gated on to the address lines, MAO-MA13. In
this way, updates and readouts of the Video Display
RAM can be made under control of the UMB845E with
only a small amount of external circuitry.
HORT TOTAL

1
[ Hor DisPLAYED
1

Description of Internal Registers

Figure 1 illustrates the format of a typical video display
and is necessary to understand the functions of the various
UMBG845E internal registers. Figure 2 illustrates vertical
and horizontal timing. Figure 3 summarizes the internal
registers and indicates their address selection and read/
write capabilities.

Address Register

This is a 5-bit register which is used as a ‘'pointer’’ to direct
UMBB45E data transfers to and from the system MPU.
Its contents is the number of the desired register (0-31).
When RS is low, then this register' may be loaded; when
RS is high, then the register selected is the one whose
identity is stored in this register.

alslc[ole[FlalH{ k] ]
MIN[O|P
VERT_| B HH i NUMBER OF
veny | ISPLAYED (/ Y ! SCAN LINES
TOTAL 7] aa . y
T m H | cHARACTER
H 4| Row
LT T
T T
TOTAL
1 AbJUST

Figure 1. Video Display Format

Status Register

This 3-bit register is used to monitor the status of the
CRTC, as follows:

Lfefsfefsf2f:]o]

NOT USED

VERTICAL BLANKING

0" Scan currently not in vertical blanking
portion of its timing

’1"* Scan currently is in its vertical blanking
time.

LPEN REGISTER FULL

9" This bit goes to 0" whenever either
register R16 or R17 is read by the MPU.

1" This bit goes to 1" whenever a LPEN
strobe occurs. . .

t———————— UPDATE READY

“0"” This bit goes to 0" when register R31
has been either read or written by the
MPU.

“1'" This bit goes to 1" when an Update
Strobe occurs.

Horizontal Total (RO)

This 8-bit register contains the total of displayed and
non-displayed characters, minus one, per horizontal line.
The frequency of HSYNC is thus determined by this
register.

Horizontal Displayed (R1)

This 8-bit register contains the number of displayed
characters per horizontal line.

Horizontal Sync Position (R2)

This 8-bit register contains the position of the HSYNC
on the horizontal line, in terms of the character location
number on the line. The position of the HSYNC deter-
mines the left-to-right location of the displayed text
on the video screen. In this way, the side margins are

adjusted.
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1 COMPLETE FIELD (VERTICAL TOTAL)

VERTICAL DISPLAYED

Eiasinipinipinipipginipigigipl
ENBALE

nsvne []]

VSYNC

RAC-RA4 3

1 COMPLETE SCAN LINE (HORIZONTAL TOTAL)

Ul k=

HORIZONTAL DISPLAYED

DISPLAY
ENABLE

HSYNC

1

RAQ-RA4 X

(X
) G

Figure 2. Vertical and Horizontal Timing

Horizontal and Vertical SYNC Widths (R3)

This 8-bit register contains the widths of both HSYNC
and VSYNC, as fotlows:

VSYNC WIDTH* HSYNC WIDTH

(NUMBER OF SCAN (NUMBER OF CHARACTER
LINES) CLOCK TIMES)

*IF BITS 4-7 ARE ALL 0", THEN VSYNC WILL BE
16 SCAN LINES WIDE.

Control of these parameters allows the UM6845E to be
interfaced to a variety of CRT monitors, since the HSYNC
and VSYNC timing signals may be accommodated without
the use of external one-shot timing.

Vertical Total (R4)

The Vertical Total Register. is a 7-bit register containing
the total number of character rows in a frame, minus
one. This. register, along with R5, determines the overall
frame rate, which should be close to the line frequency
to ensure flicker-free appearance. If the frame time is
adjusted to be longer than the period of the line frequency,
then RES may be used to provide absolute snchronism.

Vertical Total Adjust (R5)

The Vertical Total Adjust Register is a 5-bit write only
register containing the number of additional scan lines
needed to complete an entire frame scan and .is intended
as a fine adjustment for the video frame time.

Vertical Displayed (R6)

This 7-bit register contains the number of displayed
character rows in each frame. In this way, the vertical
size of the displayed text is determined.

Vertical Sync Position (R7)

This 7-bit register is used to select the character row
time at which the VSYNC pulse is desired to occur and,
thus, is used to position the displayed text in the vertical
direction.
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Mode Control (R8)

This register is used to select the operating modes of the
UMB845E and is outlined as follows:

INTERLACE MODE CONTROL

BIT
OPERATION
110
X | 0 | Non-Interlace
0 | 1 | Interlace SYNC' Raster Scan
1| 1 | Interlace SYNC and Video Raster
Scan

VIDEO DISPLAY RAM ADDRESSING
0’ for straight binary
1" for Row/Column

“—VIDEO DISPLAY RAM ACCESS
0" for shared memory
“1" for transparent memory addressing.

L———DISPLAY ENABLE SKEW

0" for no delay

“1” 1o delay Display Enable one character
time

CURSOR SKEW
"'0" for no delay
“1'" to delay Cursor one character time

UPDATE STROBE (TRANSPARENT

MODE, ONLY)

“0" for pin 34 to function as memory
address

“1” for pin 34 to function as update strode

UPDATE/READ MODE (TRANSPARENT

MODE, ONLY)

0" for updates to occur during horizontal
and vertical bijanking times with update
strobe

“1" for updates to be interleaved in ¢2
portion of cycle

Scan Line (R9)

This 5-bit register contains the number of scan lines per
character row, including spacing minus one.

Cursor Start (R10) and Cursor End (R11)

These 5-bit registers select the starting and ending scan
lines for the cursor. In addition, bits 5 and 6 of R 10 are
used to select the cursor mode, as follows:

BIT
6 5 Cursor Mode
0 0 No Blinking
0 1 No Cursor
1 9] Blink at 16 x field period
1 1 Blink at 32 x field period

Note that the ability to program both the start and end
scan line for the cursor enables either block cursor or
underline to be accommodate. Registers R14 and R15

are used to control the character position of the cursor
over the entire 16K address field.

Display Start Address High (R12) and Low (R13)

These registers together comprise a 14-bit register whose
contents is the memory address of the first character
of the displayed scan (the character on the top left of
the video display, as in Figure 1). Subseguent memory
addresses are generated by the UMEB45E as a result of
CCLK input pulses. Scrolling of the display is accom-
plished by changing R12 and R13 to the memory address
associated with the first character of the desired line of
text to be-displayed first. Entire pages of text may be
scrolled or changed as well via R12 and R13.

Cursor Position High (R14) and Low {(R15)

These registers together comprise a 14-bit register whose
contents is the memory address of the current cursor
position. When the video display scan counter {(MA lines)
matches the contents of this register, and when the scan
line counter (RA lines) falls within the bounds set by
R10 and R11, then the CURSOR output becomes active.
Bit 5 of the Mode Control Register (R8) may be used
to delay the CURSOR output by a full CCLK time to
accommodate slow access memories.

LPEN High (R16) and Low (R17)

These registers together comprise a 14-bit register whose
contents is the light pen str_obe position, in terms of the
video display address at which the strobe occurred. When
the LPEN input changes from low to high, then, on the
next negative-going edge of CCLK, the contents of the
internal scan counter is stored in registers R16 and R17.

Update Address High (R18) and Low (R19)

These registers together comprise a 14-bit register whose
contents is the memory -address at which the next read
or update will occur (for transparent address mode, only).
Whenever a read/update occurs, the update location auto-
matically increments to allow for fast updates or readouts
of consecutive character locations.  This is described
elsewhere in this document.

Dummy Location (R31)

This register does not store any data, but is required to
detect. when transparent addressing updates occur. This
is necessary to increment the Update Address Register
and to set the Update Ready bit in the status register.

Description of Operation

Register Formats

Register pairs R12/R13, R14/R15, R16/R17,and R18/R19
are formatted in one of two ways:
1. Straight binary if register R8, bit 2 isa 0",

2. Row/Column if register R8, bit 2 is a "1”. In this
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case the low byte is the Character Column.and the
high byte is the Character Row,

Figure 4 illustrates the address sequence for the video
display control for each mode.

Note from Figure 4 that the straight-binary mode has
the advantage that all display memory addresses are stored
in a continuous memory block, starting with address O and
ending at 1919. The disadvantage with this method is that,
if it is desired to change a displayed character location,
the row and column identity of the location must be
converted to its binary address before the memory may
be written. The row/column mode, on the other hand,
does not need to undergo this conversion. However,
memory is not used as efficiently, since the memory
addresses are not continuous, but gaps exist. This reguires
that the system be equipped with more memory than is
actually used and this extra memory is wasted.. Alterna-
tively, address compression logic may be employed to
translate the row/column format into a continuous address

block.

In this way, the user may select whichever mode is best
for the given applicatioAn, The trade-offs between the
modes are software versus hardware.  Straight-binary
mode minimizes hardware requirements and row/column
requires minimum software.

Video Display RAM Addressing

There are two modes of addréssing for the video display

memory:

1. Shared Memory 8
In this mode the memory is shared between the MPU
address bus and the UMG845E address bus. For this
case, memory contention must.be resolved by means
of external timing and control circuits. Both the MPU
and the UMB845E must have access 1o the video display
RAM and the contention circuits must resolve this
multiple access requirement. Figure 5 illustrates the
system configuration.

TS | Rs :d:"':s ':eg' Re3- | Register Name Stored Info. | RD | WR (——— sReg;"e'SB'tz T
1 1T = =

0 0 |[—|=|—=|-|=| — | Address Reg. Reg. No. Vv Ag A3 Ay A |Ag
0 | 0 |—|=|={=|=| = |Status Reg. v ufL|v

0 T [0{0{0|0({0O{ RO | Horiz, Total #Charac, — 1 vV |e|e|e o o 0|0
0 1 [0]0]|0|0}1| R1 |Horiz, Displayed #Charac. Vie|le|e|ele o|e|e
0 1 (0{0|0|1|0| R2 | Horiz, Sync Position | #Charac. V] e|le|le|e|e|e|e|e

{ o] 1 [ofofofi]1] R3 |Wiyne. HSYNC | #Scan Lines and V V3 Vs |Vy (Ve [Hs [Hy [Hy [Hg
0 1 [0lo|1({0|0| R4 | Vert, Total #Charac, Row — 1 V) o o 0o |0 |0 |0 |0
0 1 (0o{0}1|0}1}| RB | Vert, Total Adjust #Scan Lines v oo |0 0o
[ O 1 1010|1[1]|0]| R6 | Vert, Displayed #Charac, Rows v o (o0 0|0 |0 |e
0 | 1 |olo|1|1]|1| R7 | Vert, Sync Poisition | #Charac, Rows Vv o|o e 0|00
0 1 [0[1{0({0[0O| R8 | Mode Control Vv {Ut{Up{C |D [T RC|li|lo
0 1 |0{1|0[0[1] RO |Scan Line #Scan Lines—1 Vv o (oo |00
0 1 [0[1]0}1]|0}R10 | Cursor Start Scan Line No. Vv Bi/Bo|® (@ @ |@® ]| @
0 1 |o[1]0]1[1[R11 | Cursor End Scan Line No. v o (o 0|00
0 1 |0]1|1]|0|0|R12 | Display Start Addr (H)| Row Vv N oo (000 e
0 1 [0|1]|1]0]1]R13 | Display Start Addr (L) | Col V| ie|le|e o |e|e|e]|e
0 T [0f1{1]|1]0|R14 | Cursor Position (H) Row VARV oo (0|00 |0
0 1 [0}1[1[1]1]E15 | Cursor Position (L) Col v e o o|o |0 0|0 e
0 1 |1|0[0{0|0|R16 | Light Pen Reg (H) v oo |0o (0|06
0 1 [1]0{0|0[1|R17 | Light Pen Reg (L) v oo |0 |0 0|0 |06
0 1 [110]|0|1|0|R18 | Update Location (H) v o|o e |0 e |e
0 1 [1]0]0|1[1]|R19 | Update Location (L) V]|ie|e|o|e o e |ele
o | v ['[hr{1[1]R31 { Dummy Location N N

Notes: E Designates binary bit

N . . . T m
& Designates unused bit, Reading this bit is always ‘0", except for

R31, which does not drive the data bus at all, and for CS=""1"

which operates likewise.

Figure 3. Internal Register Summary
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Straight Binary Addressing Sequence

[ TOTAL=90
r DISPLAY =80 I
o T 1 2 77 1 78 1 79 1 8 [ 8 89
g 80 81 82 157 158 159 160 161 169
I 160 161 162 237 238 239 240 241 249
< <>( ] ] ,
™ 1 ] 1l
. : :
p | (_/2 1 1 1
,j(_ (o} 1760 | 1761 1762 1837 1838 1839 1840 1841 1849
E L_g 1840 | 1841 1842 1917 1918 1919 1920 1921 1929
1920 [ 1921 1922 --- 1997 | 1998 [ 1999 [ 2000 | 2001 2009
2000 | 2001 | 2002 --- 2077 | 2078 | 2079 | 2080 | 2081 2089
2640 | 2641 | 2642 2217 | 2718 | 2719 | 2720 | 2721 2729
Row/Column Addressing Sequence
[ TOTAL=90
I DISPLAY =80
COLUMN ADDRESS (MAO-MA7)
l 0 1 2 77 78 79 80 81 89
[ o[ 0 1 2 - 77 78 [ 79 80 81 89
S X 1 256 257 258 --- - 333 334 335 336 337 345
o2 512 513 514 --- 589 590 591 592 593 601
> @ . i |
< ¢ J
® g3 : ; :
Y s g 21 [ : :
,<_f A © 22 | 5632 | 5633 | 5634 - - - 5709 | 5710 { 5711 | 5712 | 5713 5721
O I_ g 23 | 5888 | 5889 | 5890 - - - 5965 | 5966 | 5697 | 5968 | 5969 5977
= O 24 )6144 | 6145 | 6146 6221 6222 | 6223 | 6224 | 6225 - 6233
; 25 | 6400 | 6401 6402 6477 | 6478 | 6479 | 6480 | 6481 6489
o) i ] _ |
© 33 ] 8448 | 8449 | 8450 8525 | 8526 | 8527 | 8528 | 8529 --- 8637
Figure 4. Display Address Sequences (with Start Address = 0} for 80 x 24 Example
SYSTEM VSYNC ]
BUS

~

)

MAO-MA13

UM6845E
CRT CONTROLLER

RAQ-RA4

HSYNC

CURSOR

MPU
ADDRESS
BUS
\'4

DEO ADDRESS

VIDEO
DISPLAY

RAM

~  MPU
DATA

DATA

BUS

@ DISPLAY ADDRESS

MPU <::>
ADDRESS
CONTENTION
CONTROL

scan Lineq P
COUNT

CHARACTER

AV 4

b

DISPLAY ENABLE

SHIFT
REGISTER

CHARACTER
GENERATOR
ROM

Figure 5. Shared Memory System Configuration

SCAN LINE
DOT PATTERN

TO

}— VIDEQ

CIRCUITS
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2. Transparent Memory Addreessing.

UMG6845E / UMG6845EA /| UM6845EB

UMBBABE. All MPU accesses are made via the UM6845E
For this mode, the display RAM is not directly acces- and a small amount -of external circuits.

sible by the MPU, but is controlled entirely by the

Figure 6
shows the system configuration for this approach.

'

SYSTEM

BUS
M
UM6845E
CRT CONTROLLER
RA4 MAO-MA13 RAO-RA3
UPDATE DISPLAY/UPDATE SCAN LINE
STROBE ADDRESS COUNT
U Gy
DATA VIDEO ) CHARACTER
@ HOLD DISPLAY GENERATOR
LATCH RAM ROM
~  MPU .
DATA
BUS
CHARACTER CHARACTER
DATA DATA

Figure 6. Transparent Memory Addressing System Configuration (Data Hold Latch
needed for Horizontal/Vertical Blanking updates, only).

Memory Contention Schemes for Shared Memory
Addressing

® ¢1/¢9.2 Memory Interleaving

This method permits both the UMB845E and the MPU
access to the video display memory by timesharing
During the ¢ 1
portion of each cycle (the time when E is low), the
UMB6845E address outputs are gated to the video display
memory. In the ¢2 time, the MPU address lines are
switched in. In this way, both the UMG845E and the
MPU have unimpeded access to the memory. Figure 7

“
K
S
2
=
c
S
v
-
o
v}

From the diagram of Figure 4, it is clear that both the
UMB845E and the system MPU must be capable of
The UM6E845E
repetitively fetches character information to generate

via the system ¢1 and ¢2 clocks.

addressing the video display memory.

the video signals in order to keep the screen display active.
The MPU occasionally accesses the memory to change
the displayed information or to read out current data
characters. Three ways of resolving this dualcontention illustrates the timings.
requirement are apparent:

® Vertical Blanking

With this approach, the address circuitry is identical
8 MPU Priority

In this technigue, the address lines to the video display

to the case for MPU Priority updates. The only dif-
ference is that the Vertical Retrace status bit (bit 5

memory are normally driven by the UMB845E unless
the MPU needs access, in which case the MPU addresses
immediately overried those from the UM6845E and
the MPU has immediate access.

of the Status Register) is used by the MPU so that access
to the video display memory is only made during vertical
blanking time (when bit 5 is a “1"”}. In this way, no
visible screen pefturbations result.
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A

4 MPU CYCLE ——

[ P11 —— P2

rﬁ MPU CYCLE ——

-

VIDEO ] T
DISPLAY UM6845E MPU UM6845E MPU
MEMORY MAO-MA13 ADDRESS MAO-MA13 ADDRESS
ADDRESSES i | 1 C
] LD | T
Figure 7. ¢1/¢2 Interleaving
lj&——— MPU CYCLE ——le——— MPU CYCLE ——f
e\ v\
e— 1 —tt— P2 —»]
P
. |
DISPLAY UPDATE DISPLAY UPDATE
MAOMATS X ADDR >< ADDRI X ADDZ_X ADDR
|
I T | I

Figure 8. ¢1/¢2 Transparent Interleaving

Transparent Memory Addressing

In this mode of operation, the video display memory
address lines are not switched by contention circuits,
but are generated by the UMB8B4BE. In effect, the
contention is handled by the UMG6845BE. As a result,
the schemes for accomplishing MPU memory access are
different;

= ¢1/$2 Interleaving

This mode is similar to the Interlave mode used sed
¢2
address is generated from the Update Address Register
(Registérs R18 and R19) in the UMG845E. Thus,
the MPU must first load the address to be accessed
into R18/R19 and then this address is always gated

with shared memory. In this case, however, the

onto the MA lines during ¢2.
timing.

Figure 8 shows the

Horizontal/Vertical Blanking

Ih this mode, the Update Address is loaded by the
MPU, but is only gated onto the MA lines during
horizontal or vertical blank times, so memory accesses
To
signal when the update address is on the MA lines,

do not interfere with the display appearance.

an update strobe (STR) is provided as an alternate
function of pin 34. Data hold latches are neceésary
to temporarily retain the character to be stored until
the retrace time occurs. In this way, the system-MPU
is not halted waiting for the blanking time to arrive.
Figure 9 illustrates the address and strobe timing for

this mode.
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le——— HORIZONTAL/VERTICAL BLANKING ———=
DISPLAY

|
DISPLAY *
ENABLE CRT DISPLAY |

|

L

ADDRESSES = |
1

]

NON-DISPLAY j
o &

|
|
T )Y
|
|

|
|
; CRT DISPLAT ADDRESSES

2 O OOOMGEEE T T O00C

|

| 1

| | I

UPSTB | l \ |
| =

| |

Figure 9. Retrace Update Timings

Interlace Modes

0
There are three raster-scan display modes (see Figure . 4 &
A4
10). 2o &
3 D D
a) Non-Interlaced Mode 4 @ ﬂ @ p-
In this mode each scan line is refreshed at the vertical 5 © Y
N
‘field rate (50 or 60 Hz). 6T
7 e

In the interlaced scan modes, even and odd fields NON-INTERLACED

alternate to generate frames. The horizontal and ver-

tical timing relationship causes the scan lines in the EVEN FOEDD
FIELD IEL
odd fields to be displaced from those in the even fields. o
The two additional raster-scan display modes pertain . p 0
to interlaced scans. » Tl b—1 g
& R — 2 4
e 2T 5 g
b) Interiace-Sync Mode 2 3 Iv]
) rlace-Sy 4 & 8 8 ;5 2 . N
This mode is used when the same information is to 5 e 4 . =
. . . K
be displayed in both odd and even fields. Enhanced 6 P ~ 6
readability results because the spaces between adjacent 7 : g -

rows are filled and a higher quality character is dispiay- INTERLACED-SYNC

ed. This is achieved with only a slight alteration in
the device operation: in alternate fields, the position

EVEN opD
of the VSYNC signal is delayed by % of a scan line FIELD FIELD
time. This is illustrated in Figure 11 and is the only 0 © T 0

. . . . . 1
difference in the UMGB45LE operation in this mode. Pord ; 1
2'—:% p— \)
- R )

: 3 R i

¢) Interlaced Sync and Video Mode . B 4 3

This mode is used to double the character density on 5 d -0 4

[ 6

the screen by displaying the even lines in even fields 6 ~ e
and the odd lines in odd fields. As in the Interlace- 7 PN &H—

W\ 7

Sync mode, the VSYNC position is delayed in alternate
display fields. In addition, the address generation is
altered.

INTERLACED SYNC AND VIDEO

Figure 10. Comparison of Display Modes
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1 COMPLETE FIELD

DISPLAY

ENABLE
FOR CODD ”””Il”””””ll”l , I
FIELD _| : l

VSYNC ODD FIELD

RAO-RA4

% SCAN LINE TIME _..l -

VSYNC EVEN FIELD

DISPLAY

|

|

4

' I

ENABLE '
FOR EVEN
FIELD

— 1 l

1 SCAN LINE —™
DELAY

Figure 11. Interlace Sync Mode and Interlace Sync & Video Mode Timing

Cursor and Display Enable Skew Control

Bits 4 and 5 of the Mode Control register (R8) are used to delay the Display Enable and Cursor outputs, respectively.
Figure 12 illustrates the effect of the delays.

CCLK I | | | | I | I I I

| I

—

|
|
(NO DELAY) ’
1
|

(WITH DELAY) I

— |

.CURSOR T

DISPLAY (NO DELAY) I

ENABLE
POSITIVE

-
EDGE
(WITH DELAY)
(NO DELAY) l
DISPLAY

ENABLE
NEGATIVE

EDGE (WITH DELAY) |

—

Figure 12, Cursor and Display Enalbe Skew
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FRAME

VERTICAL DISPLAYED . FRAME

VERTICAL
BLANKING

DISPLAY |
ENABLE |

|

) 1

VERTICAL |
|

|

|
|
BLANKING |I '
STATUS
BIT |
(STATUS I I I
REGISTER 1 “0" =DISPLAY ACTIVE \
BIT 5)
? 1" = VERTICAL
BLANKING
SWITCHES STATE AT ACTIVE
END OF LAST DISPLAYED.
SCAN LINE.

Figure 13. Operation of Vertical Blanking Status Bit
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CRTC Register Comparison Table

NON-INTERLACE

Status Register

UM6845R )
- MC6845R UM6845
Register MC6845 UM6845E SYS6545-1
MC6845*1 HD6845R HD6845S
RO Htotal , Total-1 Total-1 Total-1 Total-1 Total-1
R1 Hdisp Actual Actual Actual Actual Actual
R2 Hsy’nc Actual Actual Actual Actual Actual
R3 Sync Width Horizontal Horizontal Horizontal Horizontal Horizontal
(& Vertical *1) & Vertical & Vertical & Vertical
R4 Vtotal Total-1 Total-1 Total-1 Total-1 Total-1
R5 Vtotal Adjustment Any Value Any Value Any Value Any Value Any Value
Except RS
R6 Vdisp Any Value Any Value Any Value Any Value Any Value
<R4 <R4 <R4 <R4 _ <R4
R7 Vsync - Actual-1 Actual-1 Actual-1 Actual-1 Actual-1
RS BO-1 Interlace Interlace Interlace Interlace Interlace
Mode B2 - - - Row/Column or | Row/Column or
Select Binary Addr. Binary Addr.
B3 - - - Shared or Shared or
Transparent Transparent
Addr. Addr.
B4 (Display Enable - Display Enable | Display Enable Display Enable
Skew *1) Skew Skew Skew
B5 (Display Enable: - Display Enable | Cursor Skew Cursor Skew
Skew *1) Skew
B6 (Cursor Skew *1) - Cursor Skew RA4/ RA4/
B7 (Cursor Skew *1) - Cursor Skew Transparent Transparent
R9 Scan Lines Total-1 Total-1 Total-1 Total-1 Total-1
R10 Cursor Start Actual Actual Actual Actual Actual
R11 Cursor End Actual Actual Actual Actual Actual
Write Only
R12/R13 Display Addr. Read Mirite Read/Write Read Mirite Write Only Write Only
{MC6845 & *1)
R14/R 15 Cursor Position Read/MWrite Read /Mrite Read Mrite Read /Write Read MWrite
R16/R17 Position Read Only Read Only Read Only ‘Read Only Read Only
R18/R19 Update N/A N/A N/A Transparent Transparent
Addr. Register Mode Only Mode Only
R31 Dummy Register N/A N/A N/A Transparent Transparent
Mode Only Mode Only
Yes (UM6845R) | No No Yes Yes
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CRTC Register Comparison Table {Continued)
INTERLACE SYNC

UM6845R
" MC6845R UM6845
Register MC6845 UMG6845E SY$6545-1
MC6845*1 HD6845R HD6845S
RO Htotal Total-1=0dd | Total-1=0dd | Total-1=0dd | Total-1 =0dd Total-1 = Odd
or Even or Even
INTERALACE SYNC AND VIDEO
R4 Vtotal Total-1 Total-1 Total-1 Total-1 Total/2-1
R6 Vdisp Total Total/2 Total Total Total/2
R7 Vsync Actual-1 Actual-1 Actual-1 Actual-1 Actual /2
R9 Scan Lines Total-1 Total-1 Total-1 Total-1 Total-1
Odd/Even Only Even Odd/Even Odd/Even Odd/Even
R10 Cursor Start Odd/Even Both Odd or Odd/Even Odd/Even Odd/Even
R11 Cursor End Odd/Even Both Even Odd/Even Odd/Even Odd/Even
lccLk . 2.5 MHz 2.5 MHz 3.7 MHz 3.7 MHz 2.5 MHz
Ordering Information
o]
°
Part Number CPU Clock Rate Package €
S
-
v
UM6845E 1 MHz Plastic
UMBB45EA 2 MHz Plastic
UMB845EB 3 MHz Plastic
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Features

B Fully programmable display format

® Programmable monitor sync. format

B Direct outputs to CRT monitor

® Binary, row-table driven or sequential video addressing
modes '

Programmable status row position and address reg-
isters

Bidirectional partial or full page smooth scroll

Attribute assemble mode

Double height, doubie width data row mode
Programmable DMA burst mode

Configurable with a variety of memory contention

General Description

The CRTC UM9007 is a next generation video processor/
controller—an MOS LS| integrated circuit which supports
either sequential or row-table driven memory addressing
modes. As indicated by the features above, the UM9007
provides the user with a wide range of programmable
features permitting low cost implementation of high
performance CRT systems. Its 14 address lines can directly
address up to 16K of video memory. This is equivalent
to eight pages of an 80 character by 24 line CRT display.
Smooth or jump scroll operations may be performed any-
where within the addressable memory. In addition, status
rows can be defined anywhere on the screen.

In the sequential video addressing mode, a Table Start
Register points to the address of the first character of the
first data row on the screen. It can be easily changed to
produce a scrolling effect on the screen. By using this
register in conjunction with two auxiliary address registers
and two sequential break registers, a screen roll can be
produced with a stable status row held at either the first
or last data row position.

In the row-table driven video addressing mode, each row
in the video display is designated by its own address. This
provides the user with greater flexibility than sequential
addressing since the rows of characters are linked by
pointers instead of residing in sequential memory locations.
Operations such as data row insertion, deletion, and replica-
tion are easily accomplished by manipulating pointers
instead of entire lines. The row table itself can be stored
in memory in a linked list or in a contiguous format.

The UM9007 works with a variety of memory contention
schemes including operation with a Single Row Buffer,
a Double Row Buffer such as the UM8312, or no buffer

UM9007
' CRT Controller h W

arrangements

Light pen register

Maskable processor interrupt line

Three-state video memory address bus

Partial or full page blank capability

Two interlace modes: enhanced video and alternate scan
line

Programmable for horizontal split screen applications
Graphics compatible

VT-100 compatible

RS-170 Interlaced composite sync. available

at all, in which case character addresses are output during
each displayable scan line. :

User accessable internal registers provide such features
as light pen, interrupt enabling, cursor addressing, and
CRTC status. Ten of these registers are used for screen
formatting with the ability to define over 200 characters
per data row and up to 256 data rows per frame. These
10 registers contain the "vital screen parameters’’.

vAaz [t ~ 40 [ 1GND
valo [ )2 39 ] vae
vas[]3 38 % VA1
vat1 []4 37 [ ] vas
va12 []s a6 [ ] vao
vas [ |6 35| ] cBLANK
va1z []7 34 [ JcuRrs
vas []s 33| ] Ack/TSC
vae []9 32 [ _J CSYNC/LPSTB
var ] 10 31 [ sLbssio
ALt 11 UMO07 o FrsTasur
vs[]12 29 [ 7] WBEN/SL2/CSYNC
HS[]13 28 %DMAR/SLS/VBLANK
CCLK E 14 27 {]INT
DRB[}15 26 | ) RST
vp7 []18 25[]Ts
vos [_]17 24 ] voo
vos [_}18 23 7] vo1
vDa[]19 22 EI' vD2
vp3 []20 21 1] Vee

8 ]



Features

®  On chip attributes logic
Reverse video
Character blank
Character blink
Undertine
Full/half intensity
m Four modes of operation
Wide graphics
Thin graphics
Character mode without underline
Character mode with underline
B On Chip logic for double height double width characters
B Accepts scan line information in parallel or serial format

General Description

The UMB321 Video Attributes Controller (VAC) is an
n-channel MOS/LS! device containing graphics logic,
attributes logic, data and attributes latches, cursor control
and a high speed video shift register. A character generator
ROM and a CRT Video attributes controller UM8321
provide all of the major circuitry for the display portion
of a CRT video terminal.

The UMB8321 serial video output may be connected directly
to 3 CRT monitor’s video input.

The UM8321 attributes include: reverse video, underline,
character blank, character blink, and full/half intensity
selection. In addition. When used in conjunction with
the UMS007, the UM8321 will provide double height or
double width characters.

Four programmable cursor modes are provided on the
UMB8321. They are underline, blinking underline, reserve
video character block, and blinking reverse video character
block. When used in the serial scan line input mode, the
cursor mode may be selected via two input pins. When
used in the parallel scan line input mode, the cursor mode
is @ mask program option and is fixed at the time of
manufacture.

Two graphics modes are provided. In the wide graphics
mode, the UMB321 produces a graphic entity the size
of the character block. The graphic entity contains eight
parts, each of which is associated with one bit of the input
byte, thereby providing 256 unique graphic symbols. The
thin graphics mode enables the user to create thin line
drawings and forms. ) )

CRT Video Attributes Controller(VAC)

umMms321

B Four cursor modes dynarnically selectable via 2 input
pins

Underline

Blinking underline

Reverse video

Blinking reverse video
Programmable character blink rate
Programmable cursor blink rate
On chip data and attribute latches
+5 volt operation
TTL compatible
MOS n-Channel silicon gate
Compatible with UMS007

In both graphics rnodes, continuous horizontal and vertical
lines may be drawn. Additiona! flexibility is provided by
allowing the mask programming of the placement and
dimensions of the blocks or lines within a character block.
In the thin graphics mode, mask programming allows
serrated horizontal or vertical lines.

Pin Configuration
po [ 11 N~ o
mso []2 " 27Dp2
mst []3 26 | 1o3
REVID [ |4 25 ] D4
cHABL [ |5 241 D5
sLINK []6 23 1ps
INTIN [(]7 22 D7
+5v [|8 Umg321 21 %W
ATTEN [ |9 20| ]GND
INTOUT [] 10 19 []SLoO/SLD
CuRrsor [N 18 [ ] SL1/SLG
RETBL []12 17 []SL2/BLC
orsH []13 16 [ SL3/BKC
vIDEO [|14 . 15 []vbC

Kh—R7
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Absolute Maximum Ratings*

Operating Temperature Range
Storage Temperature Range
Lead Temperature (soldering, 10sec.}) ........ +325°C

, *Comments
....... 0°C to +70°C Streeses above those listed may cause permanent damage
—55°C to +150°C to the device. This is a stress rating only and functional

Positive Voltage on any Pin, with respect to

ground . ... e

Negative Voltage on any Pin, with respect

toground . ...

operation of the device at these or at any other condition
above those indicated in the operational sections of this
specification is not implied.

Note: When powering this device from laboratory or

—0.3Vv system power supplies, it is important that the Absolute

Maximum Ratings not be exceeded or device failure can
result. Some power supplies exhibit voltage spikes or
"“glitches” on their outputs when the AC power is switched
on and .off. In addition, voltage transients on the AC
power line may appear on the DC output. If this possibility
exists it is suggested that a clamp circuit be used. .

Block Diagram

D7-DO

SERIAL SCAN LINE

.CURSOR
RETBL

O/sH

ATTEN ——

MS1 —]
REVID ——
CHABL ——»
BLINK ——of
INTIN & ——]

[ z0->- Ia———.l;n—nw-]

VSYNC

ITOAP>r

SHIFT REGISTER
D17-D10 )
SLO/SLD
SCAN SL1/SCG
! = LINE e siomic
MODE
SINGLE/DOUBLE DETECT e SL3/BKC
HEIGHT/WIDTH ATTRIBUTE
LoGIC AND VSYNC
GRAPHIC
LOGIC
BLINK
RATE
LOGIC
8 BIT SHIFT REGISTER VIDEO
t vDC
L
A
T INTOUT
c
3]
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Electrical Characteristics (T = 0°Cto 70°C, V¢c = +5V % 5%, unless otherwise noted)
D.C. CHARACTERISTICS

Parameter Min. Typ. Max. Units Conditions
Input Voltage Levels
Low Level Vy_ 0.8 \
High Level Vi1 2.0 Y All inputs except VDC, LD/SH
High Level V|2 4.3 \ For VDC, LD/SH fnput

Output Voltage Levels

Low Level Vg 0.4 \ loL £ 0.4 mA
High Level Vo 2.4 \Y lon = 100u4A
Input Leakage Current
Leakage (1 10 uA 0=V N < Vg excluding VDC, LD/SH
Leakage ! 2 50 MA 0<V )y <V, for vDC TD/SH
Input Capacitance
Cint 10 pf Excluding VDC, TD/SH
Cinz 20 pf For LD/SH
CiN3 25 pf For VDC

F;ower Supply Current
ICC 60 80 mA

A.C. CHARACTERISTICS

Parameter Min. Typ. Max. Units " Conditions %

vVDC é

1/tcy1 VDC Frequency 1.0 285 MHz E

tckL VDC Low 10 ns

tckH VDC High 10 ns

tckR VDC Rise Time 10 10 ns Measured from 10% to 90% points

tckF VDC Fall Time 10 ns Measured from 90% to 10% points
LD/sH

tcy?2 315 ns

131 7 ns

H1 0 ns

fnput Setup and Hold

152 35 i ns
tH2 0 ns
Misceilaneous Timing
tPD 35 ns CL =15 pf
1DW tCY2
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Pin Description

Pin No.

Name

Symbol

Functions

23, 22

1, 28, 27,
26, 25, 24,

Data

D7-D0O

In the character mode, the data on these inputs is passed through the
Attributes logic into the 8 bit high speed video shift register. The binary
information on D7 will be the first bit output after the LD/SH input goes
low.

In the thin or wide graphics mode these 8 inputs will individually control
the on/off condition of the particular portion of the character block of
line drawing. Figure 4 and Figure 5 illustrate the wide and thin graphics
modes respectively and their relationships to D7-D0.

Mode Select 0
Mode Select 1

MSO
MS1

These 2 inputs define the four modes of operation of the UM8321 as
follows:
MS1, MSO = 00; Wide graphics mode
=10; Thin graphics mode
= 01; Character mode without underline
=11, Character mode with underline
See section entitled Display Modes for details.

Reverse Video

REVID

When this input and Retrace Blank (RETBL) are both low, data from the
Attributes and Graphics logic is presented directly to the video shift regis-
ter. When this input is high and RETBL is low, the Attribute and Graphics
logic will invert the data before presenting it to the video shift register.

Character blank

CHABL

hen this input is high, the parallel inputs to the video shift register are
aN_set low (or high depending on the state of REVID) thus prowdmg a
constant video level for the entire length of the character block.

Blink

BLINK

When this input is high and both the RETBL and CHABL inputs are low,
the character will blink at the programmed character blink rate. Blinking
is accomplished by causing the video to go to the background level during
the “off” portion of the Character Blink cycle. This video level may be
either the white or black level depending on state of REVID. The duty
cycle for the character blink is 75/25 (on/off). This input is ignored if it
coincides with the CURSOR input and the cursor is formatted to blink.

Intensity In

INTIN

The INTIN input along with the INTOUT output provides a user controlled
general purpose attribute. Data input to INTIN will appear at INTOUT
with the same delay as that from any other attribute input to the serial
video output (VIDEO). By using an external mixing circuit, it is possible
to raise or lower the voltage level of the video output to produce such
attributes as "‘half intensity” or “intensity’’.

Supply Voltage

+5V

+5 volt power supply.

Attribute
Enable

ATTEN

When this input is high, the internal attributelatch is updated at the posi-
tive going edge of the LD/SH input with data appearing on the REVID,
CHABL, MS1, MSO, BLINK and INTIN inputs. By selectively bringing this
input high, the user will update the attribute only at specific character
times; all subsequent.characters will carry with them the attributes last
updated thus allowing “field’”” or “embedded” attributes. When using a,
wide video memory where attribute bits are attached to every character,
the internal attribute latch may be updated at each character by tieing
this input high (thus allowing for “invisible’’ attributes).

10

Intensity Out

INTOUT

This output is used in conjunction with the INTIN Input to provide a
three character pipeline delay to allow for general purpose attributes
(such as intensity) to be implemented. See INTIN (pin 7).

"

Cursor

CURSOR

When this input is high and RETBL is low, the programmed cursor format
will be displayed. When this input is high, and RETBL is high, the UM8321
enters the double width mode. See section entitled cursor formats for
details.
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Pin Description (Continued)

Pin No. Name Symbol Functions

12 Retrace Blank RETBL When this input is high, the paralle! inputs to the video shift register are
unconditionally cleared to all zeros and loaded on the next TD/SH pulse.
This forces the VIDEO output to a low voltage level, independent of all
attributes, for blanking the CRT during horizontal and vertical retrace time.

13 Toad/Shift LD/sH The 8 bit video shift register parallel-in load or serial-out shift operation is
established by the state of this input. When high, this input enables the
shift register for serial shiftingwith each video dot clock pulse {VDC input).
When low, the video shift register is parallel loaded on the next video dot
clock puise and all data.and attributes are moved to the next position in
the internal pipeline. In addition, input data and attributes are latched
on the positive transition of LD/SH.

14 Video VIDEO The Video output provides the serial dot stream to the CRT. Video is
ﬁfted out on the rising edge of the video dot clock VDC. The timing of
LD/SH input will determine the number of backfill dots. See Figure 1.

|#——— tCY1 ——e
ICKH -——-1
— T\
tCKR

ICKF
la—

CKL |- tpy1— —

—_— tSi 7
B/sH \ S £, N\
F 152 —-—._331
ALL INPUTS
(EXECPT VDC, LD/SH) X

tcy2
vDC }

VIDEO OR INTOUT )

tPD

-
X
°
2
=
€
(<]
Y]
-
=4
)

RETBL
: Dw
CURSOR
(FOR DOUBLE WIDTH)

Figure 1. UM8321 Input/Output Timing

PIN No. Name Symbol Functions
15 Video Dot vDC This input clock controls the rate at which video is shifted out on the
Clock VIDEOQO output.
16 Scan line SL3/BKC This input has two separate functions depending on the way scan line
| 3/Block Cursor 1 information is presented to the UM8321.

Parallel scan line mode — This input is the most significant” bit of the

binary scan line row address. ‘ '
Serial scan line mode — This input controls the cursor’s physical dimen-

sions.. If high the cursor will appear as a reverse video block (the entire

character cell will be displayed in reverse video). If low, the cursor will

appear as an underline on the scan line(s) programmed. .
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Pin Description (Continued)

Pin No. Name Symbol Functions
17 Scan line SL3/BLC This input has two separate functions depending on the way scan line
: 2/Blink Cursor information is presented to the UM8321.
. Parallel scan line mode — This input is the second most significant bit of
“the binary scan line row address.
Serial scan lineé mode — This input if low, will cause the cursor to alternate
between normal and reverse video at the programmed cursor blink rate.
The duty cycle for the cursor blink is 50/50 (on/off). If this input is high,
the cursor will be non-blinking. )
18 Scan Line SL1/SLG This input has two separate functions depending on the way scan line
1/Scan Line information is presented to the UM8321.
Gate Parallel scan line mode — This input is the next to the least significant bit
of the binary scan line row address.
Serial scan line mode — This input will be low for 5 or 6 LD/SH pulses to
allow the scan line information to be serially shifted into the serial scan
line shift register. If this signal is low for 7 or more LD/SH pulses, the
UM8321 will assume the parallel input scan line row address mode.
19 Scan line SLO/SLD This input has two separate functions depending on the way scan line
O/Scan Line information is presented to the UM8321. Refer to Figure 2.
data Parallel scan line mode — This input is the least significant bit of the
binary scan line row address.
Serial scan line mode — This input will present the scan line information
in serial form (least significant bit first) to the UM8321 and permits the
proper scan line information to enter the serial scan line shift register
during the TD/SH pulses framed by SLG (pin 18).
/s g o u o u u u u

| =

1 ] 1
: ! |
| l {
. L ]
| | |
| | |

L

X x X oswo X sut X sz Xsta X sa X

SLD X
r—— NOT USED BY UM8321
Figure 2. Serial Scan Line Mode Timing
PIN No. Name Symbol Functions
20 Ground GND Ground
21 Vertical Sync VSYNC [, This input is typically connected to the vertical sync output of the CRT

controller and is used as the clock input for the two on-chip mask pro-
grammable blink rate dividers. The cursor blink rate (50/50 duty cycle)
will always be twice the character blank rate (75/25 duty cycle). In
addition, the internal attributes are reset when this input is low. The
VSYNC .input is also used to determine the scan line mode (paraliel or
serial) used. See the section “Scan Line Input Modes”.
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Attributes Function

Retrace Blank

Reverse Video

Character Blank

The RETBL input causes the VIDEO
to go to the zero (black) level regard-
less of the state of all other inputs.

The REVID input causes inverted
data to be loaded into the video
shift register.

The CHABL input forces the video
to go to the current background
level as defined by Reverse Video.

time and allowing the normal video
for 75% of the time. When the
cursor is programmed to blink (not
controlled by the BLINK input), the
video alternates from normal to
reverse video at 50%- duty cycle.
The cursor blink rate always over-
rides the character blink rate when
they both appear at the same charac-
ter position.

Underline — MS1,MSO=1, 1 forces the video to Intensity — The 'NT[N input and the INTOUT
go to the inverse of the background (Half Intensity) output allow an intensity (or half
level for thescan lines(s) programmed intensity) attribute to be carried
for underline. through the pipeline of the UM8321.
An external mixer can be used to
Blink — The BLINK input will cause charac- combine VICEO and INTOUT to
ters to blink by forcing the video to create the desired video level. See
the background level 26% of the Figure 3a and Figure 3b.
THREE
STATE
DRIVER
B D—l
]
: i
¢ oF i
H 2
CHARACTER S
ROM D7-00 =
(o]
[¥]
=
umM8321 &
VAC
SYSTEM RAM
OR
SINGLE ROW -
BUFFER SL3:SL0 sL3sLo  VIDEO = ¥
FROM f— R M VIDEO
OR CRT VSYNC o VSYNC g TO MONITOR
DOUBLE ROW CONTROLLER | RETBL RETBL  INTOUT |+ =&
BUFFER CURSOR CURSOR
MS¢
Ms1
BLINK
CHABL
INTIN
REVID
ATTEN
TO/sH
vDC

CLOCK
GENERATOR

Figure 3a: UM8321 System Configuration in Parallel Scan Line Mode
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THREE
STATE
DRIVER

ml
=

CHARACTER
ROM

I L
A
T
C
H

D7-D0

UM8321
VAC

(o)
QoeNwsNl

SYSTEM RAM
OR
SINGLE ROW
BUFFER EE

To

SLG - SLG
SLD SLD
VSYNC o VSYNC
OR RETBL RETBL  INTOUT |
DOUBLE ROW CURSOR CURSOR
BUFFER msp
MS1
BLINK
CHABL
INTIN
REVID
ATTEN
TO/SH
vDC

VIDEO =

VIDEQ
TO MONITOR

DMX =L

CONTROLLER

BKC BLC

PHOGRAMMED{ ._l

CLOCK
GENERATOR

Figure 3b: UM8321 System Configuration in Serial Scan Line mode

FOR CURSOR
FORMAT

Table 1 illustrates the effect of the REVID, CHABL, UNDLN attributes as a function of the cursor format and the CURSOR
and RETBL inputs.

Table 1. UM8321 Attribute Combinations

UM8321 Inputs

Cursor Format Video Shift Register Loaded With
Retbl Cursor Revid Chabl Undin
1 X X X X All zero's
0 0 0 0 0 Data
0 0 0 0 1 DATA for selected scan line(s); Data for all
other scan lines
X 0 0 0 1 X ‘All zero's
0 1 0 0 DATA
0 0 1 0 1 DATA for selected scan line(s); data for all
other scan fines
0 0 1 1 X One’s for all scan lines
0 0 x1 DATA for selected scan line(s) for cursor;

data for all other scan lines

0 1 0 1 x1 One's for selected scan line(s) for cursor;
zero's for all other scan lines

Underline? —
0 1 1 0 x1 DATA for selected scan line (s) for cursor;
Data for all other scan lines

0 1 1 1 x1 Zero's for selected scan line(s) for cursor;
one's for all other scan lines
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Table 1. UM8321 Attribute Combinations (Continued)

UMB8321 Inputs
Cursor Format Video Shift Register Loaded with
Retbl Cursor Revid Chabl Undin
0 1 0 0 x1 DATA for selected scan line(s) blinking;
" Data for all other scan lines.
0 1 0 1 x1 One’s for selected scan line(s) blinking;
Blinkin93 zero's for all other scan lines.
Underline 0 1 1 0 x1 DATA for selected scan line(s) blinking;
Data for all other scan lines.
0 1 1 1 x1 Zero's for selected scan line(s) blinking;
one’s for all other scan lines.
0 1 0 0 0 Data for all scan lines.
0 1 0 0 1 Data for selected scan line(s) for underline;
data for all other scan lines.
0 1 0 1 X One’s for all scan lines.
Revid Block
0 1 1 0 0 Data for all scan lines
0 1 1 0] 1 DATA for selected scan line(s) for underline;
data for all other scan lines
0 1 1 1 X Zero's for all scan lines
0 1 0 0 0 On Off
Data for all scan lines Data for all scan lines
0 1 0 ¢} 1 Data for selected Data for selected
scan line(s) for scan line(s) for
underline; Data for underline; Data for
all other scan lines all other scan lines
Blinking®
0 1 0 1 X One’s for all scan lines Zero's for all scan lines
Revid Block
0 1 1 0 0 Data for all scan lines Data for all scan lines
0 1 1 0 1 DATA for selected DATA for selected
scan line(s); Data scan line(s); Data
for all other scan lines for all other scan lines
0 1 1 1 X Zero's for all scan lines | One’s for all scan lines

1 —if the programmed scan line(s) for cursor and underline coincide, the cursor takes precedence; otherwise both are

displayed.

2 — at programmed scan line(s) for underline

3 — at cursor blink rate

Note: cursor blink rate overrides character blink rate.
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Display Modes

Inputs MS1 and MSO select one of four display modes. All
attributes except underline operate independent of the
display mode used. Figures 3a and 3b illustrate a typical
UMB321 configuration which operates in all display modes
for both the parallel and serial scan line modes respectively.

MS1, MSO=00 — Wide Graphics Mode.
— In this display mode, inputs D7-D0

SL3-SLO ROW #
: C7 C6 C5 C4 C3 C2 C1 CO BF BF 0 0 o

define a graphics entity as illustrated
in figure 4. Note that individual bits
in D7-DO will illuminate particular
portion of the character block.
Table 2 shows all programming
ranges possible when defining the
wide graphic boundaries. No under-
line is possible in this display mode.

[D7|D6|D5ID4|D3|D2‘D1lDOIDATA INPUT ON D7-DO

0000 RO I a

0001 A1 D7 p3 | ‘l H3

0010 R2 ‘ | __}_

0011 R3 T

0100 R4 D6 D2 : b He

0101 R5 ‘ !

0110 Re | _”'; N

0111 R7 D5 D1 | |1

1000 RS 1

1001 R9 } |

1010 R10 | |

1011 R11 . | !

1100 . R12 D4 po | ' Ho

101 R13 | [

1110  Ri4 : :

1111 R16 [ R
|

| |
| w1 I wo —

H3, H2, H1, HO, W1, WO are mask programmable

Figure 4. Wide Graphics Mode for Standard UM8321

Table 2. Wide Graphics Mask Programming Options

Options Choices Standard UM8321
Height of graphic block*
D7 and D3 any scan line(s) RO, R1, R2
D6 and D2 any scan line(s) R3, R4, RS
-D5 and D1 any scan line(s) R6, R7, R8
D4 and DO : any scan line(s) R9, R10, R11, R12, R13, R14, R15
Width of D7, D6, D5, D4** any number of dots 0 to 8 C7,C6,C5,C4
Width of D3, D2, D1, DO** any number of dots O to 8 C3,C2, C1, COo, BF

* Any graphic block pair can be removed by programming for zero scan lines.

** Total number of dots for both must be equal to the total dots per character with no overlap.

MS1, MSO=10 — Thin Graphics Mode.
In this display mode, inputs D7-DO
define a graphic entity as illustrated
in figure 5. Note that individual bits
in D7-DO will illuminate particular
horizontal or vertical line segments

within the character block. Table 3
shows all programming ranges pos-
sible when defining the thin graphics
boundaries. No underline is possible
in this display mode.
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SL3-SLO ROW # HORIZONTAL LENGTH VERTICAL POSITION
C7 C6C5C4 C3 C2Cl1CO BFBF o

0000 RO D4 -7 D2 C7-C3 PROGRAMMABLE

0001  R1 - D3 C3BF PROGRAMMABLE

0010 R2 | D4 C7-BF* PROGRAMMABLE

0011 R3 D7 DO os ! D5 C7-BF* PROGRAMMABLE

0100 R4 I

0101 RS D2 D3 |

oo re - VERTICAL HEIGHT HORIZONTAL POSITION

ot Ry |I Do RO-R5 PROGRAMMABLE

183? 22 D1 | D1 R6-R15 PROGRAMMABLE
! D6 RO-R15* PROGRAMMABLE

1010 R10 — 07 RO-R15* PROGRAMMABLE

1011 R11 D5 !

1100 R12 - ":

H?é e : [o7] o6 [bs[o4]o3]o2]01[00] para input on D700

1111 R15 || L L___J * These values are fixed

Figure 5. Thin Graphics Mode for Standard UM8321

Table 3. Thin Graphics Mask Programming Options

Options ’ Choices Standard UM8321

Backfill C1or CO Cco

Horizontal position for

D2 and D3 any scan line(s) RO-R15 R5
Da any scan line(s) RO-R15 RO
D5 any scan line(s) RO-R15 R11

Horizontal length for

D22 any continuous dots C7-CO, BF c7-C3 &

D32 all dots not covered by D2 C3-BF i;’
o

Blanked dots for serrated horizontal lines : )

o

D2 any dot(s) C7-CO, BF none v

D3 any dot{s) C7-CO, BF A none

D4 and D5 : any dot(s) C7-C0O, BF none

Vertical position for

DO and D1 any dot(s) C7-CO, BF Cc3
D6! any dot(s) C6-CO, BF BF
D7} any dot(s) C7-CO c7

Vertical length for

DO any scan line(s) RO to RS

D1 all scan lines not used by DO R6 to R15
D6 no choice; always R0O-R15 RO to R15
D7 no choice; always RO-R15 RO to R15

1 — D7 must always come before D6 With no overlap; otherwise D6 is lost.
2 — D2 and D3 must always over only one dot.
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MS1, MSO=01 — Character Mode Without Underline.
In this display mode, inputs D7-D0O
go directly from the input latch to
the video shift register via the
Attributes and Graphics logic. This
mode requires either a bit mapped
system RAM (1 bit in-RAM equals
1 pixal on the CRT) or an external
character generator as shown in
figures 3a and 3B.

MS1, MSO=11 — Character Mode With Underline.
Same operation as MS1, MSO = 01
with the underline attribute ap-
pearing on the scan line(s) mask
programmed.

BACKFILL

Backfill is a mechanism that allows a character width
of greater than 8 dots and provides dot information
{usually blanks) for all dot positions beyonds 8. The
character width is defined by the period of the LD/SH

Table 4. Cursor Formats

input. For the character modes, backfill is added to the
tail end of the character by two methods which are mask
programmable.

Method A — The backfill (BF) dots will be the
same as the dot displayed in posi-
tion C7.

Method B — The backfill (BF) dots will be the

same as the dot displayed in posi-
tion CO.

For the wide graphics mode, the backfill dots will always
be the same as the dot displayed in position CO (method
B) with no programmable option.

CURSOR FORMATS

Four cursor formats are possible with the UM8321. if
the parallel scan tline input mode is used, one of four
cursor formats may be selected as a mask programmed
option. If the serial scan line input mode is used, the cursor
format is selected via input pins 16 and 17 (SL3/BKC, SL.2/
BLC). See Table 4. The four cursor modes are as follows:

Scan Line Input Mode Pin 17 Pin 16 Cursor Function
1 0 Underline
Serial 1 1 Reverse Video Block
0 0 Blinking Underline
0 1 Blinking Reverse Video Block
Parallel X X Mask programmable Only

The cursor will appear as an under-
line. The position and width of
the cursor underline is mask pro-
grammed.

Underline -

Blinking Underline— The cursor will appear as an under-
line. The underline will alternate
between normal and reverse video
at the mask programmed cursor
blink rate.

Reverse Video — The cursor will appear as a reverse

Block Video Block (The entire character
cell will be displayed in reverse
video).

The cursor will appear as a reverse
video ulock and the entire block
(character plus background) will
alternate between normal and reverse
video at the masked programmed
cursor blink rate.

Double Width Mode
In order to display dobuble width characters, video must

Blinking Reverse —
Video Block

be shifted out at half frequency and the video shift
register must receive new information (parallel load)
every other TD/SH input pulse. In order to divide the
video dot clock (VDC) and the LD/SH pulse internally
at the proper time, the cursor input should be pulsed
during RETBL prior to the scan line to be displayed as
double width. The CURSOR input must remain low for
a minimum of 1 LD/SH period from the leading edge
of RETBL. The CURSOR input can stay high for the
entire RETBL time but should not extend into active
video. If it does, a cursor will be displayed. It is assumed
that the CRT controller knows when a particular. scan
line should be double width and it should activate the
CURSOR in the manner just described. Double height/
double width characters can also be displayed if the scan
line count is incremented by the CRT controller every
other scan line. With respect to the UM8321, no distinc-
tion between double width and double height display
is necessary. Figure 6 illustrates timing for both single
and double width modes. The UM9007, which supports
double height double width characters, will produce the
CURSOR signal as required by the UMB8321 with no
additional hardware.

5—-68



ums321

1
1
I

S | | T O N VI | R VI T I
] 1 1 [ [l
1 H ! ' | i | 1 \ ' 1
1 | ! ! | \ 1 | | ) |
| | | | | H | 1 h H |
1 l ! [ | ! ! 1 I 1
RETBL \ \ | ) | ) | 1 | | )
I
1 | [} 1 ] ] ] i 1 ]
! I | I | | | ! | | !
! | | ] | | | | | 1 1
| | | | | ] | | | )
07-00
NORMAL CHARN X X X X XCHAR gxcHAR 1x HAR ZxCHARSXCHAH AXCHARS
WIDTH
| | T T | | | |
i ! ! | 1 | | i I t
( 1 | Il | 1 | I
! ! i ! 1 i
07-00 <
DOUBLE CHARN/2 x X X X xCHAR EX XX XCHAR 1( XX XCHAH 2X XX
WIDTH / . - ISm— | 1
! 1 | ] 1 J) I ' I
| 1 | | 1 1 I 1 | |
| | | | 1 ! i | | i
D17-D10
NORMAL CHAR (N-1) XCHAR NX X X X xCHAR 0 x CHAR1 XCHAR 2 x CHAR 3 XCHAR 4
WIDTH
1 v ! T ! 1 | I ]
! | 1 | | 1 1 | | 1 |
1 ! ! | ! | ! | | (
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I | | N | | 1 ! 1
VIDEO \ \ ! | ! A . !
|
NORMAL VIDEO (N-2) V",E’f)o V'REO\ | BLANKING | /vmeoo*vmsow X\/mso 2x VIDEO 3x
WIDTH
| | | | | ! | |
1 | | ! \ 1 ! ! i 1
I i 1 \ | | 1 I 1 i
i 1 | I | | | ! 1
VIDEO | I ' M
DWOB?::!E VIDEO (N/2-1) x VIDEO N/2 | BLANKING | / VIDEO 0 x VIDEO 1 X:
] 1 ] 1 | ] 1 | | 1
! | ] 1 1 1 ' \ ' i
} | 1 | 1 : 1 1 | !
ATTRIBUTE IN' ! ! : | ! il i l
Riviation X X X X ATTO * ATT1 N ATT2 * ATT 3 xATTtl x ATTS x ATT & N
[l 1 1 1 ) t
I I ! | | | | I ! 1
| 1 1 [} | 1 | | I
ATTRIBUTE OUT’ | \ . . { \ !
NORMAL INT (N-2} xINT(N nx INT N x X X . XATTO ATT1 X ATT2 XATT3
WIDTH
1
| 1
|
|

ATTRIBUTE IN'

T
1
|
{ 1

g ) G5 28 X

I
|
XX *ATT?’ XX NATTS‘

ATTRIBUTE IN'
DOUBLE X X
WIDTH

<

1 I
! [}
1 |
|
ATTO x ATT 1 N

Attributes include MSO, MS1, BLINK, CHABL, INTENSITY, REVID

Figure 6. UM8321 Functional 1/0 Timing

Scan Line Input Modes

Scan line information can be introduced into the UM8321
in parallel format or serial format. Table b illustrates
the pin definition as a function of the scan line input
mode. The UMB8321 will automatically recognize the
proper scan line mode by observing the activity on pin
18. In parallel mode, this input will be stable for at
least 1 scan line and in serial mode this input will remain
low for about 5 or 6 LD/SH periods. If pin 18 goes
active low for less than seven but more than two con-

Table 5. Pin Definition for Parallel and Serial Scan Line Modes

tinuous LD/SH periods during the last scan line that has
an active low on the VSYNC input, the serial mode will
be locked in for the next field. The parallel scan line
input mode will be selected for the next field if the
following two condition occur during VSYNC low time.
First, at least one positive transition must occur on pin
18 and second, pin 18 must be low for seven or more
LD/SH periods. Refer to Figure 7 for timing details.

UM8321 Pin Number

Scan Line Input Mode

19 18 17 16
Serial SLD SLG BLC BKC
Parallel SLO SL1 SL2 SL3

5—-69

-
2
o
o
o
c
el
v
-
4
U




Oume umss2:

o | (ipipiniginiginininigin
| . i !

D S R R e W s

sL1/5LG BN A Ay, | . N STABLE 27 TO/sH }J-T—

SET SERIAL SET PARALLEL
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Figure 7. Serial/Parallel Scan _Line Mode Selection Timing

Program Otpions

The UMB8321 has a variety of mask programmed options. illustrates the range of the miscellaneous mask pro-
Tables 2 and 3 illustrate the range of these options for grammed options. In addition, Table 2, 3 and 6 show
the wide and thin graphics modes respectively. Table 6 the mask programmed options for the standard UM8321.

Table 6. Miscellaneous Mask Programming Options

Options Choices Standard UM8321
Backfill in character mode C7 or CO Cc7
Character blink rate 8 to 60; divisible by 4 ’ 32
(division of VSYNC frequency) (7.5 Hz to 1 Hz)! (1.875 Hz)!
Cursor blink rate? TWiCilti:i Cer;aCter (3.7;6Hz)1
Character underline position any scan line(s) RO-R15 R11
Cursor underline3 any scan line(s) RO-R15 not applicable
Underline

Blinking underline
Reverse video block
Blinking reverse video block

Cursor format* Blinking reverse video block

1 — Assumes VSYNC input frequency of 60 Hz. 3 — Valid only if the cursor is formatted for underline.
2 — Valid only if the cursor is formatted to blink. 4 — Valid for the parallel scan line mode only.

Ordering Information

Part No. Operation Option Package Type
8321A 30 MHz Plastic
8321B 28.5 MHz Plastic
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Features

® [ ow cost solution to CRT memory contention problem

B Provides enhanced processor throughput for CRT
display systems

® Replaces shift registers or several RAM and counter
IC’s in CRT display system

® Permits display of one data row while next data row is
being loaded -

® Data may be written into buffer at less than the video
painting rate .

® Double data row buffer permits second data row to
be loaded anytime during the display of the preceding
data row

General Description

The UM8312 Double Row Buffer (RDB) provides a low
cost solution to memory contention between the system
processor and the CRT controller in video display systems.

The UM8312 DRB is a RAM-based buffer which provides
two rows of buffering. It appears to the system as two
octal shift registers of dynamically variable length (2-135
bytes) plus steering logic.

.Double Row Buffer(DRB)

ums3ii2

™ Permits active video on all scan lines of data row

® Dynamically variable number of characters per data
Row—. .. 64, 80, 132,.... up to a maximum of 135

® Cascadable for data rows greater than 135 characters

Stackable for “Invisible Attributes’” or character widths

of greater than 8 Bits

Three-state outputs

Up to 4 MHz read /write data rate

Compatible with UMQ0O07 and other CRT controllers

28 pin dual-in-line package

+5 volt only power supply

TTL compatible

The UMB312 permits the loading of one data row while
the previous data row is being displayed. The loading of
data may take place during any of the scan line times of
the data row. This relaxed time-constraint allows the
processor to perform additional brocessing on the data or
service other high priority interrupt conditions (such as a
Floopy Disk DMA request) which may occur during a single
video scan line. The result is enhanced processor throughput
and flicker-free display of data.

Pin Configuration Block Diagram
DIN2 1 ~ 28 ;DIN3
— — 1
ot [ ]2 27 [GWCLK AORRESS [AoprTo | fieMh
DINO []3 26 [_]OE
DOUT? []4 25 [JWEN2
pouTe (|5 24 [JWEN1 L ocTaL L
5 A 21 A 3 STATE
pDouTs []6 23 {CJGND DIN7-0 < MUX z DRIVER :>
pouta []7 22 [ ]1ROF H 1/0 CONTROL H bourz-0
ums312
vee ] 21 [CJwoF @
pouTs []9 20 [T1REN - 196
——— ADDRESS RAM2 0E
pouT2 []10 19 [C]CLRCNT lcoumeaz 35x3 J D
—_— - READ/WRITE [ REN
pouTt |11 18 [_]TOG CONTROL WeLk
= DI
pouTo [}12 17 . JRCLK WEN2
 —— ROF
piN7 ] 13 16 [_DIN4 RoF
DING [ 14 15 DIN5
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Ums312

Absolute Maximum Ratings*

Operating Temperature Range . . . . ... ... 0°C to +70°C
Storage Temperature Range ... ..... —55°C to + 150°C
Lead Temperature (soldering, 10sec.) ... ... .. +325°C
Positive Voltage on any Pin, with respect to ground |

Electrical Characteristics

D.C. CHARACTERISTICS

*Comments

Stresses above those listed may cause permanent damage to
the device. This is a stress rating only and functional
operation of the device at these or at any other condition
above those indicated in the operational sections of this

specification is not implied.

{Ta =0°Ct070°C, Ve = +5V t 5%)

Parameter Min. Typ. Max. Units Conditions
INPUT VOLTAGE LEVELS
Low Level V| 0.8 vV
High Level V1 2.0 Vv uding RCLK; WCLK
High Level Vg2 4.2 \ RCLK, WCLK
OUTPUT VOLTAGE LEVELS
Low Level Vo 0.4 \
High Level Vou 2.4 \
INPUT LEAKAGE CURRENT .
High Leakage | 1 10 MA excluding OE
Low Leakage I 1 10 MA excluding WEN1
High Leakage I 2 400 BA WEN1
Low Leakage I | o 400 HA OE
INPUT CAPACITANCE
Cint 10 pF excluding RCLK, WCLK
Cin2 15 pF RCLK, WCLK
POWER SUPPLY CURRENT
lcc 100 140 mA
A.C. CHARACTERISTICS
Parameter Min, Typ. Max. Units Conditions
teyw 300 ns Write clock period
tCYR 300 ns Read clock period
tckH 247 DC ns :
tokL 33 ns
tckR 10 ns measured from 10% to 90% points
tekE 10 ns measured from 90% to 10% points
tps - 50 ns referenced to WCLK
tpH 0 ns referenced to WCLK
ten12 0 ns
ten? 100 ns
tenn? 0 ns
oy 175 ns C_ = 50pF; referenced from RCLK
tDoFF 175 ns
tbonN 175 ns
" togd 175 ns C_ = 30pF
tcs 100 ns
tcH 0 ns
twr4 Ttcvw

1 — Reference points for all AC parameters are 2.4V high and 0.4V low.

2 — For REN, referenced from RCLK; for WEN1 or WEN2 referenced to WCLK.

3 — For ROF, referenced from RCLK; for WOF referenced from WCLK.

4 — At least 1 WCLK rising edge must occur between CLRCNT or TNG (whichever occurs last) and WEN (= WEN1 WEN2).
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CLRCNT

INTERNAL
CTLRCNT

REN

INTERNAL REN

INTERNAL RAM
ADDR (READ)

ROF

7A

ﬂ ADDRO x ADDR1 X ADDR2 X ADDR3 x K;unmss%oomw
HIGH IMPEDANCE HIGH IMPEDANCE
DouT7:0 DATAOXDATA1 X DATA2 oATAmdDATmsaﬁATAKﬁ)—

X /

Pin Description

Figure 1. UM8312 Double Row Buffer Read Timing

Pin No.

Name

Symbol

Functions

3-0. 28,
16-13

Data inputs

DINO-DIN7

DIN DIN7 are the data inputs from the system memory.

129,7-4

Data outputs

DOUTO-
DOUT?

DOUTO-DOUT?7 are the data outputs from the UM8312 internal data output
latch. Valid information will appear on DOUT0-DOUT7 two RCLK periods
after the rising edge of REN. This introduces two pipeline delays when
supplying data to the character generator.

Read Clock

X
O
~
=~

RCLK increments the current "‘read’ address register, clocks data through
the “read”’ buffer and moves data through the internal pipeline at the traill-
ing edge. See Figure 1.

Toggle Signal

4
d
(9]

TOG alternates the function of each buffer between read and write. TOG
normally occurs at every data row bundary. Switching of the buffers occurs
when both TOG and CLRCNT are low. See Figure 2.

Clear Counter

CLRCNT

Clear Counter clears the current ‘‘read’’ address counter at the next RCLK
positive edge. CLRCNT is normally asserted low at the beginning of each
horizontal retrace interval. CLRCNT clears the current “‘write’’ address
counter when the TOG is active.

20

Read Enable

REN

REN enables the loading of data from the selected '‘read’’ buffer into the
output latch. Data is loaded when Read Clock is active.

21

Write Overflow

WOF

WOF high indicates that data is being written into the last memory position
(position 135). When WOF is high, further writing into the selected "‘write”
buffer is disabled. WOF may be connected to the WEN1 or WEN2 inputs of
a second UM8312 for cascaded operation where data row lengths of greater
than 135 characters are desired. See Figure 3.

22

Read Overflow

ROF

The Read Overfiow output is high when data is being read from the last
memory position (position 135). ROF high disables further reading from
the selected “‘read”’ buffer. ROF may be connected to the REN input of a
second UMB8312 for cascaded operation where data row lengths of greater
than 135 characters are desired. DOUTO0-7_will switch into a high impedance
state at the second positive transition of RCLK after ROF goes high. See
Figure 3.

24,25

Write Enable

WEN?1,
WEN2

WEN allows input data to be written into the selected "‘write’” buffer during
WCLK active. Both WEN1 and WEN2 must be high to enable writing. WEN1
has an internal pullup resistor allowing it to assume a high if pin 24 is left
open.

26

Output Enable

When _the OE input is low the data outputs DOUTO-DOUT7 are enabled.
When OE is high, DOUTO-DOUT7? present a high impedance state. OE has
an internal pulldown resistor allowing it to assume a low %f pin 26 is left
open.

27

Write Clock

WCLK

WCLK clocks input data into the selected “‘write” buffer and increments the
current “‘write’’ address register when WEN?1 and WEN2 are high.

Power Supply

Vee

+5 Volt supply

23

Ground

GND

Ground

5-73

"
2
o
e
-
c
(<]
V]
-
o
()



@uma

UMS8312

Operational Description

Block diagran} illustrates the internal architecture of the
UM8312. It contains 135 bytes of RAM in each of its
two buffers. In normal operation, data is written into
the input latch on the positive-going edge of Write Clock
(WCLK). When both Write Enable (WEN1, WEN2) signals
go high, the next WCLK causes data from the input latch
" to be written into the selected buffer (1 or 2) and the
associated address counter to be incremented by one.
Loading of the selected RAM buffer continues until WEN
goes inactive or until the buffer has been fully loaded. At
the next data row boundary, the Toggle Signal (TOG) will

go low. When Clear Counter (CLRCNT) goes low, the next
Read Clock (RCLK) will begin to reset both buffer address
counters to zerqg,.switching the buffer just loaded from a
“write buffer’” to a "“read buffer”, permitting the next row
of data to be written into the other buffer. Data from
the current “‘read” buffer is read out of the buffer and
to the output latch whenever Read Enable (REN) is high
during a Read Clock (RELK).

buffer RAM causes the “‘read” address counter to be

Each read-out from the

incremented. REN is normally high during the entire
visible line time of each scan line of the data row. CLRCNT
resets the present “read” address counter. The negative
edge of CLRCNT is detected by the UM8312 and the
internal "read” address counter is cleared independent of
the CLRCNT pulse width. The CLRCNT input may be

tied to the REN input for proper operation.

Figures 1 and 2 illustrate the functional timing for reading
and writing the UM8312.
more UMB312’s to allow for data storage greater than 135

It is possible to cascade two or

bytes by employing the read overflow (ROF) and write
(WOF) outputs.
UM8312’s cascaded together.

overflow Figure 3 illustrates two

The UM8312 is compatible with the UM9007 video pro-
cessor and controller (VPACTM) and the UM9021 video
attributes controller (VAC). A typical video configuration
employing the three parts is illustrate in figure 4.

ju! L u

Ny W in e o W U U

* ! READ o o0 o0
RCLK —u ! ADDR ! U
BUFFERS . |CLEARED _J |
SWAPPED — | IR
TG ! I—> 1|
¥ y——
R

|

T

| o
CLRGNT ! i~ 7

INTERNAL RAM /
ADDR (WRITE}

ADDRO AXADDRT"X ADDR2 E\jmnm%ﬁﬂ //////I/I/II///IIIIII/
S\ J T

WEN (= WéN T-WEN 2)

INTERNAL WEN

2 Yo

[ \_/

SO A D S i S e SN CXx

INTERNAL
WRITE DATA

FTAO DATATWEATAZ x::kmmsix DATA I//Il/l/llllllllllll

_/

“in general WCLK and ACLK can be different

Figure 2. UM8312 Double Row Buffer Write Timing
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+5V ———

REN UMS8312 “A"

DATA BUS

MEMORY
ROM
RAM

VIDEC RAM

DIN7-0 DOUT7-0

DATA BUS

ROF

CLRCNT

TOG WOF

REN  UM8312 “B”

DIN70 DOUT7-0

CLRCNT

TOG

Figure 3. UMB312 Cascaded Configuration For Data Row Lengths Up To 270 Characters

ADDR DATA

INTR

PROCESSOR ACK
DMARQ

ADDRESS BUS

DATA
BUS

.
L
°

2
=

c
]
v
=
o=
[v)

DMAR ACK  INT =
VA-¢ HS |——— | TO
— MONITOR
UM8007 CRTC Vs f————
Vo7-0 SLG SLD CCLK
BUFFER SHIFT
CONTROLS REGISTER
SCAN LINE DATA
J CHARACTER WIDTH cLock |
WCLK RCLK A3-AD GENER =
um8s312 CHARACTER ATOR |—
DIN7-0 DOUT7-0 ) ROM
1144

DOUBLE ROW BUFFER|

EREER!

AP INT-0 ums3z12

DOUT7-0
DOUBLE ROW BUFFER

CHAR
CODE

CHARACTER ATTRIBUTS

N

l\

?

0
umgazt  VPC

ATTRIBUTES VIDEO

VIDEQO ATTRIBUTES
CONTROLLER

—————»TOMONITOR

Figure 4. UM8312 Configured With The UM3007 CRTC And The UM8321 CRT VAC
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t
CKLs
ICKF —o j

RCLK OR WCLK

DS

[<—>

fe————— YW CYR——— ——————]
tcKH

— tCKR

/

= tDH

DIN-0 J )

MVAUD DATA

- ut——

le— TENT LENH,
REN,WEN 1,2
TEN2—
le— DV
VALIOD DTATA
DOUT7-0 Y IMPEDANCE
DOFF DoN
0E
. 1
r-— OF
WOF, ROF
IeS - e fCH

CLRCNT OR TOG

wT

WEN 1,2

Figure 5. UM8312 1/0 Tinling
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@UMG Floppy Disk Controller

Selection Guide

Part No.. Descriptions Compatible Devices Remarks Page
UM8272A Flpppy Disk Controller uPD 765A 4,8 MHz Version 6-3
UM9228-1 Floppy Data Separator — Special Design for |1BM PC 6-24
UM8326/8 Floppy Data Separator WD 9216 4,8 MHz Version 6-—29

Clock/X' TL Input 8,

UM8329/T/B/BT Floppy Data Separator SMC 9229 . 6-34
16 MHz Version




Features

® |BM Compatible in Both Single and Double Density
Recording Formats

® Programmable Data Record Lengths:
or 1024 Bytes/Sector

& Multi-Sector and Multi-Track Transfer Capability

128, 256, 512,

Drives Up to 4 Floppy or Mini-Floppy Disks
8 Data Transfers in DMA or Non-DMA Mode
General Description

The UM8272A is an LS| Floppy Disk Controller (FDC)
Chip, which contains the circuitry and control functions

UMB8272A /UM8272A-4

T m

W} Floppy Disk Controller :

m Parallel Seek Operations on Up to Four Drives

m Compatible with all intel and Most Other Micropro-
cessors

® Single-Phase 8MHz/4MHz
UMB272A-4 respectively

® Single + 5 Volt Power Supply (£ 10%)

Clock for UMB8272A/

capable of supporting either IBM 3740 single density
format (FM), or IBM System 34 Double Density format

for interfacing a processor to 4 Floppy Disk Drives. It is (MFM) including double sided recording. The UM8272A
Pin Configuration Block Diagram
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provides control signals which simplify the design of an
exterﬁal phase locked loop and write precompensation
circuitry: - The FDC simplifies and handles most of the
burdens associated with implementing a Floppy Disk Drive
interface. The UM8272A s a pin-compatible upgrade to
the 8272.

Hand-Shaking signals are provided in the UM8272A which
make DMA operation easy to incorporate with the aid of
an external DMA Controller chip. The FDC will operate
in either DMA or Non-DMA mode. In the Non-DMA mode,
the FDC generates interrupts to the processor every time a
data byte is available. in the DMA mode, the processor
need only load the command into the FDC and all data
transfers occur under control of the UM8272A and DMA

controller. -

There are 15 separate commands which the UM8272A
will execute. Each of these commands requires multiple

8-bit bytes to fully specify the operation which the

processor wishes the FDC to perform. The following com-

mands are available:

Read Data Write Data

Read 1D Format a Track

Read Deleted Data Write Deleted Data

Read a Track Seek

Scan Equal Recalibrate {Restore to Track 0)
Scan High or Equal Sense interrupt Status

Scan Low or Equal Sense Drive Status

Specify

Address mark detection circuitry is internal to the FDC
which simplifies the phase locked loop and read electronics.
The track stepping rate, head load time, and head unload
time may be programmed by the user. The UM8272A
offers many additional features such as multiple sector

transfers in both read and write with a single command,

~and full IBM compatibility in both single and double

density models.

MEMORIES
Q 8080 SYSTEM BUS 2
BD0-7 /}Ao
MEMR DB
— DBg7
I0R RD
MEMW WR
TOW . I
Cs INT
HRQ RESET
HLDA READ
DATA
~ S WINDOW f o |
RD DATA
OMA DRQ I
. WR DATA
CONTROLLER | DACK DRIVE
UM8272A
T QINPUT CONTROL INTERFACE
TERMINAL
COUNT OUTPUT CONTROL. >

Figure 1. System Configuration
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Absolute Maximum Ratings* *Comments
Operating Temperature . . .. .......... 0°C to +70°C Stress above those listed under ‘‘Absolute Maximum
Storage Temperature . . . .......... —55°C to + 150°C Ratings’' may cause permanent damage to the device. This
All Output Voltages .. .. ......... 05 to +7 Volts is a stress rating only and functional operation of the
device at these or any other conditions above those in-
All Input Voltages ... R —0510+7 Volts dicated- in the operational sections of this specification is
Supply Voltage Ve« - oo v oo —0.5t0 +7 Volts not implied. Exposure to absolute maximum rating con-
Power Dissipation . .. .................... 1 Watt ditions for extended periods may affect device reliability.

D.C. Characteristics
(Ta =0°Cto+70°C, Ve =+5V £10%)

Limits X
Symbol Parameter Units Conditions
Min. Max.
ViL Input Low Voltage -05 . 0.8 \
Vin Input High Voltage 2.0 Vee +05 \
VoL Output Low Voltage 0.45 Vv loL = 2.0 mA
VoH Output High Voltage . 2.4 Vee \% lon = —400 nA
lec Ve Supply Current 120 mA
e Input Load Current 10 HA Vin = Vee
(All Input Pins) -10 MA Vin =0 V
High Level Output : _
ILow Leakage Current 10 MA Vout = Vee
Output Float
'0':1_ Leakage Current —-10 +10 MA 0.45V <VOUT <V cc
Capacitance
(Ta =25°C, fo = 1 MHz, Ve =0V)
Limits
Symbol Parameter Unit Conditions
Min. Max.
Cinle®) Clock Input Capacitance 20 pF All Pins Except
C Input Capacitance 10 F Pin Under Test
N put e 0 Tied to AC
Cio Input/Output Capacitance 20 pF Ground
A.C. Characteristics g 5
(Ta =0°Cto+70%, Vee = +5.0V £10%) > S
CLOCK TIMING g8
'S
Symbol Parameter Min. Max. Units Notes
Tev Clock Period 120 500 ns Note 5
tcH Clock High Period 40 ns Note 4,5
tRsST Reset Width 14 tcy
READ CYCLE
tAR Select Setup to RDY 0 ns
tRA Select Hold from RD1 0 ns
tRR RD Pulse width 250 ns
tRD Data Delay from RDJ 200 ns
tpF Output Float Delay 20 100 ns

6-5 ’ .
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A.C. Characteristics (Continued) (T, = 0°Cto +70°C, V¢ = +5.0V % 10%)

WRITE CYCLE
Symbol Parameter Typ. Min. Max. Units Notes
AW Select Setup to WR{ o} ) ns
twa Select Hold fromWR 1 0 ns
tww WR Pulse Width ‘ 250 ns
tow Data Setup to WR 1 150 ns
twD Data Hold from WR? 10 ns
INTERRUPTS
tR) INT Delay from RDT 500 ns Note 6
twi INT Delay from WRT ) 500 ns Note 6
DMA
tROCY DRQ Cycle Period 13 us Note 6
tAKRO DACK | to DRQ{ 200 ns
thoR DRQ T RO 4 ' 800 ns | Note 6
tRow DRQ ttoWR | 250 ns Note 6
tgorw | DRQ1to RD torWR 1 12 us Note 6

FDD INTERFACE

2o0r4 MFM=Q

twey WCK Cycle Time 1or2 us MEM =1 Note 2
TWCH WCK High Time 250 80 350 ns
top Pre-Shift Delay from WCK T 20 100 ns
tco WDA Delay fromWcCK 1 20 100 ns
twpD Write Data Width twen —D0 : ns
twe WE 1o WCK 1 or WE | to WCK { Delay 20 100 ns
twwey | Window Cycle Time % us mm - ?
tWRD Window Satup to RDD % 15 ns
trROW Window Hold from RDD | 15 ns
tRDOD RDD Active Time (HIGH) 40 ns

FDD SEEK/DIRECTION/STEP
tus USg 1 Setup to RW/SEEK 1 12 Us Note 6
sy USp,; Hotd after RW/SEEK { 15 s Note 6
tsp RW/SEEK Setup to LCT/DIR 7 Hs Note 6
tps RW/SEEK Hold from LCT/DIR 30 us Note 6
tpsT LCT/DIR Setup to FR/STEP? , 1 s Note 6
tsTD LCT/DIR Hold from FR/STER 4 24 us Note 6
tsTU DS 1 Hold from FR/Step { 5 us Note 6
tsTp STEP Active Time (High) 5 us Note 6
tsc STEP Cycle Time 33 Us Note 3, 6
tFR FAULT RESET Active Time (High) 8 10 Hs Note 6
tipx INDEX Puise Width 10 tey
tTe " Terminal Count Width 1 toy

Notes: ' °

1. Typical values for Ta =25 Cand nominal supply voltage.

2. The former values are used for standard floppy and the latter values are used for mini-floppies.

3. tgc = 33 Ms min, is for different drive units, In the case of same unit, tgc can be ranged from 1 ms to 16 ms with 8 MHzclock
period, and 2 ms to 32 ms with 4 MHz clock, under software control.

4. From 2.0V to + 2.0V.

5. At 4 MHz, the clock duty cycle may range from 16% to 76%. Using an 8 MHz clock the duty cycle can range from 32% to 52%.
Duty cycle is defined as: D.C. = 100 (tcy ~>tcy) with typical rise and fall times of 5 ns.

6. The specified values listed are for an 8 MHz clock period, Multiply timings by 2 when using a 4 MHz clock period.
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Pin Description

Pin Input/ Connection Functions
Output t unc

No. Symbol Name utpu °

1 RST Reset Input Processor - Places FDC in idle state Resets
output lines to FDD to “0" {low).
Does not effect SRT, HUT or HLT
in Specify command. If RDY pin is
held high during Reset, FDC will
generate interrupt 1.024 ms later.
To clear this interrupt use Sense
Interrupt Status command.

2 RD Read Input@ Processor Control signal for transfer of data
from FDC to Data Bus, when 0"
(low).

3 WR Write Input@ Processor Contro! signal for transfer of data
to FDC via Data Bus, when 0"
(low).

4 - C§ Chip Select Input Processor IC selected when "0" (low), allow-
ing RD and WR to be enabled.

5 Ao Data/Status Reg Input® Processor Selects Data Reg (Ag = 1) or Status

Select Reg (Ay = 0) contents of the FDC
to be sent to Data Bus.
6-13 DBy-DB, Data Bus Input @ Processor Bi-Directional 8-Bit Data Bus.
Output
14 DRQ Data DMA Qutput DMA DMA Request is being made by
Request FDC when DRW = 1"
15 DACK DMA Input DMA DMA cycle is active when 0"
Acknowledge (low) and Controller is performing
DMA transfer.

16 TC Terminal Count Input DMA Indicates the termination of a DMA
transfer when 1" (high). It ter-
minates data transfer during Read/
Write/Scan command in DMA or
interrupt mode.

17 IDX tndex Input FDD Indicates the beginning of a disk %
track. g

(e}

18 INT Interrupt Output Processor Interrupt Request Generated by v

‘ FDC.

19: CLK Clock Input Single Phase 8 MHz Squarewave
Clock.

20 GND Ground D.C. Power Return.

21 WCK Write Clock Input Write Data rate to FDD. FM = 500
kHz, MFM = 1 MHz, with a pulse
width of 250 ns for both FM and
MFM.

22 RDOW Read Data Input Phase Lock Loop Generated by PLL, and used to

Window sample data from FDD.

67
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Pin Description (Continued)
Pin Input Connection Eunctions
Output t u n

No. Symbol Name utpu °

23 RDD Read Data Input FDD Read data from FDD, containing
clock and data bits.

24 VCO VCO Sync Output Phase Lock Loop Inhibits VCO in PLL when 0"

v (low), enables VCO when 1"

25 WE Write Enable Output FDD Enables write data into FDD.

26 MFM MFM Mode Output Phase Lock Loop MFM mode when “1”, FM mode
when “0".

27 HD Head Select Output FDD Head 1 selected when ‘1" (high).
Head 2 selectwd when 0" (low).

28,29 US;, USy Unit Select Output FDD FDD Unit Selected.
30 WDA Write Data Output FDD Serial clock and data bits to FDD.
31,32 PS;. PSq Precompensation Output FDD Write Precompensation status dur-
(pre-shift) ing MFM mode. Determines early,
late, and normal times.

33 FLT/TRo Fault/Track O Input FDD Senses FDD fault condition, in
Read/Write mode; and Track O con-
dition in Seek mode.

34 WP/TS Write Protect/ Input FDD Senses Write Protect Status in Read/

: Two-Side Write mode; and Two Side Media
: in Seek mode.

35 RDY Ready Input FDD Indicates FDD is ready to send or
receive data.

36 HDL Head Load Output FDD Command which causes read/write
head in FDD to contact diskette.

37 FR/STP Fit Reset/Stop Output FDD Resets fault F.F. in FDD in Read/
Write mode, contains stop pulses
to move head to another cylinder in
Seek mode.

38 LCT/DIR Low Current/ Qutput FDD Lowers Write current on inner

Direction tracks in Read/Write mode, deter-
mines direction head will stop in
Seek mode. A fault reset pulse is
issued at the beginning of each
Read or Write command prior to
the occurrence of the Head Load
signal.

39 RW/SEEK | Read Write/SEEK | Output FDD When ““1"" (high) Seek mode select-
ed and when 0" (low) Read/Write
mode selected.

40 Vee +5V DC Power.

Note: (1)Disabled when S = 1.
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UM8272A Enhancements

On the UMB8272A, after detecting the Index Pulse, the
VCO Sync output stays low for a shorter period of time.
See Figure 2A.

On the 8272 there can be a problem reading data when
Gap 2A is 00 and there is no TAM. This occurs on some
older floppy formats. The UMB272A cures this problem
by adjusting the VCO Sync timing so that it is not low

UM8272A Registers — CPU Interface

The UMB8272A contains two registers which may be ac-
cessed by the main system processor, a Status Register
and a Data Register. The 8-bit Main Status Register con-
tains the status information of the FDC, and may be
accessed at any time. The 8-bit Data Register (actually
consists of several registers in a stack with only one register
presented to the data bus at a time), stores data, com-

mands, parameters, and FDD status information. Data

during the data field. See Figure 2B. bytes are read out of, or written into, the Data Register in

order to program or obtain the results after execution of
a command. The Status Register may only be read and is
Track copan1am|  Gap1 |1o] a2z | Do used to facilitate the transfer of data between the processor
Index Pulse  ____———— and UM8272A. ’
| 8272 VCO Sync The relationship between the Status/Data registers and the
; 82724 VCO Syn signals RD, WR, and A is shown in Table 1.
| 560 45 in FM mode; 527 s in MFM made Table 1. Ay, RD, WR decoding for the selection of Status/
! A. Margin on the Index Pulse Data register functions.
l Ao RD WR Function
| Track Gap 4A (00) ]1D | Gap 2 LDa‘a 0 0 1 Read Main Status Register
, Index Pulse 1 0 1 0 ITlegal (see note)
8272 VCO Sync | IS 0 0 0 Illegal (see note)
1 0 0 Illegal (see note)
8272A VCO Sync T -
1 0 1 Read from Data Register -
B. Ability to Read Data When Gap 4A Contains 00 1 1 0 Write into Data Register
Note: Design must guarantee that the UM8272A is not

Figure 2. UM8B272A Enhancements over the 8272 subjected to illegal inputs.

The Main Status Register bits are defined in Table 2.
Table 2. Main Status Register bit description.

Bit Number Name Symbol Descriptions

DBy FDD 0 Busy DoB FDD number O is in the Seek mode. If any of the bits isset

FDC will not accept read or write command.

DB, FDD 1 Busy DB FDD number 1 is in th Seek mode. If any of the bits is set

FDC will not accept read or write command. ’

DB, FDD 2 Busy D,B FDD number 2 is in the Seek mode. |f any of the bits is set

FDC will not accept read or write command.

DBj FDD 3 Busy D3B FDD number 3 is in the Seek mode. If any of the bits is set

FDC will not accept read or write command.

DB, FDC Busy CB A read or write command is in process. FDC will not accept

any other command.

DBs Execution Mode EXM This bit is set only during execution phase in non-DMA
mode. When DBj goes low, execution phase has ended, and
result phase was started. |t operates only during NON-DMA

modes of operation. -

Controller

X
2
a]
2
Q
9
[y

DBg Data |nput/Output DIO Indicates direction of data transfer between FDC and Data
Register. If DIO = 1" then transfer is from Data Register
to the Processor. If DIO = 0", then transfer is from the

Processor to Data Register.

DB, Request for Master RQM Indicates Data Register is ready to send or receive data to
or from the Processor. Both bits DIO and RQOM should be
used to perform the hand-shaking functions of “ready’” and

“direction” to the processor.

The DIO and RQM bits in the Status Register indicate when Data is ready and in which direction data will be transferred on
the Data Bus. The max time between the last RD or WR during command or result phase and DIO and RQM getting set or
reset is 12 us. For this reason every time Main Status REgister is read the CPU should wait 12 us. The max time from the
trailing edge of the last RD in the result phase to when DB, (FDC Busy) goes low is 12 us.

Note: Thereisa 12uS or 24 uS ROM flag delay when using an 8 or 4 MHz clock respectively.
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Out FDC and Into Processor
Data In/Out

(D10} Out Processor and into FDC
! [
Ready | [
1
(ROM) ) ) .
Read ot 1 I [
! |e i | T T T B
! I | [ i t [
WR [ | | 1 T T 1 T T 1
_R i | m ! i i [ :
Re T ! Lol ! 1
' | [ !
lTBlAIlAI DIcIIBIAI

Notes: .— Data register ready to be written into by processor
— Data register not ready to be written into by processor
—— Data register ready for next data byte to be read by the processor
@— Data register not ready for next data byte to be read by processor

Figure 3. Status Register Timing

The UMB8272A is capable of executing 15 different com-
mands. Each command is initiated by a multi-byte transfer
from the processor, and the result after execution of the
command may also be a multi-byte transfer back to the
processor.  Because of this multi-byte -interchange of
information between the UM8272A and the processor, it
is convenient to consider each command as consisting of
three phases:
Command Phase: The FDC receives all information
required to perform a particular
operation from the processor.
The FDC performs the operation it
was instructed to do.
After completion of the operation,
status and other "housekeeping in-
formation are made available to the
processor.

Execution Phase:

Resuit Phase:

During Command or Result Phases the Main Status Register
(described in Table 2) must be read by the processor before
each byte of information is written into or read from the
Data Register. Bits D6 and D7 in the Main Status Register
must be in a O and 1 state, respectively, before each byte
of the command word may be written into the UM8272A.
Many of the commands require multiple bytes, and as a
result the Main Status Register must be read prior to €ach
byte transfer to the UM8272A, On the other hand, during
the Result Phase, D6 and D7 in the Main Status Register
must both be 1's (D6 = 1 and D7 = 1) before reading each
byté from the Data Register. Note, this reading of the Main
Status Register before each byte transfer to the UM8272A
is required in only the Command and Result Phases, and
NOT during the Execution Phase.

During the Execution Phase, the Main Status Register need
not be read. [f the UMB272A is in the non-DMA Mode,
then the receipt of each data byte (if UM8272A is reading
data from FDD) is indicated by an interrupt signal on pin
18 (INT = 1). The generation of.a Read signal (RD = 0)

- a RD = 0 (Read signal).

will reset the interrupt as well as output the Data onto
the Data Bus. For example, if the processor cannot handle
Interrupts fast enough (every 13 us for MFM mode) then it
may poll the Main Status Register and then bit D7 {RQM)
functions just like the Interrupt signal. If a Write

- Command is in process, then the WR signal performs the

reset to the Interrupt signal.

The UMB272A always .operates in a multi-sector transfer
mode. [t continues to transfer data until the TC input is
active. In Non-DMA Mode, the system must supply the TC
input. .

If the UM8272A is in the DMA Mode, no Interrupts are
generated during the Execution Phase. The UMB8272A
generates DRQ's (DMA 'Requests) when each byte of
data is available. The DMA Controller responds to this
request with both a DACK = O (DMA Acknowledge) and
When the DMA Acknowledge
signal goes low (DACK = 0) then the DMA Request is reset
(DRQ = 0). If a Write Command has been en_programmed
then a WR signal will appear instead of RD. After the
Execution Phase has been completed (Terminal Count has
occurred) then an Interrupt will occur (INT = 1). This
signifies the beginning of the Result Phase. When the first
byte of data is read during the Result Phase, the Interrupt is
automaticaily raset (INT = 0).

It is important to note that during the Resuit Phase all
bytes shown .in the Command Table must be read. The
Read Data Command, for example, has seven bytes of data
in the Result Phase. All seven bytes must be read in order to
successfully complete the Read Data Command. The
UMB8272A will not accept a new command until all seven
bytes have been read. Other commands may require fewer
bytes to be read during the Result Phase.

The UMB8272A contains five Status Registers. The Main
Status Register mentioned above may be read by the
processor at any time. The other four Status Registers
(STO, ST1, ST2, and ST3) are only available during the
Result Phase, and may be read only after successfully com-
pleting a command. The -particular command which has
been executed determ_ines how many of the Status Registers
will be read.

The bytes of data which are sent to the UM8272A to from
the Command Phase, and are read out of the UMB272A in
the Result Phase, must occur in the order shown in the
Table 3 That is, the Command Code must be sent first and
the other bytes sent in the prescribed sequence. No
foreshortening of the Command or Result Phases are
allowed. After the last byte of data in the Command Phase
is sent to the UM8272A, the Execution Phase automatically
starts. In a similar fashion, when the last byte of data is
read out in the Result Phase, the command is automatically
ended and the UM8272A is ready for a new command. A
command may be aborted by simply -sending a Terminal
Count signal to pin 16 (TC=1). This is a convenient means
of ensuring that the processor may always get the
UMB8272A's attention even if the disk system hangs up in
an abnormal manner.
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Command Symbol Description

Symbol . Name Descriptions
Ao Address Line0 Ag controls selection of Main Status Register (Ag = 0) or Data Register
(AO = 1)
C Cylinder Number C stands for the current/selected Cylinder {track) number O through 76
of the medium.
D Data D stands for the data pattern which is going to be written into a sector.
D4-Dyg Data Bus 8-bit Data Bus, where D, stands for a most significant bit, and Dy stands
_ for a least significant bit.
DTL Data Length When N is defined as 00, DT L stands for the data length which users are
going to read out or write into the Sector.
EOT End of Track EOT stands for the final Sector number on a Cylinder. During Read or
Write operation FDC will stop date transfer after a sector # equal to
EOT.
GPL Gap Length GPL stands for the length of Gap 3. During Read/Write commands this

value determines the number of bytes that VCOs will stay low after two
CRC bytes. During Format command it determines the size of Gap 3.

H . Head Address H stands for head number O or 1, as specified in ID field.

HD Head HD stands for a selected head number 0 or 1 and controls the polarity of
pin 27. {H = HD in all command words.)

HLT Head Load Time HLT stands for the head load time in the FDD (2 to 254 ms in 2 ms
increments).

HUT Head Unload Time HUT stands for the head unload time after a read or write operation has
occurred (16 to 240 ms in 16 ms increments).

MF FM or MFM Mode If MF is low, FM mode is selected, and if it is high, MFM mode is
selected.

MT Multi-Track If MT is high, a multi-track operation is to be performed. If MT =1 after

finishing Read/Write operation on side O FDC will automatically start
searching for sector 1 on side 1. :

N Number N stands for the number of data bytes written in Sector.
NCN New Cylinder Number NCN stands for a new Cytinder number, which is going to be reached as a
result of the Seek operation. Desired position of Head.
ND Non-DMA Mode ND stands for operation in the Non-DMA Mode.
PCN Present Cylinder PCN stands for the Cylinder number at the completion of SENSE IN-
Number TERRUPT STATUS Command. Position of Head at present time.
R Record R stands for the Sector number, which will be read or written. | g
R/W Read/Write R/W stands for either Read (R) or Write (W) signal. 2
Q
SC Sector SC indicates the number of Sectors per Cylinder. E
o SK Skip SK stands for Skip Deleted Data Address Mark.
SRT Step Rate Time SRT stands for the Stepping Rate for the FDD. {1 1t0 16 msin 1 msin-
crements.) Stepping Rate applies to all drives, (F =1 ms, E =2 ms, etc.)
STO Status O ST 0-3 stand for one of four registers which store the status information
ST1 Status 1 after a command has been executed. This information is available during
ST2 Status 2 the result phase after command execution. These registers should not be
ST3 Status 3 confused with the main status register. (selected by Ag = 0); ST 0-3 may

be read only after a command has been executed and contain inform-
ation relevant to that particular command.

STP During a Scan operation, if STP = 1, the data in continguous sectors is
compared byte by byte with data sent from the processor (or DMA); and
is STP = 2, then alternate sectors are read and compared.

Uso, US1 Unit Select US stands for a selected drive number O or 1.
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DATABUS | 1 DATABUS
PHASE |RW|[D; D6 D5 D, D; D, D; D REMARKS PHASE |RMW[D; Dg Ds D; D3 D; D; Dpl REMARKS
READ DATA READ A TRACK
Command W [MT MF SK 0 0 1 1 0 | Command Codes Command | W 0 MF SK 0 0O Command Codes
w X X HD US1 usQ w X X X X X HD US1US0
w C Sector ID information w c Sector 1D inf i
w H prior to Command w H prior to Command
w R execution. The 4 by w R execution
w N tes are commanded w N .
w EOT against header on w EOT
w GPL Floppy Disk. w GPL
w DTL w OTL
Data-transter between Data-transter between
Execution the FDD and main- X the FDD and main-
system Execution system. FDC reads all
Result R STO Status information data fields from index
R ST1 after Corymand hole to EOT
R ST 2 execution Result R STO Status information
R C Sector {D information R ST 1 after C
R H after Command R ST 2 execution
R R execution R C Sector 1D information
R N R H after Co
READ DELETED DATA i R execution
Command | W |MT MF SK 0 1 1 0 0 | Command Codes READ ID
w X X X X X H 1
D US1 USO . . Command | W {0 MF 0 O 1 0 1 0 | Commands
w C Sector |D information
W H Prior to Command WX X X X X HD US1USO
w R execution. The 4 by = The first correct 1D
w N tes are commanded Execution information on the
w EOT against header on ! Cylinder is stored in
w GPL Floppy Disk. Data Register
w oTL Result R STO Status information
Data-transter between R ST after C d
Execution the FDD and main- R ST 2 execution
system R C Sector 1D information
Result R STO Status information R H read during Execution
R ST1 after Command R R Phase from Floppy
R ST 2 execution R N | Disk
R C Sector 1D information FORMAT A TRACK
R H after Command
R R execution Command w 0 MF 0O 0 1 1 0 1 Command Codes
R N w X X X X X HD US1 USO|
WRITE DATA w N Bytes/Sector
w SC — Sectors/Track
Command | W |[MT MF 0 O O 1 O 1 { Command Codes W GPL Gap 3
w X X X X X HD US1Uso w D Filier Bvte
w [ Sector 1D information Executi FDC formats an
w H Prior to Command xecution entire trach
w R execution. The 4 by Result R STO Status information
w N tes are commanded . R sT1 after Command
w EOT against header on R ST2 execution
w GPL Floppy Disk. R C In this case. the ID
w DTL R H information has no
Data-transter between R R ing
Execution the main-system and R N .
FDD SCAN EQUAL
Result R STO Status information
R ST 1 after C:)mmand, Command | W |MT MF SK 1 0 0 O 1 | Command Codes
R ST2 axecution w X X X X X HD USt USO
R C Sector 1D information w c Sector 1D inf i
R H after Command w H Prior to Command
R R execution w R ion.
R N w N
w EOT
WRITE DELETED DATA w GPL
Command W |[MT MF 0O O 1 o 0 1 Command Codes w STP
w X X X X X HD US1tUso . Data-compared be-
w [ Sector ID information Execution tween the FDD
w H Prior to Command and main-system
W. R execution, The 4 by Resuit R STO Status information
w N tes are commanded R sT1 after Cc d .
w EOT against header on R ST 2 execution .
w GPL Floppy Disk. R [of Sector 'D information
w DTL I H after Cc
Data-transter between R n execution
Execution the FDD and main- R
system
Result R STO Status information
R ST 1 after Command
R ST2 execution
R C Sector ID information
R H after Command
R R execution
R N

Note: 1 Symbols used in this table are described at the and of this section.
2 Ag should equal binary 1 for all operations.
3 X =Don't care, usually made to equal binary 0.
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Table 3. UM8272A Command Set (Continued)
DATABUS DATABUS
PHASE | R/W|D; Dy Ds Dy D3 D, D; Dg| REMARKS PHASE |RMW([D;, Dg Ds Dy D3 D; D; Do REMARKS
SCAN LOW OR EQUAL RECALIBRATE
Command W {MT MF SK 1 1 0 0 1 | Command Codes Command w 0O 0 ¢ 0 o0 1 1 | Command Codes
w X X X X X HD US1 USO w X X X X X 0 UStuso
w C Sector D information Execution Head retracted to
w H prior Command Track O .
w R execution. SENSE INTERRUPT STATUS
w Z,O;E Command | W ] O O O O % 0 O O] CommandCodes
w STP Result R STO Status inf?rmation at
Data-compared be- R PCN — the end of seck-opera-
Execution tween the FDD tion about the FDC
and main-system SPECIFY
STO Status information
Result | R 3T aftor Command Command | W [0 0 0 0 0 0 1 1 | CommandCodes
[ ST 2 execution W | ——SRT ———p»¢—— HUT —
R C Sector ID information w HLT ————r——— ND
R H after Command
] R execution SENSE DRIVE STATUS
R N Command | W [0 0 0 0 0 1t O 0 | CommandCodes
SCAN HIGH OR EQUAL w X X X X X HD US1USO
Command | W [MT MF SK 1 1 1 0 1| Command Codes Result R ST3 Sl;awts ’i:rgoDrmation
W | X X X X X HD USIUSO . abou
w C Sector D information SEEK
" H prior Command Command | W ]JO 0 0 0 1 1 1 1 | CommandCodes
w N W | X X X X X HD USI USO
w EQT w NCN
w GPL Execution Head is positioned
w STP over proper Cylinder
Data-compared be- on Diskette
Execution tween the FDD
and main-system INVALID
Result R STO Status information Command | W Invalid Codes invalid Command
R ST1 after Command Codes (NoOp — FDC
R ST2 execution goes into Standby
R C Sector |D information State)
R H after Command Result R sTO ST0=80
R R execution {16)
R N

Polling Feature of the UM8272A

..After power-up RESET, the Drive Select Lines DSO and
DS1 will automatically go into a polling mode. In be-
tween commands (and between step pulses in the SEEK
command) the UM8272A polls all four FDDs looking for
a change in the Ready line from any of the drives. If the
Ready line changes state {usually due to a door opening or
closing) then the UMB8272A will generate an interrupt.
When Status Register O (STO) is read (after Sense Interrupt
Status is issued), Not Ready (NR) will be indicated: The
polling of the Ready line by the UM8272A occurs con-
tinuously between instructions, thus notifying the pro-
cessor which drives are on or off line. Approximate scan
timing is shown in Table 4.

Table 4. Scan Timing

D$§1 Dso APPROXIMATE SCAN TIMING
0 0 220us
0 1 220uS
1 0 220uS
1 1 440uS

Command Descriptions

During the Command Phase, the Main Status Register must
be polled by the CPU before each byte is written into the
Data Register. The DIO (DB6) and RQM (DB7) bits in
the Main Status Register must be in the 0’ and 1"’ states
respectively, before each byte of the command may be
written into the UM8272A. The beginning of the ex-
ecution phase for any of these commands will cause DIO
and RQM to switch to 1" and ‘0" states respectively.

READ DATA

A set of nine (9) byte words are required to place the FDC
into the Read Data Mode. After the Read Data command
has been issued the FDC loads the head (if it is in the
unloaded state), waits the specified head setting time
(defined in the Specify Command), and begins reading 1D
address Marks and ID fields. When the current sector
number (“R*) stored in the ID Register (IDR) compares
with the sector number read off the diskette, then the FDC
outputs data (from the Data field) byte-by-byte to the main
system via the data bus.

After completion of the read operation from the current
sector, the Sector Number is incremented by one, and
the data from the next sector is read and output on the
data bus. This continuous read function is called a “Multi-
Sector Read Operation,” The Read Data Command must
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be terminated by the receipt of a Terminal Count
signal. Upon receipt of this signal, the FDC stops outputt-
ing data to the processor, but will continue to read data
from the current sector, check CRC (Cyclic Redundancy
Count) bytes, and then at the end of the sector terminate
the Read Data Command. '

Table 5. Transfer Capacity

The amount of data which can be handied with a single
command to the FDC depends upon MT (multi-track),
MFM (MFM/FM), and N (Number of Bytes/Sector). Table
5 on the next page shows the Transfer Capacity. The
“multi-track’’ function (MT) allows the FDC to read data
from both sides of the diskette. For a particular cylinder,

Multi-Track MEM/EM Bytes/Sector Maximum Transfer Capacity Final Sector
MT MF N (Bytes/Sector) (Number of Read
Sectors) from Diskette
0 0 00 - (128) (26) = 3,328 26 at Side 0
0 1 01 (256) (26) = 6,656 or 26 at Side 1
1 . O 00 (128) (52) = 6,656 )
1 1 01 (256) (52) = 13,312 26.at Side 1
o 0 01 (256) (15) = 3,840 15 at Side O
0 1 02 (512) (15) = 7,680 or 15 at Side 1
1 0 01 (256) (30) = 7,680 ,
1 1 02 (512) (30) = 16,360 15 at Side 1
0 o 02 (5612) (8) = 4,096 8 at Side O
0 1 03 (1024) (8) = 8,192 or 8 at Side 1
1 0 02 (512) (16) = 8,192 8 at Side 1
1 1 03 (1024) (16) = 16,384

data will be transferred starting at Sector 1. Side O and
completing at Sector L. Side 1 (Sector L = last sector on
the side). Note, this function pertains to only one cylinder
(the same track) on each side of the diskette.

When N = 0, then DTL defines the data length which the
FDC must treat as a sector. If DTL is smaller than the
actual data length in a Sector, the data beyond DTL in the
Sector is not sent to the Data Bus. The FDC reads (in-
ternally} the complete Sector performing the CRC check,
and depending upon the manner of command termination,
may perform a Multi-Sector Read Operation. When N is
non-zero, then DTL has no meaning and should be set to
OFFH.

At the completion of the Read Data Command, the head
is not unloaded until after Head Unload Time Interval
(specified in the Specify Command) has elapsed. If the
processor issues another command before the head unloads
then the head settling time may be saved between
subsequent reads. This time out is particularly valuable
when a diskette is copied from one drive to another.
If the FDC detects the Index Hole twice without finding
the right sector, (indicated in “R"’), then the FDC sets the

ND (No Data) flag in Status Register 1 to a 1 (high), and
terminates the Read Data Command. (Status Register O
also has bits 7 and 6 set to O and 1 respectively.)

After reading the 1D and Data Fields in each sector, the
FDC checks the CRC bytes. If aread error is detected (in-
correct CRC in ID field), the FDC sets the DE (Data Error)
flag in Status Register 1 to a 1 {high), and if a CRC error
oceurs in the Data Field the FDC also sets the DD (Data
Error in Data Field) flag in Status Register 2 to a 1 (high),
and terminates the Read Data Command. (Status Register
0 also has bits 7 and 6 set to O and 1 respectively.)

If the FDC reads a Deleted Data Address Mark off the
diskette, and the SK bit (bit D5 in the first Command
Word) is not set (SK=0), then the FDC sets the CM (Control
Mark) flag in Status Register 2 to a 1 (high), and terminates
the Read Data Command, after reading all the data in the
Sector. If SK = 1, the FDC skips the sector with the
Deleted Data Address Mark and reads the next sector.

During disk data transfers between the FDC and the
processor, via the data bus, the FDC must be serived by
the processor every 27 us in the FM Mode, and every
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13 us in the MFM Mode, or the FDC sets the OR (Over
Run) flag in Status Register 1 to a 1 (high}, and terminates
the Read Data Command. *

If the processor terminates a read (or write) operation in

the FDC, then the ID Information in the Result Phase is
dependent upon the state of the MT bit and EOT byte.
Table 3 shows the values for C, H, R, and N, when the
processor terminates the Command.

Table 6. ID Information When Processor Terminates Command

ID Information at Result Phase
MT EOT Final Sector Transferred to Processor
[ H R N
1A Sector 1 to 25 at Side O
OF Sector 1 to 14 at Side O NC NC R+1 NC
08 Sector 1 to 7 at Side O
1A Sector 26 at Side O
OF Sector 15 at Side O C+1 NC R=01 NC
08 Sector 8 at Side O
0
1A Sector 1 to 25 at Side 1
OF Sector 1 to 14 at Side 1 NC NC R+1 NC
08 Sector 1 to 7 at Side 1
1A Sector 26 at Side 1
OF Sector 15 at Side 1 C+1 NC R=01 NC
08 Sector 8 at Side 1
1A Sector 1 to 25 at Side O
OF . Sector 1 to 14 at Side O NC NC R+1 NC
08 Sector 1 to 7 at Side O
1A Sector 26 at Side 0
OF Sector 15 at Side O NC LSB R=01 NC
08 Sector 8 at Side O
1
1A Sector 1 to 25 at Side 1
OF Sector 1 to 14 at Side 1 NC NC R+1 NC
08 Sector 1 to 7 at Side 1
1A Sector 26 at Side 1
OF Sector 15 at Side 1 C+1 LSB R =01 NC
08 Sector 8 at Side 1

Note: 1. NC (no Change): The same value as the one at the beginning of command execution.
2. L.SB (Least Significant Bit): The least significant bit of H is complemented.

WRITE DATA

A set of nine (9) bytes are required to set the FDC into
- the Write Data mode. After the Write Data command has
been issued the FDC loads the head (if it is in the unloaded
state), waits the specifled, head settling time (defined in
the Specify Command), and begins reading ID Fields. When
the current sector number (“'R”’), stored in the ID Register.
(IDR) compares with the sector number read off the
diskette, then the FDC takes data from the processor

byte-by-byte via the data bus, and outputs it to the FDD.
After writing data into the current sector, the Sector
Number stored in “R'' is incremented by one, and the
next data field is written into. The FDC continues this
Multi-Sector Write Operation” until the issuance of a
Terminal Count-signal. f a Terminal Count signal is sent
to the FDC it continues writing into the current sector
to complete the data field. If the Terminal Count signal
is received while a data field is being written then the
remainder of the data field is filled with 00 (zeros}.
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The FDC reads the ID field of each sector and checks
the CRC bytes. If the FDC detects a read error (Incor-
rect CRC) in one of the ID Fields, if sets the DE (Data
Error) flag of Status Register 1 to a 1 (high), and ter-
minates the Write Data Command. (Status Register O
also has bits 7 and 6 set to 0 and 1 respectively.)

The Write Command operates in much the same manner
as the Read Command. The Following items are the
same; refer to the Read Data Command for details:

Transfer Capacity

EN (End of Cylinder) Flag

ND (No Data) Flag

Head Huload Time Interval

ID Information when the processor terminates com-
mand (see Table 1)

® Definition of DTL when N = 0 and when N #0

In the Write Data mode, data transfers between the proc-
essor and FDC must occur every 31 us in the FM mode,
and every 15 us in the MFM mode. [f the time interval
between data transfers is longer than this then the FDC
sets the OR (Over Run) flag in Status Register 1 to a 1
{high), and terminates the Write Data Command.

For Mini-floppies, multiple track writes are usually not
permitted. This is because of the turn-off time of the
erase head "coils—the head switches tracks before the
erase head turns off. Therefore the system should typically
wait 1.3 mS before attempting to step or change sides.

WRITE DELETED DATA

This command is the same as the Write Data Command
except a Deleted Data Address Mark is written at the
beginning of the Data Field instead of the normal Data
Address Mark.

READ DELETED DATA

This command is the same as the Read Data Command
except that when the FDC detects a Data Address Mark
at the beginning of a Data Field (and SK = O (low), it will
read all the data in the sector and set the CM flag in Status
Register 2 to a 1 (high), and then terminate the command.
If SK = 1, then the FDC skips the sector with the Data
Address Mark and reads the next sector.

READ A TRACK

This command “is similar to READ DATA Command
except that the entire data field is read continuously
from each of the sectors of a track. Immediately after
encountering the INDEX HOLE the FDC starts reading
all data fields on the track as continuous blocks of data.
If the FDC finds an error in the ID or DATA CRC check

bytes, it continues to read data from the track. The FDC
compares the 1D information read from each sector with
the value stored in the IDR, and sets the ND flag of Status
Register 1 to a 1 (high) if there is no comparison. Status
Register 1 to a 1 (high) if there is no comparison. Multi-
track or skip operations are not allowed.with this com-
mand.

This command terminates when EOT number of sectors
have been read. If the FDC does not find an ID Address
Mark on the diskette after it encounters the INDEX HOLE
for the second time, then it sets the MA (missing address
mark} flag in Status Register 1 to a 1 (high), an and
terminates the command. (Status Register O has bits 7
and 6 set to O and 1 respectively.)

READ ID

The READ ID Command is used to give the present posi-
tion of the recording head. The FDC stores the values
from the first 1D Field it is able to read. If no proper
ID Address Mark is found on the diskette, before the
INDEX HOLE is encountered for the second time then
the MA (Missing Address Mark) flag in Status Register
1 is set to a 1 (high), and if no data is found then the ND
(No Data) flag is also set in Status Register 1 to a 1 (high)
and the command is terminated.

FORMAT A TRACK

The Format Command allows an entire track to be for-
matted. After the INDEX HOLE is detected, Data is
written on the Diskette: Gaps, Address Marks, ID Fields
and Data Fields, all per the IBM System 34 (Double
Density) or System 3740 (Single Density). Format are
recorded. The particular format which will be written is
controlled by the values programmed into N (number of
bytes/sector), SC (sectors/cylinder), GPL (Gap Length),
and D (Data Pattern) which are supplied by the processor
during the Command Phase, The Data Field is filled

" with the Byte of data stored in D. The ID Field for each

sector is supplied by the processor, that is, four data
requests per sector are made by the FDC for C (Cylinder
Number), H (Head Number), R (Sector Number) and
N (Number of Bytes/Sector). This allows the diskette to
be formatted with nonsequential sector numbers, if desired.

After formatting each sector, the processor must send
new values for C, H, R, and N to the UM8272A for each
sector on the track. The contents of the R Register is
incremented by one after.each sector is formatted, thus,
the R register contains a value of R + 1 when it is read
during the Result Phase. This incrementing and format-
ting continues for the whole track until the FDC en-
counters the INDEX HOLE for the second time, where-
upon it terminates the command.

6—16



@UMG

UMB8272A /UM8272A-4

If a FAULT signal is received from the FDD at the end
of a write operation, then the FDC sets the EC flag of
status Register O to a 1 (high), and terminates the com-
mand after setting bits 7 and 6 of Status Register O to O
and 1 respectively. Also the loss of a READY signal at

Table 9. Sector Size Reiationships

8" STANDARD FLOPPY

the beginning of a command execution phase causes com-
mand termination.

Table 7 shows the relationship between N, SC, and GPL
for various sector sizes:

5%" MINI FLOPPY

Forntat+ Sector Size N|SC | GPL!| GPL? Remarks Sector Size N SC| GPL!| GPL?
FM Mode 128 bytes/Sector| 00} 1A | 07 1B | IBM Diskette 1 128 bytes/Sector| .00 12 07 09
256 01| OF | OE 2A | IBM Diskette 2 128 00 10| 10 19
512 02| 06| 1B 3A 256 01 06| 18 30
1024 03| 04 | 47 8A 512 02 04| 46 87
2048 04| 02| c8 FF 1024 03 02| D8 FF
4096 05/ 01| c8 FF 2048 04 01| c8 FF
MFM Mode| 256 01/ 1A | OE 36 | IBM Diskette 2D| 256 01 12| oA oc
512 02|oF | 1B 54 256 01 10| 20 32
1024 03l 08| 35 74 | IBM Diskette 2D| 512 02 08| 2A 50
2048 04| 04| 99 FF 1024 03 04| 80 FO
4096 05| 02| c8 FF 2048 04 02| CB FF
8192 06| 01| c8 FF 4096 05 01| C8 FF

Notes: 1. Suggested values of GPL in Read or write Commands to avoid splice point between data field and 1D field of

contiguous sections.
2. Suggested values of GPL in formal command.

During the Command Phase of the Seek operation the
FDC is in the FDC BUSY state, but during the Execution
Phase it is in the NON BUSY state. While the FDC is in
the NON BUSY state, another Seek Command may be
issued, and in this manner parallel seek operations may
be done on up to 4 Drives at once,

If an FDD is in a NOT READY state at the beginning of
the command execution phase or during the seek opera-
tion, then the NR (NOT READY) flag is set in Status
Register O to a 1 (high), and the command is terminated.

Note that the UMB272A Read and Write Commands do
not have implled Seeks. Any R/MW command should be
preceded by: 1) Seek Command; 2) sense Interrupt Status;
and 3) Read 1D.

RECALIBRATE

This command causes the read/write head within the
FDD to retract to the Track O position. The FDC clears

the contents of the PCN counter, and checks the status
of the Track O signal from the FDD. As long as the Track
0 signal is low, the Direction signal remains 1 (high) and
Step Pulses are issued. When the Track O signal goes high,
the SE (SEEK END) flag in Status Register O is set to a
1 {high) and the command is terminated. |f the Track
0 signal is still low after 77 Step Pulses, have been issued,
the FDC sets the SE (SEEK END) and EC (EQUIPMENT
CHECK) flags of Status Register O to both 1s (highs), and
terminates the command.

The ability to overiap RECALIBRATE Commands to
multiple FDDs, and the loss of the READY signal, as
described in the SEEK Command, also applies to the
RECALIBRATE Command.

SENSE INTERRUPT STATUS

An Interrupt signal is generated by the FDC for one of
the following reasons:
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. Upon entering the Result Phase of:

. Read Data Command

. Read a Track Command

. Read ID Command

. Read Deleted Data Command

. Write Data Command

Format a Cylinder Command

. Write Deleted Data Command

. Scan Commands

. Ready Line of FDD changes state

. End of Seek or Recallbrate Command
. During Execution Phase in the NON-DMA Mode

SO A0 00 T

w

Interrupts caused by reasons 1 and 4 above occur during

Table 8. Seek, Interrupt Codes

normal command operations and are easily discernbile
by the processor. However, interrupts caused by reasons
2 and 3 above may be uniquely identified with the aid of
the Sense Interrupt Status Command. This command
when issued resets the interrupt signal and via bits 5, 6,
and 7 of Status Register O identifies the cause of the
interrupt.

Neither the Seek or Recalibrate Command have a Result
Phase. Therefore, it is mandatory to use the Sense inter-
rupt Status Command after these commands to effec-
tively tefminate them and to provide verification of the
head position (PCN).

Seek End

Interrupt Code

CAUSE

Bit5 Bit 6

Bit7

0 1

1

Ready Line changed
state, either polarity

0

0

Normal Termination
of Seek or Recalibrate
Command

Abnormal Termination of
Seek or Recalibrate
Command

SPECIFY

The Specify Command sets the initial values for each of
the three internal timers. The HUT (Head Unload Time)
defines the time from the end of the Execution Phase of
one of the Read/MWrite Commands to the head unload
state.  This timer is programmable from 16 to 240 ms in
increments of 16 ms (01 = 16 ms, 02=32ms ... OF =
240 ms). The SRT (Step Rate Time) defines the time in-
terval between adjacent step pulses. This timer is pro-
grammable from 1 to 16 ms in increments of 1 ms (F = 1
ms, E =2 ms, D=3 ms, etc.). The HLT (Head Load Time)
defines the time between when the Head Load signal
goes high and when the Read/Write operation starts. This
timer is programmable from 2 to 254 ms in increments of
2ms (01 =2ms,02=4ms,03=6ms....FE=254ms).

The step rate should be programmed 1 ms longer than
the minimum time required by the drive.

The time intervals mentioned above are a direct function of
the clock {CLK on pin 19). Times indicated above are for
an 8 MHz clock, if the clock was reduced to 4 MHz (mini-
floppy application) then all time intervals are increased by
a factor of 2. :
The choice of DMA or NON-DMA operation is made by
the ND (NON-DMA) bit. When this bit is high (ND = 1)

the NON-DMA mode is selected, and when ND = O the
DMA mode is selected.

SENSE DRIVE STATUS
This command may be used by the processor whenever
it wishes to obtain the status of the FDDs. Status Register

3 contains the Drive Status information.

INVALID

If an invalid command is sent to the FDC (a command not

defined above), then the FDC will terminate the command.
No interrupt is generated by the UM8272A during this
condition. Bit 6 and bit 7 (DIO and RQM) in the Main
Status Register are both high (““1”) indicating to the
processor that the UMB272A is in the Result Phase and the
contents of Status Register O (STO) must be read. When
the processor reads Status Register O it will find an 80H
Indicating and invalid command was received.

A Sense interrupt Status Command must be sent after a
Seek or Recalibrate interrupt, otherwise the FDC will
consider the next command to be an invalid Command.

in some applications the user may wish to use this com-
mand as a No-Op command, to place the FDC in a stand
by or no operation state.
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Table 9. Status Registers

Bit L Bit L
Descriptions Descriptions
No.| Name | symbol P No.l Name | Symbot
STATUS REGISTER 0 STATUS REGISTER 1 (CONT.)
D7 | Interrupt c D7=0and Dg =0 Dy No} NwW During execution of WRITE DATA
Code Normal Termination of Com- Writable WRITE DELETED DATA or
mand, (NT). Command was com- Format A Cylinder Cgmmand, if
pleted and properly executed. the FDC detects a write protect
— — signal from the FDD, then this
Pe Rg_oaﬁo"‘_ 11' n féom flag is set.
nomal Termin: .
mang (;T)Ar ELail:?ior? of Com- Dg |Missing MA | If the FDC cannot detect the |D
mand 'was started, but was not Address Address Mark aftey encounte(ing
successfully completed. Mark ;Ihaz Iirs\dsée}:( hole twice, then this
=1and Dg=0 -
E&/alld Comméand issue, (1C). If the FDC cannot detect the Data
Command which was issued Address Mark or Deleted Data
Address Mark, this flag is set.
was never started.
— = Also at the same time, the MD
D7=1and Dg=1 (Missing Address Mark in Data
gbqormal Terrnc;natleon tt‘)ecatuhss Field) of Status Register 2 is set.
uring command execution =
ready signal from FDD changed STATUS REGISTER 2
state. Dy Not used. This bit is always O (low.)
Dy | Seek End SE When the FDC completes the D¢ |Control CcM During executing the READ
SEEK Command, this flag is Mark DATA or SCAN Command, if
set to (high). the FDC encounters a Sector
D4 | Equipment EC | If a fault Signal is received from which contains a Deleted Data
Check the FDD, or if the Track O Signal Address Mark, this flag is set.
fails to occur after 77 Step Pulses Ds |Data Error in DD If the FDC detect a CRC error in
(Recalibrate Command) then Data Field the data field then this flag is set.
this flag is set. Da |Wrong WC | This bit is refated with the ND bit.
D3 |Not Ready NR When the FDD is in the not-ready Cylinder and when the contents of C on
state and a read or write com- the medium is different from that
mand is issued, this flag is set. stored in the IDR, this flag is set.
If a read or write command is 7 R
b R ! K D3 |Scan Equal SH During execution, the SCAN Com-
issued t'f’ S'd:. ! fo a single sided Hit mand, if the condition of ““equal’’
drive, then this flag is set. is satisfied, this flag is set.
Dy [Head HD This flag is used to indicate the - T h B
Address state of the head at Interrupt. D2 g::i:f’i:zojt SN r?]::gg;);ﬁ(;ué\g% tC;’S](():tA fli\lnggm
Dy |Unit Select 1 US 1 | These flags are used to indicate a Sector on the cylinder which
Do |UnitSelect0 | USO | Drive Unit Number at Interrupt ?I]:;tiz ;2? condition, then this
T EGISTER 1 -
STATUS REGI - D |Bad BC This bit is related with the ND bit,
D7 |End of EN | When the FDC tries to access a Cylinder and when the content of C on the
Cylinder Sector beyond the fma! Sector medium is different from that
of a Cylinder, this flag is set. stored in the IDR and the content
De Not used. This bit is always O of C is FF, then this flag is set.
(low). Do |Missing MD | When data is read from the medi-
Ds |Data Error DE | When the FDC detects a CRC Address um, if the FDC cannot find a Data
error in either the ID field or the Mark in Address Mark or Deleted Data
data field, this flag is set. Data Field Address Mark, then this flag is set.
D4 [Over Run OR If the FDC is not serviced by STATUS REGISTER 3
the main-systems during data D7 |Fault FT | This bit is used to indicate the
transfers, within a certain time status of the Fault signal from
interval, this flag is set. the FDD.
D3 Not used. This bit always O (low). Dg |Write ,WP | This bit is used to indicate the
D, |No Data ND During execution of READ DATA, Protected status of the Write Protected
WRITE DELETED DATA or SCAN signal from the FDD.
Command, if the FDC cannot Ds |Ready RDY | This bit is used to indicate the
find the Sector specified in the status of the Ready signal from
IDR Register, this flag is set. the FDD.
During executing the READ D Dg |Track O TO | This bit is used to indicate the
Command, if the FDC cannot status of the Track O signal from
read the 1D field without an the FDD.
error, then this flag is set D3 [Two Side TS | Thisbit is used to indicate the
During the execution of the status of the Two Side signal from
READ A Cylinder Command, if | the FDD.
the starting sector cannot be - .
is flag i . D, |Head HD This bit is used to indicate the sta-
found, then this flag s set Address tus of Side Select signal to the FDD.
Dj [Unit Select 1 US 1 | This bit is used to indicate the
status of the Unit Select 1 signal
to the FDD.
Do |UnitSelectO | USO | This bit.s used to indicate the
status of the Unit Select O signal
to the FDD.
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@UMO UMS8272A /UMB8272A-4

A.C. Testing Input, Output Waveform

2.4
2.0 2.0 -
> TEST POINTS <
0.8 0.8

0.45

INPUT/OUTPUT

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND
0.45V FOR A LOGIC “0". TIMING MEASUREMENTS ARE MADE AT 2.0V
FOR A LOGIC "1 AND 0.8V FOR A LOGIC 0"

A.C. Testing Load Circuit

DEVICE
UNDER
TEST l c
C,_ =100 pF

C_ INCLUDES JIG CAPACITANCE

L = 100 pF

Waveforms

PROCESSOR READ OPERATION

Ag. TS
DACK
tAR RR | |etrA
. —
RD
N
'RD - le— tp
DATA —-———-—————.< VALID T ———
Ry
INT
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Waveforms (Continued)

PROCESSOR WRITE OPERATION

Ag. TS, DACK

taw tww -—T

n \i—'

ow —=

DATA

' h
v \_

DMA OPERATION

tRocy N

DRO a

TAKR
DACK /

TRORW o

3
vl
Q
a
O

le—— TROW ]

23
83
> =
> =
QE
o 8
w

ROR

CLOCK TIMING

t'CH toy

eLK m
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UMB8272A /UM8B272A-4

Waveforms (Continued)

FOD WRITE OPERATION
WeH
‘ } twey ——
WRITE CLOCK
. (wek) \ \
WE WE
WRITE ENABLE 7
(WE)
tep
-
PRESHIFT Oor 1 . X X
(PSO, 1) /)
WpD tcD
—
WRITE DATA
(WDA)
PRESHIFT O | PRESHIFT 1
NORMAL 0 0
LATE 0 1
EARLY 1 0
INVALID 1 1
SEEK OPERATION
DSy, 1 STABLE
tus .
STU
sul_,
RW/SEEK
sD ps
~LCT/
DIRECTION
tDST STD
—
STEP \
sTP
tsc
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UM8272A /UM8272A-4
Waveforms (Continued)
FLT RESET INDEX
FAULT RESET
FAIL UNSAFE RESET
Yipx Yiox
FDD READ OPERATION
READ DATA
YWRD i TROW
READ DATA i
WINDOW
N
twwey {
TERMINAL COUNT RESET
x .
- L7
. [a] %
TC tr RESET 25
c 'RST K
g v
Ordering Information
Part Number Operation Clock Package
Um8272A — 4 4 MHz Plastic
UM8272A 8 MHz Plastic
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Features

® Floppy Data Separator
Performs complete data separation function with a
little external circuit for floppy disk drives
Separates MFM encoded data
5% double density compatible
m Early and late 250 ns write precompensation
m External 16 MHz clock required

General Description

The UM9228-1 is an CMOS integrated circuit designed to
.complement the 765A (8272A) type of floppy disk con-
troller chip; especially for IBM PC. It incorporates a data
:separator, write precompensation logic, and DMA interface -
A -FDC 765A together with UM9228-1 and some

UM9228-1

Floppy Data Separator

Compatible with the FDC 765A (8272A) floppy disk
controllers )

DMA interface logic

CMOS technology

.Single + 5 Volt supply

TTL compatible

For IBM PC disk drives especially

buffers drive and decoder can be formed a IBM PC diskette
adapter. The UM9228-1 operates from a +5 Volt supply
and simply requires a 16 MHz external clock input. All
input and output are TTL compatible. The UM9228-1 is

logic. available for 5%'' double density disk controller.
Pin Configuration Block Diagram
16 MHz
D> s
500 KHz (1/8 DUTY CYCLE) @
RD I: 1 20 VvCO ‘ LATE }
i . SYNC R EARLY
PFOR[ |2 19 [JeLkin (EXED,
Vee[ s 18 | JFCLK LATCHED|
WRITE
PFDV 4 WEN WRITE DATA
O i
sD[]s 16 |_JPRQ T'N:NG SHIFT >
R (wo ) LATCH REGISTER
VCOIN[T]6 Umg228 ‘1'5 [ JDACK
DWE 7 14 :]DRQOUT M_' DATA WINDOW ’_@
GENERATOR
LATE[ s 13 [ Ives I T - 7
(veoin ; ]
EARLY[ J9 12 {_jwoout
E SEPARATE bommm e
WD[: 10 1 :‘WEN GEI\?E/?R:‘::'OR - @
L
Py 2 G
DMA I
INTERFACE 7@
—————————————— EXTERNAL CIRCUIT
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Absolute Maximum Ratings* *Comments

Ambient temperature under bias, Ta . ... .. 0to +70°C Stress above those listed under Absolute Maximum Ratings

Storage temperature, TsTg .« -+« .+ . - - —55 10 + 125°C may cause permanent damage to the device. These are stress

Applied valtage on any pin with respect to ground ratings only. Functional operation of this device at these or
0310 +8V any other conditions above those indicated in the opera-

tional sections of this specification is not implied and ex-
posure to absolute maximum rating conditions for extend-
ed periods may affect the device reliability.

D.C. Electrical Characteristics
(Ta =010 70°C, Vg =BV 5% unless otherwise specified. )

Limits
Parameter Test Conditions Units
Min. Typ. Max.
Input Voltage
Low Level V_ -0.3 0.8 \
High Level V| 2.0 Vee \Y
Standby Current gt 10 MA
Input Current
(for all input)
Low Level Iy Vi =27V —200 HA
High Level 14 VL =04V 20 HA
Output Current
(for all input)
Low Level Ig VoL = 0.4V 4 mA
High Level gy Vou = 4.5V —500 A
Power Supply CLKIN =16 MHz 10 mA
Current lcc VCOIN = 4 MHz
Input Leakage
Current Iy 10 A
Input Capacitance Cyy 10 pF
A.C. Electrical Characteristics
{Ta =010 70°C, Vge =5V 5%, CLKIN =16 MHz, VCOIN = 4 MHz) g K
o
Limits 2
Parameter Unit a €
Min. Typ. Max. nis 2 S
CLKIN frequency 1 16 "~ MHz
VCOIN frequency 0 4 MHz
VCOIN DUTY CYCLE 30 50 70 %
DRQ to DRQOUT Delay tgpra 2.0 us
tWCLKH 250 ns
twoouT ’ 250 ns
tawDIN 0 200 ns
twDE 250 ns
twDN 250 ns
twoL 250 ns
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Precompensation -

FCLK |__-I___l_—-|.__._.

4MHZ —— ]

WCLK n

- *— WCLKH |
1

500 KHz | >

1 I\

WCLK —= le— tqwDIN

WDIN '~ - 'WDE — WpoUT

— [*—'WDN

— -— YWwp |

Application Circuits

Vee
l EN DRIVER
% v 3
% co cosyne |, .
R s
2 0 =t 1 A
38 |_LCT/DIR _LCT/DIR DIR
——————— DIR FDD
PSO EARLY WDOUT -
32 _ 9 12 >0 WDATD
. LATE |,
8272A (765A), WE WTEN I,
/UMB272A
30 | _WRDATA wo fo
1a|0RQ oRa | ¢
DATA DRQOUT
p D’TDCMKAC) SEPARATOR ' # ACK v
rom 15 DMAC cC
UM9228-1
22 |<.ROW ow |, 470%
o | wRcLK weLk |, ,|_PFOR A AOUT l
' c FCLK PFDV
19 LK 18 4 v
131,
2
s . 771 O MC 4044 AN 0.047u
PD VF —
ull Y oF 2K 33K
16MHz —CEKINE 4o
VCOIN FOUT | o F CONTL
13 2
MC4024 4 1
82p
_I_Vss ) 3 T
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Pin Description

Pin No. Symbol 1/0 Descriptions
1 RD | Read Data: Data read from FOD.
Reference Data Sample Pulse. This signal is applied to
2 PFDR 0 the reference input of a PLL circuit. See block diagram.
3 Vee | +5 Volt power supply
This output is connected to an input of a PLL circuit.
4 PFDV o See block diagram.
Separate Data: Thisoutput is the generated data pulse
5 SD 0 derived from the RD input.
This signal is the V.C.O. output of a PLL circuit used
6 VCOIN I to generate data window.
Data Window: This is derived from RD input to be applied
7 bw o to FDC.
8 LATE 1 See Fig. 3.
9 EARLY | See Fig. 3.
Write Data: The write data stream from the floppy disk
10 WD ! controller.
Write Enable: This input is from FDC starting the write
" WEN ! operation.
Write Data Output: The precompensated write data stream
12 wDouT 0 o the drive.
13 Vss | Ground
Data Request Output: This is delayed DRQ signal from
14 DRQOUT (0] ’ x
FDC. L
53
— DMA Acknowledge: This is direct memory access & ’g
15 DACK l acknowledge from DMA controller. 2 v
16 DRQ 1 DMA Request: This is high when FDC make a DMA request.
Write Clock: This signal is the write clock to the floppy
V7 WCLK 0 disk controller,
FDC Clock: This output is the master clock to the floppy
8 FCLK 0 disk controller,
Clock Input: This input is connected to a external 16 MHz
19 CLKIN 0 clock input.
20 VCC SYNC | This is connected to VCO output pin of FDC 765.
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Operational Description

DATA SEPARATOR
UM9228-1 is used with a external PLL circuit (see fig. 1) to detect the leading edges of the disk data pulse and ad)ust the
phase of the internal clack to provide the data window (DW) clock.

Read Data
(from FOD) = |

SEPARATE DATA

Fig. 1: Data Window Generator

The data window clock frequency is normally 250 KHz. ‘See fig. 2.

bitcell  |e—A4us —»|
Data Pulse__ | I I l I
from FDD
_.l 2us f—
Data Window | 1 | 1 N 1 | | | o | | o ]__I 1 L_
1 0 1 Q

MFM TYPE
Fig. 2: Data Window

TIME BASE LOGIC
It compromises 5 stages of ripple counter and a duty cycle clamping circuit. The write clock (WCLK) duty cycle is 1/8.

Ext. Clock

soue_TULLUU L - m oo T
s [ LT LML LML LML L L i
porercre s I N D T R P R PR D R D AR D A D B
awe [ L___ T L ___| LI
1MHZ_I——_—-I_——I——-—‘—————J—
sookHz | 1 I
WELK 1
1/8 DUTY CYCLE, 500 KHz —*| 260ns  je——
WRITE PRECOMPENSATION )
The desired precompensation delay (250 ns) is determined by the state of EARLY and LATE inputs of UM9228-1.

I Early Late
Nominal 0 0
Late 0 1
Early 1 0
Invalid 1 1
_Fig. 3: Write Precompensation State
DMA INTERFACE
——’I 0.5us
2 MHz 1 1 ) 1 [} i ) 1 L,,_I L1 | I
DRQ I 1 l
. . 1
DRQOUT, | f |
DACK v | I

Fig. 4: DMA Interface Timing

When requiring data read/write, FDC will check DACK from DMAC and will set DRQ {low to high) if DACK is high.
The DMA Interface delay DRQ from FDC by 4 stage shift register as the timing shown above. This delay will prevent cpu
from being busy doing DMA without adequate system operation.
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UMS8326/8326B
Floppy Disk Data Separator (FDDS) ...

Features
B Performs complete data separation function for floppy ® No critical adjustments required
disk drives ® Compatible with standard microsystems’ FDC 1791,
B Separates FM or MFM encoded data from any magnetic FDC 1793 and other floppy disk controliers
media ® Smali 8-pin dual-in-line package
® Eliminates several SSI and MSI devices normally used = +5 Volt only power supply
for data separation B TTL compatible inputs and outputs

General Description

The Floppy Disk Data Separator provides a low cost package to save board real estate, the FDDS operates on
solution to the problem of converting a single stream of +5 volts only and is TTL compatible on all inputs and
pulses from a floppy disk drive into separate clock and outputs.

data inputs for a Floppy Disk Controller.

) The UMB326 is available in two versions; the UMB326,
The FDDS consists primarily of a clock divider, a long-term which is intended for 5%’ disks and the UM8326B for
timing corrector, a short-term timing corrector, and re- B%" and 8" disks.
clocking circuitry.  Sypplied in an 8-pin Dual-in-Line

Pin Configuration Block Diagram
x ~
32
REFCLK > £
J CLOCK +5V & é
58KE €00 —f 7 e
osko| | 8| |vop eoc DIVIDER oy
SePcLK| (2 7 :]SEPD
O v y pata/cLock| PULSE — SEPCLK
M8326 SEPARATION REGENERATION
rercik[ |3 8326B | |co1 , LoGIC LOGIC | . 5570
ano[ |4 5 Dcoo EDGE
DSKD o] DETECTIO
LOGIC
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UM8326/8326B

Absolute Maximum Ratings*

Operating Temperature Range . . . . . .. ... 0°C to +70°C
Storage Temperature Range . ....... —55°C to + 150°C
Positive Voltage on any Pin, with respect to ground

Note:

When powering this device from laboratory or system
power supplies, it is important that the Absolute Maximum
Ratings not be exceeded or device failure can result. Some
power supplies exhibit voltage spikes or “‘glitches’” on their

Electrical Characteristics

outputs when the AC power is switched on and off. In
addition, voltage transients on the AC power line may
appear on the DC output. If this possibility exists it is
suggested that a clamp circuit be used.

*Comments

Stresses above those listed may cause permanent damage
to the device. This is a stress rating only and functional
operation of the device at these or at any other condition
above those indicated in the operational sections of this
specification is not implied.

D.C. CHARACTERISTICS (T =0°Ct070°C, Vpp = +5V * 5%, unless otherwise noted)

Parameter 1 Min. Typ. Max. Units Conditions
INPUT VOLTAGE LEVELS
Low Level V. 0.8 \
High Level V|4 2.0 \%
OUTPUT VOLTAGE LEVELS /
Low Level Vg 0.4 % loL = 1.6 mA
High Level Vou 2.4 \ loy = —100pA
INPUT CURRENT
Leakage I 10 MA O<V|y<Vpp
INPUT CAPACITANCE ,
Al Inputs ' 10 oF
POWER SUPPLY CURRENT
lop 60 mA
A.C. CHARACTERISTICS
Symbol Parameter Min. Typ. Max. Units Conditions
foy REFCLK Frequency 0.2 4.3 MHz um8326
fey REFCLK Frequency 0.2 8.3 MHz umM83268
tckH © |REFCLK High Time 50 2500 ns
teKL REFCLK Low Time ! 50. 2500 ns
tspony  |REFCLK to SEPD “ON" Delay 100 ns
tspore  |REFCLK to SEPD “OFF" Delay 100 ns
tspck REFCLK to SEPCLK Delay 100 ns
toLL DSKD Active Low Time 0.1 100 Ms
toLH DSKD Active High Time 0.2 100 us
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UM8326/8326B
Pin Description
Pin No. Name Symbol Function
1 Disk Data DSKD Data input signa! direct from disk drive. Contains combined
clock and data waveform.
2 Separated Clock SEPCLK Clock signal output from the FDDS derived from floppy disk
drive serial bit stream.
Reference Clock REFCLK Reference clock input
Ground GND Ground
5,6 Clock Divisor CcDo CDO and CD1 control the internal clock divider circuit. The
CD1 internal clock is a submultiple of the REFCLK according to
the following table: .
cD1 CcDO Divisor
0 0 1
0 1 ’ 2
1 0 4
1 ~1 8
7 Separated Data SEPD SEPD is the data output of the FDDS
8 Power Supply Vobp +5 volt power supply

Operational Description

A reference clock (REFCLK) of between 2 and 8 MHz is
divided by the FDDS to. provide an internal clock. The
division ratio is selected by inputs «CDO and CD1. The
reference clock and division ratio should be chosen per
table 1.

The FDDS detects the leading edges of the disk data

pulses and adjusts the phase of the internal clock to provide
the SEPARATED CLOCK output.

Table 1. ‘Clock Divider Selection Table

Separate short and
accurate clock separation.

long term timing correctors assure

The internal clock frequency is nominally 16 times the

SEPCLK frequency. Depending on theinternal timing
correction, the internal clock may be a minimum of 12
times to a maximum of 22 times the SEPCLK frequency.

The reference clock (REFCLK) is divided to provide the
internal clock according to pins CDO and CD1.

Drive Density REFCLK
(8" or 5%") (DD or SD) MHz cD1 coo Remarks

8 ‘DD 8 0 0
8 SD 8 0 1 Select either one
8 SD 4 0 0

5% ) DD 8 0 1 Select either one

5% ) DD 4 0 0 }

5% SD 8 1 0

5% SD 4 0 1 } Select any one

5% ) 2 0 0 '
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@UMG UMS8326/8326B

Timing Diagram (1)

SEPCLK I |

T L 1

always two internal clock cycles

Timing Diagram (2)

tcy
(e tCKH KL -
T Nn_/ /7 \
—
SDON
SDOFF
SEPD : / tgpek
SEPCLK 2»

oLL W\
Sl—

Typical System Configuration (5% Drive, Double Density)

4 MHz CRYSTAL
OSCILLATOR
. 1 MHz
~4
REFCLK <eps [{EGENERATED DATA CLK
FLOPPY | 515k DATA |——0 RAW READ
DISK DSKD UM8326 FLOPPY
DRIVE DERIVED CLOCK DISK CONTROLLER
SEPCLK RCLK
cDo cD1
GND GND
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UM8326/8326B
Comparison of Data Separator (UM9228-1, UM8329, UM8326)
PINOUT COMPARISON
Function UM9228-1 UM8329 UM8326 Remarks
Power Supply:
VCC Pin 3VCC Pin 20 VCC Pin 8 VDD
Vsg 13 Vss 10 Ground 4 GND
Precompensation:
EARLY 9 EARLY 13 EARLY | e————— See B
LATE 8 LATE 14 LATE | = @ —————
Amount Control | = —————— 7pP0 | e
—————— 18 P1 —_———
—————— 19 P2 —_————
Read Data:
From FDD 1 RD 1 DSKD 1 DSKD
To FDC 5 SD 6 SPED 7 SPED
Data Row 7 DW 5 SEPCLK 2 SEPCLK
Write Data:
From FDC 10 WD 12 WDIN —————— Sec C
To FDD 12 WDOUT 7 wbout | @@ ————
Write Enable 1MTWEN | ———— | e
Write Clock 17 WCLK 9 CLKOUT | ——————
179X/766MODE = | e 2 FDCSEL 5 CDO See D
Density | e 3 MINI 6 CD1
—————— 4 DENS —_———
MASTER CLK to FDC 18 FCLK 8 HLT/CLK | = ————
Extermal Clock | /P 19 CLKIN 11 XTAL/CLKIN 3 REFCLK
Tesr | ——_——— 16 TEST | ——————
179X/MODE ESP | - %5 HLD | e
DMA 16 DRO | ———— | em——— See E
15 BACK | —— | —————
14 DROO/P | @ ————— | —_——
VFO 2PROR | ———— See F
4 PFDV |  —— | e
6 VCOIN | —————-— |
VCO SYN 20 VCOSNC | oo | e

TIME PRECOMPENSATION

It is a more advanced function to solve “peak Shift”
problem. UM9228-1 defines compensation time to be
250ns according to IBM PC design. UMB8329’s compensa-
tion time is programmable, yet UM8B326 does not have this
function.

WRITE DATA

UM9228-1 and UM8329 have write data function in IC, but
- UM8326 does not; and UM9228-1 has the “write enabie”

pin to guarantee write function unfail.

MODE SELECT .

UM8329 and UMB326 aliow user to select different FDCs

Ordering Information

and to interface different FDCs; but UM9228-1 is especial-
ly used in 6% FDD (MFM coding) interface.

DMA MODE

UM9228-1 can accept DMA request and define the delay
time between two different DMA requests to be 5 us to
guarantee system can work normally.

VFO CIRCUIT

Because UM9228-1 does not have VFO and PLL circuit,
user must combine MC4024 and MC4044 to build a
complete data separator. Please see UM9228-1 application
circuit intensively.

Part Number Frequency Option Package Type
UM8326 4MHz Plastic
uUmM83268B 8MHz Plastic
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Features

®u Digital date separator
Performs complete data separation function for
floppy disk drives
Separates FM and MFM encoded data
No critical adjustments necessary
5%’ and 8'' compatible
®  Variable write precompensation
® |nternal crystal oscillator circuit

General Description

The UMB8329/B is an MOS integrated circuit designed to
complement either the 179X or 8272A (766A) type of
floppy disk controller chip. It incorporates a digital data
separator, write precompensation logic, and a head-load
timer in one 0.3-inch wide 20-pin package. A single pin will
configure the chip to work with either the 179X or 8272A
type of controller. The UM8329/B provides a number of
different dynamically selected precompensation values so
that different values may be used when writing to the

UM8329 /8329T /8329B / 83298 T
Floppy Disk Interface Clrcu:t

® Track-selectable write precompensation

m Retriggerable head-load timer

m Compatible with the FDC 179X, 8272A and other
standard floppy disk controllers

® SAN-1I} MOS N-CHANNE L TECHNOLOGY

m Single + 5 volt supply

® TTL compatible

UMB8329/B operates from a +5V supply and simply requires
that a 16 or 8 MHz crystal or TT L-level clock be connected
to the XTAL/CLKIN pin. All inputs and outputs are TTL
compatible. :

The UM8329 is available in four versions: The UM8329/T
are intended for 5% disks and the UM8329B/T for 5%"
and 8" disks. The UM8329/B have an internal crystal
oscillator circuit; the UM8329T/BT require an external

inner and outer tracks of the floppy disk drive. The clock.
Pin Configuration Block Diagram
o ]
Nt
BeKD 1 vV, " MASTER A MHz
Pl ofdvee | °Z°U';;:j" -
CLKOUT
FocseL []2 19 [JP2 =— o e I T
ACTNEEDGE
mini[]3 18 [P [ ) Sy o {'};‘:f
DENS[]4 17 [P0 [re oo
: UM8329/ —— ara e
sepcLk []s gagor) 16 [1TEST DD
'8329B/ -
SEPOLYS gozept '8 M0 T [ e e NN
woout [ afdeate | ]
| TIMER I 8/4/2 MHz .
HLT/cLK [ |8 13 [ ]eARLy
[ e
cLkout[Jo 1z [ Jwo el B L
XTAL/ Goecn |1 L
GND[]10 11 CLKIN Gates
[oso ] ey
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UM8329/8329T /8329B /8329B T

Absolute Maximum Ratings*

Operating Temperature Range. . . ....... 0°Cto +70°C
Storage Temperature Range
Positive Voltage on any 1/O Pin, with respect to ground . . .

Comments*

Stresses above those listed under “Absolute Maximum
Ratings’” may cause permanent damage to the device.
These are stress ratings only. Functional operation of

................................. +7.0vV this device at these or any other conditions above those
Negative Voltage on any 1/0 Pin, with respect to ground indicated in the operational sections of this specification
................................. -0.3v is not implied and exposure to absolute maximum rating
Power Dissipation , . . . ................... 0.75W conditions for extended ‘periods may affect device
reliabitity.
Note: When powering this device from laboratory or
system power supplies, it is important that the Absolute
Maximum Ratings not be exceeded or device failure can
result. Some power supplies exhibit voltage spikes or
“glitches’” on their outputs when the AC power is siwtched
on and off. In addition, voltage transients on the AC power
line may appear on the DC output.
Electrical Characteristics (T =0°Ct0 70°C, Ve =5V +5%)
Parameter Min. Typ. Max. Units Conditions
D.C. Characteristics
INPUT VOLTAGE
- Low Level V_ -0.3 0.8 \% Except XTAL/CLKIN
High Level Vi 2.0 {(Vee) %
XTAL/CLKIN INPUT VOLTAGE
Low Level -0.3 0.8 Vv
High Level 2.4 (Vee) \Y%
OUTPUT VOLTAGE .
Low Level Vo - 0.4 \ loL = 1.6 mA except HLT/CLK
loL =0.4mA, HLT/CLK only
High Level Vgu 24 \ lon = —100 pA except HLT/CLK
lon = —400 uA, HLT/CLK only
POWER SUPPLY CURRENT
'cc 100 mA
INPUT LEAKAGE CURREN .
I8 10 MA Vin =0 to Ve
INPUT CAPACITANCE 10 pF Except CLKIN
Cin 25 pF CLKIN only
Electrical Characteristics (Ta =0°Cto 70°C, Ve = 5V £6%)
Parameter Min. I Typ. I Max. I Units [ Conditions
A.C. Characteristics All times assume CLKIN = 16 MHz unless otherwise specified)
XTAL/CLKIN Freguency 3.95 16 16.2 MHz UM8329B
395 8 8.1 MHz UM8329T
XTAL/CLKIN Duty Cycle 25 75 %
tcikoH 465 500 515 ns FDCSEL = low; MINI = high.
215 250 265 ns FDCSEL = low; MINI = low.
90 125 140 ns FDCSEL = high.
twdo 280 3125 350 ns Time Doubles with MINI = 1
tg 50 400 ns
TaNEC 0 400 ns
twdE 500 562.5 625 ng 9 clock times * 1 clock time
twdN See fig. 2
twdlL See fig. 2
tg 1.0 MS

X
2
o
>
Q
Q
k)
w

Controller




-@UMG UM8329/8329T /83298 /83298 T

A.C. Timing Characteristics

HLT/CLK (8272A MODE) WDDUT PULSE WIDTH

CLKOUT VS. WDIN TIMING

179X MODE

CLKOUT Ve N\ Vo

WDIN ? } , \

8272A(765A) MODE e 1. 2. 0rdusec k
CLKOUT ﬁ P4 \\
TINEC
WDIN <_j,_—

SET-UP TIME PO, P1 AND P2 TO WDIN CLKOUT

PO, P1,P2 )K )

CLKOUT ,r *
WDIN I tCIKOH |
e 1g

PRECOMPENSATION

cLkouT T\ V4 \\ V4

(179X)
CLKOUT

N—
©2728) A \ : : /
WDIN yd . / N\

'WDE
WDOUT (EARLY) / AN

le— 'WDN
WDOUT (NOMINAL) o \

WwpL
WDOUT (LATE) ,P \

Ref. to Fig. 2 for
tp {precompensation)
value
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Pin Description

Pin No. Symbol 1/0 Descriptions

This input is the raw read data received from the drive. (This inputis '

! DSKD ' active low.)

This input signal, when low programs the UM8329/8 for a 179X type of
2 FDCSE L | LS| controlier. When FDCSEL is high, the UM8329/B is programmed for a
8272A (765A) type of controller. (See fig. 4.)

The state of this input determines whether the UM8329/B is configured
to support 8" or 5%’ floppy disk drive interfaces. It is used in conjunction
with the DENS input to prescale the ciock for the data separator. The
state of this input also alters the CLKOUT frequency, the precompensation
value, the head load delay time (when in 179X mode) and the HLT/CLK
frequency (when in 8272A mode). (See figs. 2, 3, and 4.)

The state of this input determines whether the UM8329/B is configured to
) support single density (FM) or double density (MFM) floppy disk drive
4 DENS | interfaces. [t is used in conjunction with the MIN! input to prescale the clock
for the data separator. The state of this input also alters the CLKOUT
frequency when in the 8272A mode. (See figs. 2, 3, and 4.)

3 MIN{ 1

5 SEPCLK 0 A square-wave window clock signal output derived from the DSKD input.
This output is the regenerated data pulse derived from the raw data input

6 SEPD (¢} {DSKD). This signal may be either active low or active high as determined
by FDCSEL (pin 2). : ,

7 WDOUT 0 The precompensated WRITE DATA stream to the drive.

When in the 8272A mode (FDCSEL high), this output is the master clock -to
the floppy disk controlier. When in the 179X mode, this signal goes high

8 HLT/CLK 0 after the head load delay has occured following the HLD input going high.
This output is retriggerable. (See fig. 3.) 7
This signal is the write clock to the floppy disk controller. Its frequency
9 CLKOUT 0 is determined by the state of the MINI, DENS, and FDCSEL input pins.
(See fig. 3.) i
10 GND Ground
This input is for direct connection to a 16 MHz or 8 MHz crystal UM8329/B
11 XTAL/CLKIN | only). The other pin of the crystal is grounded. XTAL/CLKIN may altern-
AL/CL atively be connected to a single-phase TTL-level clock. The UM8329T and
BT require an external TT L-level clock.
12 WDIN ! The write data stream from the floppy disk controller.
When this input is high, the current WRITE DATA pulse will be written -
13 EARLY I early to the disk. 3 &
o
When this input is high, the current WRITE DATA pulse will be written Y g
14 LATE late to the disk. g8
! When both EARLY and LATE are low, the current WRITE DATA pulse &
will be written at the nominal position.
This input is only used in 179X mode. A high level at this input causes a
15 HLD |- high level on the HLT/CLK output after the specified head-load time delay
. has elapsed. The delay is selected by the state of the MINI output. (See
fig. 3.) i
) This input (when low) decreases the head-load time delay and initializess the
16 TEST | data separator. This pin is for test purposes only. This input has an internal
pull-up resistor and should be tied high or disconnected for normal operation.
17 PO I P2-PO select the amount of precompensation applied to the write data. {See
18 P I fig. 2.)
19 ‘ P2 |
20 Vee ! +5 VOLT SUPPLY
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Operational Description

INTCLK LML UL UL U L UL L

sepclk I L_ M | S —
]
SEPD* LT ] 1T 1]
}4————4 *polarity of SEPD shown for FDCSEL= low.

always two internal clock cycles

DATA SEPARATOR - HEAD LOAD TIMER

The XTAL/CLKIN input clo